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ERRORS IN CHAIN-SURVEYING. 
By Captain J. E. E. Crasrer, R.E. 


Tue following investigation was carried out in 
order to ascertain the size of the errors that occur 
in chain-surveying, and to trace them, as far as 
possible, to their proper sources. The chain- 
surveying here referred to consisted of long survey 
lines, measured across rough country, in all 
weathers. No special precautions were taken to | 
ensure accuracy or to eliminate errors. Each line | 
was chained once only. 

The data for the investigation consisted of 208 | 
lines, chained by forty surveyors. The correct | 
length of each line had been found by trigono- | 
metrical triangulation, but was unknown to the | 
surveyors, and in this way the actual error made in 
chaining each line was ascertained. 

A few large errors occurred, and in most cases 
they were found on investigation to be due to 
mistakes in booking. In these cases the booking 
was corrected. The remainder of the large errors 
were due to unknown and abnormal causes. The 
inclusion of these abnormal errors would have 
spoiled the analysis, as it was intended to investi- 
gate only the causes of normal errors. For this 
reason all errors larger than fifty links were 
rejected. There then remained 196 lines, giving 
92 * omg and 104 negative errors. 

o reduce the data to a form suitable for 
mathematical analysis, it was necessary to group 
together all lines of approximately the same length, 
and to find the mean error of each group. The fol- 
lowing statement shows the results of this grouping : 

27 lines between 70 and 80 chains in length, mean 

error 10.21 links. 

32 lines between 80 and 90 chains in length, mean 

error 9.5 links. 

23 lines between 90 and 100 chains in length, mean 

error 10.8 links. 

34 lines between 100 and 110 chains in length, mean 

error 11.53 links. 

21 lines between 110 and 120 chains in length, mean 








error 13.8 links. 
30 lines between 120 and 130 chains in length, mean 
error 13.6 links. 
The lines shorter than 70 and longer than 130 | 
chains were too few in number to give a reliable 
mean error, or to affect the result of the calcula- 
tions appreciably, and were therefore not included | 
in the subsequent calculations. The errors made in | 
measuring with a chain are of two kinds—namely : 
1. Constant errors, due to the chain being too 
long or too short. 
2. Variable errors, due to irregularities in the 
ground that prevent the chain being laid accurately. | 
The constant errors, being always of the same 
sign, will vary directly as the length of the measured 
line. That is, if d is the difference between the 
length of the chain and the standard, the error due 
to this cause in a-line n chains long will be n d. 
The variable error made in laying each chain 
may be sometimes positive and sometimes nega- 
tive,* and the total error due to this cause will | 


} 





* Negative errors generally arise through the sur- 
veyor allowing the rear end of the chain to slip forward 
a little when it is pulled taut. 


therefore vary as the square root of the length of | 
the line. That is, if fis the variable error made 
in laying each chain, the total error due to this 
cause in a line n chains long will be f-V n. 

The final error due to the combination of the | 
constant and variable errors will be the square root 
of the sum of their squares ; that is, ./,,2 d?2°} n f?, 
Or, if y is the error in a line x chains long, then 
y? ad? + x f*. This is the equation of a 
hyperbola of eccentricity sd? + 1 and semi-latus 


rectum 3 

The values of d and / may now be found by insert- 
ing for the probable error the mean errors as 
ascertained from the data, and for the length of the 
line the mean length of all the lines from which the 
mean error has been deduced. 


Fig. 1. CURVE OF PROBABLE ERROR 
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In this way the following six equations are de- 
rived from the six groups of lines that form the | 
reduced data :— 


10.2 
9.5 

10.8 

11.53 


»/(75.3)? a® + 75.37% 
»/(85.4)* a? + 85.4 f2 
(94.3? a? + 94.372 


J (105.177 d? + 105.1 72 . 


(1) 
(2) 
(3) 
(4) 
(5) 
13.6 = /(124.1) d* + 124172. - . (6) 
It will be seen by inspection that these equations 
are to some extent discordant, and to obtain the 
most probable value of d and f it is necessary to 
solve them by the method of least squares. The 
weights of the equations are the number of lines 


from which each has been derived, and are as 

follow :— 

No. 1, weight, 27; No. 2, weight, 32; No. 3, weight, 23 ; 

No. 4, weight, 34; No. 5, weight, 21; No. 6, weight, 30. 
Solving these equations by the method of least 

squares, the values of d and f are found to be :— 





d = 0.108067 link per chain. 
f = 0.375347 link per chain, 


The value of d, the error due to the chain not 
being the right length, is a good deal larger than 
might have been expected. This is probably due 
to the difficulty of standardising the ordinary steel 
chain, the length of which can only be altered by 
cutting out, or add'ng one or more of the small 
rings that join the links—a tedious and inaccurate 
process. 

The curve of probable error for lines up to 150 
chains in length is given in Fig. 1, annexed, and 
from it the probable error in any chained line may 
be determined. 

When a chain survey is based upon points the 
distance between which has been determined by 
trigonometrical triangulation, as in the case of the 
Ordnance Survey, the greater part of the chain 
surveyor’s errors can be eliminated. This is done 
by distributing the error uniformly along the whole 
length of the line. But even after this has been 
done, there will be a small residual error, because 
the surveyor’s error does not in reality vary directly 
as the length of the line. The size of the residual 
error in any line may be found as follows :— 

The probable error in a line » chains long will 
be Vn?d?+n/f%. If this error is distributed 
uniformly along the line, a correction of 


1 SAE 8 0 
“ a/ wd inf 

will be applied to each chain length. But the 

probable error at any point p chains from the 

beginning of the line is ./ p’* d* + pf*, and the 

correction applied at this puint is 


P| we +nfr. 


The residual error is therefore the difference 
between these two quantities ; that is, 


/wa+pp- e/a + n f*. 


This may be represented graphically as shown in 
Fig. 2, in which O A represents the curve of probable 
error, a hyperbola of which the equation is y = 
Ja? d? + af*. 

The probable error of any line of length OC is 
represented by BC. The error at any point G is 
represented by G K, and the correction applied at 
this point by GH. HK _ then represents the 
residual error at the point G. 

To find the greatest possible residual error in 
any line, let us assume that the line O C is infinitely 
long. The point B will then lie on the asymptote 
to the curve O A, and the chord O B will become 
parallel to the asymptote. The greatest residual 
error that can arise will be represented by the 
vertical distance between the chord and the 
asymptote. 

The equation for the asymptote is 

atowl 
y=dat+ Sa’ 
and the equation for the chord is y' = dz. 
The maximum value for the residual error is 


y—y'; that is £ “7 oF 0.66 link. 
On the Ordnance Survey the greatest discrepancy 
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allowed between the chained length of a line and 
its length as obtained by trigonometrical triangula- 
tion is one link per thousand for maps on scales 
larger than sy, and two links per thousand for 
maps on the 55 and smaller scales. The limit 
of one per thousand is less than the probable error, 
and the residual error can therefore never be as 
great as 0.66 link. An error of this size is repre- 
sented by a length of less than one hundredth of 
an inch on the zg}, scale, the largest scale used by 
the Ordnance Survey Department. 

An error of two per thousand is rather less than 
twice the probable error, and the residual error in 
this case must therefore be less than 2 x 0.66 
links ; that is, less than 1.33 links. An error of 
1.33 links will be represented by a length of 15 of 
an inch on the 57455 scale. 

The residual error in every case is therefore too 
small to affect the accuracy of any of the Ordnance 
Survey maps. 








THE INSTITUTION OF CIVIL ENGI- 
NEERS’ CONFERENCE ON EDUCA- 
TION AND TRAINING OF ENGI- 
NEERS. 

(Concluded from page 863 of our last volume.) 


As reported in our last week’s issue, the Confer- 
ence of the Institution of Civil Engineers on 
Education and Training of Engineers was continued 
on Thursday, the 29th ult., when the proceedings 
were opened by Dr. W. C. Unwin, who, at 10 a.m , 
took the chair at a joint meeting of Sections I. 
(scientific training) and IL. (practical training). 
Dr. Unwin’s opening address is reprinted here- 
with :— 


It has been thought desirable by the Council of the 
Institution to impose on the chairman of a section the 
duty of saying some introductory words. I think it may 
be taken for granted that it is now that engineer- 
ing training should include scientific instruction and 
practical and commercial experience. But very divergent 
views are held as to the relative importance of the 
different components of such a training and as to the 
order and duration of each. We must recognise at once 
that the field of engineering employment is a very wide 
one, and that different capacities are required in different 
parts of that field. It is therefore in no way surprising 
that persons whose opportunities of observation give 
them every right to express a definite opinion as to what 
is best for one special branch of engineering have arrived 
at conclusions very different from those held by others, 
whose field of work has been in a different branch. No 
system of engineering training can be arranged te meet 
all special demands, and it is the object of such a Confer- 
ence as this to find out what is most essential in all 
courses of training and what modifications are practically 
possible to meet different cases. 

First of all, I think it must be assumed that the 
engineering education we are specially charged to con- 
sider is that of young men whose aim it is to arrive 
ultimately at a professional status, such a status as 
membership of this Institution implies. Their hope is 
to be employed ultimately in the de-ign and control and 
direction of engineering work. Of course, some of them 
may fail in capacity or may lack opportunity, and may 
drift to one of the many more commercial occupations 
allied to engineering, and even there the knowledge they 
have acquired will be a valuable asset. But at the outset 
a professional career is aimed at, and the system of 
engineering education must be arranged to meet that 
condition. It is probably only by educating many that 
the few can be found who have the capacity and char- 
acter necessary to achieve considerable advances and to 
do work of national importance. 

Now, very few young men at 18 can foresee into what 
line of employment they may be driven, and conse- 
quently the first or undergraduate stage of education 
must be broad, so as to fit students as far as possible for 
widely different spheres of work. 

Perhaps the greatest defect of engineering education 
at — is the want of more provision for the higher 
and more specialised education of the few students of 
real capacity, discovered in the sifting process of an 
undergraduate course. 

In spite of the general acceptance of the view that a 
study of scientific principles and their application is a 
necessary preliminary to a practical course in field or 
workshop, a certain jealousy of college education is still 
obvious in some practical engineers. While conceding 
in words that some scientific education is necessary to an 
engineer, they would in fact confine it to very element- 
ary matters, They would greatly restrict the time given 
to it, and they are disposed to depreciate the value of 
any higher teaching, and even to — it as mis- 
chievous and likely to unfit aman for the strenuous life 
of the manufacturing workshop. 

: I believe the idea that a college course unfits a man 
for practical work is a wholly mistaken one. There may 
be students who prove unfit for eta work in spite 
of college education. They id equally fail if their 
education was purely practical. There may be college 
courses, I am afraid it must be said there have been 
college courses, badly arranged, and teachers in colleges 
less competent ‘than is desirable. Buyt such things are 


inevitable. Nothing is more certain than that there has 
a great improvement of college teaching of applied 
science in the last 20 years. 

An employer who takes into his works college students 
is, I think, often disposed to expect from them an 
immediate availability which is unreasonable. It is not 
the main object of a college course to make a student 
acquainted with the details of any particular business ; 
that is the proper object of the first year or two of 
practical work. It is not the main object of a college 
course to fit students specially for such work as will fall 
to them while in the lowest rank of the profession. 
The college course must contemplate the fitting of a 
student for his whole career and provide him with an 
intellectual equipment which will only gradually become 
useful as he rises to higher rank in his profession. The 
view of the employer who looks only to the immediate 
usefulness of the student is a shortsighted one. 

Nevertheless, a college course is an unpractical and badly 
designed one if, at the end of it, a student is not more 
capable and useful from the first, in any type of work- 
shop, than a lad without such a training. The college 
discipline is bad if 2“ not much more character and 
energy than the raw lad. His training has been a failure 
if he does not pick up the specialised details of any 
business to which he may be put far more rapidly than 
an untrained lad. I should like to suggest to those prac- 
tical engineers who are implicitly, if not openly, hostile 
to college training, who would, at an rate, greatly restrict 
it, and who advocate lenghtened periods of ——- 
apprenticeship, that they exaggerate the value of suc 
workshop experience as an ordinary apprentice gets. I 
am not, of course, considering the artisan apprentices 
who have to learn handicraft, but young men expecting 
to rise to positions of trust. Here and there are works 
where special trouble is taken with apprentices; but 
in general apprentices are left to pick up what knowledge 
they can with very little help, and in many cases, 
think, a good deal of their time is absolutely wasted. 
Some skill of handicraft is no doubt acquired. But the 
engineer works with his head, not with his hands, and 
manual skill is of use to him only in exceptional cases. 

I hops I do not in any way underrate the value, to 
mechanical engineers especially, of that kind of knowledge 
of materials, of tools, of processes, and of cost, which can 
only be learned in the workshop. But I think practical 
engineers forget how little of this valuable knowledge 
really comes to the works apprentice. The engineer of 
higher rank, who discusses matters with foremen and 
draughtsmen, who has responsibility for design and cost, 
and who is in a position to know the reason of all deci- 
sions, is learning in the workshop all his life, and 
naturally sets a high value on the knowledge slowly ac- 
quired by years of constant and close observation. So 
high a value that perhaps he ignores the importance of 
the scientific knowledge which was, somewhere and by 
some one, applied in bringing his business to a state in 
which it can be carried on successfully as a mere 
manufacture. But the knowledge which comes to those 
in responsible itions is not open to the ordinary 
apprentice, and ho lewep slowly, if at all, unless he —— 
to the works such a knowledge of principles and methods 
that he can interpret for himself what he sees. No 
system of workshop apprenticeship can, I think, be con- 
sidered satisfactory unless someone is specially charged 
with care of the apprentices, whose duty it should be 
to make sure that they have opportunity of seeing a 
great variety of work and of helping them over their 
difficulties. 

I believe employers will find—some of them have found 
already—that they owe a debt to the colleges, and that 
the college-trained student will prove, with a minimum of 
special experience, a valuable assistant, and in some cases 
the originator of real advances in practice. I should like to 
plead that in return the employer might be a little more 
ready to give college students a year or two years’ run of 
the works, either without remuneration or with a small 
remuneration, just enough for disciplinary purposes. I 
do not think there would be any loss in the case of a 
properly trained student, and the employer would in 
many cases find an assistant worth keeping and pro- 
moting. 

The subject down for discussion at the joint 
meeting was, according to the programme, ‘‘ the 
relation of engineering employers and colleges from 
the point of view of the practical training of engi- 
neers.” This was opened with two prepared contri- 
butions, one by Professor J. E. Petavel, and the 
other by Mr. J. W. Horne. These we reprint 
in full on page 41 of the present issue. Professor 
Petavel elaborated a few of his points during the 
reading of his contribution. He drew attention to 
the fact that there were three alternatives to choose 
from. In the first, works training came before 
college. One objection to this was that a boy, in 
works, found it difficult to keep up his book-work 
sufficiently to kee with others when he 
returned to the college, but a second was that the 
lad lost touch with the employer whose works 
he had been through. Such a break necessitated a 
fresh start after college, and that was a handicap. 
In the second system practical training came after 
the — To this there was the objection that 
the boy by that time was so old that he was not 
able to get into close touch with the men. The 
third was the sandwich system, to which one objec- 
tion was that employers in some cases were not 





willing to concede the necessary privileges the 





system involved, as partial oo ape ce of the kind 


upset works routine, while, on the other hand, college 
courses were arranged for three years. The latter 
point could be altered ; but if engineering students 
were a class apart, they would drop out of many 
valuable parts of university life, which, with a 
session different to that of the other students, it 
would be impossible for them to join. He pleaded 
for a broad college training, as it was impossible to 
foresee what work youths might ultimately turn to. 
He thought a laboratory convenient in that it 
brought together many typical machines from which 
the student might acquire a variety of knowledge 
which it would be hopeless for him to try to 
acquire in shops, as that would necessitate a train- 
ing in 10 or 15 different works. 

The Chairman first called upon Mr. Alexander 
Siemens, who spoke from the point of view of the 
employer. Manufacturing was carried on, he re- 
marked, not for amusement, but for profit, and it 
was not practicable in many cases to arrange to take 
pupils. At the works of his firm they took them 
when they had vacancies, but it was impossible for 
them and for others to promise to take a definite 
number each year. They could not, under any cir- 
cumstances, take lads who wanted to be away from 
the shops one or two afternoons a week. Such lads 
had better stay away altogether. He would remind 
the meeting that the Commissioners of the 1851 
Exhibition had recently instituted bursaries for the 
purpose of assisting the completion of courses of 


I | engineering training in suitable cases. 


Professor G. Kapp, with regard to the reference 
to these bursaries, said that in Birmingham main- 
tenance and scholarship money was now given to 
lads worth educating. He supported the sandwich 
system, to which the chief objection was that 
ordinarily the slices, so to speak, were too thin. 
The usual college vacation was so short that, after 
a few days’ rest after the examinations, there 
remained less than three months available for the 
shops. However, even under these conditions, 
they found some employers willing to take the lads. 
Offers were received from firms to take good boys, 
and such lads would profit, and return to their 
college work in a much more receptive and appre- 
ciative mind. In Scotland the six months’ system 
was feasible. That was better, but was not applic- 
able here, as college life could not be changed for 
one class of students. He thought the case might 
be met by a twelve-monthly scheme, or, rather, one 
year at college and fourteen months in the shops, 
extended far enough to give a four years’ course at 
college. The lads should, of course, always return 
to the same works, as the employers thus had an 
opportunity of sifting out the lads, and at the end 
of the time the good lads would be able to fill 
positions of usefulness. 

Herr F. zur Nedden said he was moved to speak 
by Sir William White’s reference to Continental 
methods of training. In 1899 a committee had sat 
on this subject in Germany, and had come to 
several conclusions, which they were now, after 
twelve years’ experience, in the act of reconsider- 
ing. The first point on which a decision had been 
reached in 1899 was that one year should be spent 
in works before the college training was om 
That had worked well on the whole. Secondly, 
a code of rules had been drawn up, regulating 
the training to be given in factories; these 
were, as nearly as was possible, similar to the 
rules recommended by the Institution of Civil 
Engineers’ Committee of 1906, and were in Germany 
still adhered to. Thirdly, a list of suitable works 
had been drawn up—some 500 or so—at which 
students would be taken and educated in conformity 
with the code of rules. The last feature had given 
trouble. Employers would sign the contract re- 
quired, but in practice found themselves unable to 
keep to the ideal, because business matters neces- 
sarily interfered. Universities had money to 
expend on salaries, but factories had not, and they 
could not make efficient arrangements for teaching. 
The thing had to be on a paying basis. Dividends 
were so important that the works manager had to 
consider current expenses. It pacer that the 
Revision Commission now sitting would probably 
decide that premiums should be allowed, and that 
wages soul bo id out of this ; also that, in addi- 
tional return, the manufacturers should be bound 
to encourage the acquisition of knowledge by the 
students, either by supporting evening classes, 
providing teachers, libraries, &c. That the student, 
in return, should take the whole of his tical 
training at one factory, and would remain there 
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after finishing his college work for at least six 
months, in order that the employer might have the 
opportunity of selecting and engaging such men 
as might prove of value to him. 

Mr. J. F. C. Snell thought it better that the 
students should proceed to college first, and then 
to works. There was then no break in theoretical 
work. The sandwich system was only a compro- 
mise. At 22 years of age, after college, a boy would 
be better able to absorb workshop information than 
would a raw youth of younger years. The profes- 
sion had become highly yaa. , and after college 
a lad would prove more valuable to an employer. 
He would be able, for instance, to measure and 
take observations accurately. He thought in- 
sufficient attention had been given at the Con- 
ference to the service of drawing-office experience, 
which really was invaluable. The Institution 
would do lasting good if it appointed a sectional 
committee to take up this matter of education 
and work with the colleges, &. 

Mr. B. Hall Blyth, speaking as a civil engineer, 
reminded that engineering works and offices were 
kept open merely for profitable work, and not for 
educating pupils. He strongly disapproved of the 
attitude held by some professors that college train- 
ing fitted a boy to occupy a salaried position in 
works. Even at the end of four years’ practical 
training there was still much to be learnt, and a 
college student could not hope to take an active 
part in work until he had had practical experience. 

Professor Wertheimer thought that very few, if 
any, professors actually held the view just attributed 
to them by Mr. Blyth. He wished to point out that 
at Boston, at the Massachusetts Institute of Techno- 
logy, the boast was made that a t was secured 
for every student before he left. That was not so 
here generally, and the fault perhaps lay with the 
training here. However, at Bristol they had fortu- 
nately arrived at such a state. They had had 
difficulty, but it was past, and now they had more 
applications for lads than they could supply, 
employers frequently asking for a lad similar to 
such or such a one who had gone to them before 
from the college. He thought that, generally, the 
engineering students were not discouraged suffi- 
ciently. It was for the good of the youths that 
this should be done. They did not keep all their 
first-year students in the second year. Parents 
were advised to withdraw lads who seemed un- 
suited to the career. For the capable artisan 
they provided either a long course of evening study 
leading up to the degree, or scholarships enabling 
artisan students to stand the risk of leaving work 
to attend college courses. Bursaries were granted 
sufficient to support them till they returned to 
their ordinary avocations. 

Sir W. White remarked that the needs of Canada 
and the United States were so different that no 
inference could be drawn from Professor Wer- 
theimer’s allusion to students over there. Young 
men trained here could equally well get work over 
there, provided they did not set employers against 
them by their conceit in book-work. At the very 
earliest possible moment it was essential to find out 
whether a lad had —_— for an engineering 
career. Men who could do anything in the way of 
book-work were often quite unfitted for active 
engagement in engineering work. He recommended 
that the first year after school should be spent in 
works. He thought it obvious that if any was 
to receive teaching anywhere, it must be paid for, 
and it was right that the employer peaks paid, 
unless he set himself up as a philanthropist, when 
he probably would not last long. 

Mr. H. J. Spooner said he would welcome any 
step which would bring polytechnics, &c., into closer 
touch with the colleges. He thought college work- 
a7 — relief to the mental strain, and a lad 
could earn things in a college workshop which 
would fit him better for the shops afterwards—for 
instance, accuracy of measurement, so important 
now in gauge-work, or the principles underlying 
machines such as gear-shapers. In some shops the 
man witha slide-rule had been usefully employed 
— up and increasing the speed and output of 


Professor S. P. Thompson had never found 
engineers openly hostile to college training as 
Dr. Unwin suggested. They were to 
get men so trained. He preferred students who 
had had one year or more in the works. They 


were more receptive, and had a better idea of the 
frre value of what they were being taught. 
he six months’ system was impossible. 


At Fins- 





bury they had a two years’ course, which could be 
extended if desired, but which was short enough 
to be in , if necessary, between school and 
work, or taken afterwards, ifdesired. Working up 
oe for degrees was not encouraged. 

Mr. W. Patchell pointed out that, for a lad to 
learn what was worth learning in the shops, he 
should not be a supernumerary in a gang, such as 
he would have to be if he attended works for short 
periods or broken time. That was demoralising 
to the lad. He must be a useful hand. If present 
funds were better spent, he thought there would be 
money enough to deal with the question properly. 
Instead of poorly educating the mass, more care 
and money should be spent on those worth edu- 
cating. 


Section II.—Screntiric TRaINine. 


This section met at 11.30, in the library, under 
the chairmanship of Dr. W. H. Maw, for the dis- 
cussion of Professor 8. M. Dixon’s and Professor 
C. F. Jenkin’s communications dealing with the 
value of a university degree in relation to profes- 
sional competence. These communications, which 
were read by their authors, are reprinted on page 39 
of this issue. 

The Chairman, opening the discussion, said the 
paper which had just been read stated very oy 
and, he thought, impartially the advantages whic 
might be expected to accrue from the attainment 
of a university degree in engineering science. The 
authors were both men of experience, thoroughly 
acquainted with the work which a university degree 
entailed, and they both expressed their belief 
in the good influence which that work would 
exercise on the future career of the engineer- 
ing student. He would say that that belief 
would be very generally shared by those who 
had considered the subject ; but the object of the 

resent Conference was not so much to indulge in 

liefs or expectations as to evolve definite informa- 
tion as to facts, and he hoped that in the discussion 
they might be favoured with the experience of 
employers and employed as to the real value 
attached to university degrees in works and offices. 
It had been sometimes urged that the possession of 
a university degree should entitle its holder to at 
once receive, on entering an engineering works, a 
higher emolument than would be accorded to him if 
he did not possess such a degree ; but from this view 
he strongly dissented. The commercial value of a 
young engineer to his employer depended upon a 
number of qualifications, of which many were in 
no way connected with his college work, and it 
would be unreasonable to expect any employer to 
take the possession of these qualifications for 
granted simply because a man had obtained a 
degree. But if the work through which a student 
had gone to attain his degree was sound, it should 
serve him in good stead in his practical career, and 
he might fairly be expected to advance more rapidl 
than one who had not had a similar training. If 
this result did not follow, then something was 
certainly wrong, and the sooner the reason was 
known the better. The fault, if it existed, might 
be due to defects in the training for the degree, or 
might arise from the fact that the period occupied 
in that training had rendered the student less 
receptive of the teachings of workshop practice. 
On this and many other points he hoped that 
information as to the result of practical experience 
would be forthcoming in the discussion. 

Professor J. E. Fleming said that he was afraid 
he must advance some unorthodox views. He 
thought the value of university degrees, as they 
were at present awarded, was very small. There 
was nothing to be gained by ignoring facts, and it 
must be recognised that degrees were obtained as a 
result of written examinations held against time, 
and to be successful in which a man had to rely 
almost entirely on his memory. These conditions 
were entirely artificial, and corresponded in no way 
with the conditions met with in practical life. In 
practice one did not usually work against time, and 
did not rely entirely upon one’smemory. The most 
useful memory was that which remembered where 
to find information, not that which simply amassed 
a quantity. The result of the examination system 
was that a degree was no criterion of the practical 
value of the man who it. Candidates in 

neral made far too much of the value of a degree 
in itself—of the mere letters after their names—and 
lost sight of the work the d was supposed to 
indicate. Practical men thought nothing of d 
and did not care if their assistants could write the 





alphabet after their names. What they demanded 
was reliability, ability to reason, and accuracy. Some 
of these qualities could only come as a result of 
experience. He thought the whole examination 
system wanted turning inside out, and would like to 
see much more attention paid to vivd voce work and 

tical examination. He would like to see the 

system abolished altogether. 

r. Dugald Clerk said that he spoke as an 
employer. His experience of B.Sc. men was not 
so unfortunate as the remarks of Professor Fleming 
might have led one to expect. He had five men 
holding B.Sc. degrees in his London office, and 
they were all in every way practical, and were able 
to apply their theoretical knowledge in every-day 
work. He was not so sure, however, as to the 
place of a man with an engineering degree ina 
works. At the factory of the National Gas-Engine 
Company, at Ashton-under-Lyne, they had no B.Sc. 
men. It should be remembered that the evening 
classes of this country —— a — amount of 
theoretical training, and he thought the class 
of men who made good works managers very largely 
received their technical education at them. There 
were some 700,000 students attending evenin 
classes in England, as compared with about 13, 
in Germany, and the scientific a which 
was required in workshops was very largely supplied, 
in England, from these teal ™ 

Mr. A. P. Trotter spoke neither as an employer 
or a teacher, but as one who some connection 
with the University of London. He had sat for 
eight years as a member of a board of studies 
for that University, but had always protested 
against the establishment of a degree in engineer- 
ing. He did not believe in such things. Degrees 
should be given for theoretical work, and for things 
which could be taught at colleges. A degree in 
engineering or mining was an absurdity. niver- 
sities should confine themselves to fundamental 
principles which they could teach. Engineering 
could be learnt only in practice, and if universities 
attempted to deal with practical subjects, such as 
switchboard design, all they taught would be out of 
date in three years. We had heard much about 
university men in practical life in America, but he 
thought that up to recently the American system 
had mainly succeeded in producing a remarkable 
crop of swelled heads. Matters had, however, 
improved somewhat of late. 

Colonel B. R. Ward, the next speaker, said that 
he noticed both Professor Dixon and Professor 
Jenkin laid considerable stress on the value of a 
good general education in students. His experience 
as a teacher of cadets entirely bore out this idea. 
He thought it absolutely necessary that students 
should be well instructed in what the Germans 
called ‘‘ knowledge” subjects, such as history. 
What he might call the dead matter of engineering 
was, in fact, only half of engineering, and to enable 
anyone properly to apply that half, it was necessary 
that they should have a good education on the 
literary and general side. 

Mr. James Glover agreed with Mr. Trotter that 
universities should carefully avoid attempting to 
teach the details of engineering, and should confine 
themselves tothe principles. An important reason 
for this was that it was only while men were young 
that they could properly assimilate the principles. 
Later in life, when they were earning their living, 
they had no difficulty in learning any amount of 
technical detail ; butif they did not grasp principles 
early, they were likely never to grasp them at all. 
He was not in agreement with Professor Fleming's 
somewhat contemptuous view of the value of 
degrees. When choosing among a number of men 
he would always be inclined to give preference to 
those having degrees of any kind. A degree at 
the lowest always stood for a certain amount of 
work done. 

Professor Silvanus Thompson disagreed from the 
last speaker, who evidently thought that a degree 
had a face value. He had one of his own that was 
not worth sixpence, and never had been. The 
belief in degrees per se was a national failing. We 
were suffering from the curse of running after 
degrees simply that we could stick the letters 
after our names. Toomany young men thought 
of degrees only from this point of view, and cared 
nothing for the work that the degree was merely 
an index of. In general estimation the Asso- 
ciateship of the Royal School of Mines was of 
less value than a B.Sc., but in reality it was of 
ten times the value. The same thing applied to 
the diploma given by certain colleges, 
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At this stage of the proceedings the discussion 
on Professor Dixon’s and Professor Jenkin’s papers 
was terminated by a vote of thanks to the authors, 
and after Dr. Maw had retired from the chair to 
make way for Professor Unwin, the three papers on 
**The Position and Uses of Engineering Labora- 
tories in Rela:ion to Education at College,” by 
Professors W. E. Dalby, John Goodman, and 
Bertram Hopkinson, were read by their authors. 
'lhese papers are reprinted on pages 40 and 41 of 
this issue. 

The discussion on the second subject was opened 
by Mr. R. 8S. Ball. He began by saying that he 
agreed with Professor Hopkinson that laboratory 
apparatus should not be too complicated. He had 
been at the Massachusetts Institute of Technology 
for some years, both as a student and a teacher. 
They had there the best-equipped engineering labo- 
ratory in the world. It contained, among all manner 
of devices, a 200- horse - power triple - expansion 
engine, in which some twenty students were required 
to runa tes:. He thought experimental work of 
that order wa3 much less valuable than work carried 
out on smaller and simpler apparatus, on which the 
students might possibly have to do their own erec- 
tion. There were 1600 students at Massachusetts ; 
but even in big colleges like that he would prefer 
to multiply the examples of simple apparatus rather 
than instal large and complicated machines. On 
the general question of the value of laboratories in 
engineering colleges, his opinion might, perhaps, 
be expressed in the remark of the Irishman, who 
thought the ocean was « great aid to navigation. 

Mr. Dugald Clerk agreed that very much might 
be done with simple apparatus in laboratories. It 
was better that a student should have complete 
control of his own experiment rather than that he 
should simply take some small part in a large and 
complica test. The difficulty with laboratory 
machinery was that it quickly got out of date, and 
in some cases manufacturers had loaned modern 
machines to colleges on the understanding that they 
should have copies of the reports of all tests carried 
out, The system was an excellent one for the colleges. 

The Chairman, in closing the discussion, said that 
while it was possible to do very valuable work with 
small apparatus, it was desirable to have large 
apparatus in addition. If students were at times 
engaged on tests of a large engine. they got a much 
better idea of the scale of practical work than if 
they spent all their time with quite small machines. 
A twenty-four hours’ trial run of a large engine 
was an education which students could never get 
when experimenting by themselves on a small scale. 


Section IIL. (Practica Traine). 


The remainder of Thursday morning was occupied, 
so far as Section III. was concerned, with two 
discussions, which, like the others, did not keep 
very closely to the subjects chosen. The first was 
on ** The Relation of Practical Training to College 
Study: whether, or to what extent, before, sand- 
wiched, or after its conclusion.” This was intro- 
duced by Professor Archibald Barr and Professor 
H. Louis, though in the absence of the latter that 
entleman’s contribution was read by Professor 
Velch. These contributions are reproduced on 
e 42 of this issue. 
he first speaker at this meeting was Mr. H. 
Rolfe, who pointed out that the requirements of 
civil and mechanical engineers were totally different. 
One was concerned with fine work, accurate measure- 
ments and fits, interchangeability, &c., which did 
not enter in the same degree into the civil engi- 
neer’s work. He would lay stress on drawing-oftice 
work. College students failed in designing things 
on scientific lines alone, not taking into account all 
the other important factors which influenced the 
subjects, such as pattern-work, machining, &c. 
Colleges should recognise these facts, as machines, 
&c., had to be made for a profit. Mathematical 
correctness of — might not be able to compete 
when it came to early delivery and other commercial 
factors. He was pleased to see that Sir Frederick 
Donaldson recommended foundry work, forging, and 
pe at the Arsenal course; without know- 
edge of these a man was poorly fitted for his work. 
Mr. W. B. Worthington said no rule could be 
laid down to meet all cases, and there was nothing 
to be gained by standardisation. He thought a 
boy who was to me a structural engineer should 
attend college first and then start on his apprentice- 
ship. When going into an office a was soon 


= structural steel work in order to familiarise 
im with design. Much of the principle of design 





could, however, be better learnt in college, and if 
drafted straight to an office he would waste time 
there acquiring laboriously mathematical knowledge 
which could be more quickly obtained at college. 
He assumed, of course, that the lad would have been 
given one ‘gee of shops first, in either case. Tothe 
mechanical engineer the sandwich system was 
comparatively easy. Work of the kind then 
encountered was more easily broken off; but in 
civil engineering a lad might have to break off 
right in the middle of a job, and on returning 
find it finished, and would then have to start afresh 
with something new. 

The next speaker was Professor Turner, who 
supported Professor Barr’s plan, but for other rea- 
sons. No solution had been reached after 25 years 
of discussion of this subject because conditions 
varied to such a degree. The college student 
required enough knowledge of the shops to be 
able to appreciate the training value of theory, and 
renin with the shop lad. The ideal system 
could only be followed where every facility was 
obtainable, and money little object. Under such 
conditions, he had trained several lads on the three 
months sandwich system, which had answered admir- 
ably. . The system was only suited to special cases. 

Sir A. Binnie considered that while engineering 
training had improved, the results were not satis- 
factory, and the preparation of youths did certainly 
not fit them for appointments Colleges should 
have more consideration for their students. Going 
into a workshop was not civil engineering. Men 
went out into the world knowing nothing of their 

rofession or its history, of which they themselves 

ad to continue the development. They were 
narrow-minded, and even mechanical. He would 
like natural philosophy, as the words were used in 
their old sense, to be more studied ; he wanted a 
civil engineer to have a knowledge of geology and 
physiography. He found classical reports and 
names unknown to candidates he had come in 
contact with, while there was a considerable degree 
of ignorance of surveying and the outdoor use of 
instruments. A man should go to college and get 
as broad a knowledge as possible. Practical ability 
was not always necessary. A bridge designer need 
not be able to do riveting ; it was sufficient if he 
knew what could be done and when it was well 
done. Colleges should help to fit men to go out 
into the world. He recommended the study of the 
difficulties and influences which former engineers 
had to contend with on large works of which tl.ere 
were so many at hand at home, and better experi- 
ence would be gained in this way than in time 
spent in shops. 

Colonel Sir E. Raban thought more care should 
be taken of the average man. The best would care 
for himself, the worst would, in any case, drop out. 
He pleaded for a wide general education which 
developed a receptivity of mind. Men should have 
a broad grasp of affairs; it was not sufficient to turn 
aman out an engineer alone. As a constructional 
engineer had not time to learn everything, it was 
not possible for him to go through a mechanical 
course. College laboratories and workshops might 
be of assistance in such circumstances by giving 
men some idea of the mechanical side. He thought 
it wees to work the sandwich system here, 
though it was easily — in Canada, for instance. 
Some of the men filling the middle grades could 
well be left to do their own work in the best way 
possible, and a man with a receptive mind could 
pick up from such men valuable information of 
service to him. Attention to the administrative 
aspect was important, and colleges might give 
to their students a few indications along these 
lines. They always insisted on a man passing 
some time in the head office, where much was to be 
learnt ; for instance, how it was letters could not 
always be answered the same day. The most im- 
portant needs were that all should rest on a sound 
general and not a specialised education ; that, if 
possible, university training should be included, 
that was, scientific training, with, perhaps, sufficient 
practical work to appreciate facts; that the men 
should be got out on to works of the kind they 
hoped aia themselves with chiefly, as soon 
as ible. 

‘he meeting then proceeded to the discussion of 
the subject of ‘‘ Workshop Training as a Preliminary 
to Practical Training in other Branches of Engineer- 
ing.” This subject was introduced with -a 
contributions from Mr. J. A. Brodie, Mr. J. M. 
Moncrieff, and Professor J. J. Welch. These are 
reproduced on pages 43 and 44 in this issue, but as 





the time was short, they were taken as read at the 
meeting. The first speaker was Mr. J. M. Moncrieff, 
whotreated the subject from the civil engineer’s point 
of view. There existed among engineers no attitude 
of jealousy towards college training, in proof of 
which assertion he stated that he had that morning 
come direct from the examination-room. Professors 
did sometimes think their students qualified to 
take up salaried positions. He had known cases of 
degree men applying for posts as assistants. They 
should not think of such a thing until after they 
had had practical work, and professors should help 
to dispel any such notions. They were no good with- 
out practical experience, and the age should not be 
more than twenty-two or twenty-three before they 
got it. Men could not learn everything, and training 
had to be kept within certain limits. Practical and 
commercial influences were non-existent in colleges, 
and could only be appreciated im actual work. 

Mr. Gerald Stoney thought it desirable that the 
lads should come into close contact with the work- 
men, and feel the effect of the discipline of the 
shop. Not everyone could be made an engineer. His 
firm gave pupils great latitude, and allowed them 
thick and thin slices on the sandwich system, so 
that between sixteen and twenty-one years a lad 
could get three years’ works and three sessions at 
college. Only 3 or 4 per cent., were permitted, 
however, to do this. If the proportion were larger 
the scheme would be unworkable. 

The next speaker was Mr. C. W. Darley, who 
believed in college training, but thought that the 
sooner men got out on to work the better. Especially 
was this the case with men going out ultimately 
into the Colonies. Such men needed a great deal 
of experience before going abroad, because, in many 
of the Colonies, most of the work was done nowadays 
by day work, under the engineers themselves with- 
out the intervention ofa contractor. Three or four 
years’ practical training in England were at least 
necessary before going out. It would be found that 
most of the papers read and discussed before the 
Institution were by men very few of whom had had 
the advantage of a university training. 

Mr. R. J. G. Reid followed, remarking that the 
papers opening the discussions made insufficient 
distinction between the needs of civil and me- 
chanical enginers. In the case of mechanical 
engineering if the boy were to take his works train- 
ing on leaving school he thought the lad should go 
first for one year into an engineer’s office to find 
out what there was to be learnt. In the case of 
civil engineering, college should come first, followed 
by the office, but the term of apprenticeship need 
not be so long now as formerly. While he was 
articled he needed more technical knowledge than 
he could get in the office, and, therefore, attended 
evening classes. That need had now been filled by 
the colleges, and these can prepare the lads with 
knowledge which would be serviceable to them in 
the offize. 

Mr. Walter Hunter thought the speeches showed 
tl.¢ Conference had been justified. He wished to 
read a statement in a letter from Mr. C. Mayne, 
municipal engineer, Shanghai, to the effect that, 
in his opinion, the English system of training 
turned out better men, with theory and practice 
better balanced, than either the American or Conti- 
nental systems. The latter especially suffered from 
too much theory and too little practice. 

The Chairman, Mr. Elliott Cooper, then closed 
the meeting of Section III. with a few general 
remarks on the discussions. He thought it mani- 
fest that detailed instruction could not be given in 
every branch with the idea of training for some 
possible future work. Civil engineers certainly 
needed some mechanical knowledge, but it was 
sufficient for them to know good and bad work. 
It was not necessary to make a mechanic of a future 
civil engineer. What was wanted in men going 
abroad was sound general engineering and scientific 
knowledge which would fit him for any post. All 
countries differed, and men could not taught 
this variety of information. The local knowledge 
he found was nearly always picked up quickly. 
Nowadays engineers were no a anxious to 
take pupils. Work was so specialised that they 
could not giveanall-round training. Lads therefore 
go straight to contractors. Departmental work did 
not give such experience as a contractor’s office did, 
but the latter must be a large one to afford good 
training. If the contractor was merely carrying 
out the work for engineers, a lad lost one most 
important part of the training. With regard to the 
sandwich system, he thought it better that for civil 
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engineers college should come before the practical 
training. Their work could not be dovetailed suffi- 
ciently to ensure a continual progress.  - 
work was intended to familiarise men with the 


principles of natural philosophy, and going into both axles was shown by Messrs. 


‘base, and is yet not abnormally long over all, 


when the body is screwed home into its running 
position. 

A well-finished compound tractor with springs to 
Ransomes, Sims, 


works first. rather spoilt the lad’s appreciation of | and Jefferies, Ltd., of the Orwell Works, Ipswich. 


the facts then put before him. It might be possible 
to get in some practical training, however, but to 
break off the course of either oue or the other was 
bad. 

CONCLUSION OF THE CONFERENCE. 

Shortly after 1 p.at. all three sections assembled 
in the theatre, and Mr. Alexander Siemens again 
took the chair. Mr. Siemens first called on Mr. 
A. F. Yarrow, who submitted that the Council 
should give its attention to the following :— 

1. That the Councilof the Institution be desired to use its 
influence in any way deemed practicable to secure a con- 
tinuity of study between those public schools where the 
elements of science are taught and the universities and tech- 
nical colleges, so that pupils leaving such public schools 
be suitably trained to follow at once a college course with 
advantage, so that, as it were, the college course may 

in where the school training finished. 

. That, with a view to facilitate the above, a closer con- 
nection between the masters who teach science in public 
schools and the Institution of Civil Engineers is desirable. 

3. That the Council of the Institution should endeavour 
to induce the universities and technical coll to adopt 
such terms of study—say six months during the winter— 
so that the *‘ sandwich system ” can be adopted, if desired, 
which is not possible with the terms now customary. 

4. That it is desirable that the Council should endeavour 
to produce some co-ordination between the colleges and 
the employers by making a systematic inquiry from the 
employers as to the conditions under which exceptional 
students, a gr qualified, may be able to get practical 
training for a period of, say, 24 to 36 months on the 
‘*sandwich system” or not, when vacancies in such estab- 
lishments occur. 

Mr. Yarrow’s proposals were not put to the 
meeting, but the President said the Council would 
take notice of them. With regard to general im- 
pressions of the Conference, the President said that 
gentlemen on the scholastic side complained that 
they were at a loss to know what they had to pre- 
pare the boys for. That, he thought, was probably 
their fault. He would remind them that some six 
years ago the Board of Education had tried to in- 
troduce the adoption of a standard examination, 
but the scheme came to nothing, because the school- 
masters could not agree among themselves as to 
what the syllabus should be. Perhaps another 
attempt might be made now. Recently at a sur- 
veyors’ conference a syllabus had been successfully 
drawn up showing the qualifications which would 
allow a man to practise anywhere within the 
Empire. With regard to training he thought it 
bad to specialise too soon. University teaching 
should be scientific and wide in scope ; the student 
should be taught how to learn. Students, he 
thought, could not make proper use of laboratories 
unless they possessed some practical knowledge. 
After passing an examination lads should go for one 
year to works before college, taking more works 
experience, of course, again later. 

n concluding his remarks the President ex- 
pressed the thanks of the Conference to the Staff of 
the Institution, and to the Hon. Secretaries, whose 
labours had contributed so largely to the success of 
the meetings. 





THE ROYAL AGRICULTURAL 
SOCIETY’S SHOW. 
(Concluded from page 853 of our last volume.) 
SreamM-ENGINEs. 


Tue general arrangement of steam-wagons and 
steam-tractors has now become pretty well stan- 
dardised, and it is therefore impossible to say more 
than that vehicles of these types were exhibited by 
Messrs. W. Tasker and Sons, Limited, of Andover, 
Wallis and Steevens, Limited, of Basingstoke, 
William Allchin, Limited, of Northampton, and 
Fodens, Limited, of Sandbach, Cheshire. We may 
note, however, that a new type of self-tipping 
wagon was shown by the Yorkshire Patent Steam- 
Wagon Company, of the Vulcan Works, Hunslet, 
Leeds. The special feature of this machine is 
that the body is mounted on small wheels running 
on slides, and can be traversed by a screw in a fore- 
and-aft direction over its frame. In the running 
position the wagon is supported by the frame from 
end to end, but for tipping purposes it is run back 
by the screw so as to overhang the frame, and it 
can thus be easily tipped. The wagon, in spite of 


the tipping feature, has therefore a long wheel- 





| Full-sized traction-engines of the traditional type 


were also included amongst the exhibits at this stand. 
Of these, one was fitted with compound engines, 
and had its rear axle spring-mounted, enabling it to 
traverse rough roads at a reasonable speed. 


Oi anp Gas-Enaines. 

Messrs. Davey, Paxman, and Co., Limited, of Col- 
chester, show as their principal exhibit a gas-engine 
capable of developing 30 brake horse-power when 
running on producer-gas. Details of this engine 
are illustrated on page 6, Figs. 18 and 19. The 
producer used is of a new type, which we hope 
to describe later. The most interesting feature 
of the engine is the arrangement of gas and air- 
valves now illustrated. The air-valve spindle passes 
through the spindle for the gas-valve. Whatever 
the load on the engine, the air-valve always opens 
fully, but the opening of the gas-valve is con- 
trolled by the governor through the agency of a 
slotted lever. This lever is always rocked through 
the same angle by the link which actuates it, but 
the link which connects it with the gas-valve spindle 
can be shifted from one end of the slot to the other, 
When this shifting link is at the end nearest the 
fulcrum of the slotted lever, the gas-valve remains 
wholly closed, and when at the other is fully opened 
at each suction stroke. The position which this link 
occupies in its slot depends, however, on the 
governor, which can thus adjust the amount of gas 
admitted in exact proportion to the load on the 
engine. The engine has low-tension magneto igni- 
tion. The cylinder water-jacket is cast in one piece, 
and is fitted with a loose liner of hard close-grained 
metal. The lubrication of the working parts has been 
carefully considered. The main bearings and cam- 
shaft bearings are fitted with chain lubrication, con- 
sisting of chains which run in an oil-bath, and carry 
the oil on to the shaft, where it works along, and is 
finally thrown off at the ends, and led back to the 
oil-chamber again. The cylinder is fitted with 
forced lubrication, and the large and small ends of 
the connecting-rod are provided with sight-feed 
lubrication, the large end getting oil in the usual 
manner through the crank-pin, and the small end 
from a lubricator mounted in front of the liner. The 
levers and exhaust-valve are also fitted with lubri- 
cators. Only one cam is used to operate the exhaust 
and inlet-valves, and there are thus no overhung 
rollers. The roller on the exhaust-lever runs in an 
oil-bath, and carries a film of oil to the cam, and 
thence to the inlet-valve roller, thus minimising 
the wear on these parts. 

Leyland Motors, Limited, of Leyland, Lanca- 
shire, exhibited three petrol-driven lorries, of dif- 
ferent patterns. The largest weighs 5 tons, and is 
fitted with a four-cylinder engine capable of develop- 
ing 40 horse-power. There are four speeds for- 
ward and a reverse, and the wheels have solid- 
rubber tyres, and are driven through double re- 
duction gearing running in an oil-bath. An exhibit 
of a similar character was made by Messrs. J. and 
E. Hall, Limited, of Dartford, who show a 4-ton 
and a 5-ton petrol chassis. 

The Eagle Engineering Company, of Warwick, 
showed in the ‘‘ New Implement ” class a 34-horse- 
power petrol-engine. In this case the cylinder is 
fitted inside the water-tank, and thus consists of a 
mere liner only, which can readily be removed for 
inspection, if desired. The engine has high-tension 
magneto ignition, and is fitted with two fly-wheels. 

Messrs. Petters, Limited, of Yeovil, Somerset, 
showed, in addition to their well-known ordinary oil- 
engines operating on the Otto cycle, two new two- 
cycle engines. Of these, one is mounted on wheels, 
and the other is a fixed engine. The crank- 
chamber serves as the air-compressor, the spent 
gases being blown out through a side port, when a 
second port communicating with this crank-chamber 
is uncovered by the piston. The oil-charge is forced 
into the cylinder at the end of the compression 
stroke, so that none can escape through the exhaust 
port, thus re frequent source of loss in two- 
cycle engines. e engine will run on crude oil, 
and a high economy of fuel is claimed. Forced 
lubrication is fitted both to the cylinder and to the 
crank-shaft, the oil supply to each being indepen- 
dent of the other. 

Messrs. Barford and Perkins, of Peterborough, 





had on view one of the petrol-driven road-rollers 
which was fully described and illustrated on 

347 of our last volume. These rollers, we 
earn, are now made up to 14 tons in weight, and 
the ease with which they can be started up and 
despatched with a supply of repair material to a 
bad spot on a road is found to have a very favour- 
able effect on the cost of road maintenance. Asa 
‘* new implement” the firm are also exhibiting a 
light roller having rolls of riveted steel plate, which 
can be water-ballasted. This roller is fitted with a 
two-cylinder Aster engine, furnished with high- 
tension magneto ignition. 

The extreme handiness of the small petrol-engine 
is reflected in the increasing number of them ex- 
hibited year by year at the Royal Show. It is 
worthy of notice that low-tension magneto ignition 
seems to be the favourite with the engines of this 
type of American origin, whilst here the high- 
tension system is preferred. The American engines, 
too, are very frequently governed on the plan of 
holding open the exhaust-valve, whilst here it is 
more usual to prevent the inlet valve opening. 
This latter plan, however, involves the use of 
mechanically-operated inlet valves in place of the 
more cheaply constructed automatic valves. 

A very conveniently-arranged small petrol-elec- 
tric plant was shown by Messrs. R. A. Lister and 
Co., Limited, of Dursley, Gloucestershire This 
was entered in the ‘‘ New Implement” class, and 
received the award of a silver medal. The 
plant consists of a petrol-engine driving a small 
continuous-current generator, which feeds into 
batteries. The latter, however, are of very small 
capacity, their principal function being to render 
the plant self-starting. On switching on the lights, 
the generator automatically begins to motor the 
petrol-engine round, which is thus started, and 
then drives the generator, so that no heavy con- 
tinuous demand is ever made on the batteries. 
When the lights are switched out, the engine stops 
either at once or as soon as the battery voltage is 
raised to a predetermined limit. 

Messrs. Capel and Co., of 168, Dalston-lane, 
London, N., showed a variety of petrol-oil and gas 
engines. Two of these exhibits were entered in the 
“New Implement” class, the one being a self-con- 
tained petrol-electric generating plant, with the 
engine and dynamo mounted on the same bed-plate, 
whilst the other wasa portable suction-gas plant rated 
at 14 brake horse-power, and this we illustrate in 
Fig. 20, page7. The engine is of the builders’ standard 
pattern, the cylinder having a liner independent of 
the main casting. Forced lubrication is fitted to 
the cylinder, whilst the crank-shaft has ring oilers. 
The gas plant has been designed specially for the 
conditions in which it is to be worked, and the makers 
state that it can be run on coke or charcoal as well 
as with anthracite as the fuel. The steam supply 
necessary for the producer is obtained by evapora- 
tion from a shallow pan fitted below the fire-bars. 
The heat required for this is supplied in part by 
radiation from the fire, and for the rest by the 
device of directing the exhaust gases from the engine 
into an ex ion chamber below the water-pan. 
The provision of this chamber tends to make the 
steam supply more or less proportional to the lead 
on the engine, and the chamber, moreover, acts as 
an effective silencer. The supply of water to the 
scrubber is provided by a pump driven by an 
eccentric on the engine cam-shaft, which forces the 
water through the cylinder jacket and thence into 
the top of the scrubber. The water finally escapes 
over a wire-mesh cooler, and the total supply re- 
quired for a day’s run is stated to be very small. 


MISCELLANEOtS. 


Messrs. W. T. Avery, Limited, of Birmingham, 
had a most varied collection of weighing machinery. 
Amongst other exhibits at this stand may be noted 
an attachment for cattle-scales. In practice, excreta 
from the animals are certain to collect under the 
platform, and since a link necessarily passes from 
this space up into the weighing-cabin, the latter 
is often invaded by most objectionable eifiuvia, To 
prevent this Messrs. Avery fit to this link a bell, 
the outer edge of which dips into an annular water- 
trough, which thus completely seals off, from the 
interior of the cabin, the space below the weighing- 
platform. 

Several patterns of automatic weighing-machines 
for accurately weighing grain, coal, and fluids were 
also exhibited. e machine for weighing oil is 





nagpen cay interesting. The hopper, which forms 
he scale-pan, when nearly full tilts a little, and 
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in so doing actuates link-work, which reduces the 
flow of oil to a dribble. When the exact weight 
has been run in, the hopper falls, and in the act 
causes a catcher to come in under the oil-spout. 
In this catcher any residual leakage is caught 
ready to be discharged into the hopper when it 
returns for a new charge. In falling the hopper 
also tilts, and empties the oil out of its forward 
end. This is shaped so that the liquid collects 
there and thus keeps the hopper tilted till it is 
emptied, save for a mere drain. The hopper is then 
automatically restored into position for filling, but 
the drain left in its forward end cannot get back 
into the bottom of the hopper, but is caught by a 
diaphragm and directed through a port into the 
general receiver. Hence, the final drain left, when 
the hopper is restored into the filling position, has 
all the time occupied in filling to — in. 

The principal exhibit at the stand occupied by 
Messrs. Holden and Brooke, Limited, West Gorton, 
Manchester, was a high-lift centrifugal pump, direct 
driven by a — running at 1200 revolu- 
tions per minute. The pump shown has three 
impellers in series, and delivers 100 gallons per 
minute against a head of 100 ft. The only stuffing- 
box is at the suction end of the pump, and this is 
water-sealed. At the delivery end the shaft does 
not pass through the casing, but there is an internal 
bearing, and thus no stuffing-box is required here. 
This internal bearing is completely immersed in the 
water under pressure, by means of which the end 
thrust on the series of im i 
whole shaft is allowed a slight end-play. If the 
pressure in the ie es tee «7 wer, ag the shaft 
moves sc as to increase the head there, and vice 
versd. There is always a slight jeakage through a 
drain from this balance-chamber, and any lubricant 
which escapes from the internal bearing is carried 
off through this drain, and does not mix with the 
water discharged through the delivery branch. 
Another exhibit at this stand consisted of a series 
of hand-wheels for cocks, valves, and the like. In 
these the rim is constructed as a helix of steel wire, 
and thus never gets hot, no matter what may be 
the temperature of the spindle on which the hand- 
wheel is mounted. 

A remarkable series of casti 
was shown at the stand of 


of various kinds 


essrs. Willans and 


Robinson, Limited, of Rugby. The firm supply 


is balanced. The: 





complicated petrol motor castings to many leading 
helen, but, perhaps, some of the apparently 
simpler forms exhibited are really of more interest. 
Thus they show some remarkable specimens of 
white-metal bushes, which can be put into place | 
without further treatment. Also they produce | 
cast yellow-brass rods, having properties analogous | 
to drawn or rolled metal ; and, further, they show | 
some remarkable examples of solid cast-iron bars, | 
which, though very dense and quite free from blow- | 
hules, are yet soft and readily machined. Unfor- | 
tunately, the methods adopted in producing these | 
castings are specialities of the firm, so we can 
merely note the results here without elucidating | 


them. | pa 


Undoubtedly, the exhibit made by the Associated | 
Portland Cement Manufacturers, Limited, of Port- | 
land House, Lloyd’s-avenue, E.C., was one of the 
most interesting in the Show. At this stand were 
to be seen fence-posts of reinforced concrete, 
which, whilst cheaper than oak posts, are much | 
longer lived. Such posts are made in single 
moulds, the work being quite within the capa- 
city of ordinary farm labour. Generally, sand 
and gravel are obtainable locally, so that freight 
has to be paid only on the cement. Water- | 
tanks, likewise made of reinforced concrete, were | 
also on view. These are reinforced with iron rods | 
round the corners and wire netting elsewhere. A 
100-gallon tank thus made costs about 11s. for 
labour and materials. This figure is exclusive of 
the mould, but as the same mould can be used for 
as many tanks as the farmer cares to instal, the 
amount to be attributed under this head to each 
tank is small. The mould in question is made of 
wood, and is thus light and easily transported. 
Block-making machines for making blocks for 
building purposes were also on view. Such blocks 
are now finding much favour in certain dis- 
tricts. One colliery company alone has erected 
600 cottages built out of moulded concrete blocks. 
The cost of construction is stated to be generally 
much cheaper than with brick. The labour needed 
is less, and the blocks being much larger, the 
number of joints and the amount of mortar re- 
quired is greatly reduced. The mixture usually 
used is about 4 to 1, and one machine will easily 
make per day 400 blocks measuring 16 in. by 





9 in. by 9 in. Drain-pipes of cement-concrete 


tice 


were also shown, and were claimed to be sub- 
stantially cheaper than the common tile pattern, 
though equally durable. 

The most notable feature amongst the mill 
machinery exhibited by Messrs. Thomas Robinson, 
Limited, of Rochdale, was a plan-sifter in which, 
by adopting two cranks instead of one, vibration is 
entirely eliminated. This has also had the effect 
of —— the power consumed by about a 
quarter. he same firm also exhibited a large 
range of wood-working machinery, in particular a 
two-spindle saw-bench for dimension sawing, with 
which very accurate work can be accomplished. 

The Electrical and Ordnance Accessories Cum- 
ny, Limited, of Aston, Birmingham, showed 
samples of the Timkin roller-bearing, which has 
already been described and illustrated in our 


|columns (see ENGINEERING, vol. xc., page 696). 
| This is, of course, of American origin, but its manu- 
facture has been greatly improved at the Aston 


Works. In motor-car service it has proved most 


|reliable, and is, we understand, likely to become 


the standard type of bearing used on the omnibuses 
of the General Omnibus Company, who have made 
a very extended trial of it, with highly satisfactory 
results. Single bearings capable of taking a load 
of as much as 6 tons are now supplied. 

A great variety of engineering sundries was 
exhibited at the stand occupied by Messrs. W. H. 
Wilcox and Co., of Southwark-street, London, 
S.E. These included Penberthy injectors, semi- 
rotary pumps, and also the ingenious slide-valve, 
seat facing-machine which we illustrated when it 
was first exhibited at the Gloucester Show of the 
Royal Agricultural Society. 

Fastnut, Limited, of 60, Aldermanbury, London, 
E.C., exhibited, in addition to their well-known 
washers, a range of spanners, each jaw of which 
will take three sizes of nut, automatically adjusting 
itself to the grip required. 

A very interesting exhibit was that of the 
Palmer Tyre, Limited, who showed in operation 
one of the aca machines used in laying the 
cords for a Palmer tyre. 

The International Harvester Company of Great 
Britain, Limited, of 80, Finsbury Pavement, E.C., 
exhibited for the first time at a Royal Show a 
harvester and binder in which the binder attach- 
ment is driven by a small air-cooled petrol-engine, 
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DUNSTON POWER-STATION OF THE NEW. | @bout those at Carville, is the absence of brickwork | the wagon into an ash-bunker. Each hoist and winch 


CASTLE-ON-TYNE ELECTRIC SUPPLY 
COMPANY. 


In the series of articles dealing with the generation 
and distribution of electric power on the North-East 
Coast, which appeared in our previous volume, refer- 
ence was made to the new generating station which 
the Newcastle-on-Tyne Electric Supply Company, 
Limited, were building at Dunston-on-Tyne. No ex- 
tended description of the station was, however, included 
in the articles, and we now pro to deal with it in 
some detail. The station was formally opened on the 
5th inst., when a large number of colliery engineers 
and others visited it. 

The construction of the Dunston station was decided 
upon, about three years ago, in order to enable the 
power company to cope with the business, which was 
increasing at the rate of about 20,000 horse-power a 
year. Although there was still some spare land avail- 
able at Carville, it was considered better to locate the 
new installation of generating plant higher up the 
Tyne. This course was dictated partly with the idea 
of obtaining plenty of spare land in the neighbourhood 
of the station, to which it was hoped that new works 
requiring a large power supply would be attracted as 
a — of = advan a — could be 
arranged. e com is a su ing lar; 
electro-chemical oudbvane Carville, but the land oak. 
able for further developments in that neighbourhood is 
not large, whereas at Dunston the spare land near 
the station is sufficient to meet the requirements of 
many years. The new station is built on a site of 
about 30} acres, situated on the south bank of the Ty ne, 
about three miles above the High Level Bridge at 
Newcastle, and some eight miles by river from Carville. 
‘he general lay-out of the station follows the unit 
pana which has long been advocated and practised 

y the consulting engineers, Messrs. Merz and 
McLellan, and does not depart in any radical way from 
other stations built by the same gentlemen. Various 
modifications and improvements on previous practice 
suggested by experience have, however, been incorpo- 
rated into it, and both in virtue of its size, and as an 
example of the latest practice in power-station con- 
struction, the whole installation at Dunston is of much 
interest. 

_ The general lay-out of the station is well shown 
in Figs. 1 to 3, on Plate I. It will be seen 
that it is divided into three main parts, consisting 
ot a coal-store, a boiler-house, and an engine-room. 
The existing and tive plant is shown in 
these figures, but rather than deal with this for 
the moment it will be well to treat each of 
the station in detail, beginning from the cubcuue 
The noticeable thing about the main buildings, as 





and masonry. The whole erection is a steel-framed 
structure, containing generating plant, and not an 
architectural building, in which the plant is after- 
wards placed. The buildings are, in fact, entirely 
self-supporting, independently of any brickwork, and 
they are arranged so as to be extended at the minimum 
possible expense, the walls consisting in the main of 
corrugated iron and glass. This is well shown in 
Fig. 5, on Plate II., which is a view of the interior of 
the engine-room. 

Coal-Store.—The coal-store comprises a corrugated 
iron roof supported on steel girders rising to a total 
height of 92 ft. from the ground. It is ultimately 
intended to have additional floors in this store, should 
it be necessary to increase the capacity, the sub- 
division of the coal with floors being advisable for 
ventilating purposes. The coal enters in trucks y 
railway sidings, shown at the right-hand side of Fig. 2, 
from which it is discharged into the coal-filler pit. 
Ultimately it may reach the power-station by river. 
The coal-conveyor runs from end to end of the coal- 
store and boiler-house, and is so arranged that the coal 
can either (a) be lifted out of the trucks and deposited 
in the store, or (b) be taken from the trucks and 
deposited in the coal-bunkers above the boilers, or (c) 
be lifted out of the store and deposited in the bunkers, 
The coal-handling plant consists of one coal-receivin 
hopper, into which trucks dump, one four-roll cnr 
breaker (to crush coal to pass a 2-in. ring), one jigging- 
screen and , and one gravity bucket-conveyor. 

From the hopper over which the coal-siding 
the coal gravitates through a regulating-valve at 
the bottom on to the jigging-screen, from which 
the screened coal passes CFireot through a shoot 
into the stationary automatic filler, into which also 
the large pieces, after being broken in the coal-breaker, 
also pass. As will be seen in Fig. 1, the conveyor 
drive is placed on top of the coal-bunkers, whence the 
coal-buckets descend at the engine-room end of the 
boiler-house and pass through the boiler-house base- 
ment. When required the coal can be taken from 
the store by means of hopper shoots fitted with 
regulating-valves at the bottom, which feed a portable 
automatic filler delivering into the conveyor-buckets. 
The conveyor at the present time can handle 40 tons 
of coal per hour, and is capable of being speeded up 
above this rate. 

Ash-Handling Plant.—The ash-handling plant is 
quite distinct from the coal-conveyor, and consists of 
hand-propelled ash-wagons running on rails laid below 
the ash-hoppers under the boiler-house floor. The 
arrangement can be best seen in Fig. 3. The rail-tracks 
along each side of the boiler basement are connected by 
across-over. At the end of each track there is a vertical 
hoist suitable for raising aud automatically tipping 





can lift, tip, and lower one half-ton ash- nm in 
15 seconds. The winches are driven by induction 
motors. The ash-bunker, which is situated between 
the coal-store and the boiler-house, can hold 100 tons 
ofashes. The bottom of it has a shoot and regulating- 
valve for discharging ashes into a railway wagon. 

Boiler-House.—It will be seen from the plan, Fig. 2, 
that there is at present one boiler-house, although the 
station is designed for three. Each boiler-house will 
contain eight boilers in two rows of four, each row 
being sufficient for supplying one turbo-alternator 
unit. There is one coal-store, boiler-house, and set of 
coal-handling plant for each set of eight boilers, and 
one boiler-house to each two turbo-alternator units. 
There is one main steam-pipe, feed-water pipe, hot- 
well, feed-pump, and set of ash-conveying plant for 
each set of four boilers. There is one chimney and 
fan-motor for each two boilers, and there is one econo- 
miser, coal-shoot, and ash-shoot for each boiler. In 
the engine-room each turbo-alternator unit has a com- 
plete set of condensing plant and other auxiliaries 
normally driven from its own ‘‘ unit” transformer ; 
there being, however, one ue Ey pit for 
each pair of circulating pumps. Unlike the arrange- 
ment at Carville, there is one set of common main bus- 
bars, divisible into two sections. 

The boilers are of the Babcock and Wilcox marine 
type. Each unit of two boilers, stokers, superheaters, 
economisers, fan and chimney, can evaporate con- 
tinuously under working conditions 60,000 lb. of 
water per hour, to steam at 200 lb. per square inch 
above the atmosphere, and superheated to 572 deg. 
Fahr. at the turbine stop-valve. With coal of 11, 
B.Th.U., under these conditions, the coal consumption 
does not exceed 4125 1b. per hour. Each boiler has a 
heating surface of 6725 sq. ft. and a grate area of 
168 sq. ft. When forced each boiler can evaporate 
37,500 lb. per hour under the same conditions. Each 
boiler is provided with a complete set of safety, steam, 
superheat, blow-off, feed, isolating, and other valves, 
as well as gauges, &c. The larger valves are Hopkin- 
son’s, and the smaller ones Dewrance’s manufacture. 
There is a set of fixed tube-cleaning jets, and special 
arrangements have been made in the boiler casing for 
enabling samples of the furnace gases to be obtained 
at different points, while there is a mercury cup for 
thermometers, fitted to each superheater. 

The boilers are carried on steel girders raised on 
steel columns independently of any brickwork—i.e., 
all brickwork is removable without disturbing the 
boilers. The casing-plates of the boilers and super- 
heaters are lined throughout with firebrick and ‘‘cel- 
linsulite” slabs. The chain-grate stokers are fitted 
with wheels on the side frames, so that they may be 
ran out on rails to facilitate repairs and cleaning. 
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The stoker driving-gear motors have overload spring 
clutches. A separate motor and driving gear is pro- 
vided for each boiler. The general ment of 
the boiler can be seen in Figs 1 and 3, while Fig. 6, 
on Plate III., is a view inside the boiler-house show- 
ing the stokers. 

Vertically above each boiler there is a Green’s 
economiser, complete with motor-operated scrapers. 
Each economiser has 288 pipes, and under normal 
conditions the temperature of the flue is reduced 
to 300 deg. Fahr. at the base of the chimney, while 
the feed-water is raised from 80 deg. Fahr. to not 
less than 212 deg. Fahr. at boiler pressure. The econo- 
miser-house is an unusually clean and well-lighted 
place situated near the top of the boiler-house, 55 ft. 
above the floor level. The bottom of each economiser 
soot-chamber is arranged with slo ending in a 
sliding door. Under these doors there is a line of 
rails running the full length of the boiler-house, with 
a movable soot truck, from which the soot is discharged 
into a hopper placed at one end of the boiler-house, 
whence it can be discharged into railway ay, eer 

Each pair of boilers has a chimney and a Davidson 
‘* Sirocco” induced-draught fan with water-jacketed 
bearings arranged with spherical seatings, wide gun- 
metal rings and large oil-wells, for continuous running. 
In this detail, as indeed may be noticed throughout 
the station, there are signs J special cure being taken 
to permit of continuous running without difficulty. 
The whole design and arrangement of the boiler-house 
and its details is particularly symmetrical, and there 
isa marked absence of dark corners, awkward pipes 
and difficult es. There is easy access and 
lighting for all parts. One of the fans with its motor 
is illustrated in ig. 9, on Plate IV. 

Before leaving the boilers the steam-piping arrange- 
ment should be noticed. From each of the two rows 
of boilers the steam main is led down into its own 
main steam-receiver on the engine-room basement 
floor, whence rising pipes are taken to the steam- 
separator, and thence to the turbine stop-valves. 
Another steam-pipe joins the two main steam-receivers 
together through a U-bend situated between and 
beneath the turbines. The arrangement may be 
followed from Figs. 1 and 2. The steam-pipes are of 
solid-drawn mild steel, with flanges of forged steel, 
faced — across after fixing to the pipe. Pipes 
of 7 in. in diameter and upwards have riveted flanges 
with beaded pipes. Smaller pipes have flanges screwed 
on to the pipes, which are then expanded. In most 
cases the branches on pipes 6 in. in diameter and over 
are fitted and riveted to the main pipes, but in some 
cases cast-steel T-piecesare used. Valves under 2 in. 
in diameter have gun-metal bodies, while larger ones 
have cast-steel ies with phosphor-bronze fittings. 
Valves 5 in. and upwards have gun-metal by-passes. 
Joints are made with Dixon’s graphite and stamped 
corrugated-metal rings. 

The feed-piping is in the form of a complete ring, 
divided by means of isolating valves into separate 
sections for each boiler, so that each economiser can 
be fed from either of two adjacent sections, while 
each boiler can be supplied direct from the main when 
the economiser is isolated. The feed-pipes are solid- 
drawn steel heavily ag ager T-pieces and bends 
being of cast iron. The blow-off pipe is of lap-welded 
steel, and feeds into a boiler-shell used as a blow-off 
sump. Exhaust and escape piping is also of lap-welded 
steel. Drain reservoirs are Fi ed on each side of the 
boiler-house, beneath the pump-room, in which all 
high-pressure clean drain water is collected and 
pumped back to the hot-well. 

The water services provided for are five in number : 
(a) Fresh-water service from the town main to the 
tanks and distribution mains, and from tanks to 
hydrants and hot-well. (>) Salt-water supply (from 
river) from circulating water pipes to pumps, from 
pumps to tanks, from tanks to hydrants in the coal- 
store, boiler-house and engine-house, to fan-cooling 
water service and connections in other pipe mains. 
This service also supplies the turbine bearings and oil- 
coolers. (c) The service from the salt-water tanks to 
the nipreqronnce pump, and from the pump to boiler- 
tube cleaning hydrants. (d) Air-pump discharge from 
pump to hot-wells, with branches and shut - off 
valves, so that it can be connected up to a special 
weigh-tank. (¢) Circulating-water piping and valves 
to connect apparatus between main inlet and dis- 
charge-pipes. 

There are two cast-iron hot-well tanks, each of 
720 cub. ft. capacity ; one cast-iron clean drain-tank 
of 80 cub. ft. capacity, and four cast-iron reserve 
water-tanks for fresh and salt water. Each hot-well 
has a Schilde water-meter arranged to meter either 
the whole quantity of the water ing through the 
feed-pumps or only the amount Saved direct from 
the air-pumps. 

The lagging in the boiler-house consists of Newall’s 
magnesia non-conducting composition with a canvas 
cone eee with bitumastic paint, the flanges being 
treated in the same way. Sheet lead is used as a 


protection on the boiler-drums. 
In addition to the apparatus already mentioned 





there is a Paterson water-softening plant at the top of 
the pump-room. 

Engine-Room.--Passing from the boiler-house up a 
few steps into the engine-room, the first things to be 
noticed are the feed-pumps, placed here out of the dust 
of the boiler-room, in the full light and on the level 
with the turbines. Steam feed-pumps have been 
adopted, there heing three (one spare), uf Messrs. 
Clarke, Chapman, and Co.’s make, to each boiler- 
house, each of which is capable of delivering 200,000 Ib. 
of water per hour when working with and against a 
boiler-pressure of 210 lb. per square inch. Arrange- 
ments are made for reducing the amount of superheat 
delivered to the pump-cylinders, which have to work 
without 1g Became the steam-pistons being very 
deep and having grooves for water packing. The 
exhaust steam from the pumps goes into the adjacent 
hot-wells through an exhaust-steam heater, there 
being a by-pass to the atmosphere if required. 

Turbo-Alternators.—The engine-room at present is 
large enough to contain four turbo-alternators of 

kw. each. Three of these have already been 
installed. The first two sets were of the A.E.G. manu- 
facture, while a third, of the Parsons type, by Messrs. 
Brown, Boveri, and Co., and Messrs. Richardsons, 
Westgarth, and Co., has now been put down. The 
particulars of this latter set are as follow :—The steady 
speed of the machine does not vary more than 2} per 
cent. between no load and a load of 5600 kw., this 
steady speed being attained in 5 seconds. A mecha- 
nical safety governor is provided to cut off the steam 
when the speed rises to 1400 revolutions per minute, 
and this can be tripped by hand. The alternator is 
of the rotating field type with steel slip-rings, and 
approximately gives a wave of the sine curve form. 

e direct- coupled exciter gives 220 volts, and 
arrangements are made so that excitation of the 
exciter field can take place from the direct-current 
system. The voltage regulation is as follows: — 

hen the alternator is giving 5750 volts the 
throwing off of a non-inductive load of 553 amperes 
causes a rise not exceeding 10 per cent., the speed 
and excitation remaining constant, and in throwing 
off a load of 628 amperes with a power - factor 
of 0.9 the rise does not exceed 20 per cent. The 
exciting circuit is so arranged as to allow the 
alternator voltage to be raised from 5000 volts at no 
load to 5750 . at 7000 kw. with a power-factor 
of 85 per cent., this being obtained when the windings 
are hot or cold. When delivering 5600 kw. con- 
tinuously with a 0.9 | lag! factor, the temperature rise 
does not exceed 45 deg. Cent. above the atmosphere 
measured by the thermometer, nor more than 50 deg. 
Cent. when delivering 6250 kw., and the alternator 
can deliver without dangerous heating, 6250 k-v. con- 
tinuously, 7000 kw. for one hour, and 9000 kw. for two 
minutes with a power-factor of 0.9. The condenser of 
the machine can 630,000 gallons of water per 
hour, and can condense 81,500 lb. of steam, and give a 
97 per cent. vacuum and 95 per cent. vacuum when 
condensing 108,000 lb. of steam per hour, with cir- 
culating water at 50 deg. and 85 deg. Fahr. respectively. 

Three-throw Edwards air-pumps are employed, and 
an auxiliary og for raising the air-pump ere 
to the hot-well, driven from the air-pump crank-shaft. 
The circulating-water pumps, which are placed in a 
pit, take 165 brake horse-power. All the motors in 
connection with the condensing plant are of the three- 
phase squirrel cage semi-enclosed type at 480 volts, 
and they will keep in step down to 300 volts. 

Particulars of the A.E.G. sets are as follow :—The 
maximum output of each machine is 8000 kw. at 
5750 volts and 40 cycles per second, the power-factor 
being unity. The turbine governors are arranged so 
that speed can be varied 5 per cent. above or below 
the normal speed while running. This regulation can 
be effected by hand, or, as is normally the case, electri- 
cally from the control-room. The steady speed of the 
machines does not vary more than 3 per cent. between 
no load and economical load, and varies less than 5 per 
cent. between no load and maximum load. There is a 
mechanical safety governor which cuts off steam when 
the s rises to 1320 revolutions per minute, and 
which can, if necessary, be operated by hand. 

The alternators have rotating fields with steel slip- 
rings and carbon brushes. The wave form is practi- 
cally sinusoidal. The stators are in two pieces. The 
rotor windings are excited from exciters fixed on the 
shafts of the alternators, without outside bearings. 
The field winding and exciter are such as to allow the 
voltage of the alternator to be raised from 5000 volts 
at no load to 5750 volts at 8750-kilo-volt-amperes, 
with a power-factor of 85 per cent., hot or cold. The 
terminals are underneath the machine, and the cables 
are taken out through iron pipes laid in the founda- 
tions in such a way as to prevent any accidental con- 
tact with live metal. Arrangements are made for 
earthing the neutral point of the stator through a 
resistance. The arrangement of the énd windings of 
the alternators are shown in Figs. 18 to 22, on page 9, 
while a view of the steam end of one of the sets is 
given in ig. 19, on Plate IV. 


The ventilation arrangements are important. Air is 





drawn from outside the building by means of a fan on 
the rotor-shaft, and sent out again through large 
galvanised iron ducts. These ducts debouch on the 
north side of the engine-room. The intakes are pro- 
vided with a filter constructed of blanket carried by 
wooden frames When the turbines are running at no 
load and 5750 volts the drop of voltage in throwing on 
a non-inductive load of 700 amperes is 18 per cent., 
the speed and excitation remaining constant. The rise 
of voltage on throwing off a non-inductive load of 700 
volts at the same pressure does not exceed 15 per cent. 

Surface-condensers are employed capable of dealing 
with 450,000 gallons per hour of condensing water. 
When condensing 80,000 lb. of steam they maintain 
a steady vacuum of 97 per cent., and a vacuum of 
95 per cent. when condensing 120,000 Ib. of steam, with 
condensing water at 50 deg. Fahr., the air-pump dis- 
charge being at 85 deg. Fahr. The tube-plates are of 
rolled brass, secured to the shell by delta-metal collar- 
studs. The tubes themselves are of 99.5 per cent. 
copper. There is a complete set of valves and gauges, 
including relief-valve, and vacuum-breaking cock. 
Three-throw Edwards air-pumps are employed, direct- 
—. to three-phase motors, and an auxiliary pump, 
with electric motor, is used for raising the air-pump 
discharge to the hot-well. 

The circulating-pumps involved some special arrange- 
ments. The pumps themselves are situate below the 
level of the river in pits, 20 ft. 6 in. in diameter and 
30 ft. deep, in the engine-room floor, there being one 
to each pair of pumps and turbines. The pumps are 

rated pote vertical shafts by means of three- 
phase motors of 80 horse-power, situated on the 
engine-room floor. A small charging-pump is pro- 
vided, also operated by a vertical shaft from a motor 
at the engine-room level, in each pit. The circulating 
water-pump motor has its weight taken by thrust 
collars of brass in the upper bearing. 

Switch Gear.—The switch-gear arrangements at 
Dunston are, perhaps, the most interesting part of the 
station, showing as ‘ae do a considerable modification 
on previous practice. Instead of the usual elaborate 
switchboard, which forms a striking feature of most 
power-house engine-rooms, as at Carville, for example, 
the Dunston engine-room contains practically no high- 
tension switch-gear or electrical instruments at all. 
With the exception of certain high-tension panels of 
‘*Tronclad” type controlling the unit transformers 
which supply the auxiliaries belonging to each gene- 
rating unit, and an indicating wall-ammeter for each 
generator, the high-tension gear and instruments are 
installed in a separate switch-house 150 yards away 
from the engine-room, where are placed both the main 
switches themselves and the operator and board con- 
trolling them. There is, however, in the engine-room 
near each generator a set of emergency gear for trip- 
ping the main high-tension generator switches, with 
which is interlocked a field switch. Apart from these 
and the direct-current gear for motor-generators, there 
are practically no electrical connections or cables 
visible at all in the engine-room. 

The switch-gear may be conveniently separated 
under the following heads :— 

The Control- Boards—in the control-room, for operat- 
ing the high-tension switch-gear in the switch-house 
and engine-room. 

Main High-Tension Switch-Gear—in the switch- 
house, controlling the generators; feeders, main bus- 
bars, and the station power and lighting transformers. 

High-Tension Switch-Gear —in the engine-room, 
for controlling the ‘‘ unit ” transformers in the engine- 
room. 

Low-Tension Gear—three-phase gear in the engine- 
room, controlling the auxiliaries, and direct-current 
switch-gear for exciting, lighting, battery-charging and 
locomotive-driving. 

The Switch-House.—The switch-house is a building 
with concrete roof, 135 ft. long by 33 ft. broad by 32 ft. 
high. It has two floors, and is divided into two 
divisions. The front of the building contains, on the 
ground floor, the offices, lavatories, &c., for the control- 
room engineers. The control-room itself, containing 
the operating boards, is on the first floor of the build- 
ing. The back part of the building, shut off by iron 
doors, is devoted to the switch-gear itself, the main 
oil-break switches and bus-bars being on the upper 
floor, the isolating switches, potential transformers, 
&c., being in brickwork cells on the lower floor. The 
bare high-tension connections between main switches, 
bus-bars, &c., are on the underside of the roof of the 
lower room, in full view and accessible from the lower 
room, with ladders, but out of reach of accidental 
contact. 

The eee aa ee, oman eae Ss a -—. 
lighted department, 40 ft. 30 ft., with part g 
seek It is mainly occu ied by the semi-circular 
operating switchboard for the feeders, and the smaller 
board for the generators. With a view to simplicity 
and facility for extensions, the various operating panels 
are so that it may be possible at any time to 
change the particular fooler controlled by any indi- 
vidual operating panel. The control-gear is o 


by means of direct current, at a pressure of 100 volts, 
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Fig. 


DUNSTON POWER STATION OF THE NEWCASTLE-ON-TYNE 
ELECTRIC SUPPLY COMPANY, LTD. 


MESSRS. MERZ AND McLELLAN, CONSULTING ENGINEERS, WESTMINSTER. 
(For Description, see Page 7.) 
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7. ARRANGEMENT OF SERIES TRANSFORMERS AND IsSOLATING-SWITCHES. Fic. 8. One or THE Main SwitcaHes. 
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DETAILS OF GENERATING PLANT. 


TURBINES. 
A.E.G Richardsons, West- 


garth, and Co. 


Makers 


Number of machines by 

each maker... - 2 1 
Type ee _ _ A. E.G, 2-cylinder Parsons 
Type of blading .. Impulse Reaction 


Arrrangement of steam Single flow H. - P. cylinder 
passage single flow, L.-P. 
cylinder part 


single-flow, part 
double flow 

190 Ib. per sq. in. 
190 deg. Fahr. 


Specified eteam pressure 190 lb. per sq. in. 
», Superheat(normal) 190 deg. Fahr. 


CONDENSING PLANT. 


Makers of condensers A.E.G. Richardsons, West- 
garth, and Co. 

Number of condensers .. 2 1 

Surface ofeachcondenser 17,760 sq. ft. 13,000 sq. ft. 

Number of tubes _,, 4162 4720 

Arrangement of water 

passage Go and return **Contrafio” 
Number and type of air- Three 3-throw One 3- throw Ed- 


pumps A.E.G. compound wards with Par- 

pumps 
200 r. p.m, 

60-H.-P, motor 


2 Sulzer 


sons augmentor 

Speed of air-pump 

Method of drive of pump 

Number and make of cir- 
culating pumps 

Speed of circulating 
pumps 


150 r. p.m. 
60 H.-P. motor 
1 Greenwood and 
Batley 


390 r.p.m, 600 r.p.m, 


Normal power required. 73 bh. -p. 165 b.h.-p. 
ALTERNATORS. 
Makers A E.G, Brown, Boveri, 
and Co, 

Continuous safe output 8000 K.V.A. 7000 K.V.A. 
Maximum output for 

1 hour 10,000 ,, 7800 ,, 
Corresponding power- 

factor (at continuous 

and maximum load) .. 0.9 0.9 
Voltage .. - os 5750 5750 


1. 
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from two small batteries s 


An interior view of the control-room is given | tains three aoe main isolating switches as well 
es 


in Fig. 11, on Plate IV., while a diagram of the con-|as isolating switc 


nections of the station is given in Fig. 4, on Plate 1. 


for the potential transformers 
which are placed on the ground below in a small brick 


Each generator-panel has a main ammeter and volt- | cell, protected by sheet-iron doors. From the main 
meter, power-factor indicator, indicating watt-meter, | isolating switches the three connections are taken up 
field-ammeter, integrating watt-meter, &c. It has also | through current-transformers to the bottom connection 
a switch for controlling the governor of the turbine, | of the main oil break-switch in the ceiling, the switch 


and a rheostat hand-wheel in front, as well as a tele 


board is a synchronising 


- | itself being placed in the upper storey. 
graph to each generator. At the end of the generator- | 


In the upper room three moulded stone tables run 


nel with rotary synchrono- | parallel to each other along the room, being continuous | 


ially used for this pur- | length of the lower chamber. Each of the cells con-|can be made dead by means of isolatin switches, 


there being one set for isolating it from the bus-bars, 
and one for isolating it from the incoming cables. The 
bus-bar isolating switches are situate under the bus-bar 
table, in the ceiling of the lower chamber ; but the 
handles operating them are in the upper chamber on the 
sideof the bus-bar table, each one being exactly opposite 
its own main switch. As stated, the isolating switches 
for cutting off the main switch from the tables are 
| situate in the lower chamber. All the high-tension 
els are provided with balanced protective gear. 


scope. Each feeder-panel on the feeder-control board except for a division of some 6 ft. or 7 ft. in the middle. | There is an air-compressor and set of compressor 
has a separate set of instruments and a set of synchro- | The main 6000-volt bus-bars rest upon insulators on 
nising and volt-meter plugs for campy any | the central table, which is 5 ft. high, and are protected 


other generating station with the mac 
The feeders are protected by 


ines at Dunston. by expanded metal screens running up to the ceiling 
Merz-Price balanced | for the whole length, thus forming a cage, in which 
protective gear. Both the feeder and generator-panels ‘the bus-bars are bl 


aced. The bus-bars are divided in 
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piping throughout the switch-house for cleaning pur- 
poses. A view of one of the main switches is given 
in Fig. 8, on Plate III., while a general view of the 
main switch-room is given in Fig. 12, on Plate IV. 
Various details of the switches are given in Figs. 14 
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have chop-over control-switches arranged to make or 
break the main oil-break switch immediately contact 
ismade. The position of the main oil-break switch is 
indicated by the lighting of a red or blue lamp, and 
the last motion performed is automatically indicated 
by the position of a small coloured pin on the switch- 
handle. 

Switch-Room. — The switch-room itself has two 
storeys. Access is obtained to the upper storey 
through an iron door leading from the control-room, 
and to the lower storey from the passage-way under 
the control-room. The bus-bars and main oil-break 
switches are in the upper storey, the connections and 
isolating switches and current and potential trans- 
formers being in the lower storey. The cables from 
separate generators or feeders are brought up through 
the ground in separate brickwork cells opening on to 
the central -way in the lower danbe, and 
closed by expanded metal doors. From three-wa 
dividing-boxes three single connections pass throug 
the wal to brickwork cells on the other side, which 
are accessible from the outer passages running the 


the middle of the room by means of a main oil-break 
switch, capable of carrying 20,000 kw. continuously, 
and opening under any load likely to be met with. On 
the two side-tables are fixed the oil-break switches, 
the left side of the room being entirely devoted to 
feeders. As stated above, the three connections from 
the oil-break switch to the bus-bars are carried along 
the ceiling of the chamber below, and are brought up 
through three separate bus-bar isolating switches 
underneath the bus-bar table to the lower side of the 
bus-bar holding-down bolts. The general arrangement 
of the gear, as described above, is well shown in 





Fig. 13, on Plate V. 

The main oil-break switches are of the British Thom- 
|son-Houston Company’s type. Each of the three | 
cylinders containing the actual switch is in a separate | 
cell, and in front of each cell is a ‘‘ uacolite” door to) 
allow the escape of hot air, &c. The motors operating | 
the switches are arranged to wind up a spring imme- | 
diately the switch has operated, so that the make or | 
break is instantaneous on the closing of the control | 
switch on the control board. Each oil-brake switch 





|is placed in chambers on the northern s 


to 17, on Plate V. Fig 7, on Plate III., shows the 
arrangement of the series transformer and isolating 
switches. 

In addition to the switch-gear already described, 
there is in the engine-room a neutral isolating switch 
for each generator and a set of emergency tripping- 
gear. On the wall of the engine-room opposite eac 
generator there is an indicating ammeter, and each 
generator also has its own ‘‘ unit” transforming set in 
the transformer annexe. The leads for these trans- 
formers do not through the switch-house, but are 
taken directly from the generator terminals through 
‘*Tronclad” switch-gear of the Reyrolle type, which 

ide of the 
engine-room. The direct-current switch-gear princi- 

ly consists of a 500-volt traction-board and a 

00-volt power and lighting-board, as well as the main 
lighting distribution fuse-board. The main direct- 
current switchboard with the motor generators is 
— = = corner of the sae seincipal ; 
he tables on 12 give the principal particulars 
of plant installed. 
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34-HORSE-POWER FOUR-CYLINDER PETROL-ENGINE FOR LIFEBOAT. 


CONSTRUCTED BY THE WOLSELEY TOOL AND MOTOR-CAR COMPANY, 
(For Description, see Page 12.) 


LIMITED, ADDERLEY 


PARK, BIRMINGHAM. 
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Borer EquiPpMENT. 
Contractors : Babcock and Wilcox. 
Boilers : 
Number of boilers installed .. 8 
Type of boilers .. pe “ Water-tube 
Heating surface of boiler ae -. 6725 sq. ft. 
superheater a ee 1156S, 


Grate area (per boiler).. .. . .. 168 
Heating surface of economiser (per boiler) 2880 


Normal working steam pressure .. 200 Ib. er aa. in. 
Normal evaporation per hour per boiler .. 80,000 Ib. 
Maximum evaporation per hour per boiler 37,500 ,, 
Auxiliary Steam Plant : 

Number of feed-pumps. . es 3 
Type of feed-pumps_ .. is és .. Clarke, Chapman 
Maximum capacity per hour, each .. ne 200,000 Ib. 

.. Into hot-well tank 


Disposal of feed-pump exhaust steam 

Marin GENERATING UNITS (FURTHER DETAILS GIVEN 

on Puate I.) 

Contractors . ii A. E.G. Brown, Boveri, 
and Co. 


Number of sets by each 
contractor os os 2 1 
Output of each set (at 


maximum economy). . 6500 kw. 6250 kw. 
Output of each set (over- 
yet ss as 9000 ,, 7000 ,, 
Speed ee F oe 1200 r.p.m. 1200 r.p.m. 
Switcu-GEar. 
Main High-Tension Gear : 
Contractors The British 
Thomson-Houston 
Co., Ltd. 
Bus-bars .. .. 8(each of 248q. in. 
section) 
Voltage Py 6 es ia 5760 


Generator panels ; 

Feeder panels 

Step-up transformer panels .. 
Bus-bar section panels .. 


Power and lighting transformer panel 500 amperes 
capacity 
Traction Rotary Converter : 

Maker os Pe + os o% .. The British West- 
inghouse Electric 
and Manufacturing 
Company, Ltd 
Output (full load) ae és 200 kw. 
Over) - + és = os .. 25 p.c. for 2 hours 
Speed at a frequency of 40 cycles per 
second .. bs ee oe és $s 


800 r.p.m, 
Combined efficiency guaranteed : 
At full load ‘a és =“ és .. 91.0 percent. 
Three-quarters load ... - i .. 809 od 
Half load .. on a ES at —- ae “a 
One-fourth load .. wad pan . o<t oe am 
Terminal voltage és 500 to 550 d.c. 
Lighting Motor Generators (Two) : 
Output (full load) Re “a Pr ee 50 kw. 
Speed at a frequency of 40 cycles per 
second .. Bas # ae % és 775 r.p.m. 
Efficiency guaranteed : 
At full load os ie ee ‘s .. 78.5 per cent. 
Three-quarters load... a ® -- 78.0 = 
Halfload .. 2¢ ee os ee + C625 wo 
One-fourth load .. ab om * a Gs | 
Control Battery Charging Motor Generator : 
Output (full load) oe - ~ -_ 9 kw. 
Speed at a frequency of 40 cycles per 
second .. Vo és oe + ws 780 r.p.m. 


Secondary Batteries : 
Lighting battery : 
Efficiency guaranteed when discharged at 
the one-hour rate... os se .. 72 per cent. in 
watt-hours. 
One-hour rate of discharge 1000 amperes at 
100 volts. 
Control Batteries (Two): 
Efficiency guaranteed when discharged at 
the one-hour rate .. =e ae .. 72 per cent. in 
watt- hours. 
100 amperes at 


One-hour rate of discharge 
100 volts. 





WOLSELEY PETROL-ENGINES FOR MOTOR 
LIFEBOATS. 

Own pages 10 and 11 we reproduce perspective views 
and drawings of a four-cylinder engine of 34 horse- 
power when running at 700 revolutions per minute, 
specially designed and constructed by the Wolseley 

ool and Motor-Car Company, Limited, at their 
Adderley Park Works, Birmingham, for motor life- 
boats, to be stationed one at St. Abbs and the other at 
Seaham Harbour. Each cylinder, of 5 in. bore by 6} in. 
stroke, is cast singly, with heads and jackets in one 
piece, and mounted on a cast-iron crank-chamber, and 
are made interchangeable. 

The walls are ,j in. thick, and the water-jackets 
are ,°; in., made of close-grained cast iron. The 
cylinder liners are capable of Lifer 9 sy hydraulic 
pressure of 700 lb. per square inch, and the jackets of 
60 1b. per square inch, The jackets are fitted with 
large covers at the sides, to ensure accurate coring, 
onl @ be used, when necessary, as manholes for 
cleaning pu The exhaust-valves are arranged 
on the port side, and the induction-valves on the 
star side. The crank-case is of cast iron, having 
six arms for bolting to the — 

The crank-shaft is made of Vickers’ nickel-chrome 


steel, and is carried in five bearings. The crank-shaft 





journals are 2% in. in diameter, and the crank-pins 
24in.in diameter. The total area of any pair of these 
journals is equal to 81 per cent. of the piston area, and 
the crank-pins to 37 per cent. The crank-shaft is so 


to celebrate the Jubilee of the Institution of Naval 

Architects has been convened, as I understand it, for a 

twofold purpose. The occasion is, primarily, a com- 

memorative one. The egy | of this society fifty-one 
e 


r years ago marked an epoch in history of naval archi- 
peeing at oo — reaction of the ae yn = tecture, which synchronised with the first construction of 
may remov os imepecuion pu . sea-going iron ships, with the introduction of protective 


affecting the alignment of the shaft. The connecting- 
rods are made of high-grade steel and bushed with 
phosphor-bronze for the gudgeon-pins ; the big ends 
are of phosphor-bronze, white-metalled. The pistons 
are of close-grained cast iron. Four piston-rings are 
fitted, the position of these rings being fixed by means 
of pegs fitted into the pistons. The main bearings are 
of phosphor-bronze, white-metalled. 

he cam-shafts, as shown in Figs. 2, 3, 6, and 7, are 
arranged on each side of the engine, and are driven 
from the crank-shaft by encl metal gears. The 
starboard cam-shaft has ignitiun cams embodied for 
driving the low-tension ignition mechanism, and the 
port cam-shaft has an eccentric embodied for driving 
the air-pressure pumps. 

The valve-operating plungers are adjustable, and 
fitted with hardened - steel rollers to work in 
phosphor-bronze — guides. Half-compression of 
the sliding type is fitted on the port side of the 
engine, and works in connection with the exhaust- 
cams. The ignition is of the ‘‘ Bosch” low-tension 
magneto type, the make-and-break mechanism being 
operated by means of cams on the starboard cam- 
shaft ; the tappets and rods are adjustable. The 
magneto has a fixed point of firing. In addition to the 
low-tension, provision is made for high-tension spark- 
ing-plugs. e carburettor is of the float-feed and 
spray type, so arranged that it is capable of running 
the engine satisfactorily when it is placed at a perma- 
nent longitudinal angle of one in four on a slipway, 
and at a momentary list to either port or starboard 
of 45 deg., and at a permanent list to either port or 
starboard of 25 deg. An annular float is fitted. An 
auxiliary jet is embodied to facilitate starting. The 
fuel supply to the carburettor is maintained by means 
of an air-pump of the plunger type, driven off the cam- 
shaft by means of an eccentric. 

The engine is fitted with a centrifugal governor, so 
arranged as to act on a compensated throttle, inde- 
pendent of the hand control, and capable of controllin 
instantaneous variation from full load to light 1 
within 12 per cent., and a steady variation of full load 
to light load of 6 per cent. 

The water-cooled exhaust branch, fitted on the port 
side, is made of heavy-gauge oxy-acetylene welded 
steel, to exhaust aft, and so arranged that it will 
couple up to a water-cooled silencer. 

A fly-wheel, of cast iron, of 16 in. in diameter, is 
fitted. All main bearings are lubricated by means 
of a pump, which positively forces oil to all im- 
portant bearings, and feeds the centrifugal oilers 
which lubricate the big ends of the connecting-rods, 
The oil is pumped from a separate 2}-gallon tank 
to the bearings and centrifugal oilers. The oil which 
drains into the base is pumped therefrom and forced 
through a large strainer in the oil-tank. A supple- 
mentary lubricating system is embodied, whereby the 
bearings, connecting-rods, and pistons may be lubri- 
cated by splash. 








THE INSTITUTION OF NAVAL 
ARCHITECTS. 
President's Address.* 


Your Royat HicHness, my Lorps, Lapres, AND 
GENTLEMEN,—When the Council and Members of this 
Institution did me the honour to select me as their 
President in the spring of this year, I felt that in accept- 
ing that office—which I did with a high sense of its re- 
sponsibilities—I had a difficult task before me, to follow 
with — successin the footsteps of the very distinguished 
line of predecessors which have, from its inception, 
occupied the presidential chair. To succeed such men as 
Lord Hampton, Lord Ravensworth, Lord Brassey, Lord 
Hopetoun, Lord Glasgow, and Lord Cawdor is in itself 
an honour upon which [ place a high value, and an incen- 
tive to me to maintain the high standard of tradition they 
have set. 

Upon the untimely and lamented death which created 
the vacancy I am now called upon to fill I will not attempt 
to dwell. Such an occasion as this is not one for sad 
thoughts. Yet I would say just this, that in losing Lord 
Cawdor at the very beginning of this memorable year the 
Institution has shared in a very particular degree the loss 
which has been felt through a wide range of national 
enterprises. The call to high political office had come 
to Lord Cawdor at a time when his t administrative 
capacity had y m proved in other directions. 
His forceful pumneny and the zeal and vigour which he 
threw into his political work clearly marked him out as a 
leader whom men would be proud to follow. That the 
Institution of Naval Architects would have derived 
immense advantage from his wise and experienced 
leadership is an opinion which will, I think, be very 


Ply shared. 
Now the brilliant gathering which has assembled to-day 





e Delivered by the Most Honourable the Marquis of 
Bristol at the Jubilee Meeting of the Institution of Naval 
Architects on July 4. 








armour, and with the advance to a position of great 
importance of the naval engineering element. I do not 
propose to pursue the train of thought which the con- 
templation of these subjects conjures up. They will be 
dealt with in the pan to be read by those distinguished 
naval architects, Sir William White and Sir Philip Watts, 
to whom this country, as well as this Institution, owes a 
deep debt of gratitude for their long, whole-hearted, and 
exceptional services to the profession which they so 
brilliantly adorn. Neithershall I trench on the engineer- 
ing question, which no doubt will be adequately dealt 
with in his paper by Engineer Vice-Admiral Sir Henry 
Oram, whose skill and foresight have contributed largely 
to the very great importance of his department in the 
naval organisation of this country. 

There existed, as you are aware, a much earlier society 
for the Improvement of Naval Architecture, founded 
shortly before the close of the eighteenth century. But 
its existence was a brief one, and, from the moment of 
its untimely dissolution until the middle of last century 
there had been no similar body in existence. The found- 
ing of the Institution of Naval Architects gave practical 
expression to the aspirations of the representatives of that 
most important science—the science whose principles 
govern the construction and equipment of ships—to incor- 
porate themselves into a permanent body in order to ad- 
vance by every legitimate means the wide and varied in- 
terests which form a common bond between its members. 
Among the primary factors that contribute to all progress 
in these matters are the educational facilities which are 
open to those desirous of taking up naval architecture 
or marine engineering as a career; the framing and 
administration of laws affecting the construction and 
safety of ships, and the promotion of investigation and 
research into numberless problems that await solution. 
These and similar questions have been, and are being, 
carefully considered, and the difficulties are being over- 
come by the combined efforts, and the voluntary work 
freely given, of the leaders of thought and action in this 
great section of our national industries. 

We live in a period of incessant change and movement. 
One has only to glance back to the time of the last Inter- 
national Con held here in London in 1897, to see 
what remarkable developments have taken place in that 
brief period. Mr. Goschen, the then First Lord of the 
Admiralty, in his speech of welcome to the Congress ex- 
pressed the hope that the outcome of that meeting would 
not result in discoveries which would make obsolete our 
fleet as it then existed. Since then fourteen years have 
elapsed, and what has happened’? Displacement and 
speed have gone up by leaps and bounds, gun-power 
for attack and armour for defence have increased in 
efficiency with almost equal rapidity. Concentration of 
power has led to the creation of warships undreamt of in 
1897. Improvements in propelling and auxiliary engines, 
and the introduction of new forms of fuel and combustion, 
have brought about equally startling results in speed, 
power of endurance, and methods of propulsion. Sub- 
marines, the dream of that fascinating writer, Jules 
Verne, are an accomplished fact ; and if their range of 
action for attack is not yet equal to that of Captain 
Nemo’s famous Nautilus, they are undoubtedly a great 
potential factor in our organisation for defence. 

In the sister art of merchant-ship construction the 
advances made in recent years have an almost equally 
great, and the Transactions of this Institution contain 
remarkable evidence of the progressive spirit that has 
animated the designers and constructors of ships and 
their machinery during this period. Well Gunrnl the 
recognition that has.now been freely accorded to this 
Society. Its growing membership and financial pros- 
perity are valuable assets, but more valuable even than 
these is the constant and sympathetic interest of the 
great administrative departments of the State. The 
presence of their distinguished representatives to-day is a 
strong and welcome proof of this friendly attitude. But, 
above all, we value the gracious action of our Sove- 
reign in extending his patronage to this Institution. By 
the granting of a Charter of Incorporation, His Majesty 
has undoubtedly established it upon a new and permanent 
foundation. Moreover, it was King George’s intention, 
had circumstances permitted it, to have presided last 

ear over the opening ceremony of these Jubilee 
Meetings. Had not the hand of death descended so un- 
timely upon our bereaved nation little more than a twelve- 
month ago, that intention would have been realised. As 
it is, we are fortunate in having had our invitation so 
graciously responded to this hag by H.R.H. the Duke of 
Connaught. In accepting the Honorary Presidency of 
this Co and in consenting to open its proceedings, 
His Royal Highness has shown once in that mark of 
Royal interest in the intellectual activities of this realm 
which has signalised above all others the reigns of our 
august Sovereigns, King George V., King Edward VII. 
and (Jueen Victoria. 

I alluded just now to the object of this gathering wang 
twofold : the seeond my 25 of its bearing upon our wor 
is, in my ju ent, no less important than the first. The 
International Co in Naval Architecture and Marine 
Engineering, which forms the principal feature—if not 
the actual raison d’étre of our Jubilee Meetings—is in- 
tended primarily to bring together from all parts of the 
world the t leaders in this sphere of industrial 
activity. ese are the men wh ins have conceived 
the mighty structures, the floating fortresses and 
that now compose our fleets of war and commerce. To 
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their energy and skill, to their infinite apn for taking 
pains, to their splendid victories of mind over matter, we 
owe whatever we possess of value to those ‘‘that go down 
to the sea in ships and do business in great waters.” That 
we should be honoured on this occasion by the presence of 
such distinguished representatives of other nations is a 
compliment of which we deeply appreciate the value and 
significance. 

‘o some of these nations we, in our sea-girt islands, 
feel a debt of gratitude for many of the forward steps 
that have been taken, and many of the gaps that have 
been bridged, before ships could be built of the types and 
size and speed that we see afloat to-day. With others (of 
these nations) the bond lies in the debt they owe to those 
of our countrymen who have given freely of their technical 
skill and knowledge in helping to lay the foundation of 
the great young navies that are now counted among the 
leading naval powers of the world. ’ 

The Council desire to signalise the present occasion, 
and to do honour to their guests from abroad. They have 
accordingly resolved to add to their list of honorary mem- 
bers by inviting the distinguished personages whose 
names I am about to read, to become honorary members 
of the Institution—the highest distinction which it is in 
the power of the Council to confer. Before reading these 
names I would like to remind you that His Majesty the 
German Emperor was the first among reigning sovereigns 
to accept this distinction, and that Rear-Admiral H.I H. 
Grand Duke Alexander Michaelovitch is the distinguished 
representative of the Russian Navy upon our existing list. 
The newly-elected honorary members are as follow :— 
H.M. the King of Norway, H.M. the King of Spain, H.M. 
the King of Sweden, H.I.H. Prince Henry of Prussia, 
H.I.H. Archduke Ferdivand, H.R.H. the Duke of Con- 
naught, H.R.H, the Duke of Genoa, Prince Roland 
Bonaparte, Lord Rayleigh, Admiral Dewey, Admiral 
Togo, and Admiral Ijuin. , 

Meetings such as this are memorable landmarks in the 
history of an institution. My own appearance among you 
dates as it were from but yesterday, but there are many 
present who will recall the splendid reception which they 
themselves received during the delightful visits that 
have been paid to foreign capitals and British seaports— 
Paris, Berlin, Hamburg, Diisseldorf, Bordeaux, Glasgow, 
Newcastle, and Sunderland, Liverpool, Cardiff, South- 
ampton, Belfast, Dublin. All these have shown what a 
welcome can be given to our Naval Architects and Marine 
Engineers. The present occasion furnishes a welcome 
opportunity to show our hosts of former days that we are 
not unmindful of their hospitality. Our Institution 
stands no longer alone ; in all countries where the naval 
architecture counts, societies have sprung up, and under 
able leadership are sowing the seeds of knowledge and 
reaping the harvest of thought and experience. Their 
members are, in many cases, our members, and the bonds 
of friendship that have ever subsisted between us will, I 
earnestly hope, continue to strengthen with age. 

Gathered as we are to-day under one roof to celebrate 
the first fifty-year stage of this journey of ours, I cannot 
bnt look forward with confidence to a future that bids 
fair to keep the science of naval architecture in the fore- 
front of the march of human Tess. 

In conclusion, I will ask H.R.H. the Duke of Con- 
naught to accept once more our hearty thanks for his 
great kindness in coming at considerable personal incon- 
venience, in the midst of the numberless en ments of 
this ever-memorable Coronation year, to preside over our 
inaugural meeting, and to allow me in the name of all 
assembled here to-day to send the following telegram to 
His Majesty the King, Patron of the Institution of Naval 
Architects :— 

‘His Masesty THE Kine, Winvsor CasTLe. 

‘* Members of the Institution of Naval Archi- 
tects and their guests, assembled in an International 
Congress to commemorate the Jubilee of this 
Institution, tender to your Majesty a dutiful 
message expressive of the loyalty of your Majesty’s 
subjects, and of the respectful hom of their 

ests from abroad. Your Majesty’s constant 
evotion to the Naval and Maritime interests of 
this realm leads us to hope that these meetings 
may prove worthy of your Majesty’s gracious 
consideration, 
‘** Bristow, President.” 





THE HISTORY OF THE INSTITUTION OF 
NAVAL ARCHITECTS AND OF SCIENTIFIC 
EDUCATION IN NAVAL ARCHITECTURE.* 


By Sir Wituiam H. Waites, K.C.B., F.R.S., LL.D., 
D.Sc., D.Eng., Hon. Vice-President. 


On this occasion the Council have thought it desirable 
to have included in the programme of papers an epitome 
of the history of the trattoation The records of that 
history lie scattered in fifty volumes of the Transactions. 
The labour of compilation and condensation would neces- 
sarily be great if the task were undertaken by one who 
had not been personally cognisant of the principal events. 
Personal knowledge is of the greater importance in con- 
nection with the earlier periods of that history, because 
many of the records are incomplete, and only those who 
were then taking an active part in the conduct of the 
Institution can speak with full knowledge. There are 
few men among us now who were ogee members of the 
Institution ; amongst these, Sir Nathaniel Barnaby, our 
respected Honorary Vice-President, would have 
best qualified to perform the task had his strength per- 
mitted. He is the only survivor of the little group of 





* Paper read at the Jubilee Meetings of the Institution | Eas 
of Naval Architects, July 4, 1911. 








men whose meeti on January 16, 1860, practically 
secured the establishment of this Institution. He was 
an original member, and his contributions to the Trans- 
actions commenced with the first volume. He became a 
Member of Council forty-six years ago, and has never 
failed to do his best in the service of the Institution. 
Unfortunately, Sir Nathaniel Barnaby did not feel equal 
to the task ; the Council therefore requested me to under- 
take it. Owing, as I do, a deep debt of gratitude to the 
Institution—because action taken by its Council in 1863 
led to the establishment of the Royal School of Naval 
Architecture and Marine Engi ing, in which my 
professional education was received—there could be only 
one answer to that request. Sir Nathaniel Barnaby has 
been kind enough to supply infor mation respecting certain 
incidents of the first five years, of which I had no personal 
knowledge. Even with that aid, the preparation of this 
paper has not proved an easy matter, although from 1866 
onwards it is ible for me to speak of ‘‘ what I have 
seen and heard.” 

In that year, as a student of the Royal School, I first 
attended the annual meetings of the Institution. Since 
that time I have been privileged to take part in most of 
the meetings held both at home and abroad. My 
membership dates from 1868, service on the Council 
from 1877, and for twenty-five years my name has stood 
on the list of Vice-Presidents. Failing Sir Nathaniel 
Barnaby — whose position is unique—there are few men left 
on our list who have had a longer acquaintance with the 
working of the Institution, or who have been more inti- 
mately concerned with its administration and develop- 
ment, and in telling the story my endeavour has been to 
state the facts simply and clearly, and without bias. If 
there has been any unconscious bias, it may be attributed 
to the strong personal attachment which i feel towards 
the Institution, and to a profound convict‘on that, having 
accomplished a great work in the past, the Institution 
will do an even greater work in the future by promoting 
knowledge of both the science and practice of shipbuild- 
ing and marine engineering, and by penn to the 
place of assembly most favoured by the naval architects 
and marine engineers of the world. 


Tue Conpition or NavaL ARCHITECTURE IN 1860. 


When the founders of the Institution met in January, 
1860, to start the enterprise of which we are a 
the Jubilee, conditions of an altogether unpreceden 
character prevailed. It was a period of transition, indeed 
almost of revolution, in to the design, construction, 
and propulsion of shi he steam reconstruction of the 
Royal Navy was in full progress, after long hesitation and 
much opposition from advocates of sail-power. Armour 
had not tee before been introduced as a protection for 
warships against horizontal shell-fire. The first French 
sea-going ironclads had been completed recently, and 
were undergoing trials. Great differences of opinion 
still continued as to the proper choice between following 
the French lead, or perpetuating the construction of 
wood-hulled line-of-battleships. After heated debate the 
first four British sea-going ironclads had been ordered in 
1859, and these vessels were building when the Institu- 
tion was founded. Almost simultaneously orders had 
been given to build a considerable number of unarmou 
line-of-batéleships and frigates, and to convert sailing- 
ships into screw-steamers. Amongst my earliest employ- 
ment (as an a to the master shipwright at Devon- 
port) was work on one of the vessels, some of which were 
never completed. 

The use of iron as the principal material for shipbuild- 
ing was in pa of extension, yet wood still maintained 
its pride of place, especially for warships. Prior to the 
use of armour attempts been made to build un- 
armoured frigates with iron bulls, and as the result of 
firing trials against targets representing the sides of those 
vessels it been decided to employ them in transport 
service, and to revert to wood, as better fitted to with- 
stand attacks from the naval ordnance of that time. 
Smooth-bore guns and spherical projectiles were still in 
common use, although trong, before this date, had 
commenced to manufacture breech-loading rifled ordnance. 
Gun-mountings were of the most primitive character, and 
were practically unchanged from the preceding century ; 
manual power was depended upon for working guns. 
The heaviest guns carried by British men-of-war were 
68 pounders, weighing 95cwt. Even in the latest types 
of warships then extant engine power was regarded as 
only auxiliary to sail power. That principle was adopted 
also in the designs of our first iron 8 (the Warrior and 
her consorts), all of which were capable of proceeding and 
manceuvring under eail alone. Iron and steam were 
steadily making way, but conservative opinions were still 
widely held. The advocates of radical change were met 
with strenuous opposition, and this was natural enough, 
seeing that for centuries changes in shipbuilding and 
armaments had been few and small. 

The introduction of armour protection in warships 
overcame objections to the use of iron for warship build- 
ing which had been previously regarded as conclusive. 
In the mercantile marine the use of iron hulls had 

me more general, but in 1860 two-thirds of the mer- 
cantile tonnage built in Great Britain was in wood. 
Brunel and others had shown what could be done with 
the material. Striking illustrations of its merits and 
possibilities had been given in the Great Britain (1843) 
and in the Great Eastern, which had started on her first 
cruise in September, 1859, and was still on trial when the 
founders of this Institution met in January, 1860. Even 
now, nearly sixty years after the preliminary designs for 
the Great Eastern were put in hand by Brunel, one 
wonders at the boldness of the conception and the degree 
of success attained. That wonder grows when the Great 

tern is compared with the pagupocnionmener steam- 
ships of 1860, The finest Cunarder was 360 ft. long, 


red | When entirely new conditions 


3300 tons (gross); the largest steamer in the Peninsula 
and Oriental service was a little more than 300 ft. in 
and 2000 tons (gross); the Royal Mail Company 
as their finest vessels steamers of about the same size 
as the Cunarders ; the mail steamers on the Cape service 
were 180 ft. in length and 550 tons (gross) ; in the Royal 
Navy the largest wood-built line-of-battle ships were 
260 ft. long, of 7000 tons disp! ent, and about 4000 
horse-power. The Orlando class of frigates were 300 ft. 
leng, of 5600 tons, and with engines as powerful as the 
line-of-battle ships ; but they remained but a short time 
on service, as their structural strength proved insufficient 
for such powerful engines. The Great tern was 
680 ft. in = of nearly 19,000 tons (gross), and about 
30,000 tons displacement, her engines developed a total 
of 10,000 horse-power ; five or six times as powerful as the 
engines in the largest and fastest mail steamers of the 
period, and two-and-a-half times the power of the largest 
warshi Brunel made a gigantic experiment which 
proved a success on the technical side, although it resulted 
in a commercial failure. Scott Russell, one of the prin- 
cipals amongst the founders of the Institution, had 4 
associated with Brunel and had undertaken the contract 
for the ship and her paddle-engines. For nearly half a 
century she remained unsurpassed in size, and she will 
always be regarded as having been a monumental struc- 
ture which should have been preserved. 

The theory of naval architecture as it existed in 1860 
was sketched by Dr. Woolley in the first volume of the 
Transactions, and no better authority for dealing with the 
subject could have been found at that date. In that paper 
full acknowledgment was made of the valuable work done 
in the eighteenth century by French writers, and under 
the auspices of the Academy of Sciences. By these 
pioneer workers a mathematical theory of naval architec- 
ture had been initiated, and fundamental principles 
formulated. Dr. Woolley also indicated briefly the con- 
tributions which had been made subsequently by British 
writers, and suggested directions in which further investi- 
gations might be made with advantage. He illnstrated 
and emp the inexact and incomplete state of 
scientific knowledge, but contended that it was essential 
for ‘‘naval architects to drink deeply of the well of scien- 
tific truth, and to be imbued largely with the spirit of 
philosophical inquiry.” At that time, however, only 4 
small proportion of British shipbuilders made any pre- 
tence to scientific knowledge or method; most were 
content to follow precedent and experience. In face 
of the radical changes consequent u the introduc- 
tion of steam power, iron hulls, cal aaniee protec- 
tion, as well as consequent developments of naval 
ordnance, time-honoured procedure in the designing of 
ships necessarily had to be abandoned. ‘Rules of 
thumb ” based upon experience, and not upon fundamental 
principles, had to give place to scientific method ; the 
trained naval architect began to come to his own. Prac- 
tical experience still continued, and ever will remain, an 
essential part of successful engineering operations ; but 
experience alone could no longer suffice as it had done 
throughout the long period when types of ships remained 
practically codename. Scientific knowledge and scien- 
tific analyses of the results of experience became necessary 
) had tobe dealt with. Novel 
types of ships had to be designed, in which dimensi 
forms, structure, protection, propulsive apparatus, an 
armaments all constituted or involved res from 
precedent, and new methods became a necessity. 

The advantages of scientific method had been recog- 
nised long before the ironclad era began; indeed, the 
proofs of its beneficial influence lay open to those who 
cared to seek for them, and were summarised by Dr. 
Woolley. France had shown the way in this direction, 
and attempts had been made in Great Britain to rival 
French methods by the establishment of societies for the 
improvement of naval architecture and the founding of 
two schools of naval architecture, the first in 1811 and 
the second about thirty-seven years later. Both schools 
had been abolished prior to 1860 by politicians who were 
not capable of appreciating their value, British naval 
architects had to send their sons abroad for scientific 
instruction. Fortunately for this country, however, naval 
architects who had been trained in these Is remained 
available when the crisis of which a sketch has been given 
arose fifty years ago. These were the men who took the 
rey of the steam and ironclad reconstruction 
of the Navy, and also played a prominent part in founding 
this Institution. 


FOUNDATION OF THE INSTITUTION OF NAVAL 
ARCHITECTS. 


The need for such a society, as well as the demand for 
scientifically-trained naval architects which followed 
upon the events above described, had much to do with the 
immediate success which was obtairied by this Institution. 
It was founded at a psychological moment, and all classes 
interested in shipbuilding welcomed it. embers of both 
the British Schools of Naval Architecture gave sympathy 
and active assistance, and they were joined by a little 
band of private shipbuilders and marine engineers, 
whose professional training had been received elsewhere, 
but who shared in the conviction that the time had come 
when the claims of science, as well as those of practice, 
roust be recognised, if British shipbuilding was to main- 
tain its ancient renown under entirely new conditions. 

In the first volume of the Transactions may be found 
an interesting account written by the then secretary (Sir 
Edward ) of the preliminary steps which were taken 
by the founders prior to the meeting on January 16, 1860; 
the proceedings at that meeting and those at a second 
meeting held a fortnight later are also described. The 
principal facts may be briefly sumarised. About forty 
persons had been invited to attend the meeting ; many 








of them were in sympsthy with the proposal, but 
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only eighteen were present. Of these, ten were or 
had been in the shipbuilding department of the Royal 
Navy, Dr. Woolley, who had been principal of the 
second School of Naval Architecture, attended, and 
was accompanied by four of his pupils. Six gentlemen 
represented private firms of shipbuilders and marine 
engineers; one was a barrister, keenly interest in 
canoeing and yachting, who became better known later 
on as ‘‘ Rob Roy” McG The list of men present 
who had been trained outside the Naval Service was small 
but representative. It included Scott Russell; John 
Penn, the eminent marine engineer; John White, of 
Cowes, member of a historic family of shipbuilders ; 
Grantham, a recognised authority on iron shipbuilding ; 
and the two principal surveyors of Lloyd’s r of 
Shipping, an organisation which had already done valu- 
able work in assisting the development of the mercantile 
marine, and has since attained an unrivalled position in 
connection —_ the neg A — es — — 
and foreign shipping. is little company, after hearing 
the ex sieensery cletanens read by the secretary, had the 
cou to resolve unanimously as follows :— 

‘* We who are present do now constitute ourselves an 
Institution of Naval Architects for the purpose of 
edvancing the science and the art of naval architecture.” 

Without delay or adjournment steps were taken to 

ive effect to this resolution. A list of officers of the 

nstitution was considered and approved ; Sir Edward 
Reed was elected permanent secretary ; committees were 
appointed to consider and report on the general constitu- 
tion and management of the Institution, the qualifications 
for admission of members and associates, and the names 
of persons who should be invited to join the Institution 
at its commencement. A fortnight later a second meeting 
of the founders and officers was held; the reports of 
committees were then received and dealt with: and 
within a month from this second preliminary conference 
the inaugural meeti! of the Institution were held, 
extending over three days. At these —— many 
valuable papers were read and discussed, and the Insti- 
tution was fairly launched under most promising auspices. 
Throughout this stage the new Institution received kindly 
assistance from the Society of Arts, in whose rooms the 
first meetings were held, as have been all subsequent 
annual spring meetings. Limited space made it —— 
to hold our present “ memgpecr | in the hall around which 
so many memories have gathered during the last fifty 
years ; but it is only right on this historic occasion to 
place on record once more our grateful acknowledgment 
to the Council of the Soviety of Arts for their long-con- 
tinued courtesy and kindness. 


CONSTITUTION AND ORGANISATION OF THE INSTITUTION. 

A declaration of the ‘‘ objects of the Institution” was 
made at the outset and printed in the first volume of the 
Transactions. This declaration has never been varied ; 
it still adequately represents our work, notwithstanding 
the great changes which have occurred during the inter- 
vening period, and is now reproduced as an illustration 
of the wisdom and foresight of our founders. 


OsskcTS OF THE INSTITUTION. 

** The objects of the Institution of Naval Architects— 
which was established to promote the improvement of 
ships, and of all that specially appertains to them—are 
comprised under three heads :— 

‘ First, the bringing together of those results of expe- 
rience which so many shipbuilders, marine engineers, 
naval officers, yachtsmen, and others uire, indepen- 
dently of each other, in various parts of the country, 
and which, though almost valueless when unconnected, 
doubtless tend much to improve our navies when brought 
together in the printed transactions of an institution. 

‘ Secondly, the carrying out by the collective agency 
of the Institution of such experimental and other in- 
quiries as may deemed essential to the promotion of 
the science and art of shipbuilding, but are of too great 
magnitude for private persons to undertake individually. 

“Thirdly, the examination of new inventions, and the 
investigation of those professional questions which often 
arise, and were left undecided before the establishment of 
this Institution, because no public body to which profes- 
sional reference could be made, then existed.” 

The constitution, bye-laws, and regulations of the In- 
stitution as originally framed equally illustrate the 
ability of those who were responsible for their settlement. 
These laws have been varied or amended in the light 
of subsequent experience and altered conditions, but the 
fundamental — have been maintained. One 
passage in the statement of the first secretary, Sir 
Kdward Reed, puts the matter clearly and may be 


uoted :— 
we It was felt that the naval architect—to whom alone 
the ship as a complex whole is a subject of study—was 
the only proper person to give designation and character 
to the society, and consequently it was decided. .... 
that its title should be the ‘ Institution of Naval Archi- 
tects.’ But naval architects alone do, not produce ships. 
With them must be associated—-and closely associated, 
too—the shipbuilder, the man of science, the seaman, the 
engineer, the mast-maker, the rigger, the sail-maker, the 
smith, and others, or no ship could ever be built and 
cquipend. Hence it was concluded that for the Institu- 
tion of Naval Architects to become a vital and vitalising 
body it must draw into association with itself persons 
from all such classes. This it is proposed to do by the 
establixhment of a class of associates—a class which it is 
believed will become very numerous, and will render most 
inva.uabdle aid to the Institution.” ' 

For nearly twenty years after the Institution was started 
the number of associates exceeded that of professional 
members of the Institution, thus realising the anticipa- 
tions of the founders. Since 1879 the conditions have been 


reversed and the professional side of the Institution has 
largely outgrown the associate class. ile this increase 
in professional membership is a subject for congratulation, 
it is a matter for t that a corresponding increase of 
associates has not taken B ogee Everything possible has 
been done by the Council to encourage that increase. The 
qualification for associateship has been framed on broad 
lines, and liberally interpreted ; yet the number of asso- 
ciates on the roll of the Institution at the present time is 
no greater than was the corresponding number in 1862. 
although in the interval the number of professional 
members has increased twenty-fold. It isdevoutly to be 
desired that before long there may come a mark 
change. Associates, according to the regulations, ‘shall 
be qualified, either by profession or occupation, or by 
scientific or other attainments, to discuss with naval 
architects the qualities of a ship, or the construction, 
manufacture, or arrangement of some part or parts of a 
ship or her equipment.” Within these wide limits a 
great number and variety of persons exist who are inter- 
ested in ships and shipbuilding—men of affairs, politicians, 
men of science, shipowners, seamen, engineers — 
in many branches, manufacturers of materials, machi- 
nery and equipment, and many others. All of these 
can aid in the discussion and settlement of numerous 
and difficult De incidental to the design, con- 
struction, and propulsion of ships; many of them 
are possessed of special knowledge and experience which 
entitle their opinions to great respect. The maintenance 
of British supremacy in shipping, both in the war fleet 
and the mercantile marine, is of vital importance, and can 
only be secured by the co-operation of all classes. It is 
undoubtedly true that the work done by the Institution of 
Naval Architects has furthered this great end, and has 
contributed in no small measure to the commanding posi- 
tion which British shipping now occupies. On public 
grounds, therefore, apart from the interests of the In- 
stitution itself, one may plead for a realisation of the 
hope expressed fifty years that the associate class 
“* will become very numerous.” It has already been con- 
clusively demonstrated that this class can ‘‘ render most 
invaluable aid to the Institution,” and although the roll 
contains many eminent names, a much greater number 
of representatives of the class is desired. Associates 
have from the first had adequate representation on the 
Council and a large share in the management of the In- 
stitution, and all the presidents have been associates. 

In this respect the Institution stands alone amongst 
technical societies, all others having professional presi- 
dents. The reason for the procedure which has been 
adopted was stated as follows in 1860 :—‘‘In view of the 
national interests likely to be advanced by the Institu- 
tion it was thought better to waive the idea of a profes- 
sional president.” At the start, also, there was an addi- 
tional reason, associates then far outnumbered profes- 
sional members. But although that superiority in 
numbers has long since ceased to exist, the Council has 
hitherto reaffirmed the view taken fifty years ago, on each 
occasion when a president has been selected, and it is 

all who are familiar with the history of the 
Institution that this practice has given excellent results. 
Public men of eminence and hig! social standing have 
been ready to assume the office when selected, and many 
of them have served for long periods. 

The first president was Lord Hampton (then Sir John 
Pakington), who, as First Lord of the Admiralty, had 
been responsible, in 1859, for ordering the construction 
of the Warrior, our first sea-going ironclad. For twenty 
years Lord Hampton held office, taking great interest in 
the affairs of the Institution, and doing much to promote 
its claims to public recognition and official support. In 
1880 the Earl of Ravensworth succeeded Lord Hampton, 
and occupied the presidential chair for thirteen years. 
His intimate know! edge of shipping, and the high regard 
entertained for Lord Ravensworth by British shipowners 
and shipbuilders, made his period of office most advan- 
tageous to the Institution. When increasing age led 
Lord Ravensworth to tender his resignation, Lord Brassey 
became president. His name appeared in the first list of 
members and associates, and his interest in the Institu- 
tion had continued for twenty years before his election to 
the chair. His term of office was unfortunately short, as 
he was called to the Governorship of Victoria in 1895, and 
was consequently compelled to resign the presidency. The 
Earl of Hopetoun became president in 1896, and did good 
service for tive years until he was appointed the first 
Governor-General of the Australian Commonwealth. The 
Ear! of Glasgow succeeded in 1901, bringing to the post ripe 
experience gained as an officer in the Royal Navy and 
Governor of New Zealand. For seven years Lord Glas- 
gow served the Institution faithfully, and then decided to 
retire. Fortunately the constitution provides for a con- 
tinuance on the Council of gentlemen who served as 
presidents, so that at the present time the two surviving 
past presidents, Lord Brassey and Lord Glasgow, are 
still rendering valuable assistance in the management of 
the affairs of the Institution. Earl Cawdor became 
president in 1908; and, during the short period which 
intervened before his much-regretted death, gave evidence 
of the beneficial influence which his high character an 
conspicuous ability would have exercised upon the 
of the Institution had his life been spared. At the meet- 
ings in April last the Marquis of Bristol was unanimously 
elected to the presidency. His brilliant career as an 
officer of the Royal Navy, and the valuable service already 
rendered to the Institution in connection with the Jubilee 
celebrations, furnish good evidence that Lord Bristol will 
prove in all ee a worthy successor to the eminent 

idents who have preceded him. It wed mmo to 
ditions to the 


ope that his influence will lead to large ition: 
considerable number of associates of the Institution who 
are his brother officers in the Royal Navy. 





In regard to election of vice-presidents also the practice 





of this Institution differs from that of other technical 


societies. From the first it was thought desirable to 
solicit the services of a number ‘‘of noblemen and gentle- 
men of great ability and eminence who are or have been 
closely connected with either the Royal or the Mercantile 
Navies, and who might be willing to act as vice-presi- 
dents.” There has never been a lack of eminent men of 
these classes amongst the vice-presidents ; many of them 
have taken an active part in the management of the 
institution. With these non-professional vice-presidents 
have been associated a certain number of professional 
vice-presidents, whose work as naval architects and marine 
engineers marked them out for this distinction. Other 
vice-presidents have been chosen from amongst gentlemen 
holding high official positions in connection with shipping 
organisations and from the officers of the Royal Navy. 
Amongst the latter the name of Admiral Sir John Dal- 
rymple Hay stands ea aoe mg both on account of his 
connection with the Institution from its earliest days and 
the valuable services he has rendered. 

For thirty years the choice of vice-presidents was 
practically e by the Council of the Institution, their 
recommendations having been alwaysconfirmed at general 
meetings of the members. During this long period no 
limit was fixed to the number of vice-presidents (which 
finally rose to 30) or to their period of service. In 1890 it 
was decided to introduce new rules. The maximum 
number of vice-presidents was fixed at 24; it was also 
provided that members and associates should have the 
right of voting by ballot in elections held to fill vacancies 
in the list, the council nominating candidates for election. 
This arrangement was continued until 1905, when a new 
class of honorary vice-presidents was created. In this new 
class are included gentlemen who occupy distinguished 

u blic jitions, and others ‘‘ who have given long and 

onourable service to that Institution.” e Council has 
the power of election ; there is no limit of numbers, and 
honorary vice-presidents are not subject to re-election 
annually, as are the presidents, vice-presidents, and 
treasurer. 

Elected vice-presidents now number 16 ; when vacancies 
occur the Council nominates a list of candidates, and 
the members elect, as before, by means of ballot-papers. 
It will be seen that this arrangement provides for trans- 
fers from the list of elected vice-presidents to that of 
honorary vice-presidents, and so creates vacancies on the 
former list. Experience has shown that this plan 
promotes the interests of the Institution; there was 
previously no natural flow of promotion like that which 
results from the periodical advancement of vice-presidents 
to the presidential chair in other technical societies. All 
vice-presidents in both classes are entitled to sit and vote 
with the members of the Council, and actually take an 
important part in the proceedings. 

embers of Council have included from the first repre- 
sentatives both of professional members and of associates. 
As the latter class constituted the larger proportion of the 
vice-presidents, it was decided to limit its further repre- 
sentation on the Council to about one-fourth of the repre- 
sentation given to professional members, but in the conduct 
of business of the Institution associates have always taken, 
and still take, a prominent and useful part. From the 
beginning there has been a considerable representation 
on the Council of professional officers serving at the 
Admiralty and the Royal Dockyards. Lloyd’s ister 
of Shipping has also represented from the first. In 
recent years the British Corporation and the Veritas 
Society have also been re mted; and as time has 
passed and the interest of private shipbuilders and marine 
engineers has inc , their representation on the 
council has been much enlarged, with great advantage to 
the Institution. 

During the first 20 years the members of council varied 
from 25 to 30, and the associate members from six to 
seven. In 1879 it was decided to fix the maximum for 
each class at 24 and 6 respectively. Up to that date the 
Council had practically co-opted new members, the list of 
nominations being presented en bloc to the general meet 
ings, and adopted as a matter of course. It was then 
felt to be desirable to give the members and associates of 
the Institution a more direct voice in the election, and 
rules were made by which a nomination list was prepa 
each year by the Bunnell and a system of ballot-papers 
was introduced by means of which the votes were given. 
Nine years later it was determined that instead of an 
annual election of the whole Council there should be an 
annual retirement by seniority of six ordinary members 
and two associate members, who remained eligible for re- 
election ; the ballot-lists for the election of their suc- 
cessors containing as many new names in each class 
as there were retirements. In 1905 it was decided 
to increase the members of the Council to 36 ordinary 
members and 12 associate members; nine of the 
former and three of the latter who had served longest 
on the Council retiring annually, and being eligible for 
re-election. That regulation still holds good, and under 
it the Council, including the president, past-presidents, 
vice-presidents, and honorary vice-presidents, has become 
a very Jarge body, but it still remains effective, and is 


d | fully representative. When the new rules were presented 


to and approved by the members and associates of the 
Institution in April, 1905, the following statement was 
made :—‘‘ This Institution is the central institution of a 
great industry which is scattered all round the coast of 
this island, and the sister island—Ireland. It is a 
scattered constituency, and we wish always to have 
stipbuiding and marine engineering ——— 
1 and marine are prac ; 
is af the test value to this Tnstysution that such a 
system of local representation should be continued and 
extended, and that is always kept in view by the Council 
in ing nominations of new candidates for the Council. 
We also wish to have both naval architecture and marine 
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engineering py represented. On the associates’ | 
many classes in the community. We| 


side are includ 
have shipowners, naval officers, representatives of great 
shipping institutions, yachtsmen, and scientific men 
interested in the practice and theory of shipbuilding and 
engineering. For these reasons the Council have 
judged that it is desirable to make the changes described.” 


(To be continued.) 





PROGRESS OF NAVAL CONSTRUCTION 
IN JAPAN.* 


By Rear-Admiral Morox1 Konno, Inspector-General of 
Naval Construction, I.J.N., Member. 


Tuer fact that the art of shipbuilding is not entirely 
modern in Japan was well illustrated by the models and 

ictures of our ancient war galleys which were on view 
a year at the Anglo-Japanese Exhibition. In this 
paper, however, I do not propose to go back to so remote 
a period, and I shall only deal with the progress of our 
naval construction since the introduction of European 
methods of shipbuilding in Japan. 

It is interesting to mention in this connection that the 
keel of the first warship of this type ever built in Japan 
was laid in 1861, and it will thus be seen that our modern 
navy is nearly as old as this Institution. 

I shall first give a brief account of the development of 
our naval dockyards, and then deal with the progress of 
naval construction in our country. 

Navy Yards.—We have at present four navy yards— 
viz. :—Yokosuka, Kure, Sasewo, and Maidztru, ides 
a smaller repairing yards at Ominato, Takeshiki, and 

0. 

The Yokosuka Navy Yard is the oldest establishment 
of this kind in our country. It is situated in the-Bay of 
Tokyo, not very far from the entrance to the bay, and 
was commenced in 1864 under the superintendence of the 
Tokugawa Regency. The technical staff at the time 
comsisted entirely of French naval constructors, with their 
owa foremen and leading hands under them, lent by the 
French Government. 

At first the yard was not intended exclusively for naval 
work ; in fact, it was a sort of general shipbuilding yard. 
Subsequently this place passed into the possession of the 
— Government, and was worked for some years 
under the direct superintendence of the Ministry of 
Pablic Works (since abolished), until, in 1872, it was 
transferred to the Imperial Navy, by whom it continues 
to be worked to this day. 


TabsLe I1.—Number, Aggregate Displacement, and Horse- 
Power of Warships Lawnched in Japan. 


Displace- — 





© Number ment in Remarks. 

S Tons. Power. 

1890 

1891 2 4,908 6.100 A cruiser and a gunboat. 

1892 1 3,126 7,500 |A cruiser. 

1893 

1894 

1895 1 2,657 8 500 A cruiser. 

1896 2 1,772 6 000 A despatch boat. 

1897 1 2,756 8,000 A cruiser. 

1898 

1899 

png 1 1,238 6,000 A despatch boat 

1902 ¥. 6,732 18,800 Two cruisers 

a % 3 020 11 000 A cruiser and a gun-boat 

1905 1 13,750 20 500 An armoured cruiser 

1906 2 32,950 40,000 A battleship and an armoured 
cruiser 

1907 5 54,350 44,000 A battleship, two armoured 
cruisers, a cruiser, and a 
despatch boat. Turbines for 
two ships made abroad 

1908 1 1,350 A despatch boat. Turbines for 
one ship made abroad 

1909 

1910 1 20,800 25,000 A battleship 


Total since 1890, 22. 


TasLe Il.—Number, Aggregate Displacement, and Horse- 
Power of Torpedo Craft Built in Japan. 








s | Displace- | 
S |Number ment in ae Remarks. 
| Tos, | Power. 
1900 6 371 | 4,200 |All torpedo-boats. 
1901 3 162 2,1 ” ” 
1902 5 981 15,100 |2 destroyers ; rest torpedo-boats 
1903 17 2589 16,200 |2 » ” . 
1904 4 831 | 18,600 /1 ” , ” 
1905, 12 4500 | 72,000 |All destroyers. 
1906 18 6750 =| 108,000; ,, ” 
1907; 2 750 | 12,000] _,, ” 
1908 1 375 | 6,000 |Destroyer. 
1909 1 375 | 6,000 a 
1910 1 1150 20,500 ” 





_ But to return to the history of the establishment : the 
first sod was turned on September 27, 1865, and the first 
foundation-stone for the buildings was laid in March the 
next year. The first ving-dock was formally opened 
on February 7, 1870. Prior to 1885 all the ships Loomnied 
in this yard were built of wood, but in this year the 
first composite ship, H.I.M.S. Katsuragi, was launched. 
H.1.M.S. A was the first iron se ag in this yard. 
and was launched in 1887. After this the progress of 
shipbuilding went on steadily, and after building several 


* Paper read at the J ubilee Meeting of the Institution 
of N wal Architects, July 5, 1911, 


TABLE III.—List or Warsuips Buret in Japan. 





| 
| 














| Sais) | Dis- Material 
| Launched.| Name. | Where Built. place- Type. Machinery Partioulars. Propeller. | Remarks. 
| } ment. Hull. 
1862 -. Ohiyoda ..Ishikawajima , 140 Gunboat Wood _ Direct-acting geared .. Single-screw Sold. 
| 1875 .. Seiki ...\Yokosuka ..| 897,Sloop of war * Three-cylinder compound ie Lost off mouth 
| horizontal of Fujikawa. 
| 1876 .. Jingei E e | 1,450) Imperial yacht » + Diagonal .. gs Paddle .. Broken up. 
1877 .. Amagi ie ee 911 Sloop of war »» ~» Three-cylinder compound single-screw Sold. 
| horizontal 
1878 .. Banjo a - ..| 656/Gunboat .. és Direct-acting horizontal .. Pe 
1882 -. Kaimon.. ae ..| 1,850/Corvette .. 0 Return-acting compound " 
| | } horizontal 
| 1883 ../Tenriu oe 9 --| 1,525) a os Ditto m Lost during Rus- 
1885 .. Katsuragi .. a 1,480 ° : ..| Com- Ditto sian war. 
| posite 
1885 ...Yamato ../Kobe .. .. 1,480 > * Ditto - 
.. Musashi Yokosuka »480 * ” Ditto Ks 
1886 .. Maya .. Kobe .. 612'Gunboat .. .. Tron & Direct-acting compound Twin-screw 
| steel horizontal 
| 1887 . At .. Yokosuka . 612 o 9 Ditto ne Lost during Rus- 
1887 --Chokai__—_.. Ishikawajima 612; ,, Ditto et sian war. 
| 1888 .. Akagi .. Kobe .. ; 612) ” Ditto a 
1888 .. Takawo ../ Yokosuka 1,750/3rd-class cruiser - Ditto oa 
| 1889 .. Yayeyama. . me 1,584 | Despatch vessel . Steel Direct-acting triple-expan- - 
sion horizontal 
| 1891 .. Hashidate .. »» 4,278 2nd-class cruiser Ditto 
1891 .. Oshima .. Kobe .. 630'Gunboat .. : Triple-expansion vertical Lost during Rus- 
1892 .. Akitsushima Yokosuka .. 3, 126/3rd-class cruiser ” % a v” és sian war. 
1895 .. Suma ne » 2, 657 o ” ” ” 
1-96 .. Miyako .. Kure .. ..| 1,772 Despatch vessel ” ‘n Lost during Rus- 
1897 .. Akashi .. Yokosuka ..| 2,756 3rd-class cruiser jo a ‘eo am sian war. 
1900 ..| ‘hthaya .. © | 1,238' Despatch vessel *” ” ” . 
1902 .. Niitaka .. % 38, 366 3rd-class cruiser . . - 2 - 
1902 ../Tsushima .. Kure .. | 8,366) - a. - 
1908 + ie i Oe 620/Gunboat .. , ” ” - . 
1903 .. Otowa .. Yokosuka ..| 3,000 3rd-class cruiser . “ ine 
1905 .. Tsukuba ..|Kure .. -.|18,750| Armoured cruiser ea * = a a 
1006. ..\Ikoma  ..| .,_ .. . -|18, 750 ” ” ” 0» a 
1906 . Sateuma .. Yokosuka ..'19, 200/ Battleship. . ”~ = =" ao 
| 1907 .. Aki ..|Kure .. 19, 800 > on ‘ . Turbine =a ~" - “ 
| 1907 ‘Vurama Yokosuka 11,600) Armoured cruiser °° Triple expansion vertical wae 
1997 .. one .. Saseho . 4,100 2nd-class cruiser i a aa) = be 
1907 . Yodo .. Kobe .. .. 1,250 Despatch vessel - ne ee ad 
1907 . Ubuki .. Kure .. [4,600 Armoured cruiser an Cfurbine al 
1908 .. Mogami .. Nagasaki ..| 1,350) Despatch vessel . . ‘ Triple-screw 
1910 .. Kawachi .. Yokosuka’ .. 20, 800 Sattleship. . oe Twin-screw 


third-class cruisers, besides smaller craft, the first battle- 
sbip ever built in Japan—H.I.M.S. Satsuma—was 
launched in 1906. 

At present the dockyard has two large penny te 
and three smaller ones, for destroyers and torpedo-boats. 
The largest slip has a gantry fitted over the whole length, 
provided with several cranes ranging up to 30 tons. The 
graving-docks are four in number, and the largest one is 
—— of taking ships of the largest dimensions now 
afloat. 

The following figures will give some idea of the enor- 
mous growth of this place since it was first started : 

The number of workmen was only 960 in 1869, while we 
now have over 8000 all told. The extent of the grounds, 
which was but 21,700 tsubo (about 18 acres) in 1865, is now 
more than six times what it was then, being over 140,000 
tsubo (about 116 acres). i 

The engineering department consists of foundry, smithy, 
machine-shop, boiler-shop, plumber’s shop, &c. ; it is, in 
short, replete with all the appliances necessary for the 
| construction of the heaviest engines and boilers for 
modern warshi The whole of the _ propelling 
machinery of HELMS. Satsuma was made here, includ- 
ing the whole of the castings, all the important forgings, 
and the entire machining, as well as the water-tube 
boilers, which are of the Miyabara type. Even most of 
| the auxiliary machinery was made here. 
| A good deal of repair work is also performed in this 
| dockyard, and for a few years after the late war the place 
was very busy indeed, on account of alterations and 
repairs of captured ships that had to be executed over 





and above the new construction and ordinary repairs and 

| overhaul of our own ships, and the number of workmen 

|employed at the time was more than double what it is 
now. 

The Kure Navy Yard, the second oldest yard in Japan, 
| is situated in the Inland , near Hiroshima. It was 
| commenced in 1889, but it was not until just before the 

Chinese war that the place became of any very great im- 

| portance. It has since been eam developed, and at 
the present time it rivals Yokosuka Navy Yard in the 
+xtent of site, as well as in the amount and the quality 
of work turned out. There are two large building slips 
(one of them fitted with a gantry throughout the length 
of the slip), besides smaller ones for destroyers and tor- 
pedo-boats. There are two graving docks now in use and 
two more of larger size are under construction. 

Seven warships and fifteen destroyers and torpedo- 
boats were built here during the last sixteen years, and 

| to this dockyard belongs the honour of having turned out 
| the first armoured vessel built in our country. It also 
holds the record for the quickest construction, having 
launched H.I.M.S. Ibuki in exactly six months after 
| laying down the keel. 
| The engineering department here is on a similar scale 
|to that in the Yokosuka Navy Yard, and the work 
turned out is fully equal in amount and quality to that of 
| the latter place. : 

The ordnance department in this yard has the capacity 
for manufacturing guns and mountings up to the largest 
size, and almost the whole armament of all the warships 
built in Japan of late years has been made here. There 
are s eel works and armour-plate works also belonging to 
this yard. 

The Sasewo Navy Yard is in the Island of Ly eed not 
very far from Nagasaki, and was started in 1890, Lut very 
little was made until just before the Chinese 
war. This yard is primarily intended for repair work. 


There are five large docks, of which three are under con- 
struction, and one small dry dock for minor craft. 
Besides the eae pS appliances for all kinds of repair 
work, the dockyard has facilities for new construction, 
and has already built one second-class cruiser, and several 
destroyers and torpedo-boats fully equi = and engined. 
At present one second-class cruiser, ref ikuma, of about 
5000 tons, is approaching completion in this yard, being 
launched last April. 

The Maidzuru Navy Yard is the most recent of our 
Navy yards, having been formally opened in 1901. This 
is the only yard we have at present in the Sea of Japan, 
and it is within easy reach of Osaka and other important 
towns by railway. This yard is also well equipped with 
appliances for repair work, as well as for new construc- 
tion. So far, only six destroyers have been built here, 
but the place is fully equal to heavier work if required. 
= are two large (one building) and two small graving 

ocks. 

There are also three small navy yards in the auxiliary 
naval stations at Ominato, on the north-east coast ; at 
Takeshiki, in the Island of Tsushima ; and in Bako, in 
one of the islands of Pescadores. These yards are only 
intended for minor repair work, mostly for destroyers 
and other small craft, and the number of workmen em- 
fo og is very small. There is a small floating dock for 
ifting ships up to about 1500 tons in each of the two first- 
mentioned yards, and there is a small dock in course of 
construction at Bako. 

Ship Construction.—The first warship on the European 
model ever built in Japan was a small screw schooner called 
Chiyoda Gata (Fig. 1, page 16). She was built under the 
jurisdiction of the Tokugawa mcy at Ixshikawajima, 
at the site now owned by the Ishikawajima Shipbuilding 
Company, situated on a delta in the mouth of the River 
Sumida. Her keel was laid on May 7, 1861, she was 
launched on July 2 the following vear, and was completed 
in May, 1863. Her engines and boilers were constructed 
in the Shogun’s workshop in Nagasaki, probably on one 
of the sites now eqn ag the Mitsubishi Dockyard. 
It is interesting to note that not only her hull and fit- 
tings, but the whole of her machinery, were constructed 
by native workmen with the native materials, under the 
directions of Japanese officers, who were also responsible 
for the design. 

Her principal particulars are as follows :— 

Material of hull ... on - Wood 
Length between perpendiculars 97 ft. 4 in. 
Breadth, extreme a hee 16 ft. 
Draught of water, mean 6 ft. vi in. 
Displacement in tons _... 14 
Indicated horse-power ... 60 


Speed in knots a 5 

Boilers ._ Two multitubular 
Engines... om ... Direct acting, geared 
Diameter of cylinders ‘ Two 16-in. 
Stroke of pistons ... 153 in. 


This little gunboat saw active service during the civil 
war against the present Government, but was inadver- 
tently run ashore and abandoned. She was ultimately 
refloated and captured by the Government forces. After 
serving several years in the Imperial Navy, she was trans- 
ferred to a whaling company, who, I believe, have her 
still in service. 

After this boat was built, no important naval con- 
struction was attempted for a considerable period, all the 
ships being acquired from abroad, and it wag not until 
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the Yokosuka Navy Yard was in full swing in naval 
hands that attention was again drawn to this important 
branch of industry. , 

H.1.M.S. Seiki (Figs. 2 and 3) was the first warship 
built at Yokosuka Dockyard, and may be considered as 
the pioneer of all the warships built in our country. She 
was laid down on June 20, 1873 ; launched on May 5, 1875 ; 
and completed in June, 1876. She was built of wood, 
and was designed by M. Verny, the head of the French 
naval architects in the yard, and was built and engined 
by the French naval architects and engineers. 


Particulars of H.I.M.S. “‘ Aki” and “‘ Kurama.” 
“ Aki.” ** Kurama.” 


Type First-class First-class armoured 
battleship cruiser 
Where built Kure Navy Yokosuka Navy 
yard ya 
Date of launch .. ‘ “ 1907 1907 
Length between perpendiculars ft. 450 ft. 
Breadth extreme ee .. 88 ft. 6in 75 ft. 6 in. 
Depth . Se ast ae) ae ae @. 23 
Draught .. Jo $a os we Op 26 ft. 
Displacement in tons .. es 19,800 14,600 
Horse-power - ‘ 24,000 , . 
Type of machinery Curtis Triple-expansion 
turbines vertical engines 
Speed os 20 214 
“ Aki.” “ Kurama.” 
4 12-in. guns. 4 12-in. guns. 
12 10-in, guns, 8 rey guns 
8 6-in. guns. 14 4.7-in, guns. 
Armament ..) g 12-pdr. guns. 412-pdr, ,38-pdr. guns. 
4+ Maxim guns. 4 Maxim guns. 
5 18-in. torpedo tubes. 8 18-in. torpedo-tubes. 
{ 9 in. belt. 7-in. belt. 
Protection .. \ 2-in, deck. 1}-in. deck. 
9-in. barbette. 7-in. barbette. 


H. 1. M.S. CHIYODAGATA (1/861) 
SCALE /in=64 FT 















and was the most powerful armoured cruiser in the world 
at the time, a position she held until the advent of the 


cruisers of the Invincible class. No doubt many of the | 


members of this Institution will remember that she was 
one of the ships sent by the J — Government to take 
part in the Columbian Féte at Hampton Roads, and since 
then sent over to England in 1907. 

The first battleship built in Japan was H.I.M.S. 
Satsuma, laid down in 1904 at Yokosuka, and she was 
the heaviest warship in the world at the time of her 


was commenced at Yokosuka Dockyard, and three years 
later first-class boats were also laid down in Kure and 
second-class boats in Yokosuka and Sasewo. Since then 
altogether twenty-two boats of this class have been built 
in Japan. 
The first destroyer built in our country was the Haru- 
same, laid down at Yokosuka dockyard in 1902. She 
roved to be a very successful boat, and in all thirty-nine 
ts of this class have since been built in our dockyards 
and private yards. We have been singularly fortunate 
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The first composite ship built was H.I.M.S. Katsuragi. 
She was built at Tenn and launched in 1885. "She 
is a sloop-of-war of 1400 tons displacement, and is still 
doing service as asurveying vessel, During the construc- 
tion of this vessel two foremen were lent by the British 
Government to initiate the Japanese workmen into the 
mee of manipulation of iron plates and bars. 

‘he first iron ship, H.1.M.S. Atago, was also built at 
Yokosuka, and was launched in 1887. She was a gunboat 
of 612 tons displacement and 10 knots speed. She was 


lost during the late war, being run on rocks in a heavy | 
riod practically all the ships built for 


fog. After this 
the navy were of steel, ranging from gunboats to second- 
class cruisers in type and from 1250 tons to 4160 tons dis- 
placement. Until the laying down of H.I.M.S. Tsukuba 
in the Kure Navy Yardin 1904, which marked thenew epoch 
in our naval construction, no ship of larger size than an 


unarmoured cruiser of a little over 4000 tons had hitherto 
been built, while this ship is an armoured cruiser of 
13,750 tons. This event was all the more notable for the 
fact that she was commenced during the Russian War, 
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launch. She is now preanen complete, having passed 
through her steam and gunnery trials successfully. 

At the Kure Navy yard H.I.M.S. Aki was commenced 
in the same year. She is practically a sister-ship to the 
Satsuma, but is a little larger, and slightly more heavily 
armed. She will be finished in the course of the year. 

A few particulars of H.I.M.S. Aki (Figs. 4 and 5) and 
H.1.M.S. Kurama (Figs. 6 and 7, page 17), an armoured 
cruiser built in Yokosuka, are given in the previous column. 

Two battleships, the Kawachi and Settsu, of over 
20,000 tons are under construction, the former at Yoko- 
euka and the latter at Kure. They were launched last 
October and March respectively. A large armoured 
cruiser of 27,500 tons has also just been commenced at 
Yokosnka. 

With regard to the torpedo-craft, we have had several 
torpedo-boats in service for years, but they were all 
ordered from abroad, being built up, taken to pieces, 
and sent over to Japan and rebuilt at home, and it was 
not until late years that we began to design and build 
these boats ourselves, In 1899 a third-class torpedo-boat 
















in their steam trials, as they have not only attained the 
estimated speed without difficulty, but we were excep- 
tionally free from mishaps, only one instance of any 
serious accident occurring during the whole time, and 
even then there was no loss of life. At present we have 
two destroyers of 1150 tons displacement under construc- 
tion, one at Maidzuru and one at Nagasaki. 

Naval Construction in Private Yards.—At present we 
have two large private shipbuilding yards in Japan, 
capable of turning out the heaviest warships complete 
with their machinery. These are the Mitsubishi Dock- 
yard, Nagasaki, and the Kawasaki Shipbuilding Company, 
Kobe. In the former, H.I.M.S. Mogami was built, com- 
seen with her turbine machinery, and they are at present 

uilding a second-class cruiser and a large destroyer for 
the navy. In the latter , the despateh-boat Yodo 
and several destroyers and torpedo-boats were built, and 
they are building a second-class cruiser, a sister vessel to 
the one building at Nagasaki. Orders have just been 

laced with each of these firms for the construction of « 
arge armoured cruiser, similar to the one building at 
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Yokosuka. Besides the ahove there are also several smaller 
firms capable of constructing destroyers and smaller craft, 
with the engines and boilers complete. Among these the 
Osaka Shipbuilding and Engineering Compete, Osaka, 
and the Unagn Shipbuilding Company, each built two 
destroyers for the navy, and the H.I.M.S. Chokai, the 
sister-ship to the Atago, already mentioned, was built at 
Ishikawajima. 

Personnel.—In the early years of Meiji (from the end 
of the’sixties to the early ’seventies) when young students 
were sent abroad to study different branches of the naval 


colour of the piping bein 
structors and chocolate for the ordnance constructors). 





profession, some of them were told off to investigate naval 
construction in its theoretical and practical aspects, and 


6. 


The corps now comprise the following :— 
Corresponding Rank. 


5 Inspectors-General. Rear- Admiral. 
6 Chief Inspectors. Captain. 
6 In Commander. 


24 Chief Constructors. 
25 Constructors. 
8 Assistant Constructors, 


Lieutenant. 
Ensign. 


Total 74 


Lieutenant-Commander. | 


executive branches of naval officers (the distinguishing | but when they wished to leave the Government works to 
brown for the naval con-| go to the private ones we never placed any very great 


restrictions in their way. 

We have a class of men who rank between the foremen 
and the commissioned officers. These non-commissioned 
officers are civilians and are either chosen from leading 
hands who have shown a special aptitude in their trade, 
and also have the necessary education for the post they 
are to occupy, or are taken from the uates of certain 
technical schools (with whom special arrangements had 
been made) after serving a certain period of time as ordi- 
4 workmen. 

The number of workmen engaged in the naval construc- 


H.1.f1 ARMOURED CRUISER ‘KURAMA” 
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they made their studies in England and Scotland. Soon 
after this several young students were also sent to France 
for a similar pu and thus the nucleus of the 
naval constructors in our navy wasformed. In the mean- 
time the class of naval architecture was founded in the 
Imperial College of Engineering (under the Ministry of 
Public Works, since abolished), and some of the graduates 
entered the navy. After this a few graduates joined the 
navy each year, the college being since amalgamated 
with the Tokio University under the name of the Imperial 
University (under the Ministry of Education). Under the 
present régime one or two students of naval architecture 
are selected each year, and a special additional education 
given them by naval constructors to enable them to fit 


themselves for the service requirements. These students | 


on graduating from the university are appointed assistant- 
constructors (ensign’s rank) and enrolled in the Corps of 
N aval Constructors. 

Until 1887 all naval constructors were civilians, but in 
that year a special military rank was formed for the tech- 
nical corps, and naval constructors, constructing naval 
engineers, and ordnance constructors, were enrolled in 
this corps. In 1894 this branch was again subdivided 
into separate corps of naval constructors (naval construc- 
tion and naval engineering) and ordnance constructors 
{including torpedo a At present constructors 
have similar ranks to other branches of naval officera, an 
follow the same regulations as to promotion, scale of pay, 
Xe. They wear uniforms similar to the other non- 





| upon. 























Lg. 9. AGGREGATE DISPLACEMENT TONNAGE OF WARSHIPS 
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THE IMPERIAL JAPANESE FLEET SINCE 1/830. 
(EXCLUSIVE OF PRIZES OF WAR) 


C— BUILT IN HOME DOCKYAROS AND PRIVATE YARDS. 
COD ORDERED ABROAD OR BOUGHT. 





There are also several civilian officers employed on 
special duties. In the engineering branch several naval 
engineers are also employed along with the constructing 
engineers. These officers are given special instruction 
for the purpose. 

It may be mentioned here that many of the officers, 
after leaving the college and serving in the dockyards for 
some years, were sent abroad for further studies in the 
profession, and several have gone through the regular 
course of naval construction in the Royal Naval College, 
Greenwich, in England, and I’Ecole d’Application du 
Génie Maritime, in France, through the courtesies of 
their respective Governments. 

With regard to the work le, we have now a goodly 
number of skilled men oan throughout our country, 
but formerly there was absolutely no source to draw 
In fact, it is not too much to say that we had not 
only to bring up workmen for employment in our own 
naval works, but also for private firms, who had no other 
means of obtaining them. In this respect we were in an 
entirely different position from that which obtains in 
Great Britain and other European countries, inasmuch as, 
while in these countries private enterprise first developed, 
and very often the Government rea’ the benefit 
thereof, in our country the Government had to take the 
initiative in nearly every industry, and naturally the 


d| workmen had to be trained in the Government works 


also. Of course these men were not expressly trained 
for the purp»se of turning them over to private yards, 


tion and marine engineering in the Imperial Dockyards 
at the end of 1910 was as follows :— 











-— | Shipbuilding. Engineering. Total. 
Yokosuka 4,562 3177 7,739 
Kure .. 3,551 | 2342 5,893 
Sasewo 2,101 | 1839 3,940 
Maidzuru on 1,241 | 1378 2,619 
Ominato ns a 71 67 138 
Takeshiki 124 97 221 
Bako .. 61 65 126 

Total 11;711 | 8965 20,676 
We hear a deal about the Japanese people being 


able to adapt themselves to new ideas and new methods, 
but the fact should not be lost sight of that the Japanese 
have always been well up in all branches of handicraft. 
Several branches of industry had reached a very high 
state of proficiency before the intercourse with the Western 
nations, and, although the extensive use of machinery 
was certainly new to our ideas, no t difficulty was 
experienced in adapting ourselves thereto. As a rule, 
our men are intelligent and versatile, and it was a com- 
paratively easy matter to train them in different branches 
of shipbuilding and engineering. 

On this account our men are peculiarly suited for 
delicate work, as, for instance, in the construction of hull 
and machinery of torpedo craft, which may account for 
the fact that these craft can be built at very much less 
cost at home than abi 

We are at a great discount on account of lack of physique 
of our men where much manual labour is required, and 
thus we derive a t benefit from the modern inven- 
tions for dealing with heavy materials. Just to give an 
instance of the great saving in labour through the use of 
transporting appliances, I may cite the cases of H.I.M.S. 
Tsukuba and H.I.M.S. Ikoma, built in Kure before, and 
H.1I.M.S. Aki, built after the installation of the gantry 
crane. While the latter ship is of some 6000 tons more 
displacement than the former, the amount spent on 
labour up to the time of launching for the latter ship was 
actually less than the corresponding figure for the two 
former. 

I might mention, in passing, that our working hours 
are somewhat longer than those in British yards, being 
on the ave about 9} hours per day. The scale of pay 
is still very low, the average rate (including labonrers) 





being rather under 1s. 6d. per day, or 9s. per week ; 
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but it is rising by leaps and bounds; it has more than 
doubled in the last ten years. The premium system is 
adopted to a limited extent for some work, so far, it 
seems to work without any obstacles. 

Armour-Plate Manufacture.—The plant for the manu- 
facture of armour-plates was first started in 1902 in Kure 
Navy Yard. After a certain period of time spent in 
experiments, &c., we are now able to produce armour- 
plates of reliable quality, and the output is fully equal to 
all our requirements for some time to come. I am not 
able to give a description of the process employed, as it 
is outside my profession ; but I understand it is a special 
process invented by our own engineers, and, according to 
the results of the firing trials and physical and chemical 
tests conducted from time to time, the quality is fully up 
to the best armour-plate of the day. 

I am pleased to say that, only three years after the 
works were started, plates of sufficiently reliable ard 
were turned out to justify their adoption on H.I.M.S. 
Tsukuba. In this respect the expectations of the most 
optimistic were surpassed. 

Experience Gained during the late War.—One is apt 
to attach too much importance to the experiences gained 
during the war. No doubt much valuable information 
was obtained in tactical and strategical matters, though 
even there, I fear, much has nm left unsolved. » 
naval construction, at any rate, I find that many ques- 
tions we were anxious to have solved by war experience 
remain unsolved to thisday. When we come to con- 
sider the number of times that actual battles took place 
ang nearly a year and a half that the hostilities con- 
tinued, we can easily understand that it is impossible 
that all the innumerable possible cases should take place. 
It is true that we have received confirmation of what we 
deemed most probable, which we could never have ascer- 
tained in peace time, but in the main it is safe to say 
that no new lessons have been learned by the war to 
revolutionise the art of naval construction. The Dread- 
nought is but the logical outcome of the progress of naval 
construction, and that type would have been arrived at 
sooner or later, even if the war had never taken place. 

One point, however, which has been brought home 

forcibly to all, and to naval architects in particular, is 
the danger from fixed and floating mines. Even in this 
case the idea of protecting the under-water portion of the 
ship is new, as the Cesarevitch, built nine years ago, had 
a torpedo protection embodied in her construction ; and 
if we provide the protection to the new ships, it-can but 
be the development of the ideal first adopted in the 
Cesarevitch. 
' In minor points about equipments and fittings we have 
naturally gained considerable experience, but they are 
too numerous and trivial to be mentioned in a paper 
dealing with such broad subjects. 

On pages 15 and 16 are tables, and on page 17 diagrams, 
— may help to show the progress of naval construction 
in Japan. 





YEARS’ CHANGES IN BRITISH 
WARSHIP MACHINERY.* 


By Engineer-Vice-Admiral Sir Henry J. Oram, 
K.C.B., Vice-President. 


Tue general progress of engineering in H.M. Navy 
from 1860 to 1897 has been previously dealt with in 
a paper read by two of our vice-presidents, Sir John 
Dur.ton and Mr. Milton, at the international congress 
of this Institution in 1897, while a great deal has been 
written on the mye in various other papers, so that 
the scope for any additional or origmal réswmé of events 
previous to 1897 is limited. 

At the request of the Council, however, I have 
endeavoured to indicate more fully the conditions of 
naval engineering in 1860, and generally the changes 
and progress made during the fifty years’ existence of 
this Institution. 

In 1860 the Navy List included the following numbers 
of steamships, with propelling machinery manufactured 
by various firms between 1842 and 1859—132 ships of 
40 nominal horse-power and upwards (including 23 
paddle-ships), and 367 ships below 400 nominal horse- 
power (including 87 le-ships), giving a total of 
499 ships, with a collective nominal horse-power of 
116,540, or about 540,000 indicated horse-power. 

In 1910 the number of warships was 585, but with a 
much increased total horse-power—of approximately 
5,000,000. 

The founding of this Institution coincided with the 
period when the definite abandonment of the paddie- 
wheel as the means of propulsion of warships had occurred 
and the screw had been adopted for propulsion. In all the 
warships built in 1860 screw-propellers were arranged for. 

The earliest ships with screw-propellers had engines 
designed on the same lines as those fitted in paddle 
vessels and working at low revolutions. These were 
adapted to drive the screws by means of gearing, which 
increased the revolutions of the screws as compared wit 
those of the engine ; but in 1860 gearing had been dis- 
pensed with, and the engines on order were of the hori- 
zontal type, and designed to drive the screw direct, the 
revolutions of the engines being increased accordingly. 
These engines worked at from 34 to 105 revolutions per 
minute at full power, with piston speeds varying from 
200 ft. to 550 ft. per minute. 

All these earlier ships were fitted with jet condensers, 
except in the case of the small gunboats, which had non- 
condensing engines, the exhaust steam being discharged 
» the funnel. Stephenson’s link motion for actuating 
the slide-valve and for reversing the engines was usually 
fitted, and it may be remarked that some form of 


'* Paper read at the Jubilee meeting of the Institution 
of Naval Architects, July 5, 1911. 
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Stephenson’s link-motion has remained as the standard 
valve-gear for reci ing engines up to the present 
time. Many of the larger ships were provided with 
separate expansion valves. 

e boilers under construction in 1860 were generally 
of the box tubular form, working at a steam-pressure of 
about 20 1b. per square inch, the earlier box-fiue boiler 
having been discarded. The gunboats with non-con- 
densing engines were, however, fitted with the low 
cylindrical type of boiler designed for a steam-pressure 
of 60 lb. per squayve inch. 

At such early stages in the application of steam to 
warship propulsion during the transition period from 
paddles to screw, with a gradually rising steam- ure, 
one would naturally expect a few mistakes to made, 
and at this period there were cases of comparatively new 
screw ships which had their original engines and boilers 
removed and either converted, sold, or broken up, new 
engines and boilers being fitted. Many installations of 
copper boilers were also removed and replaced by iron 
ones. 

Table I., page 20, has been prepared to show the leading 
particulars of the engines and boilers fitted in representa- 
tive warships during the period covered by the existence of 
this Institution. The powers given and the figures based 
on them refer to those developed on the usual eight 
hours’ trial, as these are more suitable for the purposes 
of this paper; the increase of power obtained by extra 
forcing of the boilers for shorter periods are neglected. 
Some of the earlier ships, however, for which the figures 
have been inserted, had trials of only two hours’, or even 
less, duration. It must be understood, therefore, that 
most of the ships in the table, especially the later ones, 
can exert considerably more power for shorter periods 
than has been stated. 

The warship fitted with the most powerful machinery 
in 1860 was the Warrior. She was Tested as a shot- 
proof frigate, and had engines of 1250 nominal horse- 
power. The machinery developed 5469 indicated horse- 
_— on trial, giving the ship a speed of 14.3 knots. 

he engines were of Penn’s trunk design of the simple- 
expansion type, with two cylinders. h cylinder was 
fitted with a separate expansion-valve. The revolutions 
on trial were 54.25, which, with a 4-ft. stroke, gave a 
piston-speed of 434 ft. per minute. Metallic packing- 
rings were fitted to the pistons, the specification stating 
that they should be constructed ‘‘ so as not to require the 
use of hemp or other packing behind them.” There were 
two jet condensers, one for each cylinder, with double- 
acting air-pumps, which, with the feed-pumps and fire and 
bilge pumps, were worked directly off the main engine 

istons. The boilers were of the box tubular type, and the 

ead -weight safety-valves were loaded to 22 lb. per square 
inch. The furnaces and tube-plates were specified to be of 
Low Moor or Bowling iron, two qualities of wrought iron 
which were familiar in Admiralty specifications until the 
introduction of wrought steel for such parts. The tubes 
were of brass, and it was specified that every part of the 
boiler was to be in contact with water or steam. The fire- 
grate was 900 sq. ft. in area, the boiler heating surface 
22,500 sq. ft., aaa on trial 6.08 horse-power was obtained 
per square foot of grate. 

This ship was fitted for working entirely under sail, and 
to suit the sails the funnel and waste-steam pipes were 
telescopic, and the gun-metal screw-propeller was of the 
lifting type, easily disengaged from the driving shaft. 
Cast iron, wrought iron, and gun-metal were the usual 
materials of this period ; Muntz metal was used for pump 
rods, and white metal was allowed to be used ‘‘ where 
desired.” The specified time for completing the work 
ready to be put on board was eleven months, and the 
further time for fitting in the vessel was three months. 
As first fitted, the engines were reversed by hand gear; 
hand power was also used for steering the ship and 
working the capstan. Steam-engines were su uently 
fitted in the ship for all these purposes, the first to 
be ogee being a steam capstan engine. The hull of 
the Warrior is still in existence as a hulk employed as a 
floating workshop in connection with H.M.S. Vernon. 

Of the types of marine engines manufactured in 1860 
the principal were those of the three leading makers, and 
distinguished by the names of these firms :— 


Messrs. Maudslay.—This was a double piston-rod | 


engine, with piston rods over and under the crank-shaft 
communicating with crossheads and guides fitted on the 
opposite side of the crank to that of the cylinder. This 
design was known as the ‘‘return connecting-rod” engine, 
and with the single screw then fitted allowed the hori- 
a engines to have a longer stroke and connecting- 


Messrs. Penn.—The trunk engine made by this firm 
was a favourite type, the absence of a piston rod making 
a short engine, well sui for the space available in a 
single-screw ship. Although with the lower pressures 
these engines worked remarkably well, difficulties with 
the trunk became pronounced as the steam pressure rose, 
to the abandonment of this type. 


design (Messrs. Humphrys, Tennant and Co.) consisted 
of leading one piston rod to a crosshead, from which rods 
were to the crosshead and guide on the opposite 
side of ship to that of the cylinder. 
also had the return connecting-rod. The design, how- 


This design, therefore, | 


became the universal practice from about 1871 until 
the introduction of the vertical engine. 

In the Appendix there are extracts from the report 
of. an Admiralty Committee of 1858, giving their opinion 
on the relative merits of these types. 

The horizontal engine had an advantage over the 
vertical type, in that it allowed the engines to be placed 
below the water-line, but a disadvantage existed in 
the large amount of floor space necessary. The highest 
powered horizontal engines were those of the Melpomene 
class of 9000 indicated horse-power ordered in 1887. At 
this time the engines used were of the triple-expansion 
type, with steam-pressure of 155 lb. per square inch. 
These engines obtained their large power by an increase 
of the steam pressure and of the revolutions, but they 
were by no means the largest horizontal engines in size, 
as will be seen by reference to Table I., 20. 

The change from the horizontal to the vertical type 
was made in 1885 for the large ships, but sloops and 
ages continued to have horizontal engines till 1887-8. 

ith the further rise of boiler pressure in 1887 came 
the fitting of triple-expansion engines, which at first 
| were of the three-cylinder design; but, as powers 
increased, the low pressure cylinder was divided to reduce 
the size, and the four-cylinder triple-expansion engine 
became common. 

The more important improvements effected during the 
last fifty years have been in the direction of economy of 
fuel, and reduction of weight of machinery and of the 
space occupied by it. Conourrently with these advan- 
tages increased life and reliability of the machinery have 
been obtained by attention to details of construction and 
quality of workmanship and material. 

Much has been done to satisfy the constant demand for 
reduction in weight by the selection of stronger materials 
for the more heavily stressed parts, and improvements in 
the method of producing the materials used has resulted 
in stronger and more reliable metal being available. 
This latter development includes, in the period under 
review, the invention of the Siemens furnace and the pro- 
duction of mild steel of reliable and uniform quality in 
forgings, plates, and castings; the manufacture of high- 
class seamless steel tubing for boiler-tubes and steam- 

ipes; the production of corrugated and other similar 
+o of furnaces, high-tension bronzes, metallic and 
asbestos packings, and other devices required for high- 
pressure steam. There has also been a multitude of 
improvements in machine tools, some of which, such as 
forging presses, riveters, flanging machines, welding 
plants, gauges, and measuring machines for securing 
accuracy of workmanship, have been essential to the 
turning out of high-class work, and have made possible 
many of the advances now under review ; many others, if 
not essential to actual construction, have had a marked 
effect on rapidity of production and reduction of cost. 

Improvement in economy has been chiefly effected by 
successive increases of steam pressure, although, in the 
early stages, the introduction of steam jackets and super- 
heaters produced some direct saving at the lower pres- 
sures. Table II., page 21, shows how improvement in 
economy has accompanied the rise in steam pressures. 

The evwlier increases in steam pressures were closely 
connected with the type of condenser in use, for as soon 
as the surface condenser was successfully introduced, 
enabling the boiler to be supplied almost entirely with 
fresh feed water, the incrustation from deposits of lime 
and other salts was largely prevented. The liability of 
overheating the balbergieies was thus diminished, allow- 
ing the pressures to be increased without danger to the 
heating surfaces. 

It is worthy of note that the surface condenser was not 
a success on the first application, and was dropped for a 
time, being later reintroduced. Between 1860 and 1870 
a large number of engines with surface condensers were 
titted in vessels of the Royal Navy, the steam pressure 
being slightly increased, and being usually about 30 lbs. 
per square inch. 

The simple-expansion engines of about 1870, with steam 
of 30 lbs. pressure, and fitted with steam jackets, super- 
heaters, and surface condensers, were fairly ec momical, 
and were a considerable advance on those immediately 
preceding them. After the success of the surface con- 
denser, renewed attention was given to the subject of 
higher steam pressure and the economy due to greater 
expansion, the theoretical consideration of which marked 
it out as promising greatly increased economy, if the prac- 
tical difficulties could be overcome. When the steam 
pressure rose from 30 Ibs. to 60 lbs., the type of boiler 
changed from the box to the cylindrical, so that this 
increased steam pressure could be safely carried, and the 
engine changed to the compound -—. f 

Great difference of opinion existed among engineers as 
to the merits of the compound system, and probably no 
change made in marine engineering was the subject of 
greater controversy. Like the surface condenser, its first 
application; was made under unfavourable circumstances ; 
in subsequent examples under more favourable conditions 
| the system was remarkably successful, and became uni- 
versal for marine purposes. It may be mentioned that 
| some of the unsuccessful compound engines were fitted 
| with steam pressure of only 35 Ib. per square inch. 

In the compound engines the steam jacket was retained 
| as beneficial, but the superheater was abandoned. Super- 





ever, which is principally associated with the name of | heaters were commonly fitted at the beginning of the 


Messrs. 
the connecting - 


Humphrys, is the direct-acting engine, having | period under review, b 
et between the pe a and the! more of the nature of steam-driers, they were effective in 


and, although they were probably 


crank, the disadvantages of the shorter connecting-rod | their application, yet the difficulties encountered led to 
being accepted. This design of Humphrys was the | their ultimate complete abandonment. 


prototype of the direct-acting engine which ulti- 


mately became universal, and, as the introduction of | pound engines using steam of 60 lb., 


twin screws allowed of longer strokes being arranged 
for, the direct-acting engine of the horizontal type 


The gain in economy, which resulted by the use of com- 
ressure, over the best 


previous type of simple surface-condensing engines usin 


30 Ib. pressure was from 30 to 35 per cent. This was wel 


with connecting rod between the cylinder and the shaft authenticated, and represents the average of the replies 
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iven by the principal engineers and steamship-owning 
cian. Fs io aueaiaes of the Admiralty Committee 
which sat in 1872 on designs of ships of war. 

After about 1872 the new engines for ships of the Royal 
Navy were of the compound type. The original steam 
pressure of 60 Ib. per square inch was increased about 
the year 1880 to 90 lb., and then rapidly rose to 120 Ib. 

r square inch, the ratio of the cylinder areas being 
increased with the steam pressure, so as to secure the 
full benefit from the greater expansion of steam. 

After the practical success of one or two vessels fitted 
with triple-expansion engines, the ordinary compound 
engine was abandoned in favour of the former type. 
The success of this design, in association with higher 
pressures, is undoubted, and from 1885, with a few minor 
exceptions, all new reciprocating engines for the Navy 
have been on the triple-expansion principle, with steam 
pressure commencing at 130 lb. and increasing to 155 1b. 
per square inch in 1887. A further gain in economy of 
about 15 per cent. was thus effected. 

This period saw the introduction of the evaporator for 
producing fresh water for make-up feed purposes. The 
rise of steam pressures and increased duty demanded 
from boiler-heating surfaces were rendering it necessary 
to avoid the introduction of any water which would 
produce even a small deposit on the heating surfaces. 

The evaporator, by making it possible to. use only fresh 
water in the boilers, cleared the way for further rises of 
pressure. These rises of pressure and the demands for 
reduction in weight and space allowed for machinery 
finally led to the introduction of the water-tube boiler, the 
satistactory use of which at sea had now been made 
possible by the adoption of the evaporator. 

For several years after 1887 the pressure was not 
advanced beyond 155 lb., except in the case of the tor- 
pedo gunboat Speedy, whieh worked at a pressure of 
210 lb. per square inch, the steam of this pressure being 
generated in water-tube boilers of the Thornycroft type. 
This vessel is noteworthy as being the first fitted with 
water-tube boilers on a considerable scale in the British 
Navy. The pressure was gradually increased still further, 
until, in 1895, several cruisers were ordered with an 
engine-pressure of 250 lb. per square inch. This is the 
maximum pressure for which machinery installations for 
the Royal Navy have been designed. } ‘ 

An important improvement as regards reciprocatin; 
engines was the fitting in 1899 of a system of fo 
lubrication to the main engines of the torpedo-boat 
destroyer Syren. The two engines of this vessel were 
each of 3100 indicated horse-power, and ran at 400 revo- 
lutions per minute. The application of this system was 
most successful, and it was extended to the engines of 
other torpedo-boat destroyers, and in 1904 to the engines 
of the battleships of the Britannia class, and subsequently 
to others. 

Great benefits were thus obtained, including the prac- 
tical elimination of the troubles of hot bearings. At this 
period the speeds had increased in our largest propelling 
engines to 140 revolutions per minute in some cases, 
although 120 revolutions was the general practice ; but to 
go beyond this speed was considered to be running risks 
of obtaining engines which would not be satisfactory on 
service. With a good system of forced lubrication, how- 
ever, this difticulty was largely removed, and higher speeds 
of revolution would have been ible, with a consequent 
decrease in the weights of machinery, had not the intro- 
duction of the turbine made this unnecessary. 

An improvement which has added to the working effici- 
ency of the reciprocating engine has resulted from our 
greater knowledge of the principles involved in_ the 
balancing of the external forees acting in marine engines, 
by which smoothness of working and reduction of vibration 
have been effected. The reciprocating engine has proved 
a most exce'lent servant, and will, without doubt, con- 
tinue to do useful work for a considerable time. It is the 
development of large and extended experience, and has 
become a very efficient machine. 

The most important development in the period under 
review is the introduction of the steam-turbine, and a paper 
of this nature would not be complete without reference 
to Sir Charles Parsons, whose engineering ability has 
brought the turbine to such a state of perfection as to 
allow of its successful use in practicallyall warships and 
in many ships of the mercantile marine. Recently Sir 
Charles Parsons has also shown how to obtain the advan- 
tage of the economy of high-revolution turbines b: gearing 
them to suit the slower revolution of propellers bot 
for the slower-speed vessels of the mercantile marine and 
for reducing the consumption at low powers in ships of 
war. As he is himself reading a paper on the subject 
of the development of the steam-turbine, it will not 
be necessary for me to refer at any length to this ques- 





tion. The introduction of the Parsons steam-turbine was 
accompanied by a lowering of the boiler pressure from | 
that in use at the time with reciprocating engines, as the | 
advantage to be gained in economy by the use of very | 
high pressures aid not appear to be commensurate with 
the increased weight involved, especially as in the turbine | 
a more fruitful source of economy existed in the lowering 
of the back pressure. 

A paper published in 1899 by one of our honorary 
members, the eminent French Director of Naval Con- | 
struction, M. L. E. Bertin, stated. ‘*‘It is easier to raise | 
the initial pores than to lower the back pressure ; 
these are the two principal means of improving the 
economic conditions.” This was the engineering view 
current at that period, and it is therefore worthy of note | 
that ten years later we should find ourselves abandoning | 
the easier plan of raising steam pressures, and making | 
every effort to effect the more difficult task of lowering | 
the back pressures to the economical limit, a task in 
which considerable success has been attained. 

The great advantage of the steam-turbine is that it 





allows us to utilise conveniently, to a greater extent than 
reviously, the energy existing in the steam at the lower 
mits of temperature, and this has caused the condenser 
and air-pump design to be ver, s 
with excellent results as vacuum obtain: 

was not uncommon with the reciprocating engine to con- 
sider a high vacuum as a doubtful advantage, but this is 
now the subject of a guarantee in most machinery con- 
tracts for turbines. 


The first war-vessel fitted with turbines was the Viper, | 


and this vessel obtained the very high speed of 33.838 
knots. This ship was followed by the Cobra, but, un- 
fortunately, both were wrecked before any extended 
experience was obtained. The next important applica- 


tion was in the third-class cruiser Amethyst, which | 


carried out her trials in 1904. ‘To compare the results 


obtained from the turbines with those from reciprocating | 


engines, the Topaze, a sister vessel, carried out an exactly 
similar series of trials, every effort being made to obtain 
the best results in each ship. These trials established 
the general superiority of the turbine as ards high- 


power ne and formed the basis on which our war- | 
a 


ship turbines have since been designed. Since the date 


of these trisls, the fitting of the turbine has become | 


almost universal in the British Fleet. 
The Dreadnought was the first battleship fitted with 
turbines. She was followed by the armoured cruisers of 


the Invincible class (41,000 shaft horse-power), the trials | 


of all of which were quite satisfactory. In the latter 
ships the water consumption at full power averaged 12 1b. 
per shaft horse-power for turbines alone, while at a speed 
corresponding to 10 knots—viz., 3500 shaft horse-power— 
the average consumption was 22 1b. per shaft horse-power. 
The consumption of turbine machinery at very low 
ekg although recently improved, is still comparatively 

igh, but it is com ted for by etficiency and economy 
at high power, and other advantages by turbine 
machinery. A very large number of torpedo-boat de- 
stroyers have been fitted: with turbines, and with oil fuel 
for boilers the result is a very effective combination. 

Most existing turbine ships of large size have four 
shafts, the two on each side having turbines in series; 
while the smaller installations have three shafts, the 
two high-pressure turbines in the wings exhausting to 
the low-pressure in the centre. Recently, however, two- 
shaft arrangements with combined impulse and reaction 
turbines of various types have been introduced, and some 
have been already satisfactorily tried, notably those in 
the cruiser Bristol and the destroyer Brisk. 

ing next to the important question of weight 

of machinery, Table I., page 20, shows the horse-power 
obtained per ton of machinery at various periods. The 
development in floor space is equally interesting, and for 
large ships the following table shows the space occupied 
in typical ships of various periods, the power taken being 
that developed on the eight hours’ or other long trial :— 


Floor Space Occupied by Engines and Boilers. 


Sq. Ft. per 
Wieden Steaen. 
Warrior “4 ron vs 1860 0.785 
Bellerophon ... i a 1865 0.79 
Devastation ... ‘a ee 1870 0.69 
Shah ... ah ee Ee 1875 0.64 
Edinburgh ... = fae 1880 0.64 
Howe ... - : = 1885 0.615 
Royal Sovereign a bd 1890 0.495 
Prince George a a 1895 0.543 
Canopus fe a a 1900 0.406 
New Zealand... 1905 0.38 
Collingwood ... es 1910 0.357 


Reliability of machinery has much increased during the 
fifty years under review, and this is proved by the com- 

rative immunity from breakdowns of H.M. ships. It 
is more. particularly evident when the large amount of 
steaming now carried out, both on naval manceuvres and 
general service, is compared with the much smaller 
amount done by earlier ships. Considering the increase 
in piston speed and revolutions of later ships, this must be 
considered especially satisfactory. These increases are 
shown in the following table :— 


Piston Speeds and Revolutions. 


Piston Revs. 


Date. peed. : 
Ft. per Min, Pet Min. 

Warrior in as 860 440 55 
Sultan ce aS 1870 639 71.5 
Inflexible ... ay 1880 616 77 
Royal Sovereign ... 1890 900 105 
Albemarle... Ss 1900 960 120 
Lord Nelson... dl 1910 1000 125 


The gradual and considerable increase of power of shi 
of the Royal Navy, both individually and collectively, 
has been previously referred to. The collective increase 
is shown in the following table, giving the total horse- 
power of ships in the Navy List at the end of decennial 
periods :— ; ; 

Reciprocating Turbine. 


Engine. 

1. H_P. 8.H.-P. 
1860 ; “* ion 541,175 — 
1870 - We on 576,980 —_ 
1880 re me ” 814,200 _ 
1890 — ots ... 1,453,200 — 
1900 pm “a ... 2,985,400 10,000 
1910 = ... 8,510,530 1,470,450 


These increases of power and s cannot, of course, 
be obtained without correspon ing additions in the 
quantity of fuel consumed by the fleet. The very con- 


siderable increase in this item of maintenance is shown in | 


the next table :— 


carefully omens, 


Fucl Consumed by the Fleet. 
Coal. Heavy Oil. Petrol. 


Tons. Tons. Tons. 
1860 we veil 100,000 = — 
1870 or. ine 150,000 — - 
| 1880 us a 200,000 . aa 
1890 = si 400,000 — — 
1900 F ; 900,000 -- — 
1910 a ... 1,440,000 48,500 3,500 


| The initial cost of the machinery will also naturally be 
| expected to have risen considerably with its increased 
| weight and poWer. This feature of the last fifty years is 
shown in Table III., page 21, giving the cost of machi- 
| nery of typical ships in each of the decennial periods. 

In tracing the development of the warship’s propelling 
engine —s the period under review, many interesting 
matters of detail —— be referred to, but it is only 
possible to do this in the briefest manner. 

Methods of increasing the quantity of steam produced 
from a given weight of boilers have always been attractive 
| to warship engineers. Warships in 1860 had no such 
methods other than the ordinary funnel. 

In the Navy the steam blast (first fitted in the Monarch 
in 1869) was an effective method of increasing the draught, 
and continued to be common until about 1884, when it 
was finally abandoned. This method was very wasteful 
of steam, and also of fresh water, although at that period 
| the necessity of maintaining the feed water as fresh 
| as possible was not as important a feature in the working 
of the boilers as at present. The heavy loss of fresh 
water, unavoidable with the blast system, led to the 
introduction of fan-engines in the stokehold in 1870. 
These early fans, however, were more in the nature 
of ventilators, ensuring an ample supply of air, and it 
was not until 1880 that the closed stokehold system was 
first tried, and what has been termed ‘‘ forced draught ” 
introduced. The introduction of this method of increasing 
the rate of burning coal was attended with many difficul- 
ties, and the higher temperatures resulting revealed the 
weak parts of the boilers of that period. These difficulties 
were at one time so serious with the type of boiler fitted 
in many warships as to cause great anxiety, and it is not 
too much to say that for some years they constituted a 
serious menace to the war efficiency of the fleet. 

The locomotive boilers, especially those which were first 
ordered in 1887 for torpedo gunboats, gave a considerable 
amount of trouble in the endeavours to obtain a large 
output of steam from a small weight of boiler. The great 
difficulty of keeping the tube ends in the combustion 
chamber tight, due to inadequate circulation over the 
whole plate, led even to the extreme measure of fitting 
centrifugal pumps in the boilers for the purpose of obtain- 
ing a sufficient and definite circulation. It is very inter- 
esting to read, in the light of present experience, the 
suggestions of the principal engineers of this country 
(including locomotive engineers) to overcome the difti- 
culties then encountered. In those days brass tubes and 
copper fire-boxes were considered necessary in locomotive 
boilers to allow of the heat being readily conducted to 
the water. Troubles were, however, by no means con- 
fined to locomotive boilers. 

A considerable number of experiments were made in 
the endeavour to overcome these difficulties, includin 
very exhaustive ones with various types of ferrules fit 
in the tube ends for preventing loskegn, and the intro- 
duction of the Admiralty pattern cap ferrule did much 
to maintain the efficiency of the boilers under forced 
draught conditions at this period. Other systems of 
forcing the fires were also experimented with, but experi- 
ence showed the closed stokehold system to be most 
suitable to warship requirements. 

Important changes have taken place in the period under 
review as regards auxiliary engines, especially in their 
more extended application for various purposes. 

Table IV., page 21, gives a list of the auxiliary machi- 
nery as, fitted in modern war vessels and their approxi- 
mate powers, and also the auxiliary machinery fitted in 
the most powerful vessel of 1860, from which the very 
great impurtance of the auxiliary-engine work of modern 
warships as compared with that of the early types will be 
evident. 

The table shows the large amount of steam which 
must now be used for purposes other than the propulsion 
of the ship, and what a considerable quantity of heat 
is contained in the exhaust steam for those engines. 
The adoption of the well-known closed exhaust system a 
few years ago has had a beneficial effect in greatly re- 
ducing the fuel expenditure for such auxiliary pur 

With the increase in the power of machinery oa in the 
number and variety of auxiliary engines, a demand has 
arisen for — facilities for dealing with repairs. In 
| 1860 new ships carried no machine-tools, and depended 
| for machine tool work, when not in dockyard hands, upon 
| the floating workshop attached to each of the principal 
| ports. At the present time every ship above the rating of 
|a destroyer carries a equipment of modern lathes 
|and other machine-tools, together with other up-to-date 
| apeeneee capable of dealing with all ordinary defects 
| that arise. Repair ships, with very complete outfits, are 
| attached to various squadrons for dealing with items of 

greater magnitude. In addition, modern ships contain 
appliances for the health, convenience, and comfort of 
the crew, which require steam or distilled water, and 
create a considerable further demand on the boilers. 

An important change has gradually taken place in the 
| manner of —s the auxiliary engines which are neces- 
| sary for the use of the main engines and boilers. These 

were at first practically all worked by rods or levers from 
| the main engines themselves, but they have been removed 
one by one and worked by independent engines. Although 
it is not so economical as steam consumption to 
drive these auxiliaries by separate engines as to drive 
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them from the main engines, the great convenience of the 
former arrangement has been recognised. 


Considerable difficulty was often experienced in satis- | 


factorily feeding the boilers by the main feed pumps when 


they were driven off the main engines, and about 1875 | 
separately-driven feed-pumps were introduced, and there | 


was thus removed considerable anxiety as regards the 
certainty of the supply of feed water to the boilers. 


separate circulating pumps of the centrifugal type in place 


In 1878 a further development was made in fitting | use of electric-motors for various purposes on board war- 


about 1875 in connection with searchlights and subse- | engines adapted for capstan duty in the Hercules in 1866, 
uently with the internal lighting of ships. Noone more | while in recent years electric motors have displaced the 
than the marine engineer appreciates the comfort attached | steam-engine for driving the capstans. The steering- 
to electric lighting, and the great aid it is to him in| engine remains on much the same lines as first designed, 
carrying out his duties sutisfactorily. ; : |and was first fitted about 1866. Boat-hoisting engines 
Like all innovations, difficulties were experienced in the | were first fitted in the Ajax in 1881. These first engines 
initial stages with the generating machinery, and even | Were steam-driven. Electric and hydraulic systems have 
at present they are not quite unknown. The increased | since displaced the steam-engines in new ships. Hydraulic 
| pumping-engines for use in connection with gun-working 

ships may be recorded as one of the principal changes | machinery were also first fitted in the Ajax in 1881. Thee 


TABLE I.--PARTICULARS OF MACHINERY OF REPRESENTATIVE WARSHIPS AT DIFFERENT PERIODS BETWEEN 1860 AND 1910. 























} DetaIts OF ENGINES. | Number . 
Date of | | ieee iets —| _  \gnecd Feet! Due | LHP. | poy 
Name or Snip. | Trial of | Makers of Engine. Screw. | Type of Machinery. | Revolu- = tion of (Natural | p.. vand 
| Machinery. | | | Number of Diameter in Stroke. | ons per Minute Tria’. Draught). oars. 
| | Cylinders. Inches. *| Minute. ; 
| | ft. in. hours = of 
| . in, 
Warrior... .-| Oct., 1861 |J. Penn and Sons .. ..| Single |Jet-condensing, simple} 2 112 40 | 54 434 14 5,469 22 
| horizontal trunk 
Conqueror --| Apr., 1863 |Ravenhill, Selkeld Co. .. “a | Horizontal i a 2 71 3 0 61 366 te 2,050 20 
Bellerophon ..| Sept., 1865 |J. Penn and Sons .. : ee |Horizontal trunk, sur-) 2 112 40 74 F92 “a 4,708 30 
| |_ face condensing 
Northumberland) May, 1867 Ditto ee | oe |Horizontal trunk 2 112 4 4 60 520 ; 6,620 25 
Hercules ..|Jan., 1869 Ditto me sen ie | Ditto i 2 118 4 6 71 639 8,530 30 
Devastation ..| Oct., 1872 Ditto | Twin |Surface-condensing, sim-|4, 2 to each engine| 380 8 8 | 7 500 2 6,652 30 
| | | ple horizontal trunk 
Raleigh .. --| Apr., 1874 | Humphrys, Tennant, &Co.| Single (Horizontal Pe . 2 100 46 74 666 2 6,160 30 
Shah .. ..| Apr., 1876 |Ravenhill, Easton, and Co. “ itto im sell 2 40) 65 520 2 7,477 32 
Inflexible ..| Nov., 1878 |J. Elder and Co. .. sof Twin |Surface-condensing, ver-|6, 3 to each engine 2 of 70, 4 of 90 40/) @ 584 6 8,483 60 
| | tical | 
Agamemnon ..| Aug., 1881 |J. Penn and Sons .. | i Vertical, convertible = Ditto 54 3 3 86 559 6 6,362 63 
Edinburgh _ ..| Sept., 1883 |Humphrys, Tennant, & Co. ae |Vertical, tri-compound..| Ditto 2 of 58, 4 of 75 3 6 | 88 616 6,820 64 
Howe .. ..| Jan., 1886 Ditto Ditto | * | Vertical, compound, sur-| Ditto 2 of 52, 4 of 74 3 9 94 | 705 4 | 7,730 90 
| face condensing | 
Sans Pareil _..| Sept., 1888 | Ditto Ditto | ~ |Surface-condensing, tri.) Ditto 2 of 43, 2 of 62, 20f96 4 3 87 742 4 | 8,070 135 
| ple-expansion vertical } 
Blenheim .-| Jan., 1891 Ditto Ditto | 8 } Ditto Ditto |12, 6 to each engine |4 of 36, 4 of 62, 4 of 80 4 0 95 760 8} | 14,925 155 
Royal Sovereign) Apr., 1892 Ditto Ditto ” Ditto Ditto \6, 3 to each enyine)2 of 4%, 2 of 59, 20f 88 4 3 97 824 8 | 9,660 155 
St. George ..| Jan., 1894 |Earle’s Company .. an se Ditto Ditto | Ditto Ditto Ditto 43 } 100 850 8 10,500 155 
Prince George ..| Sept., 1896 |Humphrys, Tennant, & Co. | - Ditto Ditto Ditto Ditto Ditto 4 3 97 824 8 10,465 155 
Canopus. . ..| Aug., 1899 |Greenock Foundry a i Ditto Ditto | Ditto 2 of 30, 2 of 49,2 0f 80' 4 3 | 108 918 8 13,780 300 
Implacable ..| Mar., 1901 | Laird’s ‘i at oot ” Ditto Ditto Ditto 2 of 31}, 20f514, 20f84) 4 3 | 108 918 8 15,250 300 
Albemarle ..| Jan., 1903 |Thames Company .. aaa aa Ditto Ditto 8, 4 to each set |20f 344, 20f 545,4 0f63, 4 0 | 120 960 S 18,300 300 
New Zealand ..| Mar., 1905 |Humphrys, Tennant, &0o.| ,, Ditto Ditto | Ditto 2 of 38, 2 of 60,4 0f 67 | 4 0 | 120 960 8 18,400 210 
Lord Nelson ..| Jan., 1908 |Palmer’s oe a eel aes | Ditto Ditto Ditto 2 of 32}, 2 of 523,40f60 4 0 125 1000 5 17,450 235 
| | Rotor. Dia. in Inches. | Tip speeds* 
| | | - - 
HP. ; LP. H.P. | L.P. 
Dreadnought ..| Oct., 1906 | Vickers (turbines by Par-/Quadruple/ Parsons turbine engines) he 68 92 —- 1 aa 6050 | 8,600 8 24,700 250 
sons | | | 
Bellerophon .. Oct., 1908 | Fairfield Co... Pe ey ” | Ditto Ditto } = 68 92 “0 324 6030 | 8,580 8 24,100 235 
Collingwood ..| Jan., 1910 |Hawthorn, Leslie, and Co. | ” Ditto Ditto o 68 92 - | 8% 60 0 8,590 8 26,300 235 
Neptune ..| Sept., 1910 |Harland and Wolff (tur-; . Ditto Ditto ve 82 | 109 .. | 832 7330 10,175 8 27,720 235 
| *| bines by Brown) } 
| ! | | 
* Mean peripheral speed of Llades in feet per minute. 
TABLE I.—(continued). 
| 
| } WeicuT IN Tons OF I.H.-P. PER TON oF 
| 3 
| Approxi- Machi | | | = -P. pr 
a1: te achinery ‘on oO! 
| Date of Description of Heatin, Auxiliary I H_P. of; and — Boilers . . . a7 Machinery, Coal per 
Hams er Gane, | Sak of Bollers. Surface, | Reine | ci “auxi.| Boilers, | Engines,| with | Water in| Waterin| +... | Water in| including | 1.H.-P. per 
| Machinery. oe a hie” | ities aed | Waker ak — at |One —— tae es | ilieen: Water. ~Sea 
| Number. ; | ies. | * orkio a 8 8 | ‘ ~ . 
} | Engines. + sees at | Auxiliary.) Working Height. Working | Column | Column | Cc oe As Column 
| orking Height. Height. (b) (c) olumn (a) 
| Height. (d) 
(a) ®» | © | @ | | 
| SS Sa perenne ee a | ee Cee ae — —_ a eae ae 
} sq. ft. | | | 
Warrior .. -.| Oct., 1861 Rectangular, iron 22,500 | 8 350 898. 23 421.63 | 476.6 171.7 17.17 12.97 11,47 31.87 5.67 3} to 5 
Oonqueror --| Apr., 1863 | Tubular 14,400 | 6 j 2380 350 141 209 70 17.5 14.5 985 | 23 5.87 
Bellerophon of Sept., 1865 | Ditto 19,000 9 | 500 987.8 471.1 | 516.7 139.5 15.5 10 a1 33.7 4.78 
Northumberland) May, 1867 | Rectangular 25,500 10 680 1144.6 464.6 | 680 211 19.2 14.25 9.73 31.4 5.77 3.8 
Hercules ..| Jan., 1869 | Tubular 22,800 | 12 600 1209.7 566.9 642.8 156.72 17.4 15 13.25 54.25 7.05 3.14 
Devastation .. Oct., 1872 | es 13,000 16 880 971.95 484.25 487.7 125.8 19.1 13.73 13.64 52 87 6.85 3.12 to 4.42 
Raleigh .. ..| Apr., 1874 Rectangular 17,800 | 14 | 900 950.6 403.6 547 144 16.0 15.25 | 11.25 42.8 6.48 3.77 
Shah oh ..| Apr., 1876 | Rectangular, tubular 21,000 | 21 1500 126°.8 548.4 721.4 170.68 17.06 13.65 10.35 43.6 5.87 3.2 
Inflexible ..| Nov., 1878 Oval, single anddouble} 21,200 | 82 | 1400 1366.4 | 654.2 712.2 187.38 18.56 12.96 11.9 45.27 6.2 2.38 to 2.74 
| | ended, iron | | | 
Agamemnon ..) Aug., 1881 | Oval 17,700 30 1050 1144.7 542.6 602.1 156.55 15.65 11.7 | 10.55 40.7 5.55 3.12 
Edinburgh ..| Sept., 1883 Oval | 18,400 40 ' 1200 1039 471.4 567.6 155.83 15.58 14.45 12.02 43.75 6.55 3.51 
Howe : .-| Jan., 1886 Oval 19,300 56 2890 1151 542.5 608.5 165.78 13.8 14.26 12.7 46.5 6.72 | 2.16 
Sans Pareil .-| Sept., 1888 Wine, single- 19,600 92 2100 1090, 29 509.19 581.1 132 18.8 | 15.85 13.87 61.14 7.4 1.88 to 2.6 
| ended, steel | 
Blenheim ..| Jan., 1891 | Cylindrical, 6 double | 38,500 66 2080 1542 738 754 181.02 25.86 18.95 19.8 82.5 9.68 2.2 (N.D.) 
and 1 single-ended 
Royal earns Apr., 1892 ——- return- 19,500 70 3435 1168.8 562.9 595.9 138.68 7.33 17.15 16.2 69.5 8.34 2(N.D.) 
tu! | } 
St. George ..| Jan., 1894 Cylindrical, 4 double 23,250 | 53 1895 | 1162 | 491.25 | 670.75 171.5 34.3 21.5 15.65 | 61.4 9.1 1.65 
and 1 single-ended | } | 
Prince George ..| Sept., 1896 | Cylindrical, single- 24,400 146 } 2080 1326.6 | 6 3.8 702.8 165.2 20.65 | 16.77 14.89 63.34 7.9 1.82 at 50 p. c. 
ended, steel | | } of full power 
Canopus ..| Aug., 1899 | Belleville, — econo-| 33,807 66 4140 1231.3 | 664.9 | 666.4 | 35.625 1.78 20.72 24.3 387 11.17 1.72 
| misers | | 
Implacable ..| Mar., 1901 Ditto 87,164 69 4250 1408.9 769.7 639.2 42.66 2183 | 19.81 | 2389 358 10.82 1.87 
Albemarle ..| Jan, 1908 Ditto 43,310 68 4260 | 1608.4 838 7704 — 45.8 19 | 2182 | 23.7 400 11.37 1.96 
New Zealand ..| Mar., 1905 Cylindrical and 46,050 61 3540 1789.1 | 867.8 921.3 123.55 | 5.9 21.2 | 20 149 10.28 2.1 
| clausse | | 
Lord Nelson ..| Jan., 1908 | Babcock and Wilcox 46,200 47 3900 1551.3 | 785.9 | 77654 61.1 } 4.07 222 | 228 286 11.22 2.0 
Dreadnought ..| Oct., 1906 | Ditto 55,400 86 5200 1897.7 | 973.4 924.3 76.68 3.76 25.2 26.8 364 13 1.52 
Bellerophon ..| Oct., 1908 Ditto 54,530 93 5825 1935.8 | 1014.5 921.3 68.0 3.76 23.8 26.2 355 126 1.55 
Collingwood ..| Jan., 1910 Yarrow 63,414 96 6050 19835 | 1072.6 910.9 89.3 4.94 24.5 28.9 7 13.28 1.8 
Neptune | Sept., 1910 Ditto 63,360 96 6050 «=| § 2036.3 1108.9 927.4 96.0 6.33 | 25 | 29.9 288 13.64 1.464 





of those which had hitherto been driven off the main 
engine. Separately-driven fire and bilge-engines were 
introduced im 1881. The main air-pump survived for 
some time as the last auxiliary engine driven off the 
main engines, and the replacement of this type by the 
separately-driven pump did not take place entirely until 
about 1902. Although the reciprocating pumps now fitted 
for these auxiliary purposes are very reliable, they are in 
their turn threatened with rivals in the shape of the 
turbo-pumps which are being perfected and used for 
various auxiliary pur 

Electric generating engines were first fitted in ships 


| ' 
/ [ 
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| which have taken place during the period under review. | engines are of the horizontal compound type, and have not 


The engine first used for generating electricity was changed much in design since those first fitted. Air-com- 


, of the open type; then, about 1885, the Willans engine | pressors for torpedo work were first adopted about 1880. 


was generally used. A return was again made to the| Steam boats were first carried by warships in 1869. 
open type of engine about 1891, and about 1898 this was |The development in the engines and boilers of these 
replaced in new ships by the enclosed forced lubricating- boats has been on somewhat similar lines to that of the 
engine, which has been very successful. The turbo-gene- main propelling engines. Most of the present boats are 
rator has now made its appearance on board our ships; fitted with water-tube boilers and two-cylinder forced- 
the great advantage of the turbine naturally commends | lubrication engines with surface condensers. A number 
itself. of oil-moto ve been tried, but these have not given 

There is not much to record in the development of entire satisfaction, although some are giving improved 
capstan engines, except that the first so fitted were fire-| results. Superior types, however, to the ones at first 
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fitted are now being fitted, and the a | paraffin and | 
petrol motor-boats now being successfully introduced 
represent the tendency of development in this matter 
at the present time. 

During the period under review the source of power | 
has up till recently been coal, but within the last few 
years a powerful rival has appeared in the shape of liquid | 
fuel. The inherent advan of liquid fuel for the | 
generation of steam in marine boilers, especially for war- 
ships, have been recognised for many years, but the | 
practical difficulties which hindered its successful use for 
this purpose were not overcome till about 1904. 

In the early experiments with liquid fuel the smoke 
which was given off was often very heavy, but now, where 
oil fuel only is burnt, as in some of our torpedo craft, the 

»roduction of smoke is completely under control, except 
ne a few minutes at lighting up, and even under these 
conditions very little need be made, while on ordinary 
running smoke can be prevented entirely, or readily kept 
down to such a minimum as will indicate the economy 
of combustion. Where both coal and oil are burnt the 
elimination of smoke is more difficult, but experience has | 
shown that under these conditions the careful use of the 

modern appliances enables the smoke to be kept down to 

a lesser amount than with coal only, without interfering | 
with the efficiency of the combustion. | 

Coming to progress in the use of oil as a source of | 
= without the interposition of a boiler, internal-com- | 

ustion oil-engines ae | heavy oil have been in use for | 
many years in ships of the Royal Navy for driving | 
dynamos ; such engines are at present heavier than the | 
actual steam reciprocating engines they replace, but if 
the boiler power, condenser, steam-pipes, &c., required 
to drive such reciprocating engines are taken into 
account, the difference in weight largely disappears. 
These oil-driven dynamos, for Service reasons, use oil of 
flash-point not less than 200 deg. Fahr., and the con- 
venience which attends their use is considerable. This 
would be particularly the case in small ships which do not 
require to keep steam for drills, &c., and where motor- 
pumps for fire and similar purposes are available. Many 
initial difficulties were experienced in the working 
of these engines; the arrangement for the discharge 
of the exhaust gases was often inconvenient, and the 
fitting of oil-driven dynamos to. later warships has been 


| 





discontinued. These difficulties, however, have now | = 


n practically overcome with the further experience 
obtained, and recent reports respecting these engines are | 
so satisfactory that their re-introduction will no doubt be | 
considered. 

TaBLe II.—Economy Due to Rise in Steam Pressure. 























| 
| Load on Coal per 
Date. Ship. Safety- | + mn Hour per | 
Valves, | ‘ H.-P. | 
=e 5 | | “ 
} Ib. persq. in. | | 

1848 | Phenix lr oe eo 

1856 | Himalaya 18 2,000 | 

1858 | Aboukir 20 1,533 | 

1860 | Warrior 22 5,469 | 

1862 Defiance xe 20 2,500 

1864 | Achilles ~ ws 25 5,800 | 

1866 | Bellerophon... 30 6,500 

1870 | Audacious .. 30 4,800 3.78 

1872 Devastation .. 30 5,600 2.93 

1874 | Modeste a 60 2,000 | 2.42 

1876 | Boadicea ... =e 70 5,300 2.4 

1881 Satellite +s ‘ 90 864 2.5 

1882 | Polyphemus . ; 125 840 3.32 

1886 Mersey . ‘ 110 | 6,300 2.5 

1888 | Narcissus... ss 135 8,589 2.5 

1888 | Sans Pareil .. os 135 14,500 2.26 

1891 Superb oe ef 145 6,100 1.9 

1893 | Ramillies .. o- 155 9,443 1.7 

1893 Sultan* - os 155 4,018 1.77 

1896 | Prince George oa 155 | 10,465 2.3 

1897 Terrible oe ° 260 | 22,370 2.0 

1898 | Didem |... 320 | 17,168 1.76 

1899 | Canopus... e 300 13,780 1.72 

1902 | Dunean i Re 300 18,222 1.95 

1904 | Commonwealth .. 270 | 18,562 1.83 

1904 Hindustan .. Fi 210 | 18,662 1.76 

1906 | Dreadnought : 250 | 24,712 1.52 

1908 | Bellerophon .. ‘ 235 24,091 1.55 

1910 | Neptune de - 235 | 27,721 | 1.46 

* Trial after fitting with new boilers and engines. 

The use of the internal-combustion engine for marine 
propulsion, during the period under review, does not 
provide much to record in the way of actual changes 
made, beyond the fact that these engines have beensuccess- 
fully installed in submarines and small craft. Little has 
been actually accomplished in warships. The large 
reduction in consumption of fuel obtained by the use of 
the oil-engine is, however, a great incentive to renewed 
effort to obtain satisfactory es of large size, and the 


future is full of promise in this direction, and great changes 
may be anticipated in respect to the adoption of such | 
engines for propulsion when the mechanical problems of | 
their construction and of their reliability for continuous | 
working have been satisfactorily solved. 

No review of this kind would be complete without a few | 
remarks respecting the officers and men who have charge 
of the machinery fitted in our warships, and the important 
changes which have taken place in their character and | 
numbers. 

The following table shows the t increase and corre- 
sponding importance of the engineering personnel which 
has taken place in the period under review :— 


Officers. Men. 
1860 ... bids “ om 1092 3,797 
EE Ser 3,926 
1880 ... ede = a, 79 5,056 
1890 ... es ae aa 698 10,377 
1900 ... Sie = - 970 24,805 
1910 ... ait ae oa 1461 37,221 


| Engine-room 


| Boiler-room fire and  bilge- 


|ing problems, the so! 


To compare the total number employed in the engine- 
room department of a first-class ship in 1860 and 1910, we 
may take the Flag Ship of the Channel Squadron of 
1860—viz., the Royal Albert, and the corresponding 
ship of the a day—viz., the Neptune, the present 


Flag Ship of the Home Fleet :— 
Engine-Room 
Complement. 
Horse-Power. Officers. Men. 


1860. Royal Albert 500 N.H.-P. 7 20 
1910. Neptune 25,000 S.H.-P. 7 224 


The seven engineer officers in the Royal Albert con- 
sisted of :— 

One chief engineer, two first assistants, two second 
assistants, and two third assistants, of whom only the 
chief engineer appeared in the Official Navy List. It 
was not until 1870 that junior engineer officers’ names 
were inserted in the Navy List. 

The twenty men of the Royal Albert consisted of five 
leading stokers and fifteen stokers, which staff had to 





be supplemented by hands from deck for coal-trimming 
when the ship was at sea under steam. 


practical application of the results of such to the advance- 
ment of naval architecture. 


APPENDIX. 
Extract from Report of an Admiralty Committee (1858). 

“* From the experience thus gained, the Committee have no diffi- 
culty in coming to this conclusion, that, of all the variety of 
engines that have been purchased by Government for our-screw 
ships of war, the following are so far superior to all others that no 
engines of an older make should ever again be put on board. The 
engines to which they now refer are :— 

“1. The single piston-rod engine, with the connecting-rod 
attached direct to the crank-shaft, and with a single flat guide. 

“2. The engine commonly known as the trunk engine, and 
patented by Messrs. Penn and Sons. 

“*3. The double piston-rod engine. 

“There can be no doubt, as already stated, that these three 
forms of construction for engines are not only better suited for 
the navy than any other kinds that have been purchased for men- 
of-war, but also that they are better suited for those purposes 
than any modifications of the steam-engine that have as yet been 
constructed. 

“But another and a further question arises, and that is the 
question, the relative merits of these three engines. On this 
point the Conmmittee would say that, if any one be found to be 





TABLE III.—Cost or MAcuinery. 











Type of : Total Load on 

Date. Vane Name. Weight of | Cost. H.-P. —— — Safety 

: Machinery. | | | Valve. 

| | Engine. } Boiler. 
tons | & | ib. per sq. in. 
1860 |Armour plated Warrior .. - 898 74,409 5,470 Horizontal, simple jet- | Rectangular 22 
broadside ship condensing trunk 
1870 Ditto Sultan - a 1276 76,042 | 7,720 a Sa surface-| Low pressure 30 
condensing. | 
1880 | Battleship Collingwood = 1244 117,690 | 9,570 Vertical, compound Elliptical 90 
1880 Cruiser .. Forth os be 568 , 5,700 9 ” | Cylindrical 110 
1890 |Battleship .. Royal Sovereign 1559 100,000 11,000 Inverted wontons, triple- oo 155 
ex on 
1890 Cruiser . Royal Arthur. 1184 99,000 | 10,000 tto . 155 
1900 | Battleship Albemarle .. 1608 181,000 18,000 | Vertical, triple 4-cylinder Belleville with 800 
economisers 

1900 Oruiser . Kent oe 1789 | 217,000 22,000 P- Ditto 800 
1910 Battleship .. Neptune .. i: 2036 | 258,000 | 25,000 | Parsons turbines Yarrow 236 
1910 | Cruiser . Indefatigable ... 3210 404,000 | 43,000 m |Babcock and Wilcox 245 





TaBLe [V.—Steam and Oil-Driven Auxiliary Machinery, 
excluding Hydraulic or Electric Motors. 


“St. Vin-| “Invin- | Old 


cent.” cible.” | ‘*Warrior.” 
Description. ae }_ 
No. L.H.P. No. LH.P.) No, |I.H.P. 
conmeanl| cananetente |cisnese festeniitetel easter [anantmane 
| Main feed-pumps a 3} 140, 8 366 
Auxiliary feed-pumps .. 6; 150| 8 366; 2), 80 


re and bilge- | | 


x 
rs 
& 
~ 
+ 


pum 


4 

pumps .. R© am 3 
Main air-pumps, twin .. ot 6 
Auxiliary air-pumps, single ..; 2 
Oil-fuel pumps for boilers -| 6 
Oil-fuel tank-pumps in engine-| 

room . es = wt OT 
Lubricating oil-service pumps | 8 15 | 6 20 
Water-service pumps .. of 8 8 
Boiler-room air-compressors ..| 3 
——e air-compressors 3 
Hydraulic pumps 3 
Dynamo engines 3 
Oil-driven dynamo -_ ee 
Boiler-room fan-engines «-| 24 





Circulating pumps 4| 520 4° 650 
Steering engines 2/10; 2; 870/ 1! 5O 
Capstan engine .. ie --| 1| 800 1, 820; 1, 180 
Distilling pumps we od 10 6 4/1 © 
Air-compressors for ash- } 
ejectors or ash-hoists ‘ 3 Si ..| . | 3| @ 
Steam-boats oe at 3| 375| 2 300 
Total o° “| 94 | 6225 (106 6331 8 350 


* Not included in total. 


The gradual reduction in comparative number of engi- 
neer officers compared with men will be evident from an 
examination of this table. In 1860 mechanics entered for 
the service of the engine-ruom obtained recognition as 
junior officers. Such procedure would, of course, now 
impossible, owing to the large increase in the number of 
mechanics carried on a warship consequent on the great 
extension of mechanical appliances which has recently 
taken place, and, although the number of engineer-officers 
in modern warships is , there has m no diminu- 
tion in the amount of mechanical skill proportionately 
present. 

In connection with the preceding table, showing the 
numbers of engineer-officers from 1860 to 1910, it may be 
noted that 1910 was the last year in which any engineer- 
officers, as they have hitherto been known, passed into 
His Majesty’s Service. 

In concluding this review, it nay | be remarked that, 
although much satisfactory progress has been made during 
these fifty years, man - semper ge En ay difficult engineer- 

Tation of which will mean further 
advance, remain for the coming generation. There is no 
finality ; developments are continually taking place, and 


| great efforts are being made every day to obtain higher 


efficiency. There is plenty of scope for the enthusiast, 
and there can be no doubt that this Institution will con- 
tinue to be the means of bringing details of pi made, 
and the possible lines of further advance, to the notice of 
the marine engineering —— generally, and of aiding 
and encouraging the labours of those who are working in 


the important field of experimental research, and of the 


superior to the rest, or should an engine be found, on future 
examination and experience, superior to all others, the Govern- 
ment ought to adopt that engine, either when they are purchas- 
ing new engines, or when making engines in their own factories, 
because the Committee would strongly urge that all engines 
furnished to our men-of-war should have all that modern know- 
ledge of steam machinery can uce ; nor do they see any 
reason why engines should ever be received into the naval service 
at all in which there is any degree of inferiority whatever to 
other engines which may be procured. 

“* Bearing these principles in mind, the Committee, after the 
most careful examination of the actual performances of various 
engines, and carefully weighing the evidence which has been 
given, have arrived at the conclusion that for very small engines 
the single piston-rod engine, as adapted by Messrs. Humphrys, 
Tennant, and Dyke, is the best engine suited forthe Navy. Indeed, 
it seems now to be almost universally admitted that the single 
piston-rod engine is superior to all other known engines for very 
small power ; and it may be noticed that for the later-built gun- 
boats two of our most eminent engineering firms adopted that 
construction. 

“The Committee are of opinion, with our present knowledge 
of steam machinery, that up to 300 collective nominal horse- 
power there is no engine for men-of-war superior to the single 
piston-rod engine, with a single flat guide ; and they are not pre- 
pared to say that above that power its qualities may not be found 
equally good ; and that the trunk engine, as constructed by Penn 
and Sons, has answered so extremely well, more particularly 
where great power is required, that the Committee recommend 
that, with such improvements in the details of these two engines 
as experience points out, they should be considered for the 
present the naval engine. 








InstTiITUTE OF MARINE ENotnerrs.-At the Royal 
Botanio Society Gardens on Friday, June 30, a reception 
and concert was held under the auspices of the Institute 
of Marine Engineers, when the High Commissioner for 
New Zealand, the Hon. Sir illiam Hall.Jones, 
K.C.M.G., made the presentation of the Gold Emblem 
of New.Zealand, given by the marine engineers of New 
Zealand, to Mr. Frank Reddaway, J.P., of Manchester. 

Tux British Motor-Boat Civus.—This club will hold 
its annual London to Cowes race on Saturday, July 22. 
The race will start from Erith at 7.30 a.m., and will be for 
sea-going motor-yachts (according to M.M.A. definition) 
and estuary cruisers, fitted with internal-combustion 
engines, under M.M.A. rules, rating, and time scale. 
The course is from Erith to Cowes—176 nautical miles— 
and a silver cup, value 10/., will be given for the first 
vessel completing the course. 





Vickers IRONCLAD CRANE PangLs.—A new design of 
crane panel is being introduced by the Electric and Ord- 
nance Accessories Company, Limited, of Aston, Birming- 
ham. Although these panels are of particularly substantial 
construction, both electrically and sete wen oe , they are 
considerably smaller and lighter than panels a the usual 
construction. The panels consist of a double-pole, quick- 
break main switch, with three or four double-pole branch 
fuses, enclosed in a cast-iron case, which is provided with 
lugs for fixing. The main fuses are mounted on the 
movable switch-arm, so that they can only be renewed 
when the switch is in the “off” position. Pilot lam 
are mounted on the top of the case to indicate when the 
motors are entirely disconnected from the mains; con- 
nections for an inspection lamp are also provided. The 
panels are supplied to control one, three, or four motor 
circuits dealing with currents ranging from 50 to 400 
amperes at pressures up to 600 volts. 
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FRIDAY, JULY 7, 1911. 


ENGINEERING TRAINING AND 
ACHIEVEMENT. 


THRE is appropriateness in the Conference of 
the Institution of Civil Engineers on the Education 
and Training of Engineers, held last week, being 
followed so closely by the International Congress 
of the Institution of Naval Architects. In the one 
case we had a full expression by many authorities 
of the requirements to be met & the engineer in 
the future ; in the other, a comprehensive review 
of the work achieved by the engineers of the past, 
since the great majority of the papers read at the 
Congress were of an historical character. With 
this record of practical work done there is every 
reason to be satisfied, particularly in the case of 
Britain, and there is some assurance that thus far 
we have not suffered from any lack of appreciation 
of the need of sound training in order to ensure 
progress. At the Congress, too, convincing testi- 
mony has been offered by foreign delegates that 
our naval architects and engineers have assisted in 
promoting the training of their confréres of other 
nationalities. The progress made abroad has in 
the past been more or less evolutionary, although in 
recent years it has developed on more original lines. 
These later advancements in theory in foreign lands, 
the realisation of high efticiency, and the increase 
in the volume of work done, undoubtedly afford a 
strong incentive to all interested in our national 
industries to exert themselves still more in the 
direction of intense effort, in greater attention to 
the training of the younger members of the 
profession, and in the application in factories of a 
higher scientific knowledge. Thus, while the Inter- 
national Congress of the Naval Architects affords 
much satisfaction so far as the past is concerned, 
it incidentally justifies the Conference on the 
Tiaining of Engineers from the point of view of 
the future. 

The Conference must be pronounced a success, 
as it resulted in a thorough exchange of opinion 
on the fundamental principles of education, and no 
one can read the fairly full reports in our issues 
of last week and of this week without profit. 
Few will fail to be impressed with the importance 
as well as with the difficulties of the subject. Dis- 
appointment, however, will be experienced in many 
quarters from the fact that no attempt was made to 
crystallise opinion and to formulate general prin- 
ciples for the guidance of teachers, employers, and 
parents. We admit that the idiosyncracies of the 
students must influence the course of training in 
nearly every case, and that therefore a great Tati. 
tude must be permitted in arranging the course. 
But the question arises whether guidance within 
wide limits would not have been of incalculable 
benefit. One must not forget, however, that in 
1906 a committee of the Institution of Civil 
Engineers, under the chairmanship of Sir William 
White, investigated the whole question, and laid 
down recommendations in respect, firstly, of the 
preparatory education, and, secondly, of the ad- 
vanced engineering training. These recommenda- 
tions have been generally accepted as sound, but 
it would have been well to have utilised the 
opportunity afforded by the Conference to secure 
detinite information as to how far these recom- 
mendations had been carried out, and how suitable 
they had proved, alike as regards the student, the 
college, and the factory. As Professor Barr pointed 
out, it was difficult to distinguish between the 
subjects dealt with at the different sections of the 
Conference, and it seems to us that, if it had been 
at all possible, it would have been more conducive 
to definite results if the subjects had been arranged 
so as to afford a consensus of opinion upon im- 
portant questions of detail, which at present give 
rise to conflicting opinions. 

There is first the vexed problem as to whether 
and how far practical training should be interposed 
between attendance at the secondary school and at 
the technical college. The recommendation of the 
Committee in 1906 was distinctly in favour of 
practical training being so interposed, and it is 
of those from 
whom opinions were then invited by the Com- 
mittee were in favour of this proposal. In a 
recent article on the subject of the proposed 





bursaries by the Royal Commission for the alloca- 
tion of the funds derived from the 1851 Exhibition 
(see page 693 of our last volume), we entered at 
considerable length into this question, and we are 
glad that the great majority of those who spoke 
at the Conference agreed with our view that prac- 


*| tical work should precede theoretical study at the 


universities. There was, naturally, some difference 
of opinion as to the length of this practical course. 
The Committee already referred to recommended ° 
at least a year, and with this decision 72 per cent. 
of the opinions forwarded to the Committee agreed, 
while 21 per cent. thought a year insufficient. But 
the Committee, it will be remembered, was disposed 
to consider that two years, and even more, was the 
correct period for those who proposed to take up 
some branch of mechanical engineering. Employers 
should now, however, be satisfied with an expres- 
sion of opinion in favour of this preference for 
factory work, leaving the time to be determined 
by each firm to suit the particular branch of engi- 
neering in which they are producers. 

One gratifying feature of last week’s Conference 
was the great importance attached by almost all 
the speakers, except the purely academical pro- 
fessors, to practical training. Some of the speakers 
raised the objection that the youth who had served 
one or two years before going to college experienced 
difficulty in again joining the ranks of practical 
workers at the end of his college course. This 
objection may hold in some cases, but in other 
instances arrangements are made whereby the youth 
returns to the same works. Messrs. Vickers, 
Limited, and other firms have almost ideal con- 
ditions, granting to apprentices who have shown 
themselves worthy of it the privilege of proceeding 
to college for two or three years after spending 
three years in the works, the whole age: so spent 
at college to count as apprenticeship time, pro- 
vided that the apprentice, in his periodical ~~ 
to the firm, discloses convincing proof that he is 
profiting by the special privileges granted. At the 
conclusion of the college course the pupil is bound 
to return to the same works, and the employer binds 
himself to take the student into his service, paying 
him a wage. The minimum payment is within the 
limits of a living wage; but it may be very much 
higher, according to the capability of the youth. 
This raises the question as to whether or not a 
degree or other evidence of college achievement is of 
commercial value. It is necessary to guard against 
the assumption that the possession of a degree is a 
guarantee that its holder is titted for the charge 
or performance of responsible work ; but, as the 
Chairman of Section II. (Scientific Training) pointed 
out on Thursday last week :—‘‘If the work through 
which the student has gone to attain his degree is 
sound, it should serve him in good stead in his 
practical career, and he might fairly be expected to 
advance more rapidly than one who had not had 
similar training. If this result does not follow, 
then something is certainly wrong, and the sooner 
the reason is known the better.” The idea seems 
to be held in some quarters that our manufacturing 
engineers have an actual objection to engineering 
degrees, but this idea is certainly unfounded —at 
all events as far as it relates to firms of high stand- 
ing. The real state of the case, we consider, is 
this:—A young engineer 6f, say, twenty-three 
or twenty-four years of age will probably have 
had some six or seven years’ training in college 
and workshop, and when such a man applies 
for an engagement the employer naturally con- 
siders how this time has been spent. If a good 
proportion has been devoted to gaining practical 
experience, and if, in addition, the applicant has 
secured a degree, then this degree is decidedly an 
asset of value. But if the degree has only been 
secured by the neglect of essential points of prac- 
tical training, with the result that the applicant, 
though strong in theory, is weak in that knowledge 
of materials and of men which is so valuable in 
practice, then the applicant is likely to have to 
stand aside and give place to someone more 
calculated to be of real service to his employers. 

The recommendation for the interposition of 
a practical course between the school and the 
technical college study may, as we have stated, be 
accepted as one general conclusion of the Confer- 
ence, and it would have been well if such a con- 
clusion had been embodied definitely in a resolution. 
The sandwich system ibly offers advantages in 
some cases, but the difficulty is to secure continuit; 
either in practical or theoretical work. Six-mont 
periods, alternating between college and factory, 
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are too short, apart altogether from the question as 
to how far they are permissible, without interfering 
with the aim of economic production. 

There were some taking part in the Conference 
who held the view that frequent changes were 
disconcerting to the youth, and that the student 


looked upon the period in the workshop as a form | progr 


of holiday, the general consensus of opinion seeming 
to be in favour of a complete course of three con- 
secutive years being taken at the college, preceded 
by a period of practical training and succeeded by 
a further period in the factory. The recommenda- 
tion has been made that in the final year at college, 
when the student was more or less specialising, he 
should seek a college in the district where his 
specialised work prevailed. In such case, for in- 
stance, the prospective marine engineer would go 
to Glasgow, and the textile engineer to Manchester, 
or Leeds, and so on, in order that the student might 
come into immediate and continuous contact with 
work in progess in the pews | and with students 
and men who had been reared in the atmosphere 
of the industry. The difficulty, however, at present 
is that there is no attempt to standardise the cur- 
ricula of technical colleges, and it would in many 
cases be impracticable to maintain satisfactory and 
complete continuity of study were the student 
passed from one college to another between the 
second and third years. 

The course outlined at the Conference, while 
definite enough, loses sight of one important factor 
—that it ensures higher education only for the 
moneyed classes. Those who have followed the 
progress of all industries, and none more so than 
those of naval architecture and marine engineering, 
so completely reviewed in the historical papers read 
at this week’s Congress of the Institution of Naval 
Architects, must recognise that much of the epoch- 
making work has been the product of men who have 
risen from the ranks. It was Lord Rosebery- who 
brought convincing testimony from the world’s 
records to prove that genius was discovered in poor 
more often than in wealthy circumstances. And 
this is true also in the case of that substitute for 
genius—the faculty of -taking infinite pains. It 
were well, therefore, that the promising youth, 
whatever his social rank or financial resource, 
should be able to take full advantage of the best 
conditions. It was for this reason that we advo- 
cated that the Exhibition Bursaries, to which we 
have already referred, should be available for lads 
of humble circumstances worthy of special post- 
scholastic training at the works, college, and finally 
in the same works. 

The Royal Corps of Naval Constructors, of which 
we heard so much at the Naval Architects’ Congress, 
offers a good example alike in the course of training 
and in the stimulating results attained. The great 
progress achieved, as narrated in the papers on 
naval architecture, by Sir Philip Watts; on naval 
engineering, by Sir Henry Oram ; on turbines, by 
Sir Charles Parsons; and on artillery, by Sir 
Andrew Noble; as well as in others, are most 
creditable ; but it is no disparagement of the 
achievements of past workers to say that the future 
advances will call for higher scientific and prac- 
tical abilities on the part of those who lead in 
industry. This is due to the difficulty of accom- 
plishing successive improvements. There is also 
the evidence of keener competition indicated by 
the papers from some of our foreign friends. Their 
efforts are welcome from the standpoint of the 
advance of science, but must, as we have pointed 
out, awaken rivalry of the keenest kind, however 
friendly, if our commercial position is to be main- 
tained. As with the marine industries, so with 
others, and thus it is incumbent upon the Insti- 
tution of Civil Engineers and the kindred scientific 
associations to do all that is ible to aid in 
formulating guiding principles for the realisation 
of the highest efficiency in the principal of our 
national assets—the brain-power latent in youth. 


THE NAVY ESTIMATES IN 
PARLIAMENT. 

Tue House of Commons passed the vote for ship- 
building on Wednesday after a somewhat desultory, 
and therfore unsatisfactory, debate. Under ordi- 
nary circumstances, one might assume that the 
absence of criticism on well-defined lines prognosti- 
cates confidence in the Government's policy towards 
the Navy ; but the explanation is to be found rather 
in the prevalent state of lassitude in_ political 
matters generally, except, perhaps, those apper- 








taining to the Constitutional question. This is un- 
fortunate, because criticism is so essential in the 
maintenance of efficiency in the administrative 


departments, and in none more than at the} had 


Admiralty. The recent display of the preparedness 
of the Navy at the Coronation Review, and the 
; ess of the battle exercises of the Fleet 
which followed, are no doubt reasons for satis- 
faction with the main question of the ability of 
the Fleet in commission to maintain our naval 
prestige. But there is at the same time, through- 
out the country, an undercurrent of suspicion that 
the financial consideration is weighing too strongly 
in the attitude of the Government in reference to 
the future. The Declaration of London has brought 
home the great need for a larger fleet of cruisers, 
and also for a closer union between the Royal and 
the Merchant Navies. This point was raised by Lord 
Charles Beresford, wh» has abundantly justified 
his ability as a critic within the House ; and there 
will be a general consensus of opinion in favour of 
the plea put forward that the Admiralty ought to 
make preparation for utilising, to a greater extent, 
a number of fast ships in the merchant service for 
duty in the event of our food supply being menaced 
in war. This point, it will be remembered, has 
been frequently raised by Lord Brassey, who 
strongly favours perfect understanding between 
the Government and the owners of fast liners and 
fast Channel steamers, which latter, especially for 
scouting duty, might be of great use. 

The First Lord of the Admiralty, in replying to 
the debate, urged that we were building suitable 
scouting cruisers in increased numbers, and gave 
promise, too, that next year more cruisers still 
would be provided ; but he sheltered himself be- 
hind the need for secrecy, and refused to give any 
satisfying details regarding the proposals of the 
Admiralty for the defence of our trade routes. We 
are glad to note that such a high authority on 
Admiralty procedure, and on all questions affecting 
the maintenance of official secrets, as Sir William 
White should, on the same day as the debate in the 
House, have urged that there was a middle course 
in this matter, and that good must accrue from an 
intelligent discussion of Admiralty policy in the 
light of official information. It is true that his 
remarks applied more, perhaps, to details of con- 
struction and design, but the force of the argument 
is as great from the point of view of strategic and 
tactical questions. ere is, of course, information 
which it would be suicidal to disclose, but many 
feel that in recent years the Admiralty have carried 
this refusal to take the public into their confidence 
to an unjustifiable length. Such experienced men 
of affairsas Mr. Balfour, Lord Charles Beresford, 
and Mr. Arthur Lee, have no desire to force the 
hands of the Government to an extent which would 
jeopardise our position in the event of war by the 
disclosure of essential facts, and they, like the 
great majority of citizens anxious to have con- 
fidence in the Admiralty administration, would be 
satisfied with a limited amount of information 
which would show that the Admiralty had grappled 
with the problem on broad and efficient lines. 

There was, perhaps, less tendency to measure 
a at future dates than in previous debates, 
but Mr. Balfour, in temperate language, impressed 
the Government with the importance of making 
such arrangements now as would enable the Navy 
to be prepared for any contingency at any date, 
and notably in 1914. These arrangements he was 
anxious to have applicable not only to battleships, 
but to the lighter craft essential to combating the 
anticipated conversion, even at sea, of foreign mer- 
chant ships into commerce-destroying cruisers under 
the new conditions created by the Declaration of 
London. Mr. Balfour also raised the question as to 
whether we were right in continuing to be satisfied 
with no gun between those of 13.5 in. or 12 in. 
calibre and the 4 in. bore. It is always difficult to 
hold the hand when one finds contemporaries taking 
a definite course, and there are many who are some- 
what anxious as to whether the 4-in. gun will meet 
all the demands, when we find practically every 
Power adopting a gun of 6 in. or even ter 
calibre as secondary armament in battleships, in 
addition to 12 in. and 14 in. guns. Of course, the 


British Admiralty have gone on the assumption, | hall 


based on logical grounds, that such guns are only for 
use in repelling torpedo attack, and consequently 
they refused to recognise the need for even 
secondary armament. Mr. McKenna, in replying 
to Mr. ‘our’s contention for a complete con- 
sideration of this question, said that the problem 





depended on the type of the destroyer and the 
range of the torpedo. He admitted that the 
development of the torpedo in the last few years 
been very remarkable, and stated that the 
Admiralty were considering the question with a 

rfectly open mind. The 4-in. gun was sufficient 
or a range up to 6000 or 7000 yards, but it 
might be that this was insuflicient, and that a 
larger gun would require to be installed, so as to 
defeat the destroyer before the latter could get 
within range with its torpedoes. 





THE JUBILEE MEETING OF THE 
INSTITUTION OF NAVAL ARCHI- 


TECTS. 

On January 16, 1860, eighteen British ship- 
builders met, and constituted themselves ‘‘ the 
Institution of Naval Architects, for the purpose of 
advancing the science and art of naval architec- 
ture.” e constitution, objects aimed at, and 
qualifications for membership were prepared with 
marvellous prescience, with the result that the 
organisation has since grown in membership, in 
prestige, and in the moe of influence continuously 
exerted towards the advancement of the science 
of naval construction in every department. This 
week a gathering of shipbuilders and engineers, 
representative of every nationality, is celebrating 
the jubilee of this organisation—a celebration 
which had, unfortunately, to be postponed last 
year, owing to the lamented death of King Edward 
VII., for many years the Patron of the Institu- 
tion. All foreign technical societies and the most 
important British institutions have sent repre- 
sentatives, not only to rejoice with the members 
of the Institution of Naval Architects, but to 
pay homage to those who have done so much 

ioneer and successful work. Unfortunately, the 
imits of space available prevent our naming all of 
these representatives. We can only mention the 
principal of the delegations appointed by impor- 
tant societies :—The Académie des Sciences of 
France, Prince Roland Bonaparte ; the Association 
Technique Maritime, Mons. L. E. Bertin, the doyen 
of the naval architects of France; the Schiffbau- 
technische Gesellschaft, the Geheimer Regier- 
ungsrat, C. Busley ; the Verein Deutscher Inge- 
nieure, Dr. Sorge; the Institution of Civil Engineers 
of Holland, Mr. A. van Gelder ; the Collegio degli 
Ingegneri Navali e Meccanici, Signor Salvatore 
Orlando ; the Japanese Society of Naval Architects, 
Constructor-Rear-Admiral Matsuo; the Swedish 
Institution of Naval Architects, Mr. A. Isakson ; 
and the Society of Naval Architects and Marine 
Engineers of the United States, Mr. Stevenson 
Taylor. The Ministers of Marine of practically 
every country are represented by staff members of 
the Embassies resident in London, or by special 
delegates sent to this country to attend the Congress. 

Meetings for the reading and discussion of papers 
were held in the mornings of Tuesday, Wednes- 
day, and yesterday, and will be continued to-day, 
while the afternoons and evenings have been de- 
voted to social functions, which are as influential 
in their effect on the advancement of the general 
aim. This point was enforced in several speeches 
made during the progress of the Congress, because, 
apart from the great advantage of the friendships 
thus formed, important problems are privately 
considered, perhaps with more direct interchange 
of personal knowledge than is sometimes possible 
publicly in these days of keen international com- 
petition and naval rivalry. Hach of the functions 
will be noticed in due order in the course of our 
report, and it may be said at once that all proved 
most successful, a result consequent upon the 
admirable arrangements made by the Executive 
Council of the Institution, and by the Secretary, 
Mr. R. W. Dana, and furthered so willingly by 
the efforts of the Reception Committee and particu- 
larly of the stewards, who were most businesslike in 
their interpretation of the duties of their office. — 

The Congress opened on Monday evening with 
a reception by the President, the Most Honour- 
able the ree of Bristol, Rear-Admiral, R.N., 
and the Marchioness of Bristol, at the Museum 
of the Royal United Service Institution, White- 
No more appropriate venue could have been 
chosen, because the members gathered in a naval 
atmosphere and amidst the replica of the achieve- 
ments of the British warship designers of all ages, 
while those revered proofs of British prowess, with 
which the museum abounds, have—thanks to 
modern ententes cordiales—ceased to give rise to 
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unpleasant reflections on the part of our foreign 
visitors. The music too, provided by the Chapel 
Royal Choir, was appropriate to the occasion, so 
that the preliminary social gathering was in every 
respect a pronounced success. 


THe Inavcurat Meetine. 
The more serious business of the Congress 


-was opened by a largely attended meeting of | 


members and delegates from all countries, 
held in the Connaught Rooms, Great Queen- 
street, on Tuesday morning, when H.R.H. the 
Duke of Connaught, K.G., took the chair as Hon. 
President of the Congress. He was epee 
by the President, the Marquis of Bristol, by a 
Past-President, Lord Brassey, and by the leading | 
foreign delegates. ae eee of the Con- | 
gress from last year one regrettable result. | 
His Majesty King George V. had kindly promised | 
to occupy the chair as Prince of Wales; and there | 
was peculiar appropriateness in this, since he has | 
had a life-long connection with the Navy and marine | 
construction, and is, moreover, a patron of the 
Institution. His interest, all are glad to know, is 
still maintained, although be has succeeded to the 
more onerous and responsible duties of kingship. 
The Duke, in opening the proceedings, said : 





It.is my pleasing duty, as your honorary president, to 
welcome ul those who have come to attend the Jubilee 
meeting of the Institution of Naval Architects. As you 
are aware, this meeting was to have been held last year 
but for the sad calamity which then occurred, and on that 
occasion my nephew, our present King (then Prince of 
Wales), was to have presided. That meeting was obliged 
to be put off, but I am happy to think that we have been 
able to meet in this, the Coronation year of our present 
King. You will naturally feel that, as a keen sailor, his 
Majesty is in deep sympathy with the objects of our 
meeting, and he has charged me to express to you all his 
best wishes and his hope that the result of this year’s con 
gress may be of very lasting benefit, and that those whom 
we have the honour of seeing amongst us from foreign 
countries may enjoy their visit to England. I regret that 
as honorary president you have not a member of my 
family who is better acquainted with the great and 
important details of naval architecture, and that I 
appear before you asa mere amateur; but I assure you 
that, however little I may know of these important 
subjects, no one more appreciates the enormous advance 
that has taken place in naval architecture since you last 
met here in international congress in the Diamond Jubilee 
year of her Jate Majesty Queen Victoria, when my late 
brother was in the chair and addressed you. We have 
merely tolook at the great ships now sailing on the waters 
to see the enormous advance that has been made during 
the last fourteen years. Advances of this kind cannot be 
made without consummate skill, consummate knowledge, 
and great application. I am sure that we in England 
appreciate the rivalry, the friendly rivalry, that exists in 
shipbuilding at the present time, and that we appreciate 
the fact that many great brains are at work to produce 
the wonderful results that we see before us at the present 
day. Those of us who had the pleasure of attending his 
Majesty’s Naval Review at Spithead the other day could 
not help comparing the ships at this Coronation Review 
with those of only nine years ago ; and when we consider 
in how short a space of time naval architecture has revolu- 
tionised itself we must recognise that the advance made 
is something colossal. Our newest battleship—I am open 
to correction—is the Neptune. We all saw ber at Spit- 
head, and thought how magnificent a ship she was; and 
our newest great Atlantic liner is the Olympic. We do 
not know where finality in size is going to end, and 
we certainly must recognise the wonderful combination 
of skill, knowledge, and mathematical work that can pro- 
duce the wonderful ships of the present day. I —— 
that, as in everything else, there is no finality, and that 
ships we may approve of and consider the t in the 
present day we may, perhaps, rd as old and rather | 
interesting relics of the past when we meet again. I | 
desire again to welcome you most warmly, and to assure | 
you that it affords us the greatest pleasure to see you | 

ere to-day, and to enable you to see for yourselves what | 
advances we are making in England. | 


At the conclusion of His Royal Highness’s address, 
Rear- Admiral ‘C. J. Briggs, Controller of the Navy, 
on behalf of the First Lord of the Admiralty, ex- | 
tended a welcome to the foreign members, and gave | 
expression to the Admiralty’s appreciation of the 





| printed in full on 


12 of this issue. Incident- 
ally, the noble Marquis gave expression to the 
general sentiment of sati faction that all present 


|experienced at the earldom conferred upon Lord 


Brassey, a past-president of the Institution. 


THe History or THE INSTITUTION OF 
Naval ARCHITECTS. 

Sir William White, who has done yeoman service, 
not only for the Institution, but for the advance- 
ment of its aims and for the development of 
scientific shipbuilding generally, most appropriately 
read the first paper, which reviewed the history of 


German representatives, on behalf of their confréres, 
meme to the Institution a beautiful example of 
ronze statuary in the form of a craftsman. 

The President, in acknowledging this magnificent, 
mark of friendship, observed that, although he 
was British to the core, and proud of it, he was 
‘*made in Germany,” having been born at the 
British Legation at Dresden, and that although 
he had left Germany early, he had always a warm 
interest in the affairs of that country. He paid 
a tribute to the Emperor Frederick and to 
the Emperor William, than whom there was no 
more popular monarch when he appeared in the 


the Institution and the progress of scientific educa- | streets of London. 


tion in naval architecture. This admirable résumé 
brought into strong relief the salient features of the 
Institution, and the continuous association of the 
organisation with the successive developments in 
shipbuilding, naval and mercantile. The first part 
of this paper is published in this week’s issue 
(page 13), and the concluding part, which deals 
with the work of the Institution, will be published 
in next week’s number. In this latter part Sir 
William referred to epoch-making communications 
to the Institution, and to the value of the keen 
discussions which had taken place on all subjects, 
notably on the constructive policy of the Admiralty 
for the time being. These controversies have been 
valuable in crystallising opinion, while the inde- 
‘ee W# criticisms of Admiralty action has had a 
eneficial effect upon the policy pursued in respect 
both of broad principles and of details of design. 
There was quick appreciation and approbation by 
the great audience of Sir William’s view as to the 
unfortunate changes which have recently taken 
oe under which no official communications have 
ately been made to the Institution respecting the 
designs of new British warships. He expressed 
the hope that before long there might be a reversion 
to the earlier and well-approved practice. It was 
not suggested that in le there should be 
disclosures of any information that would be indis- 
creet or improper, any more than there has been 
in the past. ‘* As one familiar,” Sir William said, 
‘‘with the events of the last 45 years in our 
proceedings, I cannot recall one occasion where the 
public interests have suffered in consequence of the 
papers read and discussed, in which warship design 
and construction formed the subject.” 

Sir Nathaniel Barnaby was called upon by the 
President, and the greeting he received was en- 
thusiastic, as he is the only survivor of the eighteen 
who were present at the constitution of the Insti- 
tution fifty-one years ago. Sir Nathaniel, notwith- 
standing his great age, was heard in every part of 
the large hall in the few words of greeting which 
he gave, and was particularly happy in recalling 
the fact that the International Congress was being 
held on July 4, the great national holiday of our 
kinsmen in the United States of America. 

Lord Brassey spoke next, and paid a well-merited 
tribute to Sir William White, referring to his work 
for the Institution, and particularly for the advance- 
ment of the profession of naval architecture. Since 
Ss is aimed at, it was important, said 

is lordship, that the members of the profession 
should have dignity and honour bestowed upon 
them, and ia this respect he referred to the work 
Sir William had done in bringing about the insti- 
tution of the Royal Corps of Constructors at the 
Admiralty, and to his other efforts in connection 
with the Institution of Naval Architects. 


Trisutes BY Foreign DELEGATES. 
Several of the foreign delegates paid tributes to 


|the Institution. Letters had been received from 
'Dr. Schlick, Signor Soliani, and Sir George 


Holmes. M. Bertin was the first to speak, and 
was followed by Mr. Taylor, of the American 
Society ; Dr. Sorge, a member of the Council of 
the Verein Deutscher Ingenieure; and Professor 





The members and the guests from foreign coun- 
tries partook of luncheon in the various roomsad join- 
ing the Grand Hall, at the Connaught Rooms, and in 
the afternoon a visit was paid to the Exhibition at 
Shepherd’s Bush, where the members and delegates 
were received by the Duke of Teck at the Garden 
Club. In the evening there was a reception at 
Lord Brassey’s house at Park Lane, which has so 
often been the venue of such gatherings. The 
historic and scientific treasures of Lord Brassey’s 
home were greatly appreciated, and, as ever, were a 
source of charm and interest to the large company 
which partook of the hospitality of Lord and y 
Brassey. 

On Wednesday two sectional meetings were held 
between 11 and 1 o'clock, one at the Institution of 
Civil Engineers, and the other at the Institution 
of Mechanical Engineers. At the former meeting 
the President, the Marquis of Bristol, took the chair, 
and announced at the outset that the reading of Sir 
Andrew Noble’s paper, dealing with progress in 
naval a been postponed until the meet- 
ing on the 7th inst. 


Firry Years’ ARCHITECTURAL EXPRESSION OF 
Tacticat IpgEas. 

Admiral Sir Cyprian Bridge read the first paper, 
entitled ‘‘ Fifty Your Architectural Expression of 
Tactical Ideas.” This paper is reprinted on page 37 
of this issue. 

The discussion was opened by Admiral of the 
Fleet Sir Gerard Noel, who was called upon by 
the President. Sir Gerard began by saying that he 
would have preferred that some one else than him- 
self should speak first, as the paper appeared to be 
pre-eminently one on which the opinions of naval 
architects was desirable. He could personally 
vouch for the accuracy of the state of naval archi- 
tecture fifty years ago, as presented in the paper, 
and when he looked on a famous picture repre- 
senting Nelson in his cabin, he found that in almost 
all its details the cabin arrangement indicated 
might have represented those of his (the speaker’s) 
first ship. There was undoubtedly little change in 
naval architecture over a long period of time, and 
he thought the great changes that later years had 
witnessed were due mainly to improvements in 
material, particularly in steel, which naval archi- 
tects had been able to avail themselves of. Sir 
Cyprian Bridge had pointed out that the naval 
officers of early times had made their tactics to 
suit the vessels they had. This was very true, but it 
should be pointed out that officers of later days had 
matters much complicated for them by the fact that 
the material of their tactics was continually changing, 
and becoming obsolete. In connection with this 
matter it should also be pointed out: that naval 
men were not in the habit of publishing their 
tactics to the world, and because an officer did not 
talk about his tactics, it did not follow that he had 
not got any. There was little doubt but that in 
recent years great stress had been laid on the 
question of the defensive features in warship con- 
struction, and he poy certainly considered 
the protection of the vital so that ships 
could keep afloat, to be of the first importance. 

Herr G. O. Hiillmann, Director of Naval Con- 


work done by the Institution. He referred to the | Busley, President of the Schiftbautechnische Gesell- | struction for Germany, thought that during the 


high place that the officers of the Admiralty held | 
in the organisation, and to the honours bestowed 
by the Institution also upon many executive officers 
of the Fleet. The Right Hon. Sydney Buxton, 
M.P., President of the Board of Trade, had intended 
to he present to similarly. welcome the guests 
on behalf of the commercial department of the 
Government, but the Secretary, Mr. Dana, read 
a letter intimating his apologies and his great 
regret that a Cabinet meeting precluded him from 
attending. 

The cottons: the Marquis of Bristol, then 
delivered the presidential address, which is re- 


schaft. Each referred in a, terms to the | 
in foreign countries | 


high appreciation entertain 
of the Institution and of its work, not only in 
respect to the educational value of the papers 
contributed and the discussions which took cies 
upon these, but also to the model constitution on 
which so many of the foreign institutions were 
founded. Like the others, Professor Busley re- 
ferred to the unfailing sympathyand kindness shown 
to visitors at every meeting, and to the influence of 
personal friendships formed, which permitted a 
closer intimacy and more harmonious relationship, 


which was for the benefit of all countries. The 


whole history of warship design the data on which 
tactics had been based were fixed by the naval 
architects. At the present time, however, the 
architects more and more wanted the assistance of 
naval officers. If architects were left too much 
to themselves now there was danger that develop- 
ment might tend in the wrong direction ; altho h. 
similarly, if matters were left to naval officers only, 
they might also progress in an unsound course. 
It was essential that officers and architects should 
pull together. He had been looking yesterday 
at the picture of the Battle of Trafalgar in the 
United Service Institution, and it had reminded 
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him of the enormous difference in naval conditions 
that the advance of gun-power had made. This 
factor of gun-power well illustrated the necessity 
for officers and architects working together, as it 
was only by co-operation between them that a 
decision as to what was reasonable in that direction 
could be arrived at. 

Rear-Admiral W. L. Capps, late Chief Cun- 
structor of the United States Navy, thought that 
the paper paid a profound compliment to the naval 
architect’s profession. There was great ditticulty 
in the naval architect getting a clear conception of 
what the ideals of the naval officer were. He had 
experienced this difticulty himself, and thought that 
the ofticer’s ideals were not always crystallised. 
Sometimes they changed while a ship was being 
built. One of the greatest difficulties of the archi- 
tect was in trying to carry out these ideas. Some 
six years ago he had prepared a memorandum for 
a 40,000-ton ship. From the architectural side 
such a development at that time would have been 
a straightforward matter, but many outside con- 
siderations came in, such as the questions of docks 
and facilities for repairs and other such matters, 
which had necessarily to develop pari passw with 
the size of ships. Then questions of speed, armour, 
and guns also came in, and the final decision as to 
how best to spend the money you had was in no 
way purely one of naval architecture. He quite 
agreed with Sir Cyprian Bridge that the best 
defence was overwhelming offence. This was the 
principle on which the ships of 200 years ago did 
themselves so much credit. They also depended 
much on their personnel, and that was very impor- 
tant, and introduced another condition. Ships must 
give reasonably sanitary conditions for their crews. 
Peace might last twenty years, and war only six 
months, and if the sanitary arrangements were not 
good the personnel would get into bad condition. 
The question of the lack of fixed principles among 
naval ofticers, which had been alluded to by Sir 
Cyprian Bridge, was one that he felt he ought not 
to touch. He thought he should say, however, 
that the question of the ultimate development 
of tactics was one that ‘the future alone could 
decide. The results of an action between modern 
fleets were quite unknown, and there were, 
consequently, bound to be many divergent and 
changing views. 

Rear-Admiral R. H. Bacon said that he felt 
considerable gratitude was owing to Sir Cyprian 
Bridge for his paper ; indeed, even for the title of 
his paper, as it fixed one’s ideas on the relation 
existing between naval architecture and _ tactics. 
He regretted, however, that the nee had not dealt 
with present-day ships. The sole and only object 
of tactics was to place your guns in the most efficient 
nosition as regards the enemy. Tactics were the 
Pandmaid of gun-tire and mobility. Up to 1850 
mobility remained constant, but, with the coming 
in of steam, mobility continually increased up to 
about 1900. About that time mobility was also 
given to gun-fire. Guns did not change between 
1600 and 1840; but even with the introduc- 
tion of larger guns, the fighting efticiency was 
not quickly increased, because it took the 
versonnel a long time to become accustomed to 
ling-enge fighting. Modern gun-fire, combined 
with speed, made long-range fighting possible. It 
was not feasible before the Dreadnought days to 
concentrate in one ship all the features that were 
necessary to take full advantage of long-range 
fighting, but when you had them, the combination 
of heavy guns with speed gave a ship which was 
able to comply closely with the requirements of 
modern tactics. 

Rear-Admiral G. Dyrssen, President of the 
Admiralty Board of Sweden, who was the next 
speaker, said that he had much diffidence in speak- 
ing on the paper, as he had not read it before the 
meeting. He quite thought, with Rear-Admiral 
Capps, that the best form of defence lay in offence. 
He also thought the question of personnel of the 
tirst importance. There was a famous American 
admiral who said that if he got good men he would 
fight the enemy in paper ships. This was an exag- 
geration, but there was much truth in it. On the 
question of the various types of modern ships, he 
doubted if much was really settled on. Much was 
being done in the way of experiment, and it was 
doubtful if modern ships were an expression of 
modern tactical ideas. He thought the torpedo 
would exercise much influence in the future, and 
that those who relied on gun-power would ultimately 
have to modify their ideas in terms of the torpedo. 





In conclusion, he would repeat that the question 
of personnel was almost everything. 

Professor Hovgaard said that he was a teacher 
at an American naval college, and that the paper 
would be of much value to him, as he was in 
the habit of giving his students lessons in naval 
history. He thanked the author for it. He would 
like to speak on the relation between tactical ideas 
and the cost of warships. History repeated itself, 
and in the ‘eighties we had a somewhat similar dead- 
lock between guns and armour to what we had 
to-day. .There was, however, an essential difference 
in the two cases. In the eighties displacement was 
limited, largely by financial considerations, and naval 
architects could not build ships to carry the heavy 
armaments that are carried at the present time. 
The reason they did not build such ships was, how- 
ever, not based on tactics. Modern developments 
were none the less due to tactics. If we wanted 
to get the full value of the heavy armaments now 
carried, it was necessary to introduce higher speeds 
and other modifications. This, of course, increased 
size, and he saw no reason to suppose that the 
limit had been reached—at least, not in the larger 
navies; it had in some of the smaller. In these 
strategic and tactical considerations determined the 
number of ships that were necessary, and from this, 
with limited resources, it was easy to see that the 
size of the individual ships was limited. He thought 
that although the large navies had not reached the 
limit of size, they were possibly approaching it. 

Sir Cyprian Bridge, in replying, said that the 
subject of his paper was suggested to him by the 
Institution, or, rather, he should say, that he was 
asked for a history of tactics, but on considering 
the matter he found that there was not much 
tactics to give a history of. The history of 
ships, however, threw light on the history of 
tactics. He agreed with Rear-Admiral Capps that 
naval architects and naval officers did not always 
work together. But the important question was, 
what value should be given to naval officers’ views. 
The principles of tactics did not change, and yet, 
as an example bearing on modern development, he 
would point out how frequently large modern 
Atlantic liners were quoted by naval officers as a 
proof that the limiting size of battleships had not 
been reached. That was all right, but it suggested 
that latter-day increase of size might be due to 
the development of naval architecture, and not to 
tactical needs at all. Rear-Admiral Bacon had 
spoken of the necessity of getting one’s guns in 
the best position, and of mobility in fleets; but 
surely mobility was a relative term. Two steam 
fleets would be equally mobile, and he thought 
the whole matter ultimately came back to the 
personnel. Many years ago an Admiral had said 
‘*Give me wooden ships, and put the iron in my 
men.” On the question of superior speed, on 
which Rear-Admiral Bacon made much, for instance, 
how were you to keep superior speed? Usually it 
was kept for very brief periods, and on that score, in 
his opinion, it could not be considered of very great 
importance. 

The President, in closing the discussion on the 
paper and passing the thanks of the meeting to 
Sir Cyprian Bridge, said that on the question of 
naval otticer’s tactics not being fixed, he would say 
that from his personal knowledge this was not true 
of the late Admiral Tryon, who tried to copy the 
tactics of Nelson. None the less it was very difli- 
cult to settle tactics owing to the rapid advances 
which were made. The naval architects were 
really too good for the naval officers. 


THe Procress or NavaL ConsTRUCTION 
IN JAPAN. 

The meeting then passed to the consideration of 
Rear-Admiral Motoki Kondo’s paper on ‘‘The Pro- 
gress of Naval Construction in Japan.’”’ In the 
absence of the author, this paper, which we reprint 
on page 15, was read by Chief Constructor Suyewo 
Nonaka. 

The only speaker in the discussion was Professor 
Purvis, who said that in reference to the paragraph 
in the paper dealing with naval construction in 

rivate yards, he would like to point out that 

apan, out of her limited programme, had recently 

iven out two boats to be built in private yards. 
This policy of encouraging private building had 
now given Japan six yards capable of undertaking 
naval work. 

The President, in thanking the author and the 
reader of the paper, referred to a paragraph in 
it which said that the Japanese had always been 





well up in all branches of handicraft. This was 
very true, and their wonderful success in adopting 
Western methods showed that if a people were 
well trained, they were always ready to take up 
any new work that came. 


EXPERIMENTAL Tank Tests on Mope.s or 
SuBMARINEs. 

The third paper, ‘‘ Results of Experimental 
Tank Tests on Models of Submarines,” was then 
read by Mr. Mason S. Chace, its author. The 
paper, which we hope to reprint later, deals with 
experiments carried out at the United States 
Experimental Model Basin at the Navy Yard, 
Washington, and is concerned mainly with models 
of simple form, with bow and stern exactly alike 
and of canoe shape. Four models were dealt with, 
all derived from a parent form which was of 
circular cross-section. Stream-line curves and 
tabular data were given in the paper. 

As the time available was very short, the Presi- 
dent asked anyone who wished to speak on the 
paper to be very brief. 

Mr. H. F. Hay said that he would just like to 
mention that he had been engaged on somewhat 
similar experiments and had dealt with both single 
and double models—that is, models in which the 
—- hull and the external-resistance hull were 

oth one, and models having two separate hulls— 
an inner circular one and an outer ship-form one. 
He thought the double hull not an ideal arrange- 
ment, and by modifying the simple spindle form of 
the pressure hull he had obtained a single hull form 
which appeared to have smaller resistance than any 
existing type of submarine. He would have pleasure 
in sending in further particulars of his experiments 
for the Transactions of the Institution. 

After the thanks of the meeting had been ex- 
pressed to Mr. Chace, the proceedings were 
adjourned. 


Marine Tursings anp WarsHip Macuinery. 

At the meeting held in the hall of the Institu- 
tion of Mechanical Engineers, on Wednesday 
morning, Sir William White presided. There were 
four papers down for reading and discussion, three 
of which, being on ships’ machinery, were taken 
together. The first was Professor A. C. E. Rateau’s 
paper, entitled ‘‘ The Rational Application of 
Turbines to the Propulsion of Warships.” This is 
reprinted in extenso on page 31 of this issue. It 
was read in slightly curtailed form by the Chair- 
man. The second paper was by the Hon. Sir C. A. 
Parsons, the subject being ‘‘ The Marine Steam- 
Turbine from 1894 to 1910,” while the third, by 
Engineer - Vice-Admiral Sir H. J. Oram, was 
entitled ‘‘ Fifty Years’ Changes in British Warship 
Machinery.”’ Sir Charles A. Parsons’s paper is 
reprinted in full on page 32, and that of Sir aor 
Oram on page 18. Both papers were read by the 
authors, with slight omissions. 

After the passing, in response to the Chairman’s 
suggestion, of a vote of thanks to the authors, 
Lord Charlee Beresford was invited to open the 
discussion. He wished, he said, t» touch prin- 
cipally on one point, connected with the personnel 
of modern British warships. Whatever the 
quality of the guns or machinery provided in 
vessels of the Navy, there was no doubt whatever 
that the question of personnel was the most im- 
portant thing of all to consider. He deplored the 
need for the remark in Sir Henry Uram’s paper that 
the year 1910 marked the last ‘‘in which any engi- 
neer-officers, as they have hitherto been known, 
passed into H.M. Service.” He wished to say that 
nothing could have been better than the working of 
the engineer’s department under the old system. 
Was Admiral Oram satisfied with the proportion of 
officers to men? The figures he gave showed that 
the number of officers had scarcely increased, while 
that of the men kad been greatly augmented, but 
the requirements of the Service had vastly grown. 
Japan, whose navy was maintained for peace, had 
a far more adequate complement than we had. 
The responsibility on the officers was immense. It 
was quite true that on an old flag-ship the engine- 
room complement may have consisted only of twenty 
men, compared with 224 of the corresponding ship 
of to-day; but it had to be remembered that 
in the old times, when it was necessary, hands 
were sent below from deck for trimming and other 
work, 

Admiral H. I. Cone, of the United States Navy, 
said he wished to speak on Sir C. A. Parsons’s 
remarks concerning the combination of recipro- 
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cating engines with turbines, or of geared turbines, | had been so since the commencement of its appli- 
or, in fact, of any device introduced with the/| cation to marine work. 


object of improving the economy of turbines at low 
speeds. Were the advantages of such expedients 
sufficiently great to warrant the introduction of 
extra difficulties? Did the improved economy due 


Sir C. A. Parsons said the aggregate construction 
j be been taken as the reason for classification in 
the order given. In point of date M. Rateau was 
| quite correct. The turbine would expand steam 


to the use of reciprocating engines for low speeds | lower than the reciprocating engine, and in employ- 
compensate for the lowered efficiency of the combi-| ing the combination principle there were any 
nation at high speeds? The combination system | number of combinations which could be made. This 


was being tried in small high-s 
United States Navy, there being reciprocating 
engines for low speeds, with clutch or some con- 
necting device whereby the engine could be thrown 
out at high speeds. Perhaps Sir Charles Parsons 
would say what disadvantages there were to this 
arrangement for small vessels. The combination 
installation on the Velox had been referred to. 
He would like to know why the engines were taken 
out of that vessel; perhaps it was because they 
could not get enough steam. 

Mr. Borowicka, of the Austrian Navy, said he 
could not say the combination arrangement was 
making much progress with them. They did not 
look upon it altogether with favour, because it was 
complicated, and the ships of their navy did not go 
on long cruises or voyages, as did those of Great 
Britain, for instance, to the Colonies. Under 
these circumstances they thought that cruising tur- 
bines, combined with high-speed turbines in the 
same casing, best suited their requirements. Any 
improvement in ordinary turbine efficiency was only 
procurable by the introduction of special means. 

Mr. Walter M. McFarland, of New York, referred 
briefly to the contract for the collier Neptune, which 
had been fitted with geared turbines, and had been 
given a dock trial just before he left the United 
States. Trouble with the air-pump had, unfortu- 
nately, delayed the complete trials, so that he had 
no information as to them ; but he wished to say 
that the gear had been tested on a 40-hour con- 
tinuous run at 7000 horse-power, and it was 
then that the figure of 98 per cent. efficiency 
had been obtained. He was one of the old- 
time officers of the United States Navy, and 
had been a member of the Board which sat under 
Mr. Roosevelt on the question of naval organisa- 
tion. All their officers were now engineers. If such 
kindly expression had been given at that time as 
had been given that day by Lord Charles Beresford 
of the efficiency of engineers under the old régime, 
many heart-burnings would have been avoided. In 
response to a question, Mr. McFarland said the 
gearing on the Neptune was fitted with a modifica- 
tion of the floating cradle, embodying hydraulic 
cylinders. 

Mr. A. E. Seaton felt that as this was not an 
oil-bearing country, he could not feel so keen on the 
oil-fuel question as some of his friends did. They 
had good coal, and he thought they should use 
that. Though the staff now provided might be 
ample for peace, and for cruising conditions when 
speeds were low and rests frequent, he was afraid 
it would prove insufficient for war. Admiral 
Oram had omitted mention of one fact connected 
with the introduction of the turbine—namely, the 
tenacity of purpose with which the campaign in its 
favour was prosecuted by the inventor. Had it not 
been for that, it might have been laughed out of 
use, as had been the case with other appliances. 
He thought in reports of trials of combined installa- 
tions that care should be taken to debit each part 
of the system with its proper amount of steam, 
which should be clearly and carefully apportioned, 
so as to leave no vagueness as to what was and 
what was not included in the figures. He was in 
favour of the turbine because he thought it the 
best weapon with which to fight the internal- 
combustion engine. 

Professor A. Rateau said he was glad of the 
opportunity of remarking on the development of 
the Parsons marine turbine, which had been extra- 
ordinary ; the curve in the paper, of horse-power 


| 


ed vessels for the | system was, however, not very elastic, and was, 


therefore, not suitable for all warships. The recipro- 
cating engines in the Velox would not run at a 
higher speed than that necessary for about 13 knots 
without knocking ; above that they had to be discon- 
nected. Gearing got over many difficulties, and with 
it it was possible to obtain economies like those 
procurable in land installations, with flat charac- 
teristics. Using by-passing in turbines, and run- 
ning at or above the point of maximum efficiency, 
it was quite possible to obtain very good efficiency 
under all conditions. There was no more space 
required for geared than for ordinary turbines ; 
sometimes even it was less, while the cost was also 
less. The gear design embodying three pistons 
under three journals was unnecessary. The floatin 
cradle was not a good thing. All that was neede 
was for the pinion shaft to be allowed some end 
movement. 

Engineer-Vice-Admiral Sir H. J. Oram was the 
last speaker. He said the Velox reciprocating- 
engines were removed because they were not 
powerful enough, and gave too low a speed. With 
regard to the Neptune he thought the number of 
officers and crew quite sufficient. It had to be 
remembered in comparing the number of officers in 
modern ships with the numbers in old ships that a 
large number of artificers were carried in the 
modern ship, and that they were equal in some 
respects to the engineering officers of the old ships. 


VIBRATION PHENOMENA OF STEAMERS. 


On the termination of the discussion of the above- 
named papers the Chairman made a few remarks 
on a paper entitled ‘‘Our Present Knowledge of the 
Vibration Phenomena of Steamers,” by Dr. O. 
Schlick. This paper, which was taken as read, 
we shall reprint in a future issue. The most 
interesting part, the Chairman said, of Dr. 
Schlick’s paper was that which dealt with the 
vibration due to the action of the screw-propeller 
in water at the stern of a vessel in motion. He 
had ‘been interested in that because part of the 
information had been secured by Dr. Schlick’s help 
in connection with the Mauretania. There was 
really no vibration in the case of that ship; it was 
a tremor, which they wanted to get rid of. The 
cause of the tremor lay partly in the frictional and 
partly in the stream-line wake. 

There was no discussion on Dr. Schlick’s paper, 
in which the author differentiated between the 
vibration due to the reciprocating-engine parts and 
that which was purely propeller effect. The former, 
of course, was not present in turbine vessels, but 
the latter remained, and had to be dealt with in 
some way. The prediction that there would be no 
vibration in turbine vessels showed that the com- 
ponent influences at work were indifferently under- 
stood by persons making such statements. 

Mr. A. Denny said they were making experi- 
ments on propellers. He judged from the paper 
that, so far, no formula of general application had 
been found, 

The Chairman then adjourned the meeting until 
11 a.m. on Thursday. 


LuncHeon at Lioyp’s. 

The Chairman and Committee of Lloyd’s Register 
of British and Foreign Shipping entertained a large 
company of foreign guests and others to luncheon 
within their building in Fenchurch-street on 
Wednesday, and another company on Thursday. 
On the former day Mr. Thomas L. Devitt, the 





built, was rising at an extraordinarily rapid rate. 
That wonderful result was due no less to the per- | 
sistency than to the inventive genius of Sir Charles | 
Parsons. The installation on the Velox was very | 
different from that of the French boat fitted by 
Messrs. Yarrow, or to that in the destroyer Chasseur, 
for in the former the engine was directly coupled to 
the turbine shaft, whereas in the latter system the 
engine was on a separate shaft, and worked always at 
its proper speed. He thought Sir Charles Parsons 
should have put the Rateau turbine in Class III , 
according to the subdivision in his paper, and not 
in Class [V., for his was a combination type, and 





Chairman, presided, and, after the loyal toasts, 
gave ‘The Institution of Naval Architects,” the 
Marquis of Bristol responding. The close associa- 
tion between Lloyd’s and the Institution was 
naturally the theme of both speeches. Sir Edward 
Beauchamp, Bart., M.P., proposed ‘‘ The Foreign 
Guests,” and Dr. Max Predohl, the Burgomaster 
of Hamburg, and Mr. A. Isakson replied. The 
latter, in addition to being President of the Swedish 
Institution of Naval Architects, is a Lloyd’s sur- 
veyor 


being favoured b 
A large company proceeded to 
the National Physical Laboratory at Bushy Park 
to attend the opening of the experimental tank. 


Empire and Pagean 
beautiful weather. 





t of London, 


THE OPENING OF THR NaTIONAL EXPERIMENTAL 
TANK. 


The tank is practically a gift to the nation by 
Mr. A. F. Yarrow, who, it will be remembered, 

roposed, at the meeting of the Institution in 

lasgow in 1901, that such a tank should be estab- 
lished, and a committee was then appointed to 
take such proceedings as were possible towards the 
realisation of the idea. Three years later Sir 
William White in a paper emphasised the value of 
such a tank, and suggested its location at the 
National Physical Laboratory, but, as with many 
such matters, the financial question was the prin- 
cipal difficulty. Mr. Yarrow, with characteristic | 
generosity, solved the problem by offering 20,0001. 
for the construction A the tank, provided that a 
suitable fund could be raised for conducting the 
research work and for experimental investigations 
of a confidential character on behalf of private firms 
according to the accepted scale of fees. It was felt 
that a guarantee of 2000/1. per annum for a period of 
ten years ought to be raised, and the Institution of 
Naval Architects succeeded in raising a fund pro- 
ducing 1340/., the Executive Committee of the 
National Physical Laboratory undertaking the 
responsibility of finding the remaining proportion. 
An advisory committee, including many represen- 
tatives of the Institution, was appointed, and there 
is special appropriateness in the completion of the 
scheme in the course of the interesting proceedings 
of this week. 

The tank has already been described in Enai- 
NEERING (see vol. xci, page 445), but it may be 
stated here that there are two water basins, the 
larger 550 ft. long by 30 ft. wide and 12 ft. 3 in. 
deep, and the smaller 63 ft. long, 5 ft. broad, and 
3 ft. 3 in. deep. Suitable docks, of course, are 
arranged for storage, and for easy access to the 
models, which latter vary in length from 14 ft. to 
20 ft. These models, which are formed by special 
machinery in paraffin wax, are towed along the 
water-way from a carriage electrically driven, 
which runs on rails secured on each side to the top 
of the tank walls. The __ of travelling can be 
varied from 1 ft. per second to 25 ft. per second. 

At the opening ceremony, Sir Archibald Geikie, 
K.C.B., President of the Royal Society and Chair- 
man of the General Board of the Laboratory, 
presided over a large gathering representative of 
every branch of scientific activity. Ina brief intro- 
ductory speech he referred to the importance of 
the occasion, the generosity of Mr. Yarrow, and 
offered a welcome to guests from other countries. 

To Lord Rayleigh, O.M., F.R.S., as Chairman 
of the Executive Committee, fell the honour of 
declaring the tank open. In his address he passed 
a high encomium upon the late Dr. William Froude, 
for the ingenuity displayed in the application of 
the principles of dynamical similitude to the deter- 
mination of the resistance of ship models, and in 
the devising of all apparatus for the purpose with 
a prescience of the necessities of the case which 
rendered any departure unnecessary, even in the 
light of later and extended experience. The first 
tank was completed in 1871 at Torquay, and there 
much valuable work was done up till 1879, when 
Mr. Froude died, since when research had been con- 
tinued by his son, Mr. R. E. Froude, a Government 
tank being opened at Haslar in 1885. More recently 
similar tanks have been constructed—the first by 
the Dennys at Dumbarton, and others by various 
British firms, as well as by foreign governments and 
rivate firms. Having reviewed the history of the 
ational Tank, and spoken of Mr. Yarrow’s public- 
spirited munificence, Lord Rayleigh stated that it 
was because his friends failed to induce Mr. Yarrow 
to undertake the opening ceremony that the duty de- 
volved upon him. He acknowledged, on behalf of the 
Executive Committee, the help given to the Commit- 
tee by Mr. Froude, Dr. Glazebrook, M. Bertin, Pro- 
fessor Busley, Mr. Baker (the superintendent of the 
tank), and the engineers, Messrs. Mott and Hay. 
Lord Rayleigh then briefly, and with apt illustra- 
tion, described the principle of dynamical simili- 
tude upon which tank experiments are based, and 
concluded by declaring the tank open, and express- 
ing the hope that there would be fully realised all 
anticipations of a fruitful future. 





In ‘the afternoon there were two attractions. 
Many went to the Crystal Palace to the Festival of 


Mr. Yarrow, who received a most cordial recep- 
tion, next addressed the gathering. He first thanked 
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all who had been helpful in the realisation of the 
scheme, and especially Sir William White, and, pro- 
ceeding, pointed to the need for a tank where ship- 
builders could have tests made, if our prestige was 
to be maintained. He recalled the well-accepted fact 
of school-day experience that it was a very much 
easier task to get to the top of one’s class than to 
remain there, and similarly, it must be realised 
that shipbuilders and engineers, if they had their 
country’s welfare at heart, must, in addition to 
studying the success of their own firms, co-operate 
to de what was necessary for the advance of their 
profession, upon which the safety of our nation 
reatly depended. They had nothing to fear so 
ae as the Admiralty, who had in the past led 
the way to progress, continued that policy, and 
gave encouragement to firms who had shown 
their keenness to initiate improvements and to lead 
rather than to follow. It was good to see firms 
keenly competing in the work of invention and 
improvement, but if those firms had to give up 
this policy and were forced to turn their attention 
solely to the reduction of cost, our prestige as a 
nation taking the lead in naval advance, would 
most certainly fall into other hands. There 
appeared a tendency to discourage special origina- 
tive work, which was the secret of success, and to 
devote more attention to meet the immediate 
demands of greater competition, and to securing 
reduction in price. If this policy were carried too 
far, it would be fatal to future yy This 
striving after cheapness would lead to the inevit- 
able result of securing present gain at the sacrifice 
of future progress ; for it must be borne in mind 
that if contractors were deprived of the margin of 

rofit which enabled them to make investigations, 
it would put a stop to their enthusiasm in scientific 
advance. In conclusion, he said that he felt ita 
great privilege to have been the means of assisting 
to found the National Experimental Tank, which 
he hoped and trusted might not only be an advan- 
tage to the profession which was so dear to his 
hearers, but also to the country to which they 
were all so proud to belong. 

The Marchioness of Bristol then set in motion 
the carriage towing a model in the tank, and it 
traversed the full length of the basin. On its 
return, the Marquis acknowledged the honour con- 
ferred upon his wife, and spoke of the practical 
utility of the research work to be undertaken in 
the tank. 

Sir William White expressed the hope, on behalf 
of the Institution and of Mr. Yarrow, that the 
tank might be known as the ‘‘ Froude tank,” and 
the suggestion was approved by en. 

The guests afterwards visited other departments 
of the Laboratory, and took tea, which was served 
in the grounds, returning to town by special train. 
In the evening a festival concert in the Queen’s 
Hall was largely attended, the Leeds Festival 
Choir, under the conductorship of Sir Charles 
Villiers Stanford, D.C.L, being the principal 
attraction. ~~ was served later at the Queen’s 
Hall, and Sir William White, in the course of the 

roceedings, proposed the health of Sir Charles 
Stanford, and Mr. Dana, the secretary of the Insti- 
tution. — 

With the proceedings of yesterday, to-day, and 
to-morrow we shall deal in our next issue. 


(To be continued.) 








INDUSTRIAL NOTES. 
Art the end of last week the gravity of the situation 
created by the seamen’s strike had in no wise decreased, 
for although the seamen and firemen themselves appear 


to have been willing to accept terms, they would not 
do so on account of their being in sympyxthy with the 
dock labourers who were also on strike. In Hull, where 


the greatest trouble had been experienced, and where 
serious rioting had taken place, things were quiet at 
the end of the week, probably due to the importation 
into the town of 500 men of the London police. Put 
briefly, the situation at the end of last week was that 
the negotiations for a settlement had been broken off 
at Hull and things wore a threatening aspect, the men 
being held in check by the strong show of force in the 
town. In London, where the effects of the strike had 
not been much felt, a great dock strike was threatened, 
the men having put forward demands for an increase 
of (on the minimum wage) from 6d. an hour to 8d. with 
ls. an hour for overtime. The terms agreed to by the 
men’s Officials in Liverpool were not accepted by 2000 
of the men. Altogether, at the end of the week the 


outlook was gloomy. 
It was known on Saturday that about half the 
shipowners in the country had formulated their 





scale of wages in accordance with the resolution 
arrived at during the conference held in London 
on Wednesday. These, speaking generally, represent 
an increase of about 10s. per month to the seamen. 
The rates agreed upon for crews signing on at Man- 
chester were fixed on Friday as follow :—(1) General 
coasting trades, 29s. and the usual extras weekly. (2) 
Regular coasting and Continental liners, 32s. 6d. 
weekly. (3) Baltic, Eastern, Mediterranean, and 
South Atlantic: Seamen, 4/. 10s. monthly ; firemen, 
4/. 15s. monthly. (4) North Atlantic and St. Lawrence: 
Seamen, 4/. 10s. monthly ; firemen, 5/. monthly. In 
Nos. 3 and 4, provisions to be found by the owners ; 
No. 1, to remain as before. No. 2 represents an 
increase of 23. 6d. per week for both seamen and fire- 
men, while Nos. 3 and 4 represent an increase of 10s. 
monthly for both seamen and firemen. This scale was, 
however, refused by the men’s leaders, who said they 
would not be satisfied with less than an advance of 5s. 
for weekly boats and an average up to 5/. 10s. for 
monthly boats. 

The beginning of this week brought hope that 
matters would soon be settled satisfactorily and peace 
restored, for on Monday the outstanding differences 
between the shipowners and the men on strike in 
Liverpool and Hull were to a large extent settled. 
At other ports also, where the unsettlement had 
been less acute, this was also the case. At Hull, 
at the conference between the representatives of the 
employers and employed, under the presidency of Mr. 
Askwith of the Board of Trade, terms were arranged 
according to which the men agreed at once to return to 
work, having received considerable concessions. This, 
however, does not include 900 flour-millers, who 
are not yet satisfied with the offer made them. 
In Liverpool the outlook improved, but in Man- 
chester things were less favourable, for there 4000 
carters and several hundred railway employees 
came out on strike. At Bristol and Newcastle also 
the quay labourers refused to work incoming boats 
that had. been diverted from other ports. In Hull the 
strikers who returned to work on Tuesday mornin 
numbered about 20,000. They have not obtain 
all they asked for, but the wages of each class are 
increased, and the conditions of work are improved, 
and the men appear quite satisfied. The weekly 
wages of seamen at Hull and Goole will be 32s. 6d., 
and the monthly rates for firemen will be 4/. 15s. 
Questions relating to the Federation ticket, doctors’ 
examination, and a weekly half-holiday, have also 
been settled. The case of dockers, and other shore 
workers was also settled, the men obtaining an addi- 
tional 4d. per hour. In addition, the employers 
agree to meet the representatives of sections of 
workpeople as well as the chief classes concerned in 
the strike in order to discuss claims, a reasonable 
notice being given. The final clause of the agreement 
is, perhaps, the most important, as it relates to the 
interests of the community as a whole. It runs: ‘In 
the event of any question arising as to the inter- 
pretation of any clauses of this agreement, which 
cannot be settled by the parties concerned, no stop- 
pase of work shall take place but the matter shall 

referred to the Board of Trade.” Although the 
famine prices charged for flour in Hull on Saturday 
no longer hold, the price of flour is still high. This 
high price has, however, been largely due to the 
sectional strike of 900 millers. 

In Liverpool practically the only men now out are a 
few scalers, who are mostly young fellows demanding 
increased pay, and some two or three hundred mates, 
second engineers, and seamen employed by the Alex- 
andria and Cock Towing Companies. Tt is stated that, 
as a result of the strike, some 8000 men have joined the 
Dockers’ Union, and there have been large additions 
to the Seamen’s and Stewards’ Unions. At the time 
of going to press Manchester was in a state of turmoil, 
the strike having resulted in rioting and bloodshed, 
and the strike in Glasgow had been renewed when the 
dockers, firemen, stewards, and cooks of the Allan and 
Anchor Lines came out. They refuse to go back till 
the quay labourers’ terms have been met. 


The twelfth annual report of the General Federation 
of Trade Unions has recently appeared, and shows a 
record of a very trying period in the history of the 
Federation ; in fact, the financial reserve was less than 
at any time since 1902. The boilermakers’ dispute 
alone cost the Fedzration over 53,0007. On March 31, 
last year, there were 135 societies on the books of the 
Federation, but during the year five societies left, 
the total membership at the end of the year being 
697,391. During the year ending March 31, 1911, 
there were additions to the Federation which brought 
the membership up to 710,994. The report shows that 
the income, both from contributions and from interest, 
is lower by 1650/. 4s. 9d. than last year, the decrease 
being accounted for by the fact that in 1909-10 the 
boilermakers paid five quarters while in 1910-11 they 
only paid three, and the loss of income on investments 
is due to the withdrawals on account of Federation 
benefit. The total expenditure for the year was 
74,9527. 17s. 1ld., or an excess of expenditure over 





income of 39,648/. 14s. 2d., which excess was due to 
the claims made for benefit, for although the actual 
disputes were fewer than in 1909-10 the number of 
workers involved rose from 6418 to 23,635, and 
the cost of disputes rose from 8767/. 18s. ld. to 
72,321/. 193. 10d. Disputes during the year affected 3.32 
per cent. of the total membership of the Federation, and 
the average payments per head of those involved have 
exceeded 3/. 1s. 2d. All other expenditure shows a 
decrease of 174 percent. A comparison of income and 
expenditure covering the whole of the Federation’s 
existence shows that the amount actually returned to 
the members in Federation benefit, 288,576/., plus 
the balance of 61,235/., exceeds the amount actually 
received in contributions and entrance fees (335,816/. ) 
by 13,995/. The total reserve fund now stands at 
61,2357. 7s. 7d., part of which, amounting to 
10,486/. 15s. 1ld., is practically at call, while the 
balance can be realised on six months’ notice. 


The South Wales Miners’ Federation held a general 
conference of lodge delegates at Cardiff on Saturday 
last, when the general feeling of the delegates appears 
to have been that pressure should not be put on the 
Cambrian men to return to work, but that earnest 
efforts should be made to support them by levies, at 
least until after the National Conference to be held 
in London on July 28. The weekly grant ceased on 
Saturday last, but there are hopes among the men 
that it will be restarted. The question of a general 
Welsh strike was discussed, but no actual resolution 
was put to the meeting. It was, however, agreed to 
issue a manifesto to the English and Scottish miners 
explaining the position in South Wales, and also to 
send men to place the facts before the workmen. It 
was the feeling of the meeting that sectional fighting 
was no use, and that a national strike was the only 
way to secure a redress of grievances. 





The conciliation board of the Northumberland coal 
trade met at Newoastle on Saturday last, and decided 
that with pays beginning on the following Monday 
and on July 10 the wages of underground workmen 
and ‘‘ banksmen” be advanced>by 1} per cent., making 
them 274 per cent. above the basis of 1879. The 
wages of other classes of labour advanced in the 
usual proportion will be 22 per cent. above the 
standard. It is stated that, unless some agreement 
be arrived at within the next three months, there will 
be no further meeting of the board, as the miners 
have given notice to secure a minimum wage of 30 per 
cent. above the standard of 1879. 


The labour conflicts, both in Sweden and Norway, 
are assuming a more serious form. In the first-named 
country the negotiations within the building trades 
have led to no results, and as the current strikes 
have not been terminated the Central Union of 
Swedish Employers has given notice that the Union, 
in order to defend its members, whose men have 


gone out on strike, has found it necessary to declare 
a lock-out, as far as all the members of the Union 
are concerned, from Monday, July 10. Further 


mediation, however, is likely to be attempted. 
Should it not succeed, some 40,000 men will be 
locked out. In Norway, mediation has been resorted 
to in vain, and no ment having been arrived 
at by July 1, the Union of Norwegian Employers 
on that extended the notice of lock-out, so as to 
comprise some additional 16,000 hands. This second 
lock-out refers to 139 industries, viz., the iron industry 
as a body, and the following in the paper-making 
industry :—the Union Company, Skien ; the Kloster- 
fossen yar Skien ; the Embretsfos Company, 
Modum ; the Hlunsfos factories, Christianssand. 








THE JUNIOR INSTITUTION OF ENGINEERS.—The summer 
meeting of this Institution will take place at Felixstowe, 
Ipswich, Norwich, and Cambridge, from July 29 to 
August 5. Visits to various works are being arranged, 
also to the engineering laboratories, workshops, and 
colleges at Cambridge. In the evening of Friday, 
August 4, the Institution’s summer dinner will be held at 
the University Arms Hotel, the President, Sir J. J. 
Thomson, F.R.S., being in the chair. The necessary 
arrangements are being carried out by the Secretary, 
Mr. Walter T. Dunn, 39, Victoria-street, Westminster. 





Tue Late Dr. G. J. Sronry.—We regret to announce 
the death of Dr. George Johnstone Stoney, F.R.S., which 
occu on Wednesday, at his residence in London, in the 
eighty-sixth year of his age. The deceased gentleman 
made many valuable contributions to physics, and to him 
indeed is due the introduction of the term ‘‘electron” for 
the unit disembodied charge of electricity, At an earlier 
date in his career he served on the British Association 
Committee which introduced the now recognised system 
of electrical and magnetic units. He was elected a mem- 
ber of the Royal Society in 1861, and served long as a 
member of the Council. of which he was afterwards 
Sag one of the vice-presidents. His brother, 

indon Blood Stoney, was well known as engineer to 
the Dublin Port and Harbour Board. Mr. Gerald 
Stoney, F.R.S., who has been so closely associated with 
he development of the Parsons steam-turbine, is his son. 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. | 
Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market opened with a firm tone, and 5500 | 
tons of Cleveland warrants were done at 46s. 34d. cash | 


cash, 46s. 7d. one month, and 47s. 04d. three months. 
In the afternoon the market was steady, but no deal- 
ings were recorded. At the close of the day there 
were sellers at 46s. 4d. cash, 46s. 7d. one month, and 
47s. three months. On Friday morning a stronger 
tone prevailed, and although the business was limited 
to two lots of Cleveland warrants, they were done at 
46s. 5d. cash, and 47s. 14d. thine months. Sellers’ 
closing prices were 46s. 54d. 4s. 8d. one month, 
and 47s. 14d. three months. The afternoon session was 
easier in tone, and a small business of 1500 tons of Cleve- 
land warrants changed hands at 46s. 43d. cash, with 
sellers over at that figure, and at 46s. 7}d. one month, and 
47s. 1d. three months. On Monday morning there was 
little life in the market, and the dealings consisted of 
only two lots of Cleveland warrants at 46s. 7d. one 
month, and at the close sellers quoted 46s. 4d. " 
46s, 7d. one month, and 47s. 0}d. three months. In 
the afternoon quietness was again the ruling feature, 
and the turnover consisted of 1500 tons of Cleveland 
warrants at 46s. 64d. one month, and closing quotations 
were 46s. 4d. cash, 46s. 7d. one month, and 47s. 04d. three 
months sellers. On Tuesday morning there was no change 
in the tone of the market, and only one Cleveland 
warrant changed hands at 46s. 6d. one month. Closing 
prices were easier, at 46s. 34d. cash, 46s. 64d. one month, 
and 47s. three months sellers. Cash sellers of hematite 
quoted 61s., but there were nc buyers. The afternoon 
session was dead idle, but sellers of Cleveland warrants 
quoted nominally 4d. up, at 46s. 4d. cash, 46s. 7d. one month, 
and 47s, 0}d. three months. When the market opened 
to-day (Wednesday) the tone was the turn stronger, an 
some 3500 tons of Cleveland warrants were done at 46s. 64d. 
and 46s. 7d. onemonth. Closing sellers quoted 46s. 44d. cash, 
46s. 74d. one month, and 47s. 14d. three months. Hema- 
tite was quoted at 60s. cash buyers and 60s. 104d. cash 
sellers. In the afternoon business was quite at a stand- 
still, but quotations for Cleveland warrants were nominally 
steady, with sellers at 46s. 44d. cash, 46s. 74d. one month, 
and 47s. 14d. three months. © following are the market 

uotations for makers’ (No. 1) iron:—Clyde, 60s. 6d.; 
Calder and Gartsherrie, 61s.; Summerlee, 63s.; Langloan, 


64s.; and Coltness, 82s. 6d. (all shipped at Glasgow); 
Glengarnock (at Ardrossan), 64s.; Shotts (at Leith), 62s. ; 
and Carron (at Grangemouth), 63s. 


Sulphate of Ammonia.—A better inquiry exists for 
sulphate of ammonia this week, and the price is firmer. 
The current quotation for prompt lots is now 13/. 7s. 6d. 
per ton, Glasgow or Leith. 

Scotch Steel Trade.—No change falls to be reported in 
connection with the state of the Scotch steel trade, with 
the exception that a little activity is noticeable in the 
clearing off of orders before closing down for the holidays, 
and there is a consequent increase in specifications. 
The shipbuilding yards in the lower reaches of the Clyde 
knock-off for ho * at the end of this week, and will 
have resumed work before the steel trade, so that specifi- 
cations from that source for plates, angles, &c., are also 
rather better at the moment. On the other hand, no 
increase in new business has taken place, and buyers 
continue to pursue the —_— of waiting for a fall in 

rices, which, however, shown no signs of coming. 
ight steel material of all kinds and structural sections 
are in good demand, especially the former. 


Malleable-Iron Trade.—The malleable-iron trade of the 
West of Scotland is practically without change, and the 
basis price for Crown bars is still 62. per ton, less 5 per 
cent. for prompt delivery. 


Scctch Pig-Iron Trade.—A fairly good business has 
lately been done in the ordinary qualities of Scotch pig- 
iron, principally with buyers in the South, but local con- 
sumers continue to purchase sparingly. The export 
demand is satisfactory, but owing to the trouble with the 
seamen and quay labourers, deliveries are being somewhat 
delayed. Hematite is still inactive, and no change has 
taken place in prices. 

Shipbuilding.—The shipbuilding returns for the past 
a are a satisfactory, rosy Bee up the output of 
the year to date to quite a respectable tonnage. The fol- 
lowing are the figures for the different Scotch districts :— 


June, 1911. Six Months, 1911. 
Vessels. Tons. Vessels. Tons. 
The Clyde 23 52,474 135 309,860 
The Forth 3 1,345 13 6,756 
The Tay os - 9 8,807 
The Dee 5 598 39 5,862 
Total output 31 54,417 196 331,285 


It is interesting to note that the June output for the 
Clyde yards is over the average for the six months just 


d | munerative character o' 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
National Insurance and Industry.—At the annual 
—— of shareholders of Messrs. John Brown and Co., 
imi 


between 40,000 and 50,000 men—wage-earners ; and when 
they came to reckon up what the National Insurance 
charge would involve, it meant that something like 25,0007. 
a year would have to be found by the company. This 
amounted to about 14 per cent. of their capital, or, to put it 
in another way, they would see 1} per cent. taken from their 
dividends. Of course, that was perhaps, taking the worst 
view of the situation, but it was only right t share- 
holders should understand what these latest legislative 
projects really meant. In a short time they might be able 
to throw that charge on the cost of production, as in the 
case of the Compensation Act, but they must not be sur- 
prised if, during the first twelve months, it had a very 
serious effect upon their revenue. 


Tron and Steel.—Half-yearly stocktaking has been re- 
sponsible for an almost total suspension of buying during 
the past week, and the raw material market has been 
exceptionally quiet. Prices have remained at a dead 
level for some weeks past, and there is little prospect of 
any immediate alteration. The general tone of the 
market, however, is hopeful. Contracts are running out, 
and with stocks very low, manufacturers will shortly be 
compelled to replenish. The heavy output of manufac- 
tured iron and steel indicates a strong revival when con- 
sumerse do come on the market. incolnshire irons, 
with little doing, show no change. Derbyshire makers, 
owing to the lower prices, are more favourably situated. 
Foundry sorts are making 50s. to 51s. The engineering 
houses are well supplied with orders, in many cases work- 
ing overtime, but complaints are still rife of the unre- 
much of the work. Keen com- 
oon pee from abroad, and cutting at home, leave but 
ittle margin for profit, and with wages showing an all- 
round increase, the earnings of even those houses having 
important specialities are comparatively small for a time 
of such activity. 


South Yorkshire Coal Trade.—Latest quotations are as 
follows :—Best branch hand-picked, 13s. to 14s.; Barnsley 
best silkstone, 11s. to 12s.; silkstone, 9s. to 10s.; Derby- 
shire house, 8s. to 9s.; large nuts, 7s. 3d. to 9s.; small 
nuts, 5s. 6d. to 6s. 6d.; Derbyshire brights, 10s. 3d. to 
1ls.; Yorkshire hards, 8s. 3d. to 9s. 6d.; Derbyshire, 8s. 
to 9s.,; washed nuts, 7s. 9d. to 8s. 9d.; rough slacks, 
5s. 3d. to 7s.; seconds, 4s. to 5s.; smalls, 1s. 6d. to 2s. 6d. 





Tue Kaiser WitHetm Canat.—The traffic through 
the Kaiser Wilhelm Canal, which dropped off in 1908, 
but recove in 1909, continued to increase durin 
1910. Altogether 75,569 vessels, aggregating 7,579, 
registered tons, passed through the Holstein Canal, against 
36,547 vessels, of 6,527,698 tons, in 1909. The number of 
steamships shows a very considerable increase, from 
16,821 in 1909 to 21,033 in 1910, while the number of 
sailing vessels has actually decreased, from 18,334 in 1909 
to 17,450 in 1910. Lighters, &c., have also increased, both 
in number (7086 against 3391) and in capacity (1,148,690 

inst 723,557 registered tons). The ships of the German 
avy are not comprised in these statistics. 





Tux Iron AND Street Institute Meeting: Tux Turin 
Meertinc.—Arrangements have been made to hold the 
Autumn Meeting of the above Institute at Turin on 
Monday and Tuesday, October 2 and 3, this year, when 
the following papers will, it is expected, be read :— 
(1) “‘Report on the Mineral urces of Italy,” by 
various authors; (2) ‘Un the Au ous Welding of 
Metals,” by Dr. Francesco Carnevali(Turin); (3) ‘‘On the 
Application of Electrical En to the Manufacture of 
Iron and Steel in Italy,” by Cav.-Ing. Remo Catani ; 
(4) ‘On the Present State of the Iron and Steel Industries 
of Italy,” by Signor Comm. Luigi Dompé and Cav. Fran- 
cesco Sayerio Pucci; (5) ‘‘On New Industrial Pro- 
cesses for the Cementation of Steel,” by Cav. Prof. Dr. 


Heat Treatment,” by Louis Grenet (Argenteu Trance) ; 
(8) “On Basic S§ 
(Frankfort -on - Main); (9) “On the Use of Titanium 
in Iron and Steel,” by C. V. Slocum (Pittsburg) ; 
and (10) “On the Physico-Chemical Properties of 


arrangements for travelling, &c.:—Members resident in 
Great Britain can travel together, and in order to avoid 
night travelling on the outward journey the ~-" will | 
stay one night in Paris and one night at Aix-les-Bains. | 
Special reduced fares have been fixed in connection with 
these ye The train will start from Holborn 





closed, and also that it brings the total for the year 

to date up to 309,860 tons. Only on one occasion has the | 
output for the same period been greater, and that was in | 
1906—the year of the ‘‘ Lusitania” —when the total figures | 
amounted to 336,258 tons. A record may not be created | 
this year, but if labour troubles are only overcome, there is | 
likely to be quite a large output mar ed up against the | 
year 1911. ew orders are scarce at present, but con- | 
tracts on hand ensure steady employment for some 
months ahead. It is just reported that the contract for 

the two new Empress steamers for the Atlantic service of | 


the Canadian Pacific Railway Company has been secured 
by the Fairfield Shipbuilding and Engineering Company, | 
Limited, Govan, | 


Viaduct (South-Eastern and Chatham Railway) at 
9.30 a.m., on September 29, and passengers are expected 
to arrive at Turin on October 1, at 6.10 p.m. On Octo- 
ber 1 and the two succeeding days badges and pro- 
grammes will be distributed and members will be wel- 
comed by the civic authorities ; papers will be read and 
di ,and p' of interest visited on October 4 and 
5. There will be excursions to Savona and Genoa, and 
from then to October 17 there will be visits to Rome, 
Naples, Terni, Florence, and Milan. There will also 
be a special excursion to the Island of Elba and to) 


Piombino, on Friday and Saturday, October 6 and 7. | 
Further particulars may be obtai from the secretary, | 
Mr. G. C. Lloyd, 28, Victoria-street, Westminster, S.W. | 





, held in Sheffield, the chairman pointed out that, | still dull, but val f Cleveland ki 
and 46s. 6d. one month. Closing sellers quoted 46s. 4d. | with their subsidiary concerns, the company employed preening gen ge - er agg nnd 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mipp.esproucHn, Wednesday. 
The Cleveland Iron Trade.—The pig-iron market is 


ng Makers are not very keen sellers, as they 
anticipate improvement in values in the near future. 
Transactions are consequently confined to sales for early 
delivery, and it is significant that sellers will not quote 
forward except at higher rates than rule for early busi- 
ness. Production is now fairly well taken up, and as the 
autumn approaches the make should be more than 
fully absorbed, and stocks consequently reduced ; but 
it must be borne in mind that we are still passing 
gy od what is usually a quiet period of the year. 
The better reports from the United States should 
assist to stre’ en this market. No. 3 g.m.b. Cleveland 
pig is 46s. 74d. f.o.b.; whilst No. 1 is 14d.; No. 4 
oundry, 46s. 14d. ; No. 4 forge, 46s.; mottled and white 
each 45s. 9d.; and Nos. 1, 2, and 3 Kast Coast hematite 
pig 61s. 6d.—all for yore | delivery. Business in foreign 
ore is still at a standstill. Prices show a rather down- 
ward tendency, but consumers declare that very sub- 
stantial reductions will ro have to be made before a 
renewal of buying is at all likely. Rubio, of 50 per cent. 
uality, is quoted 19s. to 20s. ex-ship Tees. Coke is in 
airly good request, the local consumption being heavy, 
and demand for shipment is fairly eee, but the supply is 
ample. Average blast-furnace kinds are not more than 
14s. 6d. delivered here, and foundry coke ranges from 
16s. to 17s. f.o.b. 


Manufactured Iron and Steel.—Though new orders are 
by no means plentiful, producers of nearly all descrip- 
tions of manufactured iron and steel are pretty well 

laced, several firms having made contracts which will 

eep them employed for some months, Manufacturers, 
under these conditions, are not pressing sales particu- 
larly, as they hope for improvement in values. Principal 
market quotations stand :—Common iron bars, 71. ; best 
bars, 7/. 7s. 6d.; best best bars, 7/. 15s. ; packing-iron, 
5/. 15s. ; iron ship-plates, 62. 12s. 6d. ; iron ship-angles, 7/.; 
iron ship-rivets, 7/. 5s.; iron boiler-plates, 7/. 7s. 6d. ; 
steel bars, 6/. 5s.; steel ship-plates, 6/. 15s. ; steel ship- 
angles, 6/. 7s. 6d. ; steel boiler-plates, 7/. 10s. ; steel strip, 
67. 10s. ; steel hoops, 6/. 12s. 6d. ; steel joists, 61. 7s. Gd. ; 
cast-iron railway-chairs, 3/. 12s. 6d.; light iron rails, 
6/. 10s.; heavy steel rails, 5/. 12s. 6d.; steel railway 
sleepers, 6/. 10s.; and iron and steel galvanised corrugated 
sheets, 10/. 15s.—sheets less 4 ned cent., railway material 
net, and all other descriptions less 2} per cent. discount. 


Shipments of Iron and Stcel.—June shipments were but 
small. This was what was anticipated, for June is usually 
a quiet shipping month, and this year loadings were 
checked by the Coronation holidays, and by the unfor- 
tunate seamen’s strike. Pig iron cleared during last 
month averaged 4509 tons per working day, the total 
despatches being returned at 108,219 tons, 95,713 tons 
of which went from Middlesbrough and 13,506 tons 
from Skinningrove. For the previous month the total 
clearances of pig reached 142,559 tons, or a daily 
average of 5317 tons, and during June, last year, the 
despatches amounted to 117,957 tons, or an average of 
4537 tons per working day. Of the pig iron sent from 
Skinningrove last month 12,430 tons went to Scotland, 
and 1076 tons to the Continent. Of the pig iron sent 
from Middlesbrough last month 75,523 tons went abroad, 
and 20,190 tons to coastwise customers. Japan was the 
largest receiver, taking 13,801 tons; whilst Italy took 
12,293 tons; Germany, 11,638 tons; Scotland, 10,814 
tons; and Canada, 7 tons. Shipments of manufac- 
tured iron for June were given at 12,013 tons, 6071 tons 
going foreign, and 5942 tons coastwise, India once more 

ing the largest customer with an import of 4035 tons, 
The steel cleared last month amounted to 28,354 tons, 
23,216 tons of which went abroad and 5038 tons coastwise. 
The best customers were Canada, 4459 tons; India, 4449 
tons; Japan, 3969 tons; and Victoria, 2203 tons. 











Federico Giolitti; (6) ‘‘On Cementation with Gas |MkcHanica, Encingers.—The annual 
Under Pressure,” by Prof. Dr. F. Giolitti and Dr. of the members of the above Institute will be held at the 
Francesco Carnevali; (7) ‘‘On the Transformation of | Philosophical Hall, Leeds, on Tuesday, July 18, at 
Steel Within the Limits of Temperature — ¢ oe for | oe pe, The 
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.” by V. Adolphe Kroll, Junr. | Garforth. 


THe Mripianp Instirure oF Mrninc, Civ, AND 
eral meeting 


per to be read and discussed at the 
-Dust Experiments,” by Mr. W. E. 


is on “ 


** ALL Anout PatEnts.”—This is the title of a practical 


guide, in pamphlet form, for inventors, patentees, inves- 


Slag,” by Prof. J. H. L. Vogt (Christiania). Mem-| tors and manufacturers, by Mr. Clarence W. Crossley, 
bers will, however, receive a final list of papers issued at the price of 9d. net. It deals with a number of 
later. The following is a brief pi me of the | Po 


ints of interest to the classes addressed, ae 
n 


inventions, patents covering same, and the working ai 


sale of the latter. 





ConTracts.—We are informed by the British West- 


inghouse Electrical and Manufacturing Company, 


Limited, that they have recently 


received a number of 


important orders, among which are:—Three 400 -kw. 
rotary converter sets for the Tyneside Electric Develop- 


|ment Company, Horden and Shotton Collie 
| 450-kw. rotar 
&c., for the ; 
converter and switch-gear for John Su 

Limited ; fifty = 
poration ; one 
nating-current turbo-generator set, with surface-cond 
ing p' 
1500-k 
one 1000-kw. direct-current generator, 
pe ag generator in tandem, with surface-condens- 
ing pi 


; three 
converter sets direct-current switch gear, 
reenock Corporation ; one 500-kw. rotary 


tic brakes for the Manchester Cor- 
-kw. 3000-revolutions per minute alter- 


nt, &c., for the Blackburn Oorporation ; and ~ 


w. high-pressure turbine (Impulse type) coupled to 
and one 1100 alter. 


t, Lea recorder, and Brown. Boveri regulator, 
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LARGE ORANES. | DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 


war = EpitTor of core manga i 
Sir,—With reference to the description of the -ton . ° 3 
electric Titan orane at the Fairfield Works, given in last (Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
week’s ENGINEERING, we observe it is there stated that APnit. ie Jv 
“‘No larger crane has, so far, been constructed.” We . NE. 
would, however, point out that this is not the case, as 
there are already two larger cranes in operation, one of 
these being at His Majesty’s dockyard, Devonport, and 
the other at the Imperial Japanese Navy dockyard, 
cig both of which were designed and manufactured 
us. 
"The following table will show the respective powers 
of these cranes in foot-tons :— 





Fairfield Crane. 7 
1us, ‘oot. 
Tons. Feet. Tons. 
Working load ... 200 75 15,000 
Test load o 250 75 18,750 
Devonport Crane. 

Working load ... 160 95 15,200 
Test load a 240 95 22,800 
Yokosuka Crane. 

Working load ... 200 95 19,000 
Test load tog 250 95 23,750 

Yours faithfully, 


For Cowans, SHELDON, AND Co., Limited, | 

J. W. Brown, Secretary. 

Carlisle, July 3, 1911. | 
ST. PAUL’S BRIDGE. | 

To THE Epitor oF ENGINEERING. 

Sir, —It appears the City is appointing three architects | 
in reference to the above as a committee. But why not | 
a c mposite one, with representatives of engineering and 
surveying as well? The addition of a well-known busi- | 
ness man also would be an acquisition, together with | 
someone who has shown special acquaintance with the 
whole aspect of the question, It is not merely to the | 
‘‘make-up” of the committee that objection can be | 
taken, but to the matter of its origin. True, the City is | 
generously offering to build a bridge, and naturally has | 
undertaken the ordering of it, on what it believes to be | 
the best lines. In doing so it is feared the matter is | 
being considered as merely local, whereas it is at least 
metropolitan, if not national or imperial. It appears to 
be viewed also in its most limited aspect, as simply the | 
matter of a bridge and its connections, whereas in the | 
ultimate it is the question of at least a new main thorough- | 
fare from the “ Angel” to the ‘‘ Elepbant ”’—alterna- 
tive. perhaps, to the proposal of the Royal Commission 
on London Traffic for a new north to south main avenue. 

It seems to be forgotten, in fact, that we are in the 
midst of designing a new Metropolis, and must say good- 
bye to the practices of the past, in which one piece after 
another has been added without even general reference to 
the whole and to what may be expected to come after. 
Begun by the ahove Royal Commission, continued in a | 
branch of the Board of Trade (perhaps also in some 
measure in the Roads Development Commission), the new 
draft plan may be said to be well on the way. But we 
still await the appointment of the body destined to formu- 
late wrwee the working plan for the reconstruction of 
the Metropolis in fulfilment of the recommendation of the 
Royal Commission. 

Listening to the debate on the New Bridge Bill in Par- 
liament, it was noticed as strange that the above matter 
was not once referred to; and, marvel, no Government 
oracle ventured a syllable on either question, surpassingly 
important as both are in relation to the Metropolis of 
the future. 

Any reference, it is considered, which the City can 
impose on such a committee of its appointment must 
necessarily be very limited, even if it goes beyond the 
locale of the proposed bridge in the City. Whereas, it 
has been shown that the general question at issue stretches 
far beyond the City’s nominal interest and jurisdiction. 
In view of that, therefore, any findings of such a com- 
mittee must be considered unsatisfactory. 

As a solution of the matter it is reckoned that the City, 
having acted so nobly, would, under the circumstances, 
be well advised to as gracefully withdraw from further 
contention. The onus of carrying the matter through as 
a whole would thus be left to Government and the pro- 
spective new body which could consider the project in its 
widest aspect, and carry it out as part of a well-devised 
general plan of the new Metropolis. 

Yours truly, 
London, July 3, 1911. O.B.1.T. 











Lonpon, Titpury, AXp SovTHenp Raitway.—The 
_ transfer of the London, Tilbury, and Southend 
way to the Midland Railway Company has been 
almost unanimously approved at a meeting of the present 
proprietors ; and, subject to the approval of Parliament, 
the amalgamation may almost be regarded as a fuit 
accompli. The Tilbury line was originally leased to 
Messsrs. Peto, Brassey, and Betts, the contractors who 
built it, and who guaranteed an interest of 6 per cent. 
per omnes Y as e share capital ee — ———— 4 10 
years. In @ guarantee expired, and the London, (2337) f 
Tilbury, and Southend Railway y tention which had denned : . -_ a nightie : : 
been incorporated in 1862, had to make the best of the In the accompanying diagrams each vertical line represents a market day, and each horizontal line 
property. Thegrowth of Southend during the last thirty- | represents 1s. in the case of tin-plates, hematite, Scotch and Cleveland iron, and 1l. in all other cases. 
. ve yes bee, = very great, C- Se wnt pe ay The price of quicksilver is per bottle, the contents of which vary in ao 70 lb. to80lb. The metal 
accordingly, become a sold and successful under- i i i i in- e 
taking. ‘The Tottenham end Forest Gate Railway, which peioen are per ton. Heavy steel rails are to Middlesbrough quotations. plates are per box ot LO. cokes 
ce mnects the system with the Midland Railway, oe eM Ee ia 
in operation since 1894. The object of the Midland Com- | develop more watering place traffic. The original Mid- | will now, no doubt, make great efforts to render Southend 
many in acquiring the London, Tilbury, and Southend | land undertaking was quite land-locked, but the Midland | an even more attractive watering place than it is at 
ines is to obtain further access to the coast, so as to! company has been qrafeally pushing to the coast ; and it | present. 
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TURBINES IN WARSHIPS. 
l Appla of Turbines to the Propulsion 
of Warships.* 
By A. C. E. Rateavu, Member. 


Durine the last ten years we have assisted at a con- 
siderable development of turbine engines in all navies. 
a success of these engines has been assured, 
the 
problem of s , Since the demand for high speed in 
every class of vessel increases daily. They have, how- 


*” 


The Rati 





ever, other qualities which add considerably to the value | 
hese qualities are 


of ships fitted with these engines. 
principally endurance, the elimination of hull vibrations, 


economy of fuel at high speeds, and the fact that the | 


engines are always ready and require no overhauling. 
Great importance must have been attached to these 
ualities to justify the adoption of these engines, as 
they have the grave fault of showing a low efficiency at 
ordinary sj is, which uces by one-half one of the 
principal factors of the naval value of ships—viz., the 
radius of action. 
his reduction in radius of action does not have the 
same importance for all naval Powers. To Great Britain, 
whose wise policy has given her in all the seas of the 
world bases of supply not far distant from one another, 
endurance and constant readiness for action are qualities 
undoubtedly preferable to all others ; consequently, the 


use | 
are the only ones which enable us to solve the | 


a good efficiency ; the transmitting are in such cases 
| designed with toothed wheels or electric motors. Even 
admitting that by the introduction of these means of 
transmission there will not be a considerable loss of 
| efficiency, their employment will always entail a certain 
complication and weakness, and machinery so 
designed will lose two qualities that are most highly 
appreciated—viz., strength and simplicity. 

n the present paper it is proposed to leave out of 
consideration these methods of transmission, and to keep 
to the study of what may be done with steam-engines 
| only, turbines, and piston engines. By suitably com- 
bining them, it appears possible to improve greatly upon 
the actual consumption of steam, especially at reduced 
| speeds. Turbines are now as well understood as recipro- 
cating engines. We know that from the point of view 
of efficiency their advantages are limited by certain con- 
ditions. piston engine has, in fact, an excellent 
efficiency when the steam has a mean pressure of 15 Ib. to 
30 Ib. per square inch, but it becomes bad if the expansion 
is carried too far. 

To utilise the expansion up to pressures approaching 
those obtained in the condensers, we must have cylinders 
of large dimensions, the attainment of which is impossible, 
and in which, moreover, friction losses and condensation 
would absorb the theoretical gain obtained by the increase 
of expansion. Turbines, on the contrary, have their best 
efficiency at low pressures, and are able to utilise the 
expansion beyond the condenser pressures ; while they 

























































































buted on three shafts (centre shaft reciprocating engin 
with turbines on wing shafts). Shoampiuesqvoes tusianed 
that when going at full power the distribution is equal on 
these shafts. IRN greeted sernghs aboag: . pons 
engines exhaust into the turbines, but above this al 
the engines become independent. We would therefore 
have realised a perfect engine up to a speed of 20 knots, 
if the a engines and the turbines had been 
designed solely with the view to obtaining better results 
by working by stages; but, instead of this, they were 
designed more ticularly with the object of obtaining 
the maximum efficiency at full power. 

However this may the Vol igeur has undeniably 
demonstrated the superiority of the system, use 
below 20 knots the consumptions are slightly above those 
obtained in destroyers a the same class fitted with 
reciprocating engines. Above 20 knots, notwithstanding 
the presence of the reciprocating engines (which under 
such conditions are not advan ), the consumptions 
remain less than those of all other destroyers, even with 
turbines only. This is due to the superior efficiency 
obtained with multicellular turbines. See Figs. 1 and 4, 
showing respectively the arrangement of machinery of the 
Voltigeur, and the comparative curves of consumption of 
the Voltigeur, Chasseur (with reaction turbines), and 


CURVES SHEWING THE SLIP OF THE 


DESTROYER “VOLTIGEUR” 





Fig. 3 PROPELLERS IN RELATION TO SPEED. 
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British Admiralty adopted turbines as soon as they were 
available, and they can, even now, continue to use them 
without other inconvenience than the extension of the 
fuel supply and the improvement of the means of utilising 
the same. 

Other nations are not in the same ition as rds 
turbines. They would have to provide in times of war 
the important convoys of a , which, however well 
organised they may be, would form but an uncertain 
means of assistance, and would reduce the offensive naval 
war strength of the fleet by the number of the fighting 
units necessary for their protection. For these nations, 
therefore, the adoption of turbines has, far more than for 
Great Britain, meant increased expenditure, and they 
also have to suffer inconveniences of a strategical nature, 
which the greatest financial sacrifices can only reduce. 

It is not surprising to find that some countries openly 
regret having followed the example of Great Britain, 
and that one of the most powerful of these is about to 
replace turbines by reciprocating engines for her new 
battleships. One may well hesitate to adopt such a 
radical course as to fo: the advantages of turbines. 
Makers of turbines are, therefore, endeavouring to make 
these i more economical at low speeds. 
solution of the problem has been sought by the 
propeller shafts revolve independently, so as to keep 
the turbines at a constant cual af rotation, thus securing 


The | faults of each engine; we have to ~ some 
advan although we cannot eliminate all the faults. 
In 1906 we fitted the French destroyer Voltigeur with an 


ive rise to great losses at high pressures, due to the 
riction of the revolving parts in the steam space, also to 
leakages through the clearances between the moving and 
stationary parts. Marine turbines are further restricted 
to low velocities, instead of being able to utilise those 
which are best for a good efficiency. It is obvious, there- 
fore, that, if we can have an arrangement of combi 
engines, arranged in series, in which the reciprocating 
engines utilise the ene of the steam only up to: the 
limit of expansion suitable for a good efficiency, leaving 
to the turbine the duty of utilising the expansion down 
to condenser pressures, we then have an engine 
much superior, whatever be the speed of the ship, to one 
consisting exclusively of turbines or reciprocating engines. 
Ever since 1900 we foreseen the necessity of a com- 
bination of the two kinds of engines. At the meeting of 
this Institution of 1904* we described the arrangement 
installed, according to our ideas, by Messrs. Yarrow and 
Co., on board a small torpedo-boat. In this arrangement 
the yomgoceating engines and the turbines were indepen- 
dent ; by working the reciprocating engines only we 
could obtain very economical results at low speeds. But 
we must take account of the qualities as well as the 


improved arrangement of engines. The power is distri- 





* Paper read at the Jubilee meetings of the Institution 
of Naval Architects, July 5, 1911. 





* Transactions of the Institution of Naval Architects, 
vol. xlvi., page 168; also ENGINEERING, vol. lxxvii., page 515. 





Carabinier (with reciprocating engines). In the author’s 
opinion the best a: ment is the following :— 
Combined Engines for Battleships and Crutsers.—The 
ropulsive power is distributed on four shafts, each pair 
ben and starboard) being worked by an absolutely inde- 
ane mong set as oe In ae on a reciprocating 
engine drives the wing-shaft, and exhausts into a turbi 
winch drives the ten 4 shaft. me 
The reciprocating engines and the turbines are desi 
to develop a power equally distributed on the four shafts 
when running at maximum # At cruising speeds 
the reciprocating engines develop much more power than 
the turbines. The reciprocating engines should naturally 
be able to run ahead and astern without engaging the 
turbines. This design includes an exhaust direct to the 
condenser ; this exhaust opens at the moment when the 
normal exhaust to the turbines closes by means of two 
connected valves. These valves are operated automatic- 
ally when starting, thus avoiding any error or loss of 
time. It appears unnecessary to introduce astern tur- 
bines on the centre shafts; but this could be arranged 
wiest — difficulty. :. 
ith such an arrangement the followin; advantages 
‘“ yo teil For the / 
. Maximum —For the same weight of 
relatively to the propelling ines, there 
f the maximum power from 15 to 20 per 


cent. of 


; 
| 
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2. Oruising Speed.—At this speed the consumption will 
probably be less than that of ships with seciprocdts 
engines only, and it will not reach one-half of that wit 
turbines. By compari with the latter the radius of 
action will be doubled, or, if preferred, it may reduce 
the fuel supply in the same proportion. | oa 

3. Maneuvring.—When manceuvring in port it will be 
found that the arrangement of wing shafts driven by the 
reciprocating engines is a more favourable one than that 
of vessels with two or three propellers drivén by recipro- 
cating engines only. When manceuvring in squadrons, 
stations will be as easily kept as by other ships, because 
the regulation of 5 can justed by the opera- 
tion of the stop-valve on the reciprocating engines. 


ARRANGEMENT OF TURBINES FOR SCOUTS AND 
DESTROYERS. 


It will be readily understood that, although the distri- 
bution of the propelling machinery on four shafts does 
not present any inconvenience in large ships, it is difficult 
to achieve in the scout and destroyer classes. ’ 

If it is intended to apply the combined system in these 
small vessels, it will be necessary to adopt an _arrange- 
ment with three shafts, similar to that of the Voltigeur, 
in which, at certain speeds, the reciprocating engine on 
the centre shaft will exhaust into the wing turbines ; but 
in order to retain sufficient manceuvring — it will 
be necessary to put astern turbines on the wing shafts, 
and a direct exhaust from the reciprocating engine to the 
condenser, so as to make this engine independent for 
manceuvring in harbour. p 

This arrangement may, perhaps, be thought compli- 
cated. To simplify it we may adopt the arrangement 
recently installed on the White Star Line vessels—two 
reciprocating engines driving the wing shafts, and both 
exhausting into the same turbine, placed on the centre 
shaft, and, when manceuvring, direct to the condenser. 
But the almost universal opinion is that it is wise to give 
up entirely the use of reciprocating engines for scouts and 
destroyers. These ships must be capable of developing 
at full power a considerable speed ; they must, therefore, 
always be ready to pass from an ordinary cruising speed 
(14 to 16 knots) to very high speeds. On the other hand, 
the number of men composing the crew is limited through 
lack of accommodation, and it is necessary without greatly 
reducing their offensive value, to limit to the strictest 
minimum the numbers of the engine and boiler-room 
personnel. ' L 

The various conditions involve the use of engines and 
boilers of great flexibility and strength, and requiring 
the least manual effort ; under these circumstances tur- 
bines and liquid fuel are essential. The difficulty is to 
have a good efficiency at ordinary cruising s . In 
order to overcome this, the cruising turbine, which utilises 
the expansion of the steam between the receiver pressure 
and the corresponding pressure at the exhaust into the 
high-pressure turbine, has been designed for the required 
8 . But the power developed by this cruising turbine 
being very email, is is not possible to make it work a 
propeller shaft by itself. It is, therefore, always placed 
on a shaft al y driven ~~ one of the main turbines. 
The result has been that the speed of rotation of this 
cruising turbine, which should be high in order to obtain 
a good efticiency, has been reduced by the speed of rota- 
tion of the main turbine, an obviously low speed, since it 
is proportional to that of the ship, and also use the 
cruising turbine does not come in except at moderate 
speeds of the ship. The efficiency, therefore, is always 


r. 
“i the new French destroyers there are only two pro- 
pelling-shafts, each shaft being driven by an independent 
turbine, as has been the practice since 1898, when the 
torpedo-boat No. 243 was used for experiments on the 
adoption of turbines for small ships. The results of these 
experiments were communicated by the author to this 
Institution in 1904. 3 

The old cruising turbines, high-pressure and low- 
pressure, have been fitted in the same casing, end to 
end, thus obtaining all the advantage of great simplicity ; 
but it is evident that the ‘‘cruising” part of these large 
turbines cannot give better results than the cruising 
turbines of engines arranged in separate groups. To 
avoid these inconveniences, and the use of toothed-wheel 
gears or electric motors, we have proposed the follow- 
arrangement, in which the high-pressure turbine main- 
tains constantly at low-vessel speeds a relatively high 
velocity of rotation, and, in consequence, a higher 
efficiency. 
ARRANGEMENT OF TURBINES. 

The ship is propelled by three screws ; each shaft is 
driven by a turbine ; = ~ ee te being 
arranged for going astern (see Fig. 2, page 31). e centre 
turbine C is fitted with a steam inlet at the forward end 
G and with a by-pass H. The exhaust of the turbine C 
is connected with pipes I, I’ to the inlets L, L’ forward 
of the turbines A and B, and also by pipes K, K’ to some 
points N, N’ farther aft, in the parts of the distributers 
of these turbines; these have further an inlet of live 
steam forward through the pipes O, O’. All these pipes 
are fitted with valves. 

When cruising at 15 knots, for example, the valves M, 
M’, Pand P’ being shut, the turbine C receives steam 
through G and _ exhausts into the forward ends of the 
turbines A and B, which receive no other steam. If the 
speed has to be increased, we open the by-pass H ; the 
connections of the turbine C with A and B remaini: 
the same. For hi speeds, steam will be admit 
through O or 0’ into one of the turbines A or B, or both, 
if necessary ; but, to avoid having com’ ion at the 


exhaust of the turbine C, the exhaust is let out forward 
at N, N’ in the turbines A and B; when the valve M 
oO it must at the same time close the 
‘ine 


ve J. In 
conditions the live steam, after having worked in 





the first wheels of the turbines A and B, mixes with the 
hausting from C, and the whole works in the 


Thanks to this arrangement, the turbine C always 
works at t speed, but the power developed on the 
three shafts will not be equally distributed, as at low 
8 the centre shaft develops relatively more power 
than at high speeds. If, for example, the power produced 
at-a moderate speed on the shaft F is 44 per cent. of the 
whole, and on each wing-shaft D and E 28 per cent., 
the portion at high speed may become 16 per cent. 
on F and 42 per cent. on each shaft D and E. The 
variations of slip of the propellers correspond to these 
variations of power. 

At low speeds, nearly all the power being on the centre 
shaft, the slip of its propeller is t, say, from 25 to 
80 per cent., while the slip of the wing-propellers is small. 
The conditions will remain similar so long as the live 
steam is admitted to the centre turbine only. When live 
steam is admitted into the wing-turbines the work pro- 
duced by the centre turbine increases very little, the 
increase of power being almost entirely due to the wing- 
propellers. Their slip increases at the same time as that 
of the centre screw decreases, and the speed of rotation 
of the latter rises far less quickly than that of the wing 
screws. The best results have thus been obtained— 
namely, that at ordinary seyrmes speed a _ centre 
turbine does duty as a cruising turbine, having a very 
high speed of rotation. While aweng, it is not 
necessary to have both condensers working. The exhaust 
of the turbines A and B can be advantageously con- 
nected by means of the pipe T, which is of ample 
section to maintain an even pressure between the two 
condensers. In this way, during a long run at low speed, 
we can economise the motive power necessary to work 
one of the sets of pumps. 

The arrangement which has just been described is not 
more complicated than that which consists in putting 
two independent turbines on two shafts only. It has the 
advantage of being lighter and of entailing less steam 
consumption at cruising speeds. At high speeds it has 
the same advantages as the well-known systems of equally 
distributed power on three shafts, in which the centre 
shaft is driven by a high-pressure turbine, and the wing 
shafts by low-pressure turbines, which do not receive any 
other steam than the exhaust of the high-pressure. 

The manceuvring qualities of the ship are increased 
principally for harbour work, where a t advantage is 
gained by the action of the centre propeller on the rudder; 
in fact, itis only necessary to steam ahead with the centre 
propeller, while the others are manceuvring ahead or 
astern, and to join the exhaust of the turbine C with any 
point of the pipe T. This extension of manceuvring 
qualities is all the more important, as, with the increase 
in length of destroyers, it mes more and more difficult 
for them to enter and moor in a harbour without the aid 
of tugs. 


NECESSITY FOR CAREFUL DesiGN OF PROPELLERS. 


In the above description we have purposely left out the 
uestion of propellers, which requires particular attention. 
t will not yom ae to conclude this pon by an 

account of the method of calculation for propellers in those 
two particular cases. We shall confine ourselves to de- 
scribing the difficulties. 

For the arrangement of turbines only it is not sufficient 
to make a design suitable for one speed only. If, for 
example, we are only requiring to have the best efficiency 
at high speed, where the three shafts have about the same 
number of revolutions, the same design for the three pro- 

llers may be adopted. At low speeds, on the other 
and, the centre turbine develops a power relatively 

greater than the others, and its propeller revolves faster 

than the wing ones; in order, therefore, to obtain a suit- 

able efficiency for cruising oan, the centre propeller, 

— smaller than the others, must be very carefully 
esigned. 

In the case of the combination arrangement with 
reciprocating engines and turbines, the former develop at 
low speeds a power relatively high in comparison to those 
developed by the turbines ; this difference decreases in 
proportion to the increase of speed, and almost disappears 
at the maximum speed. The slip of the propellers of the 
ne aga engines decreases when that of the turbines 
increases. In designing propellers these peculiarities 
must be taken into account, and also the difficulty of 
associating for the same work propellers whose pitches 
are very different. 

The curves in Fig. 3, page 31, show the data obtained 
during the official trials of the Voltigeur, and they indicate 
the importance of the variation of slip. The slip of the pro- 
peller of the reciprocating engine increases up to a speed 
of 20 knots ; because up to this speed nearly all the power 
“YT -"~ by this engine, and also because of the influence 
of the stern wave, which on the measured mile where 
the trials were made became defined in the neighbourhood 
of 24 knots. 

Above 20 knots, the turbines come into operation, and 
the slip of the propeller of the reciprocating engine de- 
creases until it reaches a very small value at the maximum 
speed. Just the contrary happens with the slip of the 
wing ——. which is zero at the start, and increases 
rapidly until it reaches .26 per cent. and 28 ed cent. 
Notwithstanding this relatively high value for the slip of 
the wing propellers at the maximum s , the efficienc 
of the machinery remains as is shown by the excel- 
lent results obtained at trials. The Voltigeur has 

y obtained a speed of 31.4 knots instead of 28 knots 
required by the contract specification. 





* This is exactly what happens in the Rateau land- 
turbines, compound type, a great number of which are 
working in factories. 





Let us also point out the remarkable difference in the 
increase of slip of the wing propellers, although they are 
similar and symmetrical. is difference certainly arises 
in great part from the fact that the powers developed by 
the two wing turbines are not equal; also because, owing 
to the presence of the centre screw, the stream-lines of 
the water as it reaches the wing-propellers are not 
symmetrical. 





THE MARINE STEAM-TURBINE FROM 
1894 TO 1910.* 


By the Hon. Sir Cuartes A. Parsons, K.C.B., D.Sc., 
LL.D., F.R.S., Vice-President. 


THE application of the steam-turbine to the propulsion 
of vessels was entertained as early as 1884, but its develop- 
ment was not seriously considered till 1892, when the 
economy of the condensing turbine as applied to driving 
dynamos had excelled that of the compound reciprocating 
— for the same purpose. 

_A pioneer association, called the Marine Steam-Tur- 
bine Company, Limited, was formed in 1894, whose object 
was the investigation of the subject. The prospectus 
opened with the following paragraph :— 

‘* The object of the company is to provide the necessary 
capital for efficiently and thoroughly testing the applica- 
tion of Mr. Parsons’s well-known steam-turbine to the 
propulsion of vessels. If successful, it is believed that 
the new system will revolutionise the present method of 
utilising steam as a motive power, and also that it will 
enable much higher rates of speed to be attained than has 
hitherto been possible with the fastest vessels.” 

From the first it was obvious that the turbine was suit- 
able to fast rather than to slow vessels, and, consequently, 
it was decided to commence by building an experimental 
vessel of the smallest size consistent with the possibility 
of attaining exceptional speed. This vessel, the Turbinia, 
100 ft. in length, 9 ft. beam, 6 ft. in depth, and 42 tons dis- 
placement, after many alterations to her machinery, devel- 
oped 2400 horse-power on trials, and attained a maximum 
speed of 344 knots. The machinery and trials of the little 
vessel were fully dealt with in the report of Professor 
J. A. Ewing, F.R.S., to be found in the Appendix to the 
paper read before the members of the Institution in June 
of 1903. The trials of the Turbinia threw some addi- 
tional light on the | gg of cavitation previously 
observed by Sir John Thornycroft and Mr. Sydney 
Barnaby, and demonstrated the necessity for very wide 
blades, and a sufficiency of total area in the propellers of 
such vessels. It was shown that propellers of rela- 
tively small diameter and high revolutions could be 
designed to approach very closely in efficiency to pro- 
pellers of large diameter and normal revolutions. Further, 
the reconstruction of the turbines showed clearly the 
gain in weight and efliciency by subdividing the power 
over turbines in series on the steam on different shafts. 
The net results of these trials proved that turbine pro- 
pelling machinery was more economical than reciprocat- 
ing machinery for high-speed vessels. 

At this stage the pioneer association was transferred 
toa new company, the Parsons Marine Steam-Turbine 
Company, Limited, for dealing with the system on com- 
mercial lines. The first order wasin 1899 for a destroyer, 
the Viper, from the British Admiralty, Sir William White 
being then Director of Naval Construction. The prin- 
cipal: dimensions were the same as the 30-knot type of that 
period, but the speeds guaranteed were 31 knots ahead 
and half full-speed revolutions astern. Her maximum 
speed during a one hour’s special trial, ‘but with approxi- 
mately full weights on board, was 36.5 knots, and under 
contract conditions of coal consumption was 33.38 knots. 
The economy in coal consumption at high speeds was good 
and she fulfilled in every respect the contract conditions, 
but the results of cruising speeds showed the desirability of 
modifications in the turbines in future designs to improve 
the economy at cruising speeds, and in all subsequent war 
vessels cruising turbines or cruising elements have been 
added at the high-pressure end of the turbine installation. 
In some very recent vessels impulse elements, in others 
geared high-pressure turbines, are being employed for the 
same pur At about the same time as the Viper was 
ordered, Messrs. Sir W. G. Armstrong, Whitworth, and 
Co., Limited, placed an order for the machinery of 
another destroyer, the Cobra. The machinery of the 
Cobra was a duplicate of that fitted in the Viper. The 
Cobra on a three hours continuous run maintained the 
mean speed of 34.6 knots, 

It was very early realised that the suitability of the 
turbine for steam of very low pressure, which had been 

roved by the high percentage of power realised in the 
ow-pressure portion of land turbines, would find an im- 
portant application in ships by ——— the turbine from 
the exhaust of reciprocating engines, but not until 1901 
was the first combination vessel, the Velox, a 30-knot 
destroyer, laid down as a speculation by the Parsons 
Marine Steam-Turbine Company, Limited. Her main 
en nage machinery was nearly a duplicate of the Viper’s, 

ut in order to increase the economy at 5 s below 
13 knots, two triple-expansion engines of 150 horse-power 
each were coupled to the low-pressure turbine shafts 
through flexible and detachable clutch-couplings. Atlow 
speeds the reciprocators exhausted into the high-pressure 
turbines; at speeds above 13 knots the engines were 
uncoupled. The vessel was acquired by the Admiralty in 
1903. The same year H.M.S. Eden, of practically the 
same dimensions as the Velox, was launched, and cruising 





* Paper read at the Jubilee meetings of the Institution 
of Naval Architects, July 5, 1911. 
+ “The Steam-Turbine and its Application to the Pro- 
ulsion of Vessels,” by the Hon. C. A. Parsons. 
fore the Institution of Naval Architects, June, 1903. 
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turbines in series were fitted in her instead of re- 
ciprocating engines. 

he Admiralty carried out a series of comparative 
trials at cruising speeds with the Eden and Velox, and 
a sister vessel with reciprocating engines, of which tho 
table below is a summary. 


Water Consumption per Hour at various Cruising Speeds. 
Lbs. per hour. 


At 11 knots—Velox, using piston engines ex- 
hausting into ordinary tur- 
































bines | pe on ... 8,650 
Eden, using cruising turbines 
exhausting into ordinary 
_ turbines eS ae ... 16,146 
Piston-engined destroyer ... 14,892 
At 15 knots—Velox, using high-speed tur- 
bines only... 7 .. 24,375 
Eden, using cruising turbines 
exhausting into ordinary 
turbines a ; ~ ae 
Piston-engined destroyer .. 18,140 
At 15 knots—Velox, using high-speed tur- 
bines only Ae ... 32,750 
Eden, using low-pressure cruis- 
ing turbines exhausting inte 
_ ordinary turbines ... 28,000 
Piston-engined destroyer ... 28.750 
At 18 knots—Eden, using low-pressure cruis- 
ing turbine exhausting into 
_ high-speed turbines ... ... 41,050 
Piston-engined destroyer 45,645 
Fig. 1, COAL CONSUMPTION PER HOUR 
AT VARIOUS SPEEDS 
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SPEED IN ANOTS 


In 1902 the Admiralty placed the order for the third- 
class cruiser Amethyst with turbines, and for three sister 
vessels with reciprocating-engines of 10,000 horse-power. 
The turbine installation of the Amethyst was of the usual 
three-shaft arrangement, the high-pressure turbine driving 
the centre propeller, and the two low-pressure turbines in 
parallel on the steam driving the wing propellers, a high- 
pressure cruising turbine and an intermediate-pressure 
cruising turbine being also directly coupled through 
flexible claw couplings to the low-pressure turbine shafts ; 
these latter were in series on the steam with the main 
high-pressure turbine. The trials of these vessels* con- 
clusively proved the superiority of the turbine in water 
consumption (Fig. 1). At speeds of 15 knots, the water 
consumption of the turbine vessel was equal to that of the 
reciprocating vessels, and at eer speeds the superiority 
of the turbine was considerable, while at the designed 
speeds of 21? knots it reached 30. per cent., and at the 
maximum coal consumption allowed by the specification, 
the power developed, as estimated from the curve of 
resistance of the vessel, by the turbine vessel exceeded 
the power developed by the reciprocating veesel by 42 per 
cent. The maximum a attained by the Amethyst was 
23.6 knots as against 22.3 knots for her sister ships. The 
increased efficiency derived from the cruising turbines 
was very marked at low speeds, at some is 20 per 
cent. of the total power being developed by them. 

Subsequent to the official trials arrangements were 
made for utilising the auxiliary exhaust in the turbines, 
when a further increase in economy was obtained. : 

The comparative trials of these vessels had a great in- 
fluence upon the future of the turbine. 


* See EnciInegrinGc, November 18, 1904. 


“@ a CT 


, As a general rule, the larger and faster the vessel, the | separate casing on the high-pressure ahead shaft, in series 
more easy it had been to arrive at a satisfactory and pro- | with a low-pressure astern portion incorporated in the 
, fitable all-turbine solution as regards efficiency and first | main low-pressure-turbine casing. cruising turbines 
cost. Below the sea speed of 16 knots, the solution is| are in parallel, and not in series, on the steam as in the 
not altogether favourable, and very few such vessels have | Amethyst ; the high-pressure, low-pressure, cruising, and 
been fitted. A slight lowering of the boundary of suit- | astern turbines comprise one propelling unit on each 
able speed exists in very large vessels, and also may be | side of the vessel. 
effected by the employment of the — principle at| We may quote a summary of the advan of the 
the high-pressure end, as more fully explained later. | system, the reasons given by the First Lord of the British 
This most important question o spplying the turbine | Admiralty for the adoption of the Parsons turbine in the 
to lower-s vessels has from the commencement | Dreadnought and succeeding ships as determined by a 
received consideration, and one satisfactory solution | committee on naval design :—“ @ question of the best 
appeared to lie in the combination system to which we type of propelling machinery to be fitted was most 
shall further allude later. Another solution with a | thoroughly considered. While recognising that the steam- 
somewhat different scope has more recently been investi- | turbine system of propulsion has, at present, some dis- 
gated; it is the use of double helical gearing of the De | advantages, yet it was determined to adopt it because of 
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Laval class on a large scale for gearing the high-pressure | 
portion only, or in some cases the whole of the turbines | 
on to the screw shafting. Both of these solutions have | 
given satisfactory results, but the reduction gearin 
appears to be the more important as applicable to vesse 
all speeds. Both systems are described more fully 
later. 

The first turbine battleship Dreadnought was laid 
down at Portsmouth in October, 1905. The fon ee | 
contract for the whole of the machinery ,was placed wit 


the saving in weight and reduction in number of workin 
and reduced liability to breakdown, its smoot 
working, ease of manipulation, saving in coal consump- 
tion at high powers, and hence boiler-room space, and 
saving in engine-room complement; and also because of 
the ieveenal tection provided for with this system, 
due to engines being lower in the ship—advantages which 
more than counterbalance the disadvantages. There was 
no difficulty in arriving at a decision to adopt turbine 
— rom the point of view of sea-going speed only. 
Vickers and Maxim, Limited, the Parsons Marine The point that chiefly occupied the committee was the 
Steam Turbine Company, Limited, being sub-contractors question of providing sufficient stopping and tains 
for the turbines. She has four shafts, two high-pressure power for purposes of quick and easy manceuvring. Tri 
and two low-pressure turbines, and two cruising turbines | were carried out between sister Vv 


len and 
are coupled to the low-pressure turbine shafts. The astern Waveney, and the Amethyst and Sapphire, one of each 





turbines consist of a high-pressure astern portion in a | class fitted with reciprocating and the other with turbine 
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THE MARINE STEAM-TURBINE FROM 1894 TO 1910. 


‘* Turbinia :”’ built 1894; length, 100 ft.; displacement, 444 tons; horse-power, 2300 ; 
speed, 327 knots. 


‘* King Edward :” built 1901; length, 250 ft.; displacement, 


650 tons; shaft horse-power (estimated), 3500; speed, 
20.48 knots. 











‘**Queen Alexandra :” built 1902; length, 270 ft.; displace- 


ment, 750 tons; shaft horse-power (estimated), 4000; 
speed, 21.625 knots. 











“*The Queen :” built 1903; length, 310 ft.; speed, 
21.76 knots. 




















** Virginian,” built 1905; ~ 
length, 530 ft.; dis- ie 
placement, 13,000 ane 
tons ; estimated shaft / 
horse-power, 12,000 ; 
speed, 19.1 knots. 
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‘“‘ Carmania :” built 1905; length, 675 ft.; displacement, 30,000 tons ; shaft horse-power, 
21,000 ; speed, 205 knots. 








‘‘ Mauretania” and ‘Lusitania :” built 1907; length, 785 ft.; displacement, 40,000 tons ; shaft horse- 
power, 74,000; speed, 26 knots. 


Fic. 5. Diagram sHowrne Growrs In Size or Tursrne-Prorettep Mercuant Suiprs. 
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THE MARINE STEAM-TURBINE. 


soe 


*‘Turbinia:” built 1894 ; le 
power, 2300; speed, 32? knots. 


H.M. torpedo-boat destroyer ‘‘ Velox :” built 1902; 
length, 210 ft.; displacement, 420 tons ; shaft 
horse-power, 8000 ; speed, 27.12 knots. 


H.M. torpedo-boat destroyer ‘‘ Eden :” built 
1903; length, 220 ft.; displacement, 540 
tons ; shaft horse-power, 7000; speed, 
26 22 knots. 


h, 100 ft.; displacement, 444 tons; horse- 














H.M. torpedo-boat de- 
stroyer ‘‘ Swift :” 
built 1908 ; length, 
345 ft.; displace- 
ment, 2170 tons; 
shaft horse-power, 














35,000 ; speed, 35.3 
knots. 








H.M. 3rd-class cruiser 
‘*Amethyst:” built 
1905 ; length, 360 
ft. ; displacement, 





























Again the high efficiency of the low-pressure turbine 


made it well worth while to the exhaust steam from 
the auxiliary engines to this turbine instead of to the 
condenser. Indeed, the exhaust steam in some battle- 
ships has been proved to be alone sufficient to drive the 
vessel at a speed of 5 to 6 knots. 

The coal consumption at full power of the three 26-knot 
armoured cruisers of the Invincible class ran from 
1.2 Ib. to 1.7 Ib. per shaft 8 Ee per hour, the 
average for the three ships being 1.47 lb. per shaft horse- 
power. In the three cruisers of the Minotaur class, with 
piston engines, it was 1.8 lb., and in the six cruisers of 
the Duke of Edinburgh or Warrior class 2.1 Ib. per indi- 
cated horse-power per hour. On the thirty hours’ endu- 
rance trial at 70 per cent. of the total power, the turbines 
also proved more efficient, although the advantage was 
not so marked. At one-fifth power the coal consumption 
of the three Invincible cruisers averaged 2.4 lb. per shaft 
horse-power per hour, as compared with 1.87 lb. per 
indicated horse-power hour in the Minotaurs and 
2.05 lb. in the Duke of Rainburgh cruisers. 

In the mercantile marine the first vessel to be fitted 
with turbines was the Clyde passenger steamer, King 
Edward, built to the joint ——a Captain John 
Williamson, Messrs. mny, of Dumbarton, and of the 
Parsons Marine Steam-Turbine Company, Limited. Her 
length is 250 ft., and, with 3500 horse-power, she attained 
a speed of 20.48 knots. Her success led to the construc- 
tion of a second vessel for the Clyde passenger traffic in 
1903, and in the same year the Queen was built for the 
Dover and Calais route. All these vessels have three 
shafts, the high pressure turbine in the centre exhausting 
into two low-pressure turbines on the wing shafts. Thus, 
by 1904, two of the most suitable fields for the marine 
turbine had been entered, namely, for vessels of war and 
cross-channel and mger service, and, by 1905, the 
turbine was being adopted for nearly all new cross-channel 
steamers of high mpeee built in this country, and about a 
year later by the British Admiralty for all new construc- 
tion. 

The application to large liners remained as yet un- 
touched. The first vessels to be fitted with turbines for 
Transatlantic service were ordered by the Allan line, viz., 
the Victorian and Virginian. This marked a notable 
step in advance in the application of the new system 
to em | ships of high speed. At this juncture 
the late Inverclyde appointed a commission of 
experts to investigate the suitability of the turbine for 
two express Cunarders for the New York route. After 





most careful consideration of all data then available, 
and in view of much additional experimental 
research conducted by the committee, as well 
as tests on large land turbines, and on existing 
turbine vessels, the committee unanimously re- 
commended turbines in preference to reciprocat- 
ing engines for the Msuretania and Lusitania of 
70,000 horse-power and 244 knotssea speed. The 

rformance of these vessels has justified the 

ecision; a mean speed of 26 knots has been 
maintained in favourable weather across the 
Atlantic, and an average speed of 254 knots has 
been maintained on many successive voy ‘ 
This step completed the entry of the turbine into 
all classes of fast vessels for which it was at the 
time deemed suitable, and its adoption for fast 
vessels has since been almost universal. 





In 1904 the general policy of granting licences 








on easy terms was decided upon by the Parsons 








3000 tons ; shaft 
horse-power (esti- 
mated), 14,200; = 
speed, 23.63 knots. 
| 
| pam Y 
es Be Cea ws ee | 
—-1+—;,_I aie Renniaalilien I 
& 2 








H.M. Battleship ‘‘ Dreadnought :” built 1906; length, 490 ft.; displacement, 17,900 tons ; 
shaft horse-power, 24,712; speed, 21.25 knots. 





H.M. Armoured Cruiser ‘‘ Invincible :” built 1908 ; length, 530 ft.; displacement, 17,250 tons ; 
shaft horse-power, 42,000; speed, 26 knots. 


Fic. 6. DracrRamM sHow1ne GROWTH IN SIZE BETWEEN 1894 anp 1908 oF 
TURBINE-PROPELLED WARSHIPS. 


engines; experiments were also carried out at the 
Admiralty experimental works at Haslar, and it was 
considered that all requirements promise to be fully met 
by the adoption of suitable turbine machinery, and that 
the manceuvring capabilities of the ship when in company 
of a fleet, or when working in narrow waters, will be 
quite satisfactory. ; 
Sir Henry Oram, the Engineer-in-Chief of the Fleet, in 
his address as President of the Junior Institution of 








Engineers, * stated that at full power the steam consump- 
tion of the Dreadnought was 13.48 lb. per shaft horse- 
power per hour, while in the succeeding battleships of the 
class it averaged 13.01 ]b., and in the three cruisers of the 
Invincible class 12.03 lb. With reciprocating i 

nearly 16 lb. would be a fair av and it thus follows 
that a great reduction in boiler weights was permissible. 


a See ENGINEERING, vol. lxxxviii., page 703. 
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MarineSteam-TurbineCompany,and by the end of 
1905 a large number of shipbuilding and engineer- 
ing firms had acquired marine licences, the number 
having considerably increased up to the end of 
1910. It is now clear that the broad policy then 
adopted has been conducive to the exceptionally 
rapid adoption of the turbine. Turbines of the 
Parsons type are now being built in the principal 
engineering works of France, Germany, Austria, - 
Italy, Russia, Spain, Belgium, Sweden, and Den- 
mark, as well as in Japan and the United States 
of America. The curve of horse-power (Fig. 2, 
page 36) completed and on order each year up to 
the end of 1910 shows the development which has 
taken place since the introduction. 

Since the construction of the turbines of the 
Turbinia in 1897, which were in series on the 
steam and on three shafts, there has been no ver 
notable increase in economy in steam per shaft 
horse-power, excepting that due to size and con- 
sequent reduction of e and steam friction 
losses, the reason being that the turbines of the 
Turbinia were designed with as high a velocity 
ratio as has been found compatible with weight 
and space, and that her condensers were of 
ample size. 

In marine turbine design the chief governi 
factors are weight and cost dependent on a limi 
surface speed of turbine, which is governed by 
the maximum s of revolution allowed by the 
propeller, and from the commencement a judi- 
cious compromise has arrived at between 
turbine and propeller. Such limitations will, 
however, be materially reduced, should geared 
turbines come into use, and higher coefficients of 
turbine efficiency would then become possible and 
compatible with moderate first cost and weight; the 

uestion of propeller efficiency would be more easily 
dealt with, and the gain in total propulsive efficiency 
thereby would be substantial. 


Typgs or TURBINE. 


There are four principal types of turbine now in use for 
marine work :— 
1. The compound class, introduced in 1894 in the 
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36 
Turbinia, in which there are pa | large number of tur- | 
bines on drums in series, with pressure-drops at each 


turbine and low steam velocities. Generally the guide- 
vanes are identical with the mering. vanes, each taking 
half the pressure-drop, but occasionally the moving vanes 
are formed like cups or buckets, and then the whole 

e rop is taken on the guides, This class com- 
prises, say, 90 per cent. of all marine-turbines at the 
present time. 

2. The multiple impulse compounded or Curtis type 
introduced in the Revolution and in the Creole in 1904 
and the Salem in 1906. This system differs radically 
from the compound class, in that there are comparatively 
few si large pressure-drops take place at the guides 
or nozzles, and the high steam velocities generated are 
absorbed in a sinuous course between several rows of 
moving and fixed buckets. 

3. A combination of the two types (1) and (2), in which 
the earlier part of the expansion is taken by the impulse 
type and the low-pressure part by the compound type. 

he impulse Parsons, with one lagyeles-whesk the Brown- 
Curtis with several impulse-wheels, the A. E.G. turbines 
and others are instances of this type. 


e 
® 
2 





Fie. 2.— ram showing total horse-power of Parsons’ steam- 
turbines applied tu marine propulsion, completed and under 
construction each year from 1 to December, 1910. 


4. The multiple or compound De Laval wheel type, in 
which there are a large number of simple bucket wheels 
working in separate chambers. The pressure drops are 


moderate, and take place wholly in the guides, which 
form the -way from chamber to chamber. The 
Rateau, the ly, the , and others are instances. 

After type (1), type (3) has received the largest use in 


marine work, more especially in Germany. Each class or 
jg has its advantages and disadvantages, but within 
the scope of the paper it is not possible to do more than 
make a few general remar 

The compound class has low steam velocities, and there 
is no cutting action of the blades by the steam. Its effi- 
ciency, when the blades are of reasonable length, and 
leakage consequently small, is the highest, as the skin 
friction losses in the blades and of the moving drums and 
dummy pistons are small. On the other hand, when the 
design necessitates very short blades, as may occur at the 
high-pressure end, then the efficiency is reduced by 


leakage. 

The multiple impulse type has a lower efficiency because 
of the skin friction losses of the steam circling ees 
the blades at high velocity, and from the spilling of the 
steam from the buckets. On the other hand, it is 
ry to leakage than the compound, and in the case 
of the first wheel of @ series there is no leakage at all, and 
the only losses are skin friction and spilling. One impulse 
wheel, therefore, is a good substitute in certain cases for 
the initial stage of the compound, and in this design no 
diaphragms or shaft packings are required. The advan- 
tage of replacing several initial stages of the compound 
by several multiple impulse wheels in chambers separated 
by diaphragms and shaft packings, is somewhat question- 
oles and on it a difference of opinion exists. 

Class (4) has small leakage losses, but involves relatively 
more skin friction loss from the surface of the many 
discs revolving in the steam, which in the initial chambers 
is of high density. 

Tue ComprinaTion SysteM.* 

The Velox, in 1901, as has been stated, was the first 

combination vessel. e system was described and advo- 


. ee Combination System of Reciprocating Engines 
and Steam-Turbines,” rie Hon. C. A. Parsons and 


Mr. R. J. Walker, before the Institution of Naval Archi- 


cated by me in my Presidential Address of the Institute 
of Marine Engineers, in January, 1905. The Otaki, of 
464 ft. length, tons dead-weight capacity, built and 
engined by Messrs. Denny, of Dumbarton, in 1908, for 
the New Zealand Shipping Company, was the second ; 
the ged vessels, the g* >> alan Farsi oh 4 
triple-expansion engines. e di m (Fig. 3), which is 
taken from a paper by icles timmenine W. McK. 
Wisnom, RN. hetess the Institution of Engineers and 
Shipbuilders in Scotland, vol. lii., page 279, gives the 
comparative results. 

About the same time the Laurentic and Megantic were 
laid down by Messrs. Harland and Wolff, for the Cana- 
dian service. They are 565ft. in length, and about 
20,000 tons displacement. The first was fitted with triple- 
expansion engines driving the side screws, and a low- 
pressure turbine driving the centre screw. The latter 
vessel was fitted with the usual quadruple expansion 
engines and twin screws. In service it is stated that the 
combination vessel consumes 12 to 14 per cent. Jess coal 
than the sister ves-el. 

In 1909 Messrs. Harland and Wolff commenced the 
Olympic and Titanic, of 882 ft. 9 in. in length, and about 
60,000 tons displacement, the arrangement of combina- 
tion machinery being similar to that of the Laurentic, 
with a collective horse-power of 30,000, uhe designed sea 
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speed is 21 knots. The same firm is fitting the combina- 
tion system in the Demosthenes, of 19,500 tons displace- 
ment, to steam 13 knots, being built for Messrs. George 
Thompson and Co., Limited, and also in a large ship for 
the Royal Mail Steam Packet Company’s service to the 
South American republics. 

The Orient Line ordered combination machinery for 
the Orama, laid down in 1910 for their Australian mail 
service. The vessel is 550 ft. long, and of about 18,000 
tons displacement, and is being constructed and engined 
by Messrs. John Brown and Co., Limited, Clydebank. 
All these ships have ions, each reciprocating 
engine driving a wing-shaft and propeller, while the 
turbine, taking the exhaust steam from both engines, 
works the centre screw. This arrangement has the ad- 
vantage that, in manceuvring and for going astern, the 

jiston engines only are used, and thus there is no need 
or an astern turbine. At St. Nazaire, in France, an 
intermediate liner, the Rochambeau, is being built, and 
she has four shafts, the reciprocating engines driving the 
inner shafts and the turbines the wing propellers. 


RepvucTIioN GEARING BETWREN THE TURBINE AND THE 
PROPELLER.* 

Several forms of gearing have been pro .  Elec- 
trical gearing was fitted, I believe, by the Heilmann 
Company, in a small vessel about thirteen years ago, but 
little is known of the results. Continuous-current gene- 


less | rators and motors were originally proposed, but of late 


ears some form of alternating-current transmission has 
boon preferred by the advocates of the system. 

Within the last few months a 50-ft. vessel has been 
fitted by Mr. Henry Mavor, of Glasgow, with his form 
of alternating-current generator and motor, and asuction- 
gas ee directly coupled to the generator. A quick 
reversal or uation yee of pellers can be 
effected without altering the speed of the engine by this 
method. The efficiency of the electrical transmission is 
said to reach 88 per cent. The same means of transmis- 
sion is applicable to the steam turbine. 

An hydraulic transmission-gear has been developed by 
Mr. Fittinger, and has been fitted in two vessels. 
The efficiency of transmission is said to reach 86 per cent. 


* Paper on ‘“‘ The Application of the Marine Steam- 
Turbine and Mechanical Gearing to Merchant Ships,” 
by the Hon. C. A. before the Institution of 
Naval Architects, March 18, 1910, and ‘‘ Twelve Months’ 
Experience with Turbines in the Cargo Steamer 
Vespasian,” by the Hon. ©. A. Parsons and Mr. R. J. 
Walker, before the Institution of Naval Architects, 
April 5, 1911. 








tects, April 9, 1908. 


Speed in Knots 
Water by Tanks thus 
(ates) Water by Strokes of Feed Pump thus -~--- + 
Fie. 


The first application of red turbines was made by the 
Parsons Marine Steam-Turbine Company in a 22-ft. 
launch in 1897. Double helical reduction gear between 
the turbine and the propeller has so recently been the 
subject of papers before this Institution, that it is un- 
necessary to say more than that it promises to an 
important factor in many marine turbine installations in 
the future. With an efficiency of over 98 per cent., and 
a remarkable absence of wear, it will add considerably to 
the efficiency of turbine installations even in fast vessels, 
and, what is of greater importance, it makes the turbine 
applicable to all classes of vessels. The London and South- 
Western Railway Company have recently decided to fit 
two new steamers of 5000 horse-power and 20 knots speed 
with geared turbines. They will have twin-screws, and 
a high-pressure and a low-pressure turbine will be geared 
on to each screw shaft, similarly to the arrangement in 
the Vespasian. 

Although the manufacture of land turbines began to be 
general on the Continent in 1900, it was not till 1902 that 
the first turbine-propelled vessel was ordered by the 
French Admiralty, a torpedo boat, length 130 ft., 94 tons 
displacement, and 264 knots speed. She had three shafts, 
and the turbines, which were built by the Parsons 
Marine Steam-Turbine Company, at W: nd-on-Tyne, 


were in series similar to those of the Turbinia, but with 
& SPEED. 





- Speed 


taka 7 
NOTE :—Thel. HP. of Otaki'has been 
for wing shafts, & S.H.P. for centre shaft 
3. 


one cruising turbine coupled to the low-pressure turbine 
which drives the centre shaft, and a reversing turbine in 
the low-pressure casing. 

In 1906 a second vessel, the Chasseur, was ordered, a 
destroyer of 210 ft. length, 458 tons displacement, 9000 
horse-power, and 30.4 knots speed. Her arrangement 
of turbines differed from that of British destroyers, 
inasmuch as only one cruising turbine was fitted, and the 
machinery was arranged in two compartments, one abaft 
the other. In 1906 it was decided that the six battleships 
of the Danton class should be fitted with reaction turbines. 
The Danton was the first to be completed. She was 


“« « 








built and ined by the La Seyne Works, of the Fo: 
et Chantier eg She is 475 ft. length, 84 ft. 7. 
m, and 18,374 tons displacement. The designed 


speed was 19.25 knots, with 22,500 shaft horse-power, 
but on her contract trial she maintained 20.66 knots 
in choppy seas, and oe part of the run exceeded 
» Fraga Similar results have been obtained in sister 
s 
‘wo more battleships were laid down in 1910 of 542 ft. 
length, 23,467 tons displacement, and 20 knots designed 
— with 28,000 shaft horse-power. Since 1908 the 
rench vy have ordered no vessels with recipro- 
cating engines. In 1909 a change was made in destroyer 
practice, all the boats being fitted with twin-screws, and 
in some the combination impulse reaction turbines with 
an impulse-wheel followed by reaction blading. 

The first marine turbines fitted in a merchant steam- 
ship built in France were made in 1908 at the works of 
Cie Electro-Mécanique for the Mediterranean steamer 
Charles Roux, of 9000 horse-power and 19 knotss . The 
Transatlantic liner France, of 688 ft. length, 25,460 tons 
displacement, and 23 knots speed, with steam turbines of 
40,000 shaft horse-power, is now approaching completion. 
The Newhaven for the Newhaven and Dieppe service 
been completed, and has averaged 23.85 knots, mean 
of two cross-channel tri There is also building in 
France the intermediate liner Rochambeau. In Germany 
the marine turbine was first introduced into the torpedo- 
boat destroyer S 125, ordered towards the end of 1902. 
This vessel was one of the class of six boats ordered that 
year, the remaining boats having the ordinary type of 
reciprocating engines. In the following year the cruiser 
Liibeck was ordered by the German Admiralty to be 
fitted with Parsons turbines. A series of comparative 
trials were made with this vessel and a sister vessel, the 
Hamburg, fitted with reciprocating engines. The results 
obtained on service of the destroyer S. 125 and the 
cruiser Liibeck, as compared with those of the sister 
vessels fitted with reciprocating engines, were conclusive 


has 





in favour of the turbine boats, The destroyer S 125 wa 
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fitted with the ordinary three-shaft arrangement of 
turbines, and also cruising turbines, 

The turbines of the cruiser Liibeck were arranged on 
four shafts, each of which in the first trial carried two 
screw propellers. The shafts on each side of the ship are 
driven by a high-pressure and a low-pressure turbine. 
Cruising turbines arranged in series were also fitted. An 
independent high-pressure reversing turbine was fitted to 
each shaft. This latter arrangement has not since 
repeated ; such reversing turbines are now always 
arra and worked in series. 

Following shortly on the completion of the S 125, the 
new destroyer G 137 was commenced. This vessel was 
the most powerful destroyer built up to that time in 
Germany, the turbine me 6 i arranged in two engine- 
rooms being nearly double the power of the S 125. 
Designed for a speed of 30 knots, she attained 33.08 knots 
on a three hours’ run. All destroyers subsequent to the 
trials of G 137 have been fitted with turbines, and in some 
of the later vessels twin screws have been adopted. 
Meanwhile, following the Liibeck, the protected cruisers 
Stettin, Dresden, Augsburg, and Ersatz Condor, were 
equipped with turbine engines. 

In 1907 the large armoured cruiser Von der Tann was 
ordered to be built by Messrs. Blohm and Voss, of Ham- 
burg, and she has been followed by the Moltke, Goeben, 
and cruiser J. All these great cruisers are fitted with 
turbines of the Parsons type, with a four-shaft 
ment similar to that adopted in recent British armoured 
cruisers. On her contract trials the Von der Tann deve- 
loped about 80,000 horse-power, and attained a maximum 
speed of 28 knots. 

Reciprocating engines were fitted in German battle- 
ships until 1909, when two vessels were ordered with 
steam-turbines of the Parsons type. These vessels will 
be completed next year, and their trials will be of much 
interest, although their power and speed are inferior to 
those of the armoured cruisers. It is understood that 
later battleships of 1910 and 1911 programmes are also to 

fitted with turbines. The Imperator, a new lar 
liner building for the Hamburg-Amerika line by the 
Hamburg Yard of the Vulcan, has Parsons (series) tur- 
bines, and Blohm and Voss are contracting for a second 
similar vessel for the same owners. 

The first vessel to be fitted with Parsons turbines in 
the United States was the passenger steamer Governor 
Cobb. This vessel, built by the W. and A. Fletcher 
Company in 1905, is 290 ft. long, 2900 tons displacement, 
and 20.5 knots speed. The arrangement of machinery is 
identical with that adopted in the King Edward. Fol- 
lowing the Governor Cobb, the next vessels to be designed 
with turbines for passenger service were the Yale and 
Harvard, of 4600 tons displacement, 10,000 horse-power, 
and 224 knots speed ; the Old Colony, of 3800 tons dis- 
ave and 20 knots speed, and the Camden and 

lfast, of 1820 tons displacement, with a speed of 19 and 
184 knots respectively. At about the same time as the 
Governor Cobb was ordered, the United States Govern- 


ment placed the contract for the three scout cruisers | ps 


Birmingham, with twin-screw reciprocating engines; 
Salera, with Curtis turbines, and the Chester, with 
Parsons turbines. The turbines of the em were 
arranged on two shafts, and in the Chester on four shafts 
in two engine-rooms, one abaft the other. 

Up to the time when the scout cruisers were ordered 
the Curtis type of turbine had been fitted only to a small 
vessel named the Revolution, and to the mercantile steam- 
ship Creole. It is understood that the turbines have 
since been removed from both these vessels. The Salem 
was therefore regarded as an experimental vessel, so far 
as the Curtis turbines were concerned, whereas the 
Chester with Parsons turbines represented one of a series 
of cruisers of which the Amethyst was the pioneer. 

Cruising turbines in series were fitted in the Chester, 
one on each of the low-pressure turbine shafts. Astern 
turbines were only fitted on two of the four shafts, being 
incorporated in the exhaust casings of the low-pressure 
turbines. The comparative trials of these three vessels 
have from time to time been reviewed in leading tech- 
nical journals. The contract speed was 24 knots, and on 
the full- power trial the Birmingham attained 24.325 knots, 
the Salem 25.947 knots, and the Chester 26.52 knots. 

In 1907, before the competitive trials of the scout 
cruisers were completed, the battleship North Dakota was 
ordered by the Navy Department from the Fore River 
Company, and it was decided to fit her with Ourtis 
turbines of about 25,000 horse-power, her sister ship the 
Delaware being fitted with reciprocating engines. These 
two vessels were completed t year, and have been 
subjected to competitive trials both under contract con- 
ditions and on sea service. 

Early in 1909, on the conclusion of the tests of the 
scout cruisers, the Navy Department decided to adopt the 
Parsons type of turbines for the new battleships now 
building—viz. : Utah, Florida, of the 1908 programme, of 
21,800 tons displacement and 28,000 horse-power, and 
later on the Wyoming and Arkansas of 26,000 tons dis- 
ey and 30,000 horse-power. The trials of the 

Jtah will take place shortly, and the future policy of the 
Navy Department in segaed to battleships will doubtless 
be decided in view of the results obtained. Meantime, it 
has been decided to fit em gt er engines in one 
battleship now building. Since 1907 all contracts for new 
destroyers awarded by the United States Navy Depart- 
ment have ified turbine engines. 

In Japan four merchant vessels were fitted with Parsons 
turbines in 1908. Two of these, the Tenyo Maru and 
Chiyo Maru, were built at the Mitsu Bishi Dockyard at 
Nagasaki, the turbines for which were constructed by the 


Parsons Marine Steam-Turbine Company, Limited. ‘Two 
others, the Hirafu Maru and the Tamura Maru were 
built and engined by Messrs. Denny, of Dumbarton. 

The volunteer steamers 


Sakura Maru and Umegaka 


Maru were built and engined with Parsons turbines in 
1908-1909 by the Mitsu Bishi Company. The Mogami, a 
despatch vessel for the Imperial Japanese Navy, was 


completed in the summer of 1908. There are also at ae 


nang under construction for the —— Japanese 
avy two cruisers and two high-speed destroyers with 
turbines of that type. ‘ 

For r warships the Japanese Admiralty have 
adopted Curtis turbines in the Ibuki armoured cruiser 
and Aki battleship, both of which were launched in 1907. 
Both these vessels have been tried and the results pub- 
lished. Subsequently it has been decided to adopt the 
Parsons type in the armoured cruiser now building 
for the Japanese ~Z y Messrs. Vickers, and in three 
sister ships to be built in Japan. The Japanese Admi- 
oy 4 en a licence for the manufacture of 
the Parsons steam-turbines in the national dockyards. — 

In Italy the cruiser San Marco is the first turbine shi 
for the Royal Italian Navy. On her trials she attain 
a 8 of 23.7 knots, being nearly two knots in excess 
of the speed attained by a sister vessel, the San Georgio, 
fitted with reciprocati machinery. The Citta di 
Catania and the Citta di Palermo, two passenger vessels 
of 3500 tons displacement and 23 knots speed, were 
recently put on service for the Italian State Railway 
Company. At the present time there are under construc- 
tion in Italy for the Royal Italian Navy, Parsons turbines 
for four battleships, and several other vessels. 


Parsons Turbines Completed and under Construction. 




















War Vessels, (Mercantil) yachts, | Total. 

| a ek a 

GC ] : 6 - is +4 

z | Ss co im iz| x 

Great Britain } } 

and Colonies 156 | 2,480,300 |62| 631,000 | 617,000/224 | 8,128,300 
United States 25 | 392,000| 6} 40,000| 412,200) 35 | 444,200 
Germany 26 | 757,600 | 1) 60,000}..| .. | 97 817,600 
France . 18| 292,800! 4) 62,000}..| | 22 | 854,800 
Japan . 7 | 218,100| 7) 76,000}. .| | 14 | 289,100 
Italy .. 9 | 163,100 | 2} 24,000 |..| | 11 187,100 
Brazil 3 $8,400 |... ae 3 38,400 
Argentine 4 72,000 |..) .. on 4 72,000 
Peru .. = .. | 9} 15,000]. 2  —-15,000 
Chili .. 3} 60,000 ares | 2| 50,000 
China Si: Mea... 4. 3) 19,000 
Portugal 1 maid .. 2 | 1, 11,000 
Sweden 1 7,000 |.. we ; Le 7,000 
Denmark 2 8,000 |.. 2 : 2 8,000 
Spain 16 | 102,500)../ .. |. 16 | 102,500 
Russia 4) 168,000 | a 2 4 168,000 
Austria 4 95,000 |... - bal 4 95,000 
Belgium ..| .. ca 3 34,000 | 3 $4,000 
eae thr Sia Cie He oe 
Total —.. 281 | 4,800,800 |87; 942,000 10}29, 200)878 5,841,000 
All the principal navies of the world are now following 


the lead of the British Admiralty. In Russia four la 
ttleships of high power are under construction. In 
Austria the scout Admiral Spaun was ordered in 1907, 
and on her trials she attained a speed of 27.07 knots, with 
25,000 shaft-horse-power. Three battleships and —— 
boats are now on order in Austria with Parsons turbines, 
some of which are now building. Sweden and Denmark 
have recently ordered their first turbines for warships : 
—a 7000 horse-power set for a 21-knot cruiser in the 
case of Sweden, and engines of 4000 horse-power for some 
twin-screw torpedo-boats in the case of Denmark. In 
Spain three battleships, three destroyers, and ten tor- 
pedo-boats, comprising the important recent naval pro- 
gramme of this navy, are to be fitted with turbine machi- 
nery. Portugal is having one destroyer built. Brazil has 
now two turbine scout cruisers, ia and Rio Grande 
do Sul, on service. These two vessels on trial averaged a 
speed of 27} knots. The Argentine Government are 
adopting turbines for their four new sao now being 
built by Messrs. Cammell Laird and Co. China is having 
three small cruisers built. Belgium does not n 
war navy, but three turbine vessels have been built for 
the Government r line, the Princesse Elisabeth, 
of a =e of 24.03 knots in 1905, and the two vessels Jan 
Breydel and Pieter de Coninck, of speeds 24.3 knots. 
Peru possesses two passenger steamers, Hua ani 
Ucayali, of 6000 tons displacement and 19 knots speed. 
The British Colonies of Canada, Australia, and New 

dare having various classes of war vessels fitted 
with the turbine system. 


Fig. 4, 33, illustrates the progressive increase in 
the size of marine turbines. 
Fig. 5, 34, illustrates the progressive increase in 


Fig. 6, ustrates the pi ve increase in 
the » te of turbine-propelled war — 
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FIFTY YEARS’ ARCHITECTURAL EXPRES.- 
SION OF TACTICAL IDEAS.* 
By Admiral Sir Crprian Briper, G.C.B. 

Nava. Architecture is the handmaid of Tactics. War- 
ship design is meant to give ext ion to the tactical 
ideas and intentions of the epoch. If we examine the 
succession of t of men-of-war which have appeared 
during = period, we shall be in a ition to 
discern what the tacticians of the time in view. 

rding tactics, naval architecture, to use a 
rather common not long ago, is “‘ History from the Monu- 
ments.” An investigation of the material remains found 
on the sites of very ancient cities has enabled scholars 
to give us a conception of early civilisation and culture, 
so investigation of the designs of the various ships con- 
structed in the last half-century will furnish us with a 
clue to the state of tactical knowl and aspiration 
during that period. The necessary limits of this paper 
will allow only our own Navy and its —— ry to 
be dealt with at all fully. Nevertheless, we shall find the 
field Se large enough to contain the illustrations 
uired. 

t is just over fifty } om oe since the Institution of Naval 
Architects was founded; and the date of its founda- 
tion nearly coincided with the beginning of a time «f 
extraordinary innovation in naval construction for the 
purposes of war. In the year 1860 what may be called 
the seventeenth-century type of man-of-war was still 
represented in the Briti avy. We had two sailing 
line-of-battle ships in oorguing commission as flag-ships 
on foreign stations, and several sailing frigates were em- 
ployed in distant waters. This does not, however, give 
an exhaustive account of the persistence of the t to 
which those ships belonged. The steam line-o' attle 
ships, steam frigates, and steam corvettes—which we 
were producing in considerable numbers—still had several 
years of life before them, and resembled in design, ap- 
enem, and armament the older classes. The ay 

ifference was that, in addition to their sails the later 
craft had steam propulsion. The gun, as the weapon 
without a rival, conspicuously dominated tactics. 

We have to compare this persistence of a generally 
uniform type of warship through more than two centuries 
with the many rapidly succeeding changes that have 
appeared in the last fifty years. The earlier persistence 
can in no way be attributed to want of intellectual 
meee in the leading naval officers of the day, or to in- 
sufficient experience. 

When this Institution arose, the tactical aspect of naval 
architecture was in essentials what it used to be in the 
days of Blake. Signe of impending change were indeed 
visible ; but they were still too few to disturb seriously the 
general uniformity of ip design. There is a very 
remarkable faet to be observed in connection with that 
long maintained uniformity. This fact makes the con- 
trast between it and the multitude of variations in the last 
fifty years truly startling. Before the end of the 
eighteenth century tactical ideas had — 9 my: &@ great 
change ; but the type of ship nemained the same and 
there was no demand that it _be altered to suit the 
new tactics. The old method of trying to preserve a rigid 
line in a fleet action, and of bringing one ship against an 
individual opponent, had been superseded by the method 
which we associate with the names of Rodney, of Suffren, 
and especially of Nelson, viz., that of bringing a number 
of ships against a smaller number. This led to decisive, 
and, indeed, to overwhelming victories. It adds to the 
merit of the great tacticians named that they did their 
work effectually with the tools which they found in 
existence. When we consider the course of ship-designing 
during the half-century just ended, we shall find a very 
different state of affairs. ; 

This will appear in an enumeration of the several types 
produced n the old type, so long adhered to, the 
object was to mount a battery of many guns. For the 
line-of-battle the tendency was not to alter the type of 


* Paper (slightly abbreviated) read at the Jubilee Meet- 
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ship or the system of gun mounting, but to increase— 
within limits—the number of guns. Thus the 44 and the 
50-gun ships fell out of the “‘line,” and the 64-gun ship 
gave way more and more to the 74. In 1860 the ebject 
above mentioned was still kept in view. The Warrior, 
launched in that year, was intended to have a broadside 
of twenty guns. Her sister ship, the Black Prince, was 
to have the same. Indeed, except the turret-ship Prince 
Albert and the Bellerophon, every armoured ship 
launched between 1859 1868 had a broadside—allow- 
ing for ‘‘ pivot ” guns—of at least twelve guns. . 

n June, 1860, Captain Cowper Coles, at the United 
Service Institution, read a paper entitled ‘‘Shot-proof 
Gun-shields as Adapted to I[ron-cased Ships.” His 
proposed ship was really a turret-ship ; and it is remark- 
able that she was to have nine turrets with two guns each, 
giving, on most bearings, a broadside of 18 guns. This 
shows that even with him the principle of the numerous 
battery prevailed. : 

With the ships that we began to launch in 1871 there 
came a notable change. From that year down to 1875 
we launched fifteen ships, all with turrets and all with a 
considerably reduced number of guns, though some were 
of much larger calibre. bs 

In this survey it is to be remembered that the British 
Navy only is considered at all fom | ; but the conditions 
which prevailed in it resembled closely those to 
observed in other navies. We ourselves sometimes 
copied what was being done abroad ; and more often we 
had imitators in foreign fleets. The French, if not the 
original proposers, were at any rate the first who dared 
to bring into practical use the armour-clad sea-going 
man-of-war. e Gloire, launched in 1859, the year 
before the foundation of the Institution of Naval Archi- 
tects, may be regarded as the parent of modern armoured 


shi 

Similarly, the Americans first treated the turret-ship 
as a practical addition to a fighting fleet; and were 
enabled by circumstances to be the first to subject the 
type to the test of actual fighting. 

The Austrians were the first of the moderns to make 
deliberate use of the ram-attack in battle, and by so 
doing widely extended the introduction of the ram-bow 
into the naval architecture of the contemporary world. 

As regards the Gloire, it has to be said that her ty 
did not indicate a new tactical idea or principle. Like 
the ships of Blake or of Nelson, she was to have a 
broadside of as many guns of reasonable power as she 
could carry when her other weights had been provided 
for. We have already noticed this feature of the 
Warrior’s design. The number of guns soon began to 
diminish, and the weight of individual guns to be 
increased. If we omit the Northumberland, of the same 
type as the Minotaur, launched in 1863, no ship launched 
between the year just named and 1887—that is to say, 
during nearly a quarter of a century—had on a broadside 
a number of guns which ran into double figures. __ 

Was this due to tactical or to other reasons? Did the 
ships so armed express a principle of tactics, or was 
their armament suggested by other considerations? It 
would seem that in fixing a ship’s armament, at the 
time in question, the governing influence was that of the 
defensive armour. It was assumed that no gun would 
be effective if its projectiles could not perforate armour 
as thick as that carried by the ship herself. This 
included, or, at any rate, allowed for, a belief that the 
ship to be fired at would have a side wholly plated with 
such armour. Acceptance of this view rendered 
inevitable increase in povrer of individual guns and 
decrease in the number of guns on the bi side of an 
one ship. On this there ensued a vehement and still 
unend practice - ground contest between gun and 
armour. 

The effects are to be seen in the types of ig Ege 
in different periods. From 1860 to 1870, both mon 
included, we had launched twenty-three armoured ships, 
of which—not including the converted Royal Sovereign— 
only three were turret-ships. 

From the beginning of 1871 to the early part of 1875 
we launched eight armoured ships, all with turrets. 
There was then a short time during which we launched 
broadside ships, one, the Téméraire, being of mixed type. 
In 1879 we reverted to the turret-type, and since that 
date practically every armoured ship which we have 
built has had turrets, or, what may be considered a 
variety of them, barbettes. : 

The time referred to did furnish some war experience. 
It included, besides less important conflicts, the American 
Secession War and the Austro-Italian War in the 
Adriatic. In the former of these wars armour-clad 
vessels were first used in belligerent operations on a 
considerable scale. The war was peculiar in its nature. 
It was a contest between two belligerents, one of whom 
had a large navy and the other had scarcely any navy at 
all. The naval operations consisted principally of 
engagements between ships and land fortifications. As 
regards naval tactics on their most important side, viz., 
the tactics of fleets fighting against fleets, the war 
furnished no guidance. Nevertheless, the turret-ship 
made her way into our Navy—at first, as we have seen, 
but slowly. The small number of vessels of the t 
which during ten years we added to our Fleet supplies 
evidence of the inconsiderable tactical importance then 
attached to the type. ; ; 

The great change introduced in 1871, the virtual 
abolition of the broadside system of arming ships, occurred 
at a time when the contest between the gun and armour 
was in full Naval attention was concentrated 





on the problems of making a ship invulnerable with 
armour, and of finding a gun that would neutralise 
desired invulnerability. 
into the background. ~o ’ TS! 

In a naval action in the Adriatic an impressive incident 


‘actical considerations receded 


occurred. The Austrians sank an enemy’s ship by 
attacking her with the ram. It was rapidly accepted 
that this indicated the possibility of devising a new, or 
reviving an ancient, method of tactics. It was hoped, 
indeed it seemed to have been believed by some, that 
this would do away with the superiority in defensive 
efficiency, which was being claimed for protecting 
armour. The immediate sequel, however, was that 
the armour became thicker and the guns individually 
heavier. 

As the defensive armour thickened, so it shrank in sur- 
face ; and a large proportion of an armour-clad ship was 
either not defended by armour at all or only by armour 
of moderate resisting power. The names ‘‘iron-clad” or 
“‘armour-clad” became obsolete, and were deliberately 
replaced by the less definite term “armoured.” On this, 
tactics emerged from the obscurity of the previous few 
years. The French equipped their — with a secondary 
armament of guns capable of dealing with the un- 
armoured or thinly armoured parts of an opponent’s ship. 
Before long we followed suit, putting secondary guns 
into ships not originally intended to carry them, or 
deliberately designing ships meant to have a secondary 
armament. : 

The weapon—as has been said — dominates tactics ; 
and, as the gun is the principal weapon of fleets, naval 


be | tactics have been based on what the gun can do. There 


are other weapons by no means without importance. 
Their im nce, however, is limited, because they 
are effective only in special circumstances. The ram 
has been spoken of already. hen conditions are 
favourable to its use it is a highly effective weapon. 
The difficulty is to bring about the desired conditions, 
and this difficulty is so great that the conditions must 
be rare. In 1871 we adopted as a weapon of war the 
Whitehead locomotive — Here, again, it is not 
the effect of the torpedo, but the possibility of planting 
it where its full effect will be felt, that is likely to be 
miscalculated. 

It is a remarkable fact that the adoption of the locomo- 
tive torpedo and the limitation of a ship’s gun-armament 
toa small number of the heaviest guns that she could 
carry occurred almost simultaneously. We did not 
ignore the importance of the torpedo ; but we did not 
make -~ tactical provision for dealing with its attacks. 
We made only arrangements for passive defence, by a 
more minute internal subdivision of a ship’s hull, and 
afterwards by providing obstructions, such as nets.* We 
did, however, produce special craft which were to use 
the new weapon, viz., torpedo boats ; and we devised a 
system of tactics for them. This discloses a very in- 
teresting state of affairs. A new weapon had come into 
existence ; tactical methods of employing it, involving 
the construction of a novel class of vessel, had been 
devised ; and yet tactics were silent as to the means of 
counteracting its employment. Reliance was placed on 
passive defence arrangements exclusively. e may 
attribute this to a new conception of the functions of 
ships of war of the most important class. For more than 
two hundred years the military value of the warship had 
been calculated upon what she was capable of doing to an 
enemy. This was now changed, and her mgm | value 
was assumed to be based upon what she could endure at 
the hands of an opponent. She was formally likened to 
a fortress. A very distinguished authority, writing in 
1859, called the ships in our principal fleets ‘our floating 
Channel and Mediterranean fortresses.” We must 
lieve that this was the consequence of devoting great 
attention and great talents to the work of trying to 
render an enemy’s attack innocuous by providing a 
ship with the passive defence of impervious armour. 
The alternative and older method of frustrating an 
enemy’s attack by bringing against him a superior fire 
seems at this time to have m given up as hopeless. 
The probability is that it was regarded—insensibly, per- 
haps—as hopeless because of the greatly reduced number 
of shots that could be fired in a given time from the small 
number of guns that were mounted in a ship. The 
position, as to defence against the old weapon, the gun, 
and the new weapon, the torpedo, was that tactics had 
nothing to say. 

The silence of tactics may be ascribed to the then 
accepted belief that warship design and armament should 
be on the intention of destroying an enemy’s ship 
by a single blow. The destructive blow was to be 
delivered either by the ram at close quarters, or by the 
torpedo at a moderate distance, or by the heavy gun at 
longer ran No one stopped to inquire into the 
feasibility of this, or into the relative efficiency of the 
three weapons. Passive defence, by armour or other 
material expedient, was deemed both necessary and 
sufficient. 

It is surely worth our while to ascertain why this should 

ve been so. If we examine the then predominant 
notions in our general policy of defence, we shall find 
that they favoured the defensive, and largely the 

ively defensive. It was accepted, perhaps generally, 
ut certainly by the governing authorities, that the 
British Isles, and especially the great naval ports in 
them, were likely to be attacked in force by powerful 
enemy. The old plan, which, under such leaders as 
Hawke, St. Vincent, and Nelson, had proved so effec- 
tive—viz., the preventing of the enemy from getting near 
enough to deliver his attack—seems to have been for- 
gotten. It was taken for granted that we could not stop 





* There is not room in this paper to deal with the class 
of craft called ‘‘destroyers,” which, though they have 
been converted into merely larger torpedo ts, were 


the | originally introduced with the deliberate object of acting 


against to lo boats. Their adoption was based on a 





real tactical principle, which, owing to the plan of using 
them as torpedo boats, had been lost sight of. 


our enemy from coming to any point at which he wished 
to arrive ; and that all that we could do was to get behind 
our fortifications and under their shelter fight him as well 
as we could. That this would mean abandoning the sea to 
an opponent, with all the prodigious consequences of such 
Pp’ ure seems not to have been understood. 

The waters in which our fleets were wont to anchor 
were studded with armour-clad forts. It was to these 
works of defence that the eminent authority above quoted 
had likened our more important ships. Standing on the 
defensive was, as it were, in the air; and the prevailing 
sentiment goreeee the conception of what a man-of-war 
ought to be. If she could le so, she was to be 
impenetrable by an enemy’s projectiles. Somebody 
heard, or dreamt that he had heard, the Navy crying to 
the naval architect: ‘‘For God’s sake keep out the 
shells!” Armour was again thickened, and, being 
thickened, was again reduced in area ; so that shells were 
effectually kept out of a part, a gradually diminishing 
part, of the ship, whilst free ingress to the rest of her 
above water was conceded to them. It was not seen that 
there was a reasonably effectual method of keeping an 
enemy’s shells from entering any part of the ship, 
armoured or unarmoured, viz., by overwhelming him 
with the fire of your own guns. Admiral 
said: ‘‘The best armour is the return fire.” Like most 


apophthegms, this looks at first sight exaggerated. The 
truth that it contains was not recognised. So, in 
individual shi armour was given greater power of 


resistance, whilst guns dec in number. The pewer 
of a gun was, indeed, increased; but with the object of 
enabling it to send its projectiles through the more 
resisting armour on an opponent’s hull. The Devastation, 
Thunderer, and Dreadnought, launched between 1870 
and 1875, gave expression to the dominant ideas of the 
day, when tactica. principles attracted so little attention 
that the word ‘‘tactics” was rarely heard, and when it 
was heard it was applied to the practice evolutions or 
drill of a fleet. 

If tactics ceased to attract attention, naval architecture 
by no means stood still. Naval architects were every 
day showing that they could meet every reasonable 
demand. If the results of their efforts had no great 
tactical importance, that was certainly no fault of theirs. 
A particularly brilliant period in the history of naval 
architecture coincided with a period of marked dulness 
in naval tactics. To what are we to ascribe this para- 
doxical condition’? We are justified in ascribing it to the 
absence of fixed principles from the minds of tes whose 
proper sphere was tactics. Perhaps, without foreseeing the 
effects of their procedure, they gave up being tacticians in 
order to deal with details of naval architecture. It is not 
easy to find any other explanation of the variety of types of 
ship produced during the period under notice. The 
variety by itself was sufficient to prove that there was 
no fixity of tactical principle. It also disclosed symptoms 
of a belief that architectural design should regulate 
tactics and not tactics regulate design. Historical 
monumental proof of this exists in the ships constructed 
at the time. 

The French, who have shown Ep aptitude than 
any other people for treating naval affairs scientifically, 
were the first to break away from the position above 
indicated. They understood that a battle between fleets 
would not be a mere matter of perforating or failing to 
perforate a restricted area of thick armour. They hada 


be-| Vivid perception of the great tactical epg that 
uu. 


concentration of the effect of weapons should be the end 
aimed at, and that concentration of the weapons them- 
selves is merely the means. Therefore they armed their 
ships in accordance with the principle. Other nations 
to follow their example. The ships launched or 
designed for our own Navy during the last dozen years of 
the nineteenth century and the first two or three years of 
the twentieth supply monumental evidence of the reviving 
but far from dominant infil of tacti 
To follow the course of naval architecture within the 
last half-dozen years would be likely to lead us into 
contentious questions, which, in a paper like the present, 
it is best to avoid. Attention, nevertheless, may be 
properly invited to some aspects of it which appear to 
reproduce the conditions of the time when the turret- 
ship excluded other types of ship from the fleet. The 
object then was to obtain great concentration of defensive 
and offensive material in individual shi and that 
object has reappeared of late. Another object was to 
make the concentration more powerful than any other 
country had made it. Here, again, we can observe 
similarity to the aims of the earlier period. The 
accompanying circumstances now are like those that 
showed themselves then. There is now, as there used 
to be before, an oscillation in superiority of material power 
as exhibited in the augmented displacements and weights 
of guns. To-day one country has the bigger ships and 
heavier guns; to-morrow this kind of superiority has 
gone to some other country. which, in its turn, will be 
surpassed in these things. The important question that 
we have to face is this: Is the oscillation due to recog- 
nition of tactical principles, or is it a contest in archi- 
tectural development? That question, we may be sure, 
will be answered, if not by this generation, then by a 
future one, and the ships which the great navies of the 
world are <— ng have lately added, to their lists 
will remain, whether or not as efficient components of a 
fighting fleet, at any rate, as monuments to show the 
world the extent to which, at this present day, the 
principles of naval tactics found adequate expression in 
architectural design. 








THE TASMANIAN GOVERNMENT RatLways.—Mr. G. 
Wishart Smith, general manager of the Midland Railway 
of Western Australia, has been appointed sole commis- 





sioner of the State Government ways of Tasmania. 
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SECTION II.—SCIENTIFIC TRAINING. 
The Value of a University Degree in Engineering Science 
in Dolate, to Pr rf ¥ i Comp 4, 7 
By Professor SrgPHEN Mircouet Dixon, M.A., 
B.A.I., M. Inst. C.E. 


THE competent engineer is one who can deal effectively 
with materials and men. While it cannot be claimed 
that three or four years’ good work at an engineering 
school gives this competence, still it can be shown that 
for the ordinary man it is the best method of obtaining 
the necessary preliminary training, and so the university 
degree becomes the first step of a long ladder leading to 
eminence in the profession. 

The training of the engineer may be divided into theo- 
retical and practical, but this is merely for convenience in 
discussion, because the two divisions can never be separated 
entirely. Speaking broadly, however, the theoretical part 
or basis of the engineer’s education is that which is more 
or less complete, as far as most men are concerned, when 
they receive the degree in engineering. The practical 
part of his education, beginning at college, should continue 
as long as the engineer remains in practice. i 

The unique position held by the Institution of Civil 
Engineers in this country would have seemed favourable 
to the early systematising of engineering education, but 
fortunately this has not happened. By wise encourage- 
ment, the individual efforts of those seriously interested 
in engineering education have arrived at solutions of the 
problems involved, and the experience gained by others 
should enable us to choose methods giving the best 
results. Moreover, the evils due to a too early stan- 
dardisation, which would have given a cramped and 
narrow system, have been avoided, If we examine the 
courses which at present lead to degrees in engineering 
science, we see the results of this policy. It will be seen 
that a broad and sound training in the underlying prin- 
ciples, education in its true sense, and not the mere 
imparting of information, have been the objects sought. 

hile it has been said that both sides of the engineer’s 
training begin at college, there is no doubt that the work 
carried out for the degree must deal mainly with prin- 
ciples, and should be as broad as possible. Details of 
current practice will be noticed only as illustrations of 
principles. In dealing with materials, the engineer needs 
a knowledge of mathematics, physics, and chemistry ; and 
if he is to avoid mistakes, his knowledge must be very 
exact, and at his fingers’ ends. The courses in mathe- 
matics, physics, and chemistry naturally lead to those 
in surveying, stresses in structures, and properties of 
materials. All these are technical subjects, it is true, 
but they can be far better and more easily taught in the 
class-room, field, laboratory, and drawing-office of a 
university than in the engineer’s ottice. When the student 
has a sound knowledge of the principles involved in the 
study of these subjects, he will make rapid progress in the 
details of practice. ’ eS: 

Instruction in the above subjects, important as it is, 
should form only part of the general education of the 
young engineer, if he is to be fitted to hold more than a 
subordinate position in the engineering profession, for, 
as stated earlier, the engineer must deal with men as well 
as materials. 

A liberal education is essential: literature, history, 
philosophy, all subjects which tend to broaden a man’s 
outlook should be studied, and this is even more necessary 
in the case of engineering students than in the case of 
those who intend to follow other professions. Of course, 
unless a university education leads to further reading 
and research, one of the most desired objects is not 
obtained ; but, owing to the nature of his employment, 
the engineer frequently has for several years few oppor- 
tunities for reading outside his work, and so should make 
up for this by the keenness of his interest in these so- 
called ‘‘outside subjects” while at college. We take it 
for granted that the successful man in any other of the 
professions will be one who has already made his mark at 
the university, and itiscertain that the success in a great 
measure is due to the trained ability which enables the 
nossessor to influence his fellow-men. The general culture 
which comes from college life as well as from college study 
is an asset in the engineering profession not to be despised 
and not easily obtained. ‘I'he man who leads his fellow- 
students in the class-room, in sports, or in the debating 
society, is equipped in a very real way for success in his 
profession. : : 

The work done at gen | schools is serious and 
painstaking. Much has been written lately about exami- 
nations and d in engineering, but those f iar 
with the work of engineering colleges can testify that the 
profession has no reason to fear that the status of the 
civil engineer will not be upheld by the graduates in engi- 
neering. ‘The final examination is but a very small part 
of the requirements for a degree. Three or four years of 
solid work under personal teaching sifts out a large propor- 
tion of those entering on the courses, while at the same 
time few students who i industry and ave 
ability should fail to satisfy the present requirements in 
the specified time. . | - 

No system of education is above criticism. If we take 
an interest in the objects of the system, we should see that 
our criticism is fair and helpful. At present the univer- 
sity method is recognised as the only generally applicable 
method in every country but our own. The objections 





to the system in this country may be found stated by two 
classes of engineers : ‘hose who have in their early days 
entered university courses and then dropped them before 
grasping the meaning of the instruction offered, and those 
who have risen to eminence in their profession before 
university training in this country became general. The 
former are answered by the fable of A@sop of the fox who 
tried to make the best of a serious accident ; the latter are 
reminded that competition in the profession is becoming 
keener every day. English engineers now find in every 
country friendly rivals who have spent a large part of 
their time at engineering colleges, and it would be unjust 
to the rising generation if they were not able to start 
with advantages equal to those of their competitors. It 
is not long since that it was not unusual to find, in some 
of the larger engineering schools in America, English 
students attracted by the superior equipment and facilities 
for research. At present our students are more fortunate. 
At home they can, at ree colleges, receive 
instruction which is admitted to be efficient and up to- 
date. In fact, the stream of students from newly- 
developing countries without engineering schools of their 
own is being in part diverted from the United States to 
this country. 

In arranging this discussion on engineering education 
for members of the profession who have already attained 
eminence in its practice, the Council of the Institution 
had evidently in view the one difficulty which exists for 
the moment in England. While in other professions a 
university degree is regarded as the first requisite, and so 
leads directly to employment, there is still a feeling in 
some quarters that the university uate is rather in 
the way in an engineer’s office. atters, however, in 
this way are improving. Once engineering firms recog- 
nise the advantage of having assistants thoroughly trained 
in the principles underlying practice, and whose training 
also fits them specially for adopting new ideas rapidly, 
they will be only too glad to co-operate with the univer- 
sities in completing the education of the engineer. A 
method already adopted on some railways in the United 
States and in Australia has been in work for some time 
on at least one railway at home. In this case we have 
the principle of co-operation firmly established, by which 
the college uate obtains his practical experience in the 
best way possible. Entering the service of the company 
under a small but gradually increasing salary, the quieetn 
in engineering is under agreement to stay a specified time. 
During this period the engineering staff of the company 
consider that there is an obligation on their part to see 
that the duties of the junior assistant are so arranged 
as to give him a wide experience. One railway company 
in the United States reports that the services of men 
so trained by them are so eagerly sought by other com- 
panies that they cannot satisfy the demand. This 
principle of co-operation might be extended largely, and 
the greatest gainers in the end will be the employers, 
while at the same time the status of the junior engineer 
will be greatly improved ; and not only this, but by the 
interest thus taken in engineering colleges by engineers in 
practice, modifications in the courses may be su ted, 
and students will be encouraged by the knowledge that 
the training, the successful conclusion of which is indicated 
by a degree, is recognised by the leaders of the profession 
as the right and necessary preliminary to practice. 





The Value of a University Degree in Engineering Science 
in Relation to Professional Competence.* 


By Professor CHARLES FREWEN JENKIN, 
M.A., M. Inst. C.E. 


In order to estimate the value of a degree in engineer- 


ing science, it is necessary to understand clearly what the | P’ 


possession of the degree means. It means that the 
ape has spent some years in passing through a care- 
ully-arra course of study in those fundamental 
subjects which should form the basis of engineering 
education, and also that he has attained a certain stan- 
dard of proficiency in them as far as that can be tested 
by examinations. 

It is no longer necessary to urge the importance of 
theoretical training. Engineering education should con- 
sist of three parts—a basis of general scientific study ; a 
middle structure of applied science—that is, of science 
specialised, extended and adapted with a view to its 
bearing on professional practice ; and, lastly, that kind of 
knowledge of practice which can be gained only by 
coming directly in contact with it. 

This is now recognised by the Institution of Civil 
Engineers, which requires proof that applicants for 
admission shall have had both theoretical and practical 
training. The latter can only be obtained by an appren- 
ticeship or its equivalent, and I sincerely hope that 
the Institution will always maintain its requirements in 
this respect, and not accept a knowledge of college work- 
shops as equivalent toa knowledge of real practice, which 
it can never be. I am aware that much that is useful can 
be taught in college workshops, but I believe that it is 
better for the student to learn these things in the real 
shops, where he will at the same time uire a fund of 
practical experience which he cannot in college. As Sir 
William Siemens said, ‘‘ College teaching should dea 
very much with principles and very little with details.” 

‘The first part of the training—the theoretical part— 
with which we are spevially concerned, can be obtained 
more or less efficiently in various ways. It is this part 
which the entrance examination is intended to test, buta 
degree is a very much better proof of the asion of a 
good theoretical training than any examination can be. 
This is the first reason I would bring forward for regard- 
ing a degree as of value. 


That an examination is in general a poor expedient for 
ascertaining a student’s proficiency is becoming more 
widely recognised every day ; it is, however, less unsatis- 
factory when held on the completion of a definite course 
of study than when it is used to test general scientific 
knowledge. Further, the degree course contains much 
that cannot be included in the examination at all; for 
example, much of the student’s time is spent in the 
laboratcry isarning how to measure accurately all sorts 
of physical quantities, and to carry out tests on all sorts 
of machines—steam, electric, hydraulic, &c. Laboratory 
training can only be obtained in a college; its value is 
very great. To quote my father’s words, ‘* There is no 
teaching more practical, more immediately fertile in 
results, than that which can be given by the man of 
science in his laboratory.” Again, there is the teaching 
in the drawing-office, where the student learns to use his 
theory in the preparation of actual designs, and the field 
course of surveying, ej which he learns to handle his 
instruments skilfully and accurately. These are all 
implied in the degree ; but it is almost impossible to take 
any account of them in an examination. To quote Dr. 
Ewing’s reference to the Institution examinations in his 
admirable paper on engineering education, read at the 
recent Imperial conference :—‘* To an examination 
in certain sciences is one thing; to have had the advan- 
tage of a university or college course in which the same 
sciences are well taught is quite another thing,” 

The value of a degree may be considered from another 
* of view. What training is best for the boy when 

e leaves school—best in a wide sense’ Is it better for 
him to go to college or not? for this is what the degree 
implies. To spend some years at a university is an 
education in itself and will be a permanent asset in the 
boy’s life. The value of this part of education was well 
stated by W. B. Rogers, the founder of the famous 
Massachusetts Institution of Technology in Boston:— 
**We believe,” he says, “that the most truly practical 
education, even in an industrial point of view, is one 
founded on the thorough knowledge of scientific prin- 
ciples, and which unites with habits of close observation 
and exact reasoning a large general cultivation.” 

This general cultivation is the feature of all university 
life—specially perhaps in the older universities. It is 
a matter on which we may congratulate ourselves that 
the two oldest universities now open their gates to 
“ees students. 

he value of a degree may be considered from a third 
point of view. Sir James Inglis, in his presidential 
address in 1908, said: **. . . it ought to be laid down 
as a principle that all public money derived from rates 
and taxes should be, so far as it is applied to engineering 
construction, expended under the direction or control of 
definitely qualified engineers, as is already the case in 
many countries.” 

If the engineering profession is to be brought under 
State control, as medicine is, and the law—in a 
modified sense—it would ap; to be wise to make the 
basis of qualification as b as possible by recognising 
the engineering degrees of the universities as a n 
qualification, rather than a certificate by a single institu- 
tion, even though that institution were our own. 

An engineering degree then may be looked at in three 
lights: As a guarantee that the holder has had the best 
theoretical training and has profited to some extent 
thereby ; as the final step in that type of liberal educa- 
tion at the universities of which England is justly proud ; 
as a broad basis on which State recognition of our profes- 
sion may be founded. 

The regulations drawn up by the Institution for the 
admission of students and members are wisely framed at 

resent so as to recognise many different types of train- 
ing; but if the reasons I have advanced in Saveur of the 
engineering degree are valid, it would be well for us to 
look forward to a time, not too far distant, when the 
possession of a degree shall be a necessity in engineering 
as it is in medicine. 

The Position and Uses of Enginecring Laboratories in 
Relation to Education at Coll«ge.* 


By Professor WILLIAM poege Pease, M.A., B.Se., 


M. Inst. C, 
THE ouinueg Saas of our modern system of scien- 
tific education is the laboratory. It is now i as 


an essential instrument in all branches of scientific educa- 
tion. The reason is not far to seek. In a lecture-room a 
student hears things, but in a laboratory he does things ; 
and a normal student remembers what he does, and 
forgets the greater part of what he hears. A youth 
anxious to become an aad is generally born with a 
desire to do things ; and thus the material which we have 
to train in our engineering —- is uliarly sus- 
ceptible to laboratory teaching. Through the work he 
does in the laboratory comes the desire to hear rightly in 
the lecture-room. 

An engineering laboratory may be designed from the 
two distinct points of view of teaching and research. 
The two ideas are complementary to one another rather 
than antagonistic, and both must be kept in view in the 
general design of the laboratory of a great school. 

From the point of view of teaching, the individual 
items of the wey ~ provided should be numerous, 
typical, and small, so that there may be plenty of experi- 
ments for small groups of students to carry out for ee 
selves. For example, five 20-horse-power steam-engi 
each properly equipped with measuring ap 
better than one 100-horse-power engine. ter in the 
course a student may form one of a large group testing 
a large steam-engine, but his early work on the smaller 


-engines, 
tus, are 
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plant will enable him to perform his part with a com- 
prehensive knowledge of what is being done by the other 
members of the group. He will thus do the work more 
intelligently. 

In an engineering laboratory the students must do the 
job, and not watch the job done by the professor on a 
arge and expensive piece of apparatus too costly to be 
entrusted to them. s ph 

From the point of view of research, the chief provision 
te be made is space, time, and a workshop in which 
research apparatus can be made, together with apparatus 
sometimes of an expensive kind, but often inexpensive. 
Any of the apparatus provided for the instructional 
course may, from time to time, be made the subject of a 
research ; but in such an event it must be withdrawn 
temporarily from the routine work of the laboratory. 

The te ae > mary of an engineering laboratory cannot be 
—— without a clear idea of what it is that we aim to 
teach. 

Amongst the many things that may be put down, three, 
I think, stand out clearly—namely:— __ ’ , 

1. The fundamental principles on which engineering 
science is . : 

2. The physical properties of the materials of con- 
struction. : 

3. The methods of measuring that elusive thing, 
energy, in the many guises it assumes. ; 3 

The fundamental principles upon which engineering 
practice is based are few in number, but their applica- 
tions are almost infinite. A principle can only be 
thoroughly grasped through a — of its applications. 
Hence a principle should Fe taught by means of applica- 
tions selected from those which have a bearing upon 
engineering. For example, both the astronomer and the 
engineer must thoroughly apprehend the principles 
embodied in Newton’s laws of motion. The budding 
astronomer might fitly be taught by applications of these 
laws to the solar system. An engineer would learn them 
by their applications to the motion of machinery, the 
flow of water, and, may I say, the balancing of engines. 
But the inversion of the sasetlen would disastrous 
both for the astronomer and the engineer, although the 
aim is to teach both of them exactly the same principle. 
The engineering teacher has a vast and interesting field 
of cppliaasions from which to make his selection, and 
the suitability of his choice will depend largely upon 
the extent of his scientific knowledge and practical 
experience. 

All students of engineering should gain some familiarit 
with the physical properties of steam and gases and wit 
the materials of construction. There should be a complete 
equipment of small testing-machines in order to provide 
for numerous individual experiments simultaneously, 

ether with some large machines for research work. 

he fundamental principles of thermo-dynamics should 
be taught through their —— to estimate the 
efficiency of heat motors of all kinds. There should be a 
full equipment of heat motors small enough to be entrusted 
to a group of two or three students, together with a few 
large engines and typical steam-plant for the more 
extended study of the subject. 

A student learns a great deal by testing heat-engines. 
He learns how to measure the flow of energy when it is 
associated with such diverse agents as gas, steam, water, 
and ether, and in the form of mechanical energy. In the 
making of the heat balance-sheet he unconsciously, per- 
haps, uses the principle of the conservation of energy 
whilst he is consciously hearing lectures of how this 

rinciple underlies the science of thermo-dynamics, and 
os this science enables him to estimate with justness 
the performance of the engine he actually tested in com- 
parison with the ideal engine of thermo-dynamics. 

Time prevents me from enlarging on the educational 
value of the work in the electrical laboratory. The 
elusive nature of the agent with which electrical energy is 
associated makes the work both fascinating and absorbing. 

Above all, in passing through the course, the student 
should catch something of the spirit of research which 
should brood over every engineering laboratory, from the 
smallest to the greatest. If he is successful in this, he 
will go forth trained to think for himself and to act for 
himself, and with a desire to add his contribution to the 
vast accumulation of scientific and practical knowledge 
which is our heritage from the great thinkers and engi- 
neers of the past—men whose names are famous not only 
on the roll of the Institution of Civil Engineers, but on 
the larger roll of the British Empire. 





The Position and Uses of Engineering Laboratories in 
Relation to Education at College.* 
By Professor Joun GoopMAN, M. Inst. C.E. 

Tue value of engineering labbratories for educational 
purposes, and for obtaining experimental data of an 
engineering character, is now so extensively recognised, 
that it is , pe unnecessary to spend time in discussing 
the general question ; but since theequipment, the nature 
of the work done, and the metiods of carrying on the 
work vary so widely in the laboratories of different 
colleges, it appears to be desirable to discuss these ques- 
tions with a view to increase their usefulness and effi- 
ciency. 

Object of Laboratory Training.—It is well at the outset 
to recognise that the equipment and scope of an engi- 
neering laboratory differ essentially from that of a coll 
workshop. The work carried on in the latter is mainly 
for the purpose of teaching the art or trade of engineer- 
ing (as to whether such workshops should be attached 
to colleges or not is a much debated point, upon which 
very definite opinions on both sides are held), but the 


* Read at meeting of Section II., held Thursday, 
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work done in the former has the sole object of teaching 
the principles which underlie that art or trade. It is 
ible, in certain cases, that laboratory work may over- 

p that proper to the workshop, but in general the 
a of the two are distinct, and must not be con- 
fused. 

However able a teacher may be, it must often neo 
that students do not get a thorough working knowledge 
of a subject from attending a course of lectures, although 
thev may have no difficulty in following the treatment 
during its delivery ; if, however, properly-schemed labo- 
ratory work can be arranged to run concurrently with the 
lectures the student is brought more closely into touch 
with the concrete side of his subject, and thereby not 
infrequently discovers his own shortcomings. It is, of 
course, well that he should be brought face to face with 
difficulties, and, instead of ae spoon-fed, he should, in 
the early stages, be left severely alone to worry out his 
problems; but if actually beaten, then, and not until 
then, should the director of the laboratory come to his 
assistance. Such a course will often arouse interest 
where lectures fail, and will reveal to him discrepancies 
between theory and experiment ; inquiry into the reason 
for such discrepancies are of real educational value ; and 
if the student “* grit,” it will be a great incentive 
to lim to dive more deeply into the matter. Later in 
life, when such difficulties arise on a larger scale, his 
familiarity with scientific methods of dealing with obscure 
problems will enable him to attack them with a direct- 
ness and certainty that are lacking in the untrained man. 

Amongst other important phases of laboratory work 
the following appear to be worthy of special note :— 

The engineering laboratory affords the student an 
excellent training in the carrying out of experiments for 
the purpose of obtaining accurate data, and he cannot fail 
to be early imp with the paramount importance of 
keeping all the conditions of the test constant except the 
two variables under consideration. He, moreover, dis- 
covers that absolute accuracy in data is rarely, if ever, 
attainable, and therefore the use of many significant 
figures is not only absurd, but tends to deception. In the 
author’s laboratory the first work done by students con- 
sists in the measurement of certain quantities by three 
or four different methods, with the object of impressing 
upon them the fact that the methods themselves are not 
perfectly accurate, and, even if they were so, the personal 
equations of the workers would affect the result obtained. 
It is believed that it is important for students to realise 
early that extreme care in the choice of methods and in 
the use of apparatus is essential if any high degree of 
accuracy is required. 

In certain cases the laboratory work is valuable in 
showing how far theory and experiment agree, but great 
care is necessary in order to prevent students jumping 
to the conclusion that there is actual disagreement 
because their own imperfect, inaccurate experiments 
do not give the results that the theoretical treatment 
would lead them to expect. It is, however, believed that 
it is a mistake in the first instance to insist on students 
worrying about minute accuracy. Until their ideas get 
somewhat broadened, such attempts at vaeren absorb a 
large amount of time quite out of proportion to the import- 
ance of the result obtained, but later on a certain amount 
of experimental work requiring a high degree of accuracy 
is a most excellent training. 

Se te . —Before purchasing apparatus for the equip- 
ment of an ———— a te is of great import- 
ance that a general scheme should be drawn up, setting 
forth definitely and clearly the lines on which the pro- 

work is to ; in the author’s opinion the 
aim should be to make all apparatus as simple as 
possible, and each eo should be designed to bring out 
clearly one particular point, all unnecessary complication 
being dispensed with. Teachers are very liable to forget 
that the average student is unable to appreciate the 
refinements and intricacies of highly complex and elaborate 
apparatus, which, as a rule, completely mystifies him. 
Distinction must always be drawn between apparatus 
which may be used by the staff for their own education 
and for research work and that required exclusively for 
students. In this connection it is suggested that it is 
better to make use of commercial tackle, such, for example, 
as ordinary pulley-blocks, screw-jacks, &c., rather than 
the amateurish polished brass and painted wooden models 
so often offered for sale for use in colleges. 

The experimental steam-engines found in college 
laboratories are frequently fitted with a maze of intricate 
appliances for the purpose of enabling the engine to be 
worked under a great variety of conditions, with the 
result that students are very liable to get erroneous ideas 
as to the essentials of any given type of engine. Such 
engines are necessarily not stock articles, hence they 
have to be specially constructed for the purpose, and 
are, therefore, very costly. The author suggests that 
it would be better in every respect to purchase two or 
three commercial engines of different types for testing 
purposes rather than crowd so much complication on to 
one experimental engine.. Unfortunately, all apparatus 
soon gets out of date, and unless a college is very wealthy 
it cannot afford to clear out the old-fashioned machinery 
every few years and replace it with new. In some cases 
enterprising firms lend engines and plant to colleges for 
testing purposes on condition that the results of all tests 
shall be supplied to the makers in return for the loan, 
and when the firm in question brings out an improve- 
ment the obsolete plant is exchanged for the new. The 
arrangement from the college point of views is, of course, 
ideal, and the firms in question are not entirely losers by 
the bargain. 

In all tests where a great variety of conditions may 
prevail, it is impossible, on account of time; for one group 
of students to work under each set of conditions, mg 
fore it appears to be desirable that a definite scheme of 





testing should be drawn up, which may possibly take 
years to complete; then as each result is obtained, it 
should be plotted ona <seag paper chart exhibited in 
the laboratory, thus enabling each group of students 
to benefit by the results previously obtained. If isolated 
tests are made under random conditions they are robbed 
of much of their educational value, and the results 
obtained are of little or no permanent value. 

The extent to which stereotyping should be allowed in 
the work of an engineering laboratory is one well worthy 
of the most earnest discussion ; all wil agreed that it 
is an utterly bad system to have the apparatus required 
for each experiment set out permanently in working 
order, and to give printed detailed instructions and log- 
sheets to each aulent, which he mechanically follows. 
The following of such a system entirely crushes all 
originality, and makes the student into a mere machine. 
In the early stages of the laboratory course some approach 
to this system may be tolerated. perhaps, that is, durin 
the period in which the student is learning to take an 
book observations ; but after he has once got over the initial 
stages he ought to rig up his own apparatus, check it for 
accuracy, make out his own log-sheets, and reduce his 
results. Of course he uires more supervision when 
working under such conditions, but he certainly gains 
experience of a far more valuable character than under 
a stereotyped system. The extent to which he can go in 
this direction largely depends upon whether he has been 
in commercial engineering workshops before taking up 
his college course. In tests of a more important character 
it often happens that the student lacks the neces-ary 
manipulative skill required for carrying out the experi- 
ments if he has not had a previous practical training in 
works, 

Laboratory Routine.—The staff of an engineering 
laboratory usually consists of a director with one or more 
assistants and skilled mechanics. It is of vital import- 
ance that the director should be a man familiar with 
practical work, or he may unwittingly encourage students 
to play with unreal problems, which tend to divert 
their attention from the actual difficulties that arise 
in the life of an engineer. The author on one occasion 
visited a technical school in which the students were 
observed to be busily engaged in testing the buckling 
strength of wooden matches, from which strut data was 
to be evolved. 

A considerable amount of skill and much tact is 
required of the director who gets his laboratory to run 
smoothly and efficiently. The following regulations are 
found greatly to assist in smooth running :— 

All observations to be recorded in note-books or on 
authorised log-sheets, and not on odd scraps of paper. 

The results, after reduction, to be entered neatly, with 
necessary curves, sketches, descriptions, and explana- 
tions, in a laboratory note-Look, having alternate pages 
of squared paper. 

The most important results to be entered in a record- 
book kept permanently in the laboratory. 

The students’ note-books to be inspected by the director 
or assistant in charge after the entry of each experiment, 
and no fresh experiment to be started upon before the 
previous one is completed and entered up. 

A large sheet posted up in the laboratory, having a 
vertical column for each experiment and a horizontal 
line for each student, to be starred with an india-rubber 
stamp as each ——_ is completed. By this means 
- work already done by each student can be seen at a 

ance. 

, Much inconvenience is sometimes caused by students 
not returning measuring-instruments and other apparatus 
to the proper place after the completion of the experi- 
tment. Therefore each student in the Leeds University 
is provided with brass checks, similar to those used in 
works, and when he requires to use thermometers, indi- 
cators, &c., he goes to the stores and deposits his check 
with the storekeeper for each piece of apparatus. The 
check is | on a peg close to where the apparatus is 
kept. If he fails to return the apparatus at the proper 
time and in order, he is charged for it by a reduc- 
tion from his laboratory deposit. 

In order to keep a record of the time spent in the labo- 
eres special sheets are put up every day, which are 
- : led by the student to certify his attendance before 

e leaves. 





The Position and Uses of Engineering Laboratories in 
Relation to Education at Colleges.* 
By Professor BErtRAM Hopxrnson, M.A., B.Sc., F.R.S., 


‘WW 


M. Inst. C.E. 


Tuer classification and analysis of the phenomena 
presented to the engineer in the practice of his art con- 
veniently called BP ames | Science,” occupies a 
= intermediate between biology, which is mainly 

on the observation of Nature, and physics, which is 
chiefly experimental. It is founded on the laws of motion, 
of heat, and of electricity, whose action is investigated in 
the physical laboratory; but it is concerned with the 
working of these laws under conditions comparable in 
their yyy with those under which the same laws 
work in living things. This is obviously true of the 
greater natural forces, such as the winds and tides, whose 
action it is the engineer’s business, so far as possible, to 
control. It is impossible to bring these things into the 
laboratory, and to subject them to experimental analysis, 
though experiment may be of great help in interpreting 
observation of them. In other branches of “gta | 
science—for example, in the study of the production an 
use of power—there is not the same physical limitation on 
experiment, but there is a commercial limitation which is 

* Read at meeting of Section II., held Thursday, 
June 29, 1911. 
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just as effectual. Complete experiments on a full scale 
under commercial conditions cannot be made because no 
one will pay for them, or allow his business to be disturbed 
while they are being made. Moreover, the commercial 
element and the human element are the most important 
among the conditions under which engineering phenomena 
go on and which determine their course. In a laboratory 
experiment they are as little reproducible as is the texture 
of a full-sized wind. Thus engineering science must be 
based on the intelligent observation of things as they 
occur in practice. As in biology, experiments in an 
engineering laboratory may be of great assistance, but 
in interpreting their results it must never be forgotten 
that the artificial control of conditions, which is of the 
essence of experiment, is of itself a disturbing factor, 
analogous to that general effect on the subject of a 
vivisector’s operation, which always lessens, and may 
destroy, the value of his conclusions when applied to the 
normal animal. On the other hand, it iene te doubted 
that the necessary difference between natural conditions 
and the artificial atmosphere of the laboratory is less far- 
reaching and its effects are more readily foreseen in 
engineering than in biology. Experiment plays a part 
which, though still subsidiary, is relatively more im- 
portant. Especially is this the case in the applications of 
electricity. 

The position of the engineering laboratory as an instru- 
ment of education is not quite the same thing as its 
position in relation to research, but is closely related to 
it. Ina discussion, some twenty years ago, on the = 
posal to establish an Engineering School in Cambridge, 
it was pointed out, by way of justifying the innovation 
to that ancient university, that it was as good an educa- 
tion thoroughly to test a steam-engine as to determine the 
velocity of light. It might well have been said that it 
was better, for in the engine trial the student is intro- 
duced to phenomena under conditions which, in their com- 
plexity, resemble those of real life, and which can only 

rtially be controlled. He can vary steam-pressure, 
oad, and perhaps speed, but he cannot, within the limits 
of an ordinary trial, control such important factors as 
the dryness of the steam-supply, or the temperature of 
the cylinder walls. Thus he learns in a simple way to 
use his judgment in interpreting data, and to recognise 
how in a complex mechanism it is impossible to vary a 
single element without at the same time affecting a 
number of others. This training of the faculties of criti- 
cism and observation is valuable to anyone, whatever pro- 
fession he is going to follow, and it cannot be obtained in 
the same degree from theexperiments ordinarily performed 
by students of similar standing ina physical laboratory. To 
the engineering student there is the additional advantage 
that he sees the application of scientific principles to 
things of the same sort as he will meet with in after-life. 

These considerations, together with a frank recognition 
of the fact that by no possibility can the conditions of 

ractical work be completely reproduced in the laboratory, 
Toad to a fairly definite conception of its position and 
uses. In the first place, industrial apparatus, even of a 
simple character, is too complicated to Pe used as a means 
for demonstrating elementary physical laws to students 
who are quite ignorant of their working. Hence work in 
the engineering laboratory ae should be preceded by 
a short course of ordinary physical experiment under the 
simplest possible conditions. Provision is made for this 
in nearly all college courses, and it is unnecessary to 
discuss it in detail. Assuming that he has thus acquired 
a knowledge of the fundamental scientific principles, the 
student’s work in the engineering laboratory will be 
directed largely to tracing their operation under more 
complex circumstances. For this purpose small units of 
plant of a simple character are quite adequate. Every- 
thing that such a student can learn in an engineering 
laboratory in the time at his disposal he can get from a 
10-horse-power engine, from a 5-ton testing-machine, and 
from plant on a similar scale in the other branches of his 
study. A triple-expansion engine teaches him no more 
thanacompound ; a four-cylinder petrol-motorlittle, if any- 
thing, more than a single-cylinder gas-engine. In fact, the 
onaloe and simpler machines are better for his purpose, 
because they are more easily handled, and he can be left 
more to himself. The author remembers seeing in a tech- 
nical school an engine of séveral hundred horse-power, 
which was being tested by some fifteen or twenty students. 
They were taking readings according to a set scheme, 
one reading a thermometer, another a pressure-gauge, 
and so on, and all the readings were being ente ona 
beautiful printed sheet. On the same day he happened 
to speak to a schoolmaster, who described how he was in 
the habit of setting his boys two or three at a time to 
indicate the laundry-engine at his school, and test its 
steam consumption with an improvised condenser. ere 
cannot be much doubt that the schoolboys learnt more 
than the students, and that the money paid for that large 
engine would have been better spent on twenty small 


engines, 

But, though small, the machines in the engineering 
laborator ould be real commercial machines, such as 
are bought and sold in the ordinary course of business, 
and the students should use them under ordinary working 
conditions. This is, of course, quite consistent with the 
use of the most elaborate measuring arrangements that 
the ingenuity of the professor or demonstrators can devise, 
provided that they are such as a commercial user of the 
machine would ‘hente. For instance, a gas-engine may 
have thermometers stuck all over it, it may suck its air 
through a hole for the purpose of measurement, and it 
may discharge its exhaust into a calorimeter, but it is not 
to be run at less than its normal speed in order to get 
better indicator diagrams, nor is the valve-setting to 
altered for the purpose of improving the measurement of 
the air. Extreme variation of conditions is necessary for 
the purpose of research ; but the ordinary student is not 





doing research, nor is it his object to learn in detail about 
the working of a special machine. His use for the engi- 
neering laboratory is to learn pen how toextract from 
an experiment conducted under severe limitations all the 
information that it is capable of affording. In doing so 
he will consolidate the knowledge of natural laws, which 
he is supposed to have acquired previously in an ordinary 
es laboratory, and will learn their limitations ; he 

also pick up many facts about the pregey | of 
machines which may or may not be of direct use to him, 
according as he meets with these particular types in after- 
life or not. But these are by-products, and in the author’s 
view the engineering laboratory should be designed and 
organised with a single eye to the primary educational 
use which has been indicated. 


SECTION Iil.—PRACTICAL TRAINING. 


The Relation of Engineering Employers and Colleges from 
the Point of View of the Practical Training of College 
Students. 


By Professor JoskepH Ernest Pretavet, D.Sc., F.R.S., 
Assoc. M. Inst. C.F. 


A Goon general education, a wide scientific knowledge, 
and a sound practical training constitute qualifications 
essential for success in the engineering profession. The 
engineering employer and the university teacher are 


only generalise as to the most suitable period when the 
young engineer should proceed to college for this scientific 
education. This admirable and exhaustive report has 
exerted a very effective influence in improving the system 
of engineering education and training, and, as a result, 
the engineering training of the university and college 
type of to-day is a great improvement on apprenticeshi 

practice existing some years ago. he university an 

coll type of trained engineer is of recent creation, 
and in every field of engineering his influence is being 


felt. This type has undoubtedly come to stay, and will 
be produ by these institutions in ever - increasing 
numbers, 


The consensus of opinion amo 
ence and standing of the present day appears to be that 
the youth who wishes to me an up-to-date engineer 
and have a successful career in the profession, having 
reached matriculation standard at school, should preserve 
the continuity of theoretical study and p at once to 
the university or college for two or more years. In support 
of this opinion, though it is encroaching on the subject 
of another note to this conference, I quote from Mr. 
Ellington’s presidential address to the Institution of 
Mechanical Engineers in March, 1911 :— 

‘**T have always felt that the first eighteen months was 
more or less wasted, and that that period should have been 
spent at college. I hold strongly the opinion that it is 
best for the majority of poten who are about to com- 


engineers of experi- 





therefore co-partners, jointly responsible for the success 
of the educational work ; and it follows that some close 
co-operation is eminently desirable. 

Any discussion of the relationship between employers 
and teachers must be primarily based on some definite 
understanding with regard to the aim of university teach- 
ing and the qualifications attainable by the ave 
college student. On both these questions a considerable 
divergence of opinion exists, and it is merely with the 
object of providing, as briefly as ible, a basis for 
systematic discussion that the following apparently some- 
what dogmatic statements have been drafted. 

1. A boy intending to qualify as a civil or mechanical 
engineer would pass the university matriculation exami- 
nation at the end of his school career, and afterwards 
spend a year in a mechanical workshop before entering 
the university. 

2. The university teaching should be scientific in its 

nature and wide in scope. A reasoned discussion of 
present practice and future ibilities should take pre- 
cedence over merely descriptive treatment. The student 
should be taught to understand fundamental principles 
and make an intelligent use of mathematical analysis, not 
to memorise unimportant details and empirical formule. 
Finally, early specialisation should be discouraged. The 
educational work of the university is brought to a suc- 
cessful termination when the student has been taught 
how to learn. 
__3. The object of the engineering laboratory is to afford 
illustrations of the principles referred to in the lectures, 
to familiarise the student with the methods of testing 
materials or machines, and to pre him for the 
practical training which it cannot replace. 

4. The university ~ implies a certain standard of 
work, knowledge, and intelligence, but the ultimate 
success of the graduate as an engineer will depend 
primarily on his personal characteristics, and secondarily 
on the opportunities offered him during and after his 
practical training. 

The engineering - ey cannot anticipate that a 
university graduate will be of much assistance during 
the first few months, but should require him to reach a 
satisfactory standard of efficiency before the end of the 
first year, and expect him to deserve some reasonable 
remuneration during his second year.+ 


5. The head of an engineering department is always | . 


glad to select and recommend a man suitable for any 
position which is offered. 

6. The engineering employer can co-operate in the 
educational work of the university by a frank and friendly 
criticism of the methods adopted. By offering to take 
college graduates on a six months’ trial he can form a 
personal judgment of the qualifications of the men and 
select those best suited for the work he requires. 





The Relation of Engineering Employers and Colleges from 
the Point of View of the Practical Training of College 
Students.} 

By James WILLIAM Horng, B.Sc., Assoc. Inst. C.E. 


THE requirements of the Institution's bye-laws relating 
to election are: A sound general education developed on 
lines suited to subsequent scientific study; a complete 
knowledge of those branches of science which form the 
basis of engineering ; and practical training under actual 
engineering conditions, adapted—to quote from the last 
report of the Council—to fit persons to take part in the 
design, as well as in the control and direction of engi- 
neering works. 

The Committee on Engineering Education and Train- 
ing, in their report of 1 made it very clear that youths 
training as engineers should, if possible, spend at least 
two years of that training in systematic scientific study 
at a fully-equipped engineeing college, in order to make 
themselves more efficient for their future professional 
career, and in part to fulfil the requirements for election 
into the Institution. The committee at that time could 

* Read at joint meeting of Sections II. and III., held 
Thursday, June 29, 1911. 

+ The second year after graduation, or, as explained in 
paragraph 1, the third year of practical experience. 

t at the a meeting of Sections II. and III., 
held Thursday, June 29, 1911. 





mence their engineering training to go to college on 
leaving school.” 

Upinions of well-known engineers on those lines will 
have the effect of sending a still greater number of youths 
to college before entering on their practical training. 

Recommendation No. 13 of the 1906 report says :— 

‘The committee reaffirm the conviction, expressed when 
they issued their inquiry, that the sympathetic assistance 
of employers is essential to improvement in engineering 
education and training.” 

And, as bearing on the same subject, the following is 
taken from the introduction to Mr. i Nedden’s excellent 
book on workshop practice :— 

“*It is the many-sidedness of the practical work of the 
young engineer which, after due cultivation, builds up 
the * aeeeng et, without which no engineer can 
be successful. /orkshop experience necessitates obser- 
vation, reflection, ability, tact and hard work, and the 
engineer’s success later in life will depend greatly upon 
the exercise of these faculties in the workshop years.” 

Many engineering employers, during the last few years, 
have recognised that systematic scientific education of 
the modern university and college type is very essential 
to the future progress of engineering science, and in con- 
sequence have extended sympathetic assistance to college 
students by granting to them facilities to obtain practical 
experience in their workshops, in order that they might 
have the Sony to build up that ‘‘ engineerin 
instinct” which is so necessary to become a successfu 
engineer. The authorities of the universities and colleges, 
also recognising the necessity for this workshop period 
after the completion of ‘the college course, endeavoured, 
and with very considerable success, to arrange with a 
number of engineering firms in the industrial centres in 
which they are situated to co-operate with them in grant- 
ing college students the privilege of this workshop 
training. But what strikes one, after a careful study of 
the apprenticeship schemes as arranged by the college 
authorities, is that the co-operation between college and 
employer is not sufficiently definite, as will be seen from 
the following, taken from the scheme of one of our best 
organised colleges :— 

**Students who desire to serve their apprenticeship 
with one of the after-mentioned firms must communicate 
direct with the firm and make their own arrangements.” 
By this system it is possible, and, as a matter of fact, 
in my own experience in many instances it has happened, 
that suitable students, possessing the necessary person- 
ality and ‘‘ engineering instinct,” will lose much time, 
after leaving college, through having been unable to make 
arrangements to proveed to their practical training at 
once, and that others will have promising engineering 
careers blighted by being unable, through lack of influ- 
ence and means, to arrange for their practical training. 

It is an undoubted fact that only a certain proportion 
of engineering students who finish their coll course 
successfully are suitable te proceed to the workshop for 
practical training, and the purpose of this note is to 
suggest an arrangement to ensure that engineering em- 
ployers shall be asked to give facilities for the practical 
training of only the most suitable students. 

The professors of engineering subjects in the universi- 
ties pot colleges are, as a rule, qualified engineers, who 
have had considerable experience of works practice, and, 
in consequence, they are in a unique position, after three 
years’ close contact with the students, to select the most 
suitable, from the point of view of ability, personality, 
and grit, to take full eo of their years of an 
shop practice, and this method of selection would ensure 
that want of influence, poverty, or social circumstances, 
would be no bar to a suitable student comping his 
engineering training. The selection could be made 
Sane the completion of their course, and arrangements 
made so that no time should be lost. 

In the provincial industrial centres it would not seem 
to be a very difficult problem to arrange for a close and 
definite co-operation between the engineering employers 
and the heads of the engineering departments of the colleges 
on the above lines, in view of the fact that the “civic” 
universities, such as Manchester, Birmingham, &e., and 
the technical colleges, such as G w, have been built 
and ye foe ay by contributions from the local 
captains of industry, who in this way have shown a living 
interest in the advancement of scientific training. 

The governors of these provincial colleges, in order to 
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have the education thoroughly in keeping with the ad- 
vance in industrial methods, have adopted a liberal policy 
in their methods of management ; and in order always to 
be in close contact with the various industries in their 
district, they have adopted the wise pe of co-opting 
leading representatives of the various firms to act on the 
committees of each department. ; 

It would appear, therefore, to be a simple matter for 
each centre to form a strong committee, in connection 
with the college, com of these influential representa- 
tives and the heads of the engineering departments. 

The duties of this committee would be :— 

1. To consider the selection of students made by the 





professors. 
2. To make arrangements with the firms who are 
willing to grant facilities for practical training to start 


these immediately on the conclusion of the college course. 

3. To arrange that Recommendation 9 of the Report is 
carried out as far as possible. 

4. To induce a still greater number to grant such 
facilities. ; 

The question of an arrangement on the same lines 
between the colleges and polytechnics in London and 
engineering employers is much more complicated and 
more difficult to solve. In London a number of uncon- 
nected colleges and polytechnics came into existence 
during the latter part of the nineteenth century, due in 
& great measure to the subsidising of engineering training 
by the wealthy and generous City Companies, with the 
result that there is not as yet any central governing body 
who could act in unison with the various colleges and 
with engineering employers in London and the provinces 
to arrange for the practical training of all the most suit- 
able students educated in the London coll In con- 
sequence of this condition of affairs, each college has had 
to make its own arrangements, with the result that many 
capable students have been unable to arrange for their 
practical training. 

The Imperial College of Science and Technology has 
now been in existence for some years, and has nearly 
completed its og in all departments of science, an 
equipment which I believe is second to none, and will 
soon be in a position to produce students of the very 
highest standard of college training for whom the very 
best facilities for workshop training must be found. Why 
should united action not be possible between the Imperial 
College of Science and the polytechnics? Why should 
not a central committee be formed, with its headquarters 
at the College of Science, composed of the heads of 
engineering departments of these unconnected colleges, 

nd representatives from the London managers of engi- 
neering employers and manufacturers, to work on lines 
already suggested in the-case of the provinces? This 
committee would be able to see that all the most suit- 
able students in London would obtain their practical 
experience. 

here is still another important problem which is worthy 
of mention in this note, a problem which has arisen in 
England during the last few years owing to the advance 
cas in general education, and which is now pressing for 
solution. I am personally most —— interested in it, 
and [ consider this Conference a most favourable oppor- 
tunity to bring it to the notice of college authorities and 
the representatives of county education committees in 
England. During the last few years, engineering firms 
in this country have developed a very keen interest in 
the better education of the engineer apprentice who 
starts his apprenticeship at sixteen years of age. Every 
encouragement is given to him to attend evening continua- 
tion classes, and several firms allow the best of them to 
attend classes one or two afternoons a week. The result 
of this interest is that a certain proportion of these have, 
by means of such facilities, been abJe to reach a standard 
of education which qualifies them to proceed to a fully- 
equipped college for two or three years of specialised 
study in the day time. Want of means and lack of an 
adequate system of scholarships with maintenance allow- 
ances, however, prevent them from proceeding further 
in their ambition. 

These apprentices, trained in this manner, are a very 
valuable asset to the nation, and I would suggest to the 
Education authorities that they should adopt a scheme 
whereby the best of them would derive the benefit of 
systematic scientific education in the day time at one 
of the fully-equipped colleges. The organisation of such 
a sch must that poverty or social circumstances 
shall not prevent access to the highest forms of training 
that the community can provide. 








SECTION IIl._—PRACTICAL TRAINING. 
The Relation of Practical Training to College Study.* 
By Professor ArcHIBALD Barr, D.Sc., M. Inst. C.E. 


Discussions on the training of engineers no longer turn 
upon questions as to the value, on the one hand, of educa- 
tion in those branches of science which deal with the 
properties of materials and the physical laws that con- 
dition the work of the engineer, and on the other, of 
actual contact with and participation in engineering 
practice. Various topics are set down for consideration 
at this Conference, but the terms in which they are 
defined presuppose an agreement that both education in 
science and practice in the carrying out of work are 
necessary ts of any general system of training for 
those entering the profession. 

Our immediate subject for discussion naturally divides 
itself into two parts:—(1) the relation—or it may be the 
contrast—between the two branches of the engineer’s 
training in kind ; (2) the relation in respect to time. 





* Read at meeting of Section ITI., held on Thursday, 
June 29, 1911. 





The nature and the mode cf attainment of a suitable 
ractical training will be disc under other sections, 
ut the present may be the most suitable opportunity for 

considering how the time spent in college can best be 


“po 

n defining the topics with which the Conference is to 
deal the council has used the words ‘‘education” and 
“study” in referring to college work, and avoided the 
terms “‘instruction” and the much-misused expression 
“technical training.” This is as it should be. The end 
to be kept in view in a college course is the education of 
the student, and the result is to be measured not by the 
amount of detailed knowledge he has gained, but by 
the extent to which his mind been developed, and by 
the insight he has gained into the principles underlying 
su ul practice. The alternatives before the colleges 
are: (a) the offering to the student, in the limited time 
at his dis , of a general course of study that may 
form a basis for practice in any department of our wide 
peace or (b) the provision of a number of courses, 
rom among which the student may select the one that 
appears to bear most directly on the particular branch he 
- ir to follow. 

f I may state my own view, it is that little specialisa- 
tion should be attempted, if for no other reason than that 
the young engineer, if he has the elements of success in 
him, cannot foresee the trend his career will take. The 

t college course is the one that is most educational, 
and this will be the course that gives the student the 
broadest outlook upon his profession. It need deal little 
with the details of specialised practice ; these can best be 
learned in the workshop, the field, or the drawing-office. 
Men who are successful in engineering practice seldom 
follow in later life the particular line of work in which 
they have been trained ; and of two men, one of whom 
bas a thorough of general principles, and the other 
a a ct ape | the details of one branch—however 
intricate that knowledge may be—the former is in a much 
better position to take advantage of such opportunities 
of advancement as may come within his reach. More- 
over the conditiens of practice, even in one limited 
sphere, are constantly changing. The college course 
should, then, be on broad lines, and should aim at giving 
the student a thorough grasp of general principles, illus- 
trated by examples of their application in various 
branches of practice. 

The question as to the order in which the two sections 
of the engineer’s training should be pursued is also one 
that admits of no general answer. What will be best for 
one man may not suit another. Much depends upon the 
special circumstances of the pupil in regard to his mental 

ualities and attainments, the facilities he can command 
or study, and the opportunities he may have for securing 
practical training when he desires to enter upon it. More- 
over, other things being equal, a man who has had a prac- 
tical training is better able to benefit by a course of study 
in engineering science ; and, on the other hand, a man 
who has had a sound training in science is in a better 
position to take full advantage of his apprenticeship or 
pupilage. But he cannot have it both ways. In favour 
of the mee course being taken first, and pupilage or 
apprenticeship entered —= after graduation, it may be 
urged with good reason that by the continuity secured in 
the pupil’s education, the danger of his losing the habit 
of systematic study, and his stip of what he has already 
learned at school, 1s avoided. urther, he will enter on 
his practical training with his mind disciplined and 
developed by his study of science, and experience comes 
most quickly and with most lasting effect to one who can 
place each item as it presents itself in its proper place in 
a connected system of knowledge Genel ease general 
laws, the workings of which he has learned to recognise. 

Further, if the college course is entered upon after 
practical training is completed, the pupil severs his con- 
nection with the firm under whom & as been trained, 
and he may have to make a fresh start in life when he 
leaves college. 

In favour of practical training following directly after 
schood, it is urged, also with good reason, that the initial 
stages at least of ——— or in ee should be 
got over at an early age. A man man who has gone 
through a complete course of study in a university or 
technical college will necessarily have reached an age at 
which he may take less kindly than the school-boy will 
to the ey of initiation into the routine of practice 
in the workshop or the office. Again, the man who 
takes his apprenticeship or pupilage first, goes up to 
college with such a knowledge of his needs as will enable 
him to appreciate the value of what is offered for his 
assimilation. Furthermore, any lengthened course of 
study, without the correcting influence of experience of 
the requirements and limitations im by the condi- 
tions of practice, is liable to become altogether too ‘‘ theo- 
retical” in his outlook and his attitude of mind. 

The disadvantages of postponing the college course to 
a late period in the pupil’s training can be mitigated, 
to some extent, by private study or attendance upon 
evening classes, during the period of actual training, and 
good results follow in the case of men of special ability 
and perseverance ; but the time and energy that can 
at the pupil’s disposal for evening work are limited com- 
pared with those he could command in a complete 
= of day study at a university or technical 
college. 

There is, then, something to be said on both sides, but 
as both systems cannot be followed, the best that can be 
done, in order to have in large measure the benefits of 
both, appears to me to be to adopt what has been call 
the ‘‘sandwich system.” 

It is sometimes assumed that the advocates of the sand- 
wich system commit themselves to a particular dis- 
— of the slices of study and practice and some 

efinite quantitative relationship between their volumes. 





| No hard-and-fast specification need be made. What is 


here meant is any arrangement that permits of college 
study being begun at a time not too distant from the close 
of the pupil’s school-days ; that provides that during the 
later part of his studies the student will have the benefit of 
some measure of experience in the actual conditions of 
practice, and that ensures that the latter part of his prac- 
tical training will be taken after he has had his mind 
disciplined by a course of study in pure and applied 
science. Whether a short period of practical work—say 
a year or so—should immediately follow school, or, on 
the other hand, the first year course at college (in pure 
science) should come first, depends, in my opinion, upon 
the circumstances of each pupil as regards his state of 
preparation for higher studies and the facilities he can com- 
mand for entering upon practical work when he desires 
todoso. I do not think any rule should be laid down. 

Many objections have been raised to the sandwich- 
ing of study and practice. One is that the usual college 
session of eight or nine months leaves too thin slices of 
practice if the college course is taken in consecutive 
sessions. I agree with this view. When the system is 
adopted the college session should be limited to six 
months, as is done in some universities and colleges. 
Another objection is that engineering firms will not be 
disposed to take men on for six-month periods, with 
breaks of equal duration. Any pupil who finds it impos- 
sible to get entry to practical work on these lines must 
take his training in some other way; but hundreds of 
students do find openings that permit of thus sandwiching 
their training. e system is not new ; it is, indeed, the 
oldest followed by university students of engineering 
science ; it has been adopted by generations of students 
since the Glasgow Chair of Engineering was founded in 
1840, and my own experience during the forty years I 
have been connected with its working has given me the 
firm conviction that it affords the best kind of training 
for the great majority of men entering the profession. 

In conclusion, I would plead that the institutions 
should give a latitude in thesystems of training that they 
will recognise. Let it not be forgotten that no two of 
the men who have made our profession what it is have 
entered it by the same path, and that many of the 
most eminent of them have had no training that 
would to-day be recogni as a normal one, either 
in respect to education or to practice. Men differ 
in natural qualities as much as wood and stone and 
steel, and the tools and treatments that will fashion a 
useful product out of one, may make a sorry job of it 
when applied to others. Let the system of training differ 
in different districts, if needs be, and let the courses of 
study offered by the colleges vary in substance and in 
method. We cannot dictate to members of the pro- 
fession the terms and conditions on which they will take 
apprentices or pupils, and it will be destructive of much 
that is t in the influence a teacher may have on his 
student if he is forced by any detailed regulation to work 
upon lines inconsistent with his bent, and contrary to 
the dictates of his own experience. There is need in the 
profession for men of widely different qualifications: let 
us not aim at turning out our recruits like so many 
forgings stamped in one set of dies. 

The Relation between Practical Training and College 
Education for Engineers.* 


By Professor Henry Louis, M.A., M. Inst. C.E. 


In the discussion of this question, it seems advisable to 
determine in the first place what are the points upon 
which there is practically a general agreement. All agree, 
I believe, that every ay pe must have practical training, 
and though there may be still some who hold that_ when 
he has this all knowledge of theory is superfiuous, I ven- 
ture to say that no engineer of any eminence holds that 
view to-day, so that I shall commence with the assump- 
tion that training in both theory and practice is generally 
considered as indispensable to the engineer. As to the 
relative amounts of knowledge of either branch, and the 
character of such knowledge, there is a wide divergence 
of views. Possibly all will agree that there is nothing 
that has a greater influence upon the success of an engi- 
neer’s career than the ability to deal with men. This is 
in many cases an innate ability, though it can undoubtedly 
be cultivated and developed ; it is often said that one of 
the drawbacks of a college education is that it does not 
call out these traits of a young man’s character, but in my 
—— this charge is due to an imperfect appreciation 
of the scope of a college training. Mere attendance at 
lectures and laboratories will certainly not do much towards 
attaining this object, but it must be remembered that 
attendance at lectures and laboratories is only a part of 
college life. In the relations between teachers and 
students, and still more in those among the students 
themselves, a British college forms one of the best schools 
in existence for teaching tact, good temper, honesty of 

urpose, and that sportsmanlike sense of fair play which 
orm the best foundation for dealing with men of all 
classes. Participation in college societies, intellectual 
and athletic, as well as the large degree of self-govern- 


be | ment allowed to students’ representative bodies, tend to 


foster a sense of order and responsibility, and to develop 
a power of administration, which are of great value in 
after-life. in, it has been sometimes urged that our 
colleges fall short in the matter of discipline, that in a 
werks a young man will more readily acquire the all- 
important habitsof punctuality and promptitude which ina 
co are not always inculcated with sufficient strictness. 


ed | For this charge there may, I believe, be some foundation, 


but the defect is in no way essential to a college system ; 
the remedy once pointed out is easy to apply, and I have 








* Read at meeting of Section III., held on Thursday 
June 29, 1911. 
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every confidence that the importance of its application is 
becoming more and more generally pomaeiael. Indeed, 
I think it may fairly be ed that a college training is 
of quite as much value in the development of character as 
in the acquisition of knowledge. wa 

There is no portion of the engineer’s training upon 
which greater diversity of opinion exists than there is in 

t of the manual training that should towards 
making up the education of an engineer, pt curiously 
enough, this diversity is specially characteristic of the 
various branches of the engineering profession. Mechanical 
engineers, and to a lesser extent also electrical engineers, 
insist that a lengthy apprenticeship to the manual portion 
of the trade is indispensable, whereas the ‘‘ Civil” engi- 
neer looks upon it as wholly superfluous. The one insists 
that the pupil must learn how to use the hammer and the 
file, the other sees no reason why he should touch the 
shovel or the pick. For my part I cannot see why, if a 
man can build a bridge without being a skilled riveter, he 
must be a skilled fitter before he can build the engine that 
is to run over it. Still more curious is the anomaly in the 
two closely omens branches of mining engineering : most 
metal miners look upon practical acquaintance with the 
use of the miner’s tools as an important part of the mining 
engineer’s training, whilst the coal- miners hold that 
any such manual skill is entirely unnecessary. Person- 
ally, I am inclined to think that this profound faith 
in the necessity of manual skill is to a t extent 
a piece of fetishism, a survival of the old apprentice- 
ship system, which used to be the only avenue leadin; 
into any branch of the engineering profession. i 
not go so far as to say that manual skill is useless to the 
engineer, but I am convinced that most of us rate it far 
too highly. It is tty clear that the object cannot be 
the acquisition of manual skill for its own sake, but 
rather for the purpose of gaining familiarity with the 
properties and working of the materials which the student 
will have to employ for constructional work, though I 
should be hard put to it to explain why an architect 
should not be compelled to serve his time asa stone-cutter 
on precisely the same a 

Where views as to the need for manual work diverge so 
widely it is hopeless to attempt to lay down any rules 
generally applicable to the training in such work. This, 
however, does not apply to the whole of the subject of 
practical training, of which manual work is only one, 
and probably not the most important, part. If it be 
granted that actual technical experience amongst the 
men who are engaged in doing engineering work is 
essential, it will, perhaps, be fairly admitted also that 
the college is not the place to attempt to acquire 
such experience, and that any attempt to imitate works 
—— in a college is necessarily bound to result in 
ailure. : 

A college is the place to learn principles, and _ not 
practice. If this admitted, it is not a very long 
step further to argue that the knowledge of principles 
ought to precede the study of their application, and that 
therefore college mx should ede, and not follow, 

ractical training. Whilst I hold this to be true, I also 
telipes that many teachers will concur in my view that a 
moderate amount of practical training may be useful in 
the later stages of a college career, as giving more 
definiteness to the student’s work, and showing him more 
clearly the objective towards which his theoretical 
studies should be directed. 

This is, broadly, the conclusion to which my experience 
is leadingme. I do not find that the sandwich system 
in its true form—six months at college and six months in 
works—is satisfactory upon the whole, and think that it 
frequently results in bot college work and the practical 
walk being badly done. On the other hand, after three 
or four years in the workshop, a young man 
usually finds it difficult to come back to his studies, and 
is not likely to make as good prozress as if he had come 
to college straight from school. Of course, every teacher 
can quote numerous cases of highly successful students 
trained in one or other of these methods, but I am 
dealing here with generalities, and not with the more 
exceptional cases. I am inclined to think that the 
method now generally adopted for coal-mining students is 
one that embodies the soundest general principles ; these 
students have often seen a little coal-mining or practical 
engineering of some kind before they come to college ; they 
take a three years’ college vourse, spending their long 
vacations ata colliery, where they are aes to going 
underground regularly with one of the offic and th 
getting accustomed to seeing how work ought to be carried 
on, whilst they also spend a portion of their time in the 
drawing-office and the colliery offices. After taking a 
college degree, the law insists that they shall have three 
years’ practical experience underground before they are 
wet to take the examination for a certificate as a 
colliery manager. 

The above general system, suitably modified, would 

robably be applicable to all branches of engineering. 
Directly on leaving school, I would have the engineering 
student pass his matriculation examination, then go toa 
suitable works (using this word in its widest sense) for 
three to six months, then come to college for his three 
years’ course, returning to the same, or to a different 
works, for two or three- months during each long 
vacation, and then finally serve a two or three yeurs 
apprenticeship. I think that any manual work is best 
done in the time between school and college. Many 
teachers will probably support my view that an engi- 
neering d course should extend over four years, 
ins of three as at present—a view that I have 
advocated for many years, and to which I find that 
general opinion is now gradually trending. Every branch 
of engineering to-day has assumed a high degree of 
complexity, and I do not think that seven years is too 
long a period to devote to the acquisition of the necessary 


us | may at any time be called upon to proceed abi 





technical knowledge, whilst I venture to think that this 
is best divided up in the manner I have indicated. 





Workshop Training as a Preliminary to Practical Train- 
ing in other Branches of Enginecring.* 


By JoHn ALEXANDER Bropiz, M.Eng., M. Inst. C.E. 


IN introducing this subject I have thought it well to 
assume that the youth about to take up engineering as a 
profession is of average ability and circumstances, about 
17 years of age, that he has had a good general education, 
a superior mathematical training, and preferably an ex- 
perimental knowledge of one science subject. He should 
also have been trained to think for himself, to express his 
views clearly and concisely in speech, and to report in 
writing on any matter which may be put before him. If 
he has been accustomed to act as schoolboy captain or to 
work to the orders of his captain in sports and athletics, 
so much the better, and he should be encouraged to keep 
up his connection with healthy outdoor sports. 

By some it is thought that training in school and college 
workshops is of considerable value, and whilst this is, no 
doubt, better than no training in workshops at all, I take 
the view that workshop practice, to be of real value to the 
engineer who pro to advance in his profession, must 
be conducted under commercial workshop conditions in 
which considerations of time, money. discipline, organisa- 
tion, and enterprise are factors of importance. 

At the age named the youth should have sufficient 
strength of character and physique to take care of himself 
in the workshop atmosphere, and he is yet sufficiently 
young to adapt himself to the dirty conditions of work, 
the muscular exertion, and the somewhat rough-and-ready 
manners of the workmen with whom he must learn to 
work on a friendly footing if he is to obtain their help 
and assistance. 

Probably all experienced engineers are to-day agreed 
that a period of practical training both in shops or works 
and drawing-office is of undoubted advantage to the 
engineer, much increasing the value of his services as an 
assistant, and adding to the weight of his advice and 
opinion at a later stage in his career. Important points 
for consideration are : (1) The class of workshop he should 
enter ; (2) the class of work most likely to be helpful in 
his future career ; and (3) the length of time which can 
given to works and drawing-office training. 

As the result of experience I am firmly convinced that 
the best type of workshop is one in which the materials 
used and the classes of work done should be as varied as 
possible. If repair and maintenance work is done so 
much the better. 

It will generally be found that in a comparatively small 
works the youth’s ability will be more fully utilised, the 
necessity for quickness and accuracy more quickly brought 
home to him, and he will also have the advantage of being 
more directly under the eye of the master. P 

As against this view, it is often considered that training 
with a well-known firm more than counterbalances the 
advantages obtainable in a small general workshop, 
and it must be admitted that training in a great works, 
especially if followed by a pupilage or su uent ex- 
perience in one of the best offices, is still looked upon as a 
good introduction to the profession, particularly for those 
desirous of taking up work of a public character. 

For the youth who does not propose to remain in the 
workshop it is not, I think, so necessary that he should 
learn to equal the workman in his knowledge and ability 
to execute uny one class of work as that he should uire 
an intelligent knowledge of the processes and methods of 
treatment of the various metals and other engineering 
materials. 

Perhaps of greater importance than anything else is 
the ability to form a correct opinicn of the capability 
of the men in a workshop, a knowledge of their methods 
of thought and work, a study of the systems adopted to 
get work pushed through to completien, and generally 
such haenllaion as will enable him to handle men advan- 

eously when occasion requires. 

he importance of obtaining some practical experience 
in a works’ drawing-office should on no account over- 
looked, as efficiency and s as a draughtsman, com- 
bined with some ability to design, has been the first step 
in the rise of many men who have advanced to the higher 
positions in the profession. 

It should also not be forgotten that the young engineer 
road to take 
charge of works under conditions wholly unknown in this 
country, and, speaking from my own experience, I can 
say that the knowledge of workshop practice in materials 
such as the metals, wood, stone, and cement, together 
with drawing-office experience, have been of the greatest 
assistance in settling points of importance when away 
from the experienced and helpful friends who are gener- 
ally available for consultation in this country. 

With regard to the period of time which should be 
given to practical work at this o—- in the young engineer's 
career, I would, wherever possible, allow for three years 
in works and drawing-office, especially if, as in man 
cases, it is necessary or desirable that the youth should, 


on the completion of the additional period of study, desire | } 


to get a start in an office or works in this country. 

ft is my experience that a youth with three years’ 
practical workshop training as a preliminary to his college 
education would tao much less difficulty in getting a 
useful start in the profession than the youth who only 
had a coll ry 2 In the one case, having obtained 
his degree he is probably well worth starting at once on 
a small salary and should pay his way on any class of 
work. In the other case, a considerable time will usually 








* Read at meeting of Section III., held Thursday, 
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elapse before he settles down to real work, and it does 
occasionally happen that the university man’s estimate 
of his own value as an assistant is not reached in practice 
for a considerable period. 

What I understand to be the practical objection raised 
to the acquisition of practical experience before taking 
a college course is that young engineers are generally 
unable to Re | be their ability to study or to improve 
their technic ucation during the practical training 
in workshops. I number amongst my friends a large 
number of men who obtained most of their theoretical 
training whilst working the full workshop and drawing- 
office hours at a time when the facilities for acquiring 
such knowledge were not by any means so general as 
they are to-day. I have, consequently, little sympathy 
wit young engineers who cannot do so, or with those 
who think it necessary that young engineers should work 
a reduced number of ease in the workshop so that they 
may be able to give greater time to study and to improve 
their theoretical work. It used to be, and is, I believe, 
still, the almost universal workshop practice not to give 
important work to short-time men, and, therefore, a youth 
working short time is seriously handicapped in obtaining 
practical experience of value. 

Short hours should not be allowed as a general practice, 
and though it may be a good thing to allow additional 
time for study, this should be within the works or under 
some form of control. Iam aware of many cases in which 
these well-intentioned allowances of time for study have 
been abused, and I believe that even after a day's hard 
muscular work mental training may with advantage be 
continued, especially during the winter months, when 
little in the nature of healthy outdoor exercise is possible. 

I can perhaps best conclude these remarks by relating 
an experience of my own when being shown over a Con- 
tinental works by a young engineer under 21 years of age. 
He conversed oo easily with me in English, and from 
my inquiries 1 was satisfied that he had an excellent 
knowledge of the technical processes and of the results 
obtained in the works which he was showing me over. I 
also found he had a good knowledge of Spanish, and I 
understood that he was equally acquainted with three 
other languages in addition to his native language. I 
found he was a college student studying for his Doctor of 
Science degree. In his spare time he was being paid to 
conduct the foreign correspondence of the firm. I also 
found that a director of the works in question was a 
teaching professor at the university, and on consideration 
I came to the conclusion that both in the interests of the 
students, the manufacturing processes, and the professor 
himself, the arrangement appeared a good one. 

It ae probable that if our youths of to-day cannot 
or will not stand the strain of the severe training which 
has in the past given good results, they will probably 
have to take a position behind those who are prepared to 
do so. It may on the whole be better that they should 
take L work better suited to somewhat easy-going 
methods, and it cannot be doubted that there are many 
lines of life in which young men can more easily and 
quickly acquire both money and position than in the 
engineering profession. Even with hard work, deep 
thought, foresight, organising power, a clear grasp of 
the situation, determination, and strong common-sense, 
success in engineering is not always assured. 


Workshop Training as a Preliminary to Practical 
Training in other Branches of Engincering.* 


By Joun Mrrcuett Moncrierr, M. Inst. C.E. 


In the consideration of the training of students entering 
the engineering profession without intending to follow 
the purely mechanical branches, there is no question 
more frequently raised than that of the desirability, or 
otherwise, of a training in the workshops of a mechanical 
engineer. Those engineers who in the past have had the 
benefit of such a training generally hold that it has been 
of the greatest benefit to them in their subsequent 


career. 

It will be of use to consider the question in the 
following form :—What ought the student to learn during 
such a period of workshop training, and how does the 
knowledge to be gained during this period bear upon 
subsequent practical work in other branches of engi- 
— ‘ , , . 

In dealing with this question it is only ible to 
touch upon some of the more important points in an 
introduction to a discussion. 

(1) The student will, or ought to, learn the value of 
discipline and the necessity of order, punctuality, and 
continuity in work. 

(2) He will acquire a personal knowledge of the various 
materials used in the manufacture of machinery. This 
personal knowledge is entirely different from anything 
which can be obtained by any amount of reading or 
laboratory work. He will actually feel the materials as 
he works with them, and his knowledge not only of what 
can be done, but of what can reasonably be done with 
them, will be greatly extended. 

(3) He will learn the use of hand and machine tools, and 

ow much can reasonably be done in a given time with 
their aid under ordinary commercial wookiane conditions. 
I do not mean that the student will thus acquire a com- 
plete knowledge of working costs, but he ought insensibly 
to develop that most valuable faculty of being able to 
judge ——- = or —_ ee of work is the more 
economical, and as to whether it is suita 
materials being dealt with 1 Serie 

4) He will see the order in and foresight with whi 
work is distributed throughout the chopa 20 as “y — 

* Read at meeting of Section III., hel 
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that the whole, though composed of innumerable units, 
shall all work to one common end with due regard to 
economy. 

(5) By working at the vice, the lathe, the pattern- 
makers’ bench, in the smithy, in the foundry, or in the 
boiler-shop or bridge-yard, S will learn the various 

rocesses through which work and he should 

me imbued not only with the scientific side, but, 
at this stage, still more importantly with the commercial 
side of engineering work. 

(6) By working side by side with workmen he will have 
the opportunity of studying their characters and modes 
of thought. e will learn what a man ay Seer 
be expected to do, and also what it would foolish to 
require of him. My personal experience is that workmen 
have a keen scent for a man who has worked alongside of 
them and is qualified to sympathise with their difficul- 
ties or justly to condemn their deficiencies. The influence 
of an engineer who has had such personal contact is 
immeasurably superior to that of one who has merely 
had a bowing acquaintance with labour. 

The value of such personal contact is not confined to 
influence over workmen; it extends to subsequent 
business life when dealing with experienced engineers, 
whether consulting or manufacturing, and especially the 
latter, who not seldom make the criticism that such and 
such an engineer “* has no real practical knowledge of the 
work. He merely is a paper man.” 

(7) The student in the works should also begin to learn 
some of the limitations of the application of science to 
practical work. It is, or ought to be, common knowledge 
that that which on the surface appears scientificall 
desirable may be practically foolish and wasteful bot 
of time and money. 

(8) If the student’s mind he of true engineering bent 
he will unconsciously acquire a knowledge of the relative 

roportions of details of yor ner and structures, and 
bis eye and mind will be trained by the daily study of 
work which embodies the accumulated experience and 
extended study of others who are preceding him in the 
same walk of life. 

(9) A period of training in the practical side of 
mechanical engineering will impress on the student the 
= importance of accuracy. My own experience has 
wen that if a youth be trained orginally to appreciate 
the importance of a hundredth of an inch, he can easily 
contaall saieeeaenatie to deal with coarser measures, such 
as cubic feet or cubic yards. On the contrary, a man 
whose early training has been in cubic yards generally 
scorns any attempt to get him to think in hundredths of 
an inch, however important that small dimension may 
actually be. 

(10) By working actually at vice or bench or machine 
in a dividend-earning concern, the student is brought 
into personal touch with the money-value of time, 
labour and plant, and is forced to realise that without 
full recognition of such money-value, success ix. everyday 
life will not be attained. 

(11) A thorough grounding in all this valuable experi- 
ence and knowledge is to be gained within the gates of a 
mechanical or structural engineering concern, and all 
within an area of comparatively limited extent. 

No subsequent training on large works of construction 
can so fully and quickly and efficiently supply all the 
desiderata of training which have been outlined above. 

(12) What important engineering work was ever carried 
out without the use of cxodenienl appliances ? 

Let us assume that a young man is placed as a junior 
assistant on the construction of docks, |:ridges, harbour 
works, or any large work. The first things which force 
themselves on his notice are locomotives, pumps, cranes, 
concrete-mixing machines, dredgers, piling-machines, 
sawmills, power-houses, air-compressors, electric plant, 
and machinery of great variety. He has also to deal 
with workmen of various kinds, skilled and unskilled. 

All these are once over a considerable area, and he 
will, in all probability, have but little opportunity of 
obtaining more than what has been desoribed above us a 
mere bowing acquaintance with any one of them until 
troubles arise, as they invariably do, demanding that 
experience which ought to have been acquired by actual 
personal contact with men and things. 

(13) Further, what can be expected of a designer of 
machinery, ships, bridges, structural steel and ironwork, 
water-works, gas-works, electric plant, or any other of 
the varied productions of engineering, if he has had no 
mechanical training? The answer may be given in 
the words of a works manager, who criticised the 
design of some of the details of dock-gates which his 
firm were carrying out to a consulting engineer’s designs, 
as follows : ‘‘The work might almost as well have been 
made of solid silver.” 





Workshop Training as a Preliminary to Practical 
Training in other Branches of Engineering.* 
By Professor Joun JosepH Wetcs, M.Sc., M. Inst. C.E. 


Ir is, I take it, admitted that a practical course of 
considerable duration under commercial conditions is 
necessary to the complete training of a student who 
desires to become fully equipped for entry into any one 
of the branches of engineering, although, possibly, in these 
days the fact requires somewhat more emphasis than was 
formerly necessary. Scott-Russell, writing in 1867 con- 
cerning the then pow tees Royal School of Naval 
Architecture at South Kensington, stated that the 
question as to whether a theoretical or practical training 
best fitted an engineer for his profession had before then 
b»en the subject of much debate, and had been decided 
generally in favour of the practical course, a fact that 


* Read at meeting of Section ITI., held Thursday, 
June 29, 1911. 





Mr. Ellington also pointed out in his recent presidential 
address to the Institution of Mechanical Engineers. In 
the paper already referred to, Scott-Russell affirmed his 
conviction that both scientific and practical training were 
essential, and pointed out how this was attained in the 
arrangements made at South Kensington. Since that 
time much has been done to emphasise the need of proper 
scientific training, and few will be found to question the 
wisdom of the Council of this Institution in insisting 
upon a high standard of theoretical knowledge in those 
desiring membership. Also, and to at least an equal 
degree, their emphasis upon the need of practical training 
commands approval, and the unanimous opinion of the 
important committee, which reported to this Institution 
in 1906, that engineering training must include several 
years of practical work, as well as a proper academic 
training, is one which is not likely to be seriously 
challenged. The committee recommend that the practical 
training should, in general, commence with at least a 
year’s work in mechanical engineering workshops, even 
for those who do not intend specially to devote them- 
selves at a later stage to mechanical engineering; and 
the desirability and feasibility of this preliminary work- 
shop training are the subjects which it is desired to open 
up for discussion by means of this note. : 

In considering the latter subject the point of view of 
the employer must always be borne in mind, for, however 
desirable the training may be, it is the employer alone 
who can make it possible ; and whole-hearted co-operation 
between the employer and the engineering colleges is 
essential if the best results are to be obtained, and if the 
course recommended by the committee is to be generally 
adopted in practice. The committee, indeed, recognised 
that difficulties might be encountered in carrying out 
their ag game and anticipated that employers might 
consider the arrangement objectionable in their interests. 
This anticipation has not been falsified by experience, 
and it is known that in many cases objection has been 
raised to the apprentice leaving for college just at a time 
when he was becoming of distinct value to the employer. 

In attempting to appraise the value of this preliminary 
training it seems convenient to consider separately the 
case of those students who intend following up what 
may be summarised as general mechanical engineering, 
po | those who intend to devote themselves to branches 


be | of engineering in which machinery is not so extensively 


employed. 

Dealing with the former case first, the student may, 
immediately after that period, desire to take up his 
college work, or he may continue his _—— training 
in an office. In each case he would find the introductory 
workshop course helpful. Most colleges provide a course 
of study during the first year which is common to all 
sections of engineering, and the lectures on, say, applied 
mechanics are more easily comprehended by those 
students who have seen at close quarters and handled 
the machines and details taken for the illustration of 

rinciples. It gees without saying that these students 
Rnd one great advantage of the early training in the ease 
with which they can understand the allusions to technical 
details in the specialised courses. 

If, on the other hand, the student after his preliminary 
course goes into an office, he will, in all probability, be 
early introduced to specifications of work, and here 
again he will find his early experience useful in under- 
standing the terms used. Or he may be employed 
drawing out details and fixing sizes, and his work at the 
shop will enable him to appreciate dimensions and _pro- 
portions much better than he could hope to do without 
that experience. 

Further, the lad who enters the works at a compara- 
tively early gets into closer contact with the workman, 
and the workman seems more willing to teach him at 
that stage than after the college period is passed. This 
close association in the works enables the student to gain 
the point of view of the artisan, a point of some impor- 
tance to those who may subsequently be placed in charge 
of men. Then, again, this immersion into a commercial 
atmosphere immediately after leaving school comes as a 
pleasant break in his scholastic studies, introduces him to 
new interests, and enormously widens his outlook by the 
time he is called upon to take up his college work ; and 
he does so with a better appreciation of the goal towards 
which he is tending than 1s possible to one without such 
preliminary training. It should, perhaps, be added that 
this early workshop experience is occasionally useful in 
convincing some young men who thought of taking up 
engineering as a profession that they had mistaken their 
vocation, and they have been able to select some more 
congenial sphere without any important loss of time. 
The discovery of unfitness would probably nut have been 
made so early had the college training been taken first. 

For all these reasons, then. it is considered that an 
introductory workshop course for those intended for the 
general mechanical engineering profession is of distinct 
importance ; a d it is significant that a similar course is 
now insisted on for German shipbuilders and engineers 
before taking their theoretical course at a —_ school, 
although former students were allowed to get their high- 
school training without such practical experience. __ 

The length of training recommended by the Committee 
of this Institution seems adequately to meet all require- 
ments; and it has been found that periods very 
materially in excess of one year, interposed between 
school and college, tend to make it difficult for the 
student to pick u in the threads of his interrupted 
mathematical ra other theoretical studies. __ 

Considering next the case of ‘‘Civil” engineers and 
others not so closely associated with the design and care 
of machinery, one speaks here with some diffidence on 
account of less intimate knowledge of all the eonditions ; 
but, remembering the increasing use of plant and 
machinery of all kinds in all branches of engineering, it 





seems that in this case also a preliminary workshop 
training must be of very distinct use. It will be obvious, 
without special reiteration, that some of the advantages 
claimed above are pe ng ed relevant to the ‘‘Civil” 
engineer. It would help him in his early college course 
and in his subsequent office work; and he would 
— gain from the use of tools during this period a 

tter idea of the mechanical properties of materials 
than he is likely to obtain at any subsequent stage. 

The early training in the regularity and under the 
discipline inseparable from a commercial establishment 
is not to be lightly esteemed, and may easily influence 
the student for good throughout his subsequent career. 
It is arguable, however, that in the case considered, the 
preliminary course could be somewhat shortened as com- 

red with that for the mechanical engineer, and that 
rom six to nine months would furnish all the experience 
needed. 

As already indicated, it is known that many employers 
do not favour this short introductory course preparatory 
to college training: and some question the wisdom of 
this latter training altogether. It has been stated that 
many students, — F originally went to works with the 
idea of proceeding to college after twelve months, have 
been persuaded to continue their practical training to 
the completion of their apprenticeship, and to rest con- 
tent with such theoretical knowledge as they could gain 
at evening classes after their day’s work. On the other 
hand, there are other employers fully persuaded of the 
wisdom of this introductory course, and who give the 
necessary facilities. 

It is hoped that employers will freely give the Con- 
ference the benefit of their experience in this important 
matter, to the end that the young engineer may receive 
the most perfect practical and theoretical training which 
experience can devise, to fit him for duties which seem 
ever increasing in complexity and responsibility. 





FOREIGN ENGINEERING PROJECTS. 

WE give below several notes of colonial and foreign 
engineering projects. Further data concerning them can 
be obtained from the Commercial Intelligence Branch, 
Board of Trade, 73, Basinghall-street, E.C. 

Canada: H.M. Trade Commissioner for Canada reports 
that tenders are invited by the Board of Commissioners 
of Montreal for the construction of the final filters and 
appurtenances in connection with the new city filtration 
works. The final filters are to be of concrete masonry, 
having a net filtering area of about six acres, and a 
height of from 20 ft. to 25 ft. Electrically-worked 
machines for cleaning the filters, apparatus for heating 
and ventilating them, and cast-iron piping and valves 
for conveying and controlling the water, are to 
furnished. Sealed tenders, on the proper form, marked 
‘Tender for Final Filters and Appurtenances,” will be 
received at the office of the Board of Commissioners, City 
Hall, Montreal, up to noon on July 13. It will be 
observed that the time for the receipt of tenders is short, 
and this intimation will only be of use to those firms 
having agents in Canada who can be instructed by cable. 
A deposit of 65,000 dols. (about 13,350/.) is required with 
each tender. With reference to the proposed dredging of 
St. John Harbour East (Courtenay Bay), the Imperial 
Trade Correspondent at St. John, New Brunswick, re- 
a that tenders are invited by the Department of Public 

orks, Ottawa, for the construction of a breakwater, 
and of wharves, the dredging of a channel and basin, 
and the construction of a dry dock and ship-repairing 

lant of the first class. Sealed tenders, on the proper 
orms, marked ‘‘ Tender for Harbour Works in Courtenay 
Bay, St. John, N.B.,” will be received by the Secre- 
tary, Department of Public Works, Ottawa, up to 
4 p.m. on August 10. A deposit of 500,000 dols. 
ghee 102,700/.) will be required with each tender. 

he Daily Witness (Montreal) publishes a notice inviting 
tenders for the construction of a section of about 185 miles 
of the Hudson Bay Railway—viz., from Pas Mission to 
Thicket Portage. ‘Tenders, on the proper forms, marked 
“*Tender for Construction of Hudson Bay Railway,” will 
be received at the Department of Railways and Canals, 
Ottawa, up to 4 p.m. on August 1. Each tender must be 
accompanied by an accepted bank cheque for 200,000 dols. 
(about 41,100/.). The Witness also states that tenders are 
shortly to be invited for the construction of the Halifax 
and Eastern Railway, and of the line round the north 
shore of the Bras d’Or Lakes in Nova Scotia. 

Switzerland : H.M. Vice-Consul at Zurich reports that 
tenders are invited by the Swiss Federal Railways 
Administration for works in connection with the con- 
struction of a tunnel 8135 m. in length between Tecknau 
and Olten. Tenders, marked ‘‘Tunnel du Hauenstein,” 
will be received at the Direction Générale des Chemins 
de Fer Fédéraux, Berne, up to July 31. 

Mexico: The Diario Oficial contains the terms of a 
contract under which Mr. William Hann McLachlan is 
granted a ninety-nine years’ concesssion for the construc- 
tion of a railway in the State of Mexico—viz., from 
Toluca to Caleras, passing close to Villa del Valle. Six 
years are allowed for the completion of the line, and five 
years are permitted during which construction material 
may be imported duty free. 

Argentine: With reference to the contract for port 
works in the Military Port at Bahia Blanca, H.M. Consul 
at Buenos Aires reports that the successful tenderers 
were Messrs. Dickerhoff and Widman, Limited, of 
Nuremberg, and Mr. F. H. Schmidt, of Altona. The 
Boletin Oficial contains a decree approving the plans, 
drawn up by the General Directorate of Railways, for 
the construction of a section, 50 miles in length, of the 
Puerto Deseado-Lago Buenos Aires line. The cost of 
the work is estimated at 1,624,000 pesos gold (about 
325,000/.), which amount includes the rolling-stock, 

















Juty 14, tg11.] 


ENGINEERING. 


45 








THE WORKS OF MESSRS. BROWN, 
BOVERI, AND CO., BADEN. 


Amonest the important engineering establish- 
ments to be inspected by the members of the 
Institution of Mechanical Engineers during their 
summer meeting in Switzerland this month, the 
first to be visited will be that of Messrs. Brown, 
Boveri, and Co., at Baden. The firm named 
was established as a private company in 1891 by 





many, and this was also transformed into a share 
company in 1900. During 1902 they founded the 
Compagnie Electro-Mécanique at Le Bourget, near 
Paris, and in 1904 the Tecnomasio Italiano Brown, 
Boveri, Milan. This latter was enlarged in 1908 
by amalgamation with the Unione Elettrotecnica 
Italiana and Gadda and Co. Branch establish- 
ments were then founded at Christiania in 1905, 
in London during 1906, and at Vienna, Budapest, 
and Rotterdam in 1910. In 1910, also, Messrs. 
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ranging from 2 to 30 tons, these cranes being 
driven by 126 electric motors. The various shops 
contain a total of over 1700 machine-tools, among 
which are a large number of the latest types of 
American automatic and semi-automatic machines. 
All these machines are driven, either separately or 
in series, from overhead transmission shafts through 
belting, by means of over 320 electric motors 
developing a total of about 2200 horse-power. The 
average current consumption for light and power 
amounts to about 1300 kilovolt-amperes. The 
current required is supplied by the two hydro- 
electric generating stations of the town of Baden, 
and also, in case of need, by the generating station 
of Beznau-on-the-Aar. 

The rapid development of the company is prin- 
cipally due to the high quality and excellent work- 
manship of their products, and also to the special 
interest which the firm have taken in alternating- 
current technics, and the advocacy of the use of 
alternating current at a time when the practical 
use of this form of current was new and required 
development. The firm were also the first to 
introduce the use of the Parsons steam-turbine 
on the Continent, and to recognise its great value. 
Licenses were taken out by them for the greater 
number of the Continental countries, and they 
were so successful in modifying the constructional 
details to meet the demands of Continental practice 
that the Parsons steam-turbines, as constructed by 
Messrs. Brown, Boveri, and Co., were the first to 
replace the reciprocating type of engine in most 
of the electric generating stations on the Continent. 

At first, as is well known, the power of a 
single unit rarely exceeded 3000 horse - power, 
but great progress has been made since then, and 
as an instance of this it may be mentioned that 
Messrs. Brown, Boveri, and Co. have now in 
course of construction several steam-turbines of 
25,000 horse-power, and have on order, in their 
diverse works, at the present time, turbines for 
an aggregate horse-power of 750,000. These large 
units, and also the large marine turbines which 





Messrs. C. E. L. Brown and W. Boveri, and 
suitable works were built by them at Baden, 
near Zurich. At these works they manufactured 
almost exclusively electrical machinery up to the 
beginning of 1900. In 1900 the company was 
transformed into a share company with a capital 
of 12,500,000 francs (500,0001.), that undertook 
the manufacture and further development of the 
Parsons steam-turbine: In the early days of the 
company—i.e., in the years 1892 and 1893—the 
total number of ple employed by them was 
under two hundred, whereas at the present time 
the Baden works have a totalstaff of 3700. Taking 
into account their ..” and agencies at Baden, 
Mannheim, Paris, Milan, Christiania, London, 
Vienna, Budapest and Rotterdam, Messrs. Brown, 
Boveri, and Co. employ a total staff of over 10,000. 

As far back as 1898, Messrs. Brown, Boveri, 
and Co. established a branch at Mannheim, Ger- 





GENERAL View oF WoRKs. 


Fia, 2. 


Brown, Boveri, and Co. took over the share capital 
of the Elektrizitats-Gesellschaft Alioth, Miinchen- 
stein-Bale, and also that of the Isaria-Zihierwerke, 
Munich. Both these works now practically belong 
to Messrs. Brown, Boveri, and Co. 

The works of the firm at Baden, which will be 
visited by the members of the Institution of 
Mechanical Engineers on Monday, the 24th inst., 
occupy at the present time an area of 380,000 square 
metres (450,000 square yards), of which 45,000 
square metres (53,800 —_ yards) is covered by 
the various shops and buildings. The accompanying 
plan, Fig. 1, shows the Baden works as they now 
stand. 

Before entering into a detailed description of the 
sundry departments, a few general particulars may 
here be given. All the bays, forming the different 
shops, are served by overhead electric travelling- 
cranes, forty-two in number, with lifting powers 





the Mannheim works supply to the German Navy, 
under agreement with the ‘‘Turbina” Deutsche 
Parsons Marine A.-G., Berlin, are built at the 
Mannheim works. Their Baden works are laid 
out more especially for the construction of the 
smaller and medium-size turbines. They have, 
however, in hand at the present timeat these latter 
works two large units, one of 18,000 horse-power 
for Buenos Aires, and one of 25,000 horse-power 
for the Rheinische-Westfilische Elektrizitiits- 
Werk, Essen. 

Since the date at which they commenced the 
construction of steam-turbines, in 1900, Messrs. 
Brown, Boveri, and Co. have built over 1100 such 
engines, having a total of over 2,700,000 horse- 
power, distributed among current-generating sta- 
tions and practically every industrial application, 
including mining, metallurgy, paper and textile 
works, marine propulsion, c. e development 
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in the use of the steam-turbine for industrial pur- 
poses has been assisted in a marked degree by 
the well-known pioneer work which Messrs. Brown, 
Boveri, and Co. have done in connection with the 
design of alternators. 

Notwithstanding the fact that the steam-turbine 
has always been from the very beginning an econo- 
mical prime mover, strong efforts have been and 
are constantly being made to increase still further 
its advantages, and, as a result, important improve- 
ments have repeatedly been introduced. Thus 
several years ago the Parsons turbine of the pure 
reaction type was fitted with an impulse wheel for 
the purpose of utilising the very high pressure 
stages, this improvement embodying the double 
advantage of keeping the high temperatures out of 
the cylinder and making a much shorter design of 
turbine possible. 

Messrs. Brown, Boveri, and Co. have also given 
their attention to the development of condensing 

lant. They now build for surface-condensing 
installations five different sizes of pumping sets, 
having on one and the same shaft the circulating, 
air, and condensed- water pump’, besides the 
impulse steam-turbine for driving the whole. 
Similar pumping sets are also built for electric-motor 
drive. Among their advantages are extreme sim- 
plicity and safety in running, and they occupy but 
a limited space, while allowing the very highest 
vacua to be reached. The firm also build turbo- 
compressors and blowers, which can be direct 
coupled to high-speed electric-motors or steam- 
turbines. The conditions under which these 
machines work often require a varying output, and 
this being obtained by speed variation, the steam- 
turbine is admirably suited for driving. 

As is well known, Messrs. Brown, Boveri, and 
Co. were the pioneers in applying three-phase 
current to traction on railways, and the lines they 
have thus equipped are known as representative 
types, such, for example, as the Burgdorf-Thun 
line, built in 1899, the first of its kind, and the 
electrification, in 1905, of the Simplon Tunnel line. 
In this connection a passing reference may be given 
to other interesting jines which have been equipped 
by them, among which are the Seetalbahn, 5500 
volts, single - phase; the Martigny- Orsiéres line, 
8000 volts, single-phase ; the Gergal-Santa F¢é line, 
South Spain, 5500 volts, three-phase. They have 
in hand at the present time equipments for the 
Wiesenthalbahn, 15,000 volts, single-phase ; for 
the Prussian State Railway, Dessau-Bitterfeld, a 
600-horse-power goods locomotive, 15,000 volts, 
single-phase ; for the French Southern Railway, 
12,000 - volt single-phase locomotives ; for the 
Rhiitische Bahnen, seven locomotives, 10,000 volts, 
single-phase. 

Among their other specialities may be men- 
tioned that they have designed a system of electric 
train-lighting apparatus which has been adopted, 
to the exclusion of all others, by the Swiss Federal 
Railways ; 900 such apparatus have been supplied 
by them to the Paris-Orleans Railway Company, 
who have recently ordered 160 more. They also 
build heavy electric-motors for all kinds of cur- 
rent, and have supplied recently one of 2500 horse- 
= sat for rolling-mill driving at the Dudelingen 

Vorks, this being for three-phase alternating cur- 

rent ; also direct-current winding motors for mines 
—viz., the Rastenberg, Volkenroda, La Mouriére, 
Mauveschacht Mines, and others. Of late, the 
double-commutator motor, of the Déri type, has 
found favour as a winding motor, owing to its easy 
reversibility, and the range of power over which it 
is capable of regulation. Their single-phase com- 
mutator motors are finding extensive application 
for the direct driving of ring spinning-frames, 
cranes, &e. ‘ 

The general arrangement of the Baden works 
is, as we have stated, shown by the plan, Fig. 1, 
above referred to, while a general view is given 
in Fig. 2, page 47. A gowd idea of the various 
shops and of the work they turn out is afforded by 
the views, Figs. 3 to 19, which we publish this week 
on Plates VI. to IX., and on the present page. Of 
these illustrations Fig. 4 shows a steam-turbine of 
3000 horse-power running at 3000 revolutions, 
coupled direct to a three-phase generator of 2000-kw. 
capacity at 3150 volts and periodicity of 50. Fig. 5 
illustrates a blast-furnace blower of a capacity of 
32,000 to 25,000 cub. ft. of air per minute at a pres- 
sure of 11 lb., 18 lb., and 24 lb. per sq. in. This 
was built to be coupled direct toa Rateau turbine to 
develop from 2000 to 2800 horse-power. Fig. 6 shows 
a blower built for steel works, of a capacity of 





5300 to 28,250 cub. ft. per minute at 35.6 lb. 
to 5.7 lb. per sq. in. is is shown coupled 
direct to a Brown- Boveri turbine of 3250 
horse-power running at 2500 revolutions with | 
steam at 128 lb. pressure, superheated to 260 deg. | 
Cent. Fig. 7, Plate VII., is an illustration of | 
a turbo-compressor set of 4060 cub. ft. per 
minute at 85 lb. pressure, driven by a Brown- | 
Boveri exhaust-steam turbine of 740 horse-power 
at 3800 revolutions, for a French colliery company. | 
Fig. 8 represents another turbo-compressor set of | 
2225 cub. ft. capacity, direct coupled to a 500 horse- | 
power Brown-Boveri-Parsons turbine running at | 
4500 revolutions, using saturated steam at 7 kg. | 
per square centimetre (99 lb. per square inch). | 





direct to a 7000-horse-power water-turbine at a 
speed of 128.5 revolutions; the generator is a 
3200-volt 45-period machine. Fig. 19, subjoined, 
represents the erecting-shop for large generators 
and motors, and shows a stator for a 17,000- 
kilovolt-ampere 10,500 - volt, 50-period generator 
for a speed of 250 revolutions. 

In close proximity to the offices is a large build- 
ing, which covers the older part, if we may so style 
it, of the plant. In this are carried out a large 
number of mechanical operations, mostly in con- 
nection with electrical machinery. The building 
measures 170 m. (557 ft.) in length, and 60 m. 
(197 ft.) in width. It contains a large variety of 
lathes for all the detail parts entering into the 





Fie. 19. Erectine-SHor ror Larce GENERATORS AND Morors. 


Fig. 9 shows two blast-furnace blowers of 25,000 
cub. ft. capacity per minute each. Fig 10 is 
a view in the compressor fitting and erecting 
shop. Fig. 11, Plate VIII., illustrates a 30,000- 
cub.-ft. blower direct coupled to a 450-volt con- 
tinuous-current shunt-wound motor of 1100 horse- 
power at 1770 to 2000 revolutions. Fig. 12 illus- 
trates condensing-pump sets in one of the testing- 
rooms. Fig. 13 is a view in the transformer, 
motor, and generator winding-room. Fig. 14 
represents the winding-shop for slow and high-speed 
motors and generators. Fig. 15, Plate IX., illus- 
trates the segments of a stator for a three-phase 
4850-kw., 3200-volt, 45-period generator at 
128.5 revolutions. Fig. 16 is a view in the 
erecting-shop for alternating and continuous - 
current motors. Fig. 17 shows the erecting - 
shop for double commutator motors. Fig. 18 
illustrates a three-phase generator for coupling 





construction of electrie dynamos and motors ; auto- 
matic screw-cutting machines for screws and bolts ; 
semi-automatic Gisholt lathes, which are mostly 
used for turning the covers, spiders, and other 
elements of electric motors, each piece being finished 
at one setting on the machine ; other semi-automatic 
lathes for repetition work ; a variety of grinding- 
machines for shafts, of milling machines, &c. All 
the smaller machine-tools are driven by belting from 
overhead shafts, the larger ones having separate 
electrical drives. The whole of the power used 
throughout the works is obtained from the hydro- 
electric stations above referred to, and two-phase 
current at 110 volts is employed, this also applying 
to the lighting. The western end of the building 
is occupied by lathes for turbine work and by an 
erecting-shop for low-speed generators, for com- 
mutators, and for single and three-phase motors. 
On two sides of this same building are two 
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inspecting departments for the checking of the 
detail parts entering into the construction of 
electrical machinery and steam-turbines. 

Close to one of the inspecting departments, and in 
an underground room, is a measuring-machine made 
by Messrs. Pratt and Whitney, placed here for the 
purpose of assuring a constant temperature. This 
machine enables errors in measurement down to a 
thousandth of a millimetre to be detected, and is of 
great service in enabling the engineers to main- 
tain their gauges perfectly accurate. Close to this 
is a tensile testing-machine for ascertaining the 
strength, elastic limit, and elongation of iron, 
steel, and different alloys used throughout the 
works, also the strength of turbine-blades fitted in 
their groovings. 

In the same building there are three large hori- 
zontal and vertical milling-machines for grooving the 
armatures for high-speed generators, and for cutting 
keyways in large shafts. Also gear-cutting machines 
for cutting gears on the revolving system up to a 
diameter of 2 m. (6 ft. 6 in.). There is also a high- 
— milling-machine which has a feed of 550 mm. 
(21.5 in.) per minute, taking a cut of 10 mm. (2 in.) 
deep and 100 mmi. (3}) in.) broad ; and, in addition, 
a number of millers equipped for -general work. 
The bays in this building, as in all the others 
throughout the works, are equipped with electric 
overhead travelling-cranes for loads ranging from 
2 to 30 tons, as above stated, according to the work 
to be handled in each respective bay: 

The turning-shop contains lathes of different 
makes, these being used for turning steam-turbine 
parts and those of electric generators. Among 
them are heavy lathes for machining large turbine- 
shafts. In Fig. 3, Plate VI., is shown one of the 
large lathes for turning turbine rotors. The low- 
speed generator erecting-shop, which adjoins the 
turning-shop in the western end of the building, 
contains an hydraulic press for pressing the arma- 
tures and bearing-ends on the shafts. 

In a line with this building is the pattern-shop, 
having two floors, the larger patterns being manu- 
factured on the ground floor. This shop is equipped 
with modern machinery, exhausters for removing 
the dust, chips, &c., being fitted to each machine. 
Adjoining the pattern-shop are the iron and brass 
foundries, as shown in the plan, Fig. 1. Both 
foundries contain a number of moulding-machines 
for moulding in series small cast-iron and brass 
pieces. 

The steam-turbine fitting and erecting depart- 
ment is parallel with the machining building. It 
is 95 m. (312 ft.) in length and 60 m. (197 ft.) in 
width, and is divided into eight bays. The first bay 
on the east side is set apart for general grinding 
work, and forms also a repair shop for carrying on 
the general repairs to machinery throughout the 
works. On the floor above this is the tool-making 
department, thoroughly equipped for the manufac- 
ture of all kinds of tools, jigs, and gauges used in 
all the machine-shops, including cutters, reamers, 
spiral drills, taps, &c., all being hardened and 
ground. Each shop throughout the works has its 
own tool-room, which is kept regularly supplied 
with tools for repeat work from a tool-store, in 
which all the tools are admirably classified. In 
fact, the cutting-tools and gauges manufactured by 
Messrs. Brown, Boveri, and Co. for their own use 
are most excellent specimens, which compare 
favourably in every respect with those of other 
firms who have made tool manufacture their 
speciality. 

In the next bay of the steam-turbine fitting and 
erecting department is the erecting-shop for high- 
speed electric generators for coupling to turbines. 
Then follows the erecting-shop for turbines, blowers, 
and compressors, and condensing machinery ; and 
the boring-mill shop, which has a series of horizontal 
boring-machines for boring cylinders up to 4 m. 
(13 ft.) in diameter and 7 m. (23 ft.) in length. 
The remaining bays are set apart for the erecting of 
all turbine work. 

At the western end of this same building, and 
close to the boiler-room, are two steam-turbines 
which act as a stand-by to supply current through- 
out the works for power and lighting, should an 
accident occur to the hydro-electric current-gene- 
rating stations above mentioned. These turbines 
are coupled to two-phase generators. In the same 
bay is another very interesting feature of the works 
—viz., the highly developed turbo-generator testing 
department. This consists of a battery of five 


boilers for the generation of steam up to the 
highest temperatures for testing purposes, and 





a duplicate condensing system connected up to the 
ten s on which sets can be simultaneously 
or independently tested. All turbo-venerators are 
tested before leaving the works. 

Alongside the boiler-house is the coppersmiths’ 
and pipe-shop, and in close proximity are the sheet 
dépét and the stamping-shop for the manufacture of 
stampings for dynamo armatures. 

The winding-shop for the manufacture of field- 
coils for machines of all sizes and powers is a sepa- 
rate building, measuring 50 m. (197 ft.) square. It 
also contains the transformer department and a 
testing-room. This winding department forms one 
of the: most interesting features of the works, as 
it is admirably equipped in all respects. It includes 
the manufacture of transformers, and contains a 
complete installation for drying the transformers ; 
in this the complete transformer, up to the largest 
size and for the highest tension, is placed in a 
vacuum stove filled with its oil, and in this way all 
moisture is removed. In an upper storey of the 
same building is the winding section for small motors, 
&c., where female labour is mostly employed. 

Various other shops and stores are distributed at 
convenient positions throughout the works, as 
shown in the plan (Fig. 1). The smithy, a clean, 
carefully-lighted and ventilated shop, is at the 
north end of the works. It measures 50 m. 
(164 ft.) in length and 25 m. (82 ft.) in width, and 
contains three steam-hammers served by open fires, 
and two re-heating furnaces. Messrs. Brown, 
Boveri, and Co. purchase their large forgings and 
about two-thirds of their castings from outside 
sources. Close to the smithy is a two-storey 
building, containing a large variety of most ingenious 
machines for braiding wires ; further south being 
the fitting-shop for castings, containing sand-blast 
machines ; and to the extreme southern end the 
fitting and erecting-shop for switchboards and for 
the railway-lighting apparatus. 

A canteen has been provided by the firm. This 
is managed by a club formed by the men who 
choose to take their mid-day meal at the works. 
They appoint their own committee, who deal with 
all matters connected with the canteen, and all 
profits made are set apart for reducing the cost of 
the food and drink supplied. 

The men are paid at daily rates and by piece- 
work, wages being paid to the workmen fortnightly. 
They live at Baden and in the neighbouring town- 
ships and villages, where Messrs. Brown, Boveri, 
and Co. have provided for them dwelling facilities. 
Further developments in this respect are under 
contemplation. The men, together with the other 
employes, are insured against accident by the firm, 
and have their own sick-fund. 





THE JUBILEE MEETING OF THE 
INSTITUTION OF NAVAL ARCHI- 


TECTS. 
(Concluded from page 28.) 


Tue Jubilee meeting of the Institution of Naval 
Architects, of which the proceedings up to the 
5th inst. were dealt with in our last issue, were 
continued on Thursday, the 6th inst., when 
technical papers were read at meetings in the build- 
ings of the Institution of Civil Engineers and of the 
Institution of Mechanical Engineers. In both 
cases the proceedings opened at 11 a.m. 


THE DEVELOPMENT OF SHIPBUILDING IN JAPAN. 


The meeting at the Institution of Civil Engineers 
was presided over by Lord Brassey, and the firstpaper 
taken was that on ‘‘ The Development of Merchant 
Shipbuilding in Japan,” by Dr. 8S. Terano and 
Mr. M. Yukawa. In the absence of the authors 
this paper, which we hope to reprint in a later 
issue, was read by Dr. K. Suyehiro, of the Depart- 
ment of Naval Education, of Japan. 

The discussion was opened by Professor F. P. 
Purvis, of Tokio University, who said that the paper 

ve an excellent summary of the development of 

apanese Shipbuilding. He noted that in one 
place it was mentioned that there were now 
230 private yards in Japan, but that the majority 
were of very small size. He would like to point 
out, however, that many of these yards were 
capable of building ships of up to 1000 tons, and 
that with very small appliances they produced very 
good results. In general, the yards experienced 
no difficulty in getting Japanese-built engines for 
the steamers they constructed, but the supply of 
boilers was more restricted, and some of the yards 





had consequently put down boiler-manufacturing 

lant of their own. He recommended anyone 
interested in the progress of Japanese shipbuilding 
to pay a visit to one of the six recent steamers of 
the Nippon Yusen Kaisha, during their visits to 
the Port of London. It would, indeed, be a good 
idea to take a trip to Antwerp in one of them. 

Dr. 8S. J. P. Thearle, referring to Professor 
Purvis’s suggestidn that one should pay a visit to 
one of the Nippon Yusen Kaisha’s Japanese-built 
steamers, said that he had had an excellent opportu- 
nity of seeing one of these boats, as he had been to 
the Coronation Review on board of her. He had 
been much impressed with the excellence of the work- 
manship, and would particularly like to mention 
the teak deck, which was the most magnificent 
piece of work of its class which he had ever seen. 
Referring to the Act, of 1896, for the encourage- 
ment of shipbuilding, he would like to say that in 
1897 certain ships were built in England for Japan 
under his personal supervision, and one of the 
conditions of the contract was that complete 
drawings and models should be supplied to the 
owners in such detail as to enable later similar 
ships to be built in Japan. Arrangements of this 
class had been of great assistance to Japan in 
building up her industry. Although the greater 

t of the shipbuilding material was now supplied 
rom abroad, Japan had plenty of natural resources, 
and no doubt in the fature she would produce 
much of it herself. 

Mr. A. Isakson, President of the Swedish Insti- 
tution of Naval Architects, said that he had 
recently been in Japan, and that the paper had 
been of great interest to him. On the question 
of thé importation of foreign material into that 
country, he would like to mention that while at 
Kobe he saw a floating-dock under construction, 
the whole of the material for which was of Japanese 
manufacture. There was little doubt that the 
Japanese steel works would greatly develop in 
the future. He had been much impressed by the 
Mitsu-Bishi Dockyard, which he considered one 
of the most wonderful in the world. Those who 
had not visited it could hardly have any idea of 
its extent and completeness. He had also been 
very much struck by the physique of the workmen, 
and as they received only from 1 to 14 yen a day, 
he could hardly understand why shipbuilding could 
not be carried out more cheaply in Japan than 
in Europe, even allowing for the greater cost of 
material. 

Sir William White said that he had had some 
experience in connection with the advances made 
by Japan, and would point out that the policy 
carried out by her, of making it a condition 
of contract that a certain number of Japanese 
students should be received into the works 
carrying out a contract, and associated closely with 
it, had greatly assisted towards the wonderful 
developments that had taken place. None the 
less, the progress was astonishing, and represented 
the creation of the Japanese marine in about 16 
years. The rate at which the shipbuilding industr 
had progressed possibly had something to do with 
the fact that costs were still high, although labour 
charges were low. It was probable that the whole 
organisation was still so new that the various 
interests concerned had not yet shaken down toa 
proper balance. Ultimately, it was quite possible 
that Japan might become a serious shipbuilding 
competitor of Europe. He was tempted to say 
something about the question of subsidies. Adam 
Smith had laid it down that direct encouragement 
of this sort might be useful in the early days of 
industries, but held that a period would come later 
at which the encouragement was undesirable. He 
noted that the original Act for the encouragement 
of shipbuilding had been drawn up to cover a period 
of 15 years, but that as soon as it ran out it had at 
once been extended for a further period of 10 years. 
His impression of the history of subsidies in general 
was that once started they were very difficult to 
stop. It was probable, however, that the Japanese 
shipbuilders had no wish to see them ~~ ed, 

‘he Chairman associated himself with all that had 
been said about the wonderful skill and industry 
exhibited by Japan in creating her shipbuilding 
trade in such a short space of time. None the less, 
he thought that we as a nation could not altogether 
regret that for some time yet Japan would look to 
us for assistance towards the still greater develop- 
ments which she would without doubt make. 

Dr. K. Suyehiro then briefly thanked the 
meeting for its attention to the paper, and stated 
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the regret of the authors at their inability to be 
present. 


Firry Years’ DeveELOPpMENT IN MERCANTILE SHIP 
CoNnsTRUCTION. 


The reading of the second paper was then pro- 
ceeded with. This, by Dr. S. J. P. Thearle, Chief 
Ship Surveyor to Lloyd’s Register, dealt with 
‘* Fifty Years’ Developments in Mercantile Ship 
Construction,” and we reprint it on page 69. It 
was read by its author. 

Mr. J. Foster King opened the discussion. He 
thought that Dr. Thearle’s paper gave a very wide 
and interesting review of the history of mercantile 
shipbuilding, and that within the limits allowable it 
would have been impossible to go into more detail 
than he had done. here was, however, one small 
point he would like to raise ; that was, the remark- 
able simplicity of construction which was employed 
now as compared with the practice of twenty-five 
years ago. ‘The features necessary to stiffen a ship 
had practically been removed from the inside to the 
outside. This was a development for which the 
shipowner should be particularly grateful. In 
reference to modern double-bottom constructions, 
he would say that they had several times been a0 
to the best ible test—that was, the test of 
usage—and had shown themselves most satisfactory. 
He had had one very bad case of grounding, and 
although the plating was seriously perforated, there 
was no damage to floors or tunnel construction. 

Dr. G. B. Hunter said that he would like to echo 
the remarks of the paper in reference to the Great 
Eastern. She was a most remarkable and able 
specimen of shipbuilding. In reference to the 
question of the improvement in shipbuilding prac- 
tice of recent years, he wished to express the 
appreciation of shipbuildersin general for the sym- 
athetic attitude exhibited by the Committee of 

loyd’s Register, and by Dr. Thearle personally, 
towards their efforts in the direction of improve- 
ment. There was a point in reference to the first 
use of cellular double bottoms he would like to 
raise. Unless he was mistaken, his firm had intro- 
duced the longitudinal frame system in a boat built 
in 1876. This wasan,earlier date than that given 
in the paper. 

Mr. Stevenson Taylor, President of the Society 
of Naval Architects and Marine Engineers of the 
United States, who was called upon by the Chair- 
man, said that he was rather surprised at being 
asked to speak on the paper just read. He had 
rather expected to reserve his remarks for the later 
one, which dealt with shipping on the Great Lakes. 
With the permission of the meeting he would deal 
with the two together. He was very glad to have 
Dr. Thearle’s contribution, and it would be par- 
ticularly useful for future reference. In the 
matter of the developments on the Great Lakes 
he would point out that there America had a field 
in which she was free from the competition of 
England or Germany, or any other country. The 
existence of the lakes was really responsible for the 
development of the industries, the materials for 
which were transported overthem. The wonderful 
developments there had shown what his country 
could do in the shipbuilding industry, and it was 
his belief that his people would not be prepared 
permanently to allow the whole of their carrying 
trade to be dealt with in ships built even by such 
leading maritime countries as England, Germany, 
and Japan. 

Mr. 'T. Utley said that he thought there was one 

int on which finality in ship design was far from 
en reacned, This had reference to the question 
of the lighting and ventilation of passenger ships. 
Some few years ago a side light 16 in. in diameter 
was the largest that it was possible to fit intoaship’s 
structure, and even on the Olympic the largest 
size was only 24in. by 19 in. The question of the 
size of lights in passenger steamers was of very 
great importance, and he thought that Lloyd’s and 
the Board of Trade should modify their rules in 
reference to frame spacings in order to allow better 
arrangements than were now possible to be fitted. 

The Chairman, in closing the discussion, said that 
he always took great interest in anything that was 
said about the Great Eastern, as his father had 
been the largest shareholder in her. He thought 
her commercial failure was due to the fact that she 
had no superiority in s over her rivals. As one 
interested in sailing-ships, he could not help feeling 
some regret at theirgradual supersession bysteamers. 
Forty-nine years ago he had, when anchored off 





lying in shelter at the same time. In the same 
waters to-day one could see nothing but steamers, 
and yet the winds were still blowing across the seas 
as they had ever done. It seemed a pity that they 
should not be utilised, and he suggested that the 
apparent coming of the internal-combustion engine 
might possibly lead to a revival of the system of 
using auxiliary power on sailing-vessels. 


Ore TRANSPORTATION IN AMERICA AND SWEDEN. 


At this stage Lord Brassey retired from the chair 
in favour of Sir William White, and Professor 
Sadler read the paper on ‘‘ Shipping on the Great 
Lakes,” by Mr. Frank E. Kirby and Mr. A. 
Rankin ; while Mr. J. Johnson read his paper on 
‘**Recent Developments in the Sea Transportation 
of Swedish Ore.” There was no discussion on 
either of these papers, which are reprinted on 
pages 57 and 62 of this issue. 

he paper dealing with the ‘‘ Design and Service 
Performance of the Trans-Pacific liners Tenyo 
Maru and Chiyo Maru,” by Dr. S. Terano and 
Professor Baron C. Shiba, was taken as read, 
and there was no discussion on it. We hope to re- 
print this paper later. 

The proceedings of this section thus terminated 
for the day. 


Navat ENGINEERING IN JAPAN. 


The meeting held in the hall of the Institution of 
Mechanical Engineers on the morning of the 6th inst. 
was presided over by Admiral Sir Gerard H. Noel, 
and began at 11 a.m. The first paper to be taken 
was one by Engineer-Rear-Admiral Terugoro Fujii, 
Engineer-in-Chief of the Japanese Navy, and was 
entitled ‘‘ Progress of Naval Engineering in Japan.” 
This paper, which we hope to reprint in an early 
issue, gave an account of the development of steam 
machinery in the Japanese navy, the introduc- 
tion of which commenced in 1863, with the gun- 
boat Chiyoda Gata. The aod gave descriptions 
and brief particulars of the Miyabara and “‘ navy- 
type” water-tube boilers, now largely used in 

apanese warships, alluded to the adoption of 
turbines, and gave the results of trials of Japanese- 
built turbines. Particulars of the personnel were 
also given, with a few particulars as to the cost of 
machinery, the latter being summarised by the 
author in the words that, ‘‘ generally speaking, 
the cost of propelling machinery in Japan seems 
slightly less than it is in Europe and America. 
This is probably due to the lower wages of work- 
men, notwithstanding the higher price of imported 
materials,” Although wages are rising rapidly, 
the average pay of workmen is about Is. 4d. per 
day of about 10 hours. The author concluded with 
some remarks upon the effect of war upon machinery, 
stating that during the whole course of the recent 
war the machinery developed no ‘‘ defects such as 
to affect the action of the fleet,” although in some 
cases warships were continuously under steam for 
over 2000 hours. ‘‘The only noticeable trouble 
which our engineers experienced was the leakage 
of both main and auxiliary condenser tubes. 
Also,” continues the author, ‘‘I may add that the 
spare parts of auxiliary machinery were found 
indispensable, they having been used very often.” 
With torpedo-boats and destroyers no serious 
troubles were experienced. 

In the absence of the author, the paper was read 
by Engineer-Commander Keijiro Matsui. 

The first speaker on the subject of this paper was 
Mr. A. E. Seaton, who thought the invitation ex- 
tended to him to speak first not altogether inappro- 
priate, for no less than thirty years ago he had been 
asked to take certain pupils, and on his consenting, 
two Japanese caieusolad come to him for instruc- 
tion. One of these was a now well-known Japanese 
Admiral. He came to him well-educated for that 
time, as education went in Japan, but knowing very 
little English, and he had helped him in that subject 
of necessity. The demand for knowledge, for the 
reasons and factors influencing design, on the part of 
these and other Japanese students who came to him, 
had resulted in the production of his book. He had 
had the honour of designing the machinery of what 
might be termed the first modern warship of Japan. 
At atime also when the British boats of the “Gem” 
class could only maintain, by dint of very hard 
work, a speed of 12} knots, the Japanese, wanting 
something better, had adopted his advice and fitted 
boilers which gave 14 knots. The real point of the 
paper was brought out towards its conclusion and 
was concerned with the effect of war upon ships’ 


Cape St. Vincent, seen some forty sailing-ships | machinery. The picture there given was a very 





tifying one. The Japanese were a le who 
ool m4 be betrayed Toke buying po a 
They insisted on the best, and the result under war 
conditions was as shown in the paper. Asa people, 
he thought that they purchased with economy ; they 
could get as much out of a sovereign as anybody. 
The paper dealt with only naval matters, but, of 
course, the merchant marine had shown equally 
great development, both for passenger, tramp, and 
other services. He thought the people gained 
much by approaching subjects without prejudice, 
or engineering and other bias. If one could divest 
oneself of preconceived ideas, or the influence of 


P. | the opinion of the ‘‘ man in the street,” it would be 


much the better. 

Admiral H. J. Cone, Engineer-in-Chief of the 
United States Navy, said he had been much im- 
pressed with the class of merchant ship now flying 
the Japanese flag and plying between the United 
States and Japan. The vessels he had inspected 
were particularly well equipped throughout. They 
were taking traffic away from the United States 
and European countries. 

Captain Tuxen said he belonged to a small navy, 
but one of old and proud traditions (Denmark). 
Their experience had been that it was very difficult 
to — in the right way without making some 
mistakes. The Japanese had made immense pro- 
gress, which had not been offset by any failures, 
and he thought they must congratulate the Japanese, 
therefore, on the cleverness of their engineers. 

Mr. J. M. Allen said his firm had done much 
work for the Japanese, and he was interested, 
therefore, to hear that their Miyabara boiler had 
given such satisfaction. . 

After a brief acknowledgment by Commander 
Matsui, on behalf of the author, of the remarks 
= on this paper, the Chairman said that he 

d had the privilege of seeing something of the 
Japanese, as he had been on the China Station 
during and after the war. On visiting Japan after 
the war he was shown over the dockyards at 
Yokosuka, Kure, and Sasebo, and could not help 
noticing that a state of great activity was still 
being maintained. Their works and methods 
showed them to be progressive. Everything was 
up to date. 


TRAINING OF Naval ARCHITECTS. 


The next paper was one by Professor Flamm, 
entitled the ‘‘ Scientific Study of Naval Architecture 
in Germany.” This paper we print on another page 
of this issue. It was concerned primarily with an 
account of the methods of education followed at the 
K®énigliche Technische Hochschule zu Berlin in 
Charlottenburg. Professor Flamm explained that he 
had hoped to show by means of cinematograph films 
what class of work was kept before the attention of 
students. The films were photographs of propellers, 
showing cavitation effects, &., taken at Charlot- 
tenburg. Owing to the strong daylight in the hall 
it was impossible to exhibit these at the Thursday 
meeting, and their display was therefore postponed 
until Friday morning at 10.30, special arrangements 
for darkening the hall having meantime been made. 
With these cinematograph views, and the discussion 
to which they gave rise, we refer in due order ina 
later part of this report, under the heading ‘‘ Pro- 
peller Phenomena.” 

The discussion on Professor Flamm’s paper was 
opened by Sir William White, who thought the 
Institution indebted to the author for the detailed 
account of the course of training at Charlottenburg. 
He had made a study of technical education in 
most parts of the world, and had gone, among 
other places, to Charlottenburg. he methods 
adopted there were not all of them applicable here. 
There were, for instance, here no leaving certificates 
given by the secondary schools. The German 
system provided such certificates, which were pre- 
sented to the university by intending students, 
and were accepted as proof of sufficient ability. He 
had known cases, as a result of this difference, of 
Englishmen wishing to study at Charlottenburg 
experiencing difficulty in convincing the authorities 
of their fitness to take up the work. Then, again, 
the German system involved a four-years’ course, 
the English one of three years. There was more 
breadth and greater freedom in the German course 
as far as the first examination. Here we had no 
great critical intermediate examination, as in Ger- 
many. The work here was progressive and cumula- 
tive up to the final examination, with account 
taken of the work done by the students during the 
sessions, This he thought the more satisfactory 
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arrangement, as it was an undoubted fact that many 
students capable of excellent work could not acquit 
themselves satisfactorily at examinations. is 
system involved the use of internal examiners 
familiar with the work of the students and college 
course, but these must be coupled in some 
measure with examinations held under external 
examiners in order to keep the standard to the 
necessary level. The German system was distin- 
guished for the minute subdivision of the sub- 
jects taught. Subjects were not separated to the 
same extent here. Perhaps separation went too 
far in Germany and not far enough here. The 
ideal lay somewhere between the two. These 
remarks applied to the relation of naval architecture 
and marine engineering. He wasa naval architect, 
but he had received instruction in marine engineer- 
ing. Mr. Seaton was a marine engineer and had 
received instruction in naval architecture, and, he 
thought, in both cases to their mutual advantage. 
The course of the French Genie Maritime combined 
both. Whatever methods, however, were adopted 
in the German system, with their reputation for 
thoroughness or organisation, and working on the 
knowledge of what had already been done else- 
where, it might be taken for granted that the 
Germans had taken their steps deliberately, and 
they were, therefore, well worth the study of 
others. 

Professor C. H. Peabody, one of the delegates 
from the United States, spoke next; he said he 
wished to emphasise the points made by Sir W. 
White. When he had been to Charlottenburg he 
had been impressed with the great similarity of the 
work done there to that done at the colleges in the 
United States, though he had expected to find it 
very different. The United States schools formerly 
followed the tutorial system, but had since changed 
to the lecture system. Professor Flamm had laid 
great stress upon the tutorial system, which they had 
partly abandoned. This tendency in Germany was 
interesting. He strongly dissented from the sug- 
gestion that a youth should have some workshop 
experience preliminary to college work. His ex- 

rience showed that such a course was not attended 

y good results on the whole, though it was some- 
times advantageous. He hoped that no steps 
would be taken in the direction of making this 
compulsory. It was bad to break off the work of 
the school. It added to the age at which the 
student came to college. It was extremely un- 
fortunate that in Germany the age was of necessity 
as high as twenty-one. The age of nineteen was 
too high—higher, at any rate, than it ought to be— 
for the average youth to come to college. He had 
found that youths coming to him at the age of 
seventeen had done themselves the greatest credit. 
It was desirable that they should get early to their 
real work. 

Sir W. White here interposed a remark on the 
subject of training, stating that the Institution of 
Civil Engineers’ conference of last week had shown, 
he thought, that the bulk of opinion was against 
Professor Peabody’s view, and favoured some 
preliminary practical work, and that in Germany, 
where they had had twelve years’ experience of the 
interposition of one year’s practical work before 
college, the tendency was rather to lengthen that 
period than to shorten it. 

Professor Hovgaard followed, remarking on the 
clearness of the statement placed before them. The 
system was well adapted to the desired end, and 
had been evolved with much forethought. He 
thought practical training necessary at some stage 
or other, but was not prepared to say at what 
stage; it must be procured, however, at some 
period. The advantages derived from it were both 
direct and indirect. Men became familiar with 
tools and methods, but they also came into contact 
with the workmen, and so came to see things from 
& point of view that it was impossible to attain 
later. With regard to the so-called tutorial method 
as he understood it, the aim of the system was to 
make the lectures work hand in hand with the 


practical work and design. The course he advised | 


for naval constructors followed this system, the 


lectures being followed by the application of in-| 


formation so conveyed to the practical work of 


esign. 

Professor Marbec, of the Ecole du Genie Maritime, 
said the teaching of the two professions of marine 
engineering and naval construction formed parts 
of one whole in France. The course of educa- 
tion was the same for both, and members passed 
from one division to the other. If there appeared 





to be special ‘aptitude-forfone side, a special course 
was made to suit the circumstances. When their 
naval constructors finished their course they could 
take charge of work in either of the two branches. 
They had practically two periods, the first being 
given up to marine engineering, and the other to 
ship design. Each was preceded by a short course 
of the other, so as to bring out the bearing of one 
upon the other. The fusion of the two branches 
so far as.the courses of education went in France 
was absolute. 

Mr. S. W. Barnaby understood that Professor 
Peabody’s point referred to the time at which 
practical training was necessary. There was still 
much dispute on the point, and he was of Professor 
Peabody’s mind. The boys were better for going 
straight on with their theoretical training, and it 
should not be broken into by practical work. 

Mr. A. E. Seaton considered it most important 
that the young men should have their ideas turned 
into practical directions. There was much to be 
learnt in connection with launches, the lifting and 
handling of heavy weights, and a vast number of 
other practical matters which could not be taught 
in the shops. 

Mr. A. J. Maclean, of New York, referred to Sir 
W. White’s remarks on training, and said that though 
that gentleman had studied the question of tech- 
nical education in all parts of the world, there was 
certainly one institution he had not visited, that 
was the Webb Naval Academy, of New York. In 
his young days the founder, Mr. Webb, had experi- 
enced great difficulty in securing information he 
needed, and had formed the resolution that, for- 
tune favouring him, he would found an institution 
at which such instruction would be procurable. In 
due course Mr. Webb was able to give concrete 
form to his wish. The college had now existed for 
seventeen years, and for fifteen of these he (Mr. 
Maclean) had held the chair. They took lads of from 
fifteen to twenty ; they much preferred young men. 
The syllabus p bbb resembled that given in Pro- 
fessor Flamm’s paper. Practical work was followed 
in the course, including, for instance, lining off in 
a moulding-loft. They went thoroughly into all 
the calculations regarding both ships and machinery. 
Their lads were readily taken up on the completion 
of their courses ; they refused government posts, as 
they were easily able to get better positions and 
salaries. Arrangements were made for them to 
get sea training, and this was chosen for them 
according to their decision on graduating. 

Dr. A. Denny said he started at 16 with three 
years in the works, accompanied by evening classes, 
this being followed by the course at the Royal 
Naval College at Greenwich. In Germany the 
students were 21 before they began their courses. 
He admitted that his training preliminary to the 
college had been somewhat imperfect, but it was 
otherwise with regard to the Admiralty men, who 
were well prepared for it. If the German course 
carried mathematics, for instance, higher than did 
that at the Royal Naval College, he thought it 
must go very high indeed. His son started in 
the same way and had been trained under Professor 
Peabody. One of the solutions was the sandwich 
system, which was possible on the six months’ 
plan in Scotland. In this way they could get four 
courses into three years. He thought it would be 
found, however, that all methods had been known 
to give good results. He wished to ask what 
became of the vast number of young men turned out 
by the colleges. Did they ultimately obtain em- 
ployment ? “The production in the United States 
and in Germany, he was afraid, out-ran the demand. 
Here that stage had not yet been reached. He 
thought the training question capable of summary 
by the statement that any system properly carried 
out would produce good results. 

Mr. E. A. Sperry, one of the delegates from the 
United States, thought it would generally be found 
that young men got positions in proportion to their 
capabilities, with stress on the ‘‘ capabilities.” 

Mr. J. M. Allen followed with the remark that 
in his experience the sandwich system had proved 
unsatisfactory. College men had airs, and there 
was often trouble between them and the foreman. 
He thought three years’ works first was best. His 
firm were in the habit of granting facilities for 
college instruction after three years’ works experi- 
ence. 

Professor Flamm, in replying to the discussion, 
said that at Charlottenburg they had men from all 
over the world, and had found many of them first- 
rate students, It was, of course, impossible to 





grant them facilities ter than those accorded 
to their own men. uality was necessary, and 
some line had to be fixed. The age at which the 
course finished was rather great, but they did not 
like to give the technical man a lower standing 
than the men of other professions. They there- 
fore granted equivalent degrees, and this rendered 
similar schooling necessary, They had abandoned 
the dual system, and had thought specialisation 
better, because one man was incapable of acquiring 
aa knowledge in both. ey also believed 
in allowing the men sufficient free time to enable 
them to gain some knowledge of the world and 
general matters. Too constant application to a 
limited subject was inadvisable. In the summer 
holidays the men went to sea or to works and 
earned money, spent subsequently while at their 
studies. With regard to the quantity of students, 
efforts had been made to keep the supply within 
the requirements, but the men were well fitted 
for other work, such as that encountered in con- 
nection with land work. He was pleased to say 
that, whatever their actual course of study, the 
best books of the world, among which were many 
by English authors, formed the foundation of their 
knowledge. 

The , thought that Germany was looked 
upon in the eyes of the world as an organised 
nation. One result of that organisation which had 
been mentioned in the paper appealed to him. It 
was the military service required of young men. 
He would like to see it here for physical reasons. 
One year of military training would greatly improve 
our students. 

CavITATION. 


The next paper taken was entitled ‘‘Some 
Further Notes on Cavitation,” and was by Mr. 
Sydney W. Barnaby. This was read by the author, 
and is reprinted on page 55 of the present issue. 

Dr. A. Denny said he did not agree with Mr. 
Barnaby’s theory. Thrust as high as 16 lb. per 
square inch was not uncommon in their experience, 
with good results. He knew of one case where it 
was as high as 22lb. With regard to the use of 
the term ‘‘ efficiency,” now that tanks were common 
he thought some standard meaning should be 
adopted for terms used. Efficiency should include 
the hull effect. It should be brake horse-power com- 
pared with indicated. Spectacle-frames, brackets, 
&c., form some of the penalties of the use of twin 
screws, and should be included in the expression 
for efficiency. In their tank the actual thrust was 
measured, and the turning moment could be mea- 
sured separately for one, two, three, or four screws. 
They drove the screws until a point was obtained 
at which the resistance and propulsion curves 
crossed. They found the subject to be one in which 
the further they went the further they wanted to 

o. Some day he hoped to place their results 
fore the Institution. It was use there were 
so many problems involved that he wished the 
Bushey tank to be reserved for scientific work. 
The results obtained in their own tank were accu- 
rate to a practical degree. Referring to a portion 
of Professor Flamm’s paper, he would say that sea- 
water was not homogeneous. It contained air, 
which was liberated under the action of the pro- 
peller. He would like to know the limiting velocity 
of the water when this action occurred. 

Professor Flamm spoke next, regretting that it 
had been impossible for him to exhibit photo- 
graphs in connection with his paper, as they proved, 
he considered, that the greatest effect was given by 
the suction rather than by the thrust. The surface 
of the water was drawn down and a hollow formed 
on the surface above the revolving screw. If there 
were thrust present, the surface would be raised 
rather than lowered. Also it was found that air 
was sucked in in front of the propeller. Where 
there was cavitation he found the thrust to be 
greatest ; but if air came down to the screw, the 
thrust was destroyed. In shallow-draught boats, 
therefore, it was advisable to prevent the inflow of 
air by means of a fiat board or surface over the 
screw. When a vessel was passing through waves 
the depth of water over the propeller was some- 
times so reduced that the thrust was destroyed, and 
this might be one of the reasons why ships with 
heavily-loaded propellers lost so much s in bad 
weather. The spiral developed in the water when 
cavitation occurred was — and parallel, as 
shown by his photographs. He had carried out 
some experiments in connection with the propulsion 
of the Siemens Schuckert airship, which were of 
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some interest. This airship had sets of three pro- 
pellers, as in the accompanying diagram, Fig. 1. It 
was found that if the two outside propellers were 
set to work, a sharply-defined cylindrical horizontal 
column of air was set in motion behind and in line 
with the axis of each propeller. The third propeller 
was between and somewhat behind the other two, 
and when that also was set in motion it was found 


al 
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that the streams from the two other propellers were 
drawn in towards the third, as shown by the dotted 
lines. Each propeller singly developed parallel flow 
or column of moving air. e expedient had there- 
fore been adopted of setting the forward screws at 
an angle, so that their streams should not flow 
into the third, as in diagram Fig. 2. 

Mr. A. E. Seaton pec: oa fate were available in 
his day, and he had had to use an ordinary dinghy 
for the purpose. Hanging over the counter he had 
made observations which had been good enough to 
be serviceable, and many of the things now known 
were capable of examination in this manner. 

At the close of the discussion, Mr. Barnaby asked 
Dr. Denny if he would mind stating the conditions 
under which a propeller with 22-lb. thrust had been 
used, to which Dr. Denny replied that it was a 
steamer in channel service. 


CoLLaPsInG OF Beams aND Evastic Curve 
Srrips. 


The last paper for consideration was one by 
Professor Marbec, entitled ‘‘ Notes on the Collapsing 
of Beams and Elastic Curve Strips.” This was read 
in abstract for the author by ‘Siostedens Boris. 
There was no discussion on it, and the meeting 
immediately afterwards adjourned. 


LuncHeEon at Luioyp’s. 


At the conclusion of the reading and discussion 
of papers on Thursday, the 6th inst., many of the 
members lunched at Lloyd’s Register of a 
in Fenchurch-street. After the loyal toasts that of 
‘The Institution of Naval Architects” was drunk, 
and replied to by Dr. Archibald Denny ; it was 
followed by that of ‘‘ Delegates from Foreign 
Countries,” coupled with the names of Mr. Steven- 
son Taylor and M. Bertin. Lord Furness proposed 
the toast of ‘‘ Lloyd’s ister and its President, 
Mr. Thomas L. Devitt.” The latter referred to the 
eleven scholarships in naval architecture and marine 
engineering maintained by the Register. Speaking 
of the Society’s new rules for the construetion of 
steel vessels, Mr. Devitt said that since they came 
into operation in July, 1909, plans had been dealt 
with for the marvellous total of 1555 vessels, of 
3,278,000 tons. The total tonnage now under 
construction in the United Kingdom — viz., 
1,476,394—was the largest on record. The tonnage 
actually under construction at the present time at 
home and abroad to class at Lloyd’s Register was 
1,237,600 tons, and this was the highest figure on 
record with the exception of the period March, 
1901, to March, 1902. Of the sea-going vessels 
under construction abroad no less than 574 per 
cent. were to be classed with Lloyd's. 


RECEPTION aT THE UNiTEp States Emsassy. 

In the afternoon the members of the Congress 
and their lady friends were received at Dorchester 
House, the Embassy of the United States, by the 
Hon. Mr, and Mrs. Whitelaw Reid. The reception 
was largely attended, and after the treasures of 
the magnificent mansion had been inspected, tea 
was served in the garden. 


Tue Jupitez BaNQuEt OF THE INSTITUTION. 


The Jubilee Banquet was held in the Grand Hall 
of the Connaught ms, which was charmingly 
decorated in appropriate designs. There was a 
very large attendance of ladies and gentlemen. 
After dinner, the President, the Marquis of Bristol, 
stated that he had received a telegram from King 
George V., in reply to the loyal greeting sent from 
the inaugural meeting of the congress (see page 13 
ante). The telegram was as follows :— 


T am commanded by the King to thank the members of 





the Institution of Naval Architects for their expression of 
loyalty. His Majesty hopes the congress may be attended 
with every success. 

The following telegram had also been received 
by the Duke of Connaught from the German 

mperof :— 

Please forward my sincerest and warmest congratula- 
tions to the members of the Institution of Naval Archi- 
tects on the occasion of the jubilee meetings now held in 
London. May the Institution, of which I have had the 
honour of being an honorary member for sixteen years, 
——_ remain what it has been—a powerful promoter of 
naval building and engineering—and serve to unite in 
friendly intercourse the prominent men of all countries 
who devote their time to the noble task of shipbuilding 
and engineering. 

After the loyal toasts, the Right Hon. Walter 
Runciman, M.P., President of the Board of Educa- 
tion, pro the toast of ‘‘Our Guests,” which 
was replied to by Vice-Admiral de Montferrand, 
President of the Armaments Commission of the 
French Navy, Geheimer Oberbaurat Hiillman, 
Director of Naval Construction of the German Navy, 
Rear-Admiral W. L. Capps, Chief Constructor of the 
United States Navy, and Major-General E. Feratti, 
of the Italian Navy. Sir William Whit# next gave 
‘* Kindred Societies,” and replies wave made by 
Rear-Admiral Matsuo, of the Japanese Society, Mr. 
A. Isakson, of the Swedish Institution, and Signor 
Salvatore Orlando, of the Italian Society. The 
toast of ‘* The Institution of Naval Architects,” 
proposed by Rear-Admiral G. Dyrssen, President 
of the Swedish Admiralty Board, and replied to by 
the Marquis of Bristol, concluded the proceedings. 


PRopELLER PHENOMENA. 


An additional meeting was held at the Institution. 


of Mechanical Engineers on the morning of Friday, 
the 7th inst., at 10.30 a.m., Engineer-Vice-Admiral 
Sir J. Durston being in the chair, in order to enable 
Professor Flamm to show his lantern-slides and 
cinematograph views illustrating screw-propeller 
investigations carried out at Charlottenburg. Pro- 
fessor Flamm explained that in their tank they had 
a working screw depending from a carriage running 
above the tank. e movement of the carriage 
was dependent on the pitch and speed of the screw, 
but they had also an attachment by which they 
could load the carriage in order to represent ship 
resistance, &c. This consisted of a weight sus- 
pended by a line passed over a pulley and attached 
to the carriage. The arrangement included a 
balance, so that alteration in the load could be 
noted. The views were taken with an exposure of 
rao second, and showed excellently the physical 
effects attendant upon the working of the screw at 
different speeds. The screw, of course, moved 
through the water and drove the carriage. Arc 
lamps provided means of ilJumination through the 
glass sides of the tank. 

Professor Flamm’s views were in two series, both 
connected with the same subject. One film on the 
cinematograph was in illustration of what happened 
when a stream of water impinged on a curved 
hinged plate. The plate was suspended at one side 
on an axis parallel to the axis of curvature, and it 
was shown that when a jet of water was directed 
on to the convex side from the end nearest the axis, 
the plate rose to meet the jet instead of being 
thrust out of the way. This suction effect, Professor 
Flamm contends, exists in the case of the curved 
surface of a propeller. Some slides and the other 
films illustra the suction effect on the water 
surface and the entraining of air, and the develop- 
ment of the cavitation spirals. Several of the 
lantern-slides have already been reproduced in 
ENGINEERING,* and need not therefore be repeated. 
It will suffice to state that they formed excellent 
illustrations of the effects to which Professor 
Flamm wished to draw attention, as did also the 
cinematograph views. The latter were particularly 
fascinating, the appearance and disappearance of 
the various phenomena being easily followed, as the 
representation of the screw and carriage passed 
across the sheet. The confusion resulting behind 
a propeller drawing air was extremely well seen, 
as was also the formation of the air-pipe down 
to the front of the propeller from the surface. 
The cavitation spiral and the central worm were 
also very distinctly seen. Professor Flamm ex- 
plained the conditions of speed under which the 
screws were working, and also mentioned that, 
when air was sucked down to the propeller, 
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the balance apparatus showed that the thrust was 
altogether destroyed. 

Sir John I. Thornycroft, who re-opened the 
discussion on the paper, which had been read at 
the meeting on the previous. day, said Pro- 
fessor Flamm had gone to a great amount of 
trouble to make the effects apparent which other- 
wise could not be easily recorded. He was sorry 
so much attention seemed to have been directed 
to the suction of air, for most engineers had been 
familiar with this for some time. e would like to 
see experiments carried out far enough below the 
surface to prevent air getting down to the screw. 
A flat surface arranged over the water where the 
tendency is greatest for air to be drawn down 
greatly increased the power developed by screws. 
Builders recognised that at the present day, and 
flat sterns were provided to prevent this suction 
with lightly-immersed screws. In connection with 
Professor Flamm’s other demonstration—of the 
inability of a stream to detach itself from a curved 
surface—his own experiments with curved stern 
lines confirmed this, as did also that of the late 
Mr. Froude and the work with the Ramus model. 

Mr. A. Isakson, Sweden, remarked that probably 
many had watched screws immersed to depths of 
5 ft. or 6 ft. down in the clear water in some seas. 
He had recently watched them in the Indian 
Ocean, and had observed at the tip of each blade 
a bright air-bubble. He thought a means might 
be found of examining the partial vacuum effect at 
these points by boring holes through the propeller 
to the boss and shaft and putting them in com 
munication with suitable gauges. The method, he 
thought, was quite feasible and might lead to 
interesting and valuable information. 

Dr. A. Denny remarked that Professor, Flamm 
had conclusively proved by his photographs that 
the column of water leaving the screw was parallel 
and that no water was thrown outwards. There 
was no such centrifugal action, and he hoped that 
would prove the deathblow to the ideas of all 
inventors whose freaks were intended to counter- 
act this action which did not exist. He had made 
observations of cavitation at sea on the King 
Edward. When that vessel had been run astern 
the screws did not suck air down, but there was 
cavitation, and spirals came off. In reference to 
his remarks of the previous day, he wished to 
observe, in order to dispel possible misapprehen- 
sion, that only three or four of their apprentices 
were allowed to take their practical training on the 
sandwich system, and these were selected men. 
They could not do it for all. 

At the conclusion of the discussion, Professor 
Flamm stated that he hoped, with financial assis- 
tance from the Government, to continue his 
experiments to include the action of two and three 
screws, and also the influence of a rudder fitted 
behind, and he hoped some day to lay the results 
before the Institution. 

After a hearty vote of thanks the meeting ter- 
minated, most of the members adjoining to the 
Institution of Civil Engineers, where another meeting 
was in progress, a report of which follows. 


PRoGRESsS OF SHIPBUILDING IN ITALY. 


Proceedings were resumed also at the Institution 
of Civil Engineers at 10.30 a.m. on Friday, the 7th 
inst., with the President, the Marquis of Bristol, in 
the chair. The first business was the consideration 
of Colonel G. Russo’s paper on ‘‘ Fifty Years’ Pro- 
oe of Shipbuilding in Italy.” It was read by 

r. R. W. Dana, “> Secretary. 

The r n by paying a tribute to such men 
as Pee onkein 4 se Sal and Armstrong, 
and pointing out that they had amply repaid the 
debt owing by England to Italy for skilled assist- 
ance in shipbuilding which had been given in the 
sixteenth century. It then dealt with the general 
progress of the art in Italy from 1860, pointing 
out that although at that date there were about 
100 yards devoted to the building of wooden ships, 
the industry rapidly declined in the early years of 
the period under review. Even after the introduc- 
tion of iron for ship-work, the industry did not 
advance so rapidly in Italy as in some other coun- 
tries, and in 1885 a policy of encouragement by 
means of subsidies or remission of duty on imported 
material wasinaugurated. This policy of encourage- 
ment was still in operation. The paper gave some 
details of the various famous Italian yards, such as 





those of Ansaldo- Armstrong, Odero, Fratelli 
Orlando, &c. It also dealt with the progress of 
| battleship design and construction, and discussed 
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such famous examples and as the Deulio, the 
Pietro Micca, the Italia, the Umberto, and the 
Regina herita. Some account ot the Italian 
Registry of Shipping, the Registro Italiano, was also 
given, and a reference made to the schools of naval 
architecture and engineering at Genoa and Naples. 

Sir William White opened the discussion. He 
said that it had been his fortune to be 
associated for thirty years with the naval side of 
Italian shipbuilding, and that he had come to know 
many of the officers and constructors who had been 
responsible for it. He was glad of the opportunity 
of speaking of the pleasure and profit that that 
association, and the friendships he had made, had 
been to him. He had often been struck by the 
fact that the Italian naval constructors had always 
founded their designs on the basis of the strategy 
demanded by the physical and geographical features 
of their country. At the same time, in view of the 
fact that Italy was not a wealthy country, they had 
achieved quite remarkable results with the resources 
available to them. They had never been afraid to 
carry out what they thought were the best ideas, 
quite irrespective of what was being done elsewhere. 
In naval as in other matters there was frequently 
a tendency to follow a sort of fashion which — 
pened to be set up, and he thought ita most valuab 
quality of the Italian naval authorities that they 
had never been afraid to think for themselves. 

Signor Salvatore Orlando, President of the Italian 
Society of Naval Architects, regretted his inability 
to speak at any length owing to his imperfect know- 
ledge of English, but said he would like to confirm 
the suggestion made by Sir William White that 
Italian naval work had been determined by physical 
and geographical requirements, by the fact that, 
although having such a great coast-line, Italy was 
not an island. He thought that the Italians, like 
the English, had a natural genius towards ship- 
building and navigation. 

Admiral the Hon. Sir E. R. Fremantle thought 
that in its readiness to make experiments and new 
movements the Italian Navy had frequently made 
advances and given hints which were of great value 
to other navies. Sometimes it had made mistakes ; 
but, on the whole, the world was very greatly 
indebted to it for the pioneer work it had done. 
Italian constructors had always been great believers 
in the value of experiment, which was, he thought, 
one of the reasons for their success. 

Admiral Sir Reginald Custance said that he had 
not had an opportunity of hearing the paper read, 
but as he had n called upon, he would refer to 
a paragraph in it which he had noticed under the 
description of the Italia, in which it was stated that 
the principle of abolishing side armour was a failure 
on account of the unforeseen development of rapid- 
fire guns and high explosive projectiles. As it 
stood this paragraph was obviously not correct. If 
the principle referred to was right before the intro- 
duction of the quick-firing .gun it must have been 
right after. Any changed conditions of gun-fire must 
apply equally to each y in a naval engagement. 

Colonel G. Russo stated that the paper had been 
written at the invitation of the Institution, to 
whose proceedings he thought it an honour to con- 
tribute. He thanked Sir William White and others 
for the kind remarks they had made about Italy 
and Italian shipbuilding. 

The President thought that the advances made 
and steps taken by Italy in certain directions 
showed that her developments were the joint work 
of the naval architect and the naval officer. The 
English naval officer had always taken a very close 
and keen interest in the doings of the Italian 
navy, and from his own career he remembered many 
incidents which illustrated that interest. 


Procress In Naval ARTILLERY. 

The meeting then proceeded to the second paper, 
‘*Notes on Pr in Naval Artillery,” by Sir 
Andrew Noble, which was read by its author. 
his paper, which we hope to reprint later, dealt 
with the gradual improvements both in guns and 
explosives which had taken place during the life- 
time of its distinguished author. It was illustrated 
by wall diagrams dealing with old and modern 
artillery and with the properties of various types of 
explosives. These we shall also reproduce. 

e discussion was opened by Rear-Admiral R. 
H. Bacon, who said that he was sure all present 
had listened to the paper with the greatest interest. 
All those who knew anything of the Navy would 
know that its members looked up to Sir Andrew 
Noble with a feeling which could only be described 


as one of veneration. To the naval officer the history 
of artillery was the history of Sir Andrew Noble. 

Admiral the Hon. Sir E. R. Fremantle said he 
really knew nothing of the subject of the paper, 
but had found it of much interest. He thought 
the information and table with which it concluded 
giving data as to the amount of erosion due to dif- 
ferent charges of much interest and importance. 

Admiral Sir Archibald Douglas said that he looked 
upon Sir Andrew as the father of artillery, and what 
the Navy would have done without him he did not 
know. Itowed the introductions of both the quick 
firing gun and cordite to Sir Andrew Noble. 

Sir William White said that so far three naval 
officers had given their tribute to Sir Andrew 
Noble, and he would like to add to theirs one on 
behalf of the naval architects. There were four 
— names which stood out in the history of the 

evelopment of artillery. They were Armstrong, 
Rendle, Vavasseur, and Noble. 

Mr. Axel Welin said that all the previous 
speakers had been Englishmen, and that on behalf 
of Sweden he would like to add a word of thanks 
and appreciation for the great work which had 
been done by the author of the paper. The 
historical nature of the paper hardly gave a proper 
idea of the work which had been done by Sir Andrew 
Noble. Thousands of details had been worked out 
by Sir Andrew and his staff which had represented 
long years of work, and such details had by no 
means simply been left to the staff. Sir Andrew 
had himself taken a very close part in them all. 

Vice-Admiral Luis Goni, of Chili, said that, as a 
representative from South America, he would like 
to add his tribute to the great work that had been 
done by Sir Andrew Noble. As long as thirty 
years ago they had had some of his guns in Chili, 
which had been of much service in an unfortunate 
war they had at that time ; since then the progress 
due to Sir Andrew had been remarkable. 

Sir Andrew Noble, in reply, said that he had now 
reached his eightieth year, and failing hearing, 
unfortunately, prevented him hearing very well 
the remarks which had been made on his paper. 
None the less, he thanked every one for their kind 
sentiments. He would like to mention that it was 
now sixty years ago since, on a voyage to the Cape 
of Good Hope, he first came to read the story of 
gunpowder. He was then so astonished by the 
varying reports that were given of the explosive 
pressure reached by it that he determined to in- 
vestigate the matter for himself. He thought that 
since then he had found himself in an unusually 
favourable position for carrying out the work, and 
that anything he had done must be put down 
largely to good fortune. 

he President, closing the discussion, said that 
those who were at the dinner on the previous 
evening would remember him saying that in Nature 
there were no rewards and penalties, only conse- 
quences. If this were true, he thought Sir Andrew 
Noble was one of the consequences. It was a 
leasure to see Sir Andrew’s amazing vitality, and 
= added his tribute to all that had been said before 
as to the wonderful work Sir Andrew had done. 


Warsuip Burtpine (1860 Tro 1910). 


The next paper for consideration was that of Sir 
Philip Watts, K.C.B., on ‘‘ Warship Building (1860 
to 1910).” This paper, which was of considerable 
length, was taken as read, and there was no discus- 
sion on it. 

Sir Philip, in his paper, gave a verycomprehensive 
review of the development of each type of ship ; 
but as machinery, armour, and artillery had been 
dealt with in other papers, there was little oppor- 
tunity for dealing with the influences on ship design 
of contemporaneous progress in such work, so that 
there was not that wealth of deduction and analysis 
which we look for in contributions upon scientific 
questions from Sir Philip. Another deterrent 
was, no doubt, the determination of the Admi- 
ralty that official secrets ing ships of the 
later types shall be scrupulously guarded, and 
obviously it would not have been courteous of Sir 
Philip to have entered upon any criticism of the 
ships of foreign Powers. Nevertheless, the paper 
is a most admirable résumé of the progress 
in size, engine- power, speed, and gun- power 
of the ships of practically all nations, up to the 


Thuringen in the case of the German Navy, the 
Wyoming of the American Navy, and the Settsu 
of the Japanese Navy, and contemporary ships of 





other fleets, A similar résumé is given in the 


Neptune in the case of the British Navy, the | pape 


case of armoured cruisers, and Sir Philip estab- 
lished p by indicating that when his late 
Majesty King Edward VII., then Prince of Wales, 
visited Canada in 1860, he made the e in the 
Hero, a screw line-of-battleship of 91 guns and 
2660 indicated horse-power, the time from Plymouth 
to St. John’s being thirteen days under steam and 
sail ; whereas, when His Majesty King George V. 
(when Prince of Wales) made the voyage to Canada 
in 1906, he went with the Indomitable, a ship of 
17,250 tons, having eight 12-in. and sixteen 4-in. 
guns, machinery of 45,000 horse-power, and she 
made the return journey from Belleisle to Fastnet 
in three days, at an average speed of 25.13 knots. 
The later cruisers, torpedo craft, and submarine- 
boats were in review, the latest submarine 
vessels dealt with being the ‘“‘D” class, of 595 
tons displacement, with petroleum engines of 1200 
horse-power, for driving the ship on the surface, 
and electric motors of 550 horse-power for propul- 
sion when submerged. Sir Philip points out 
incidentally that, although it is not necessary for 
submarine vessels to be submerged to great depths, 
the U.S. Porpoise once accidentally touched bottom 
at a depth of 127$ft. The great pressure pre- 
vented the ballast-tanks from being blown out 
by the air service, but after twenty minutes’ 
hard pumping by the crew the boat rose unharmed 
to the surface. One of the earlier British boats 
once reached a depth of 78 ft. through too much 
water ballast being taken in. She was, however, 
brought to the surface undamaged except for a 
few leaky rivets. Since then one of the British 
‘*A” class has been submerged to a depth of 90 ft. 
Some interesting endurance trials have been 
undertaken at various times. In 1901 the French 
Narval was subme for a twelve-hour test, but 
the crew suffered ly from the effects of the 
gas given off by the accumulators, which were not 
im a very satisfactory condition. In 1910 the 
Korrigan (France) and the Fulton (U.S.A.) both 
remained submerged for twelve hours, with no ill- 
effects to the crew, who came up fairly fresh at the 
end of these trials. Sir Philip Watts’s paper is 
illustrated by a large number of Sieepnmmnetiie eleva- 
tions and plans to show the armour and disposition 
of the guns of all ships, but none of the ships of the 
British or German navies just laid down are included. 


ARMOUR FOR SHIPs. 


The meeting then passed to the last paper, that 
on ‘‘Armour for Ships (1860 to 1910),” by Mr. 
Charles E. Ellis, which was read by the author. 
It was an historical paper, whose subject is obvious 
from its title. We hope to reprint it later. 

The discussion was opened by Mr. C. H. Jordan, 
who said he had listened to the paper with great 
interest, but wished to point out that rolled 
armour was adopted on several of the early war- 
ships, ease the Warrior. This was not alto- 
gether made clear in the earl of the Ze 

Sir William White said that Se coonediie lah 
the armour question went back to 1864. He 
thought that the history of armour had shown 
that the manufacturers had always been willing 
to make expensive experiments and to take 
risks. Naturally they wished ultimately to be paid 
for such experiments, and he thought that on 
the whole they had been. The influence of the 
development of armour on naval architecture was 
enormous ; as methods improved and _ thinner 
armour could be made to do the work of thicker, 
the process reacted on the size and arrangement of 
ships in all sorts of ways. He had now been out of 
direct touch with the question of armour for some 
nine years, and would rather like to know if Mr. 
Ellis could tell them anything of the development 
of the last few years. 

Mr. C. E. Ellis, in reply, said that he would 
take note of the small point raised by Mr. Jordan. 
He was afraid the information asked for by Sir 
William White could not be given, for reasons 
which every one would understand. Before sitting 
down, he would like to express, for the manufac- 
turers, their great indebtedness to the Admiralty 
for the assistance which had always been given 
them in experimental work dealing with armour. 


Votes or THANKS. 
This concluded the consideration on the technical 
rs, and the meeting terminated with votes of 
thanks to the Institutions of Civil Engineers and 
Mechanical Engineers for the loans of their halls, 





= by Sir John Thornycroft and seconded 
y Mr, Summers Hunter, The thanks of the 
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delegates were also expressed to the President 
and to the Institution by Maschinenbau-Ober- 
ingenieur F. Borowicka, of Austria-Hungary, and 
Mr. Stevenson Taylor, President of the American 
Society of Naval Architects. The thanks of the 
meeting were also to Mr. Dana, the Secre- 
tary, and his staff for the able way in which the 
arrangements for the Jubilee Meeting had been 
carried out. 


River Excursion To THE Port or Lonpon. 


Upon the conclusion of the morning meetings on 
Friday a large number of delegates proceeded down 
the river, first with local steamers from Westminster 
to the Old Swan Pier, near Cannon-street Station, 
and thence by the saloon steamer Royal Sovereign, 
on which luncheon was served. The vessel made 
a trip down the river past the docks, so that the 
guests were able to see the extent of the harbour, 
and members of the reception committee explained 
the proposed developments under the new scheme of 
the Port of London Authority. The steamer went 
as far as Tilbury, where a special train awaited the 
= to take them back to Fenchurch-street 

station. 


Reception spy His Masesty’s GovERNMENT. 


On Friday evening, on the invitation of His 
Majesty’s Government, a reception was given at the 
Savoy Hotel, and was very largely attended. The 
er were received by the Right Hon. Walter 

unciman, M.P., President of the Board of Educa- 
tion, and Mrs. Runciman, and the Right Hon. 
Reginald McKenna, M.P., First Lord of the 
Admiralty. 


Visir To Winpsor CastTLe. 


The concluding function of the Congress was a 
visit paid to Windsor Castle ‘‘ by command of His 
Majesty the King,” on Saturday afternoon. The 
company, to the number of over 600, proceeded by 
special trains from Paddington to Windsor, and upon 
arriving at the Castle, were conducted first through 
the various rooms in the Upper Ward, where are 
located the State apartments and the King’s private 
apartments, and later through the south wing, in 
which royal guests are’accommodated. The company 
were entertained to tea and light refreshments in 
the gardens, and, owing to the excessive heat, the 
shade temperature reaching 86 deg., this part of 
the day was more appreciated even than the exami- 
nation of the interesting features pointed out to the 
guests by the well-informed guides who took them 
in groups through the royal apartments. A photo- 
graph was taken of the gathering on the terrace, 
which will, no doubt, be cherished, especially by 
the foreign delegates and guests, as an appropriate 
souvenir of one of the most enjoyable international 
congresses ever held in this country. 





INDUSTRIAL NOTES. 

Ar the end of last week there was a distinct im- 
provement in the aspect of affairs in connection with 
the dockers’ and carters’ strike in Manchester, for 
although business in Manchester and Salford was still 
greatly interfered with, there were no further dis- 
turbances. The grievances of both classes were under 
consideration by separate conferences, and it was 
stated that a provisional settlement had been reached 
in the case of the dockers and the Manchester Ship 
Canal Company. The offer of Mr. Askwith to try to 

romote peace negotiations inGlasgow was not accepted 
y the shipowners, who refused to recognise the men’s 
union, although they have made concessions in wages. 
The employers in Leith have taken up the same posi- 
tion. The men on their side state that they me pe 
consider any terms until the union is recognised. 
The presence of some 650 soldiers evidently had a 
controlling effect on the crowds at Salford, and con- 
sequently some amount of transport work was accom- 
plished. A demonstration of about 2000 women took 
weer in Salford on Friday last. They walked about 
2 miles through the streets, hoping by their appearance 
to create a, with the 4 
that they did not mind suffering, they only wanted 
the men not to give way. Of course, such demonstra- 
tions are meant to divert attention from the main 
ints at issue, whatever the merits of these points may 
The dislocation of trade caused by the strike of 





seamen and firemen, followed by that of the dockers and | 


carters, has been very costly. A rough estimate of 
the total loss at Hull is from 250, 
for a strike that lasted ten days, and flour advanced 
in price in the retailers’ shops by from 60 to 80 per cent. 
At Grimsby the loss, though not so t, been 
considerable, amounting, it is estimated, to about 1000/. 
Other ports have suffered correspondingly. 


. to 500,000/. | 


The. beginning of this week, however, saw a settle- 
ment of the seamen, dockers, and carters’ dispute, 
and on Monday morning it was known that the strikers 
had gained considerable concessions. The seamen 
and | el have secured an advance of 10s. per 
month, and the shipowners have that, in 
case of any dispute arising in future, they will meet 
the men and their representatives if they receive a 
reasonable notice. The crews, before embarkation, 
can have a doctor of their own choosing present when 
the medical examination takes place. ith 
to the Federation ticket, no compulsion will be 
exercised on the men to take this out. The carters 
have got 25s. and 27s. per week respectively for one- 
horse men and two-horse men, instead of 27s. and 
30s. per week, which they asked for, and they are to 
have 6d. an hour for all time worked before 7 o’clock 
a.m. Their trade union has also been recognised. 
The terms to with the dockers are as fol- 
low :—(1) The minimum wage to be increased from 
4s. 6d. to 5s. for a nine hours’ day. Guarantees of 
a@ minimum of four hours when once a man has 
started work. (2) All men to receive Is. 6d. as dis- 
appointment money if asked to work and then not 
anal for some reason. Overtime rates from 6 p.m. 
to 8 a.m. to be increased to time and half. Double 
time for bank holidays or national holidays, and from 
Saturday midnight to Sunday midnight. (3) Increase 
from 5s. to 5s. 6d. for loading of general cargo. 
Increase from 4s. 6d. to 5s. for all shed men, casual 
checkers, and men discharging cargo. (4) The union 
is also to be recognised in cases where disputes arise, 
and the conditions of employment in many of the 
grades not mentioned above are to be greatly im- 
proved, The concessions made by the employers are 
very considerable, and the men are said to be well 
satisfied, and at once commenced to clear off arrears 
of work, but it is expected that at least a fortnight 
must elapse before the normal state of affairs is 
reached. The military and the extra police have 
been removed. The efforts of Mr. Askwith have been 
much appreciated. 

The seamen’s dispute in Rotterdam is settled, the 
men having decided to accept an increase of 5s. per 
month, conceded under certain conditions by the 
owners. The increase will not, however, take place 
till next year. In Amsterdam, mediation by the 
Dutch Minister of Agriculture and Commerce has been 
rejected by the shipowners, on the ground that a 
settlement brought about by this means would en- 
courage men to consider that they had been justified 
in their methods of intimidation, and difficulties would 
be created. 





The negotiations between the Midland Railway Com- 
pany and the men employed in the goods department 

ve, according to an official statement, resulted in a 
number of substantial improvements in the men’s 
working conditions. ‘The most important of these is 
the raising of the minimum wage of sidings porters from 
16s. to ll. per week, with a general increase of 1s. per 
week upon the maximum at various important stations. 
Horse-holders and point-holders at various centres are 
to have an increase of ls. per week, and men are to be 
guaranteed a full day’s pay for every period for which 
they are ‘“‘booked on.” An increase of ls. per week 
has also been granted for under-shunters at St. Pan- 
eras, Bradford, Hendon, Somers Town, Sheffield, 
Cricklewood, Nottingham, Birmingham, Leicester, 
and some other centres. To goods shunters at various 
important sidings an eight-hour day is to be conceded 
during the summer months, and the gross hours of 
sidings porters are to be reduced from 12 to 10 hours 
per day. Workon Sundays, Good Friday, and Christ- 
mas Day is to be treated as overtime and paid for at 
greater rates. 


The position in the Scandinavian labour market 
has not improved in the course of the week, and the 
aoe of amicable settlements have disappeared, 

th in Sweden and Norway. In the former country 


| the masters accepted, but the men rejected, the pro- 
| posal which was the outcome of the official mediator’s 


endeavours, and the result is a lock-out, affecting 40,000 
men within the building trades. The men held out 
for what was considered exorbitant pay, more especially 
in connection with piece-work ; this pay has risen 
very materially for a number of years. Thus the 
hourly pay for a cément worker has risen from 35 or 


ockers. They declared | 40 dre to 64 dre during the last twenty years ; that of 


carpenters from 25 or 30 dre to 55 ére during the same 
period ; and for house-painters from 40 or 45 dre 
to 75 ére. The average pay of men in the build- 
ing industry, for some len of time, has given 
cause for dissatisfaction, the reason being found 
in the frequent labour conflicts, in which respect 
the figures are exceptionally high, even without count- 
ing the four months’ conflict in 1908, with a loss of 

,350 working days. 

In Norway the miners appear to have almost 
unanimously rejected the masters’ offer, and the 
lock-out uently has come into operation as far 
as the first lot of 17,000 men are concerned. It has 





been stated that the large Sulitelma copper-mines in 
Northern Norway, which are owned by a Swedish 
company, are to be closed altogether ; but this is not 
so. Owing to the large partial strike at the mines, 
it is not unlikely that the entire working will be 
closed for some time to come, and that a number of 
Officials would thereby become superfluous. 





A statement was made by Mr. Buxton in last Satur- 
day’s parliamen’ papers that the total cost of the 
Labour Exe rom the time the Labour Exchanges 
Act was p to March 31, this year, in respect of 
salaries, travelling expenses, stationery, and the cost 
of buildings, was approximately 250,000/. The total 
includes capital expenditure in respect of premises. 





A very interesting little emigration pamphlet has 
just been published by the Victorian Employers’ 
ederation in Australia, giving particulars of the 
high wages ruling in trade and industry, and the 
scarcity of labour in the State. It is explained that 
the objects of the pamphlet are twofold. Firstly, by 
a statement of the actual facts to refute letters circu- 
lated in Great Britain by some of the local unions, 
reflecting on the wages paid out there, and alleging a 
scarcity of work; and, secondly, to encourage the 
emigration from Great Britain of suitable artisans 
with their families. It appears that very prosperous 
conditions now prevail in Victoria, and, indeed, all over 
Australia, and there seems to be a growing confidence 
in the political future—at any rate, to judge from 
the tone of the pamphlet. It is said that at the 
present time practically all manufacturing industries 
are undermanned in the State, and that, owing to the 
lack of labour, building: operations are being limited, 
many Government contracts are unlet, and a great 
deal of work is either left undone or is being sent out 
of the State, and this in spite of the attractions of very 
high wages. . 
he immigration of rural workers and settlers from 
Great Britain is being encouraged by the Victorian 
Government, and the employers’ federation maintains 
that artisan labour is being overlooked, although, as 
more new settlers are placed on the land, more workers 
will, no doubt, be required for manufacturing and 
other industries to supply the needs of an increasin 
pulation. As the country is opened up, the deman 
* artisan labour will, no doubt, continue to increase, 
and it is said that some British tradesmen who 
came to settle on the land found wages offered to 
artisans so high that they took up their trades again. 
In connection with Victorian industries, upwards of 
15,782,648/. has been invested in machinery, land, 
and buildings; and, according to the statistics of 
1909-10, there are now employed in these industries 
97,355 hands, male and female. According to Govern- 
ment returns, there has in recent years been an 
average annual increase in the aggregate of wages 
paid amounting to 659,663/. As to wages, these, in 
all the main industries, are paid according to a scale 
determined by the wages boards, and there are about 
one hundred of these boards in operation. It is stated 
that the expense of living in Victoria is really very 
moderate, and compares favourably with any part of 
the world, both as to quality and cost. Br costs 
from 5d. to 6d. per 4-lb. loaf; good tea ranges from 1s. 
to 1s. 6d. per pound ; meat from 2d. to 7d. per pound ; 
sugar, 3d. per pound ; and old-age pensions are paid 
by the Government, the amount being 10s. per 
week, beginning at 65 years of age for men and 
60 years of aap ten women. The rates of pay of the 
worker largely exceed those received by men in similar 
employment in Great Britain, and the hours as a rule 
are 48 per week, while in some trades they are down 
to 44 per week. Apprentices and improvers are said 
to be especially walk treated, and the rates of pay in 
practice generally begin from 5s. to 10s. and 12s. per 
week, with half-yearly increases. There appears also 
to be a great demand for young people of both sexes 
in shops and factories, and also for female domestic 
service. There seems, therefore, to be many induce- 
ments to labour emigration to this State. The 
pamphlet contains a list of the Wages Board rates of 
wages for most trades, but we cannot include these 
here. Further information may be obtained on appli- 
cation to the Hon. Sir J. W. Taverner, Agent-General 
for Victoria, Melbourne-place, Strand, London, W.C. 








Tue Royat Society or Arts.—At their meeting on 
Monday the Council of the Royal Society of Arts elected 
Lord Sanderson, G.C.B., Chairman for the year 1911-12. 
Lord Sanderson has been a member of the Society for 
over thirty years. 





ACETYLENE AS AN ILLUMINANT AT THE CORONATION.— 
In connection with the illuminations at the recent Coro- 
nation a noteworthy feat was accomplished by the Thorn 
and Hoddle Acetylene Company, Limited, of 151, Viec- 
toria-street, S.W., which, at three days’ notice, undertook 
the lighting of St. Edward’s Tower and the whole of the 
west front of the Roman Catholic Cathedral at West- 
minster. The tower is 300 ft. high, and lights equivalent 
to 15,000 candle-power were fixed at its top. 
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THE “STOCK” 


CONSTRUCTED BY MESSRS. THWAITES 





Fie. 1. 


TurovcH the courtesy of the Darlington Forge | 
Company, Limited, Darlington, we recently had the | 
opportunity of inspecting a ‘‘ Stock ” oil-fired converter 
in operation at the firm’s works, and were much struck 
with the simplicity of the plant and with the excel- 
lence of the steel castings turned out by it. The 
apparatus has now been in successful use for about 
twelve months at the Darlington Forge. It has been 
specially designed for the manufacture of all classes of 
steel, from soft-steel castings to special steels of the 
highest class. As will be seen from Figs. 1 and 2, 
above, the form of the vessel is very much like the 
ordinary Bessemer converter, so arranged that it can 
be tipped by gearing driven by electric motor, and 
also turned horizontally for charging and casting 
purposes. It is lined with ordinary silica firebrick, 
and is used not only for the conversion or blowing of 
iron, but elso for melting the actual charge of iron 
and scrap by means of oil fuel, no separate cupola 
being required. The vessel is hung on trunnions, 
the bearings of which form part of the framing that 
revolves horizontally on the turntable shown. The 
trunnions work in roller bearings. The interior con- 
struction of the vessel permits of a large surface of 
metal being exposed to the action of the oil-burners, 
the section being oval. In front of the mouth of 
the converter are two hoods, one of which receives 
the hct gases of combustion during the melting of the 
charge (when the vessel is in a horizontal position) 
and leads them through a stove filled with iron pipes, 
through which air passes on its way to the converter. 
In this way the blast is heated up to about 300 deg. 
Cent. before it is used for blowing. When blowing 
the charge the vessel is vertical, and the gases are re- 
ceived by the other hood and conveyed by a chimney 
to the atmosphere. Before charging, the vessel is 
tipped to a horizontal position and is then turned 
through an angle of 90 deg. from the position it occupies 
when the melting is going on, in order that the mouth 
may project towards the charging-platform. 

The charging (with about 3 tons of pig and scrap) is 


done by means of an ordinary peel, the operation | ~ 


being easily performed by three men in a little under 
10 minutes. After being charged, the vessel is turned 
back through an angle of 90 deg. into the position 
necessary for melting, with the mouth pointing, as 
before stated, towards the air - heating chamber, 
which is a brickwork structure lined with firebrick. 
Fig. 1 shows it in this position. The air passing 
through the heater-pipes is supplied from a high- 
pressure Roots blower, the pressure being, when 
melting, about ? Ib. per square inch, which is found 
sufficient for burning the oil, combustion being very 


perfect. The air is admitted in the side of the con- 
verter at two points on the side away from the heating- 
chamber, and at about one-third the height of the 


converter from the bottom, and at these two points 
the pipes that convey the oil are introduced. The 
lime occupied by the melt with a 3-ton converter is 





about 14 hours, 
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In the converter which we saw at work there were 
two sets of oil-pipes, each set consisting of seven small 
steel tubes, each having an internal diameter of about 


vy in., and each set pointed through the centre of | 


the tuyere where it was introduced. In this way the 
oil and the air are intimately mixed. We understand, 
however, that one set only of oil-pipes can be used 
if necessary. The oil used is the crudest petroleum 
available, costing about 24d. per gallon, and it 
can be easily stored in any large vessel, such as 
an old boiler. From this tank it is forced either by 
the blower or an air-compressor into a smaller tank, 
which contains a sufficient quantity of oil for from 
five to six meltings. In this service-tank is a coil 
through which hot air or steam circulates in order 
to regulate the viscosity of the oil. A small inde- 
pendently driven compressor is connected to this 
tank, which maintains a constant pressure of from 
30 lb. to 35 Ib. per square inch on the oil and forces 
the necessary quantity through a flexible pipe to 
the tubes in the tuyere-box. When the converter 
is cold, the gas and air are lighted by means of 
cotton-waste or similar substance; but when it has 
been heated up, this is not necessary, the tempera- 
ture of the brick lining being of itself quite sufficient 





for the purpose. 


OIL-FIRED CONVERTER AT DARLINGTON FORGE. 


LIMITED, ENGINEERS, BRADFORD. 





Fie. 2. 


verter, but is blown down on the top of the metal. 
The blowing operation occupies from 15 to 20 minutes, 
so that a complete blow, including the charging and 
melting, occupies about two hours. Blowing bein 

completed, the vessel is turned into the horizonta. 
position it had when charged, and the mixings are 
introduced, the molten metal being afterwards stirred 
in order to incorporate the mass. The steel is then 
poured into a ladle, and casting commences. As 
an actual example of what we saw the following 
may be of interest. Charging commenced at 11.7 4.m., 
the weight of the charge being 2 tons 10 cwt., and the 
charge was melted at 12.49 p.m. The quantity of oil 
used was 65 gallons. Blowing commenced at 12.51 p.m. 
and finished at 1.103 p.m. The weight of the mixings 
added was 2 cwt. 2 qrs. 7 lb., which was proportioned 
for a steel having a 0.25 per cent. of carbon. The 
temperature of the blast was 215 deg. Cent., and the 
consumption of electricity for the whole process was 
60 units. The whole plant is very conveniently 
arranged and is very compact. 

The chief advantages claimed for it are: (1) That 
no cupola plant is required for melting, and the loss 
of iron in the cupola is saved. (2) That, as liquid 
fuel is used exclusively for melting, all risks of 
picking up impurities during the process are avoided. 


TABLE I.—Resvutts or Tests on Seven Sampres or STExt. 





Fracturep. |Uvtmare Stress, ConTRACcTION, | EXTENsION. 
| 


ORIGINAL, A 
ppearance 
—-— | of 
7 DESCRIPTION. | Fracture. 
‘ Per Sq. In. Per Bend, 1 In. 
Size. | Area. | Size. | Area. | Total. ee Per Cent. In. | Gent. Diameter. 
in. |sq.in.| in leq in.| tons tons in 
1 12 Roof-bars fe .. 0.798 | Of 0.540 | 0.229 | 13.7 27.4 54.3 3 80.0 |180 deg. N.B. 1 sq. in 
2% 4 Radial wheels .. ..| 0.798 | 0.50 | 0.560 | 0.246 14.0 28.0 50.8 3 34.0 |180 deg. N.B. 1 sq. in 
3 1 Forward bearing keep..| 0.798 | 0.50 | 0.550 | 0.237 | 14.4 22.8 52.3 3 =: 83.0 |180 deg. N.B. 1 sq. in 
4 1 Forward bearing keep..| 0.798 | 0.50 0.580 | 0.264 14.8 29.6 47.2 3 820 180 deg. N.B. 1 in. dia 
5 1 Aft bearing keep ..| 0.798 | 0.50 | 0,650 | 0.237 | 15.0 30.0 52.3 3 32.0 180 deg. N.B. 1 in. dia. 
6 4 Side frames ~ .. 0.798 0.50 0.560 | 0.246) 14.5 29.0 50.8 3 28.0 |180 deg. N.B, 1 in. dia 
7 10 Platform supports .. 0.7 0.50 | 0.555 | 0.242! 14.7 29.4 51.6 3 «80.6 180 deg. N.B. 1 in. dia. 
Taste I1.—Analysis. (3) The high temperature of the melted charge allows 
of the use of pig irons low in silicon, or the use 
an No. 1. No. 2.!No. 3.|No. 4. No. 5. No. 6,|No. 7. | Of higher percentages of a (4) The metal is in 
——$$—_— —_, —_. —_ |__| __ |__| —— || such a state of extreme fluidity that it is possible 
Cart H.C. Pm ¢ C dss F \e F | Pes to make the most difficult and intricate castings. (5) 
Simeunete «+ ee | Orato | 9.200 | e267 | 0.840 | 0607 | 9.540 | Lhe amount of space occupied is comparatively small, 
Silicon .. |. 0.278 | 0.178 | 0.237 | 0.285 | 0.273 | 0.273 | 0.296 | due to the fact that the vessel can be turned in the 
Sulphur .. .. 0.012 | 0.019 | 0.018 | 0.016 | 0.010 | 0.012 | 0.018 | horizontal plane, so that the arrangements for charging, 
Phosphorus _—..._ 0.020 0.024 | 0.018 | 0.029 | 0.020 | 0.020 | u.025 | 
| 





When the melting process is completed, the oil-pipes | 
are withdrawn, an operatiun that can be carried out in | 
a few seconds. After this, the vessel is turned into a 
vertical position, and blowing commences, the pressure 
of air being about 3} lb. per sq. in. It will be under- 
stood from what we have said that the air does not 
enter the converter from the bottom, and pass up 
through the molten metal, as in the Bessemer con- 


blowing, and pane can be provided in any con- 
venient position; and (7) the comparatively small 
amount of power required. 

From what we saw at the Darlington Forge these 
claims certainly appeared to be substantiated, and 
as regards the cleanness and delicacy of the castings 
produced, there did not seem to be anything left 
to be desired. As to the actual cost of the process, 
based on the production of 52 tons of steel per week, 
working single shift only, taking hematite at 60s. per 
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ton and electric ged at 4d. per unit, and includin 
depreciation and interest, royalty charges, genera 
repairs and upkeep, lining ladles, &c.; this, we are 
informed, works out at 4/. 17s. per ton. 

On the previous e, in Table I., are the results of 
seven tensile and bending tests of cast steel produced 
by this process, and analyses are given in Table II. 

A carbon tool steel has also been made containing 
0.83 per cent. carbon, 0.072 per cent. manganese, 
0.011 per cent. silicon, 0.011 per cent. phosphorus, 
and 0.011 per cent. sulphur, which forges well, and 
has, we understand, proved 
ping and calking chisels and pneumatic tools. The 
process has also been used for high-speed tool steel, 
containing 0.627 per cent. carbon, 0.198 per cent. 
manganese, 0.059 per cent. silicon, 0.002 per cent. 
phosphorus, and 0.007 per cent. sulphur. A very low 
carbon steel, suitable for seamless solid-drawn tubes, 
which stood all the Admiralty tests, has aiso been 
made, the percentage of carbon being 0.08, manganese 
0.18, silicon 0.011, phosphorus 0.011, and sulphur 0.01. 
These analyses show that practically any class of steel 
can be satisfactorily produced. A remarkable feature 
of the castings is the absence of blow-holes and other 
defects. 

As an example of the punishment the steel will 
stand, the following may be mentioned :—A steel 
wheel, about 4 ft. 9 in. in diameter, was drop edge- 
wise on a steel ingot from the following heights— 
5 ft., 10 ft., 15 ft., and 20 ft., without showing signs 
of fracture. A drop of 40 ft. on the rim broke one 
spoke. After this four more drops of 40 ft. on ed 
caused no further fracture either to the rim or the 
spokes, and the wheel was finally broken up by a steel 
3-ton ball dropped ten times on the boss from a height 
of 40 ft. 

Some remarkably small thin castings have been 
made, one of them a cup, shaped like a wine-glass, 
5 in. high, the cup part yf 24 in. in diameter 
and rather more than ;, in. thick, and the stem @ in. 
Another was a tumbler 44 in. high, 23 in. in diameter 
at the top, and 2} in. in diameter at the bottom, 
and of about the same thickness as the cup; while 
another casting (the frame of a Clayton radiator), 
32 in. long, with a thickness of flange round the holes 
4 in., and a thickness of body of ;; in., was quite 
solid and free from blows. The carbon in all these was 
practically 0.2 per cent. The Darlington Forge Com- 

ny have also cast some large stop-valves and pipes 
en steel made by this process. The plant is con- 
structed by Messrs. Thwaites Brothers, Limited, 
Bradford. 








THE SCIENTIFIC STUDY OF NAVAL 
ARCHITECTURE IN GERMANY.* 


By Geheimer Regiérungsrat Professor FLAmM. 


Ir may sound strange if, in the land of ships—the land 
that has probably done the most towards the practical 
and scientific development of the whole domain of ship- 
building—I take upon myself to describe the aims of 
scientific study in Germany, and the methods which it is 
now adopting. If, however, we reflect that, on account 
of the exceptionally rapid and accurate exchange of ideas 
which now takes place between the civilised countries of 
the world, every successive generation, as it springs up, 
tinds it easy to avail itself of the whole of the material 
which the past and present fellow-craftsmen of all coun- 
tries have collected, we see that all nations are thereby 
enabled to attain a similar development from the same 
bases, and to make similar advances in the various 
domains of engineering. ' 

Apart from small unimportant beginnings, the real 
nursery for scientific study in the various domains of 
naval architecture in Germany has been the institution 
now known as the Kénigliche Technische Hochschule zu 
Berlin, in Charlottenburg. Since 1904 the Kénigliche 
Technische Hochschule in Dantzic has likewise taken 
part in this work. The naval architectural departments 
of both these colleges have the same end in view—namely, 
the training of the young men who will later in life take 
a successful part in the buiiding of the mercantile and 
naval fleets of Germany. 

In view of the high d of interest which the 
Charlottenburg technical college, as a whole, has often 
aroused ab , and especially in England, it may not be 
out of place to give a brief account of the arrangement of 
the course of study in ship and marine-engine building 
in the institution in question. In accordance with the 
system adopted in all the technical colleges in Germany, 
it is a preliminary requirement for the admission of the 
students that they should have p:ssed the matriculation 
examination of a gymnasium, realgymnasiuta, or ober- 
realschule (establishments with the classical, classico- 
modern, and modern tendencies respectively, met with 
in English secondary schools). As these schools comprise 
nine forms, it follows that candidates for admission to 
technical oolinges must be between eighteen and nineteen 
years of Since a further qualification is a practical 
training of one year at a shipyard of recognised standing, 
the age of the candidate is inc by six months, often 
by a whole year. To this must be added the period of 


* Paper read at the Jubilee meeting of the Institution 
of Naval Architects, July 6, 1911, and illustrated by cine- 
matographic views, , 


very successful for chip- | P 





—- service, which is required of every physically and 
mentally sound German citizen, but which, in the case of 
an educated man who has obtained his volunteer certifi- 
cate, is restricted to one year. For those who contem- 
plate a career in the higher ranks of the Imperial naval 
construction department, the period of practical work 
and the year of service are spent in naval establishments 
—that is to say, in an Imperial dockyard and on board a 
naval training-ship respectively, before the course of study 
at the technical college is entered upon. % 

It may thus be said that the course of study begins 
when the student is twenty-one, and that it has been 
by a certain period of preparation in the prac- 
tical work of shipbuilding or marine-engine building. It 
is with young men thus prepared that the colleges at 
Charlottenburg and Dantzic have to reckon. The course 
of instruction is arranged in the following manner :— 
Within the department for naval architecture a dis- 
tinction is made, in the first instance, between the 
professions of naval architect and marine engineer. The 
course of instruction itself in almost all the subjects 
comprises lectures and tutorials, or ‘* practices,” the 
object here kept in view being, that what is taught in 
the former is put into practical shape in the latter. It is 
a general principle in the German technical colleges 
that, as far as possible, no lectures are to be delivered 
without the accompanying tutorials, This principle ex- 
tends, not only to the main professional subject in each 
case, but also to the subsidiary subjects, such as pure 
mathematics, mechanics, Pa. descriptive geometry, 
— economy, law and administration, &c. It is to 

observed that this principle has been productive of 
very results, and that its extensive application has 
rai very considerably the standard of the education 
provided. 

In all the departments devoted to different professional 
branches the course is a four-year one. At the conclusion 
of the second year, the preliminary examination for the 
degree or diploma is held, the final examination being 
taken at the close of the fourth year. The first two years 
are principally devoted to the more general studies in 
mathematics and natural science subjects, although a 
beginning is made with the introductory lectures and 
tutorials in the main subjects at the outset of the first 
term. But whereas the general subjects at first take up 
much more of the student’s time than the special ones, this 
tee gradually alters as the course proceeds till it 
finally becomes reversed. Another feature of the arrange- 
ment of the studies is that the lectures are, as far as pos- 
sible, delivered during the earlier terms, while the draw- 
ing-office work gradually assumes ter importance as 
the course proceeds. This is intended to give the student 
in bis last year as broad a base as sible for designing 
and applying what he has learned from the lectures. 

In following out these ideas, the preliminary examina- 
tion at the end of the fourth term is principally confined 
to the subject of mathematics, mechanics, physics, descrip- 
tive geometry, and chemistry, the special subjects pe 
represented by the general details of marine engines an 
a while the results of the tutorials which, together 
with the mathematical proficiency shown, form the basis 
for the admission of the student to the oral examination, 
comprise a considerable number of constructive applica- 
tions to details of vessels, such as double bottoms, after- 
bodies with rudders, &c., three sets of lines with the 
corresponding calculations of displacement, several exer- 
cises in connection with the theory of shipbuilding, and, 
finally, the design and calculation of a number of parts of 
machinery. 

The primary object of the course of instruction during 
the first two years is to give the student a general ground- 
ing on the broadest possible lines in mathematics and 
natural science subjects, and concurrently therewith to 
introduce him te the elements of his special subject, so 
that, after passing the sony moony examination, he may 
devote himself in a big! er degree to the direct study of 
his profession during the last two years. In the course of 
these two years, then, the tutorials gradually take the 
place of the lectures, and the professional study proper is 
gone into in detail. The student of naval architecture is 
engaged in — and working out the plans of mer- 
chant and war vessels, and in studying the arrangement 
and working of shipyards, while the marine engineering 
student is at work on marine boilers, reciprocating, turbine, 
and internal-combustion engines. In addition, auxiliary 
engines and propellers are thoroughly gone into. Students 
in each branch concern themselves with the other just so 
far that, in their respective parts of the work on one and 
the same vessel, they can completely understand one 
another, and give due consideration to each other’s require- 
ments. The domain of airship construction and aerial 
navigation, which is closely related to naval architecture, 
has been included in the province of the latter, and it may 
be of interest to mention that quite a number of the first 
designers and engineers who have specialised in airship 
construction were formerly students in the department of 
naval architecture. 

A programme of the subjects taken during the two last 
years of the course is given in the syllabus of the final 
— for the diploma. Among these are in- 
cluded :— 


SHIPBUILDING, 
(a) Mercantile Shipbuilding :— 
(i.) Designing of ships’ lines. 
(ii.) —— design for a merchant vessel. 
(iii.) Outline plans for a merchant ship. 
(b) Warship building :— 
(i.) Design of a warship. 
fr Principal details in connection with the design. 
(iii. 7 of a propeller with accompanying calcula- 


jons. 
(iv.) = relating to shipyard arrangements and 
work, P 





MARINE ENGINEERING. 
(i.) Design for a marine reciprocatin 
steam-turbine, ether with boiler installation for 
ii) a merchant vessel or for a warship. 
(ii.) Design for a marine gas-engine. 
(iii.) Design for a ship’s auxiliary engine. 
(iv.) Outline plans for a merchant vessel. 
The oral examination includes questions on : 
SHIPBUILDING. 
(i.) Theory of ship construction. 
(ii.) Design and construction of ships. 
(iii.) Lay out and working of shipyards. 
(iv.) Construction and arrangement of warships. 
(v.) Marine engine construction. 
(vi.) Fundamental principles of law and administration. 


engine or for a 


MARINE ENGINEERING. 
(i.) Power plants, machine-tools and machine construc- 
tion. 


(ii.) Marine engine construction (reciprocating, turbines, 
interoal-combustion). 
(iii.) Boiler construction, auxiliary engines and accessories, 
(iv.) Shipbuilding (merchant vessels and warships). 
(v.) Electricity as applied to ships. 
(vi.) Administration and management of naval and private 
establishments, 


The Tables of Studies, with the times devoted to each 
subject, are given on page 55. 

One of the important aims of science as applied to 
naval architecture is directed to the keeping of the rules 
of the classification societies in general accordance with 
the latest advances in knowledge. This refers chiefly to 
the arrangement, scantlings, and riveting together of the 
structural part of the hulls of vessels, and to the applica- 
tion of the laws of mechanics, statics, and dynamics. A 
second aim is that the rules of these societies, which are 
gradually gaining in authority, shall be prevented from 
developing into crystallised and inelastic ordinances, which 
interfere with the scientific development of ship design. 
We should insist, in this as in every other branch of engi- 
neering, that each new structure shall be looked upon 
much more as a concrete entity than has hitherto been 
the case, and that any new ship's design shall be worked 
out in this spirit. 

The system of tabulating, still so much practised, 
according to which the peculiarities of a new vessel are 
taken account of only by a few parenthetic clauses and 
special rules, is not the one and only right method. The 
endeavour should be, more than formerly, to have the 
individual demands of a new vessel recogn toa greater 
degree than hitherto, even though they represent de- 
partures from the actual rules of the classification societies, 
if only reasonable justification can be shown for such 
departures. In the rules for the tonnage measurement, 
freeboard, and arrangement of bulkheads, every vessel 
should be treated individually to a far greater extent than 
hitherto, so that her lines and other features, in which 
the design as such is embodied, shall form the basis for 
determination of the tonnage, freeboard, and relative 
unsinkability, the stability and structural strength at the 
same time receiving due consideration. The result of 
this would be that persons entrusted with the judging 
and supervision of designs of new vessels, and those who 
at a later stage watch over the carrying of the rules into 
effect, would not, as is now too often the case, be men 
devoid of scientific training, such as retired sea-captains 
or others of this stamp, but thoroughly qualified engi- 
neers, who have been successfully engaged for a term of 
years in practical work. Comparisons with the con- 
ditions obtaining in other technical branches, such as 
those in bridge-building, engine-building, and electro- 
technical engineering, prove the correctness of these 
ideas as applied to the construction of ships—the more so 
as the navies of all the principal nations already follow 
the path marked out as a matter of course, and with 
complete success. 

ere is one other point to which I must here draw 
attention. Both for instructional purposes and for 
scientific research work, suitable laboratories are nowa- 
days of the very greatest value. In all branches of engi- 
neering there are many questions the solution of which 
by pure analytical methods is impossible, and which 
therefore can only be dealt with by practical experi- 
ment. To what excellent use in this way have not the 
existing testing laboratories in almost all countries been 
ut. At the Technical College in Charlottenburg the 
echanical Engineering Section in particular has esta- 
blished numerous laboratories, and they have been of the 
utmost value both from the educational and from the 
industrial point of view. The distribution of these 
laboratories among the different sections of the college is 
as follows :— 
Section for Architecture .. 
oo Civil Engineerin, ‘ 
os Mechanical Engineering .. “ ee 
‘ Shipbuilding and Marine Engineering .. 
as Chemistry and Metallurgy. . ad a 
ie General Science ab ee an id 1 

It will thus be seen that the Technical College at 
Charlottenburg now possesses twenty laboratories, which 
serve the purposes of the research work of the professors 
as well as those of instruction. A short time ago a 
project for the installation of a second laboratory for the 
civil engineering section for the investigation of hydraulic 

uestions was unfortunately rejected by the Sencden 

ouse of Representatives. It is a remarkable circum- 
stance that in the entire establishment the section for 
shipbuilding and engineering should be the only one 
which has no labora It must be admitted that this 
is very much to be deplored, and that the course of in- 
struction as well as the solution of engineering problems 
is immensely impeded thereby. It may readil under- 
stood, therefore, that the naval architect section is 
doing its best towards the early attainment of an estab 
lishment of this kind so as to close up the gap in its 
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2. Elements of 
3.. Tutorial work in testing laboratory 


TaBLE oF Stupres (CHARLOTTENBURG). 
First Year’s Course. For ali Students. 


Subject. 


‘ Experimental physics. . 
. Physics laboratory 


Higher mathematics .. 


. Mechanics (I.) .. ‘ 


Descriptive geometry (L. and IL) ‘8 


. Elements of machine design - 
. Elements of ships . = ™ at 
. Mechanical technology (I.) and metallurgy 


Ship drawing (I.) - sip 
litical economy 


|Naval Archi- Marine Engi- 


. Outline of experimental chemistry 
. Introductory to ditto .. ie 





tecture. 


Number of 


Subject 


. Mechanics (II.) on a 
5. Elements of machine design 
. Hoisting-machines .. ~ - 
. Naval architecture (theoretical) . 


Drawing of ships’ lines (II.) 


. Ship designing “* - ve 
20. Main features of ship construction 


21. Marine boilers 


27a. 


28. 
29. 
29a 
30. 
3L. 


= 
- 


32. 
33. 
34. 
36. 
37, 
39. 
40. 
42. 


43. 


44. 
45. 
46. 


48. 
49. 


son 


Rees 


> 


60. 


G4. 


2. Grapho-statics 
. Mechanical 


. Commercial business 


technology (iL) and 
materials .. 


24. Economic science (tutorial class) 
. Thermo-dynamics (I. and II.) .. 
. Mechanical laboratory 
27. Electro-mechanics (I.) 





Second Year’s Course. 


Third Year’s Course. 


Warship construction 
Design of warships .. 
Warships details. 


. Design of details (warships) 


Theoretical naval architecture 
Design and construction of ships 


GE? «< - ae os te 
. Details of construction (merchant 


ships) re . 
Marine boilers 
Auxiliary engines .. a -_ 
Marine engines (reciprocating) .. 


5. Marine gas-engines .. 


Airship motors ‘ 7 a 
Banking and business on the 

exchange : 
Banking and commerce (tutorials) 
Finance 


. Ventilation and heating of ships 


Marine-engines (including tur- 
bines) se = ue ae 
Internal-combustion engines and 
automobiles =" eis se 
Design of boilers... te sf 
Design of marine steam-engines .. 
Design of gas-engines for ships 
and airships ¥ 2 - 


Design of warships .. a 
Design of warship details .. ie 
Deaf) and construction of ships 

oe ore | 


. Turbines and propellers 
. Propeller desi oe 
. Auxiliary engines 


Arrangement and management of| 
shipyards .. 


63, Shipyard management (tutorial| 
lass oe 


c om” m4 ‘6 - 
. Electrical equipment for shi eel 
. General and experimental electro-| 


technics 


“i. Applied dynamics .. 
57. Strength of materials 
. Hydraulics .. és - ‘a 
- Ventilation and heating of ships. . 
. Testing of materials at the Lich- 


terfelde testing establishment. 
Design of turbines (marine) 


. Design of marine engines (recipro- 


cating) .. 


3. Design of boilers... P 


Design of perangines for ships and, 
air-ships . o on +s 


5, Workshop plant - os “| 
. Electro-mechanics(II.)  .. ee 
. Practical work in electrical labora.| 


_tory és of is 
- Design of internal - combustion) 


engines .. - ie we 
Refrigeration machinery for ships 


“os +” 


Fourth Yaur's Course. 


Hours per 
Week. 
- ? = 
8 | & 
e|é 
eS 
6 6 
10 8 
os 4 
2/1 6 
4 a 
2 pce 
8 8 
ye 2 
4 ie 
4 4 
2 2 
2; 2 
a ao 
2 2 
a 4 
2 ne 
8 4 
2 | 
2 2 
a 
. ) 
st @ 
| @ 
Oy 
2 2 
1 1 
2 2 
os 2 
1 - 
4 
4 
6 4 
2 2 
os 4 
2 ne 
6 6 
2 2 
2 2 
2 2 
2 2 
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Number of 
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| per Week. 
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4 4 
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8 8 
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neering. 
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6 
10 8 
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1 
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structure. What may be accomplished in such an estab- 


lishment by the aid of a private grant is shown in my 
book on ‘‘ The Screw Propeller and its Action on Water.” 
It may not be uninteresting to outline some of the experi- 
ments made, and illustrate them by cinematograph views. 
The conclusions to which my researches have led are 
briefly these :— : 

1. The screw propeller in general exerts a sucking 
— upon the water, which lowers the surface of the 
atter. 

2. The sternward-flowing stream preserves an approxi- 
mately cylindrical form; a propeller which draws 
together or heaps up the water does not exist. The water 
from the screw-propellers of canal-boats accordingly does 
not injuriously affect the beds of the channels ; this has 
been established by more than 4000 experimental runs 
made with model twin-screw vessels 23 ft. in length in a 
model canal-sectioned tank in the Royal experimenting 
establishment for hydraulic engineering and shipbuild- 
ing in Charlottenburg. In the case of a single. screw 
vessel, the observed effect on the bed of a channel was 
found to be entirely due to the inte ition of the stern- 
post and rudder behind the propeller. The downward 
diversion of the water from the propeller and consequent 
action upon the bottom of the canal ceases at once when 
a pair of side-rudders are substituted for the single 
rudder at the centre-line. This latter fact was 
demonstrated in the Charlottenburg establishment. 

3. Axial thrust almost completely ceases as soon as the 
powerful suction effect brings air into the space about 
the screw-propeller. If the water above the propeller 
be covered over so that no air can get down beside the 
latter, exceedingly high efficiencies are obtained with 
blade-tips working close to the surface, this being quite 
impossible without such covering. 

4. The axial thrust has its maximum value at the 
instant when cavitation begins. 

5. The ‘‘ thudding ” effect of the propeller on the stern 
of a vessel is not the result of the projecting of masses of 
water against the hull, for no direct blow is thus deli- 
vered ; it may be that the smallness of the space in which 
the propeller has to work in the vicinity of the hull tends 
to Ane on a vacuum into which the water rushes in the 
intervals between the passage of successive blades. In so 
far as the vibrations of a vessel are due to propeller action, 
they are caused by the sucking down of a certain quantity 
of air by each successive blade in passing (accompanied 
by a:loss of thrust) ; while the lower blades, which are 
meanwhile well immersed, produce a sudden and very 
pronounced displacement of the centre of pressure of the 
pews | stream, and a moment is set up which is very 
robably one of the causes of the vibration of the after 


y: 
6. The loss of speed of turbine vessels in a heavy sea 
—_ also be similarly explained by the fact that the pro- 
pellers are in the first place heavily loaded, so that the 
sucking action per unit of blade surface is at its maximum, 
and they are eo very likely to draw in air. 
Then, when the vessel pitches, a quantity of air is 
retty sure to be drawn in during the of the 
Biade near the surface of the water, whereby the thrust is 
of the vessel is diminished. 
If these ideas prove to correct, it will be necessary 
in designing ships’ propellers to pay more attention than 
hitherto to the form of the leading or suction surface, 
and, as in the case of the blades of aeroplane ——, 
to have the smallest radius of curvature of this just 
behind the leading edge. ’ : 

The stream of water which comes in contact with the 
convex side of the movable surface does not repel that 
side, but sucks it directly towards itself. If, then, the 
surface be held fast, the stream of water must be sub- 
jected to motion in the contrary direction and, in the 
case of a propeller blade, produces a thrust upon it. 

My endeavours are directed to the establishment of a 
suitable naval architecture laboratory in which experi- 
ments may be made on this action of the screw pro- 

ler, and in which the and net amounts of work 

one by the latter, é.c., its efficiency, may at the same 

time be determined. Further experiments will then be 

made to determine the effect on each other of several 

screw propellers arranged abreast, or one behind the other, 

and also the effect exercised on them by the rudder. 

shall then know whether it is possible to design lage 
1 


almost destroyed, and the 5 


speed propellers of high efficiency, and our knowl 
over a wide range of under-water phenomena wil 
available for further advances in this branch of engi- 
neering. 

Students should take part in all inquiries of this kind, 
so that the results ny benefit succeeding generations of 
engineers and enable them to play a leading part in the 
scientific progress of their time. 





SOME FURTHER NOTES ON CAVITATION.* 


By S. W. Barnaby, Member of Council. 

On the occasion of our last International Congress in 
1897 I read a paper on “The Formation of Cavities in 
Water by Screw Propellers at High Speeds.”+ This was 
a restatement of the theory of cavitation which had bee: 
brought before the Institution of Civil Engineers by Sir 
John Thornycroft and myself two years previously. In 
order to prevent the formation of these cavities we proposed 
to limit the thrust per square inch of projected surface to | 
about 11} 1b. per square inch in the case of puapeinenerns 
approximately the same shape of blade an ~ ratio, 
and the same depth of immersion as those of the destroyer 





* Paper read at the Jubilee Meeting of the Institution 
of Naval Architects, July 6, 1911. . 
+ Transactions of the Institution of Naval Architects, 
vol. xxxix., page 139. 
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Daring. It was explained that somewhat higher pressures 
than this could be allowed for screws of finer pitch ratio, 
or having deeper immersion, or for screws in which the 
shape of the blade de from the a being made 
broadat the tips. At the time this limit of 11} 1b. pressure 
per unit of surface was suggested the use of turbines for 
marine ene was not contemplated, and it has 
been found, as might have been expected, that the 
uniform turning moment obtained with a turbine enables 
a higher thrust to be In the case of a direct-driven 
propeller, where it is necessary to submit to some sacrifice 
of screw efficiency, in order that the turbine may run at 
a sufficiently high rate of revolutions for economical 
working, a thrust of about 13 lb. is accepted, and found 
to give a good compromise, although I believe that 
incipient cavitation is then present, causing an increase 
of slip, because the revolutions usually exceed by 2 or 
3 per cent. the number which would be estima from 
the tables t on model experiments. 

It will be noticed that, in addition to this more uniform 
turning moment, all the conditions suggested in the 
paper referred to as likely to permit of the use of a higher 
thrust than 11} Ib., are present in the turbine propeller 
asnow made. For example, the tips of the blades usually 
have much greater immersion than in the screws driven 
y ee engines, because of their small diameter; 

the pitch ratio is very fine ; and, lastly, the area is 
thrown as much as possible out towards the tips of the 
blades. I also pointed out some years ago* that the 
thrust of propellers driven by four-cycle explosion engines 
should not exceed 8 lb. to 9 lb. per square inch, use, 
unless a large number of cylinders are employed, the very 
irregular turning-moment of these engines causes cavita- 
tion to occur at lower thrusts than in the case of double- 
acting steam-engines. 

I refer to this because some criticism has lately been 
expressed concerning the pomen theory of cavita- 
tion, on the ground that it had m proved that some 
propellers would stand a higher thrust than 11} Ib. with- 
out cavitating, and that some cavitated at a much lower 
thrust. It is a mistake to “ee ¥ that 11} lb. was 
intended to apply to all cases. It has been suggested 
that the peripheral velocity of the propeller is a Teeter 
criterion of the approach of cavitating conditions than 
thrust per unit area. I will give my reasons for not 
concurring with this view. The peripheral velocity at 
which cavitation commences is not by any means con- 
stant, but varies both with pitch ratio and “ abscissa’ 
value or slip ratio to a much greater extent than does 
ey + re inch. 

In Table I., page 56, are shown the cavitating speeds 
of three-bladed turbine-driven propellers, having a de- 
veloped area of 0.74 disc area, assuming a limiting thrust 
of 13 Ib. per oqunae inch of projected area. 

In Table II. I give the peripheral velocities of the 
same screws at these cavitating s and it will be seen 
that they vary from 4,800 ft. to 17,280 ft. per minute. 

I have drawn a thick line round those figures in the 
table which lie within the limits of usual turbine practice, 
that is, I include pitch ratios lying between 0.8 and 1.0 
and “‘abscissa”” values lying between 9 and 13. Within 
these circumscribed limits the peripheral velocities only 
vary from 10,550 ft. to 16, ft., and this probably 
explains why an impression has been formed that ri- 
pheral velocity isa safe guide in the design of turbine 
screws, an average value of about 12,000 it. being recom - 
mended. This corresponds with an ‘‘abscissa value” 
of 11 and a pitch ratio of from 0.9 to 1.0, which are about 
the conditions usually aimed at, and so far it would be 
correct to design for this tip speed, provided the deve- 
loped area of the blade was about that given in the table. 
But if the blades are ie wider this—if, say, they 
have a projected area of 0.75 disc area instead of a deve- 
loped area of 0.74 disc area, which latter is the area ratio 
used in Tables I. and II.—then the peripheral velocities 
may be considerably increased. 

In Table III. I have worked out the peripheral veloci- 
ties for this projected surface ratio within the same limits 
of ‘‘abscissa value” and pitch ratio. They range from 
11,600 ft. to 15,900 ft. per minute.t 

The peripheral velocity of the wing screws of the 
destroyer Tartar, which had this projected area ratio of 
0.75, was 14,850 ft. per minute. ery much lower veloci- 
ties than these would have to be employed for propellers 
driven by turbines at lower revolutions, use, 
as will be seen from Table II., the issible tip velocity 
decreases rapidly with increase o! - ratio. On the 
other hand, a thrust of 13 lb. to 14 Ib. would be equally 
suitable for direct-driven or geared llers, 

_ Commander ©. W. Dyson, U.S.N., in a very interest- 
ing series of papers containing a large amount of valuable 
information on the trials of United States warshi 
which he has contributed to the proceedings of the 
American Society of Naval Engineers, states that thrusts 
as high as 16 Ib. per square inch of projected surface 
have in certain cases been recorded in turbine propellers 
giving a fair amount of efficiency. Thisis so much higher 
a thrust than I have ever known to be put th ha 
screw with good results that I think it possible Con 
mander Dyson may have a different way of calculati 
the thrust. In any case, it is notexactly measurable, an 
depends on the estimate which is e of the value of 
the propulsive coefficient and of the thrust deduction. 
He states that the thrust per unit of Pp area 
does not appear to be so important as the ist per unit 
of disc area in affecting efficiency. 

I think the explanation of the improvement in efficiency 





* “Marine Propellers,” Fifth Edition, page 58. 

+ The assumptions made are 10 per cent. wake and 
10 yee cent. thrust deduction, 50 per cent. propulsive 
coefficient, 85 per cent. blade correction ; projected area 
= 0.75 disc area ; thrust, 13 Ib. per square inch, 
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which he finds accompanying a reduced pressure per unit 
of dise area is that turbine propellers are nearly always 
made of two small adiameter fur good efficiency in order 
to get high revolutions for the turbines, and the efficiency 
of the propeller would almost always be improved by 
increasing the diameter and reducing the revolutions, 
but at the expense of the combined efficiency of screw 
and turbine. 
TaBLE I.—Cavitating Speeds of Three-Bladed Screws, 
Assuming 13 Lb. Thrust per Square Inch, and Developed 
Area=0.74 Disc-Area. 








Pitch P 
Ratio. Knote. 
0.8 42.7 36.1 30.7 26.1 22.7 19.7 
0.9 43.6 46.8 814 26.7 23. 1 20.2 
1.0 44.5 37.5 320 273 23.6 20.7 
a, | 45.4 38.2 326 27.8 2t1 21.1 
1.2 462 38.9 33.2 ws.3 24.5 21.4 
1.3 46.8 39.5 33.7 28.7 24.9 21.7 
1.4 47.4 400 34.2 79.0 25.2 22.0 
1.5 48.0 40.5 34.6 29.4 25 6 22.2 
1.6 48.5 409 35.0 29.7 258 22.4 
1.7 49.0 41.3 34.3 30.0 26.0 vv.5 
18 49.3 41.6 35. 30.2 26 2 22.7 
1.9 496 41.9 35.7 803 26.3 22.8 
20 | 49.9 | 421 35.8 80.5 26.4 23.0 
21 60.1 | 422 360, 30.7 26.6 24.1 
2.2 50,2 42.4 36.2 30.8 26.7 23.3 
23 60.3 | 425 363 81.0 26.9 23.4 
24 | 505 | 427 365 | 312 97.0 23 5 
25 | 506 | 428 366 | 81.4 27.0 23.5 
“a ee nu | 18 15 17 


Abscissa values. 


TABLE II.—Tip Velocities in Feet per Minute at Cavita- 
ting Speeds of Three-Bladed Screws, Assuming 13 Lb. 
Thrust per Square Inch, and Developed, Area = 0.74 
Disc-Area. 


Pitch 
Ratio. | 





0.8 17,280 15,000 | 13,450 = 12,300 11,370 10,580 








0.9 15,720 13,800 12,450 11,350 10,499 9,760 
1.0 | 14,500 12,820 | 11,590 10,550 | | 9,720 9,100 
1.1 | 18,500 12,000 | 19,800 | 9,850 | 9,000 8,500 
1.2 | 12,650 11,250 | 10,150 | 9,250 | 8,600 8,000 
13 | 11,900 10,580 | 9,600 | 8,720 | 8,060 7,560 
1.4 | 11,280 10,080 | 9,100 | 8.260 | 7,690 | 7,170 
1.5 | 10,700 9,550 | 8,650 | 7.850 | 7,820 | 6,800 
1.6 | 10,190 9,100 | 8,250 | 7,500 | 7,000 6,500 
1.7 9,700 | 8,700 | 7,890 | 7,170 | 6,710 | 6,210 
1.8 9,300 8,350 | 7,550 | 6,880 | 6,440 | 6,000 
19 8,900 8,000 | 7,250 | 6,610 | 6,200 6,77 
2.0 8,550 7,700 | 6,950 | 6,370 | 6,960 5,570 
2.1 8.220 7,400 | 6,680 | 6,150 | 5,750 | 5,400 
2.2 7,900 7,189 | 6,450 | 6,950 | 5,670 5,230 
2.3 7,650 6,920 | 6,250 | 5,790 5,400 | 5,070 
24 | 7.3:0 6.990 | 6,090 | 5.040 | 5.930) 49 
25 7,150 6,460 | 5,950 | 5,520 | 5,100 | 4,800 

er Se oe 
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Abscissa values. 





TABLE III.—Tip Velocities in Feet per Minute at Cavi- 
tating Speeds of Three-Bladed Screws, Assuming 13 Lb. 
ay per Square Inch, and Projected Area = 0.75 

ise Area. 











Pitch Ratio. | nts 
0.8 15,900 14,400 13,030 
09 14,850 13,400 12,250 
1.0 13,960 12,650 11,600 
9 11 13 
Abscissa values. 


Mr. D. W. Taylor, in the book he has just published 
on “Speed and Power of Ships,” contends that the 
accepted theory of cavitation 1s inadequate, and that tip 
velocity and shape of blade section are the prime factors 
involved. There is no doubt that both have a very 
important influence on cavitation, and especially the 
latter. Mr. Taylor is so competent an experimenter 
and so high an authority on all matters connected with 
propulsion that one would hesitate to question any 
— he may express on any subject coming within 
the scope of tank inquiry ; but it is well known that pro- 
pellers cannot be made to cavitate in a tank under ordi- 
nary conditions, and very special means have to be taken 
to get the phenomenon to exhibit itself with model screws. 

Mr. Parsons was able to observe it in a special tank 
with heated water having a vacuum over the surface, and 
it will be remembered that he confirmed generally the 
results I had obtained by calculation. 

Mr. Taylor has not followed this method, but has made 
experiments with a special form of blade which cavitates 
freely in cold water, and with the pressure of the atmo- 
sphere upon the surface; but the instrument he used 
could hardly be called a propeller, because it is far out- 
side the limits of all — practice, The pitch ratio is 
as fine as 0.3, and the blades are unusually narrow and 
thick. Now, even at 0.6 pitch ratio the efficiency of a 
propeller has dropped from a maximum of 0.74 to 0.58, and 
no propeller ever been made, so far as I know, with 


80 low a pitch ratio as 0.3, because under such conditions 





it is oy churning the water. This model cavitates so 
vigorously that the thrust becomes negative above a 
moderate number of revolutions, and if used as a pro- 
peller it would only need to be driven fast enough to 
actually reverse the direction of the motion of the vessel. 

Cavities first begin to appear at as low a tip speed as 
3000 ft. per minute, and the thrust becomes negative at 
a tip speed of between 5000 and 6000 ft. With this 
special ‘‘ cavitator” Mr. Taylor has been able to measure 
ioe geasince at different parts of the face and back of the 
blade by means of a very ingenious arrangement of 
pressure gauges, and he has found that there is a reduc- 
tion of pressure at the leading edge of the driving face 
of his blade, and he expresses the opinion that cavitation 
is only injurious when it occurs at the driving face. 

It seems to me that this conclusion has been arrived at 


with good results. It will be observed that Mr. Taylor’s 
cure for cavitation is the same as my own—namely, very 
wide blades—although he arrives at it by a different line 
of reasoning. He thinks that ‘‘face cavitation begins to 
|spread slowly with increase of tip speed, so that the 
wider the blade the greater the area of the face whose 
thrust is not nullified by cavitation.” As already stated, 
I doubt the existence of face cavitation on a properly- 
designed propeller, although it can evidently exist on an 
instrument specially designed to cavitate; and I still 
think that the great waste of power admittedly caused 
by cavitation is due to cavities at the back of the blade, 
and that these affect the efficiency, beeause at least half, 
and usually the major portion, of the thrust is due to the 
|suction of the blade back, and this is lost as soon as 
the water breaks away from the back. Sir John Thorny- 





Fie. 1. 





Fig. 


somewhat hastily, and requires much further proof before 
it can be accep I think the reduction of pressure 
which was observed on the driving face was due to the 
abnormally fine pitch ratio in conjunction with a thick 
and narrow blade, and I do not think it is ible for 
cavities to form on the driving face with ordinary pitch 
— and blades of normal section. 
he photographs taken by Mr. Parsons of his propeller 

when cavitating, under conditions properly representing 
those found in practice, show most clearly that the | 
cavities are at the back of the blade. (See Fig. 2, above.) | 

I thoroughly agree with Mr. Taylor that it is of the | 
utmost importance that the blades should be very thin at | 
the leading edge, and it may be even advantageous to make 
the edge thinner than will stand the water Be gyn 
unsupported, and to stiffen it with circumferential ribs, as | 
he recommends; but I do not think he has made out a 
case in favour of taking tip velocity as a criterion in | 
preference to pressure, because he has himself shown that | 
cavitation will under special circumstances begin at as low | 
a velocity as 3000 ft., and I have shown that in the case | 
of the Tartar the tip velocity was as high as 14,850 ft., 


2. 


croft has suggested to me that efficiency is also probably 
affected by the fact that when cavitating the propeller is 
working in a medium of less density, because the air 
bubbles extracted from the water forward of the screw 
form part of the stream passing through the screw’s disc, 
as clearly shown by the spirals in the photographs (see 
Figs. 1 and 2), and thereby reduce its density. 

t may be objected that I bring forward no fresh proof 
that thrust is a safe guide, and that the tip velocities I 
have given in the tables are based on the assumption of 
a fixed limit of pressure. This is quite true, and perhaps 
further experiment only can settle the question. must, 
however, say I have found it a very satisfactory method 
of fixing the blade area, and have seen no reason to 
doubt the soundness of the theory on which it is based. 

I am glad to learn that Mr. Parsons is making a special 
tank of a much larger size than that with which he made 
his previous experiments, but arranged to work under 
the same conditions of hot water relieved of the atmos- 
pheric pressure, in which he will try models of actual 
propellers, and I think judgment should be reserved 
until the results he obtains are made known. 
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smaller quantities, the hoisting is effected by means of 
cranes on the wharfs. Shovelling iron ore by hand is 
extremely laborious, and it is plain that such a method 
of discharging is not in keeping with the improved 
facilities at the mines and at the best-equipped loading 


porte. 

Naturally, one’s attention is turned to the latest 
systems of discharging ore in the United States of 
America, where heavy and expensive staiths are fitted 
for the purpose and equipped with powerful clam-shell 
buckets, whereby the ore is handled effectively and with 
great despatch. 

The main conditions of the American ore trade differ, 
however, considerably from the corresponding conditions 
in Europe. The American ore trade follows certain 
permanent interior routes, reducing the number of dis- 
charging ports to a few, whereas the number of European 
ports receiving ore is comparatively large. The con- 
sistency of the American ore is entirely different from 
that of the Swedish ore. Oonsequently, if any improve- 


CLOSING ARRANGEMENT FOR ORE SPOUT 


Fug.5. 


TUNNEL 





The vertical bulkheads do not extend to the bottom of 
the hold, but terminate about 7 ft. from the tank top, 
are connected to the sloping bottoms of the bins. 
These sloping bottoms have an inclination of 42 degrees 
from the oetaon. ; 
The ore is discharged from the bins through wee | 
constructed shoots, having a closing arrangement, whic 
can be manipulated by one man. Figs. 5 and 6 show the 
mechanical principle of this | arrangement, which 
is quite simple, and has been found to work very satis- 
factorily. The door A consists merely of an iron plate, 
stayed by two horizontal stiffening bars. This door is 
raised by means of a lever O, having an adjustable 
counterweight E. The shaft F conveys this motion 
to the other side. The upper edge of the door A 
is held in position and guided by links D. The fulcrum 
F of the levers C and the point of suspension of the links 
D are in such positions that in opening the outlet the 
door A move outwards, thus relieving the pressure of the 





Fig.6. 
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ments are aimed at in the shape of mechanical devices 
for discharging iron ore of a stony nature and high 
specific gravity, such contrivances will have to be carried 
by the vessels themselves employed in the trade. 

With a view of constructing a vessel for the purpose 
of carrying ore, specially fitted out with mechanical 
means of discharging, the Johnson-Welin system was 
devised a few years ago. By this system the ore is carried 
in bins or ets of iron, built into the ship and placed 
Res having sloping bottoms with suitable 
outlets. 

The Trafikaktiebolaget berg - Oxelisund, of 
Stockholm, owners of the principal iron-mines in Sweden, 
decided to try this system, and in 1907 a temporary bin, 
holding about 130 tons, was fitted on the ss. 
Polcirkeln, belonging to a sub-company of the above- 
mentioned mining comeang. The results proved satis- 
factory, and in the following year the said company 
decided to build a vessel of about 8000 tons deadweight 
capacity to be fitted out with bins on the Johnson-Welin 
system. 

By reference to Figs. 1 to 4, 57, representing the 
general arrangement of oeteamer designed in boa 
with this system, it will be seen that the cargo hold is 
sub-divided by means of transverse bulkheads, forming 
alternately bins for the cargo and discharging sbafts. 





At the bottom of the shoot an angle-iron lip B is 
fitted, actuated by a lever G ; this lip B serves the pur- 
of stopping the outflow of smaller particles of ore 

if the door A cannot be entirely closed. The design of 
the vessel in this case em i i 
water ballast, and the tops of these wing tanks, as will be 
seen from the section in Fig. 4, page 57, are sloping, in 
order to convey the ore to the wing outlet shoots. No 


wood ceiling is required in the holds, with the exception 
of protective w or on the sloping sides of the 
wing ballast tanks in way of the cargo bins. 


In working out the preliminary design, it was decided | 


that cranes should be used for lifting the cargo out of the 
holds, and it was further decided to adopt electrical 
transmission of power for driving the cranes. 


The decision to use cranes for the hoisting of the onmue 
tirely 


was an outcome of the necessity of dispensing en 
with all hands on deck, except the crane-driver, and the 
design of these cranes must therefore embody several 
special features, not usual in ships’ cranes. In the first 
instance the crane-driver must not stand at the rear o 
the crane, but on a platform in front, where he can look 
down into the hold when the crane is swung inboard, 
and be in an equally advantageous position to overlook 
the .ommying of the bucket when the crane is swung 
out 5 


ies wing tanks for carrying | 


It was further decided that the tilting of the ore dis- 
charging buckets must be effected by the crane-driver, 
without any assistance whatever from men on the deck or 

| on the receiving barges, and, in order to carry this out, it 
| was arran to suspend the buckets by means of two 
| ropes, one hoisting and one tipping rope, these ropes to 
|be wound on separate drums of equal circumferential 
| speeds, and when the bucket is to be es the brake 
|is put on the tippling rope, leaving the bucket sus- 
|pended by that rope in an incline position, at any 
uired height. 
ig. 7 shows the design of crane ultimately adopted in 
conformity with the above-mentioned requirements. The 
crane builders in this case adopted an independent drum 
for the tipping rope, actuated automatically by a counter- 
weight, which travels on the jib of the crane. The hoist- 
ing, slewing, and tipping is all done by one man on the 
platform of the crane, and the electric transmission of 
power lends itself admirably to the smooth and effective 
working, which has been a noted feature in the cranes of 
the two vessels built on this system. 

During the coldest winter months the ore, on its way 
from the mines, is sometimes mixed with ice and snow 
and is apt to freeze together in the holds of the vessels, 
thus rendering the discharging very difficult. 

Steam heating pipes were therefore fitted in the holds 
| under the bottoms of the ore bins for preventing this 
| freezing, which ny ng has proved satisfactory. 

Two vessels have built on this system, the s.s. 
Vollrath Tham, of 8000 tons carrying capacity, in 1909, 

| and the s.s. Sir Ernest Cassel, of 10,800 tons, in 1910. The 

| contracts for building both these vessels were entrusted to 

| the well-known firm of Messrs. R. and W. Hawthorn, 
Leslie, and Co., of Hebburn-on-Tyne. 

In both these steamers the electric generating plant for 
| power and light is situated aft in the engine-room ’tween 
decks, each vessel having a very complete outfit, com- 
aad two ee compound engines, each coupled 
| direct to a mu 
| one lighting set. 

In the Vollrath Tham ten electric cranes are fitted, 
each having a lifting capacity of 24 tons at a speed of 
75 ft. per minute. In the Sir Ernest Cassel twelve 

| cranes are fitted, each having a lifting capacity of 34 tons 
ata speed of 75 ft. per minute. In this vessel the crane 
construction admits of changing the radius, thus enabling 
the cargo to be discha into barges or on railwa 
wagons at varying distances up to 20 ft. from the ship's 
| side. All the mechanism of the cranes is below deck in 
| watertight compartments. The time used in discharging 
| each of these two vessels is about 36 hours with all cranes 
working. The primary object in view has, however, not 
| been so much the reduction of time of discharging as the 
diminishing of manual labour. 
| In Continental ports, where the ore is discharged with 
| ordinary winches into barges, twelve men are considered 
| necessary at each hatch :—One man at the hoisting winch, 
one man at the slewing winch, two men on deck directing 
|the winch men and manipulating the tilting of the 
buckets, and eight men in the hold. Thus, in an ordinary 
vessel of the same loading capacity as the Vollrath Tham 
using steam-winches, 120 men would, as a rule, be em- 
ployed, taking about 40 hours for discharging. In the 
Vollrath Tham 20 men are sufficient. 

The same ratio holds good in the Sir Ernest Cassel, 
that is, 24 men do the same work as 144 men discharging 
by hand and with ordinary steam winches, in the latter 
case using, of course, considerably more exertion. , 

The Vollrath Tham and Sir Ernest Cassel, have, during 
continuous service, fulfilled all expectations of their 
owners, designers, and builders. The vessels have been 
built to the British Corporation Class, and it is a t 

leasure to record the enthusiasm and skill displayed 
uring the construction by the classification society, the 
builders, and sub-contractors. 


tipolar compound-wound generator, and 





THE HISTORY OF THE INSTITUTION OF 
NAVAL ARCHITEOTS AND OF SCIENTIFIC 
EDUCATION IN NAVAL ARCHITECTURE.* 


By Sir Wiuu1am H. Wurst, K.C.B., F.R.S., LL.D., 
D.Se., D.Eng., Hon. Vice-President. 
(Concluded from poge 15.) 

As was natural, the admission of marine engineers to 
membership in 1869 led to reconsideration of the title 
borne by the Institution, The desirability, or otherwise, 
of indicating explicitly in its title that the Institution is 
a common centre for both marine engineers and naval 
architects having been considered, it was unanimously 
decided to continue in use the title under which the 
Institution had risen from small beginnings, to a place 
|in the front rank of technical societies. For more than 
twenty years there has also been in existence an Institute 
of Marine Engineers, whose membership chiefly consists 
of men ch with great and increasing responsibilities 
| incidental to the management of the complex machinery 
| in modern steamships, so that the question of title may 

be regarded as unlikely ever to be raised again, and there 

| is obviously no reason for raising it. 
Enla experience, of course, may lead to further 
modification of the rules, but as they stand ay im 
|the matured views of the Council. They have been 





|embodied in the Charter of Incorporation, which has 
heen granted recently to the Institution by His Majesty 
in Council, and which forms a fitting 2 of the 
work done for the British Empire and the profession- 


f | represented in our society during the first half-century 


of its existence. ars ’ 
The office of treasurer to the Institution is of consider~ 





* Paper read at the Jubilee Meeting of the Institution 
of Naval Architects, July 4, 1911, 
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able importance; and during the somewhat protracted | which have been laid down from time to time for the 
period when the finances were not very flourishing, it admission of professional members. The correspondi 
An eminent Thames shipbuilder, | conditions for associates have already been stated, an’ 
Mr. Samuda, served in that quay from 1860 to 1885, | have remained unchanged from the commencement. 


was no sinecure. 


and was succeeded by Mr. Green, then head of 
another famous firm of — and shipowners. 
Mr. Morgan—one of the ief tructors at the 
Admiralty and an original member of the Institution, as 
well as a student of the second School of Naval Architec- 
ture—served from 1891 to 1903, when ill-health compelled 
him to resign. ; was elected as treasurer in 
1903, and continued in that office until his sudden death 
in January, 1909. Full acknowledgment of the long and 
faithful service which Dr. Elgar had rendered to the 
Institution was made in the Transactions for 1909. His 
splendid generosity, both during his life and at his death, 
will ever be kept in memory, making him the greatest 
benefactor to the Institution who has yet prea a 
admirable successor to Dr. Elgar was found in Mr. 
Dixon, Chairman of Lloyd’s Register of Shipping, but 
death again brought loss to the Institution speedily, and 
the present treasurer, Mr. Charles Ellis, was then elected 
by the Council. In his hands the finance of the Institution 
is well cared for, and its condition has long been satisfac- 
tory. Much of the success attained has undoubtedly been 
due to the ability and energy displayed — secretaries 
to the Institution, of whom there have m six during 
the half century of its existence. Allusion has already 
been made to the work done by Sir Edward Reed in the 
preliminary arrangements connected with the organisation 
and start of the Institution. This work he did as 
honorary secretary. To no man ought more grateful 
acknowledgment be recorded than to him for the estab- 
lishment of this society. But it is proper to associate 
with that acknowledgment due recognition of the valuable 
assistance rendered by others at that stage, and especially 
by Mr. Scott Russell and Sir Nathanie by. The 
latter is naturally reticent in regard to his own work at 
the beginning; his unceasing devotion to the interests of 
the Institution is too well known to need any detailed 
comment. In regard to Mr. Scott Russell, Sir Nathaniel 
Barnaby permits me to use the following extract from 
a note written at my request for information in regard to 
the initial stages of our organisation :— 

“The formation of such an Institution had been talked 
about by members of the first school of naval architecture, 
and then by Dr. Woolley and members of his school. It 
needed someone familiar with the working of other great 
technical associations to bring such mere wishes to a livi 
issue. In Mr. Scott Russell a leader was found, an 
a most capable leader he was.” d 

Sir Edward Reed served as the official secretary and 
editor of the Transactions from the first meetings of the 
Institution up to April, 1862, when increasing professional 
engagements and official responsibilities caused him to 
resign. Provision for performing the secretarial duties 
was then placed in the hands of an executive committee 
consisting of Dr. Woolley and Mr. Scott Russell, who 
soon after ——_ an assistant secretary. By special 
resolution of the Council the services of Sir Edward Reed 
were suitably acknowledged, and he was elected a 
Member of Council, so that his further help in the conduct 
of the affairs of the Institution was ensured, and for 
many years was generously rendered. In 1864 Mr. C. W. 
Merrifield, F.R.S. (Principal of the Royal School of 
Naval Architecture and Marine Engineering) became 
acting-secretary, and from 1867 to 1875 he served as 
honorary secretary. From 1871 to 1874 Mr. Merrifield 
was aided in the secretarial duties by an able assistant- 
secretary, Mr. Adrian Vizetely, who had been one of the 
few comparatively British private students at the Royal 
School of Naval Architecture. On the death of Mr. 
Vizetely, Mr. Adam Woolley succeeded him as assistant- 
secretary, and in the following year was appointed 
secretary on the occasion of Mr. Merrifield’s retirement. 
As one of his old students, and having had intimate 
nme knowledge of the great services which Mr. 
Merrifield quietly and without reward rendered to the 
Institution at a time when its finances were in an unsatis- 
factory state, I desire to place on record this simple 
acknowledgment of what we owe to him. Mr. Woolley 
resigned in 1878, and Mr. (now Sir) George Holmes 
was appointed secretary. He held office for 23 years, and 
greatly aided the remarkable developments of the Institu- 
tion which took place during that period. His resigna- 
tion was consequent on appointment to the Chairmanship 
of the Board of Public Works in Ireland. Our great 
indebtedness to him was ised by the presentation 
of an address, accompanied more substantial tokens 
of the high appreciation by all classes of what were well 
described as “invaluable services as Secretary of the 
Institution.” Sir George Holmes was also appointed an 
honorary member, and still maintains an active interest 
in the welfare of the Institution he served so long and well. 

It is unnecessary to dwell upon the work which has 
been done since his appointment in 1901 by our present 
secretary, Mr. R. W. Dana. Like his predecessor, 
Mr. Dana has been trained as an engineer; he is a 
member of the Institution of Civil Engineers, and relin- 
quished active practice to take up this position. 








According to the original constitution the class of 
members was to “ consist exclusively of naval architects,” 
although the founders i that there were then 
“comparatively few naval architects in this country.” 
In the statement made by the secretary at the preliminary 
meeting the following occurs :— 

‘*Many of our shipbuilders are not naval architects ; 
consequently the members will not be numerous for some 
years to come.” 

With wise prescience it was added: ‘One of the | 
earliest and best effects [of the Institution] will doubtless 
be the stimulation of shipbuilders to a great improvement 
in their mode of training young men, and this will react 





An | in favour of the Institution by increasing the number of 


persons eligible for membership. 

This prediction was not fulfilled as speedily as was 
hoped for, notwithstanding vigorous action taken at 
an early date 4 the Institution to encourage the educa- | 
tion of naval architects ; but it has come true increasingly 
in later days, and now gives the best assurance we 
of continued and increasi: rosperity for the Institution. | 
As the years have menace J the professional education of 
naval architects has been continuously and greatly im- 
proved, and the Council has steadily raised the standard 
of qualification for admission to the class of members. 
Notwithstanding this action the growth of numbers in 
that class has been both great and comparatively rapid, 
and this is a matter for satisfaction. 

The names of eminent marine a pay ogpeneed 
amongst the little group of founders, and in the first roll 
of the Institution. These men concurred both in the title 
selected for the Institution and in the restriction of 
membership to naval architects, and took their place 
contentedly in the class of associates. In that list were 
included representatives of many other branches of engi- 
neering, but the prominent part en by marine 
engineers in the promotion of the scheme was good 
evidence of their intimate association with naval archi- 
tecture. In fact, some of these tlemen — Scott 
Russell, for example —practised in both marine engi- 
neering and shipbuilding. It was natural, therefore— 
indeed, was almost inevitable—that both these two 
closely allied branches should be represented before long 
in the class of members. This step was taken in 1869; 
its wisdom has been demonstrated by subsequent events. 
Since that date “‘ marine engineers conversant with naval 
architecture” have been admitted to membership, after 
their claims have been approved by the Council at suc- 
cessive general meetings of the Institution. Actual 
election, of course, rests with the members. The present 
rules also provide that a candidate who ‘‘ has been regu- 
larly educated hy apprenticeship or pupilage, or in a 
technical school as a civil or mechanical engineer, and 
has been subsequently professionally employed for at 
least seven years in some public or private shipbuilding 
yard or marine engine works,” may be admitted to 
membership if his claim is approved by the Council, 
and he is recommended for election. Formerly the lower 
limit of age for membership was twenty-five years; it is 
now thirty years. 

In 1899 a class of associate members was established. 
It is intended to provide for admission to the Institution 
of naval architects and marine engineers who are less than 
thirty years of age, subject to the conditions that their 
professional training has been of a satisfactory character, 
and that they are actively engaged in professional work. 
This class also provides for properly trained men who are 
over thirty, but still occupy itions which do not 
involve such a degree of responsibility as is required for 
full membership. In 1910 there were 169 associate 
members on the roll of the Institution; in future that 
number will me much larger. Many men who 
originally entered the Institution as associate members 
have since been transferred to full membership. 

Another modification of the original constitution was 
made in 1905 by the establishment of a student class into 
which are admitted young men between eighteen and 
twenty-five years of age who are serving as articled 
pupils, apprentices, or students in naval architecture or 
marine engineering. Before attaining the age of twenty- 





six years students as a rule apply for transfer to the class 
of associate members, and usually have that transfer | 
approved unless their training is considered by the 

uncil to be inadequate. Experience gained during the 
last six years shows that the student class will in future | 
become a good recruiting ground for members. 

At present the special committee appointed by the 
Council has under consideration the desirability or other- 
wise of amending in some respects the professional 
qualifications which shall be required in future for the 
admission of members and associate members, especially | 
in view of the great developments made during recent | 
years in the speciali ches of engineering whose | 
products form so important a part of the equipment of 
modern steamships. In these and other ways the Council 


Pos- | makes a constant endeavour to promote the true interests 


session of professional qualifications such as these are of | of the Institution and to secure a high standard of quali- 
reat advantage to the Institution, whose Transactions | fication amongst those admitted thereto. 


are edited by the secretary, and to these qualifications 
are added personal qualities which have enabled Mr. Dana 
to succeed in the necessarily difficult task of following so 
efficient a predecessor. It is to be hoped that his service 
with the Institution will be as long as that of Sir George 
Holmes, and that it will be associated with equally great 
developments in members and prosperity. 


QUALIFICATIONS OF PROFESSIONAL MEMBERS. 


Before dealing with the growth of the Institution, it | 10 honorary members and hi 


| 


| 
| 
| 


GROWTH OF THE INSTITUTION. 


Attention will next be directed to the development of the | 
Institution since its foundation in regard to numbers on | 
the roll. The facts are hey ap pasweared represented in 
the annexed chart. The first list of names published in the | 


‘of shipbuilding an 


the leading officials in the shipbuilding department of the 
Admiralty, as well as a consi ble number of the lead- 
ing private shipbuilders, and the principal surveyors of 
Lloyd’s Register of Shipping. In the list of associates 
stood the names of a Ase, number of men who were 


eminent for public services, of distinguished officers in 
the Royal Navy, of leading engineers, shipowners, yachts- 
men, and others interested in ships and shipping. These 


lists are well worth study; they furnish ample evidence 
of wide-spread sympathy and support given to the Insti- 
tution by le pry epee « of many departments of public 
life and work at this early stage of its existence. 

The list for 1864 showed a total of 492, of whom 75 
were members. During the next six years there was a 
serious ees in the number of associates, which was 
only 240 in 1870 as against 409 in 1863. The total number 
on the roll in 1870 was 351, only 27 more than in 1860, 
although the members had increased to 103, or nearly 69 
wl cent. in the ten years. This increase in the pro- 
essional class continued slowly, and by 1876 there were 
168 members but only 249 associates. Probably an ex- 
planation is to be found in the fact that the great excite- 
ment of the period 1860-65 in connection with discussions 
connected with the ironclad reconstruction was followed 
by a period of reaction and that the Institution was 
settling down to no less important but less attractive 
technical work which had been the main purpose for 
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which it was established. Falling off in numbers also 
involved lessened financial resources, and this could be ill 
afforded. 

In 1877 the first summer meeting of the Institution 
was held at Glasgow, the invitation having been given by 
the local authorities of that city and district as well as 
wy Oe principal firms of shipbuilders and engineers on 
the Clyde. is meeting was y experimental, 
but it proved to be a complete success. The ebb-tide in 
the affairs of the Institution was turned ; the immediate 
effects were an addition of fully 50 per cent. to the list of 
members, and 10 per cent. to that of associates. The 
total names on the roll rose to 537, the previous maximum 
(attained in 1864) having been 492. It was thus made 
evident that the prosperity of the Institution might be 
increased by | similar meetings in the great centres 

shipping, and so extending public 
knowledge of the work and objects of the Institution. 
Those of us who took part in the first of these meeti 
can never forget what the Institution owes to our friends 
on the Clyde, and in particular to the late Mr. William 
ny, who had recently been elected to the Council, and 
took a conspicuous part in ee the arrangements. 

The Glasgow meeting was succeeded by nine years of 
steady growth in membership, and a progressive diminu- 
tion in the number of associates kept the total numbers 
down—in 1885 that total was 642, the associates being 
241 and members 390. A summer meeting at Liverpool 
next year was most successful, but it left the associate 
class untouched. No considerable increase in numbers 
occurred until 1887, when a summer meeting was held in 
Newcastle-on-Tyne and Sunderland. On that occasion 
the list of members was in by 63, and that 
of associates 27. The personal influence of Lord 
Ravensworth (then President) in the district no doubt 


| first volume of the Transactions showed a total of 324; it did | contributed to this satisfactory result ; but, undoubtedly, 


| not distinguish between members and associates. Classi-| the main cause of 


fication was commenced in 1861 ; there were then enrolled | 
associates, 65 members | 


increase was better know- 
ledge of the Institution which followed upon its visit 
to the North-East Coast. Since then many other 


may be of interest to’ describe briefly the conditions | and 390 associates. The members’ list embraced almostall summer meetings have been held—at Glasgow twice 
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1888 and 1901), Cardiff (1893), Southampton east 
Neweastle-on-Tyne (1899), ‘ast and Dublin (1893). 
In nearly all cases an increase of membership has followed 
upon these meetings. In the first twenty-five years of 
the history of the Institution the total number first 
enrolled was not quite doubled; the number on the roll 
in 1885 was more than doubled in 1898. The total 
membership is now (June, 1911) 2047, of whom 480 are 
associates ; 1401 members and associate-members, and 166 
are students. Obviously the associate class ne 
additions to strengthen this branch of membership. 


Revations TO KinprepD Societies. 


When this Institution was founded there were only 
one or two local associations of shipbuilders existing in 
the United Kingdom. Of these that in Glasgow was the 
most important. It has since been merged in the | 
Institution of Engineers and Shipbuilders in Scotland, | 
and has joined in the friendly geese we have received | 
when our visits to Glasgow have been made. [In later | 
years there has been a considerable increase in local | 
associations formed for the study and advancement of 
shipbuilding and marine engineering. When that local 
development began fears were expressed lest the Insti- | 
tution of Naval Architects should suffer from consequent | 
competition. My own opinion has always been that the | 
real effect would be in a contrary direction, and it has been | 
—se to assist in the formation of local societies | 
whi 





ch are now flourishing. Experience has since demon- | 
strated conclusively that there is room and scope for all | 
the associations. Lenal societies can and do meet more | 
frequently than the parent institution; they afford ex- | 
cellent opportunities for an interchange of information | 
and for discussion ; their Transactions already form valu- | 
able supplements to those of the Institution of Naval | 
Architects. Our Institution can still secure an adequate, | 
and often has a redundant, supply of excellent papers. | 
Relations of the most cordial character have always 
existed, and still exist, between our Institution and these 
local associations, which have been our generous and 
kindly hosts whenever summer meetings have been held 
at British seaports. In many instances membership of 
local associations is a prelude to membership of the Insti- 
tution of Naval Architects ; in other cases membership of | 


the Institution of Naval Architects has been supple- | lead 


mented by membership of lozal associations; not a few 
residents of local associations have also served on the 

Jounvil of the central Institution. There is, in short, no 
conflict, but rather a community of interests and mutual 
help in the effort to advance knowledge of science and 
practice amongst shipbuilders and marine engineers. 

The relations existing between the Institution of Naval 
Architects and foreign societies of a kindred nature are 
also most friendly. This was to be expected in view of 
the facts that these foreign societies have been modelled 
largely on lines laid down for this Institution, and that 
they have benefited by our longer experience. Amongst 
ther chief organisers and founders have been prominent 

ntlemen who were previously valued members of this 

nstitution, which may, therefore, be fairly described as 
the ‘‘ parent” institution, in relation to those which 
*have been established during the last twenty-five years. 
First, in 1888, came the Association Technique Maritime 
with its seat in Paris. Its first president was our 
distinguished 779 | member, the late M. de Bussy ; 
its second the late M. Daymard, who for many years 
had been an active and much respected 
member with us. The name of its present president, 
M. Emile Bertin, has long been on our list; for fifteen 
years it has stood amongst our honorary members. The 
invitation to visit France in 1895, and the complete 
sucoess of the Paris meetings that year, were largely due 
to M. Bertin, and his services to the Institution will not 
soon be forgotten. 

In 1893 the American Society of Naval Architects and 
Marine Engineers was incorporated at New York, 
avowedly to undertake in the United States work similar 
in character to that which had been done in this country 
by the Institution of Naval Architects for more than 
thirty years. Amongst the prime movers in this enter- 
prise, of which the success has been great, were found 
naval architects and marine engineers who were members 
of our Institution, some of whom had received their 
professional education in Great Britain. ‘ 

The Schiffbautechnische Gesellschaft was founded in 
Berlin in 1899. Its president, Professor Busley, and 
many of the members of the society are also members of 
this Institution. Japan and Sweden have each estab- 
lished a Society of Naval Architects, in which members 
of this Institution takea leading part. Italy has a similar 
society, of which the president (Signor Orlando) and 
many of his colleagues have long m valued members 
of this Institution. It is no exaggeration, therefore, to 
claim that the influence of our Institution on the founda- 
tion and organisation of these societies has been great, 
and the fact has been repeatedly acknowl . This 
important portion of our work lies outside the scheme 
which our founders constructed, but it is no discredit to 
them that they did not foresee its possibility. By estab- 
lishing and maintaining cordial relations with foreign 
kindred societies the Institution of Naval Architects has 
undoubtedly furthered the more rapid advancement of 
scientific methods in connection with shipbuilding and 
marine engineerin s throughout the world, and has itself 
been greatly benefited by the addition to its roll of many 
distinguished foreign members and associates. Their 

ce and collaboration have been and always will be 


previously 


ighly esteemed. 
Phe list of meetings abroad is not along one. All these 
gatheri have proved most pleasant successful ; 


= the anstitution ae ee . tlemen —_ "are 
lertaken respoasibility for their organisation. 
first was held at Paris in 1895; the second at Hamburg 





and Berlin in 1896 ; the third at Diisseldorf in 1902, when | important piece of work than that involved in the estab- 


it took the form of a jvint meeting with the German lishment, organisation, and development of this third 
society. The last foreign meeting was held at Bordeaux | British School of Naval Architecture. In a certain sense 
in 1907 in connection with an international exhibition | the effort may be thought te have beenmade toosoon. The 
and a congress of naval architects, in the organisation | amount of support which the school received from private 
of which M. Bertin took the leading part. Kindred | British shipbuilders and engineers must undoubtedly have 


| over which the existence of our Institution has extend 


societies of all countries were represented on that 
occasion, and our president (the Earl of Glasgow) was 
appointed to be president of the congress. 

his international side of the work of the Institution 
received one of its most successful illustration: when the 
congress of 1897 was held in London. Delegates from all 
the —— maritime countries attended, as they are | 
doing on this occasion, and the programme of papers was 
of exceptional interest. His Majesty Kin ward VII. 
(then ince of Wales) honoured the Institution by 
becoming president of the ong, and receiving our 
guests from abroad, . Her jesty Queen Victoria | 
graciously invited members of the congress to Windsor, 
and personally welcomed the foreign delegates. Now that 
the celebration of the Jubilee of the Institution has been 
undertaken, we desire. to emphasise once more its inter- 
national character by giving a hearty welcome to foreign 
friends and pe peoenes colleagues ; as well as by including 
in the record of progress in shipbuilding and marine engi- 
neering, not merely the history of what been accom- 
plished in the United Kingdom, but of what has been done 
throughout the world during the memorable myco 3 | 


The programme of rs to be read and d 
cates that this ‘aadin has been fulfilled; the volume 
in which these contributions will be collected will, un- | 
doubtedly, be not merely interesting historically, but 
valuable to all maritime nations. 


| 


Tuer Epvcation or Naval ARCHITECTS.* 
| 


One of the main objects in the minds of the founders 
of this Institution was the provision, as soon as possible, 
of adequate arrangements as the scientific as well as the 
practical training of young men desirous of becoming 
naval architects and marine engineers. It was their | 
desire to remove the reproach that no school of naval | 
architecture and marine engineering existed in the United 
Kingdom, although it was the country which held the 
in shipowning and shipbuilding. At the preliminary 
meetings this subject received attention, and no long time 
ela before definite action was taken to bring the sub- 
ject before the Government. At the meetings in March, | 
1863, Mr. Scott Russell read a paper which represented 
not merely his own view, but those of his colleagues on | 
the Council. No better advocate could have been found | 
for pleading the cause ; the object of technical education 
was one in which Mr. Scott Russell had done valuable | 
pioneer work, his own reputation as an experimentalist | 
in some branches of scientific research was considerable ; | 
and—as the builder of the Great Eastern and a man | 
whose influence had been great on the design of the | 
Warrior—he was able to command the attention of the | 
Government as well as that of his fellow shipbuilders. | 
The action taken by the Institution was both well con- | 
sidered and prompt. A committee was formed, repre- | 
sentations were made to the Government, and the move- 
ment was “eye aided by Lord Hampton and by Sir 
Edward Reed (who had been appointed Chief Constructor | 
of the Royal Navy). Before the year 1864 ended the | 
Royal School of Naval Architecture and Marine Engi- | 
neering been organised, the Admiralty and the| 
Education Department having joined in the arrangement | 
of its courses of study and the selection of the teaching | 
staff. That school continued to carry on its work at! 
South Kensington until 1873. During that period 119 | 
students were under instruction. Of these, 95 studente— | 
53 naval architects and 42 marine engineers -completed | 
their ge Fourteen students came from foreign 
countries, and 24 were British private students. The | 
Institution of Naval Architects watched over its child 
with great solicitude, every annual report containing 
references to its oe res Prominent members of the 
Institution gave their services as lecturers and teachers, 
and in that list appeared names which will always be 
esteemed great in the history of ships and shipbuilding. | 
Sir George Airy, the Astronomer Royal, lectured on | 
the errors and corrections of com in iron ships ; | 
Mr. William Froude on stability and oscillations. 
Professor Rankine on strength of materials and propul- 
sion of ships; Dr. Percy on metallurgy ; Scott Russell 
on fluid resistance and the wave-line theory for ship 
forms ; Sir Edward Reed and his principal assistants 
in the Admiralty on subjects connected with ship design 
and construction ; and distinguished officers of the Royal 
Navy on questions of naval armaments and tactics. Dr. 
Woolley, who had been principal of the second British 
School of Naval Architecture, was appointed to supervise 
the courses of studies, and acted as chief examiner. Mr. 
Merrifield (already mentioned) was the first principal ; 
with him were associated an excellent staff of teachers, 
which included some of the most brilliant younger 
graduates of Cambridge University, as well as members 
of the constructive and engineering staff at the Admiralty, 
and practical shipbuilders and marine engineers of 
experience. It is not possible for me tospeak impartially 
of an Institution where I was taught my profession, and 
afterwards became a teacher myself; it would be out of 
eed for me to say much about the results attained. | 

ese results speak for them-elves, for the men who were | 
trained at South Kensington are now nearing the end of | 
their professional careers ; their work is chiefly done, and | 
its results are known. In its whole career it is probable 
that the Institution of Naval Architects has done no more | 


| 








* For further details on this subject see the address | 
yoo by the writer as Chairman of the Royal Society of 
on November 18, 1908. | 


- establishing a Professorship of 


disappointed the expectations of its founders, and to that 
extent been ‘‘ before its time.” - On the other hand, the 
establishment of this school removed the long-standin 
reproach that the United Kingdom absolutely neglec 
the scientific education of its naval architects and marine 
engineers. Moreover, when its doors were cl , those 
of the Royal Naval College were opened, and in that 
splendid educational establishment, from that time 
onward, the lamp of scientitic instruction in shipbuilding 
and engineering has been kept steadily burning. This 
later work has done under the patronage of the 
Admiralty, and primarily for its purposes; but it has 
also been made available for the teaching of private 
students who were ape wend ualified to gain admission, 
and not a few of tho:e ee there for the service of the 
Admiralty are now holding positions of great responsi- 
bility in private firms. 

Some years elapsed before any other institution in 
Great Britain provided advanced courses of instruction in 
naval architecture and marine engineering, but the 
advantages of such instruction were being more and more 
realised in the interval, and the time was ripe for action 
when Mrs. John Elder generously provided the means for 
aval Architecture in the 
University of Glasgow. Dr. Elgar was appointed to this 
Chair in 1884, and organised the courses of study with the 
ability which his training at South Kensington and sub- 
sequent professional career had led his friends to antici- 

te would be displayed. His successors at Glasgow, the 

te Professor Jenkin and Professor Biles, both received 
their training under the Admiralty, and have fully justified 
its merits in their subsequent work. The Glasgow classes 
have been well filled, and have.attracted many students 
from abroad, as well as from the United Kingdom, and 
it had become evident that larger provision for the educa- 
tion of young naval architects and marine engineers were 
required before further steps were tuken to secure it at 
English Universities. Fortunately, this want has now 
been met, and professorships of naval architecture have 
been established at Newcastle-on-Tyne and Liverpool. 
The former is due to the joint action of the authorities of 
Armstrong Coll and of the leading private firms on 
the North-East t; the second to the generosity of 
Mr. Alexander Elder. In these cases, also, the two 
Professors—Welch and Abell—received their training at 
the Royal Naval College. For many years it was my 
endeavour to secure the establishment of these two Chairs, 
and the fulfilment of that hope, although long deferred, 

as been most gratifying. lt is certain, however, that 
unless there been a growth of belief in the advantages 
attaching to this higher instruction amongst shipbuilders, 
shipowuers, and marine engineers in this country, these 
results would never have Leen obtained, and that growth 
has undoubtedly originated from the seeds sown fy this 
Instituti n nearly fifty years ago. 

The Iustitution has watched with sympathetic interest 
all these recent educational developments, and meanwhile 
has been at work in other directions. Scholarships have 

n established in aid of young men whose means are 
limited. One of these was founded by subscriptions from 
the members in order to perpetuate the memory and 
services to the Institution of the late Mr. Martell (Chief 
Surveyor of Lloyd’s Register of Shipping). Another was 
founded by the generosity of the late Dr. Elgar, and 

rs his name. A third is due to the action of our 
respected Vice-President, Mr. Alfred Yarrow. It is 
reasonable to suppose also that the example and _influ- 
ence of action taken by the Institution may have had some 
effect on the minds of the Chairman and Committee of 
Lloyd’s Register of Shipping, who have established a 
considerable number of scholarships for the benefit of 
students of naval architecture and marine engineering at 
the universities above named. Successive chairmen of 
that committee have been vice-presidents of the Insti- 
tution, the names of many members of the committee 
are on our roll, and the professional staff are very largely 
represented in our membership. While fully recognising 
that the generous deed is entirely due to the committee, 
the Institution may feel that it is not entirely discon- 
nected therefrom. 


Pusiic Work Done By THE INSTITUTION. 


Immediately after its foundation the Institution of 
Naval Architects began work of a public character in 
relation to shipping. It continues to do this work either 
by means of special committees appointed by the Council, 
or through representatives and delegates nominated by 
the Council, as members of committees appointed by 
Government departments or public bodies. rd Hamp- 
ton was of great service in bringing into prominence the 
fact that important work of this nature was undertaken 
by the Institution, and his presidential addresses were 
full of allusions to the subject. Questions relating to the 
lading and stability of merchant ships engaged attention 
fromthe Institution long before the Load-Line Com- 
mittee, appointed by the Board of Trade in 1884, under 
the chairmanship of Sir Edward Reed, began an inquiry 
which eventually led to regulations that are now inter- 
national in their application. The basis of that settle- 
ment was found in proposals which had been previously 

laced before the Institution by Mr. Martell, and freely 

iscussed by members and associates, shipowners naturally 
holding strong opinions on the subject. 

The Board of Trade, through‘its Marine Department, 
has again and again availed itaélf of the services of the 


Institution, asking for opinions on important pvints or 
requesting the nomination of ‘representatives on com 
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mittees, special and standing. At present the Institution 
is thus represented on the advisory committee which 
deals with questions affecting shipping interests, as well 
as on another committee of longer standing, which advises 
on technical details of ships and machinery. Members 
of the Institution have served on special committees 
which have dealt with tonnage laws and other important 
matters affecting the mercantile marine. . 

Lloyd’s Register of Shipping has a!so sought the aid of 
the Institution, which has long had representatives on 
the. Technical Sub-Committee of Lloyd’s, and quite re- 
cently has been invited to appoint representatives on the 
General Committee. 

The British Corporation has requested and received 
similar assistance from the Institution. at 

Its position in the front rank of technical societies has 
been recogni in many other ways. The Institution of 
Naval Architects is one of the five societies represented 
on the Engineering Standards Committee: the chair- 
manship of a most important committee (that of steel 
sections) has been hel | one of our representatives, 
Mr. Archibald Denny. The Institution is also repre- 
sented on the Executive Committee of the National 
Physical Laboratory, as well as the Special Committee 
appointed to supervise the operations of the National 
Experimental Tank, which has been added to the — 
ment of the laboratory by the splendid generosity of our 
Vice-President, Mr. Yarrow. The official opening of 
that tank to-morrow is one of the most important and 
interesting events in our programme, and will constitute 
a fitting memorial of the Jubilee. The provision of a 
maintenance fund for that tank is another public duty 
which has been undertaken by the members of this 
Institution, and there is no doubt but that it will be 
fulfilled. 

The Institution is represented on the Courts of the 
Universities of Liverpool, Bristol, and Sheffield, and 
upon the Governing y of the Imperial Coll of 
Science and Technology in London. Members of the 
Institution are serving at the present time on the Special 
Committee appointed to consider reports on the establish- 
ment of a Science Museum in London. These are but 
examples of the public services which have been rendered 
since the Institution was founded, and which have grown 
in importance with its growth. 

Perhaps the strongest evidence of the value attached 
to the national work done by the Institution may be 
found in the fact that for a very long paws the Admi- 
ralty has made an annual grant in aid of that work This 

nt was first made when the financial condition. of the 
nstitution was a cause for anxiety to the Council, and 
aid was then of greater relative value than it has been in 
later years, when financial difficulties have disap : 
As a recognition by the Government of the public duties 
perfor by the Institution the continuance of the grant 
1s highly esteemed. 


Tue TRANSACTIONS OF THE INSTITUTION. 


Every one will agree that important as other depart- 
ments of its work have been and still are, the ant 
important is represented by the fifty-two volumes of its 
Transactions. 

These volumes contain a detailed record of progress in 
the science and practice of shipbuilding and marine 
engineering during the period they cover. Reference 
has already been made to the paper in which Dr. Woolley 
ably summarised the condition of the mathematical theory 
of naval architecture in 1860. Another stock-taking of 
scientific knowledge was attempted by Sir Edward 
when the International Con of 1897 was held in 
London, and his paper showed that, in many branches of 
naval architecture, considerable advances had taken place 
since 1860; especially in those branches relating to the 
stability and oscillations of ships, fluid resistance, and 
— of ships, the mechanical theory of prapeneen. 
and investigations of the structural stre of ships. 
Since 1897 has continued, and is still continuing. 
The later volumes contain full records of the most recent 
additions to the vast treasury of information gathered in 
preceding Transactions, and they are in no sense inferior 
to Oe eens At the outset Sir Edward Reed 
remarked that one of the most important factors in the 
success of the Institution would be the contribution of 
original papers in sufficient numbers. Fears on that 
head were — dispelled ; from the first the supply 
of papers of excellent quality were in excess of require- 
ments. In later yeass—ovesi tits an increasing demand 
for contributions of a simila@r kind from local societies— 
the supply to the parent Institution has been in excess of 
what could be read and adequately discussed within the 
limits of time available. 

The Institution, in fact, offers unrivalled attractions 
for the authors of papers, and ney for the originators 
of mew ideas or experimentalists in new directions; 
because of its larger membership, cosmopolitan character, 
snd high reputation as the best means of making known 
to the shipping world new methods and discoveries in the 
domain of naval architecture and marine engineering 
Our Transactions contain numerous original communi- 
cations by distinguished men, whose contributions mark 
epochs in the history of ship design and construction ; and 
who have chosen our Institution as the most suitable 





place for publication of successive ym in invention and 
r C ry and practice both find adequate repre- | 
sentation ; and illuminating discussions, as well as inde- | 
pendent and differing views on i 
a by high authorities, add greatly to the value of 
a | 
The first volume of the Transactions struck a high note | 
Dr Weal ‘since — oe wena 4  . ) to 
A 's theory i 
this volume einktined contributi "bon Sr Goons | 


particular subjects | 


Airy on compass correction in iron ships, from Scott | that it is coming into more 


Russell on the wave-line principle of ship construction, 
and from Mr. on experiments to determine the 
height of the centre of gravity of ships. Iron shipbuilding 
was discussed by high authorities like Sir Wilham Fair- 
bairn and Granth 

diagonal system of wood shipbuilding, with which most 
remarkable results were obtained in the combination of 
lightness and strength. Sir Nathaniel Barnaby wrote on 
mechanical invention in its relation to the improvement 
of naval architecture. Mr. Moorsom dealt with tonnage 
legislation of shi Mr. Robert Murray described means 
and appliances for economising fuel in steamships. Mr. 
Lennox read a paper on chain cables. This was an 
excellent start, representing all sides of the work which 
the Institution was founded to perform. 

In Volume II. of the Transactions, prolo discus- 
sions on ironclad ships were recorded, these discussions 
continued over several years, and had immense public 
interest and value at a critical time. Mr. William 
Froude contributed a paper on the rolling of ships, which 
introdu a new view of the causes influencing the 
behaviour of ships at sea, and gave clearer guidance 
to naval architects in their treatment of the conflicting 

ualities of stiffness and s iness in new i or 
ships. Papers on the methods of making the caloglations 
for the stability of ships were also That by Mr. 

es formed the first of the long series of such investi- 
gations contained in subsequent Transactions. Next year 
a feature was developed which has since become common 
in our poumetings, A paper like that by Mr. Froude 
on the rolling of ships could not P sene / be mastered 
when it was read or immediately discussed : it required 
careful study before the meaning and value could be 
understood, or doubtful points and limitations discovered. 
In 1862, therefore, as was natural,.a number of papers 
qouer dealing with this subject frm different points 
of view, and, as a result, knowledge was advanced. 
Later on Professor Rankine began a series of contri- 
butions which were of the greatest value in connection 
with the oscillations of ships ; and still later came experi- 
mental and one investigations by Mr, William 
Froude, Mr. R. E. Froude, and others, with the final 
result that the fullest discussion extant of this branch of 
naval architecture is to be found in our Transactions. 

The same claim may be le for the treatment in 
these volumes of the important subject of stability, both 
on the theoretical and the practical sides, and for all 
classes of ships. A t mass of authentic data has been 
accumulated ; the effects of variations in form, type, and 
lading investigated, methods of calculation described, 
and attention drawn to the valuable help obtainable by 
the use of integrating machines, in the production of 
which Dr. Amsler took the lead when the need for them 
was made clear by discussions in this Institution. 

In the Transactions also may be found the epoch-making 
communications of illi Froude, relating to his 
system of experiments on models of ships and ~—_* ; 
contributions from Wm. Froude, Rankine, R. E. Froude, 
Cotterill, Greenhill, and other authorities on the mathe- 
matical theory of | a moma and the causes chiefly 
influencing their efficiency; records of experimental 
research on water-resistance to the motions of ships and 
speed trial data for actual ships. 

Questions of the greatest importance to the mercantile 
marine, such as rules for classification, legislation for load- 
lines, tonnage measurements, watertight subdivision, 
corrosion and fouling, stowage of ca loading and 
discharging appliances, anchors and cables, refrigerating 
apparatus, steering gears, docks, harbours and ports, fire 
protection, masts and spars, boat lowering, and endless 
other items have all been made the subject of papers and 
discussions. 

If one desires to obtain accurate information as to 
improvement in shipbuilding materials, the substitution 
of iron for wood, the construction of composite ships, the 
introduction of mild steel, the use of stronger qualities of 
steel, the advantages or disadvantages‘of various kinds of 
material, the Transactions offer the greatest facilities. 

Similarly, one turns to them for information in regard 
to systems of construction, structural arrangements, 
methods of riveting and combining parts of the structures 
of ships; and one never turns in vain. Methods of 
approximating to the principal stresses which may come 
upon various parts of thestructures of ships, and deciding 
on the upper limits of stress which ex, shows may 
be accepted in practice, as well as the determination of 
local stresses, and of the best methods of meeting them, 
are also to be found in these volumes: 

Scientific analysis and practical experience are herein 
associated, and always with advantageous results. All 
— of orm receive consideration, ranging from the 
ifeboat up to the t ocean-going passenger 8! ip 
or the a werey ice-breakers, re ferry 
steamers, telegraph- steamers, steam sailing 
yachts, torpedo aeaaier Gelbontatinae and others ; all have 
come under review, or been made the subject of discussion. 
Nothing that floats is too small or too great to receive 


-| attention from the Institution and a place in the Trans- 


actions. 
In the Transactions are also to be traced in detail, 
authentic records of the remarkable progress made during 
the last half-century in marine engineering, increase ip 
steam pressure, improvements in steam ation in 
propelling and auxiliary machinery, in fuel economy, in 
systems of ion and pro _ The stories of the 
development of the reciprocating the introduction 
and disuse of water-jet propellers, and the triumph of the 
steam-turbine, are all told as they hap ; tl 
the application of the internal-combustion engine to ship 


written. <4 fuel for the use of 
discussed in 





am. John White, of Cowes, described the | 


| propulsion has been debated, and its istory is being | 
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results are being investigated by competent authorities. 
relative merits of cylindrical and water-tube boilers, 
of different types of superheaters and condensers, of 
various systems for the transmission of power, come under 
review. No one can peruse these pages and fail to be 
impressed with the remarkable growth of scientific 
method, acourate observation, systematic research, 
and thorough analysis; as — to the design, 
construction, and performances Of ships, marine engines, 
and boilers. Related problems such as the vibration of 
steamships, the balancing of engines, the influence of rate 
of revolution, and numbersor positions of propellers upon 
vibration—have all received «ttention. irhe aggregate 
result of these advances in knowledge are to be seen in 
the increase of speed, the practi supersession of the 
sailing ship by the steamship, the cheapening of sea trans- 
port, and the greater larity and comfort of sea travel, 
with all the consequent benefits to humanity at large. 
is brief and imperfect review of the outstanding 
features in our Transactions cannot be concluded 
without a reference to the intimate connection which 
has existed between the proceedings of the Institution 
and the contemporaneous development of the Royal 
Navy. Here from the commencement have been 
held debates on warship construction far more valu- 
able than any discussions in Parliament could possibly 
| be on such highly technical subjects. Here naval 
| officers and naval architects have met and conferred 
| or disputed. From the very outset the Institution was 
_ chosen as the place whereat the constructive policy of 
| the Admiralty for the time being should be explained 
| and discussed. All through the periods of office of Sir 
Edward Reed, Sir Nathaniel Barnaby, and myself, as the 
responsible designers of ships of the Royal Navy, this 
| policy was continued. It was at our meetings that the 
relative merits of broadside and turret armaments were 
championed by Reed and Cowper Coles, and descriptions 
have been given by men responsible for the designs 
of new types while they were building. Here the con- 
troversies of the past were centred, and to a large extent 
were settled, in all probability to the great advantage of 
the nation. These controversies need not be revived, but 
they can still be studied in the Transactions, and the 
student finds that in warship design, as elsewhere, history 
often repeats itself. In these can be found records 
of the long battle between ordnance and armour, of the 
great improvements made in each, and the consequential 
effects on designs. In recent years all this has been 
changed, and, as many of us think, unfortunately changed, 
when regard is had to the undoubted benefits which have 
flowed from open discussion in the past. For many years 
now the Institution has had no official communications 
made to it, such as were formerly the rule, respecting the 
designs for new British warships. It is hoped that before 
long there may be a reversion to earlier and well-proven 
practice. In the past some things have always been left 
unsaid in papers contributed by officials. It is not sug- 
gested that in future there should be disclosures of infor- 
mation that would be indiscreet or improper any more 
than there has been in the past. As one familiar with the 
events of the last forty-five years in our proceedings, 
| I cannot recall one occasion where the public interests 
have suffered in consequence of the papers and dis- 
cussed in which warship design and construction formed 
the subject. 

Looking back upon work which has been done by the 
Institution, it may be claimed that the intentions of its 
promoters, on the whole have been well fulfilled ; in some 

they have been surpassed. The meetings of the 
Institution have afforded exceptional <a for 
the discussion of questions affecting the science and 
practice of naval architecture and marine engineering ; 
the construction of warships and of merchant ships; the 
shipbuilding policy of Great Britain ; the safety of life 
arid property at sea ; the introduction of new materials of 
construction and structural arrangements; the develop- 
ment of experimental methods of research ; the introduc- 
tion of new methods of ship calculations and design ; 
and the discussion of new inventions of various kinds. 
Before the Institution was founded, naval science had no 
home in England ; its treasures lay scattered far and 
wide in the form of memoirs and papers contained in the 
Proceedings of the Royal Society or in other publications. 
Everything worthy of preservation now naturally finds 
its way to the Transactions, and through them to naval 
architects, marine ineers, and others interested in 
| these subjects th out the world. All movements 
| sensibly affecting shipping now leave their record in the 
pers and discussions; from this point of view the 
| Transestions have already attained and will maintain a 
| high historical value. Ev great movement may be 
said to have been chronicled for mee years, and the his- 
tory of the peegress of the theory of naval architecture is 
also to be found therein. 
| Sanguine as were the founders, it seems unlikely that 
any of them could have anticipated such a growth in 
numbers, standing, and recognised usefulness as taken 
place. Most of those to whose courage and devotion the 
establishment of the Institution was due have passed 
' away; others, who have done their best to promote its 
interest and further its operations for many years, will 
soon come to the end of an active participation in its 
affairs. It may, however, be asserted confidently that 
the Institution we all love so well will live and flourish, 
because it has become a centre of association and friendly 
help for all who are interested in ships—the home of 








| naval architects and marine engineers of all maritime 
y | countries, as well as of shipowners and seamen. 





GrowrTs or Bristor—In 1897 the rateable value of 
Bristol was 1,153,311/. ; in 1910 the total had grown to 
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SHIPPING ON THE GREAT LAKES.* 


By Franx E. Kresy, Vice-President Soc. N.A. and 
M.E., and A. P. Rankin, Member. 


THE object of this Paper is to describe and illustrate, 
without touching on the technical side of the subject, the 
water-borne commerce of the Great of America, 
The writers offer it apologetically, realising the futility of 
attempting to cover in detail so large a subject in a paper 
of necessarily restricted length, but they trust that by 
indicating some of the outstanding facts in this develop- 
ment their efforts may not be without some interest. 

In beginning it may not be out of place to give briefly a 
résumé of the Ler. tyres features regarding the Great 
Lakes, together with their connecting ott om Po channels 
and principal ports. Also, although the object will be to 
avoid statistics as far as possible, it will be necessary to 
submit sufficient of these for an intelligent realisation of 
the volume of the trade, together with its rapid increase. 
Consisting of a series of inland seas, known as Lakes 
Superior, Michigan, Huron, Erie, and Ontario, reaching 
east and west 1000 miles, and half that distance north and 
south, with a water surface of over 90,000 square mile< 
and a drainage basin of 275,000 square miles, connected 
throughout by navigable channels and discharging through 
the St. Lawrence River into the Atlantic Ocean, they 
may be justly considered, from their magnitude, the great 
area of the region drained by them, and their beneficial 
effect on the climate, one of the most important physical 
features of the North American Continent. 

Lake Superior, the most westerly of the group, is 
602 ft. above mean sea level, while Lake Ontario on the 
east is elevated only 247 ft. Between Lakes Superior 
and Erie, however, the fall is somewhat less than 30 ft., 
so that almost the entire descent is below Lake Erie, or 
in the Niagara and St. Lawrence Rivers. The difference 
in level between Lakes Superior and Huron is about 21ft., 
the natural channel being the St. Mary’s River. The St. 
Mary’s Rapids have a drop of 18 ft. in about three-fourths 
of a mile, and navigation at this point is accomplished by 
means of the Sault Ste. Marie (or commonly the *‘Soo”) 
canals, of which there are two, one in United States and 
one in Canadian territory, the former having two locks, 
side by side, while the latter has a single lock. In all 
cases the total lift of 18 ft. is overcome in one lock. The 
older of the United States locks, known as the ‘‘ Weitzel,” 
was builtin 1870-81, and is 515 ft long, 80 fc. wide in the 
chamber, narrowing to 60 ft. at the gates with 17 ft. of 
water over the sills. 

The latest, or ‘‘ Pos” lock was built in 1887-96, and 
is 899 ft. long, 100 ft. wide, with 22 ft. of water over 
the sills. The Canadian lock is 900 ft. long, 60 ft. wide 
throughout, and was built in 1888-95. Hither of these 
locks can be filled or emptied in seven or eight minutes, 
and the gates opened or closed in two minutes. A 
third United States lock is under construction at the 
present time, on completion of which it is pro to 
rebuild and deepen the ‘‘ Poe” lock, and a fourth lock is 
contemplated. Since 1881 no tolls have been levied, both 
canals being free for use by ships of all nations. The 
average timein making a loc is about 30 minutes, but 

“generally two, and frequently as many as five, boats are 
put through at once. 

The navigable channel through the St. Mary’s River 
has been improved, by dredging and cutting, until the 
available depth is in the neighbourhood of 20 ft. 

L«kes Michigan and Huron connect through the Straits 
of Mwkinac and have a common level. The connection 
between Lake Huron and Lake Erie is through the St. 
Clair River, Lake St. Clair, and the Detroit River, the 
difference of levels, 8 ft. in about 90 miles, causing an 
average current of 14 miles per hour, increasing to 24 at 
the narrow channels. By an amount of work and at an 
expense difficult to realise these channels have been 
deepened and improved, until 20 ft. of water is available 
throughout at normal lake levels. 

The Welland Canal, which is built entirely in Canadian 
territory. connects Lake Erie with Lake Ontario, over- 
coming the Rapids and Falls of Niagara. The canal is 
26% miles long, the total lift being 326? ft., accomplished 
in 25 locks, each 270 ft. long, 45 ft. wide, with 14 ft. of 
water available. It is the intention, however, to confine 
this paper to the commerce of the Great Lakes above 
Niagara Falls, as the comparatively small dimensions of 
the Welland and lower canal locks make Buffalo the 
eastern terminal of the great bulk of the lake traffic, 
which is handled in ships of much greater dimensions. 
Between Lake Ontario and Montreal, however, there are 
six canals, and 21 lockages are necessary, the dimensions 
of lock and depth of water given for the Welland Canal 
being available throughout. ' 

The sailing distance from Buffalo, at the eastern 
extremity of e Erie, to Duluth, the western limit of 
Lake Superior, is 980 miles, and from Buffalo to Chicago, 
at the southern end of Lake Michigan, 885 miles, while 
from the lower end of Lake Ontario to Duluth is 1175 
miles. 
| Navigation on the Great Lakes opens about the middle 
of April and closes early in December, leaving a naviga- 
tion season of eight months. During the four winter 

months the rivers and harbours are ice-bound, and navi- 
— entirely ceases, except in the case of car and other 
‘erries, 


The international boundary line divides Lakes Ontario, 
‘Erie, H and Superior, passing midway through the 
connecting cbannela, and leaving Lake Michigan entirely 
in United States territory. ie? . 

It is not the intention to attempt anything like a his- 
torical description of the early navigation and develop- 





* Paper read at the Jubilee Meeting of the Institution 
of Naval Architeots, July 6, 1911. 





ment of the commerce on the Great Lakes, but generally 
to describe it as it now exists, referring, of necessity, to 
the small beginnings by way of contrast, and to illustrate 
the rapid advance that has taken place. i 

The chief reason for the growth of this commerce is the 
mimeo | of great natural resources to the districts tribu- 
tary to the lakes, the bulkiness of the products making 
water transportation specially valuable. This condition 
naturally existing, what had to be artificially provided 
was the means of cheap transportation by water, which in 
turn necessita deep waterways, so that large shi 
could be utilised, special types of ships to handle the 
different kinds of ——-. and adequate facilities for 
handling the same. he gradual advance along these 
lines constitutes the real story of the growth of the com- 
merce of the Great Lakes, the deepened and improved 
waterways always in the van, the ships of increased 
dimensions following closely, and the cargo handling 
apparatus keeping pace with their structural arrange- 
ments, and often, indeed, causing radical changes to be 
made in their design. 

Probably the simplest way to a realisation of the volume 
of this commerce is a study of the statistics covering the 
tonnage passing given points in the navigable channels. 
That through the Sault Ste. Marie canals represents the 
Lake Superior traffic, and accurate records are kept at 
this point. This represents about two-thirds of the 
Detroit River t ge, the r ining third being mostly 
traffic to and from Lake Michigan ports. The following 
tables show the amount of tonnage passing these points 
during the navigation season of 1910 :— 


East and West-Bound Commerce Passing both American 
and Canadian Canals at Sault Ste. Marie, Michigan, 
and Ontario, for the Season of 1910. 























East Bound. 
| | ! 
: U.S. Canadian | Total Sh. 
Articles. | Canal. ‘anal. Total. Tons. 

Copper, short tons ..| 121,438| — 26,632| 148,070| 148,070 
Grain, bushels. . . - 14,943,137 |24,300,195 89,243,832 821,492 
Building stone, short 

tons .. a 9,335 300 9,635 9,635 
Flour, barrels .. .| 4,856,746 | 2,718,933 | 7,575,679 757,568 
Iron ore, short tons . 13,075,362 28,525,024 |41,600,886 | 41,600,386 
Pig-iron, sh rt tons ..) 40,340 8,650 | 48,990 48,990 
Lumber, M. ft. B.M. ..| 658,607! 44,494| 603,101} — 986,482 
Wheat, bushels ..|17,505,949 |68,754,025 |86,259,974 | 2,587,799 
General Merchandise, | 

short tons .. ‘i 96,337 76,950! 173,287 178,287 

West Bound. 

Coal, hard, short tons | 1,100,533| 649,311) 1,658,844 1,658,844 
Coal sott, short tons ..| 8,319,072 | 8,535,811 |11,864,883 | 11,854,883 
Flour, barrels .. Pe 10) 1,100 1,110 111 
Grain, bushels. . 2,153 | ° 2,153 34 
Manufactured iron, | 

shorttons .. --| 226,611 169,068 395,679 395,679 
Iron ore, short tons .. ns 3,248 3,248 3,248 
Salt, barrels .. --| 890,191 | 188,419 628,610 78,448 
General Merchandise, 

short tons .. .-| 611,208! 627,053 | 1,238,262/ 1,238,262 

Summary. 
20,899 


Vessel passages, num- 12,927 | 7,972 | 
r } | 


Registered tonnage, | 

ae "a . .|26,506,986 |23,349,137 49,856,123 
Freight— | 

East - bound, short: | 


ns..  .. __ ..|15,602,673 |31,351,086 |47,183,709 
West - bound, short | 
tons.. hs - - 10,324,988 | 4,904,521 |15,229,509 
Totalfreight,short tons'25,927,661 |36,435,557 |62,363,218 
| ' 








The volume and increase of traffic in the Detroit River 
is illustrated by the table given below, covering the years 
1902 to 1910 :— 











Vous * No. of Net Regis- | Freight Tons.| Estimated 
* Passages. _ tered Tons. Estimated. Value. 
j dols. 
1902 33,000 39,328,689 44,260,506 440,834,640 
1903 | 33,113 37,453,796 46,817,245 471,917,830 
1904 | 20,472 33,049, 42,792, 453,598,656 
1905 | 35,599 45,912,622 55,508,360 522,888,751 
1906  =—s_:- 36,128 60,673,897 63,308,571 662,971,053 
1907 | 34,149 | 58,959,769 71,226,895 697,311,302 
1908 27,883 40,628,250 54,086,750 614,425,480 
1909 | 32,206 54,668,846 67,789,369 732,803,079 
1910 | 33,638 58,821,282 73,526,602 771,294,055 





On the lakes, iron ore is reckoned in tons of 2240 Ib., 
commonly known as the ‘“‘gross” ton, while for coal and 
other merchandise the short or ‘“‘net” ton of 2000 lb. is 
used. To simplify the tables all weights are given as 
short tons, while elsewhere, where necessary; the tons 
will be qualified by the terms above. This, in 1910, 
averaged about 225 tons passing this point for every 
minute of the navigation season. . 

An examination of the table of statistics covering ton- 
passing through the ‘‘Soo” locks will show that the 
of the carried consisted of a comparatively 

few articles. us, of the 62,363,218 tons ng east 
and west, 41,603,634, or over 66 per cent. of the whole, is 
iron ore. contributes 13,513,727 tons, or nearly 
22 cent., grain and flour accounts for: 3,345,512 tons, 
or 54 per cent., these three articles making over 93 = 
cent. of the total, and it thus becomes an easier prob! 

to specialise the ships, docks, and cargo-handling appara- 
tus. The ships coment is great commerce may be 
roughly, but with sufficient exactness, divided into four 
classes as follows : 


1. Coarse or bulk freighters, including all steamers 


‘those da 





engaged in carrying iron ore, coal, or grain in bulk. 


2. ** Pac freighters,” covering steamers i 
general dise in holds and on main deck, hand) 
generally through side gangways. 

3. Passenger steamers. 

4. Car ferries, used in the transportation of railroad 
cars across the rivers and lakes. 

Bulk Freighters.—The development of the freighter on 
the lakes is so interwoven in its history with the improve- 
ment of the waterways and the perfecting of the cargo- 
handling apparatus, that it would be impossible to follow 
one without tracing the simultaneous advance of 
the others. A somewhat superficial review, however, 
touching only on the most important steps, must suffice 
to lead up to the bulk freighter of the Great Lukes as she 
exists to-day. This type of ship is engaged exclusively 
in the carrying of iron ore, coal, and grain. The ore 
trade is entirely down the lakes, or east bound, the 
er a shipping ports being Duluth, Superior, Two 

arbors, Ashland, and Marquette on Lake Superior, and 
Escanaba on Lake Michigan. Of the 42,620,201 tons 
carried during the navigation season of 1910, 34,042,897 
tons were received at Lake Erie ports, the balance being 
delivered to those of Lake Michigan. 

The _ traffic, also east bound, amounted in 1910 
to 245,171,763 bushels, the principal shipping ports for 
United States grain being Duluth, Superior, Chi ‘o, and 
Milwaukee, the receiving ports being Erie and Buitalo, 
from where it is shipped by the Erie Canal railroads for 
distribution and export. Port Arthur and Fort William, 
Ontario, are the storage and shipping points for the grain 
from the Canadian North-West, most of which is carried 
to the seaboard for export between September and 
December. The larger steamers transfer to the railways 
at Georgian Bay ports, while those of Welland Canal 
dimensions cover the entire route from the head of the 
lakes to Montreal. 

The coal trade, being all west bound, forms a con- 
venient return cargo for steamers which are not exclusively 
engaged in the ore trade. It ranks second in volume, and 
during the navigation season of 1910, 18,406,469 tons of 
bituminous and 4,170,813 tons of anthracite coal were 
shipped west from Lake Erie ports. 

reight rates between Lake Erie and Lake Superior 
ports during 1910 were as follows :— 


Coal 31 cents per ton. 
Grain 14 cents per bushel. 
Iron ore ... 70 cents per ton. 


2.00 dols. per ton. 


From the ore rate above 15 cents per ton must be 
deducted for unloading charges, which are borne by the 
vessel’s owner. 

The iron-ore trade is, of course, the most important, 
and the relation of the lakes to the mining and transport- 
ation of the ore has done more to establish the position of 
the United States in the iron and steel trade of the world 
than any other fact. Three-quarters of the ore used in 
the furnaces of the United States comes from the Lake 
Superior region, a thousand miles removed from the 
available coke and limestone supply, and but for the lake 
transportation it would be impossible to economically 
assemble them, the tratfic, at rates profitable to the 
steamers, offering no attraction to the railways; in fact, 
without this great water route the Lake Superior ore 
deposits could never have been developed. 

ron ore was first discovered in the Lake Superior 
district in 1844, about 14 miles from what is now 
Marquette, and, at first, attempts were made to manu- 
facture iron in the locality of the deposits, and several 
forges were established in the years 1848-50, but finan- 
cially the results proved disastrous. The difficulties of 
transportation to the lake, the wy trip to the mills in 
Pennsylvania, made the cost of the blooms so high that it 
was impossible for the industry to continue. In 1850, 
10 tons of iron ore were sent to New Castle, Pennsylvania, 
for experimental purposes, but it was not until 1853 that 
the idea of manufacturing iron in the Lake Superior dis- 
trict was abandoned, and definite steps taken toward 
shipping the ore to the lower lakes. 

In the early shipments the ore was laboriously hauled 
to the lake, wheeled on board small sailing vessels, and 
at the ‘‘ Soo” had to be unloaded, carried over the portage 
of about a mile, and below St. Mary’s Falls was again 
loaded upon vessels, and so carried to the Lower Lakes. 
Meanwhile, a canal around the rapids at Sault Ste. Marie 
was under construction, work being commenced in 1852, 
and on June 18, 1855, the canal was opened for traffic. 
The steamer North Star, passing up through the canal 
on the 20th, was the first to reach Marquette, and the 
brig Columbia carried the first ore cargo, consisting of 
132 tons, through the canal on August 17, 1855, and in 
all 1,447 tons were shipped that year. The first ship 
canal at Sault Ste. Marie was 5,700 ft. long, 100 ft. wide 
at the water surface, 64 ft. wide at the bottom, and the 
depth of water was 13 ft. The locks were two in number, 
350 it. long, 70 ft. wide, with 11} ft. af water over the 
sills, and had a lift of 9 ft. 

In 1857 the first steam railroad from the mines to 
Marquette was fini It was not until 1862 that any 
of the mining companies found themselves on a paying 
basis, but meantime they had joined together in building, 
at Marquette, a wooden dock with elevated pockets on 
trestle work, to facilitate the loading of the ore. Primi- 
tive as the structure was, it represented in principle the 
great loading docks of to-day, embodying the univ 
method of loading through spouts from elevated pockets, 
filled by cars from above. : 

For first few years almost all the ore shipments 
were made on small sailing v on which, owing to 
their construction, with the ordi hatchways, this 
method of nealing could be used. ae Sow steamers of 

carried were in no wa 
ner As the. channe! 


General merchandise ... 


adapted for the transportation of ore: 
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were not lighted navigation through them ceased at 
nightfall, and the custom was for the schooners to be 
towed through the rivers, numbers of tugs finding steady 
and profitable employment in this connection. In the 
sixties this was the general method of ore transportation 
on the lakes, and in 1860 115,401 tons of iron ore repre- 
sented the year’s business in that commodity. 

At this time the method of unloading ore at the Lake 
Erie ports was an exceedingly slow and laborious one. 
The work was usually done by contract, the means 
employed to elevate the from the hold being tubs, 
operated by blocks and tackle with horses as the motive 

wer, and wheelbarrows then served to convey it ashore. 
To unload a 400-ton cargo in two nas was accounted 
excellent work. In 1867 small portable engines were 
substituted for the horses, and at once the unloading 
time was cut in two. Up to this time ore was not the 
most important trade on the lakes; grain, then, and 
for many subsequent yours, holding that position. In 
1866 grain receipts in Buffalo were 1,500,000 tons, while 
the total ore delivered at all Lake Erie ports represented 
only 278,796 tons. For some years as the traffic increased 
the system was adopted of towing sailing vessels, five 
and six in line, the entire distance from the loading docks 
on Lake Superior to Lake Erie. The year 1869 marks 
an important change in the business of ore carrying in 
the introduction of the steamer and consort. In that 
year the steamer R. J. Hackett was built at Cleveland, 
Ohio, being, as the term is now generally understood, 
the first bulk freighter on the Great Lakes. She was of 
wood, 211 ft. long, and 33 ft. beam, the propelling 
machinery being placed aft. Her hold was continuous, 
and her hatches spaced 24 ft. centres, influenced, no 
doubt, by the design of the early loading docks on e 
Superior. She had a carrying yo | of about 1,200 
tons, the draught being, of course, fixed by the 11} ft. of 
water at the ‘“‘Soo” locks. The following year the 
Forest City, of approximately the same dimensions, was 
built as a consort to the Hackett, and the two vessels 
were operated together. Although intended to be always 
in tow of the steamer, she was rigged with sufficient 
canvas to care for herself in case of being drop 
through stress of weather. This method of transporting 
ore by means of steamers and consorts became rapidly 
popular, and continued as the prevailing practice for 
almost twenty years thereafter. 

In 1874 the steamer V. H. Ketchum was launched at 
Marine City, Mich., and being 20 ft. longer than any- 
thing afloat on the lakes at that time was considered a 
monster. She was of wood, 233 ft. long, 41 ft. beam, and 
24 ft. deep. 

About this time the demand hecame general and 
insistent for a deeper channel throughout the Lake 
System. Draughts of 13 ft. and over were possible at 
some of the principal lake ports, yet the draught of ore- 
laden vessels was regulated by the depth of water at the 
‘**Soo” locks, viz., 114 ft. A 16-ft. channel throughout 
was decided upon, the first step toward which being an 
increase in the depth of the St. ’s Fall’s Canal from 
12 ft. to 16 ft., and the construction of a new lock 515 ft. 
long and 80 ft. wide, to provide for the whole 18 ft. 
difference of level in one lift. This new lock, the 
‘* Weitzel,” was completed in 1881, but it was 1884 before 
the 16-ft. channel was available throughout. In the 
meantime a large fleet of vessels had been built of 
dimensions to utilise to best advantage the in 
facilities, and the principal ports had been deepened to 
suit. At this time the growth of the ore-carrying trade 
had been notable, shipments having increased from 
300,000 tons in 1866 to 2,300,000 in 1884. In 1882 a 
departure from the use of wood in shipbuilding was made 
by the construction at Cleveland, Ohio, of the steamer 
Onoko, the first iron bulk freighter built on the lakes, 
and for a time the largest dead-weight carrier, her 
dimensions tong 287 ft. in length, with a beam of 
38 ft. With the development along other lines the ore- 
loading docks at the Lake Superior ports had been 
gradually and consistently enlarged to keep pace with 
the requirements. The construction of these docks has 
always influenced the arrangements of the ships in one 
way. The loading spouts were originally pl: at 12 ft. 
centres, and on account of this the early boats were 
built with their hatches spaced 24 ft. centres in order that 
each alternate spout could be used without shifting. 
The early docks were invariably of timber, with the base 
of the pockets only 20 ft. above water, this giving suffi- 
cient incline for the flow of the ore. Concrete and steel, 
however, enter largely into the construction of the modern 
perp say Snes and Fig. 1, Plate X., shows the Duluth 
and Iron Range Company’s dock, No. 6, at Two Har- 
bors, Minn. This dock is 40 ft. from waterline to 
bottom of pockets, and 73 ft. high to railroad track, and 
has storage So ey for 43,246 tons, The steamershown 
under the loading spouts is 569 ft. long over all, and on 
October 10, 1909, was loaded with 10,111 tons of ore in 
39 minutes. 

In unloading, however, no material advance had been 
made, the portable —— buckets, and wheelbarrows 
prevailing as late as 1880. The first real improvement 
was introduced at Cleveland by the building, in 1 of 
a cable-way machine designed by Alex. E. Brown, which 
marks the beginning of the speedy development of the 
material-handling on the lakes. It consisted of 
a number of cables, each su on two fixed piers, one 
at the dock face and the other some 300 ft. back. On each 
cable ran a one-ton ore bu controlled in its move- 
ments from a central station. e buckets were filled by 
hand in the hold, the machine lifting out, depositing the 
ore on the s pile or directly into cars, and return- 
me Soa — bucket to the hold without further 
labour. ough an infinite improvement over the old 
method, the limitations of a machine with fixed piers was 
soon realised, in that it could cover only a limited storage 





ile, and it eoon gave place to the t . carrying a rigid 
Sites structure instead of the cable, the piers \ehe 
mounted on wheels and movable along the length of the 
dock. This type was brought to great perfection by the 


Brown Hoisting Machinery Company of Cleveland, and | added 


became the almost universal standard, their capacity 
being y limited by the speed of filling the buckets. 
Fig. 2, Plate X., shows the highest development of this 
class of machine, superseded now by the ‘‘grab-bucket” 


type. 

Steel was first introduced in the construction of bulk 
freighters on the lakes in the building of the Spokane in 
1886, and this speedily became the only material used. 
When in 1884 the 16-ft. channel became available, a great 
many steamers of 1500 to 1900 tons net register, with a 
carrying capacity of about double that amount were in 
use. In 1888 iron ore became the leading article of com- 
merce on the lakes, a position which it has retained unin- 
terruptedly since, and from that time the vessels built for 
that trade were greater in number and larger in tonnage 
than those for any other. In constructive features they 
were yet practically the sameasthe Hackett and Forest 
City. Steel had been substituted for wood, the double 
bottom had been added, but the internal arrangements 
remained substantially the same. 

The demand for deeper waterways on the lakes has 
been unceasing, and the 16-ft. channel was no more 
than completed when it was realised that it was totally 
inadequate to the demands of the commerce, and measures 
were taken towards increasing it. The improvements in- 
cluded the further deepening of the St. Mary’s Canal to 
25 ft. and the building of a new lock, 800 ft. long and 
100 ft. wide, with 22 ft. of water over the sills. This, the 

resent ‘* Poe” lock, was built on the site occupied by the 

rst lock, and was opened for traffic in 1 Simul- 
taneously, the work on the Canadian Canal and lock had 
been carried on, it being completed the year previous. 
The channels through the connecting rivers were also im- 
proved by deepening, straightening, and making safer for 
night navigation, and the effect of this new 20-ft. channel 
was immediately felt in increased ship dimensions. In 
1896 more than half the tonnage in bulk freighters built 
exceeded 2000 tons net register, while six years previously 
not a single vessel of this tonnage was in service. 

The first of the 400 ft. class, built in 1895, marked 
a departure from ordinary construction in the wide 
spacing of her main-deck beams. This was the steamer 
Victory, 400 ft. long over all, 48 ft. beam, and 28 ft. deep. 
Her carrying capacity was 5200 tons on 18 ft. draught, 
and at that time she represented the highest development 
of the bulk freighter. It is evident that with the of 

k cargoes carried in these ships intermediate decks are 
unnecessary, the cargo being carried entirely on the 
‘tank top” or inner bottom. Up to the time of the in- 
troduction of the hopper-type ship the so-called main-deck 
beams, on which, however, no deck was laid, and hold 
stanchions, were invariably installed for structural 
reasons. On the Victory the arrangement was simplified 
by nies these beams 8 ft. apart. In 1897 steamers of 
475 ft. in length appeared, and about this time were built 
the last of the ‘‘consorts,” owners realising that the 
highest economy in operation was reached by the single 
steamer of large carrying capacity and comparatively low 
power. 

In 1899 there was installed at Conneaut, Ohio, a new 
type of ore-unloading machine, the ‘* Hulett,” operati 
a self-filling or ‘‘ grab” bucket, which marked a point o' 
radical change, both in the design of unloading machinery 
and in the internal arrangements of the ships. Up to 
this time the ore had been handled in one-ton buckets, the 
size found most satisfactory for hand filling, but with the 
new mechanical buckets the capacity seemed to be limited 
only by the clear space available in the hold. Since the 
introduction of the grab bucket two t of machines 
have toon Y oy tgs mane _one in — q ~ 4 ape > 
suspen e@ operating ro and the other in whic 
the bucket % mounted on de loner end of a vertical 
rotating leg operated by an oscillating beam. 

Fig. 3, Plate XI., represents one of the former type 
built by the Brown Hoisting Machinery Company, of 
Cleveland, Ohio, this machine being arranged to deliver 
directly into cars. On July 21, 1910, a machine of this 
type, using six 5-ton grab buckets, unloaded 9681 gross 
tons of ore from the steamer Matthew Andrews in 
5 hours and 58 minutes, or at the rate of 353.2 tons 
per hour for each bucket. 

Fig. 4, Plate XI, illustrates a ‘‘ Hulett” type machine; 
built by the Wellman-Seaver-Morgan Company, of Cleve- 
land, Ohio. Operating four 15-ton grab buckets, this 
machine unloaded from the steamer Thomas F. Cole, on 
August 5, 1910, 11,131 gross tons of ore in 4 hours and 
30 minutes, or at the rate of 618 tons per hour per 
bucket. 

In 1900 the first ‘‘500-ft.” steamers appeared, but 
during the two or three years following the dimensions 
dropped back slightly. In 1902 the steamer James H. 
Hoyt was built, with her nineteen hatches spaced 12 ft. 
centres, making it possible to use loading spouts in all 
hatches simultaneously, and allowing greater freedom in 
the hold. This created new records for both loading and 
unloading. . ; ; 

Two years later, in 1904, was witnessed the most radical 
change ever made in the construction of lake freighters. 
A steamer was built 60 ft. longer than any other vessel on 


the lakes, and differing materially in construction froin | d 


the existing t This steamer was the Augustus B. 
Wolvin, 560 ft. lor , 56 ft. beam, and 32 ft. =e. She 
had 33 hatches, spaced 12 ft. centres, and her hold con- 
struction was novel, beams and stanchions being omitted 


hand | entirely and compensating ae secured Bee, 


eavy 

Famtead of | poo pod ay iste tank top 
fe) running "ty ™ 

or inner bottom out to the ship side, it was carried up to 











the edge of the main-deck stringer, the sloping sides 
forming the hold into a long, continuous hopper, as 
shown on Fig. 5, Plate XI. e 8 thus fo’ on 
each side, between the hopper sides and skin of shi 

materially to the px emg J for water ballast, the 
cargo was concentrated within the reach of the unloading 
machines, and all obstructions to the working of them 
removed from the hold. The success of the type was 
instantaneous, and since that time every bulk freighter on 
| an naa has been built on some modification of this 
es) 

Fig. 6, Plate XI., shows the type of hopper hold now 
generally adopted, and illustrates how the grab buckets 
may be turned, after passing through the hatches, to 
clean up the ore close to the vertical sides of the hopper. 

Considerable work been done on the older-type 
steamers in the re- ment of the main.deck 
and grouping of the stanchions, and, latterly, vessels of 
the earlier type have been entirely changed to the arch 
or girder construction, for the fact is obvious that for the 
economical handling of ore by pomnat-<ay unloading 
machinery the hold must be entirely free. 

The bulk freighter of the Great Lakes to-day, while 
not a thing of beauty from the marine architect’s point of 
view, is, nevertheless, a most efficient, economical, and 
capacious carrying machine, excellently suited to the 
requirements of the business she was intended for and is 
engaged in. Ordinary practice and accepted formule 
have affected her design but little. Extraordinary con- 
ditions had to be met, and the result has been the evolu- 
tion of a type of ship peculiar to the conditions of the 
trade in which she was to operate. She represents no 
compromise design, but is planned with a —_ purpose 
in view, no thought being given to the possibility of her 
ever engaging in business of any other nature. Under 
present conditions she is still unhampered as to length, 
and two steamers 617 ft. long are at present under con- 
struction. As, however, a width of 60 ft. or over pre- 
vents the use of all the *‘Soo” locks except the “* Poe,” 
the ibility of serious delay through the derangement 
of this lock has to some extent governed the beam of the 
ships, and 58 ft. has been generally adopted as the maxi- 
mum up to date, although several steamers of 60) ft. beam 
are in use. The great length, in comparison to the 
limited depth available, makes the question of longitu- 
dinal strength an all-important one, while the extreme 
athwartship width of the hatches complicates the prob- 
lem somewhat. The speed of loading ore precludes the 
possibility of taking the steamer under the loading spouts 
with any considerable amount of water ballast, as it is 
impracticable to discharge it as fast as the ore is run in. 
Therefore, to get the necessary slope of the spouts to 
insure the proper running of the ore, with the ship in a 
light condition, the hatches are made about two-thirds 
the beam of the ship in width. The full lines, square 
middle body, bluff bow, and practically flat bottom, the 
extreme for position of the navigating bridge, the 
long sweep of deck, clear of yer and pierced by hatches 
from end to end, the hopper hold, free from cross-beams 
and stanchions, and spanned by the deep spar-deck 
girders, the arrangement of the steel hatch covers, and 
method of removing and replacing them, the absence on 
board of all cargo-handling machinery, the large capacity 
for water it, the compactness, ———e, and 
economy of the propelling machinery, together with its 
comparatively low power, the labour-saving devices, the 
consequent small crew required, and the superior accom- 
modation provided for them, together with the almost 
entire absence of wood in the construction, are a few of 
the striking characteristics of the bulk freighter of to-day. 

The following are the principal dimensions of one of 
the “*600-footers,” common enough now on the lakes to 
constitute her a typical example of the latest practice :— 


Length over all, feet ii - sh 600 
Length between ioulars, feet... 580 
Beam moulded, feet oth “ m 58 


Depth moulded, feet er es 
Carrying capacity in gross tons at 19 ft. 

draught... ‘al oi we ... 10,400 
Displacementingrosstonsat19ft.draught 15,350 
Block eoueeenn, Ber cent. doi ei 86 
Le of cargo-hold, feet... ” aa 440 
te th of py omy at bottom, feet .., a 36 

ity for water ballast, tons ... 000 
Memherel hatches ... i ove 36 
Clear opening of hatches, feet . Bby 9 
Number of crew... bet Ee 1. 25 
Type of propelling-engine: Triple -ex- 
sion jet-condensing. 

Diameter of cylinders and stroke, 25 in., 

39 in., and 65 in. by 42 in. 
Revolutions per minute . mm ie 85 
Indicated horse-power _... Ln .» 2,000 
Number of boilers ... tad oak san 2 
Type and size in feet: Cylindrical, 

16 ft. by 114 ft. 
Working pressure, Ibs... sb sil 180 
Loaded speed, miles ies > a 114 


Fig. 7, Plate XII., shows, asan exveption to the general 
rule, a freighter carrying her own u gating wane inery. 
Two of this class are in use on the es carrying 
crushed limestone, and by an arrangement of hopper 
hold, travelling scrapers, and elevators, the cargo is 
elivered on the dock entirely without hand labour. 
Package Freighters. merchandise, outside of 
shipments made in bulk, and known as “ package 
freight,” forms a very considerable trade on the Great 
Lakes, amounting annually to over 7,000,000 tons, which 
is handled almost entirely in steamers of greater speed 
than the bulk ro built ex y for the traffic, 
and owned and opera’ by, and in connection with, 
the great railway systems. Single-screw vessels of the 
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double-deck type are used, and, although many of the 
earlier steamers had their i amidships, the 
later types, in common with the prevailing tice 
on lake screw steamers, have their engines and boilers 
aft. They are divided into two classes, those carrying 
freight only, in which type the boilers are frequently 
placed on ~~ — deck, in order to increase = hold 
capacity, and those carrying gers in ition. 
Unlike the bulk freighter, with its almost universal 
ion engine, the quadruple finds most favour 
of ship. The freighters carry their 
machinery, the cargo being worked 
generally through the side gangways, and entirely so in 
the case of the passenger steamer, where the accommo- 
dation does not allow of hatches through the spar deck. 
The apparatus is peculiar to this class of steamer, and 
consists of a line-shaft, running the entire length of the 
*tween deck cargo space, driven at a constant speed by an 
independent engine, and carrying a number of com- 
pressed-paper pulleys. Abreast each hatch two hoisting. 
drums are pl , one end of each being formed into a 
smooth cast-iron wheel corresponding in position to the 
friction-wheels on the line-shaft. The drum-shafts, car- 
ried in eccentric bearings, are so arranged that the 
operator can, by means of a lever, cause the drum-wheel 
to come in contact with the revolving paper friction, or 
by a reverse motion bring it into contact with a stationary 
brake-block. In practice this proves to be a fast, efficient, 
and silent method of handling mixed cargoes of this class. 

Passenger Steamers.—The passenger steamers on the 
Great Lakes abound in such profusion and represent so 
many differing types that a very general description of a 
few of the most notable must suffice in this paper. As 
indicating the enormous volume of the passenger business, 
statistics show that 16,000,000 persons annually are car- 
ried. The passenger season Dp lasts vans ang = the early 
part of June until the middle of September, but during 
this time = mene are — to their utmost 
capacity. e development of the nger steamer 
has been more gradual than that of the other classes 
of steamers referred to, and the ty do not represent 
any radical departure from usual and accepted American 
practice, the chief characteristics being regularity of 
service and excellence of the accommodation provided. 

The only exclusively nger steamers on the lakes 
are those of the Solon Steamship Company, and 
Fig. 8, Plate XII., represents the North West, one of 
their two ‘“‘through” steamers between Buffalo and 
Duluth. These steamers are 386 ft. long, 44 ft. beam, 
and 25 ft. deep, of the twin-screw type, and are most 
luxurious in their appointments. 

The steamers engaged on Lake Erie, in the night 
service between Cleveland and Detroit, illustrate the 
growth of the paddle-wheel type in the three steamers 
which have been successively engaged on this route, 
and have each borne the name City of Cleveland. The 
tirst of these, now known as the State of Uhio, is 225 ft. 
long; she was built in 1880, and fitted with fifty-six 
state-rooms. The City of St. Ignace, 272 ft. in length, 
was built in 1886, with the number of state-rooms 
increased to 185, while Fig. 9 illustrates the present 
City of Cleveland, which was built in 1908. She is 
402 ft. long, 54 ft. beam of hull, 92 ft. beam over 
all, and has 342 state-rooms. Her engines are of the 
invlined three-cylinder compound type, of 7000 indi- 
cated horse-power. In addition to her large nger 
capacity, she is arranged for 1000 tons of general 
merchandise, stowed on the forward main deck. 

A steamer is now under construction for this service 
472 ft. long, 50 ft. beam, 94 ft. wide over all, which will 
have 436 state-rooms, and 9000 indicated horse-power in 
her propelling machinery. 

The City of Erie, one of the night steamers between 
Buffalo and Cleveland, represents the highest develop- 
ment on the lakes of the paddle-steamer with engines of 
the *‘ beam” type, which, although for many years the 
favourite design for this class of steamer, has now given 
way entirely to the three-crank inclined type. She is 
324 ft. long, and has a compound engine of 6000 indicated 
horse-power, the high-pressure cylinder being 52 in. in 
diameter by 95 in. stroke, and the low-pressure cylinder 
80 in. in diameter and 144 in. stroke, both acting on a 
single beam. 

Car- Ferrtes.—The car-ferries of the Great Lakes, all of 
which are owned and operated by the'railway companies, are 
divided into two classes—those for river service, and those 
spec'‘ally constructed for cross-lake traffic. The earliest 
ones are of the former type, mtroduced in the seventies 
to supersede the then existing slow and costly method of 
unloading merchandise from the train, aerviag sevens the 
rivers, and re-loading on the other side. is class of 
ferry is peculiar on the Jakes to the rivers connecting 
Lake Huron and Lake Erie, where bridging has never 
been considered feasible, and tunnelling is only a matter 
of recent accomplishment, and for many years the entire 
railroad business across the Detroit River, between Detroit 
and Windsor, and that of the St. Clair River, between Port 
Huron and Sarnia, was carried hy means of them, and it 
is estimated that in 1907 some 26,00),000 tons were trans- 
ported across in this manner, as well as from 25 to 30 
passenger trains per day. 

Ten ferries were employed seiioorts, ond although, 
since the opening of the Michigan tral Railway 
tunnel under the Detroit River four of these have been 
withdrawn from the service, the remaining iness is 
still very considerable. Operating always in still water. 
these river-car ferries are built with low freeboard an 
flat clear decks, re peeeies machinery, in the case of 
the screw-boats, being entirely under the car-deck, and 
well out in the wings in the paddle type, in which there 
is no cross-shaft, the wheels independent and driven 
by separate engines. All the river ferries are ‘‘double- 
enders,” fitted with two to four tracks, and cap scoommo- 


triple-ex 
on this c 
own cargo-handlin 
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date from eighteen to twenty-four freight cars. These are 
led from connecting shore tracks, an “‘apron,” or hi 
section, of the dock being fitted at the end of the loadin 
slip to provide for the fluctuation of the water-level. 
lar service is maintained all the year round, the 
steamers being specially constructed for ice-crushing 
during the severe winter weather. 

wt Fad Sy pee = o yee type of river car-ferries, 
prope y e-wheels, transporting a passenger 
train and breaking her way through the ice on the Detroit 
River. The later types of these vessels are fitted with 
two propellers at each end. 

The principal routes of the lake car-ferries are across 
Lake Michigan, the Straits of Mackinac and Lake Erie. 
On the former about thirteen of these ferries are in opera- 
tion, the Pére uette Railway making connections 
between Ludin , Mich., and several ports on the Wis- 
consin side, while the Ann Arbor Railway operates a 
fleet from Frankfort, Mich., to cross-lake ports, the 
routes varying from 60 to 90 miles in length. These are 
powerful twin-screw steamers, averaging 350 ft. long, with 
capacity for thirty loaded freight-cars carried on tracks laid 
on the main deck. The sides are carried up some 18 ft. 
to’a shelter-deck covering the entire ship, except a small 
portion aft where the stern is left open for the loading 
Soe ena cars are not —_ on — 
erries, accommodation for passengers being provi 
above the shelter deck. 

Across the Straits of Mackinac two car-ferries have 
been operated since 1888, carrying both ger and 
freight trains between Mackinaw Oity St. Ignace, a 


distance of 7 miles. On account of the difficulty in keep- 











PassenceR TRAIN-FERRY ON Detroit River. 


ing this service open during the winter months, owing to 
the ‘*ice packs” which occur in the Straits, these steamers 
are fitted, in addition to the usual propeller aft, with one 
at the bow, driven by an independent engine, to assist in 
breaking out a channel. During the summer months the 
forward one is not operated, the engine being disconnected 
and the propeller been to revolve freely. ; 

The Lake Erie car ferries are exclusively used in trans- 
porting Ohio and Pennsylvania coal to Canada, several 
routes being operated. The largest of these steamers 
— a capacity for thirty coal-cars of 50 tons capacity 
each. 





TANK TESTS ON MODELS OF 
SUBMARINES. 
By Mason 8S. Cuacze, Member 
Results of Experimental Tank Tests on Models of 
Submarines.* 

THE model tests, the results of which are here recorded 
form a part of a series of a number of models of sub- 
marines tested at the United States Experimental Model 
Basin, Navy Yard, Washington, D.C., for the author. 
This paper presents the results of tests of four models, 
all derived thesame parent form. These tests com- 
prise and power tests of the four models ; also an 
experimental determination of the stream-lines, or lines 
of-flow, around one of the models. 


* Paper read at the J ubilee Meeting of the Institution 
of Naval Architects, July 6, 1911. 
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Fig. 4. 
CURVES OF SPINDLE DIAMETERS, 
DISPLACEMENTS & WETTED SURFACES 
FOR LOAD WATERLINE 
LENGTHS IN FEET. 
NOTE: EXTREME BEAM IN ALL TYPES 13 SAME AS 
SPINOLE DIAMETER EXCEPT IN TYPE N° 2-H 
WHERE EXTREME BEAM EQUALS SPINDLE 
DIAMETER MULTIPLIED BY +108 


DRAFT IN ALL TYPES EQUALS SPIMDLE 
DIAMETER MULTIPLIED BY O-9375. 


Scale for Wetted Surface uw Square Feet 





(esc) Scale for Length of Ship ir Feet 
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CONNING TOWER. 
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Fig. 5. 


EXPERIMENTAL MODEL BASIN 
CURVES OF RESISTANCE 


AND 


CHANGE OF LEVEL 
OF 


MO. 


REPRESENTING TYPE N°2. 


LINEAR RATIO SHIP TO MODEL 1200 
SPEEO RATIO ..._......----~--- 3465 
DISPLACEMENT RATIO INCLUOING 
RATIO OF DENSITIES OF WATER . 1769 








DEL N°'167 


REMARKS 


Scale for Resustance tn Pounds 


Scale for Speed in Knots 


breadth plans, also 


middle body 14.4 in. long. 





| fining the ends on about one quarter of the | 


| each end, and changing the shape of the end sections from 


Model No. 2 H was derived from Model No. 2 by 
hipping out amidships, above the axis of the spindle, and 


| circular to oval. 


| feiring in with the original form. 


The principal dimensions and characteristics of these 
models are given in the table which follows (see page go 
This table is prepared on the assumption that the mod 


| represent full-sized vessels, on the scale of 1 in. 


foot, and al] figures in the table are for such full-sized 
vessels floating, or submerged, in sea-water. The displace- 

the conning-tower appear at 
the bottom of the table. The figures pertaining to the 


ment and wetted surface of 


conning-tower are not included in others given in t 


| The principal dimensions and elements of the 
which these models represent are shown on Fig. 4, 


Description of the Models.--These models are 
simple, elementary form, with the bow and stern exactly 
alike, and of canoeshape. All four models have a uniform 
spindle diameter of 12in. Figs. 1 and 2 show the combined 
os of all models, and the form of conning-tower 
used in the tests is ov in Fig. 3. The sheer and half- 

the di and curves of sectional 
areas for models Nos. 2 and 2 H, are given in Fig. 1 and 2. 

Model No. 1, the parent form, has circular cross-sec- 
tions. Al] models, with the exception of model No. 1 A, 
° have a length on the load water-line of 12 ft., and a parallel 


Model No. 1 A was derived from Model No. 1 by the 
removal of this parallel middle body and a consequent 
reduction of the load water-line | to 129.6 in. 

Model No. 2 was derived from model No. 1 by slightly 

fi 
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in the form of curves for full-sized vessels of load water- is often found difficult to obtain consistent results when 
| it is attempted to separate the ap 
The experimental model basin- | into its component parts. The to’ 

curves of resistance, also the curves of ee of level, or appendages, can 
trim, for model type No. 2, are shown in Fig. 5, page 65. cent. of the bare 


line lengths of from 100 ft. to 250 ft. 
Speed and Power Tests.— 


These curves have been given as curves which are 
gouty typical of the different curves of resistance of 
the four 


The models, when towed on the surface, were free to | defined hump, for surface running, and also for runni 


take their own trim. The pull of the towing-carriage was | 
CURVES 


_ SURFACE CONDITION. 






NN 
8 


> 
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Scale for EF HP 





Scale for Speed un Knots 
Fig17.1VPE+A SUBMERGED CONDITION 





Scale for EF HP. 





4 
(29450) Scale for Speed uvHinots 


transmitted to the models by means of a vertical towing- 
bar, fitted with a roller, which bore on the forward vertical 
face of the towing-box in the model at a point slightly 
below the load water-line, when the models were at rest. 
The vertical distance separating the point of application 
of the pull of the carriage and the line of resistance of the 
models probably has more of an effect on the trim, at 
different speeds, in the case of models of submarines, 
with their comparatively small longitudinal stability, 
than it does in the case of models of ships of ordinary 
form. 

When towed awash, or submerged, the models were 
held rigidly in a horizontal position, at the required depth, 
by two vertical fins. After the completion of each series 
of submerged runs, the fins were run to determine the fin- 
resistance. The resistance of the model was obtained 
by deducting the fin-resistance from the total resistance of 
model and fins. The resistance of the fins, when run 
alone, and when run in conjunction with the model, is 
probably not the same; also the model resistance, 
submerged, when held horizontal may not correspond 
exactly with that of the full-size vessel, running sub- 
m , at a corresponding s ,»,in its position of 
equilibrium. The curves of model resistance, submerged, 
show that within the limits of these experiments the 
submerged resistance diminishes with an increase of 
submergence. Even when the top of the spindle-hull is 
submerged to a depth of 2.4 diameters, all effects of 
surface disturbances are not eliminated. I 

The resistance of the conning-tower, as obtained from 
model tank tests, is likely to be underestimated rather 
than given its true value, in per cent. of the total resist- 
ance, running su |, owing to the presence of the 
fins in line with the conning-tower. ; 

These models were tested without mip so in 
using curves of effective horse-power developed from the 

ts of these tests to power full-sized vessels, with 
appendages, due allowance must be made for the added 
resistance of the appendages. The resistance due to 
appendages of submarines, such as keels, rudders, struts, 
shat ing, torpedo-tube projections, &c., in excess of the 
bare hull resistance, can y be closely estimated 
from the results of model tank tests, but it is sometimes 
found to be in excess of what the model tests indicate. 
This may be due Osa of eddies, in the case of 
the full-size vessel, which do not exist for the model. It 








age resistance u 
resistance, due to 
erally be closely estimated in per 
ull resistance, or allowed for in the 
choice of a propulsive coefficient, from known data 
magoting similar submarines, 
he curves of model resistance, in Fig. 5, show a well- 





with the top of the superstructure awash, at a mode 
FOR EFFECTIVE HURSE-rUWERK 


FOR SIMILAR SUBMARINES OF SEVERAL SURFACE DISPLACEMENTS 


CONDITION. 





Scale for EHP. 





~— s #8 
Scale for Speed 


in Knots. 
. TYPE-2. SURFACE CONDITION. 


Scale for EHP 
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sw Seale Speed wr 
speed of 3.5 knots, or a value of a equal to about 1, 


This hump is followed by a hollow, at a speed of 4 knots, 
beyond which the curve rises rapidly. The hollow in 
the curve of resistance occurs at a “critical” speed in 
so far as a change of trim is con . The curves of 
level, at the top of Fig. 5, show that beyond the speed 





of 4 knots the bow rises and the stern settles % Gh 
Referring to the photographs, Figs. 6 to 13, Plate XIII., 
which show the wave profiles at various speeds, it may 
be noted that at the speed of 3.51 knots, correspondi 
to the hump, the hollow of the bow wave is Seruned 
amidships, and that at the speed of 4 knots it is nearly 
amidships, with the second wave-crest at the stern. At 
the higher speeds this hollow moves aft, and the second 
crest passes astern. 

All four models, even when driven at much higher 


LA. TION. 


Scale for EHP 
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uv Knots. 
CONDITION. 
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speeds, in pe tery to the 1 than could be 
attained by full-sized submarines, exhibited a marked 
tendency to trim by the stern, or ‘“‘squat.” This 
quality is desirable, in the case of submarines, for a 
tendency to ‘“‘root” might become dangerous, owing 
to the comparatively small longitudinal ee low 
Seenee, and small emerged displacement of such 


Speed and Power-Curves for Full-Sized Vessels—Curves 
of effective horse - for surface and submerged 
running, doveloned the curves of model resistance, 
are shown in Fi 14 to 21, inclusive. Each diagram 
gives curves of effective horse-power for similar full-sized 
vessels, of several surface di ts from 200 tone to 
1200 tons. For convenience in making comparisons the 
results of the curves of effective horse-power are put in 
the form of contours of effective horse-power, plotted on 
speeds and displacements. Figs. 22 to 25, page 67, 
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shows the contours of effective horse-power for surface | speeds, and made the humps and hollows of the curves of 


running, and Figs. 26 to 29, page 67, for submerged running. 


Curves of residuary resistance in pounds per ton of | 


resistance come at lower speeds. 


8. 
The removal of the poe middle body from _ ty 
No. 1 to produce type No. 1 A has effected a ssinaion te 


Vv 
displacement, plotted on values of JL applicable to length of 14.4 ft.. a reduction in the ratio of length to 


vessels of any size, are shown in Fig. 30 for the four | pn Tol subme 
| increase in the displacement-length coefficients. These 


types: under surface and submerged conditions. 
he 


m of from 12 to 10.8, and a reduction in the total 
rged, of 54.5 tous, but a material 


curves of effective horse-power all rise rapidly changes have resulted in a reduction of the longitudinal 


beyond a value of 


ai ‘ of 
cross and re-cross at different speeds, showing that at requires materially less power to drive, surface running, 


than a vessel of the same displacement type No. 1, until 


these speeds vessels of different lengths and displacements 


take the same power to drive. At the high speeds the | 
contours of effective horse-power, particularly for surface | ¥ 
running, approach and become wently vertical. While | Speeds where VL 


large submarines, suitable for high 


would probably | 


coefficient, surface condition, from 0.64 to 0.60. 
equal to about 1.25, they also “4 comparison of the curves of effective horse-power 


the two types shows that a vessel of type No. 1A 


= 1.2 are reached. For a speed 


not be designed by increasing all dimensions in the same | sych that iL = 1, surface running, the residuary 
N 


proportion, these curves can be used in making different 


IO. 


cE 
IN 
POUNOS PER TON OF DISPLACEMENT 


THE SEVERAL TYPES OF SUBMARINES 
G2 . 


7: 
(2345 #.) 


Fig .32. 


teres 
Siar ace 


comparisons, and in a preliminary investigation of speed | 


possibilities. 

Comparisons and Observations.—In comparing the results 
of the tests, let us first consider the type represented by 
models No. land No. 2. The variation made in model 
No. 1 to obtain model No. 2 was quite small, consisting 
only of a reduction in the total. displacement, submerged, 
of 3.2 tons, or less than 1 per cent., which reduction was 
made by fining the ends. This fining process was appa- 
rently not beneficial from the point of view of resistance. 
Inspection of the curves of effective horse+power, Figs. 14, 
15, 18, and 19, on page 66, shows that for both surface 
and submerged running, except in the ‘“‘ hollows” of the 
curves (surface condition) which cannot be utilised, and 
at very low speeds, the finer model No. 2 takes more 
power to drive than No. 1, until very high values of 


el are reached. The wetted surfaces for the two models 
L 
are practically the same. The curves of residuary resist- 


oe, on Fig. 30, show the difference in the resid 
seslasne® of No. 1 and No. 2, for different ales of 


A possible explanation of these results is that 


fining No. 1 to produce No. 2 has shortened the wave- 
length of No. 2, and brought about the inter- 
ference of the bow and stern wave systems at lower 
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MODEL 1/67. TYPE N° 2 





resistance of type 
No. 1 A is only one- 
half of that of type 


No.1. For - 
0 or VL 


even in so far as the use of model tests are concerned. 
The speed problem is a much more complicated one, in 
the case of submarines, than in that of any other type of 
ship, as submarines are designed for both surface and 
submerged rurining, and a choice of factors favourable in 
one condition may be extremely unfavourable in the other. 
While the percentage of the displacement which can be 
— to propulsion, in the case of submarines, is 
smaller than in that of surface torpedo-boats, the weight 
so assigned must be divided between two power systems, 
one for surface running and the other for running sub- 
merged. 1 systems at present in use for submerged 
propulsion are extremely inefficient... 

o-day thé question of how to best imicrease the speed of 
submarines is the most important oné connec with 
their future development, particularly as a further 
menace tothe battleship, whose operations are practically 
restricted to the high seas, owing largely to what the 
submarine ¢an*now do, and ignoring the great possibili- 
ties of the future use of aerial craft, especially in connec 
~- with coast defence. — aie ? hig 

nereased 5) particu surface speed, combin 
with oon fe pe Ming is roqueied 4f the sea-going sub- 
marine. This meansincreased dimensions, even if impor- 





| tant improvements are made in the power systems to be 
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about 1.2 the residuary resistance curves coincide, and 
Vv 
for a value of JL greater than 1.3 the residuary 


resistance of type No. 1 is less than that of type No. 1 A. 
For submei running the two yee take practically 
the same power, and the curves of residuary resistance 
cross and re-cross. 

_While type No. 2 H was derived from type No. 2, by 
hipping out amidships, we will briefly compare the power 
necessary to drive vessels of the same surface displace- 
ments of type No. 1 A and type No. 2 H, as these types 
have the same ratio of length to beam, and the displace- 
ment length coefficients are about the same. The wetted 
surface per ton of displacement for type No. 2 H is less 
than for type No. 1 A. 

For surface running, type No. 1 A generally takes 
slightly less power than type No. 2H. The residuary 
resistance in pounds per ton of displacement is less for 
type No. 1 A, at all speeds, surface or submerged, than it 
is for type No. 2H. The power required, when sub- 
merged, is greater for type No. 2 H than for No. 14, 
owing to the increase in the submerged displacement for 
the same surface of displacement.  __ : 

_ We would have to go beyond the limits of this paper to 
give due consideration to all of the various factors which 


enter into the speed problem in the design of submarines, 





| adopted in the future. Sonpein Submarines of a surface 
| speed of 20 knots, combined witha submerged speed of 
10 knots, have already been pro as an immediate 
future development. 

We may note, from an inspection of the curves of effec- 
tive horse-power for type No. 2, 4 18 and 19, page 66, 
that a vessel of this type, bare hull, with a surface 
displacement of 1200 tons, a submerged displacement of 
1536 tons, and a length load water-line of 232 ft., would 
require 330 E.H.-P., or, roughly, 660 indicated horse 

wer, to attain a submerged 5 of 10 knots, and 3140 
EHP. or, roughly, 6280 indicated horse-power, for a 
surface 8 of 20 knots. A vessel of the same displace- 
ment designed for these particular speeds could be made 
more economical. 

Experimental Determination of Stream-Lines for Surface 
and Submerged Running, Model No. 2.—The same method 
of investigation was followed as has been successfully 
used at the model basin* in the case of the models of 
ordinary types of ships, other than submarines. — 

The surface of the model is coated with a mixture of 
glue and sesqui-chloride of iron, which is allowed to dry 


* See ‘‘ An Experimental Investigation of Stream-Lines 
Around Ships’ Models,” by Naval Constructor D. W. 
Taylor, U.S.N., Transactions of the Society of Naval 
Architects and Marine Engineers, 1908 




















| 
.! 


"i 











eer 








a 








Jury 14, 1911.) 


ENGINEERING. 


69 





on for about twenty-four hours before the model is put 
into the water and towed. While the model is under 
way, & pone solution of p ic acid is ejected from 
holes bored through the model from the opposite side. It 
mingles with the water, and flows aft as part of it. The acid 
which comes in contact with the coating of chloride of 
iron forms ink, and leaves a black streak on the model, 
which marks the line of flow past the hole. This streak 
widens, and becomes indistinct as it passes aft, but its 
centre can be accurately located for a distance of 2 ft. or 
3 ft. abaft the hole. The model is taken out of the water 
after each run, and the centre of the streak traced as far 
as possible, and then a_new hole is made from which to 
eject acid on the new run. 


___Tasue 1. 





Dimensions and Elements. | an uetat ayre | a 








Length over all.. .. _ ét.) 145.68 | 181.18 | 145.58 | 145.58 
Length between perpendicu-| } 
lars, same as length on) 
L.W.L. .. aA 


ft. 144.00 129.60 144.00 | 144.00 
Beam, extreme .. “a » 12.00 12.00 12.00 13.33 
Beam, at L.W.L. oo oi S00 6.00 6.00 | 13.29 
Ratio of length on L.W.L. to 
extreme beam - --| 12.00 10.80 12.00 10.80 
Draught,extreme,toL. W.L.ft.| 11.25 11.25 11.25 11.25 
Freeboard, L.W.L. to top 


of 
superstructure ft.| 3.75 8.75 3.75 3.75 


ti ew 
Depth, total, keel to top 


of 
superstructure ad ft.| 15 15 15 15 
Ratio of length on L.W.L. to 
totaldepth .. wi ~ 9.60 | 8.64 9.60 9.60 
Ratio of beam on L.W.L. to 
draught 0.53 0.53 0.53 1.18 


Displacement, immersed to 

LW.L. .. .. long tons 289.6 | 244.3 287.1 319.0 
Displacement, emerged ‘above | 

L.W.L... -. longtons) 81.2 | 72.0 80.5 114.7 
Displacement, total, sub- i 

mer - .. longtons 370.8 | 316.3 367.6 433.7 
Emerged displacement in per 

cent. of total displacement, 

eubmerged .. percent.| 21.9 22.8 21.9 26.4 
Emerged displacement in per 

cent. of total displacenmnt, 

immersed to L, W.L. p.c 28.0 29.5 28.0 39.0 
mene * -length coeffi-| 


cients, (27 for the two 
100 


conditions :— | 
Floating at L.W.L. --| 07.0 | 1183 96.1 106.8 


Subme +e - --| 124.2 | 145.3 123.1 145.2 
Midship section area to L. W.L. | i 
sq. ft.) 110.1 110.1 110.1 125.0 

Midship section coefficient to 

L.W.L... oe ze on 0.816 0.816 0.816 0.836 
Midship section area to top of 

superstructure sq. ft. 
Midship section coefficient to 

top of superstructure ae 0.736 0.736 0.736 0.808 
at x age coefficient to 


132.5 132.5 132.5 161.5 


olnes ‘2 os ie 0.64 0.60 0.63 0.62 
Longitudinal coefficient to 
top of superstructure es 
Wetted surface to L.W.L. 
sq. ft. 3421.00 | 2996.00 3393.00 (3155.00 
Wetted surface total sub- 
merg os .- 8q. ft.) 5271.00 | 4623.00 5237.00 5467.00 
Wetted surface per ton of dis- 
placement, to L.W.L.. sq. ft.) 11.8 12.3 11.8 9.9 
Wetted surface per ton of dis-| | 
placement submerged sq ft.) 14.2 | 
Displacement of conning tower) 
| 
| 


0.68 0.64 0.67 0.65 


14.6 14.2 12.6 





long tons) 4 
Wetted surface of ,, sq. ft.| 205.00 | 

In some cases the first holes used were near the stern, 
so that the lines of flow at the stern could be sharply 
defined before the model coating in that vicinity became 
darkened. Some of the lines of flow were traced for only 
apart of the length of the model. It was necessary to 
re-coat the model several times during the course of the 
experimenite, and although, during each run, two or three 
holes were used at a time for the ejection of acid, the 
process was a slow one. 

In the determination of the stream-lines for surface 
running the model was towed at 4.33 knots, corresponding 
to a speed of 15 knots for the full-sized ship. The result- 
ing stream-lines, also the wave profile, are shown by the 
full-lettered lines on Figs. 31 and 32, page 68. hese 
stream-lines, for surface running, have the same general 
characteristics as might be expected from a study of the 
results of similar tests made with ships’ models, already 
referred to. 

The water from forward, starting from near the surface, 
flows downwards, and tends to pass, or actually passes, 
under the model amidships, and then flows up aft. The 
water which follows the line A first diverges from the 
centre-line, and then approaches it as it comes amidships. 
From amidships aft this water passes first outward and 
upward, and then again approaches the centre-line as it 
passes upward and aft. nges in direction of the 
stream-lines and changes in the form of the wave profile 
correspond, and the direction of the stream-lines is 
apparently influenced to a considerable depth by the form 
of the waves. 

In determining the stream-lines for submerged running 
the model was towed at 2.9 knots, corresponding to a 
speed of 10 knots for the full-sized shi p. The top of the 
spindle hull was submerged to a depth of 2.4 diameters. 

he model was probably not deeply enough subme 
to eliminate all possibility that the stream-lines would be 
affected by surface disturbances. The resulting stream- 
lines are shown by the dotted, numbered lines on Figs. 31 
and 32. The marked difference between the general 
direction of the stream-lines in the surface and submerged 
conditions is notable. 

In the submerged condition, water starting from for- 





ward near the top of the model takes first an upward 
course, and then a nearly horizontal one as it flows 
towards amidshi Forward water, further below the 
top of the model, starts to flow downward, and then 
changes its course to a horizontal one long before the 
middle of the model is reached. Well aft the nearly 
horizontal stream-lines turn sharply upward as they 
approach the centre line. While a knowl of the 
direction of flow of the water in contact with the hull is 
useful in fixing on the location of various hull appendages, 
such as keels, struts, rudders, to o-tube projections, 
&c., it is evidently much more difficult to locate append- 
ages in a way not to seriously interfere with the direction 
of this flow, in the case of submarines, where the stream- 
lines have a double direction of flow, than it is with 
ordinary ships. The possible effect of the direction of the 
stream-line flow, submerged, on the stability of motion, 
submerged, of submarines of various forms and disposi- 
tions of submerging rudders, and different appendages, 
brings up many interesting questions. 





FIFTY YEARS’ DEVELOPMENTS IN 
MERCANTILE SHIP CONSTRUCTION.* 


By S. J. P. THearie, D.Sc., Chief Ship Surveyor 
to Lloyd’s Register, Member of Council. 


Firty years ago, when the Institution of Naval Archi- 
tects came into existence, some of the ships of the mer- 
cantile marine were being built of iron and some of wood, 
while a smaller proportion of new vessels were of com 
site construction. Iron as a material for ships had dis- 
tinctly established itself, and yet wood as a material had not 
wholly given place to it. There were still many builders, 
and indeed many owners, who maintained a preference 
for the older material, while the wishes of those who 
desired to combine the structural advantages arising from 
the use of iron with the freedom from fouling due to a 
copper-sheathed bottom when on a long voyage under 
sail, were satisfied by the i system. The s.s. 
Himalaya, built at the Thames Iron Works in 1853, and 
acquired by the Admiralty for transport service during 
the Crimean War and for many years afterwards, is an 
instance of an excellent iron vessel built prior to the 
Institution’s birth. An examination of this old vessel, 
still doing duty as a coal-hulk at Devonport, will show that 
even so far back as 58 years ago, our foremost iron ship- 
builders could design and build a good ship, notwith- 
standing the limitations due to the comparatively primitive 
state of the rolled-iron industry of that date. The dimen- 
sions of the Himalaya were 340 ft. by 46 ft. by 21 ft. 4 in., 
which were those of a very large vessel at that time, her 
displacement being 4690 tons. 

ut, large as was the Himalaya compared with the 
average mercantile vessel of 1853 (for she was originally 
built for the P. and O. Company), she was dwarfed 
into comparative insignificance by the Great Eastern, 
built at Millwall by Mr. Scott Russell in 1857. As 
will be remembered, the dimensions of this vessel were 
as follow: —679 ft. 6in. by 82 ft. 8in. by 31 ft. Gin., 
and when they are compared with those of the 
largest mercantile steamers existing in 1893, viz., the 
8.8. Campania and Lucania, which were then built 
for the Cunard Company, it willbe admitted that the 
Great Eastern of 18,915 tons register was as one born 
out of due time. Had there been no Great Eastern 
to take into previous account, a consideration of the pro- 
gress of mercantile shipbuilding in the fifty years of the 
Institution’s existence would have shown a gradual 
development throughout. But, with such a vessel already 
in existence, the earlier years would seem rather to have 
been a period of decadence, were it not for the fact that, 
great as was Scott Russell’s vessel asa specimen of ship- 
building, she was not a success as a commercial venture, 
nor was she adapted to ape tq L which is, after all, 
the only safe criterion by which to judge the merits of a 
mercantile vessel. The Great Eastern showed possibilities 
in iron ship construction, having regard to the materials 
available at the time for the purpose, and she further 
showed what should be avoided. It is only fitting that an 
Institution which owes its existence largely to the energy, 
foresight, and scientific ardour of Scott Russell, should 
now, in the fifty-first year of its age, bear public testi- 
mony to the genius of that great man, and if we cannot 
set down the name of the Great Eastern in the list of 
commercially successful vessels, yet we are able to recog- 
nise in that noble specimen of naval architecture a piece of 
work which, having rd to the time and circumstances 
of its production, 1s still without rival. 

In the year 1860 the mercantile marine of the United 
Kingdom consisted of 27,663 vessels, of 4,658,687 tons net 
register, of which by far the ter part was of wood. 
The exact separate tonnages of wood, iron, and composite 
vessels of that date are, however, not now available. Of 
the total ton in 1860, 25,663 vessels, of 4,204,360 tons 
net, were propelled by means of sails, and 2000 vessels, of 
454,327 tons net, were steamers. 

At the end of December, 1909, the merchant shipping 
of the United Kingdom consisted of 21,189 vessels, of 
11,585,878 tons net, or 18,402,201 tons pes register. 
Of these. 11,797 vessels, measuring 10,284,818 tons net, or 
16,994,732 tons gross, were steamers, and there were 
9392 sailing vessels, of 1,301,060 tons net, or 1,407,469 
tons gross register. 

From these figures it will be seen that there were 6474 
more vessels in our mercantile marine in 1860 than there 
were in 1909, but the net tonnage in the latter year was 
11,585,878 as compared with 4,658,687 tons in the former 
year, showing an increase in the 49 years of 6,927,191 
tons net register. 





* Paper read at the Jubilee Meeting of the Institution 
of Naval Architects, July 6, 1911. , 





But this does not adequately indicate the growth of the 
mercantile marine in that time. To realise better the 
expansion which had taken place, it should be noted that 
the growth in steamer tonnage was from 454, tons to 
10,284,818 tons, while the reduction of sailing tonnage was 
from 4,204,360 tons to 1,391,060 tons. 

It is usual to rg a that aton of steamer tonnage is 
at least equal to 3 tons of sailing as far as 
regards cargo-carrying capability in any stated time, 
say, for instance, one year; this is due to the greater 
8 with which the steamer performs her voyage, and 
the greater despatch sh¢ gets at her port of loading or dis- 
charge. In point of fact, the ratio is even greater than 
3 to 1, and is a continually increasing one. But taking it 
at 3 to 1, it would appear that the ratio of cargo- 
carrying capability of the British mercantile marine in 
1909, compared with that of 1860, is as 32,155,514 to 
5,567,341, or nearly as 6 to 1. Considering that a ton of 
steamer capacity is so much more now than it was in 
1860, the actual ratio is even still greater than this. 

Not only has the total tonnage grown enormously in 
the fifty years, but the average size of 7 has also 
grown at perhaps an even greater rate. The average 
tonnage of the sailing vessels of the Mercantile Marine 
of 1860 was 164 tons, and that of the steamers was 227 
tons. A vessel of 1000 tons was then considered a large 
one, the Great Eastern notwithstanding. 

As was stated in a paper contributed by the writer to 
this Institution in 1907, the average tonnages of the 
cargo steamers afloat in 1870, 1880, 1890, and 1900 were 
respectively about 870 tons, 1330 tons, 1500 tons, and 
1900 tons. In the year 1911 the average tonnage is about 
2,300 tons. In the same paper the average gross tonnages 
of the cargo steamers built in the years 1870, 1880, 1890, 
and 1900 were stated to be respectively 1050 tons, 1580 
tons, 2150 tons, and 3000 tons. The average gross tonnage 
of the cargo steamers built in 1910 was rather more than 
wn 1860 the length of th 

nl the len; of an average cargo steamer, as then 
being built, was under 200 ft., but by 1911 if had reached 
to from 350 ft. to 400 ft. 

The form of midship section which prevailed in 1860 
is shown by Figs. 1, 2, and 3, 70, which represent 
respectively iron and composite sailing vessels and er 
steamer. Fig. 4 shows a steel r steamer of the 
year 1883, and by referring thereto it will be seen that, 
althuugh the section was fuller than in 1860, it still had a 
fair rise of floor, and a well-rounded bi The midship 
sections shown by Figs. 5 and 6 indicate the extreme 
flatness of floor and the squareness at bilge which is now 
a common feature in ocean steamers. 

Rules had been prepared and a by age 
Register for the building and classification of iron ships 
about 1855, and as might have been expected, produced 
as they were at a time when wood construction largely 
predominated, the classification of iron vessels under 
these rules was expressed in terms of years. Indeed, it 
was not until 1863 that the term of years criterion of a 
vessel’s insurable qualities was discontinued, and its 


place taken by the letter designations A A and A. 


which expressed in a comparative manner the relation 
borne to a ship of the first class. In the year 1867 this 
mode of designation and comparison was superseded by 
the numerical one 100 A, 95 A, 90 A, 85 A, and 80 A ; and 
up to the present time 100 A represents the highest 
classification of an iron or a steel vessel in Lloyd’s 
Register. 

y the year 1860 iron mercantile ship construction had 
assumed a definite character, and as regards sailing ships 
and the great bulk of steamship tonnage, t was not 
much evolutionary change visible for nearly twenty 
years after, except as rds the question of size and 
the proportion borne by iron vessels to the total number 
built, which was all the time an increasing one. 

The frame of an iron ship was still, as it had been 
from the first, formed of an angle iron and a reversed 
angle riveted back to back, from the upper turn of the 
bilge to the gunwale, and riveted respectively to the 
lower and upper edges of a floor-plate below the upper 
turn of bilge. Beams were formed at first of plates 
with double half-round irons on the lower edge and 
double angles on the “peer edge, and this was the kind 
of beam fitted in the Himalaya. When progress in 
rolled iron manufacture had reached a more advanced 
stage, a bulb-plate took the place of the double bars of 
half-round section, and later on the Butterly Company 
produced a rolled section equivalent to the bulb-plate 
and the double angles. Keelsons were of many different 
forms, ranging from the ‘‘box” keelson, which was 
inaccessible, and pe gy fo 5 not be kept painted 
and clean, to the keelson formed of a 
plate with double- angles on upper and lower 
edges which still survives in the exceptional 
cases where the vessel has not a cellular 
double bottom. There were from an early date con- 
tinuous centre-line keelsons having floors united to them, 
and intercostal centre-line keelsons associated with con- 
tinuous floors. There were centre-through-plate keelsons 
associated with bar keels and continuous vertical 
keelson - pate associated with flat-plate keels. Indeed, 
the ible varieties Of centre keelson have not been 
much, if at all, amplified since the early sixties of last 
century, as illustrated in Lloyd’s Rules of that period. 
Similarly as regards side keelsons, also bilge ‘and side 
stringers, there was not much difference in ice for 
many years. The midship section shown by Fig. 1 is in 
most respects typical of the iron sailing vessel of 1860, 
but the ordinary ke arrangement of that time is 
better shown by Fig. 2, which ae & composite 
sailing vessel of about the year 1867, while Fig. 3 is 
representative of the comparatively few mercantile 
steamers being built in the early sixties, ahd more 
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especially those intended for the coast trade between 
Newcastle and London. 

It was at about that time that water-ballast tanks began 
to form a part of the bottom structure of steam colliers, 
and Fig. 3, page 70, shows a midship section of one of 
these vessels fitted with the McIntyre double bottom 
The story of the John Bowes, and the other early steam 
colliers, often been told, and the McIntyre tank was 
lo described in the Transactions of this Institution. 
This is not the occasion to repeat what has already been 
so well said on the subject, but it is necessary to -at least 
make a passing allusion to it in such a paper as the 
present. Moreover, it should be recorded that, inasmuch 
as the cellular double bottom is to a large extent an 
evolutionary development of the MoIntyre tank, so the 
early steam colliers were to that extent the ae 
of the typical mercantile steamer of to-day. It was not, 
however, until about the year 1880 that the cellular double 
bottom in anything like its present form appeared in 


Fig.9. MIDSHIP SECTION OF A STEAMER WITH | 


MEGLASHAN SIDE TANKS 1901. 
UPPER DECK 
































Fig.10. MIDSHIP SECTION OF STEAMER BUILT ON 
THE “1SHERWOOD "SYSTEM 1909. 
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ships of the mercantile¥marine, although an arrangement 
somewhat like it had been ateated some years earlier in 
the armoured ships of the Royal Navy, but without the 
characteristic feature of the margin-plate at each bi 

with its frame attachments, which then, and now (with 
but little modification), is uliar to the mercantile 
steamer. Fig. 4, page 70, shows the ui section of 
a steel passenger steamer of 1883, and, as will be seen, it 


has a double bottom fitted with floors at alternate frames. 
very general in both cargo and passenger steamers, an 
double bottoms and with ordinary floors and bg 
petroleum in bulk, and some of the smallest ca: 

he modes of combining the materials in cellular 
taarine. For some years it was sought to subordinate 
by fitting the floors intercostally between the girders. 


By the year 1887 cellular double bottoms were a 
yet as late as 1889 the two largest and fastest vessels in 
the Atlantic passenger trade were constructed without 
shaped keelsons standing upon them. A few 
years later, and only vessels built for carrying 
steamers in the coasting trade, were being built in chat 
way. Such is still the case to-day. 
double bottoms have, however, changed very much since 
the latter were first introduced into the mercanti 
transverse to longitudinal strength in the bottom frami 
by making the side longitudinal girders continuous, 
This was doubtless largely, if not wholly, due to the 
prevalence of a similar practice as regards the longi- 











tudinal frames of both the bottoms and sides of war 
vessels. Sometimes one longitudinal girder on each side 
was continuous and the others intercostal, thereby limit- 
ing the number of pieces composing a floor to two on 
each side of the middle line. Ss cases where the floors 
on each side were fitted in one piece they were s at 
alternate frames only, and these were associa with a 
greater number of longitudinal girders fitted inter- 
costally in lengths of two frame spaces ; brackets being 
associated with the intermediate frame and reverse 
angles. Such an arrangement is not unusual in vessels 
still being built, and it is shown by Fig. 4. 

yyy 4 began to be realised that with both outer 
and inner bottom plating, associated with a continuous 
centre girder, continuous margin-plates, and well-fitted 
intercostal side girders, there was ample longitudinal 
strength in the bottom. Moreover, the fact that con- 
tinuous floors associated with intercostal side girders was 
found to be an arrangement admitting of more rapid and 


Fig. 71. MIDSHIP SECTION OF A MODERN ATLANTIC LINER 1907 
7620 88'0°»57-1" 
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— construction than any of the others, served at 
length to make it the most commonly adopted, and such 
is the case to-day. The midship section shown by 
Fig. 5 has a cellular double bottom framed in this ~~, 
uring the past year or two the question of double- 
bottom construction has received much attention from 
shipbuilders. It has been sugyested that the strength 
of a cellular double bottom is in most cases in excess of 
the requirements arising from stresses at sea, and even 
from ordinary dry-docking. The necessity for carrying 
a certain quantity of water ballast has, it cannot be 
doubted, had more tv do with fixing the depth of the 
floors and girders than strength requirements, and so it 
has happened that various arrangements have been 
devised for diminishing the weight of material in the 
double bottom without reducing its water-ballast capacity. 
Time will show whether any or all these arrangements 
will prove sufficient in the different circumstances which 
may arise, but it is believed that some of them, more 
especially that shown in Fig. 13, will be found to 
ive satisfactory results. For the most part these 
- st consist in associating the ordinary floor arrange- 
ments spaced at two or three intervals apart, with inter- 
mediate combinations of strong bulb-angle frames and 
reversed frames having plate-brackets at their extremi- 
ties. Longitudinal girders are fitted on each side of the 








middle line in number determined oy the spacing of the 
floors and the breadth of the vessel, 


Particular reference is made to this growth of double- 
bottom construction within the past fifty years, use 
the bottom has probably undergone at least as ta 
change as any other part of the vessel, and especially has 
this been the case during recent years 

In recording recent developments in the structure of 
mercantile vessels, mention ought to be made of the 
sapely grows tendency during recent years to omit 
angle side-stringers in holds and to compensate for their 
omission by increasing the thickness of shell-plating. 
Not only does this detract in no degree from the strengt 
of the structure, but it has the advan of cheapening 
production and of affording greater facilities for cleanin 
the inside of the vessel after discharging a cargo. It 
should also be recorded that there isa growing disposition 
to increase the frame spacing of vessels under proper con- 
ditions of size of frames and thickness of shell-plating. 
The joggling of either plate-edges or frames in order to 
avoid fitting packing between the frames and shell- 
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plating is now becoming a common practice at all our 
—e and the same principle is applied also to steel 
ecks and to inner bottom pe 

In considering the question of deck beams, one has at 
the same time to deal with that ¢ pits, for the two 
are largely interdependent. In 1 the pillaring of an 
iron ship followed the same principle as had up to then 

m the practice in vessels of wood. A pillar was placed 
under the middle of the length of every beam throughout 
the greater part of an iron vessel’s length (see Figs. 1 
and 2), and under alternate beams at the extremities of 
the vessel, where the beams were much shorter than at 
amidships. Pillars were also placed at the sides of 
hatchways in number proportionate to the length of the 
hatchway. Vessels were not so broad at that time as to 
require more than the middle line row to the beams clear 
of the hatchways. Su uently, as vessels me 
broader, a row of quarter pillars was introduced on each 
side of the vessel, these being generally placed under 
alternate beams. 

The time had not then arrived for shipowners to order 
ships to be designed without any hold obstructions such 
as pillars occasion. 

e first step in a progressive direction was made when 
tubular pillars were introduced. These are, however, 
so expensive that even to-day the smaller sizes are but 
rarely used. Then came the “‘ massed pillaring” . 
ment, in which support to the deck is afforded by a few 
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very strong pillars placed under longitudinal girders 
which, in association with additionally strong hatch-end 
beams, distribute the localised support over the entire 
deck (see Fig. 5). This arrangement admits of many 
modifications and adaptations. The fewer the pillars 
the larger they must be, and the stronger must be the 
distributing girders; while the more numerous the 


illars the smaller they may be, and strong girders are’ 
ess necessary. The extreme case is that in which the’ 


ry 
only pillars are the bulkheads, and in which certain of 
the beams are made very strong, of arched form, and so 
associated with longitudinal girders and brackets at the 
bulkheads as to throw the entire weight of the deck on 
the bulkheads and the sides of the vessel. Great changes 
have been made during recent years in regard to this 
matter of beams and pillaring. ms are now for the 
most part fitted at every frame. They are usually of 
bulb-angle or channel section when iron or steel decks 
are laid, and are connected to the sides of the vessel. by 
bracket-knees. Beams of ‘ Butterfly” section or built 
with bulb-plates and double-angle mountings, such as 
were formerly so common, are now not often used, and 
only when beams are fitted to alternate frames. Similarly 
‘*turned ” and ‘‘slabbed ” beam-knees are become practi- 
cally things of the past. The contrast between the beam 
formed with a plate, double-angle mountings and 
double - cope - irons y 3 on the lower edge, as was 
fitted in the Hima- laya, and the rolled-beam 
sections as used to- day is very great, and so is 
that between the round-bar iron pillars and the built 
pillar, as shown in Figs. 1 and 5 respectively. 

The stiffening of water-tight bulkheads has undergone 
many changes during these fifty a. In 1860 the only 
stiffening to water-tight bulkheads, other than that 
afforded by the several decks, consisted of angle-bars of 
reverse-frame size spaced about 30 in. apart. It must, 
of course, be borne in mind that there were usually more 
decks in a steamer of the small tonnages then being built 
than would be the case to-day. Nevertheless the bulk- 
head stiffening was usually very inadequate for resisting 
the pressure due to a hold being filled with water. 

The influence of the Bulkhead Committee of 1891 is to 
be seen in the practice of to-day. But before the Bulk- 
head Committee sat, the Committee of Lloyd’s Register 
had increased the stiffening requirements: by making the 
vertical stiffeners of frame -angle size and by fitting 
horizontal stiffeners 4 ft. apart in addition. To this was 
subsequently added deep vertical webs at the middle 
line and on each side, in number determined by the 
breadth of the vessel, and this was supplemented by 
semi-box beam-stiffeners, where decks were not laid on 
the beams, and by fitting brackets to the heels of the 
vertical stiffeners and to the extremities of the horizontal 
stiffeners. 

The general practice to-day is to use vertical stiffening 
only, and this is frequently formed by flanging the edges 
of the bulkhead plates, which for this purpose are 
arranged vertically. The stiffening of the bulkhead in 
the way of each ‘tween deck and in the holds is governed 
by both the depth from the top of the bulkh and by 
the height of the tween decks, or depth of hold, as the 
case may be. The stiffening of a transverse water-tight 
bulkhead, as now built in a mercantile steamer, is a 
reasonable one and in marked contrast with that of fifty 
years ago. 

For some years after iron ships were first built they 
were fitted with wood decks, which covered only ~~ 
and tie-plates—for iron decks were then unknown. With 
increase in size grew the necessity for providing strength 
in excess of that which was obtainable through stringers 
and tie-plates. At length iron decks were found to be a 
necessity, but, at first, they were covered with a wood 
deck flat. Ultimately the wood sheathing was discarded, 
except in passenger vessels and those intended for certain 
oper trades; and to-day it is more usual to find un- 

eathed steel decks than any other arrangement in 
cargo steamers. f late years various preparations, of 
which the material known as “ Lito silo” may be taken 
as a sample, have been extensively used to protect iron 
and steel decks from corrosion, and at the same time 
to afford the other advantages associated with a wood 
sheathing. Recent years have witnessed many impor- 
tant departures in steel ship construction. The first of 
these to claim attention is the turret steamer, shown 
in section by Fig. 6, page 70. These vessels were intro- 
duced by Messrs. Doxford and Co., of Sunderland, who 
have built a great many Of them for many different 
owners, although of late the demand for them seems to 
have fallen off. Among the ad vantages of the turret system 
is that of a larger dead-weight carrying capacity than that 
of the normal type of steamer upon the same registered 
tonnage. It is also said of them that they are very sea- 
kindly in their behaviour. . The “‘ trunk” steamers shown 
by Fig. 7, page 70, were introduced by Messrs. Ropner, of 
Stockton-on-Tees, and are chiefly used for the convey- 
ance of ore, grain, and other bulk Descriptions 
of vessels so distinct in character, and differing so much 
from the normal type, as are the ‘‘turret” and “trunk” 
steamers, would, it is thought, best proceed from those 
to whose design they are due, and it is much to be 
desired that Messrs. Doxford and Messrs. Ropner would 
favour this Institution in such a manner. The cantilever 
frame egg Se steamer of Messrs. Sir Raylton Dixon 
and Co., shown in midship section by Fig. 8, has been 
described by Mr. Waynman Dixon before the Institution 
of Civil Engineers, but it is regretted that the Institu- 
tion of Naval Architects contains no record in its Trans- 
actions of a pe of vessel which is not only structurally 
interesting, but which has the advantage of affording 


means for suitable immersion in a ballasted condition 

without an attendant excess of stability. The same may 

be 1% of ee side - tank steamer shown b 
page 71. ; 





Probably the most interesting of all the recent develop- 
ments in ship design is that of Mr. Isherwood, which is 
described in the Transactions of 1908,* and shown by 
Fig. 10. Upwards of ninety of these vessels, repre- 
senting about 356,000 tons gross, have been ordered b 
different companies, and forty of them have been built 
and are at sea. The experience so far obtained regarding 
their structural efficiency has been generally satisfactory. 
Such a distinct departure from previous shipbuilding 
practice must, of course, for some little time to come, 
partake of an experimental character, and one must be 
prepared to learn by ‘“‘trial and error” regarding this 
as of all other modes of ship construction. 

To do full justice to the subject of this paper, some 
further reference should be made to the composite 
system of construction, which between the years 1860 and 
1870 seemed likely to wholly take the place of iron con- 
struction for sailing vessels. It was, indeed, favoured by 
some for steamships also. Fig. 2, page 70, shows the 
midship section of a composite sailing vessel, such as was 
being built in 1867. The system combined the strength 
of iron framework partially plated, with the advantages 
of a wooden skin to receive copper sheathing, and thereby 
avoid the fouling of bottom which was experienced in 
iron vessels. The sailing speed of iron vessels was con- 
siderably reduced, more especially on the homeward 
voyage, by reason of this tendency of an iron bottom to 
become rapidly foul in sea-water. The idea of a compo- 
site system of construction was probably due to the high 
freights obtained for prompt delivery of the early tea 
crop. The performances of the composite tea clippers 
will long be remembered, and even their names will not 
be forgotten. Very soon composite vessels were built 
for the Australian and East India trades also, and about 
the year 1867 there was a very considerable tonnage of 
composite sailing vessels being built in the United 
Kingdom in vessels of about 800 to 1,000 tons register. 
The system was, however, an expensive one to build, and 
it was soon found that the vessels were liable to special 
forms of deterioration, chiefly associated with galvanic 
action, which made their maintenance costly. Theopen- 
ing of the Suez Canal gave a new impetus to steam 
navigation, and within a few years afterwards composite 
vessels almost wholly ceased to be built for the mercantile 
mar'ne. 

The proportion of the sailing carrying trade performed 
by wooden vessels continued to be considerable for nearly 
twenty years after this Institution came into being. The 
writer of this — found abundant occupation in the 
survey of worden mercantile vessels, even up to 
1200 tons register, between the years 1876 and 1880, and 
it may be said with perfect truth that never were wood 
vessels built so strongly nor so durably as when the time 
came for the building of them to practically cease 
altogether. 

So far as we have gone, attention has been given only 
to the changes which have occurred in the material and 
the details of the construction of mercantile vessels in the 
course of fifty years. This does not by any means cover 
all the ground. On the contrary, it is doubtful whether 
the changes which have occurred in the outline design of 
steamers have not been at least as considerable as those 
relating to the details of construction. 

In a former paper, already alluded to, the evolution of 
the cargo steamer was considered, and consequently it 
does not appear to be desirable to again go over the 
ground then traversed. Reference is invited to the paper 
referred to so far as regards the progress made in the 
design of tramp steamers in the course of fifty years and 
of the various stages through which those changes 
occurred. It is, however, necessary to give some atten- 
tion to the enormous strides made in the design and con- 
struction of passenger steamers, and more especially 
those engaged in the North Atlantic trade. 

Neglecting the case of the Great Eastern as of one born 
out of due time, we see a growth of from 340 ft. to 
850 ft. in length during that time, and in tonnage from 
2960 tons to about 32,000 tons. In 1860 the fastest 
steamers in the passenger trade had no greater speed 
than 124 knots; whereas to-day there are two vessels 
which are capable of averaging nearly 26 knots on a 
voyage from New York to Queenstown. (Fig. 11, 
page 71). The number of passengers carried in one of 
our largest steamers in 1860 did not exceed about 250, 
whereas to-day no less a number than 2600 can be con- 
veyed in one vessel between Liverpoal and New York. 
To show the advances made in only fourteen years 
—viz., from 1893 to 1907—Figs. 11 and 12 may be 
advantageously compared. Fifty years ago passengers 
were for the most part berthed on one or more decks 
below an upper deck, whereas to-day a part of the 
passenger accommodation is provided in roomy, well- 
lighted, and airy cabins situated above the upper deck. 
A comparison of the luxury attending steamer travel 
to-day with the conditions which prevailed in 1860 would 
demonstrate more clearly than in any other way to the 
**man in the steeet” the enormous strides in passenger 
steamship design which have been made in the interval. 
And to it all there have been added greater strength of 
structure, greater security against the ordinary perils of 
the seas, and greater regularity of performance. : 

Much of this development has been due to the substitu- 
tion of mild steel for iron, and even to the use of high 
tenacity steel for those parts of the structure subjected 
to the principal tensile stresses. How much of it is due 
to the improvements made in the marine steam-engine, 
and more particularly to the . oe of the steam- 
turbine to marine propulsion, I leave my engineering 
friends to say. Every advance in steel manufacture and 
in the rolling of plates and sectional material has been 


conducive to”more efficient ‘structuralcombination, and 
therefrom to oun and better ships. The naval 


architect has received help from many sources, to all of 
which he bows in grateful recognition. The ocean pas- 
senger finds himself conveyed in faster and safer vessels 
than were conceivable when this Institution came into 
existence, and under conditions of comfort, and even 
luxury, which are unsurpassed in the best hotels. Such 
are some of the principal features which serve to indicate 
the progress of the past fifty years in mercantile ship 
construction. But finality has not yet been reached, nor 
is it likely to be in the near future, even if at any time. 
While these remarks are being put upon paper, the 
writer is daily, in the course of his official duties, being 
confronted with something new, which, if not always 
worthy of being described as progressive, is yet indicative 
of the restlessness of the age, and of the continual search 
which is being made for that which shall render existing 
tonnage obsolete. It is only in that way that progress is 
made, and while it undoubtedly happens that every step 
made is not a step forward, yet it must be remembered 
that without movement progress is a. and that 
he who never makes mistakes possibly never makes 
anything. 








THe CoprER MarkeEt.—In their report, dated July 3, 
Messrs. James Lewis and Son state that there has been a 
good demand for copper during the past month, both 
American and European consumers buying freely, in- 
fluenced by the improvement in the statistical position, 
increasing consumption in the United States, and the 
greatly increased consumption of and export from 
Europe. Standard copper advanced from 55/. 2s. 6d. for 
cash, on the Ist ult., to 57/. 10s. on the 26th, when 
58/7. 2s. 6d. was paid for three months prompt, and the 

rice subsequently receded to 56/. 12s. 6d. on the 29th, 

ut recovered next day to 57/. On the 3rd imst. the 
closing values were 56/. 12s. 6d. cash, and 571. 3s. 9d. 
three months, on disturbing political news. The month’s 
sales amounted to 24,000 tons. American electrolytic 
sells at 12# cents per lb., large quantities having been 
sold for export to Europe. Shipments from the United 
States during the past month amounted to 30,074 tons. 
The imports were 11,234 tons, and deliveries 15,319 tons 
greater than during the same period of last year. 





ComPeTiITIVE DESIGNS FOR PLAN oF New OapITAaL 
City or AusTRALIA.—We have been privileged to see 
the maps, plans, conditions, and other information on 
this subject, which have just nm received from Mel- 
bourne. The competition is, we believe, the most impor- 
tant one of the kind hitherto presented to architects, 
engineers, and town-planners, intensified as it is by the 
fact that it is for the only capital city, with the excep- 
tion of Washington, planned from the outset on virgin 
ground. The maps include particulars resulting from a 
close survey of the site, and are on a scale of 400 ft. to 
lin., with contour levels 5 ft. apart vertically. These 
contour lines, of course, stand first in importance, and 
form the chief guide to the design. Besides this there 
are geological maps and a report, meterological and other 
information, as well as two landscape drawings printed 
in colour. We understand that the Commonwealth 
Government look forward to getting the best possible 
design from among those architects, &c.,.who propose to 
compete, especially as town-planning has recently been 
a very live subject, more particularly in this country. 





Sir Ropert HApFIELD aT SHEFFIELD.—Sheflield, both 
from a practical and an academic standpoint, owes much 
to Sir Robert Hadfield, F.R.S., who has recently returned 
to this country after an absence necessitated by too com- 
plete a devotion to the gospel of the strenuous life. His 
enforced divorce from business has been utilised by him 
in making a journey round the world, and the observa- 
tions made on this have served as the text of two speeches 
recently delivered by him at public gatherings in Sheffield. 
At the first of these, held at the university, he expressed 
his acknowledgments for the honorary degree of Doctor 
of Metallurgy conferred on him by that corporation, an 
honour which he must appreciate the more in view of the 
oe importance of the Sheffield Metallurgical School. 

rom his speech Sir Robert had evidently returned more 
and more convinced of the prime importance of quality 
in manufactured goods, and this, we believe, is particu- 
larly true in the case of the export trade to new countries. 
An interesting point raised by Sir Robert was that he 
thought he found evidence in the course of his travels 
that the production of steel by the fusion process was 
practised in the East 2000 years ago, and he is now having 
analysed and examined some tools from Ceylon dating 
back 1500 to 2000 years. He further noted that, on 
crossing the Pacific to the United States, his steamer 
took with it the first load of Chinese pig iron to be ex- 
ported. China, he stated, had the largest iron ore 
resources yet discovered, so that this imtial shipment 
may mark the inauguration of a new era. The second 
speech to which we have referred was delivered to a party 
gathering, and this dealt, to some extent, with matters 
as to which opinions will always differ, since, in politics, 
the data from which conclusions are drawn are necessarily 
incomplete, and every man, in drawing his deductions, 
unconsciously includes what, to use a mathematical ex- 
pression, may ed certain “‘ concealed co-ordinates, 
and, further, the average politician, unlike the scientist, 
is much more concerned in what may be said than in 
what should be said. One interesting statement in this 
speech was that the natural productions of America have 
now an annual value of 2000 millions sterling, a circum- 
stance which, as Sir Robert pointed out, greatly reduces 
the d of experiments affecting the body politic, 





* Transactions of the Institution of Naval Architects, 
vol. l., page 115. ENGINEERING, vol. lxxxv., page 830, 








since the results of even a disastrous failure would be 
cancelled by the harvesting of a single good crop: : 














r 











Juty 14, 1911.] 


ENGINEERING. 





73 





AGENTS FOR “ENGINEERING.” 


Averraiis: Gordon and Gotch, Melbourne ; Sydney ; Brisbane ; 


Turner and Henderson, 8: , N.S.W. 

T. Willmett and Oo., To’ , North Queensland. 
W. O. Rigby, Adelaide, South Australia. 

Melville and Mullen, Melbourne, Victoria. 

Averaia-Huneary, Vienna: Le! n & Wentzel, Karntnerstrasse. 

Sole Agents for Advertisements: The Dean-Mayer 
Company, Linkstrasse 39, Berlin, W. 9, Germany. 

Bsterum : E. F. Satchell, 2, Rue de la Bourse, Brussels. 

Canada, Toronto, Ont. : Wm. Dawson & Sons, 

Epmvsuren : John Menzies and Co., 12, Hanover-street. 

Francs, Paris: Boyveau and Chevillet, 22, Ruedela Banque. For 
Subscriptions and Advertisements, Librarie B. ae, 
53bis Quai des Grands-A' ns, Paris. Also for Adver- 
tisements, Agence Havas, 8, Place de la Bourse. 

Grruany, Berlin: A. Asher and Co., 13, Unter den Linden. 

Sole Agents for Advertisements : The Dean-Mayer 
Company, Linkstrasse 39, Berlin, W. 9. 
Laipsig : F. A. Brockhaus. 
Mulhouse : H. Stuckelberger. 
Guiaseow: William Love. 
Inp1a, Calcutta: Thacker, Spink, and Oo. 
Bombay : Thacker and Co., Limited. 

IraLy: U. Hoepli, Milan, and any ffice. 

LiverPoot: Mrs. Taylor, Landing Stages. 

MANCHESTER : John Heywood, 143, a 

New Zgatanp : Gordon and Gotch Proprietary, Limited, Welling- 
ton, Auckland, and Christchurch. 

Norway, Christiana: Cammermeyer’s Boghandel, Carl Johans 
Gade, 41 and 43. 

RorrsrpaM: H. A. Kramer and Son. 

Sour Arrica: Central News Agency, Limited, Head Office— 
Johannesburg ; and Pretoria, sf Town, Port Elizabeth. 
Bloemfontein, Durban, and their various branches and 
bookstalls throughout South Africa. Also Oape Town : 
Wm. Dawson and Sons, 31, Long-street. 

SwitzerRLanD: Sole Agents for Advertisements: The Dean- 
Mayer Company, Linkstrasse 39, Berlin, W. 9, Germany. 

Tasmania : Gordon and Gotch Proprietary, Limited, Launceston ; 


Hobart. 

Untrep States, New York: W. H. Wiley, 43, East 19th-street. 
Ciienge ; H. V. Holmes, 957-958, Monadnock Block. 
Sole Agents for Advertisements :—The Wm. 8. Parry 
Oo., 315, Dearborn-street, Chicago, and 366, Fifth-avenue, 
New York, U.S.A. 


ADVERTISEMENT RATES. 


The charge for advertisements is three shillings for the first four 
lines or under, and —_ for each additional line. The line 
averages seven words. ayment must accompany all orders 
for single advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on the wrapper 
and on the inside may be obtained on application. The 
are 12 in. deep and 9in. wide, divisible into four columns of of in. 
in width. Serial advertisements will be inserted with all practicable 
regularity, but absolute regularity cannot be guaranteed. 

Advertisements intended for insertion in the cur- 
rent week’s issue must be delivered not later than 
5 p.m.on Thursday. In consequence of the necessity 
for going to press early with a portion of the edition, 
alterations for standing advertisements should be 
received not later than 1 p.m. on Tuesday in each 
week. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ ENGINEERING ” can be cupeet direct from the Publisher 
post free, for twelve months, at the following rates, payable in 





aivance :— 
For the United Kingdom............ £1 9 2 
we eS i £1 11 6 ($7.65 
Br soda 
Natt. cuacashocacs £1 16 0 ($8.75 
witli . £1 16 0 
r BB. cocccccoce 
GU a Shctccsces £2 0 6 


Offices Publication and Advertisements, 
35 and 36, Bedford-street, Strand, London, W.C. 
TaizeraPnic Apprass—‘*‘ENGINEERING,” LONDON. 
TaLarHons Numssrs—3663 and 8598 GERRARD. 
CONTENTS. 
PAGE PAGE 


The Worksof Messrs. Brown, || Internal-Combustion En- 
Boveri, and Co., Baden } 





ines for Electric Power 


(1Bustreted)......++.++. 45 PND cnccte net cdaeies 74 
Jubilee Meeting of the Insti- The International Rubber 
tution of Naval Archi- || Exhibition .......... ... 75 
ne, PETS 47) The Working of the Boiler 
Industrial Notes .......... 52||__ Explosions Acts ........ 76 
The “‘ Stock” Oil-Fired Con- || Notes ...........-2..000-- 77 
verter at Darlington || The Grosvenor-Road Pump- 
Forge (/Uustrated) ...... 53|| ing-Station of the London 
The Scientific Study of || Hydraulic Power Com- 
Naval Architecture in 2 ear ey 77 
Germany...... 54|| A Cruiser for the Training 


Some Further Notes on || of Chinese Officers ...... 78 
Cavitation (IUlustrated).. 55|| Notes from the United 


Recent Developments in the } BOR Seicire: Seovsiee 78 
Sea Transportation of ||The Road Board’s Experi- 
Swedish Ore (Illus.) .... 57 ments in Kent .......... 78 

The History of the Institu- _—_|| St. Paul’s Bridge .......... 79 
tion of Naval Architects The Education and Training 
and of Scientific Educa- of Eogineers .._ ........ 79 
tion in Naval Architec- Notes from the North...... 7 
ture (IUlustrated)........ 58|| Notes from South York- 

Shipping on the Great Lakes REE eee oo Ge 
(/llustrated) .. 62|| Notes from Cleveland and 


Tank Tests on Models of the Northern Counties .. 80 
_ Submarines (Illustrated) 64|| Notes from the South-West 80 
Fifty Years’ Developinents The Physical Society of 
in Mercantile Ship Con- MOE a 81 
struction (/Ulustrated) . 





C - 69)| Forei Engineering Pro- 
The Director of Naval Con- | jects .. - _  alaiiaaebalinds 81 
struction........... s.... 73|| ENGINEERING Patent Record 
(Illustrated) ............ 82 


With Four One-Page Plates of the WORKS OF MESSRS. 
BROWN, BOVERI, AND CO., BADEN, SWITZERLAND; 
Three One-Page Plates of the SHIPPING ON THE GREAT 
LAKES; and One One-Page Plate of the RESULTS OF 
EXPERIMENTAL TANK TESTS ON MODELS OF SUB- 
MARINES. 





NOTICE OF MEETING 


Tue LystiTUTION OF MECHANICAL ENGEvEERS.—On Monday, July 24, 
the Summer Meeting will commence with alternative excursions 
from Basel to Zurich, visiting on the way (a) Rheinfelden and 
Laufenburg, (6) Baden, including the works of Messrs. Brown 
Boveri, and Co., (c) Rheinfelden, or (d) Wangen-on-the-Aare and 
Baden, including the works of Messrs. Brown, Boveri, and Co. 
On Tuesday, July 25, at 10a.m., the President. Colonel P. E. 
Huber, or the Vice-President, Mr. E. Sulzer-Ziegler, of the 
Verein Schweizerischer Maschinen Industrieller, will welcome the 
President, Council, and Members of the Institution in the Aula 
of the Swiss Polytechnikum, after which papers will be read and 
discussed. The following papers have heen offered for reading 
and discussion :—‘“ Eleetric Traction in Switzerland,” by Mr. E. 
Huber-Stockar ; ‘‘ Results of Experiments with Francis Turbines 
and Tangential (Pelton) Turbines,” by Professor Dr. Franz Prasil ; 
**Some New Types of Dynamometers,” by Dr. A. Amsler ; ‘* Rack- 
Railway Locomotives of Switzerland,” by Mr. T. Weber and Mr. 8. 
Abt. ‘‘ High-Pressure Water-Power Works,” by Mr. L. Zodel ; 
** $team-Turbines,” by Mr. H. Zoelly ; ‘‘ Modern Diesel Oil-Engines,” 
by Mr. F. Schubeler. On Tuesday afternoon alternative visits have 
been arranged to the works of Messrs. Escher Wyss and Co., or 
the Oerlikon Machine Works, while an excursion on Lake Zurich 
has also been arranged at the invitation of the Verein Schweiz- 
erische Machinen Industrieller. In the evening, the Institution 
dinner will be held in the Tonhalle. On Wednesday, July 26, at 
9 30 a.mn., the meeting will be continued in the Aula, and papers 
will be read and discussed. In the afternoon there will be alter- 
native excursions (a) to Winterthur, to the works of Messrs. 
Sulzer Brothers, and the Swiss L tive and Machine Company ; 
(6) to Schaffhausen, (c) to Beznau. On Thursday, July 27, alternative 
whole-day excursions have been arranged to Glarus or Braunwald. 
On Saturday, July 29, Members will travel to Lucerne, vid the 
Rigi-Kulm, this concluding the official arrangements. 
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THE DIRECTOR OF NAVAL 
CONSTRUCTION. 

THE announcement by the First Lord of the 
Admiralty of the impending retirement of Sir 
Philip Watts, K.C.B., from the post of Director 
of Naval Construction at the Admiralty is one of 
first importance in view of the great responsibilities 
attaching to the office and of the consequent 
necessity of securing a successor essing the 
highest qualities to carry out the various and exact- 
ing duties. Sir Philip’s demission of the position 
has not come asasurprise. It was known to many 
that for some time he has been contemplating the 
prospect of relief from the heavy task con- 
tinuously imposed upon the Chief of the Construc- 
tive Department of the Navy, and the utilisation 
of his ability and experience in less onerous work. 
It is true that he has not held the office for as 
many years as some of his predecessors. The 
late Sir Edward Reed, K.C.B., was Chief Con- 
structor of the Navy for only about seven years, 
but Sir Nathaniel Barnaby held that position, 
and the same post under the new designation of 
Director of Naval Construction, for about fifteen 
years; Sir William White, K.C.B., was in office 
for over sixteen years ; and now Sir Philip Watts 
is retiring before the completion of his tenth year ; 
but he has continued in harness until a later age, 
and it may also be said that he has made vaster 
changes and incurred greater responsibilities than 
those incurred within the same number of years in 
~— in the history of the Navy. 

e have no intention of reviewing Sir Philip's 
work and its influence on naval architecture gene- 
rally. That would be premature, for it is not yet 
completed. It is worth recalling, however, that, 
according to the Navy Estimates, Parliament has 
voted for shipbuilding, repairs, and maintenance of 
hull and machinery of ships of the Navy since he 
took office in February, 1903, a total of 168,700,0001., 
excluding the cost of ordnance. That is a fair 
measure of the financial responsibility of the 
department. It would be easy to prove that 
efficiency in the fullest sense of that word has been 
achieved in the expenditure of this money so far as 
it depended on the department over which Sir 
Philip has presided. Warship design, it has often 
been said, is a combination of conflicting considera- 
tions. The strategist and the tactician lay down 
these considerations, so far as they affect offence 
and defence, which include speed as a matter of 
course, and it then becomes the duty ef the naval 
constructor and the engineer to embody these so 
far as is possible within limits of dimensions and 
cost, which may or may not be reasonable. The 
advances made in any period of naval development 
cannot therefore be attributed to any one official at 
the Admiralty, but it cannot be forgotten that the 
ships designed for foreign Powers 7 Sir Philip, 
when at’ Elswick, were remarkable for those 


qualities of gan - power and speed which have 
been outstanding 


features of the recent additions 


to the British fighting fleet. The unification of 
calibre in guns was dictated by considerations of 
gun-control in battle practice ; but the application 
of the principle devolved upon Sir Philip's depart- 
ment, with the ditticulty of finding accommodation 
for magazines in es dictated by the need for 
all-round fire, and of ensuring structural strength to 
withstand the stress consequent upon the greater 
muzzle energy of volley firing. It was quite 
consistent with fact, therefore, when the First 
Lord said, in announcing the impending retirement 
of the Director of Naval Construction, that Sir 
Philip ‘‘ must bear upon his broad shoulders all the 
praise or all the blame which is to be associated 
with the name ‘ Dreadnought,’” but that he ** would 
be comforted by the fact that, whatever else might 
be said of that type of ship, it is a type which has 
been much copied.” A higher compliment can 
scarcely be paid, and with this remark we leave for 
the present Sir Philip’s great services to the Navy 
and to the nation. 

It is pertinent, however, to direct attention to 
the future, and to the qualifications which the 
Admiralty must seek for in the new Director of 
Naval Construction. Of the idea, once enter- 
tained, of deputing the duties and responsibilities 
to a Directorate composed of representatives of 
various departments at Whitehall, little has been 
heard lately. The idea cannot be commended, since 
devolution of responsibility is dangerous. A cap- 
able masterful mind is far more efficient from the 
creative standpoint when acting with undivided 
—? and responsibility than when trammelled 

y colleagues equal in all things except ability, 
and therefore either acquiescent without attempting 
criticism, or critical without attempting origina! 
constructive design. At present the Board lays 
down the qualities of ships dictated by strategical 
and tactical considerations ; the work of embody- 
ing these in ship design falls upon departments 
over which preside, and for which responsibility 
is accepted by, the Director of Naval Construction, 
the Engineer-in-Chief of the Fleet, the Director of 
Naval Ordnance, &c. This delimitation of work 
has continued since 1875 with unalloyed success, 
from the points of view of hull, engine, gunnery 
design, economy in cost, and efficiency in service. 
These have been years of great advance, alike in 
the qualities of individual ships, in the fighting 
efficiency and preparedness for war of vast ficets, 
and in the rapidity with which each step of pos- 
sible opponents has been checkmated by the new 
ships. These are the true standards of test of 
the organisation at the Admiralty, and there is no 
evidence available to prove the need for any change. 

The public and the profession are therefore very 
properly considering the qualifications for this 
important post, and the men available and capable of 
filling it. There may be gain in discussing the former 
subject ; but we refrain from reflecting upon the 
latter, since the réle of prophet is ever unprofitable. 
So far the struggle between nations has been con- 
fined to the peaceful victories in ship design, and, 
so far as finances allowed, to predominance in 
number. For years, too, we have enjoyed the 
flattery which comes from imitation ; but it cannot 
be disparaging to the ability of the present or future 
officers of the Navy or Admiralty to say that the 
fact that we lead in construction and others 
follow may not always ensure victory in warfare, 
whether it come soon or is long deferred, especially 
as the advance of scientific education, begetting 
originality in conception, combined with increasing 
experience, encourages our friends in other coun- 
tries to proceed on new lines, mt yor in signifi- 
cant respects from those pursued by the British 
Navy. Of this fact there were ominous indications 
in the proceedings at the International Congress in 
London last week, the report of which is con- 
cluded in this issue. British methods are copied 
not merely as ‘‘ fashions,’’ but in large measure 
because of confidence in our prescience, resource, 
and experience. Such copying is not only compli- 
mentary, but satisfactory, since we lead, so long as it 
continues. With advancing education and increas- 
ing experience in the case of all foreign navies 
must come confidence and the determination no 
longer to follow. There is thus greater need in 
the future than in the t that the Director of 
Naval Construction should, above all else, be a man 
capable of original work, and of courage to evolve, 
and to enforce the acceptance of, new cepeetnore 
which are justified by their efficiency. In other 
words, our rate of acceleration in improvement 





must be increased, however difficult it may be in 
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view of the great achievements of the past, if we 
are to continue to maintain our supremacy so far 
as matériel is concerned. 

It follows that work in a groove must be avoided, 
but it is certainly not a corollary that any one who 
has assisted Sir Philip in the past would, if elected 
as his successor, fail to show the originality and 
courage desiderated. It would be universally 
accepted as fair that the claims for promotion of 
existing members of the Royal Corps of Naval 
Constructors should first be considered, not alone 
because of their co-operation with the present 
and past holders of the office and of their right 
to reward for past services, but also because they 
have experience of the work and of the adminis- 
tration. Discrimination by the authorities respon- 
sible for the reggae must, however, neces- 
sarily begin with the generally accepted fact that 
experience of, and full acquaintance and long con- 
tact with, existing conditions tend to narrow the 
mental perception of blemishes and of the need of 
change. Another point upon which the public will 
have more cause to insist than those in authority is 
that there should be the highest independence of 
character. The post of Director of Naval Con- 
struction is one calling not only for high ability, 
but for courage and owtideas in all technical 
matters. We have been fortunate in the past, but 
there have been occasions which have shown that 
this quality is requisite. British ships, in com- 

rison with some ships designed and built by 
British firms for foreign navies, have often had their 
fighting efficiency depreciated by the fittings in- 
sisted upon by executive officers against the better 
judgment of designers ; and not infrequently, too, 
these have been needlessly multiplied in ex 
positions, with the risk of disseminating destruction 
as a consequence of the action of explosive shells. 

There are one or two distinguished naval archi- 
tects not in the Admiralty service whose claims must 
be considered. It is essential that in such a case 
there should have been intimate practical contact 
with recent warship work, not only in the building 
of ships for the British Navy from the designs of 
Sir Philip Watts, but in the designing and con- 
struction of ships for foreign navies. Initiative, 
resource, and courage in the aaa, | of new ideas 
can only be cultivated by practice. It is true that 
formerly nearly all our foreign clients for warships 
were disinclined to accept any departure from British 
Admiralty practice, and that the scope for originality 
was thus limited. One or two Powers still adopt the 
same attitude ; but most of them seek now the best 
that can be guaranteed by responsible firms, so that 
men possessing the qualities desiderated are obtain- 
able from without the Admiralty. It is significant 
that Sir William White and Sir Philip Watts 
‘*stepped up higher” from one of our prominent 
naval construction firms, and the eyes of the public 
are naturally directed towards the men who are at 
the head of the designing and constructional staffs 
of such firms. There can be no question of the 
excellent and original work done with remarkable 
efficiency by Mr. J. R. Perrett, of Sir W. G. Arm- 
strong, Whitworth, and Co., Limited, and Mr. T. G. 
Owens, of Messrs. Vickers, Limited, both of whom 
have been responsible in all respects for the design 
of the foreign ships built by the respective firms, and 
for the realisation of the results in those ships. These 
are the firms who have done more naval work for 
foreign navies than any other concerns in the world, 
and it is natural that the names of the officials solely 
responsible for their results should take precedence 
in the mind of the public as well as of. the Board 
of Admiralty. The Admiralty must weigh well 
all the qualities of every available warship designer 
—experience, originative faculty, force of character, 
and administrative ability—and secure his services, 
irrespective of cost and of influence op to 
him, for the claims of naval efficiency should be 
held superior to all other considerations. 








INTERN AL-COMBUSTION ENGINES FOR 
ELECTRIC POWER-STATIONS. 

Tue history of the development of electric gene- 
rating stations in this country could almost be 
divided intoa series of definite phases, or ages, 
each characterised by a different form of prime 
mover. Indeed, the history of electric generators 
could almost be similarly divided, since up to the 
latest developments of the steam-turbine, the 
electrical end of a generating set represented a 


form which had come into existence merely owing 
to the demand created by the development of its 





engine end. The {yey into which electric gene- 
rating stations could be divided might be known 
as the belt or rope-driven age, the direct-coupled 
ae age, and the steam-turbine age. 
This classification is, of course, an approximate one 
only, and intermediate stages and individual cases 
have at all times cropped up which have interfered 
with its simplicity. None the less, this division 
into ages is a fair representation of facts, especially 
in this country, where, owing to so large a proportion 
of the electrical pote a et under municipal 
control, there has been a great tendency towards 
definite lines of practice at particular times—a 
tendency towards what can best be described as the 
fashion of the moment. This tendency is natural 
enough, and is, indeed, inevitable, since it is no 
part of the business of a municipality to indulge in 
engineering experiments, but it is more than 
doubtful if it is in the best interests of engineering 
progress. 
A tendency at any particular time towards uni- 
formity of practice in generating-station design 
carries with it at least two evils. The first of 
these is illustrated frequently enough in the present 
steam-turbine age. If the type of prime mover to 
be adopted in any particular case is to be determined 
merely in terms of conformity with ruling practice, 
many examples will be found in which such con- 
formity has resulted in the installation of unsuit- 
able plant, or, at any rate, plant which was not 
the most suitable. Such examples are found at the 
present time in the form of steam-turbines of small 
capacity, having no advantages over reciprocating 
engines, and some disadvantage as compared with 
them, installed in some cases on quite a small scale in 
reciprocating stations, and having no justification 
beyond the fact that at the moment it is the fashion 
to instal turbines. The second evil is that a 
fashion in terms of any particular type of prime 
mover is likely to render the introduction of any 
new or improved form a matter of greater difficulty 
than need be. It may appear that the fact of the 
rapid advance of steam-turbines, and the super- 
session of direct-coupled high-speed engines by 
them, goes to show that this evil is small or non- 
existent ; but we think that an examination of the 
facts of the case will show this deduction to be 
unsound. Although in a way steam-turbines have 
superseded high-speed engines as the fashionable 
prime mover, they have not superseded them in the 
way that metallic filament incandescent lamps have 
superseded carbon filament lamps. The coming of 
the steam-turbine in generating-station practice 
was not properly an example of a new form taking 
the place of an older, since the extent of the work 
to be done increased so greatly at about the time 
of the introduction of the turbine. The general 
adoption of turbines was undoubtedly tly 
assisted by the fact that they displayed such apti- 
tude for driving the large donde wate which the 
rapid extension of the field and scale of supply 
rendered necessary. If the mission of turbines had 
merely been the taking over of work on the same 
scale as it was being carried out by reciprocating 
engines, it is doubtful if they would have made the 
rapid advance which has been seen. 

uring the last few years a new type of prime 
mover for generating-station use has come into the 
field in the form of the internal-combustion engine. 
A considerable number of installations of this class 
have already been put down and have proved suc- 
cessful. These have taken the form both of gas- 
engines and Diesel engines, and although the whole 
subject is still one around which a large amount of 
discussion revolves, it is by this time quite certain 
that either of these types is capable of forming the 
basis of successful plants. None the less the extent 
to which internal-combustion engines are used in 
generating stations is still very small as compared 
with steam plants. This is particularly the case as 
regards municipal stations, which, as we said, tend 
to illustrate, more than others, the fashionable 
practice of the moment. There are, however, 
several municipal stations both of the gas-engine 
and the Diesel-engine types, and the fact that the 
Incorporated Municipal Electrical Association de- 
voted two papers to the question of internal- 
combustion - engine stations at their Sixteenth 
Annual Convention, which was held at Brighton 
the week before last, shows that municipal ~~ 
neers in general are realising the importance of the 

tter 


matter. 

It is an interesting speculation as to whether the 
next decade will see the beginning of an internal- 
combustion-engine age in generating-station design, 





in the sense that the present is the turbine age. 
Many gas-engine and Diesel -engine enthusiasts 
would undoubtedly say that it will, but, personally, 
we certainly have no intention of committing our- 
selves to any such prophecy. It will be rememb2red 
that Mr. Ferranti, whose prescience in some 
matters has been remarkable, decided against gas- 
engines in the large central generating-station 
scheme which he sketched in his presidential 
address to the Institute of Electrical Engineers. 
None the less, it must be remembered that this 
scheme was but a sketch intended rather to illus- 
trate an idea than to stand for detailed practice. 
It is, of course, impossible for anyone to lay down 
the law as to the future line of development of any 
branch of engineering, and although non-believers 
in the internal-combustion engine may point out 
that the gas-engine is of much older standing than 
the steam-turbine, in the modern sense, and that 
the latter’s relatively greater progress is proof of 
its superiority for generating-station use, they do 
not really make any case against the former. Their 
argument is a parallel one to that which might 
have been advanced to Sir Charles Parsons twenty- 
seven years ago, when it might have been pointed 
out to him that the inferiority of the turbine to the 
reciprocating engine was definitely established by 
the fact that it had been in existence since the days 
of Hero, and had been surpassed in every way by 
the reciprocating engine. 

Although quite a good deal has by now been 
done in this country with gas-driven generating- 
stations, none the less the number of such stations 
is as yet insufficient for there to be any great 
amount of data available to enable them to be 
compared with steam stations. The local conditions 
and management of different stations varies so much 
that a large number of examples are necessary 
before it is possible to draw any general conclu- 
sion which may be considered fairly applicable to 
a particular type of plant. This fact, of course, 
militates against the rapid spread of new methods 
unless they show such remarkable advantages in 
the examples existing that it is impossible to ignore 
them. There are several large gas-driven stations 
now at work in this country, but they are mostly 
situated at private works or collieries, and in many 
cases the local conditions are specially favourable, 
so that the average municipal engineer probably 
feels that both the extent and conditions of the 
present practice are not such as to justify him in 
adopting a similar type of plant for his own use. 
An additional hindrance to the spread of the gas- 
engine for generating-station work lies in the obvious 
fact that it cannot be adapted to an existing steam 
station in the simple way that a turbine can be put 
down in a reciprocating-engine station. It involves 
a radical change of method. 

If internal-combustion engines have an inherent 
and absolute superiority over steam-engines, they 
will ultimately come into extensive use and will 
take their proper place even in municipal stations ; 
but the process of change, especially at the present 
stage, must be a slow one. e hopes of the gas 
and Diesel engine makers, as far as municipal work 
is concerned, must at present be turned mainly 
towards the smaller stations, in which the new pro- 
blems to be faced are not so great, on which there 
are more data available, and in which, in case of 
unsuccess, the capital loss will not be so serious. 
Diesel engines, in particular, have of late made 
remarkable progress, and it is certain that no one 
building a new generating station of moderate 
power is, at the present day, justified in neglecting 
the very serious consideration of them. We hardly 
think the large gas-engine can be said to have yet 
attained a similar position. In the mere matter of 
capital expenditure, for instance, there is not 
enough extended experience available for any 
generally accepted figures to be extant. In the 
two papers read at Brighton some estimated figures 
for gas plants were given. Mr. R. M. Carr, the 
chief electrical engineer of Leek, where there is 
a gas-driven station, and who was speaking in 
favour of that type, gave in his paper a curve of 
capital cost for plant and machinery which sug- 
gested that for a 2000-kw. station the expenditure 

r kilowatt installed would be about 22I. ; while 

. H. L. Howard, the chief electrical engineer 
of Barking, which has a Diesel-engine station, gave 
& corresponding figure of 15/. for a 10,000-kw. 
station. These fi were obviously not strictly 
comparable, but Mr. Carr’s curve suggested that 
the cost of gas plant is not going to greatly fall a 
kilowatt installed, after a capacity of above 1 
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kilowatts has been reached, and in any case it is 
obvious that the difference between the figures is 
too great for them both to be right. The truth is, 
of course, that there is no right in the matter. 
Figures of this sort are based on assumptions, which 
there is not yet sufficiently extended experience 
to enable one to make correctly for a general case 
which must be held to represent the mean of a large 
number of special cases, every actual example being 
a special case. 





THE INTERNATIONAL RUBBER 
EXHIBITION. 

Tue chief novelties in the machinery exhibits at 
the Rubber Exhibition, which will remain open at 
the Agricultural Hall, Islington, until this evening, 
July 14, were noticed in our issue of June 30. We 
will to-day deal, in the first instance, with the more 
chemical side of the rubber problems, its synthetic 
preparation, the reclamation of rubber, and rubber 
substitutes, and then describe some further ma- 
chines—testing-machines in particular. 

The exhibits of synthetic rubber are not of a 
kind to alarm rubber-planters. Artificial rubber 
may some day oust the natural product, as syn- 
thetic indigo is replacing the natural dye. So far, 
however, srtificial rubber can hardly compete in 
price with the material which various kinds of 
plants furnish. The problem of the synthesis of 
rubber is generally understood to involve two 
tasks: the preparation of isoprene, and the con- 
version of isoprene into sila, Isoprene is a 
colourless, very mobile liquid, highly volatile, 
and distinguished by a peculiar, unpleasant smell ; 
the boiling point is 33.5 deg. Cent., and the 
density 0.67. Some isoprene is obtained when 
natural rubber is submitted to destructive dis- 
tillation. That some distillation product of rubber, 
subsequently identified as isoprene, changed, 
when treated with hydrochloric acid, into a 
substance having all the essential qualities of 
caoutchouc, was observed by Bouchardat in the 
fifties, as we pointed out in an article on artificial 
rubber last year.* Isoprene still remains the 
material on which many distinguished chemists 
rely in their endeavours to prepare rubber. Iso- 
prene has the formula C;H,, and the constitution 
CH,=C —-CH=CH,; it is also known as 

l 


CH; 

methyl divinyl. Under certain conditions it poly- 
merises into a very tough and stable fa 
solid, which is supposed to consist of an un- 
known number of double molecules of isoprene 
(C,oH,g)n ; whether this latter hydrocarbon forms 
an open chain, such as we have just indicated 
for isoprene, or a closed chain or ring com- 
pound, is still unsettled. [Polymerisation signi- 
fies that several equal molecules have united to 
a complex compound.] Now rubber undoubtedly 
contains a hydrocarbon of the above formula 
(C,)H,,)n as its most characteristic constituent, 
and the polymerisation of isoprene into this com- 
spe has certainly been effected in various ways. 
t is customary to call the resulting product, which 
looks very much like rubber, synthetic rubber, and 
to say that it must be rubber. That seems to be a 
very wide assumption. In the first instance we do 
not know the value of then. Further, in the latex of 
the rubber tree the elastic substance is suspended in 
verysmall globules ; the membranes of these globules 
contain proteins ; resins and certain salts are like- 
wise present; they remain in the rubber, and they 
may all be essential ; that is to say, the peculiar pro- 
perties of rubber need not depend alone upon the 
properties of the hydrocarbon. It is not quite im- 
material what substance (acetic acid, mineral acids, 
carbon dioxide, and smoke) is used for coagulating 
the latex, and recent researches on the reclaiming 
of rubber tend to show that the different properties 
which the more or less vulcanised rubber assumes 
at different stages of these processes must partly be 
ascribed, not to chemical reactions in the ordinary 
sense, but to various degrees of polymerisation. 
Passing to the practical aspect of the problems, we 
should say that the purification of isoprene and its 
separation from other compounds which are pro- 
duced at the same time, is very difficult, and that 
the conversion of the isoprene into rubber is very 
incomplete, again owing to the formation of other 
compounds. 
The two exhibitors of synthetic rubber are the 
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* See ENGINEERING, May 13, 1910, page 617. 





Caoutchouc Syndicate, Limited, of 14 to 16, Cock- 
spur-street, S.W., and the Silberrad Research 
Laboratories, of Buckhurst Hill, Essex. Dr. A. 
Heinemann, of the Caoutchouc Syndicate, ex- 
plains that he starts either from oil of turpen- 
tine (as most scientists have done, and as the 
Elberfelder Farbenfabriken do in their Fritz 
Hofmann process), or from some carbohydrate, 
starch, sugar, sawdust. The oil of turpentine is 
broken up by heat in contact with finely divided 
silver or copper at a comparatively low temperature ; 
at a higher temperature diisoprene would form 
instead of isoprene. Thestarch is boiled with acids 
to yield laevulinic acid (C;H,O,), which, distilled 
with phosphorus trisulphide or other sulphur com- 
acnuda, or with flowers of sulphur, into thio- 
tolene ; the latter is reduced by hydrogen or water- 
gas to isoprene. The impure isoprene (density, 
0.684) is heated with some additional substance up 
to 105 deg. Cent. at a pressure of from 5 to 8 atmos- 
pheres for several days. The liquid turns viscous, 
as the specimens exhibited show ; when poured out 
it forms a sticky colourless mass, which darkens 
when slowly dried (for days), and changes more 
and more into something like sheet rubber. The 
additional substance just mentioned may be ozone 
or some albuminoid ; when ozone is used, the 
heating is only carried to 40 deg. Cent. 

Dr. Silberrad is more reticent. He does not state 
whatis his raw material nor explain his process, but 
he shows a small piece of compact rubber and the 
intermediate products, and claims to be able to 
produce isoprene at about 84d. per lb., while 
Dr. Heinemann would do it for less than half 
that money and hopes to supply rubber at some- 
thing like 6d. per lb.—which figure probably refers 
to the cost of raw materials. 

As long as rubber is not manufactured by the 
ton, the reclaiming and re-forming processes deserve 
ful! attention, which they will indeed retain. The 
reclaiming of waste rubber—i.e., old vulcanised 
rubber-—is done by chemical agents, which, it is 
generally asserted, remove part of the sulphur, 
if not all of it; the re-forming processes merely 
grind up the material, cleaned from grease, 
and compress the more or less soft particles. 
The mass is subsequently heated at or above 
vulcanising temperature, while the high pres- 
sure is kept on. Only soft waste is applicable 
for reclamation ; hard rubber, ebonite, is ground 
up and is re-used merely as filling material, but its 
sulphur content probably helps to vulcanise the 
fresh rubber to which it isadded. The reclaiming 
is effected by means of alkali or acid, or with the 
aid of heavy oils or resinous compounds, or of 
volatile sulphur solvents. Reclaiming processes were 
first rare eer in the United States, where fifty 
large works are now in existence. Several of these 
works apply acid processes (Mitchel), against 
which the objection is sometimes raised that 
acid, even in traces, is apt to corrode the rubber 
in which it is left, or to change its degree of 
polymerisation, so that a subsequent treatment 
with alkali and with steam is required ; oils are 
added to the product during rolling. The alkali 

rocess of Marks, introduced about 1900 by the 

est -Wieon Rubber Company, of Manchester, 
treats the rubber with moderately concentrated 
alkali (caustic soda, as a rule), under a pressure 
sufficient to destroy the textile fibre; traces of 
alkali are not so injurious to the rubber as acid. 

The North-Western Rubber Company, which 
owns the largest works of this kind, at Litherland, 
Liverpool (general superintendent, Dr. J. Torrey), 
has a fine show of its products in the Exhibition. 
Alkaline processes are also used, we believe, by the 
Russian Prowodnik Company, of St. Petersburg, 
which is well represented by Messrs. J. Lang, of 
37, Fenchurch-street, by the British Recovered 
Rubber Company, of Clayton, Manchester (estab- 
lished 1872), in their ‘‘ Amazon” brands, and by 
the Rubber Regenerating Company, of Trafford 
Park, Manchester. The Premier Re-Forming 
Company, of Walthamstow, E., exhibit various 
products—buffers, tiles, screw-stoppers, and inner 
rubber tubes for tyres. 

The solvent process of Messrs. Max Friinkel and 
Runge, of Spandau, near Berlin, deserves a detailed 
notice. It is due to Dr. P. Alexander, who explains 
the process with the aid of specimens taken from 
the various stages. The works were established 
ten years ago, and the process is recommended for 
materials, old tyres, &c., which contain much 
mineral and textile matter. The material is dis- 
integrated and treated for several hours under 





pressure with certain hydrocarbons, which dis- 
solve the vulcanised rubber as such ; the mineral 
and textile matters are not attacked, and are 
allowed to settle. The viscous solution could be 
mixed with acetone or alcohol in order to pre- 
— the rubber and thus to separate it from the 
oils and other organic matter, &c.; the recovery 
of the solvent would be too difficult, however, and 
these substances are left in the solution, which, on 
distilling the solvent off, appears as a black or grey 
(according to the original colour) sticky mass, which 
is dried and then rolled into sheets. That this 
regenerated product is a rubber, though vulcan- 
ised, Dr. Alexander proves by the nitrosite reaction 
and other reactions. If the solution in hydrocarbon 
is treated with a little concentrated alkali, an 
‘artificial latex” of vulcanised rubber results, 
which contains some alkali and will mix with water 
(the real latex does not), and which can be coagulated 
just like ordinary latex; the precipitate is gela- 
tinous, however, and will redissolve in water. Dr. 
Alexander considers that the alkali effects a 
depolymerisation, and that changes in character 
which rubber undergoes during its manufacturing 
processes, which make it hard or plastic, according 
to temperature and other conditions, are partly due 
to successive polymerisations and depolymerisa- 
tions. His regenerated rubber is of decidedly 
superior appearance, and can be worked into 
tubing, coils, &c., without any addition of fresh 
rubber (which is customary with most other pro- 
cesses, at least for certain purposes). 

What science can achieve is shown by the United 
Malaysian Rubber Company, of Pinner’s Hall, 
Austin Friars, E.C. Their raw material is rubber 
from the jelutong trees of Borneo ; the stuff looks 

r, and is crumbly like cheese, or very sticky 
and hardly elastic at all; yet a good rubber is 
produced from it, in addition to resin and resin 
oils. Rubber substitutes of all kinds, white amber, 
and dark products prepared from oil, as well as all 
kinds of mineral matters, are exhibited by. Mr. 
Alfred Smith, of Clayton, Manchester, Messrs. 
Typke and King, of 16, Mincing-lane, and others. 

The M.R., mineral rubber, exhibited by Messrs. 
Alden and Co., of Live 1 and London, and by 
the Canadian Mineral Rubber Company, of Toronto, 
Chicago, and 34, Nichols-lane, E.C. (Pioneer M.R.), 
is obtained from gilsonite, a brittle natural hydro- 
carbon occurring in Utah ; the resulting product is 
soft, melts (or softens completely) at 280 deg. Fahr., 
and leaves no ashes. The Canadian Company has 
used it as a substitute for rubber and asphaltum since 
1898. Recent antiseptic coagulants for rubber are ex- 
hibited by the Elias Pure Rubber Process Company, 
of 9 and 10, St. Mary-at-Hill, E.C., asa v powder, 
which is dissolved in water, and by the Purub 
Company, of Berlin, S.W., 68. The ‘* purub” is the 
invention of Dr. Sandmann, and consists essentially 
of hydrofluoric acid, which he originally used for pre- 
serving fruit ; the acid is bound b the salts of the 
fruit or rubber and thus rendered less ; yy 02. 
of the purub, which is supplied in lead bottles, is 
reckoned per gallon of latex. 

Of special products we may mention the 20,000- 
volt gloves (seamless rubber, lined with sockinette) 
and boots for electricians, of the Harburg and Vienna 
India-Rubber Works, of Harburg - on - the - Elbe, 
and the ‘‘ polarit” goods (for acid and oil works), 
the ‘‘polarit” jointing material for superheated 
steam, the imitation leather, and the solid tyres of 
Messrs. Polack, of Waltershausen, and of the Polack 
Tyre and Rubber Company, of 32, Basinghall-street, 
E.C.; one of their 5-ton lorries for the Great 
Central Railway had covered 25,814 miles and 
looked still in fair condition. In the tyres of Messrs. 
S. Herz, of Berlin, and of 15, Dowgate-hill, E.C., 
the fabric is woven to shape in one piece, which is 
saturated with rubber solution and applied in 
continuous layers without joints. 

The Royal Prussian Sietestaigetionguess, of 
Gross Lichterfelde, near Berlin, display an interest- 
ing collection of their rubber-testing machinery 
in the German Section, one of the most instructive 
and comprehensive, though not the most attractive 
section of the Exhibition. In view of the import- 
ance which is attached to mechanical rubber-testing, 
Professor Martens, director of the Priifungsamt, 
recently presented a memoir on the subject to the 
Prussian Academy of Sciences, in which he drew 
attention toa book on ‘‘ Kautschuk und seine Prii- 
fung,” published by his colleagues, Hinrichsen and 
Memmler ; copies of these rablications are on view. 
Several of the machines been built to the 





designs of Professors Martens and Dalén, by Mr, 





tet Lemont ts: 
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Louis Schopper, of Leipzig, whose stand adjoins 
that of the *‘ Amt.” 

As it was found that rubber specimens of the 
shape of test-bars, with or without wider ends, 
which broke near the heads, where they were 
gripped, and also the 8-shaped samples (used in 
cement testing) were not suitable, Professor Dalén 
intoduced cylindrical rings, 44.6 mm. internal dia- 
meter, and 6.4 mm. in thickness, for these tests. 
The rings are stamped out of sheets by special 
machines fitted with ring knives, or cut on the 
lathe ; they are stretched over two rollers; the 
upper roller turns in ball-bearings, the lower 
is rotated by toothed gearing, so that the 
rubber ring travels while under test, and is 
evenly strained. The two rollers just mentioned 
are attached to the upper portion of a column 
apparatus, which stands on two feet set at an angle. 
In their general construction these machines 
resemble the renowned textile-testing machines of 
Mr. Schopper, which may be worked by hand, 
electric motor, or by hydraulic pressure. The 
rubber-testing machine in question is joined through 
a Martens valve bo the water main ; it requires a 
pressure of about 40 1b. to the square inch ; the pres- 
sure forces the piston, to which the lower roller is 
fixed, down into the barrel which forms part of the 
stand. The stress is indicated by a lever moving over 
anarc which is provided with teeth on its inside ; the 
lever is gripped at the moment that rupture takes 
place. The extent to which the rubber ring stretches 
(it may be ten times its diameter) is shown by a 
pointer moving over another arc. When the test 
is not carried to the breaking point, the permanent 
set which the ring has taken is measured on a 
simple small machine, in which the lower roller is 
under a constant load. The elongation depends, 
to a considerable extent, upon the vulcanisation, 
of course, and the ‘‘ Amt” therefore has its own 
vulcanising plant. Vulcanised rods are apt to 
develop transverse cracks under load tests, and it 
is owing to these cracks that they do not stretch at 
a uniform rate, but periodically at an accelerated 
rate. 

Fatigue tests are conducted, with four rings 
simultaneously in a horizontally-arranged machine, 
in which the stress is alternately increased and 
diminished, until the specimen gives way ; the 
machine then stops and marks the number of 
stress applications. In another machine, a modifi- 
cation of a paper-testing machine, the strip or 
sheet of rubber is alternately pulled to right and 
left and folded over. In ails machine, again, 
balls 30 mm. in diameter are run under a heavy load 
in a V-groove ; this very characteristic test deter- 
mines the wear of the rubber. Another machine 
serves a similar purpose ; a rubber ring is suspended 
over a lower roller, against which an upper loaded 
roller is pressed ; the pulleys revolve until the 
ring is worn through. The rubber rolls for type- 
writing machines are tested with the aid of an 
electro-magnetic hammer. 

As regards strength tests of balloon fabrics, there 
is no generally-accepted practice so far. German 
military men would like to have sample stri 
1 metre in width ; others call for tests of part of the 
actual finished structure, with all its seams, &c., or 
demand bursting tests of especially prepared cylin- 
drical specimens ; these specimens are expensive, 
and a great deal would depend upon their finish. 
The Priifungsamt prefers to use strips 50 mm. in 
width for the strength tests, and circular sheet 
samples for the bursting and most of the other 
tests. The discs are of areas of 0.01, 0.02, 0.03, 
0.05, 0.1, 0.3 square metre, and are held by planed 
cast-iron clamps and rubber. Permeability and 
heat-transference tests are also made at the Prii- 
fungsamt by apparatus due to Heyn and Bauer ; in 
the latter the stretched sheets are exposed to 
radiations, and the temperature is determined in 
the space behind the sheets by means of thermo- 
couples. 

We stated already that Mr. Louis Schopper, of 
Leipzig, represented in this country by Messrs. 
John Griffin and Sons, of Kingsway, W.C., shows 
his rubber-testing and also textile-testing machines ; 


Some apparatus, viscosimeters, and small centrifugal during the past year a larger 
apparatus for rubber analysis, are also to be found | minor explosions which occ 





we should like to add that the machine does not 
turn out the rubber in the form of sheets, but in 
the form of a coarse-grained dough. The rolls are 
not keyed to the shaft, but cast on them, and are 
deeply corrugated ; when in operation the two rolls 
of a machine remain at a fixed distance apart, and 
any particles of wood, pebbles, &c., in the rubber 
would not be splintered or broken, but squeezed into 
the slots and would drop out or be caught on the 
ledges. The two rolls carry the rubber down between 
them, round, and up again. The rolls exhibited 
by the Auto-Electric Vacuum Drying Syndicate, of 
709, Salisbury House, Finsbury Circus, E.C., are 
supplied plain, fluted or grooved, solid, or cham- 
bered for heating, by Messrs. Bever, Dorling, 
and Co., of Bradford. The electric-vacuum dry- 
ing-stoves of the firm consist of glass shelves 
heated by coils which are pushed over horizontal 
rods arranged between the shelves; the tem- 
perature is controlled by means of thermostats. 
The vacuum drying and evaporating apparatus of 
Mr. Emil Passburg, of Berlin, exhibited by Mr. 
James Livingston, of 30, Great St. Helens, E.C., 
are made stationary and rotary, and are heated 
with exhaust steam, gas, oil, or electricity. 

The automatic rubber-thread-cutting machine of 
Messrs. J. and P. Hill, Ordnance Works, Shef- 
field, is provided with a disc knife which runs at 
1500 revolutions per minute in a cast-iron case, into 
which water is forced. The rubber to be cut is 
carried on a drum of canary-wood wrapped with a 
shell of cheap rubber 0.5 in. in thickness, to cut 
into, over which the rubber sheeting is wound to a 
thickness of 2in. The knife makes a cut and is 
then withdrawn and advanced, so as to cut stri 
from ; in. to ? in. in width. The drum can 
run at 90, 150, and 210 revolutions. 

A small novelty is the exhibit of the steel studs 

for rubber tyres of Messrs. Haedge and Richter, 
of Hanover, represented by Mr. A. C. Jacobs, of 
11, Abercorn-place, Maida Vale, W.; the studs con- 
sist of specially hardened heads and one or several 
soft shanks, with washers of various shapes; a 
riveting-machine for these studs is also on view. 
. We reserve descriptions of some machines of 
the Harburg Eisen und Bronze Werke, A.-G., of 
Harburg-on-the-Elbe, an hydraulic autoclave for 
vulcanising tyres, &c., the four-piston pump for this 
autoclave (pressure up to 300 atmospheres), and a 
three-high calender. 

The Exhibition is well stocked and arranged. 
International conferences of planters, manu- 
facturers, chemists, &c., were held in connection 
with it during the first fortnight. The arrange- 


‘ments made for the conferences cannot be praised ; 


excellent papers were read and discussed, but a 
preliminary programme was not issued, and some- 
times the lecturers themselves did not know till 
the very morning when their turn would come. 








THE WORKING OF THE BOILER 
EXPLOSIONS ACTS. 

THE annual report for the year ended June 30, 
1910, on the working of the Boiler Explosions Acts, 
1882 and 1890, has just been issued by the Board 
of Trade. During the period named, 98 pre- 
liminary inquiries and 5 formal investigations 
were held under the provisions of the Acts. Of 
the 103 explosions thus dealt with, 43 resulted 
in loss of life or personal injury, 14 persons 
being killed and 62 injured. The 14 deaths 
were caused by 11 explosions, of which 4 occurred 
on land and 7 on ships. 

For the previous 27 years the average number 
of explosions, and the average number of persons 
killed and injured, were 69.3, 27.1, and 57.9 
respectively. It will therefore be seen that the 
number of explosions dealt with in the year 
under review again shows an increase above the 
average. The number of persons injured, how- 
ever, is only slightly above the average, while 
the number of persons killed is only about one- 
half of the average for the period named. The 
report states: ‘‘It is so far satisfactory to note 


that the increase is not in the number of serious 
it is the only group exhibit of its kind in the Hall. | explosions, and there is reason to believe that 


portion of the 
were brought to 


on the stand of the chemical laboratories of Dr. R. | the notice of the Board of Trade than in previous 
Henriques’s Successors, Dr. E. Marckwald and Dr. | years.” In four out of the five cases in which 
F. Frank, of Berlin, S. W., 68. 

With ner to the rubber-washing machine of |that persons who had been connected with the 
Messrs. Werner, Pfleiderer, and Perkins, of Peter- | boilers were to blame for the explosions, and they 
borough, which was mentioned in our first notice, | made orders for the payment of costs in three 


formal investigations were held, the Courts found 





of these cases, the total sum ordered to be paid 
amounting to 831. 

Of the 103 explosions reported on, 60 occurred 
on land, and 43 on board ship. By the former 
4 deaths and 42 cases of personal injury, and by 
the latter 10 deaths and 20 cases of personal injury 
were caused. In 38 cases the boilers, &c., had been 
inspected or insured by Lloyd’s-underwriters, the 
Board of Trade, or marine insurance companies, 
and in 19 cases by boiler insurance or inspection 
companies or associations. In the 46 remaining 
cases the boilers, &c., were under no special system 
of inspection or insurance. Appendices B, C, and 
D, added to the report by Sir R. Ellis Cunliffe, 
Solicitor to the Board of Trade, give some further 


information. Appendix B gives the causes of the 
explosions as follow :— 
Deterioration or corrosion... 26 


Defective design or undue working pressure 32 
Water-hammer action ... lk ws aod. 
Defective workmanship, material, or con- 


struction... sig ine. ae ie on? ae 
———- or neglect of attendants ... é *@ 
Miscellaneous... cas Re sae .- & 
103 


The 103 explosions are classified as having arisen 
from the following types of boilers, &c. :— 


Horizontal multitubular eS 4 aint ae 
Vertical... ee am — z 6 
Lancashire... 2 
Locomotive 3 
Water-tube i _ 9 
Tubes in steam-ovens ... , ss 15 
Heating apparatus on ee 8 cane 
Steam-pipes, stop-valve chests, &c. ... i ae 
Miscellaneous 5 i os ae ‘ior 

103 


Appendix C gives the following list of boilers, &c., 
which exploded, and regarding which formal in- 
vestigations were conducted by the Board of 
Trade :— 

Steam-chest 
Vertical boilers 
Locomotive boiler af oe os 
Still ... ane ed axe as -_ ~~ —- 

These explosions resulted in the death of three 
persons and injuries to ten others. The report 
adds: ‘* The causes of these explosions have been 
clearly ascertained, and in no-case has the explosion 
been attributable to unavoidable accident.” 

Appendix D, reproduced in the following table, 
gives the total number of explosions dealt with 
since the passing of the Acts, the number of lives 
lost, and the number of persons injured. 


“poe 














— Number of |Number of Lives) Numberof 
— Explosions. | Lost. [Persons Injured. 
1882-83 45 | 35 33 
1#83-84 41 18 62 
1884-85 43 40 62 
1885-86 57 33 79 
1886-87 24 44 
1887-88 61 31 52 
1888-89 67 33 79 
1389-90 77 21 76 
1890 91 72 32 61 
1891-92 23 82 
1892-93 7 20 37 
1893-94 104 24 54 
1894-95 114 43 85 
1895-96 79 25 4s 
1896-97 80 27 75 
1897-98 84 37 46 
1898-99 68 36 67 
1899-1900 59 24 65 
1900-1 7 33 60 
1901-2 68 30 55 
1902-3 69 22 67 
1903-4 60 19 45 
1904-5 57 14 40 
1905-6 54 25 21 
1906-7 77 28 65 
1907-8 7 23 50 
1908-9 93 12 53 
1909-10 103 14 62 
Totals .. 1974 746 1625 
Average of 28 
years ae 70.5 26.6 58.0 





A large proportion of the explosions referred to 
in the report were of a very simple character, such 
as those arising from tubes in bakers’ ovens, of 
which 15 cases are given. It is satisfactory to note 
that the number of serious explosions is by nc 
means on the increase, and it is to be hoped that 
we are within appreciable distance of their practical 
extinction. e investigation by the Board of 
Trade of all accidents, whether serious or of a minor 
character, and the circulation of information respect- 
ing the causes and means of prevention, must tend 
to the attainment of greater security in working. 
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NOTES. 
Tue Great Batic Moror-Boat Race. 

THe great international motor-boat race across 
the Baltic started from the Swedish naval port of 
Karlskrona on the evening of June 28, bound for 
the Island of Bornholm. Of the fourteen boats 
entered only seven put in an appearance at the 
start; the first boat was off at 8 o'clock, and 
the rest at two minutes’ intervals. They were :— 
Bolinder VIII., Tatjana, Alba, Avance, Hermes, 
Penta IV., and White Horse. Two torpedo- boats 
accompanied the motor-boats as far as the Kalmar 
Sound ; the course of the competing boats was 
round the Island of Bornholm and back to the 
Swedish port of Kalmar, which had to be touched, 
and from thence to the Varholm fortification in the 
Stockholm Skirgard. The weather was unsettled 
and the sea very rough. The Bolinder VIII., which 
started as No. 1, went ahead at such a speed that 
the torpedo-boats lost sight of her half-an-hour after 
they got into the open sea, Hermes being second. 
At 4.30 a.m., June 29, the Hammeren rock in Born- 
holm was sighted from one of the torpedo-boats 
(with the speed of which the heavy sea had seriously 
interfered), whilst the Hermes was 3 to 4 miles 
ahead. Bolinder VIII. sought shelter in an East 
Coast port in Bornholm ; the Hermes passed Nero 
(Bornholm) at 8 a.m., and was then carrying sails. 
The Tatjana collided with some floating timber and 
had to seek refuge at Bornholm. The Hermes 
reached Kalmar at 6.43 p.m. on June 29, starting at 
7.23.30. Bolinder VIII. reached Kalmar at 6.49, on 
the same day, starting again at 7.34. The Avance 
reached Kalmar at 9.20.30, ne oa at 9.25. 
En route for Varholm the Bolinder VIII., however, 
easily beat the Hermes, arriving at the winning-post 
at 12.36.45 p.m. on the Friday. Her skipper, 
Lieutenant Isberg, had himself been at the wheel 
during the whole of the 40 hours’ tip. with the 
exception of a couple of hours’ rest. The crossing 
of the Baltic to Bornholm had been very rough, with 
fog and a strong westerly gale, the seas incessantly 
washing over the deck. ‘he average speed had 
been rather more than 11 knots; the motor had 
worked very satisfactorily, and the boat, in spite 
of its long and narrow build, had behaved very well 
in the rough sea ; sails had only been used for a short 
time. The Hermes reached Varholm at 3.38.40, 
and Avance at 6.34.14, its owner having ordered 
dinner to be ready by 6 o’clock. The Hermes was 
the only one of the competing boats which had gone 
direct round the Island of Borholm, and she had 
not taken in a single sea; sails had been used 
during the latter part of the trip, when the speed 
was 13 to 14 knots. The Avance, from Bornholm 
to Varholm, had not taken in a single wave on 
her deck. The other three boats (the Tatjana 
being disabled) had all sought shelter at Bornholm, 
starting again in a body at 9.15 p.m., Thursday, 
reaching Kalmar on Friday afternoon, Alba at 
1.32, Penta at 2, and White Horse at 5.40. 
They were expected to reach Varholm on Saturday 
forenoon. 


INSURANCE AGAINST NoN-EMPLOYMENT IN 
FInbanp. 


A special committee in Finland has just finished 
its labours and drawn up a proposal for insur- 
ance against non-employment—a matter which is 
at present .to the fore in most countries. The 
Finnish proposal provides for the establishment of 
neneuanianas funds, from which aid can be 
rendered to the members in cases of need. Such 
funds may be formed for the whole country or for 
certain districts, and also for societies and unions 
of societies, provided that the funds in ques- 
tion are kept entirely apart from the other 
objects of the societies. Any labourer who com- 
plies with the regulations of the non-employ- 
ment funds can become a member. Such funds, 
however, when formed within a society or a union, 
need only receive as members such men as are other- 
wise eligible. The limits as regards age are put at 
18 and 60 years. The members can only belong to 
one non-employment fund subsidised with public 
money, and the subscriptions paid by members are 
to be so calculated that they, jointly with the 
State aid, will suffice to provide for the obligations 
of the fund. Non-payment of subscriptions within 
the prescribed time entails exclusion and forfeiture 
of payments already made. The non-employment 
funds can grant their members day money, house- 
rent, and travelling money. A member is not 


six months and his non-employment exceeds six 87,000 tons more than twelve months ago. Middles. 
days, with fifteen days as a limit. The assist-| brough, however, has not fared so well, the total 


ance must not exceed a maximum of two-thirds 
of the average pay of the member, though not 
less than 50 penni or more than 3 marks 


being 10,000 tons and 16,000 tons higher than in 
March last and in July of last year respectively. 
Fifty-one vessels are being built, and these make 


Finnish. Day money during twelve consecutive | up 86,649 tons. The condition at Hartlepool has 
months must not exceed an a; gate of ninety | not changed much in the past few months; the 
days. Members who for three years have drawn | addition, »s compared with July of last year, is 
the highest permissible support can receive no|only between 4000 and 5000 tons. The number 
further aid until another twelve months has | of vessels being built is 17, with a collective ton- 


elapsed. The non-employment fund must not 
render aid to members who join in a strike, or to 


sick or disabled members, or to members ea 


without proper cause have left work, or with proper 
cause have been discharged from work, or to 
members who, without the sanction of the fund- | 
board, refuse to accept suitable work for which | 
suitable payment is offered. The Imperial Senate, | 
on being petitioned, will grant the non-employ- | 
ment funds a State subsidy of half the fund’s | 
management expenses and one third of the aid | 
the fund has paid to its members who during the | 
last two years have been resident in Finland. In 
case aid has been paid to a member in a place 
where there is a municipal bureau for finding work, 
the man shall show that the said bureau has been 
unable to find work for him during the time he 
has received aid. State aid is not to be paid to 
non-employment funds with fewer members than 
fifty. State aid can, under certain circumstances, 
be withdrawn. 


UNPRECEDENTED ACTIVITY IN SHIPBUILDING. 


Lloyd’s return of vessels under construction in 
the United Kingdom shows that there are at present 
in various stages 560 vessels, the tonnage of which 
exceeds that at any previous period since such 
figures were collected by Lloyd’s. The number 
and total of merchant ships is 496 vessels, of 
1,476,394 tons, 102,000 tons more than at the 
beginning of April, and 358,000 tons more than a 
year ago. The previous record total, which was 
returned in September, 1901, was 62,000 tons 
less than ai this time. The recovery from 
‘* bottom,” touched in the autumn of 1908, has been 
exceccingly rapid. For some time in 1908-09 
the total merchant tonnage in progress’ fluctuated 
between about 730,000 and 900,000 tons. The 
upward movement began in September, 1909, and, 
with the exception of a slight check at the end of 
1910, due to the lock-out, it has continued since, 
the recovery in twenty-four months being from 
750,000 tons to 1,450,000 tons. When to this is 
added the tonnage of warships in course of construc- 
tion the total becomes still more remarkable, being 
1,891,934 tons This total is 922,000 tons more 
than was the case in July, 1909, while the improve- 
ment, as compared with a year ago, is nearly 400,000 
tons. The figures are made up as follow : — 


July, 1911. | July, 1910, | July, 1909. 











tons tons tons 

Merchant steamers 1,466,989 1,115,484 739,991 
Merchant sailing ships 9,405 3,108 5,714 
Total merchant ships ..| 1,476,304 1,118,587 | 745,705 
H.M. ships in dockyards. . 111,140 Y | 84,370 
H.M. ships in private yards = 271,350 239,193 | 89,980 
Foreign warships .. pe 33,050 43,250 | 49,600 
Total | 1,891,934 1,497,110 969,655 





While practically all districts have profited, the 
greater increases, so far as merchant work is con- 
cerned, are recorded for the Clyde, Tyne, and 
Wear. Barrow, however, is mostly concerned with 
warship work, and a very considerable proportion of 
it is credited to that port. The Liverpool total of 
merchant ships is much less owing to the comple- 
tion of the large contract for refrigerator ships for 
Nelson’s Line, but the laying down of the battle- 


| nage of 69,506 tons. These figures for the respec- 
| tive districts do not include the warship work, 
and it may be said that not for many years have 
so many large fighting ships been in course of 
construction. There are in all 12 rangirg from 
22,500 to 26,500 tons, the latter being the displace- 
ment tonnage of the cruiser Queen Mary, building 
at Palmer's works at Jarrow-on-Tyne. 








THE GROSVENOR-ROAD PUMPING -STA- 
TION OF THE LONDON HYDRAULIC 
POWER COMPANY. 

On Wednesday, the 12th inst., at the invitation of 

the chairman and directors, an opportunity was 

atflorded of inspecting the London Hydraulic Power 

Company’s new pumping-station in the Grosvenor- 

road, S.W. This station is very complete and well 

laid out, and includes a river frontage, though the 
site is intersected by the Grosvenor-road. The 
whole of the station, with the exception of the coal- 
unloading wharf, is, in fact, on the side of the road 
remote from the river. At present the plant includes 
five engines, each capable of delivering at the rate of 
about 28,000 gallons per minute, at a pressure of 
800 lb. per square inch, together, of course, with 
the necessary boilers and accessory plant. Nearest 
to Grosvenor-road stands the coal - store, and next to 
this comes the boiler-house. Contiguous to the boiler- 
house stands the engine-house, and beyond this the 
settling-basins. The latter consist of six reservoirs of 
an aggregate a of 2 million gallons. They 
are approximately 100 ft. by 38 ft., and are con- 
struc on the Hennebique ferro-concrete system. 

The compartments are filled from the river by 20-in. 

pipes, laid at about half-tide level. Wash-out pipes, 

14 in. in diameter, are laid below the bottom of the 

reservoirs, and are used to carry away the sediment 

after each emptying. 

After time has been allowed for settlement, the water 
is drawn off by the circulating pumps on the main 
engines, aa through the condensers, and delivered 
to an unfiltered-water tank above the coal-store. From 
this tank the water is passed through spherical filters 
of the Pulsometer Engineering Company. There are 
sixteen of these filters, situated in two rows of eight, 
over the coal-store, but below the unfiltered-water 
tank, from which the water is fed to the filters by 

vity. Of the sixteen filters two are kept as mand, 
nye and one of the remainder is always being cleaned. 
he filtering medium is crushed quartz. Each filter 
can deal with 4500 gallons per hour. Hydraulic 
blowers are used for aces me them. From the filters 
the water passes by gravity into a filtered-water tank 
over the boiler-house. Both the filtered and unfiltered- 
water tanks have a — of 300,000 gallons. They 

are built of cast-iron plates, with stringers, &c. 

The main engines are of the triple-expansion sur- 
face-condensing inverted direct-pumping type, work- 
ing at a steam pressure of 180 lb. per square inch. 
From the main engine-pumps the water 8 to two 
accumulators, of which the ram eveeunade eneey about 
150 tons load. In the engine-house are also two 
auxiliary vertical direct-acting pumps for supple- 
menting the engine circulating-pumps in delivering 
water to the unfiltered-water tank. A recorder, by 
Messrs. W. H. Bailey and Co., Limited, also in the 
engine-house, records automatically the speed of 
the engines. Outside the boiler-house is a water- 
softener, on the Desrumaux system, capable of deal- 
ing with 1000 gallons per hour. The feed-water 
after ing through filters, is measured by ‘‘ Lea’ 
recorders. At present there are four Babcock and 
Wilcox water-tube boilers installed, each capable of 





ship Audacious more than compensates for the 
falling-off in merchant work. At Glasgow there 
are 103 vessels, of 332,892 tons, in course of construc- 
tion. This is nearly 50,000 tons more than three | 
months ago, and 104,000 tons more than a year ago. | 
In the case of Greenock the improvement is almost | 
as great, for the fifty-eight vessels, of 241,770 tons, | 
now building represent 19,000 tons more than three | 
months ago and 61,000 tons more than a year ago. | 
On the Tyne the total is 5000 tons greater than in | 
April last, and 52,000 tons more than in June, 1910, | 
there being 67 vessels now on the stocks, making 

up a total of 246,504 tons. At Sunderland there 

are 54 vessels, of 195,104 tons, in pr ; this is 





entitled to support unless he has been paying for 


38,300 tons more than three months ago, and 





—— 6000 Ib. of water per hour at 180 Ib. to 
200 |b. pressure, and superheating to 100deg. to 120deg. 
Fahr. The boilers are fitted with chain-grate stokers 


| with ~, 4 feed, the stokers being driven by Pelton 


motors. T'wo economisers are arranged in the flue, the 
scraper gear for these being driven by hydraulic motor. 
There are two hydraulic direct-acting horizontal feed- 
pumps for supplying the boilers, each capable of 
delivering 2000 gallons of water per hour against 
boiler pressure. 

The coal-store is ae for a capacity of 1000 tons 
in six compartments. is conveyed to it from the 
wharf by a conveyor running under the Grosvenor- 
road, and from it to the boiler-house, also by conveyor. 
Coal can, in fact, be taken direct to the hoppers over 
the boilers or disc’ into one of the six compart- 
ments of the store and conveyed thence subsequently 
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to the boilers by aconveyor. The ashes from the boilers 
are likewise handled mechanically and discharged at 
the wharf either into wagons or ae mr 4 on 
the way under the Grosvenor-road. The plant at the 
wharf includes an hydraulic coaling-crane with a grab 
bucket discharging into a hopper to which is fitted an 
automatic coal-weigher with both indicating and 
recording gear. The intakes and the discharge of the 
wash-out pipes are in front of the wharf, and the pipes 
pass thence to the reservoirs along a large subway and 
a 

n the whole station, steam is used only in the main 
engines ; all other plant is hydraulically driven. The 
drainage from tan boltierhoame is lifted. from a sump 
to the sewer intercepting-chamber by two automatic 
hydraulic ejectors. The station supplies three distri- 
bution mains, two of 8-in. bore and one of 6-in. bore, 
automatic control-valves being placed in the subway 
to isolate the system in case of accident. 

During Wednesday afternoon demonstrations were 
given of two interesting applications of hydraulic 
power. One of these consisted of an adaptation of 
this form of power to vacuum cleaning. With an 
exceedingly simple fitting a vacuum of 50 in. can be 
almost instantaneously produced, but it is found best 
to work with one not exceeding 25 in., in order to 
keep the pipes = At this vacuum the dust is 
drawn up through thick carpets, so that the covering 
and floor are both cleaned, and the dust is immediately 
disposed of down the waste-pipe. We understand that 
many large business houses and places of entertainment 
now employ this system. The second application of 
which a demonstration was given was of its use for fire 
service. By means of an hydraulic injector, working 
in conjunction with a tank supply, a jet at about 
75 lb. pressure, capable of reaching to a height of about 
120 ft., can be produced. 

In addition to the workshop in which the tools are 
driven by a Pelton motor, and to the engineering fea- 
tures of the station above described, there are well- 
arranged stores, offices, and mess-room. The station 
gives one the impression of being well arranged, though 
the site must have been no easy one to deal with. The 
main engines and hydraulic plant are by the Hydraulic 
Engineering Company, Limited, Chester. 








A CRUISER FOR THE TRAINING OF 
CHINESE OFFICERS. 

Messrs. Vickers, Limrrep, launch to-day (Friday) 
from their Naval Construction Works, Barrow-in- 
Furness, a cruiser named Ying-Swei, for the Chinese 
Navy, for the training of officers and men in con- 
nection with modern munitions of naval warfare, and 
therefore a forerunner of that new navy which will be 
built within the next few years for China. 

While having all the fighting capacity possible in a 
ship of the draught (13 ft.) and of the limited displace- 
ment (2400 tons) prescribed by the Chinese authorities 
to meet certain harbour conditions, she excels in the 
comprehensive character of the provisions introduced 
for training purposes. Messrs. Vickers, Limited, are 
responsible Er the design, which, like the plans 
for many of the later warships built by the com- 
pany, have been prepared by Mr. T. G. Owens, the 
naval constructor and a director of the company. The 
special features of the design are:—(1) The great 
variety in the size of the guns fitted—6-in., 4-in., 
14-pounders, 3-pounders, and 1}-pounders—all intro- 
duced primarily for instructional purposes ; but inci- 
dentally making the cruiser a formidable fighting 
ship. (2) The different types of boilers on board— 
cylindrical and water-tube—so that the Chinese stokers 
may acquire experience. (3) The adoption of alterna- 
tive systems of auxiliary machinery as far as is 
consistent with efficiency, for the education of 


Chinese officers and crew. (4) The unusually large | ¢ 


quantity of ammunition carried ; 160 rounds for 
each of the two 6-in. guns, 200 rounds for each of the 
four 4-in. guns, and 1000 rounds for each of the smaller 
guns, which permits of extensive battle practice, and 
confers the advantage of the maintenance of a long 
ans in war. (5) The embodying of an un- 
usually thick protective deck—1}4 in.—in such a light 
cruiser. (6) The ensurance of a speed of 20 knots under 
easy steaming conditions and without exacting that 
care and organisation in the stokehold which come only 
with prolonged experience. The principal dimensions 
of the ship are as follow :— 


Length between eames is 330 ft. 
Breadth, mould ab a .. 89 ft. 6in. 
Depth a a a ... 23 ft. 9in. 
Meandraught _... €: bie in 18 ft. 
Displacement (about)... we ... 2500 tons 
Speed (about) < ee isd 20 knots 


The armament consists of two 6-in. quick-firing 
guns, one carried on the forecastle deck, and the 


other on the poop deck ; four 4-in. quick-firin ns, 
—s on the upper deck—two at the aft end of the 
‘orecastle, and two at the fore end of the p, at the 
sides of the ship ; two 14-pounder quick-firing guns— 
one on each end of the upper deck amidships ; six 





ore quick-firing guns—three carried on each laid by the ‘‘ Durax” Dustless Roads, Limited, of 


3- 
side of the upper deck in the waist, and two 20, Victoria-street, S.W. This consists of granite 
1}-pounder quick-firi placed on the bridge. cubes grouted with coal-tar pitch tempered with creosote 
Two-18-in. revolving deck torpedo-tubes are carried, | Of or y Fey oe — ~ ord a per cent. 
one on each side of the upper deck aft. The guns and |  Plascom ” (1909) Li (6) Granite macadam, Isid by 
. - , Limited, of Fawdry-street, Wolver- 
torpedo-tubes are controlled in accordance with the hampton, with a binder of a bituminous character. (7) 
ye pr ys ym rege is provided for 230 | +Cormastik,” laid by the British Cork Asphalt Com- 
officers and men an ets. | pany, Limited, of 85, London Wall, E.C. ‘‘Cormastik ” 
The propelling machinery is of the Parsons turbine nF of a mixture of granite or basalt chippings 
type, with three lines of shafting, and one propeller , with sharp Thames sand, ones Sicilian rock asphalt 
on each shaft. The turbines are arranged in one | and Portland cement, with a binding of Cuban natural 
engine-room. The high-pressure ahead turbine is on ®Sphalt. (8) Tar-macadam, laid by Messrs. Chittenden 
the centre shaft, fon a low-pressure ahead on each | #24 Simmons, Limited, the aggregate consisting of 
wing shaft. The wing shafts are arranged for working aoagent 9 = nog oa oy = pte mn 
ong ae turbine a incorporated in each | jixer, (9) and (10) Tar-slag macadam, laid by Messrs. 
of the two low-pressure turbine-casings. | Constable, Hart, and Co., Limited, Clarence House, 
i (11) Le eae laid Egg pt ic mea 
. . |o tlin olverhampton. ot oleum ” 
NOTES FROM THE Wecannven. Sete } —_ ind «hog W. = tansbury, Me = Moorfields, 
ADE A,« - | Live ; in this ease the aggregate is Penmaen 

THE low prices prevailing for coke have finally | diabase, beoken to sizes between If in. and @ in. “The 
started furnace and foundry companies to heavy | binder is a pure bituminous asphalt marketed by the 
buying. Contracts were placed last week for several | Anglo-American Oil Company. (13) ‘‘ Rocmac,” laid by 
months’ output, covering deliveries to the end of the | Rocmac, Limited, of Central Bank Chambers, Leeds ; 
current year, the later buyers having to agree to a this consists of the usual Kent County Council regate, 
10 cents per ton advance. The curtailment of pro- with — ge eee an as the binding 
duction since April 15 prevented any accumulation of eee Ti — a ed by — . Sy nd 
stocks, and this assisted makers in advancing prices. | (jg) 7, rey o> yaa, SS. 0 a 
One Pittaburg concern contracted for 9000 tons per 8) a f 20. T Fey ey a aes ae Oo., 
month for six months ; another furnace company took laid by tee Re wooaenatg Cooma re hed, 65, Tonken 
50,000 tons for July and August delivery, and 50,000| Wall, E.C. Roadamant consists of refined Trinidad 
tons for delivery after September 1. All other coke-con-| bitumen, natural rock asphalt, stone chippings, and 
suming interests are in the market this week, making | the ‘‘roadamant” mixture. (18) ‘‘ Lithomac” asphalt 
themselves safe. A great many idle ovens will soon | p@ving, laid by the Limmer Asphalt Paving Company, 
be started up. 7 imited, of Caxton House, 8S.W. This paving consists of 
The car-builders are in sight of much new business. | °TUShed granite, sharp sand, and pure limestone, blended 
Inquiries have been received within the past few days with bitumen. (19) ™ Pitchmac,” laid by the Taroads 
for 12,000 cars from the trunk lines, exclusive of pas- en Sen SS, Veep, BS. sae i 
' , b Pas-| pitch grouted macadam. (20) Natural asphalt matrix, 
senger coaches, of which 800 are for the National Rail-| jaid by the Val de Travers Asphalt Paving Company 
ways of Mexico. Several systems have presented in-| Limited, Hamilton House, London, E.C. This con- 
quiries for rails during the past few days. The inquiries | sists of the Kent County Council aggregate, with a 
cover a little over 100,000 tons. This sudden improve- | binder consisting of Trinidad Lake bitumen, and the 
ment in demand has stimulated confidence in further | natural rock asphalt. (21) ‘‘ Asphalt macadam,” laid 
progress. Prices, which have been weakening, have| by the Val de Travers Asphalt Paving Company, and 


devel ‘ : consisting of natural rock asphalt broken into rect- 
wenapet @ stronger tens. The week footer in the angular pieces and laid without any addition. (22) 


situation continues to be the large volume of idle : : : : 

capacity. On the other hand, the strong factor is the oe cs ie a ee =F » a a ee ee _ 
urgent necessities for iron and steel construction | Townmead-road, ee al swe In thie lh the aggre- 
material, which are becoming more and more urgent. | gate consists of Channel Island granite bonded with 
Tariff possibilities are pretty well discounted. Reci-| prepared Trinidad Lake bitumen. (23) Trinidad asphalt 
procity discussions have lost interest, and threaten | macadam (4 in. thick), laid by the firm already men- 
to wind up as a political issue ; but it will be a losing | tioned. The contract cost of construction per square 
one, as the general sentiment of the people is in | yard varies from 1s. 9d. up to 7s. 6d., the cheapest being, 


favour of it, and of the extension of the principle to | Of course, ordinary water-bound macadam. Tarring the 
other countries if conditions ever become favourable. | 8UTface costs 14d. persquare yard. The contractors, how- 
ever, in the case of some of the more costly systems of road 
construction give free maintenance for several years, 
THE ROAD BOARD’S EXPERIMENTS IN | whilst others claim that the cost of maintenance is very 
KENT. small. Re pee this a. ese the total cost of the 
Unper the able direction of Mr. H. P. improved pavements at the end of six years ranges from 
M. Inst. C.E., the county of Beg Mang BiB y— 9d. up to 19.5d. per square yard ; but, so far as the higher 
become nearly as famous for the efforts made to adapt its figures are concerned, the contractors are in some cases 
roads to modern traffic requirements as it has long been | P2. red to maintain the surface free for ten years. 
for the charm ofits landscapes. Whilst in other portions © data obtained in this series of experiments should 
of the kingdom the advent of the motor-car, and the prove of the ee value, but, unfortunately, some 
consequent impossibility of ignoring longer the bad con- y mi Pt — fore a fair com gone" ol be 
dition and construction of most of our highways, merely mace between the competing systema, 5b wor my 
: F b ° immense advantage were any short-time method avail- 
led to violent protests against the car and its users, b : : ‘ 
in Kent steps were quickly taken to discover effective | * le for adequately testing them in the laboratory, but 
methods of combating the nuisance resulting from the attempt to find a solution to the problem of devising 
the simultaneous use on the roadways of ‘‘ percus- such tes:s seems hopeless. 
sive” traction, such as that of draught animals, and of 
mechanically-propelled vehicles fitted with soft tyres. The; THe German Wire Inpustry.—The convention be- 
debt which road surveyors have thus incurred to Mr. | tween German manufacturers of wire and kindred goods, 
Maybury and his progressive county council is now about | the formation of which was beset by many difficulties, 
to be further increased, since, with the assistance of the | has collapsed, and ceased its functions at the end of 
Road Board, arrangements have now been completed for | June, the members being now free to contract for sales 
a comparative test, under practically identical conditions, | for delivery. This result is regretted by many of its 
of most of the improved methods of road construction so | members, as the convention worked fairly satisfactory. 
ar introduced. a‘ | The stumbling-block in the way of a renewal of the union 
The stretch of road selected for the test is a 14-mile | was the absolute refusal of several works to submit to any 
section between New Eltham and Sidcup, on the London- | limitation as to production. This, on the other hand, 
to-Maidstone road. The recorded traffic along this stretch | was insisted upon, as far as the large manufacturers were 
of road is very heavy, being about 180,000 tons per yard | concerned, as a mere price agreement handicaps certain 
of width per annum, or 500 tons per Fete width per| works. Of late there had also been certain price reduc- 
day of 24 hours. In a 14-day census 4516 motor vehicles tions which were at variance with the agreement. The 
over the road, and 6361 horse-drawn ones. In-| cessation of the convention will probably have an un- 
cluded in the motor vehicles were 22 traction-engines, | favourable effect upon the works which make wire rods. 
which hauled 44 trailers, 1829 motor-cars and vans, 1468 | 
motor-omnibuses, 122 steel-tyred motor-lorries, and 236; Docrors AND THE Motor-Car.—The motor-car has 
motor-lorries with rubber tyres. The stretch of road | proved of the greatest utility to medical men, making 
selected is slightly undulating, and is unshaded by trees | possible a large increase in radius, as well as considerably 
save in one or two p! Inall 23 kinds of road-surfaces | augmenting the amount of work possible in a given time, 
are to be tested, each of which will be laid on an area of | but it is a first essential that the cars should be not only 
1000 to 1200 square yards. — | reliable, but easily repaired. Fortunately some cars are 
Sockets are to be fixed in groups of three across each | now so simple in their construction that the doctors find 
section, which will serve as reference marks for testing | the work of overhauling and repairing them an enjoyable 
the rate of wear. The Road Board have eqpelatel | recreation. We have recently had a report from a prac- 
Mr. F. W. Greig, of 20, Alma-road, Sidcup, to act as | titioner who has himself driven a Wolseley car for close 
resident engineer during the progress of the test, which | on 50,000 miles, and has just had a motor dismantled. It 
will, of necessity, extend over some years. The twenty-| was the first time that the cylinder had been taken out, 
three materials to be laid are :—(1) Ordinary water-bound and it was found that the a on the piston-head was 
nr macadam, laid by the Kent County Council. trifling (less than 1 oz.) and that there was scarcely any on 
2) The same, nted with tar. (3) Single ‘pitch. thecylinder-head. The piston-rings were all bright, and so 
grouted ” paced very laid by the Kent County Council were the exhaust-valves, although they had never been 
to the Road Board’s Specification No. 3. (4) Double und in, and there was no pitting. There was a little 
ow uted macadam, laid to the Board’s lateral play at both ends of the connecting-rods, but no 
pecification No. 4. (5) ‘“‘Durax” armoured paving, up-and-down play. 
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ST. PAUL’S BRIDGE. 
To THe Eprtor oF ENGINEERING. 

Sir,—Presuming that the Committee will deal with 
the question in an exhaustive manner, within their refer- 
ence, at least, may I mention one or two points on which 
a pronouncement would be acceptable. 

hey refer to the high-level c ter of the pro 
bridge. Would not the proposed viaduct over Queen 
Victoria-street mean the spoiling of one beautiful new 
street in the making of aelher? 

And, in view of the probability of thoroughfares on the 
foreshores (the north particularly), between London Bridge 
and Blackfriars Bridge, would not a co-ordinating alter- 
native be preferable to a repetition of the awkward 
arrangement on the Embankment at Waterloo Bridge? 

In the event of the former, Is an arrangement not 

ible whereby the existing Southwark Bridge might 
CS dipeened with? and would not the appearance of the 
river be improved by its removal ? 

The latter queries refer to a contingency which ought 
to be taken account of. Reference to it also bears out 
the force of the contention expressed in your columns last 
week, that the whole question ought to be viewed in a 
much wider aspect and delayed to fit in with a larger 


scheme. 
Yours wn 
O.B.1.T. 


London, July 10, 1911. 
THE EDUCATION AND TRAINING OF 
ENGINEERS. 
To THE Eprror OF ENGINEERING. 

Srr,—In the report of the discussion at the Conference 
on the Education and Training of Engineers, which 
appeared in your journal of the 30th ult., your reporter, 
in condensing my remarks on special: entrance 
examinations, rather missed the point which I endeavoured 
to bring out, and that is, a boy who passes from a secondary 
school to an engineering college, and who after a time 

repares to matriculate and work for a degree at the 
ps University, ordinarily goes through a very dis- 
eonnected course in mathematics, for at the secondary 
school he, in most cases, is taught pwre mathematics, then 
at the college practical mathematics, and when he com- 
mences to prepare for his university examinations he has 
to again take up pure mathematics. In other words, this 
is a most wasteful sandwich system, as the change-over in 
the college from practical to pure invariably leads to his 
general work receiving a serious set-back; and, no 
doubt, this has not a little to do with the smallness of the 
prepees of university matriculated students there are 
in the leading colleges of the London district. The only 
satisfactory way I can see of straightening out this un- 
fortunate condition of things is to get the authorities of 
the secondary schools to arrange for boys who intend to 
become engineers to receive instruction in practical 
mathematics during, say, the two years before leaving ; 
and, at the other end, to arrange for a further continuity 
of study by inducing the university authorities to allow 
engineering students to matriculate and graduate without 
being obliged to sit in pwre mathematics ; fur most engi- 
neering colleges have for years wisely realised that mathe- 
matics, instead of being an abstract ye should 
become the means of applying truths to the every-day 
affairs of the world we live in. As to the range of this 
work, it is safe to say that the excellent syllabus of the 
Board of Education in practical mathematics covers all 
the mathematics the engineer is likely to require in 
ordinary practice. 





Yours truly, 
ENRY SPOONER. 
The Polytechnic, Regent-street, July 12, 1911. 





To THe Eprror oF ENGINEERING. 
Srr,—Recent speakers on the subject of the training 
of engineers have developed quite a habit of uttering 
warnings against specialisation ; in one instance holding 
up as an example to be avoided the case of a modern 
university which has-advanced so far as to give a degree 
in motor-car engineering and to appoint a professor in 
this subject. e standing of the speakers gives their 
utterances great weight, and at first sight it would appear 
that this university is moving on wrong lines; but 
further consideration shows that these warnings may be 
quite unnecessary ; may, in fact, exert a harmful influ- 
ence in helping to continue that type of education which 
produces the bookish-engineering graduate scorned by 
the practical man. 

There is some confusion in the use of the word 
‘“specialisation ” in this connection. The study of some 
limited field of engineering knowledge—for example, the 
heat treatment of metals—is specialisation; and the student 
would be well advised not to follow such a course to the 
exclusion of other studies. But the study of some one 
branch of engineering is not specialisation in this sense ; 
it may be better termed “selection.” Such specialisation 
or selection is to be strongly advocated as sound, educa- 
tionally and economically. 

The student generally devotes the first two years of his 
college course to the study of mathematics and the funda- 
mental laws of chemistry and physics; afterwards he 
studies their applications to the problems of engineering 
under such groupings as strength of materials, heat 
engines, &e, There is danger here that the student may 

ecome a mere theorist, for the teacher unconsciously 
tends to teach his subject as a subject complete within it- 
self, withdrawing more and more from actual practice as 
introducing difficulties foreign to his subje:t. The 
laboratory work becomes unreal, exercises are so arranged 
as to illustrate some particular point, and in the end, 
to take an example, the student may come to think that 
the theory of heat engines is a series of beautiful abstrac- 








tions, but has little to do with the actual steam or 
petrol engine. , 

If, instead of studying engineering principles in 
goat, the student concentrates on some particular 

ranch, he at once mes conscious of the need of 
= and systematic information. The effect is to 

roaden the field of study and yet to simplify, 
the necessity and interdependence of each branch of 
study is ised. If motor-car engineering is selected, 
the principles studied, as strength of materials, become of 
some importance ; the student begins to appreciate his 
rw of chemistry and the properties of gases and 

uids ; he feels the influence of modern a in 
steels and alloys. He realises to what extent his theory 
of heat engines affects design as com with popular 
demand, — and other factors. In short, concentra- 
tion has broadened his outlook and unified his know- 
ledge. Economically the raw ewe | of concentration is 
great. The idea that the student leaves college equally 
ready to take work in a shipyard, tool-room, or on irriga- 
tion work, assumes the existence of employers with the 
willingness and leisure to teach the beginners. is is a 
mistake. The student will have to teach himself, and his 
work will be the easier to the extent he has already 
prepared himself. 

Yours truly, 
W. Morgan. 





Launch oF Sprcrat-Type Destroyer. — H.M.S. 
Acheron, a torpedo-boat destroyer of the special ae 
included in the 1910-1911 programme, and built to the 
design of Messrs. John I. Thornycroft and Company, 
Limited, was launched recently from this firm’s Woolston 
Works, Southampton. The following are the particulars 
of the vessel:—Length, 251 ft. 9 in. between perpen- 
diculars ; breadth, 26 ft. 4 in. The propelling machinery 
consists of a twin set of turbines of the Parsons type, 
designed to give a speed of 29 knots, steam being supplied 
by ieee large water-tube boilers fired by oil fuel. The 
armament consists of two 4 in. and two 12-pounder guns, 
and the vessel also carries two to o tubes. It is 
= gna = | that this is the first to launched of the 
six special destroyers ordered in the Admiralty pro- 
—_ of last year, and the vessel is also the first 

estroyer to be fitted with a two-shaft arrangement of 
turbine machinery. Messrs. Thornycroft have a sister 
vessel, H.M.S. Ariel, on the stocks, which is also ina 
forward state of completion, and will be ready for launch- 
ing very shortly. 





Toe Unirep States Barriesnie ‘ Urtan.”—The 
battleship Utah, built for the United States Navy by 
the New York Shipbuilding Company at Camden, New 
Jersey, and fitted with Parsons turbines, has just com- 
ple her s trials with satisfaetory results. The 
vessel is 510 ft. long, 88} ft. beam, and at ft. draught 
displaces 21,825 tons. er armament includes ‘ten 12-in. 
and sixteen 5-in. guns, ides smaller machine-guns. 
The designed horse-power of the main turbines was 28,000 
shaft peep x. = it was — ted, would 
giveas o ots. @ measured-mile progressive 
speed tests included twenty runs in all oyer the measured 
distance of the Rocklands course—three runs at 10 knots, 
12 knots, 19 knots, and 20? knots, with five at the highest 
possible speed, followed by three at 164 knots. The actual 
speeds on these prugressive runs were 10.556 knots, 12.015 
knots, 19.049 knots, 21.228 knots, and 16.799 knots. The 
full speed was thus 21.228 knots, and was attained with 
the turbines running at 309 revolutions per minute, and 
developing 28,477 shaft horse-power. The Utah is practi- 
cally finished, only 1.6 per cent. of the work remaining to 
be done, and she will probably go into commission about 
August 16. 





PERSONAL.—The business of ‘‘ Acer,” Limited, cylinder- 
inding specialists, of Hanwell, has been transferred to 
— and more suitable premises at Leaborne Works, 


Harrow. The company has recently prepared for distri- | 


bution a revised price-list.—The Electric and Ordnance 
Accessories Company, Limited, Cheston-road, Aston, 
Birminghan, is now represented, so far as its electric manu- 
factures are concerned, in and round the city of Sheffield, 
for a radius of 10 miles, by Mr. H. E. Ridley, 104, Marl- 
cliffe-road, Sheffield. e agency for the Vickers 
centrifugal fans will remain, as before, in the hands of 
Mr. J. Crawford, Manchester.— Messrs. Jno. Hy. Andrew 
and Oo., Limited, Toledo Steel Works, Sheffield, have 
appointed Messrs. Bernard Holland and Oo, 17, Victoria- 
street, S.W., to act for them in London and district, so 
far as the British Government Departments, railway 
companies, engineers, shipbuilders, contractors, &c., are 
concerned, the arrangement hitherto existing between 
Messrs. Campbell, Macmaster, and Co., 11 and 12, 
Clements-lane, E.C., and themselves having expired.—It 
is publicly announced that, in consequence of the death 
of the late Sir John Aird, the businesses of Messrs. John 
Aird and Sons and the Westminster Construction Com- 
pany, Limited (of which the Jate Sir John Aird was chair- 
man from its formation in 1899), have been amalgamated, 
and will in future be carried on under the registered style 
and title of *‘ Airds, Limited.” There will be littlechange in 
the management or staff. The chairman of Airds, Limited, 
is the present Sir John Aird, and the managing director 
Mr. Malcolm R. Aird.—We are informed by Messrs. J. 
Wardell and Co , manufacturing agents and merchants, 
that, on the 12th inst., they removed their offices to 
Westminster Chambers—namely No. 3, Victoria-street, 
Westminster, 8.W. Their telephone number and tele- 
graphic address will be as before. —Messrs. John Williams 
and Oo., iron and steel manufacturers, Wishaw, d, 
have appointed Mr. H. B. Sparrow, 65, Fenchurch-street, 
E.C., their sole agent in London. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iro. Market.—Last Thursday morning 
the pig-iron market was firm, but quite idle. Quota- 
tions for Cleveland warrants were nominally higher at 
46s. 5d. cash, 46s. 8d. one month, and 47s. 14d. three 
months sellers. In the afternoon a good tone again pre- 
vailed, and 3000 tons of Cleveland warrants were done at 
46s. 5d. and 46s. 6d. cash, 46s. 74d. one month, and from 
47s. 14d. to 47s. 2hd. three months. At the close 
sellers quoted 46s. 6d. cash, 466. 9d. one month, and 
47s. 2)d. three months. On Friday morning the market 
was Leg but strong, and Cleveland warrants improved 
in value. The turnover was 2500 tons at 46s. 7d. cash and 
46s. 10d. one month, and closing sellers’ prices were 46s. 74d. 
cash, 46s. 104d. one month, and 47s. 44d. three mont 
Buyers of hematite offered 60s. 104d. cash and 61s. 9d. 
three months, and sellers quoted 62s. three months. In 
the afternoon Cleveland warrants continued to improve, 
and 2000 tons Sanne hands at 46s. 11}d. and 47s. one 
month, and at the close the quotations were 46s. 94d. cash, 
47s. one month, and 47s. 6d. three months sellers. On 
Monday morning the tone was strong, and 3000 tons 
of Cleveland warrants were dealt in at 47s. and 47s. 1d. 
cash, 47s. 1d. fourteen days, and 47s. 14d. eleven 
days. Closing prices were up to 47s. O}d. cash, 47s. 34d. 
one month, and 47s. 9d. three months. Hematite 
was also strong, and 2000 tons changed hands at 61s. 3d. 
and 61s. 2d. cash, and 62s. three months. The 
cash closing quotation was 61s. 3d. sellers and 61s. 1d. 
buyers. In the afternoon the market maintained 
its good tone, and 2500 tons of Cleveland warrants were 
done at 47s. 04d. cash, and 47s. 9d. three months. At the 
close there were sellers at 47s. 1d. cash, 47s. 4d. one 
month, and 47s. 94d. three months. Hematite was firm, 
and 500 tons were dealt in at 62s. 2d. three months, with 
sellers over, and buyers at 62s. 1d. For the cash position 
buyers offered 61s. 2d., and sellers aos 61s. Sd. On 
Tuesday morni rices fell away a little, and the deal- 
ings consisted o tons of Cleveland warrants at 47s. 
and 46s. 104d. cash, and 47s. 2d. and 47s. 14d. one month. 
Closing sellers quoted 46s. 11d. cash, 47s. 2d. one month, 
and 47s. 8d. three months. An easier tone again pre- 
vailed in the afternoon, when Cleveland warrants to the 
amount of 7500 tons were put through at from 46s. 10d. 
to 46s. 84d. to 46s. 9d. , and at 47s. one month. 
Sellers’ closing quotations were down to 46s. 9d. cash, 47s. 
one month, and 47s. 6d. three months. When the market 
opened to-day (Wednesday), the tone improved, and 1500 


-| tons of Cleveland warrants were put through at 46s. 11d. 


cash, 47s. 2d. and 47s. 14d. one month. At the close 
there were sellers at 46s. 11d. cash, 47s. 2d. one month, 
and 47s. 74d. three months. In the afternoon the market 
was firm, and Cleveland warrants were the turn harder. 
The turnover amounted to 3000 tons at 47s. twelve days, 
47s. 3d. August 23, and 47s. 8d. three months, and im 
sellers quoted 46s. 11d. cash, 47s. 24d. one month, oan 
47s. 8d. three months. Cash sellers of hematite quoted 
61s. 6d. The following are the market quotations for 
makers’ (No. 1) iron :—Clyde, 60s. 6d.; der and Gart- 
sherrie, 6ls.; Summerlee, 63s.; Langloan, 63s. 6d.; and 
Coltness, 82s. 6d. (all shipped at G w); Glengarnock 
(at Ardrossan), 64s.; Shotts (at Leith), 62s.; and Carron 
(at Grangemouth), 63s. 


Sulphate of An ia.—The d d for sulphate of 
ammonia has again become stronger, and the price has 
advanced. The current quotation is now 13/. 12s. 6d. per 
ton for oa lots, G w or Leith, which is 5s. u 
from last week, and 15s. above the lowest point touch 
this year. 


Scotch Steel Trade.—As is usual, the approach of the 
annual Fair Holidays has made the Scotch steel-makers 
rather busier, and there is some pressure to get orders 
hurried out before the works close on Friday at noon. 
Specifications for ship-plates have been plentiful during 
the past week, and the demand for boiler-plates has also 
been very good, but, on the other hand, no improvement 

as been shown in the demand for angles. Fresh business 
continues scarce, but contracts on hand are sufficient to 
keep the various establishments employed for some time. 
Light steel and sectional material are in fairly good 
request, and makers are being kept fairly busy this week. 
The ens the steel works will resume after the 
holidays, on Monday morning, the 24th inst. 


Malleable-Iron Trade.—In the malleable-iron trade 
business has been more active this week, but the tone of 
the trade has not improved. New orders are not very 
numerous, despite the fact that bars are still being 
offered on the basis of 6/. per ton, less 5 per cent. The 
we will be practically the same as those in the steel 

e. 





Scotch Pig-fron Trade.—The local demand for the 
ordinary qualities of Scotch pig iron has lately been very 
moderate, and that from the South has not quite come up 
to expectations. There is a little more doing in export 
orders, but in this connection also there is room for 
improvement. Deliveries generally are more satisfactory 
this week on account of the approaching holidays. The 
demand for Scotch hematite is still very poor, and the 
price is nominally 65s. per ton. 





Inp1AN WateR-Works.—The proposals of the munici- 
pality of Cawnpore for the extension of the city water- 
works have been approved by the Government of the 
United Provinces. e scheme includes a | multiple 
filtration plant for dealing with the water of the Ganges. 
The filters will have a capacity of 7,000,000 ons per 
24 hours. The consulting engineers are rs, i. 
Chabal, E.O.P, of Paris, and Walter Clemence, 
M.I, Mech, E., London. 
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NOTHS FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Engineering Competition.— Although having more work 
in progress than at the same time last year, it was stated 
at the recent annual meeting of Messrs. Davy Brothers, 
Limited, engineers, Sheffield, that the financial result was 
short of expectations. Stress was laid upon the fact that in 
engineering, as in other big branches of trade, modern 
conditions are very much against big profits. The 
company was busily engaged last year, but the return for 
the work done was upon a much lower level of value. 
Amongst the factors pointed to as explaining this condi- 
tion of affairs were low selling prices, inc cost of 
raw materials, keen foreign competition, and difficulties 
in foreign markets. However, the managing director of 
the company went so far as to give a hopeful expression 
of opinion upon the future. 


South Yorkshire Coal Trade.—The labour unrest in the 
shipping world, which, of course, particularly affects 
the coal market, has had a considerable influence upon 
the position of affairs, which the coal trade still feels. 
The congestions at sidings and the accumulations of stock 
at collieries have both upset normal working. Manu- 
facturing inquiries have been good, and are likely to be 
better when all the works have completed stocktaking. 
There has not been much underselling, prices remain- 
ing very steady. The majority of gas-coal consumers 
have fixed up their contracts and some are already 
taking additional supplies. The demand for slacks 
is quite as large as the collieries can cope with, and 
some qualities are higher priced. Stronger quota- 
tions are also made for coking smalls. he house- 
coal market remains quiet, and there is little buying, 
even of lots favourably offered. Most collieries are 
working half-time, and have considerable stocks on 
hand. Prices are firm and a good number of contracts 
have been arranged at current figures. Recent Change 

uotations are: Best branch hand-picked, 13s. to 14s. ; 

rnsiey best Silkstone, 1ls. to 12s.; Silkstone, 9s. to 
10s. ; Derbyshire house, 8s. to 9s. ; large nuts, 7s. 3d. to 
9s. ; small nuts, 5s. 6d. to 6s. 6d. ; Derbyshire brights, 10s. 
to 1ls.; Yorkshire hards, 8s. 3d. to 9s. 6d. ; Derbyshire, 
8s. to 9s.; washed nuts, 7s. 9d. to 8s. 9d. ; rough slacks, 
5s. 3d. to 7s. ; seconds, 4s. to 5s. ; smalls, 1s. 6d. to 2s. 6d. 


Tron and Stecl.—The quietness in the iron market, usual 
at the period of the half-yearly stocktakings, has extended 
over into the present week. It remains to be seen what 
sort of effect the quarterly meeting at Birmingham will 
have upon the situation. Prices of hematites have been 
easier, particularly East Coast, and it is stated that in 
some instances buyers have obtained substantial advan- 
— The West Coast qualities remain about the same. 
The market for common irons shows little change, but 
competition has brought about a weakening of prices. 
Some undercutting by Derbyshire makers has placed 
Lincolnshire producers at a disadvantage. Competition 
continues to run high also in the billet trade. The 
home makers can, of course, do nothing to avert the 
influx of cheap Continental material, and consumers, in 
these days of cut profits, naturally favour the cheaper 
article. Bar iron makers remain fairly employed, with 
a somewhat better outlook. The ition, however, 
does not warrant any alteration in the standing quota- 
tions. Steel-makers are favoured by the low price of 
tungsten, although this material has n a little firmer 
on the week. There is a good deal of uneasiness in the 
local steel trades upon the possible effects of the Govern- 
ment’s insurance pro ls. The present aspect of the steel 
trades is good, if business is not evenly distributed. The 
heavy branches show the most pronounced activity, and 
big quantities of armour-plate and gun-forgings are being 
turned out by the three East End houses. In somedirections 
inquiries are hardly satisfactory, but the great majority of 
the makers have well-filled order-books, particularly the 
manufacturers of special steels. The foreign demand for 
this class of work has extended so much in recent years 
that what might almost be termed the monopoly of a few 
local firms has disappeared. First one manufacturer and 
then another has turned his attention to this branch until 
competition is now very keen, and profits are not so 
easily obtained as heretofore. In twist-drills and various 
kinds of mining tools and special steels, engineers’ and 
shipbuilders’ tools, and all kinds of high-speed steels, the 
inquiry continues to grow. Complaints are met with 
that the prices of many finished articles are not commen- 
surate with the increased cost of raw materials. 








WATERPROOFING CEMENT.— Messrs. Kerner, Green- 
wood, and Co., timber and builders’ merchants, King’s 
Lynn, have, we understand, now uired sole control of 
the well-known waterproofing powder ‘‘ Solita.” They 
have registered it under the name of ‘ Pudlo,” consider- 
ing ita better name, and in future it will be known by 
this name. They have prepared for distribution a little 
booklet on the subject, and will #lso answer any inguiry 
regarding the material. ‘*Pudlo” is a white powder, which, 
when mixed with cement, makes it waterproof. The 
method of mixing and applying is as follows :—The cement 
is spread upon the floor, out of the wind, and the ‘‘ Pudlo” 
is sprinkled over it through a fine sieve, is then shovelled 
met into the cement, the process being repeated until 
about 5 1b. in weight of ‘‘ Pudlo” is mixed with about 
100 ]b. in weight of cement. d and water are then 
added to the cement in the usual way, the result being 
that the mixture is made absolutely waterproof. Messrs. 
Kerner, Greenwood and Co. have been selling this pro- 
duct for some considerable time, and have, they say, 
thoroughly tested the material. The British Government 


ve, we understand, tried it for keeping heads of water 
back in fortifications. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mripp.esBrouGcH, Wednesday. 

The Cleveland Iron T'rade.—The pig-iron market is 
steady, and, on the whole, the situation is satisfactory 
for this time of year, which is usually a quiet season. 
Prospects are regarded as fairly bright, and most traders 
predict that the autumn will be characterised by consider- 
able briskness. There are certainly pa for taking a 
hopeful view of the future. Favourable reports continue to 
come to hand from the United States, and they should have 
some beneficial influence on the market. The most grati- 
fying feature of the position, however, is the fact that the 
output of pig iron is well taken up, and as the season 
advances the make should be considerably more than fully 
absorbed, so that if production is not increased substantial 
reductions in stocks may be announced shortly. No. 3 
g-m.b, Cleveland pig is steady at 47s. f.0.b.; whilst No. 1 
1s 50s. 3d.; No. 4 foundry and No. 4 forge each 46s. 6d.; 
and mottled and white iron each 46s. 3d.—all for early 
delivery. A rather better feeling in East-Coast hematite 
pig is reported. There are one or two inquiries in the 
market, but so far as can be ascertained, they do not 
appear to have, as yet, resulted in business. Mixed 
numbers can still be obtained from both makers and mer- 
chants at 61s. 6d., and that is the general market 

uotation. Business in foreign ore is at a standstill. 

ubio, of 50 per cent. quality, is quoted 19s. to 20s. ex- 
ship Tees, and other descriptions of foreign ore are in the 
usual proportion. There is a fairly heavy demand for 
coke for local use, and requirements are met by a very 
full supply. Average blast-furnace qualities stand at 
14s. 6d. delivered here. 


Blastfurnacemen’s Wages.—The average net selling 
price of No. 3 Cleveland pig iron for the three months 
ending June 30 last has been certified at 49s. 0.16d. per 
ton, as compared with 49s. 6.86d. for the first quarter of 
the year. There was, therefore, a reduction in price of 
6.70d. per ton in the second quarter of the year. This 
means a reduction in blastfurnacemen’s wages in the 
North of England of 0.50 (half of one) per cent., and 
brings wages from 21.75 per cent. above the standard to 
21.25 per cent. above the standard. 


Cleveland Miners’ Wages.—At the quarterly meeting of 
the Cleveland Ironstone mine-owners and the miners’ 
representatives, held at Middlesbrough this week, the 
owners stated that they regarded 26} per cent. as the 
standard of the wages that should G paid duri 
the ensuing three months, against 274 per cent., whic 
had prevailed during the past quarter. A further meeting 
will be held on the 24th inst. 


Trade Statistics.—The quarterly returns cf the Middles- 
brough Chamber of Commerce show that at the end of 
June of 79 furnaces built within the port of Middles- 
brough 54 were in operation. The estimated output for 
the second quarter of the year is given at 580,000 tons, 
of which 380,000 tons was Cleveland pig iron, and 200,000 
tons hematite, spiegel, basic, and other special irons. 
For the previous three months the total make was given 
at 600,000 tons, and for the second quarter of last year 
at 570,000 tons. The imports of foreign iron ore into 
Middlesbrough last quarter totalled only 436,926 tons, as 
compared with 549,742 tons for the previous three months, 
and 558,748 tons for the second quarter of 1910. The 
total value of goods other than coal and coke exported 
to foreign and colonial destinations from Middlesbrough 
during last quarter amounted to 2,122,575/., and for the 
half-year to 4,225,793/., being an increase for the quarter 
as compa: with the corresponding time last year of 
4741/., and an increase for the half-year as compared with 
the first half of last year of 295,120/. 


Manufactured Iron and Steel.—There is not much new 
to report concerning the various branches of the manu- 
factured iron and steel industries. New orders come 
slowly to hand, but producers of most descriptions have 
good contracts made, and values all round are well main- 
tained. Common iron bars are 7/.; best bars, 7/. 7s. 6d.; 
best best bars, 7/. 15s.; packing iron, 5/. 15s.; iron ship- 

lates, 6/. 12s. 6d.; iron ship-angles, 7/.; iron ship-rivets, 
71. 5s.; iron girder-plates, 6/. 17s, 6d.; iron boiler-plates, 
7l. 7s. 6d.; steel bars, 6/. 5s.; steel ship-plates, 6/. 15s. ; 
steel ship-angles, 67. 7s. 6d.; steel boiler-plates, 7/. 10s. ; 
steel strip, 6/. 10s.; steel hoops, 6/. 12s. 6d.; and steel 
joists, 6/. 7s. 6d.—all less the customary 2} per cent. dis- 
count. Cast-iron railway chairs are 3/. 12s. 6d.; cast-iron 
columns, 6/. 10s.; light iron rails, 6/, 10s.; heavy steel 
rails, 5/. 12s. 6d.; and steel railway sleepers, 6/. 10s.—all 
net cash at works. Iron and steel galvanised corrugated 
sheets, 24-gauge, in bundles, are 10/. 12s. 6d. to 101. 15s. 
f.o.b,—less the usual 4 per cent. 








Contracts.—We understand that the Midland Rail- 
way-Carriage and Wagon ney, Limited, have 
accepted the tender of Messrs. lliss and Morcom, 
Limited, for the equipment of the central power generat- 
ing-station at their new works at Washwood Heath, 
Birmingham, to the specifications of Messrs. D. and A. 
ae = orton, MM. a. nagett aa megs a 
consulting engineers, Glasgow and Birmingham.—The 
Mirrlees _ Company, Limited, Glasgow, have 
recently booked a large number of orders for surface- 
condensing plants and jet-condensing plants, complete, 
also for accessory machinery for same, both for this 
country and abroad, several items being repeat orders.— 
Messrs. Fraser and Chalmers, Limited, inform us that 
they have this week booked an important order for two 
turbines and blowers for the Stanton Iron-Works Com- 
pany, Stanton, near Nottingham, to work in conjunction 
with existing reciprocating engines in connection with 
| their extensive blast-furnaces. 








NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal trade has ruled quiet. Col- 
liery owners have shown no disposition to reduce prices 
for the best or second Admiralty coal for shipment Gefen 
the August holidays; for other descriptions, however, 
slight concessions have occasionally been made for prompt 
loading. The best large steam coal has made 18s. 6d. to 
19s. per ton; secondary descriptions have ranged from 
16s. to 17s. 9d. ; best bunker smalls from 10s. to 10s. 6d., 
and cargo smalls from 8s. 3d. to 8s. 9d. per ton. House 
coal has shown scarcely any change; the best ordinary 
descriptions have been quoted at 14s. 6d. to 16s. 6d. per 
ton, No. 3 Rhondda large at 17s. to 17s. 6d., and smalls 
at 10s. 6d. to 10s. 9d. per ton. No. 2 Rhondda large has 
brought 11s. 9d. to 12s. 3d., and smalls 8s. to 8s. 3d. per 
ton. Foundry coke has been quoted at 18s. to 20s. 6d. per 
ton, and furnace ditto at 16s. to 17s. per ton. As 
regards iron ore, Rubio has been making 18s. 6d. to 
19s. 6d. per ton, upon a basis of 50 per cent. of iron, and 
charges, including freight, insurance, &c., to Cardiff or 
Newport. 


Dowlais.—The Dowlais works have been well employed. 
The Goat Mill has m engaged on heavy sections of 
steel rails and tin-bar, and the Big Mill has been turning 
out fish-plates to accompany the heavy rails run off at the 
Goat Mill, as well as light railway matériel for pit-top 
use, curves, angles, &c. 

South Wales Coal.—The shipments of coal—foreign 
and coastwise—from the six principal South Welsh 
ports—Cardiff, Newport, Swansea, Port Talbot, Neath, 
and Llanelly— in the first half of this year were as follows: 
—Cardiff—foreign, 7,992,922 tons; coastwise, 1,309,322 
tons ; total, 9,302,244 tons. Newport—foreign, 2,286,486 
tons; coastwise, 355,764 tons; total, 2,642,250 tons. 
Swansea — foreign, 1,405,391 tons; coastwise, 136,383 
tons ; total, 1,541,774 tons. Port Talbot—foreign, 800,325 
tons ; coastwise, 70,061 tons; total, 870,386 tons. Neath 
—foreign (estimated), 80,000 tons ; coastwise (estimated), 
90,000 tons ; total, 170,000 tons. Llanelly—foreign, 79,806 
tons ; coastwise, 24,958 tons; total, 104,764 tons. The 
aggregate shipments for the six months were, accordingly, 
14,631,418 tons. 

South Wales Mining Students.—A party of about thirty 
South Wales mining students left Cardiff on Saturday 
for the coal and iron mines of Silesia. The arrangements 
for this, the eighth tour of a Continental coal-field, were 
made through the officials of the Glamorgan County 
Council, assisted by Herr Williger, a Silesian engineer. 








SrxtH CoNnGRESS OF THE INTERNATIONAL ASSOCIATION 
FoR TESTING MATERIALS, NEw YORK AND WASHINGTON, 
U.S.A.—The sixth Congress of the above Association 
will be held at New York and Washington in the 
beginning of September, 1912, under the auspices of the 
American Society for Testing Materials. Professor H. 
M. Howe, President of the Association, will act as 
President of the Congress, and Professor E. Marburg, of 
Philadelphia, as Secretary. The Congress will be 
divided into the Sections A, Metals; B, Concrete, 
Cement, Stone ; C, Miscellaneous. The manuscripts of 
papers to be presented at the Congress must be sent in 
to the head office of the Association, Nordbahnstrasse 50, 
Vienna II., not later than January 1, 1912. Members 
desirous of taking part in the Congress are requested to 
notify their intention as soon as possible to the represen- 
tative of the Association for Great Britain, Mr. G. C. 
Lloyd, Secretary of the Iron and Steel Institute, 28, Vic- 
toria-street, London, 8.W. 





EIGHTH INTERNATIONAL CONGRESS OF APPLIED CHEMIS- 
TRY, WASHINGTON AND New York, U.S.A.—The 
Eighth International Congress of Applied Chemistry will 
be held in Washington and New York, U.S.A., from 
September 4 to 13, 1912, under the patronage of the 
President of the United States. The Hon. President 
of the Congress is Professor Edward W. Morley, Sc.D., 
Ph.D., LL.D.; the President is Mr. William H. Nichols, 
Se.D., LL.D., and the secretary Dr. Bernhard C. Hesse, 
25, Broad-street, New York City. The Congress is 
divided into twenty-four sections and sub-sections. 
Papers will be accepted for reading and discussion in all 
the sections, preference heing given to those specially 
adapted for international discussion. They must be sent 
in not later than July 1, 1912. A preliminary pamphlet 
has been issued, and may be obtained from the hon. 
secretary of the British Organising Committee, Mr. 
Charles G. Cresswell, Society of Chemical Industry, 
Palace Chambers, Westminster, S. W. 


ADMIRAL Toco’s Visit To Messrs. VickERS’ WORKS. 
—Admiral Togo, accompanied by his suite and the naval 
and some other members of the Japanese Embassy, left 
London on Saturday, the 8th inst., for Barrow-in- Furness, 
to visit the naval construction works of Messrs. Vickers, 
Limited. Mr. Albert Vickers, the chairman, and Sir 
Trevor Dawson, managing director of the company, also 
accompanied him. e works at Barrow have special 
attractions for Admiral Togo. It was there that the 
Vickers Company designed and built his flagship during 
the late war, the Mi , while later the Katori was 
completed for the navy of the Mikado. At present there 
is in course of construction at Vickers’ works an armoured 
cruiser which is expected to surpass in all fighting quali- 
ties any warship yet laid down. This vessel, with which 
considerable progress has been made, has been designed 
by Mr. T. G. Owens, the naval constructor and director 
of the company. On Monday Admiral Togo inspected 
the vessel and her turbine and ordnance machinery, and 
was also present at gun trials at the company’s range at 
Eskmeals, on the Cumberland coast. 
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THE PHYSICAL SOCIETY OF LONDON. 


At the meeting of the Physical Society of London, held 
on June 9, 1911, at the Imperial College of Science, Pro- 
fessor H. L. Callendar, F.R.S., in the chair, a Paper on 
“* The Liiders Lines on Mild Stcel” was read by Mr. W. 
Mason. 

Previous investigations have shown that Liiders’ lines 
on specimens of mild steel and wrought iron, strained in 
tension, are inclined at about 50 deg. to the axis of pull. 
For tests in compression the information available is not 
precise, and though the angle of the lines with the direc- 
tion of the compression is commonly understood to be 
about 40 deg., some doubt has been thrown on this point. 

The author had found previously that the lines are well 
developed on the surface of mild-steel tubes. Since it was 
easy to obtain a compressive stress of practically uniform 
distribution in tubes under end pressure, while at the same 
time a hoop tensile stress could be induced by internal 
fluid pressure, the author confined his attention to the 
lines on tubular specimens. These were of mild steel, 
either hot or cold drawn, and most of them were annealed. 
They varied in bore from 23 in. to 3 in., and in thickness 
of wall from about 0.08 in. to 0.125 in. Four sets of tubes 
were tested under end-loading, simultaneously (for the 
most part) with internal water-pressure, these loadings 
being so arranged as to give at the yield-point ratios of 
the longitudinal compressive stress to hoop tensile stress 
ranging from 0.25 to . 

The Luders lines on the outer surface appeared at the 
yield-point indicated by the extensometer—i.e¢., their 
appearance coincided with the commencement of the 
large ‘‘yield” strain. In all cases where there were lines 
on the inner and outer surfaces of a tube, an inner and 
outer line, and also the ends of these lines, were found to 
be radially opposite, showing that the lines were traces of 
surfaces or canals of disturbance which passed through 
the tube-wall, and indicating, moreover, that the dis- 
turbance spread spirally onwards, and not outwardly 
from a line initially formed on the more severely stressed 
inner surface. 

The inclination a of the lines to the axis of the tube 
was found to vary in the following way for tubes under 
end load and internal pressure :— 


=0.25, a=42 deg. (about). 


” ” ” =1, a=45 deg. (about). 
,», longitudinal stress only, a= 50 deg. (about). 


For values between 0.25 and 1, and between 1 and o, 
a became progressively larger. 

Some tests of tubes under external water pressure and 
longitudinal tension gave results similar to those above 
mentioned. The directions of the lines with respect to 
the axes of like stress were practically the same, though 
the inclinations to the axes of the ron Be were now com- 
plementary to the values of a quoted above. 

The conclusion is drawn that the Liiders surfaces have 
the same or approximately the same inclination to an 
axis of simple pull or simple push. With stresses of 
opposite sign at right angles to each other the lines and 
surfaces are more.inclined to the stress of greater inten- 
sity, and with equal intensities the surfaces are at about 
45 deg. The author suggests that if a shear stress of 
given intensity be the only condition for that spreading 
of plastic strain which commences at the yield-point, then 
there is no reason why there should be any variation in 
the angle of the Liiders lines and surfaces. The variation 
suggests that not only the maximum shear stress—i.e., the 
half difference of the greatest and least principal stresses 

but also the magnitudes of the principal stresses, are 

factors in producing the yielding condition in mild steel. 
_ Dr. Chree said Liiders’ lines seemed to possess a double 
interest, If their first existence coincided in time with 
the ending of linearity in the stress-strain relation, their 
presence intimated that the ordinary mathematical equa- 
tions had ceased to apply. In this connection their utility 
would be greater if the stress function supposed to deter- 
mine the elastic limit were greatest at a point or small 
area visible to the eye, instead of, as in the present case, 
over the whole inner surface of acylinder. The pheno- 
menon seemed, however, also interesting in itself. The 
nature of the change in the material and the mode of pro- 
pagation of the altered volume would be more easily 
studied if the altered material could be recognised in 
sections of the cylinders. 

Professor Coker asked whether the lines were a surface 
phenomenon produced by the stresses in the oxide. 

Professor C. A. M. Smith pointed out that slipping in 
the material takes place in a definite manner, even after 
quite a long time, and that the lines might be due to this. 
_ Mr. E. H. Rayner pointed out that the elastic constants 
in the two directions would probably be different, and 
that the compression might put on shear, resulting in 
lines only appearing in one direction. 

Dr. A. Russell asked the author if his results threw 
_ light upon the phenomena obtained when wires are 
arawn. 

Mr. Maclachlan asked the author if he had ever tried 
polishing the surface of his tubes. His own experiments 
made on the compression of solids showed that the lines 
were not always — but approximated to a section 
of the cylinder made by a plane inclined at 45 deg. 

The author, in reply, stated that he did not know 
whether the lines occurred at the elastic limit, or just 
after. The lines were not a surface phenomenon, as they 
were obviously related to the ol in the stress-strain 
diagram. Mr. Rayner’s difficulty was got over by revers- 
ing the stresses. The lines were not due to massive 
. Slipping, but to the propagation of a disturbance. 

A paper on ‘'.4 New Method of Harmonic Analysis by 
Averaging Selected Ordinates” was read by Professor S. 
P. Thompson. 


For longitudinal stress 
hoop stress 





Assume with Fourier that the curve representing any 
periodic single-valued function of 2 may be expressed by 
the harmonic series 

y= A,sinzg + Agsin22 + Assin3a+... 

+ B, cos xz + B, cos2 2 + B,; cos 3 x. 

Then to find the coefficient of any term, A» or Bn, it 
suffices—subject to a limitation stated below—to measure 
off on the curve 2 equidistant ordinates over one period ; 
that is, spaced at successive intervals apart of r/n. Then, 
having reversed the sign of every alternate ordinate, the 
simple algebraic mean of them gives the coefficient sought. 
For cosine-coefficients the first ordinate must be taken at 
the origin ; while for sine-coefficients the first ordinate 


must be taken at a point 4 from the origin. In symbols 


this is— 
f PEPE e te eeer ree t x0 
1 iF 
An =2n| ee 
; j 
a 7 -yan+y2uin-y3rin+... | 
ai | —y(2n-1) a/n | 


The limitation is that if, in finding the nth harmonic, 
there be present also the 3nth, or the 5nth, or the 7nth, 
&c., these will be included in the average found by the 
process, and must, if present, be separately determined 
and eliminated. 

The process is much facilitated by the use of templates 
of transparent celluloid having equispaced vertical lines 
e ved upon them. They are laid down on the curve, 
and the values of the selected ordinates are thus readily 
measured off. For analysis of valve motions, of alter- 
nating-current curves, of tidal observations, and diurnal 
magnetic variations, the method presents certain advan- 
tages, as it requires no multiplication of ordinates by 
sines or cosines. 

The President commented upon the extreme ease with 
which the method adapted itself to the analysis of 
experimental curves. 

r. Russell remarked that the method can be usefully 
employed in interpolation as well as in harmonic analysis. 
In this connection he gave a brief réswmé of Gauss’s 
extension of Lagrange’s interpolation formula. He also 
pointed out certain cases in which Fourier’s analysis fails 
to be of practical use. 

Sir G. H. Darwin communicated the following re- 
marks :—In 1874 Mr. Archibald Smith published, in the 
Admiralty Scientific Manual on ‘‘ Deviations of the Com- 
pass,” schedules whereby the multiplications in the 
usually accepted process are simple. is same arrange- 
ment has been in use for the harmonic analysis of tides 
since 1870; and in his ‘‘ Manual of Tidal Observations,” 
Major Baird gave multiplication tables for the sines of 15, 
45, 60, 75 deg., which render this part of the work so 
easy that avoidance of all multiplication hardly seems 
necessary. In 1884, in ‘“‘ Tables and Formule to Facili- 
tate the Computation of Harmonic Coefficients,” General 
Sir Richard Strachey gave rules which reduce the multi- 

lications still further. In both these schemes Professor 

hompson’s principle is used for some of the higher har- 
monics. Smith’s and Strachey’s schedules are arranged 
for 24 hourly values, but they may be equally well used 
for 12 ordinates. Schedules for the use of any other 
number of ordinates would have to be prepared specially, 
and in such cases Professor Thompson’s rules might prove 
very convenient. 

A ‘‘ Demonstration of the Subjective Nature of the Dif- 
ference Tone” was given by Professor 8S. P. Thompson. 

Two tuning-forks of frequencies 3328 and 3584 were 
sounded loudly. On striking the second the difference 
tone was heard, but while the notes from the two forks 
seemed to come in a definite direction from an external 
oa, the difference tone seemed to be located in the ear 
itself. 

A demonstration of ‘‘ Spinning-Tops and Gyroscopic 
Apparatus” was given by Sir George Greenhill. 

62. in, Otto bicycle-wheel was shown mounted on an 
axle with ball bearings, and spun by hand with the point 
in a small cup, to serve as a spinning-top visible to a 
“— audience. — ; ge - 

e@ gyroscopic apparatus is made of an ordina 
28-in. bicycle-wheel, the axle screwed into a stalk a 
short length of rifle barrel, suspended from a lug on a 
bicycle hub ; the hub is fastened to an iron bracket, which 
is bolted to the underside of a beam or sleeper, large 
enough to absorb vibration, and resting on two ste 
ladders. The wheel is spun by hand, and the axle is 
projected to obtain any desired gyroscopic motion, 
undulating, looped, or with cusps. 

The wheel can be detached by unscrewing the pin 
through the lug, and can then be used like the large 
wheel as a spinning-top, or as the “‘Top on the top of a 
Top” described in ‘* well’s Life.” 

f the wheel be put out of balance by a bar through the 
spoke and the axle be held, it will serve as a pendulum, 
making oscillations however large, or complete revolu- 
tions ; and the effect may be investigated of varying the 


angle of the axle with the vertical. 
** 4 Model Illustrating the Passage of a Light Wave 
Through Quartz,” constructed by Professor H. N. Allen, 


of Poona, was described by Dr. H. 8. Allen. . 
If a crystal is so cut, and a wave sent through it in 
such a way as to avoid separation of the two component 
waves by double refraction, it is easy to construct models 
showing how a vibration gradually alters in form as it 
passes through the crystal. The model exhibited illus- 
trates the of a wave ey ae plane polarised 
through a crystal which rotates the plane of risation 
of light sent along its axis (quartz). The direction of 





propagation is oblique to the axis of the crystal. It is 
assumed that the crystal has been cut so that the surface 
of incidence is perpendicular to the direction of pro - 
tion of the wave. As the wave p the linear 
vibration opens out into a counter-clockwise elliptical one, 
while the major axis of this ellipse rotates in the counter- 
clockwise direction. The minimum ratio between the 
axes is reached when the retardation is half-a-period. A 
retardation of a whole period gives a linear vibration 
again, and so on. If the model is cut by a series of 
parallel planes the sections give the form of the elliptic 
vibration as the wave travels through the crystal. The 
instantaneous wave forms can be drawn on the surface of 
the model. 

A paper on “‘ The Measurement of Contact Differences of 
Potential,” by Professor A. Anderson and Mr. J. E. 
Bowen, was taken as read. 

The paper describes two methods of measuring the con- 
tact differences of a of pairs of metals. The first, 
or deflection, method depends on the property which a 
radioactive source has of destroying a field of electrostatic 
force in air, and the second, or null, method on the pos- 
sibility of determining by means of such a source whether 
such a field exists between two plates at zero potential. 
Measurements were made on 10 different me and it 
was found that both methods gave practically the same 
results provided that the time which was allowed to ela; 
between the two measurements was sufficiently small. The 
addition law was verified. 

A paper entitled ‘4 Short Table of Circular and Hyper- 
bolic Functions for Complex Values of the Argument,” by 
Mr. A. Johnstone, was also taken as read. 








FOREIGN ENGINEERING PROJECTS. 

WE give below a list of colonial and foreign engineer- 
ing projects, for several of which tenders are asked. 
Further data concerning them can be obtained from the 
Commercial Intelligence Branch, Board of Trade, 73, 
Basinghall-street, E.C. 

Canada ; H.M. Trade Commissioner for Canada reports 
that estimates are being prepared for water - works 
extensions at a town in Ontario, at a probable cost of 
1,000,000 dols. (about 205,000/.). The Imperial trade 
correspondent at Toronto (Mr. F. W. Field) reports that 
a company, with a capital of 10,000,000 dols. (about 
2,055,000/.), has been granted a charter to manufacture 
all kinds of sales books, cheque books, wooden wares, 
paper wares, registers, &c. A company has been formed 
with a capital of 3,500,000 dols. (about 718,000/.) for the 
purpose of manufacturing railway locomotives and rolling- 
stock and also all kinds of steam, gasoline, oil, and other 
engines. A company has been incorporated, with a capital 
of 2,000,000 dols. (about 411,000/.), for producing and refin- 
ing petroleum and its products, and for mining metals, 
ores, and minerals. It is also granted the right to manu- 
facture soap, candles, perfumery, and toilet articles, 
With reference to the notice on page 44 ante, relative to 
a call for tenders for the construction of a breakwater, 
and of wharves, the dredging of a channel and basin, and 
the construction of a dry dock and ship-repairing plant 
of the first class at St. John Harbour East (Courtenay 
Bay), H.M. Trade Commissioner for Canada has 
forwarded a copy of the specifications, form of tender, 
&c., which may be seen by British firms at the Com- 
mercial Intelligence Branch of the Board of Trade, 73, 
Basinghall street, London, E.C. Tenders will be received 
by the Secretary, Department of Public Works, Ottawa, 
up to 4 p.m. on August 10. 

Spain: The Gaceta de Madrid of June 24 notifies that 
the “‘Sociedad Anénima Tranvia de Orihuela 4 Crevil- 
lente” has applied to the General Directorate of Public 
Works for a concession for the construction and working 
of a steam tramway from Orihuela to Crevillente. It is 
proposed that two years be allowed for the completion of 
the line. The initial rolling-stock will comprise four 
locomotives, four first class and ten second-class coaches, 
four covered and eight uncovered wagons. 

Sweden: The British Vice-Consul at Nykiping (Mr. A. 
Helander) reports that tenders are invited by the Swedish 
State Railways Administration for the construction of a 
new line between Enstaberga (outside Nykdping) and 
Aby (outside Norrképing). Tenders should be marked 
** Anbud a anliiggande af jiirnviig mellan Enstaberga och 
Aby, Registratorns Byra,” Stockholm, where they will 
be received up to noon on August 15. The new line, 
which is to be opened for traffic not later than Sept- 
ember 1, 1915, will pass through mountains, and con- 
siderable blasting operations will be necessary. Copies 
of the drawings, specifications, &c. (in Swedish) can be 
obtained by ritish firms through the British Vice- 

y 


Consulate, Nyképing, on payment of the sum of 3/., the 
ere part of which will be returned upon receipt of a 
-fide tender. 


Italy ; Referring to the notice on 739 of our last 
volume relative to the construction of a breakwater and 
kindred works in Catania Harbour, the Gazzetta Ufficiale 
(Rome) of June 26 notifies that, as no award has been 
made in respect of this contract, tenders are again 
invited, and will be opened on July 24 simultaneously at 
the Ministero dei Lavori Pubblici, Rome, and at the 
Prefettura di Catania, Catania. The upset price is put 
at 2,450,000 lire (98,000/.), and a deposit of 120,000 lire 
(4800/,) will be required to qualify any tender. Although 
this contract will doubtless be awarded to an Italian firm, 
nevertheless the carrying out of the work may involve the 
purchase of some materials out of Italy. 





Roap Locomortives.—The value of the road locomotives 
exported from the United yy in April was 42,4962., 
as compared with 40,1571. in April, 1910, and 29,9682. in 
April, 1909. 
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‘* ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRAOTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE AOT OF 1907. 
The number of Specification Drawings is stated 


views given in the 
in each case ; where none is mentioned, the Specification is not 


iUust 
Where inventions are communicated from abroad, the Names, &c., 

of the Communicators are given in italvs. 
be, wm ifications may be obtained at the Patent O, Sale 

mech, 25, ae Buildings, Chancery-lane, W.C., at 
the uniform of 8d. 
The date of advertisement the of a Complete 

Spetfeatien &, in each case, after ‘ract, unless the 

‘atent has been sealed, when the date of sealing is given. 
om may, at any time within two months from the date of 
the advertisement of the of a Complete Specification, 
ive notice at the Patent O, of opposition to the grant of a 
‘atent on any of the grounds mentioned in the Act. 
ELECTRICAL APPARATUS. 

23,222/10. G. Ludecke and the Imperial Lamp 
Works (Brimsdown), Limited, Elec- 
tric Lamps. [5 Figs.) October 7, 1910.—The invention con- 
sists in providing, in connection with the rigid upper supporting 
arms for the filament, secondary supports of thin wire bent to an 


acute angle and each of the arms of which is equally inclined to 
the filament, the arrangement being such that eontractions or 


c 





Clb e 
Fig.i\| || Fig.2. 
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vibrations of the filament are compensated for by movement of 
the arms. The rigid lower supporting arms a and rigid upper 
supporting arms } are connected to the beads ¢ of the central 
glass stem d. To the arms b the secondary supports e of thin wire 
are connected. In order to prevent too si nding of the fila- 
ment, the secondary supports ¢ are provided with a small spiral 
of two or more windings through which the filament is passed as 
shown in Fig. 2. (Accepted May 8, 1911.) 











3450/11. Firm H. Aron El tatszahlerfabrik, 
G.m.b.H., Charlottenburg, Germany. Prepayment 
Electric Meters. (2 Figs.) April 6,1910.—In a prepayment 


electric meter, according to this invention, a normally inopera- 
tive coupling between the prepayment mechanism and the meter 
switch is rendered operative only after a part of the meter has 
rotated through a determined angle or distance, through which 
period current can pass through the meter without prepayment, 
whereupon further current can be obtained only after prepa y- 
ment by the insertion of acoin in the ordinary way. ais the axle 
of a counting-wheel of the meter. On this axle is mounted a 
disc b having a slot. A pin d carried by a lever f/ bears against 
the inner edge of the disc b. A spring i has a constant tendency 
to pull the end of the lever / in an upward direction. The disc 
b is driven by the axle of the meter and turns round gradually 
unfil the slot ¢ comes rete or infront of the pin d. The 
spring ¢ is now free to pull the lever f upwards, and thus causes 


Fog. 1. 








the pin d to pass up and through the slotc. By this means the 
other end of the lever f, which carries the toothed wheel g, is 
moved down into engagement with a toothed wheel 4. The 
toothed wheel g is permanently connected to the axle a of the 
meter by mechanism (not shown). The toothed wheel h belon; 

to the prepayment mechanism of the meter. When the wheels 
g and h have been brought into engagement with each other, as 
above described, the meter works in the same manner as an ordi- 
nary prepayment meter ; that is to say, it opens its switch auto- 
matically to cut off the current when the amount of electricity 
determined by the previously inserted coin has passed through. 
When the switch is opened and the current cut off, no further 
current can be taken by the consumer until after he shall have 
inserted another coin intothe meter. The two toothed wheels g 
and A remain in nqmnes with each other, because the pin d 
4 kept out of disc ) by the action of the spring i. (Accepted 

ay 10, 1911. 


GUNS AND EXPLOSIVES. 


7870/10. R. H. S. Bacon and F. Coventry. 
Ordnance-Training Gear. (2 figs.) April 1, 1910.—In 
training control gear for ordnance, according to this invention, a 
supplementary hand- controlled valve is provided by means of 
which the turntable may be caused to rotate rapidly in either 
direction, as required, without disturbing the tion at which the 
main controlling hand-wheel is set. The ning control valve- 
spindle a has at one end a screw-thread, on which is mounted a 
nut forming the boss of a hand-wheel a* mounted in a as, 
The spindle is arranged to move axially, but is vented 

rotating ; rotation of the hand-wheel traverses the valve on its 
seat. e valy es is in two portions, a and b} ; the end of one 
portion @ is provided with a disc a®, and the other b is attached 
to a cylinder b!, in which the disc a6 can move axially. Between 
the ends of the cylinder and the disc springs }®, }° are inserted, 
either of which is strong enough to overcome the frictional resist- 
ance of the valve, and suitable contesting stops are provided to 
determine the mid-position of the disc in the cylinder. It is, 
therefore, obvious that on rotating the hand-wheel a, the valve 


spindle a, b, cylinder b!, disc a®, and springs J®, b® move as one 
—_ By means of a crosshead )6 the cylinder b! is attached to 
he piston of a double hydraulic cylinder d controlled by a 
valve d! actuated by a lever d2. The valve and ports are so 
arranged that when the valve is in its mid-position both ends of 
the cylinder are + to exhaust. When pressure is admitted to one 
or other end of the cylinder d by moving the lever d? the training 


— 
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control-valve ¢ is moved from the position in whichit may be situ- 
ated to one or other extreme end of its stroke, thereby causing the 
turntable to rotate at maximum speed either in the same or 
opposite direction to which it was rotating. On the supple- 
mentary lever d? being centred, the hydraulic cylinder is put to 
exhaust, and the compressed spring b® or b® extends and returns 
the training control-valve ¢ to its original position. (Accepted 
May 10, 1911.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 
17,865/10. J. Hay, London. Internal-Combustion 
es. (5 Figs.) July 27, 1910.—In an internal-combustion 
engine, according to this invention, two cylindrical valves are 
placed outside the upper portion of the cylinder and have ports 
cutin them. The valves are oscillated and control ports in the 
cylinder wall. a, b are the two valves, the valve a being the inner 
one and sliding on the outside of the upper portion of the cylinder. 





In the upper portion of the cylinder, ports » are cut and lead to 
the inlet-passage I and to the exhaust-passage E. Similar ports 
are cut in the valves a, b, the relative positions of these ports 
being determined by the required timing of the inlet and exhaust 
functions. The valves are operated from the crank-shaft through 
the medium of the half-speed shaft through arms m!, m2, (Accepted 
May 10, 1911.) 
LIFTING AND HAULING APPLIANCES. 


728/10. Crompton and Co., Limi J. C. Mac 
a + Ba ford, and 


e,and H, Che Williams, 
Ez Opera’ Systems. 
{1 Fig.) December 21, 1910.—1n electrically-operated hauling or 


winding machinery, or electrically-operated rolling-mills, wherein 
wide variations in torque and s occur, while the demand for 
power from the supply is restricted, and in which current is 
supplied to the working motor from a direct-current generator 
provided with a variable field separate excitation so that it is 


LF le 




















capable of delivering current at a variable voltage, there is em- 
— on the working motor a field winding which is connected 

tween the positive brush of the yenerator and the positive 
brush of the exciter. G represents a direct-current generator 
provided with a variable field excitation A and a hand-controlled 
resistance B, so that it is capable of delivering its current at any 
desired voltage. E is an exciter direct-coupled to the generator, 
and developing exciting current at a constant voltage. X and Y 
are supply conductors connected to the brushes of the generator 
a eading current to the motor M. The field of the motor is 





provided with a winding F', excited directly from the brushes of 


the exciter E. A second winding F? is provided, and is con- 
nected from the positive brush of the exciter or from the positive 
pole of the supply to the conductor Y. (4ccepted May 10, 1911.) 


MOTOR ROAD VEHICLES. 

11,196/10. C. Dent, Tamworth, and Dent Motors, 
Transmission Gear. (4 Figs.| 

May 6, 1910.—This invention relates to motor road-vehicles in 
which the rotation of the engine is transmitted to the driving 
= by means of a single belt and a pair of variable-speed cones, 
ms, or pulleys. The rear wheels 1 of the vehicle are rotatably 
supported at the outer ends of a curved transverse bridge-piece or 
rigid axle 2, and are driven from the outer members of a bevel 
differential gear, or from the sun-wheel of a planetary differen- 
tial gear, by means of transmission shafts 7, which are con- 
nected by Cardan joints to the said members and to short 
axles 4 secured to the hubs of the rear wheels 1. The rear cone, 
which preferably consists of a pulley provided with three speed 
or belt surfaces and arran; with its largest diameter outwards, 
is located on one side of the centre line of the vehicle, while the 
differential and reversing gearing, and in the majority of cases 
the reducing ng, is arranged on the other side of the said 
centre line and as near as possible to the latter. The rear cone 
is loosely mounted on its shaft 11, but is adapted to be con- 
nected to and freed therefrom by any suitable construction of 
clutch. The clutch preferably consists of a cone 12 which is 
mounted on a squared or castellated part of the shaft 11 and is 
constantly pressed by a spring into engagement with a coned 
surface 13 formed in the interior of the outer end of the rear cone. 
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The outer end of the shaft 11 is mounted ina bearing supported by 
one of the side members of the frame or chassis of the vehicle, while 
the inner end of the shaft is mounted in a bearing or bearings 
provided in a box or casing 19 which is supported from one or 
more of the transverse members of the frame or chassis of the 
vehicle. The rear of this box or casing is made of such size as to 
accommodate a cage 22 containing the differential gear and a 
large toothed wheel 23 secured to the exterior of the said cage, 
while its front end is made of such size and shape as to receive 
and support the mechanism by which the large toothed wheel 23, 
and therefore the cage, is rotated in either direction. This 
mechanism preferably consists of a pinion 24 slidably mounted on 
the inner end of the shaft 11, a fork embracing the pinion and 
secured to a spindle 26 slidably mounted in the box or casing 22, 
and a reversing shaft provided with a wheel 28 adapted to be 
engaged by the pinion 24 and with a pinion, not shown, always 
in mesh with the large wheel 23. When the cone 12 is in engage- 
ment with the cone surface 18 of the rear cone, the drive is 
transmitted at a reduced speed to the wheels 1, which will be 
rotated either in a forward or in a backward direction, the direc- 
tion of rotation being determined by the position of the pinion 
24 ; that is to say, whether the pinion 24 is in engagement with 
the large toothed wheel 23 or with the wheel 28. Further, when 
the cone 12 is disen from the rear cone, the latter will 
rotate without transmitting the drive to the wheels 1. (Accepted 
May 10, 1911.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 

1 /10. A. F. Yarrow, Blanefield. Water-Tube 
Bo: {8 Figs.) April 26, 1910.—In water-tube boilers 
uniformity of distribution of the heated gases over the surfaces 
of the water-tubes is secured by adjusting, by means of baffles, 
a removable or displaceable, on the uptake side of the 

nks of water-tubes, the space for the passage of the furnace 
gases between the water-tubes, so as to present a substantially 
uniform resistance to the passage of these gases over all paths 
which they can take in passing from the combustion space to the 
— This result may be attained in a number of ways, one of 
which is illustrated in the drawings, Fig. 1 being a part transverse 
section of a water-tube boiler of the Yarrow type, fitted with 
removable baffles, and Fig. la a perspective view on an enlarged 











scale, showing the arrangement of the baffles on the outermost 
row of one bank of water-tubes. As therein shown, angle-bars 6 
or other suitable rolled sections are placed between adjacent 
tubes of the outermost row of tubes 4, spaces being left between 
the tubes for the of the gases as shown at 7. The distri- 
bution of the angle-bars 6 is so varied as to present a greater 
obstruction to the flow of the gases along the shorter paths than 
along the longer paths, so as to equalise as much as possible the 
resistance to flow along all paths. Thus, towards the centre of 
the bank of tubes, the angle-bars may be placed so that between 
successive angle- there will be two or three vacant inter- 
spaces 7, while towards the ends of the boiler the angle-bars are 

more widely, thereby leaving a greater cross-section of 





free space for the flow of the gases. (Accepted May 3, 1911.) 
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PETER BROTHERHOOD, LTD., 


PBT EeoOownovu c=. 
Contractors to the British and other Governments. 


London Office: 53, Parliament Street, WESTMINSTER. 


“ BROTHERHOOD, PETERBOROUGH.” 70, PETERBOROUGH. 
Telegraphic Address { “BROTHERHOOD, LONDON.” Telephone { 683, WESTMINSTER. 
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A FEW INDUSTRIES WHERE “BENNIS” MACHINE STOKERS AND SELF-CLEANING COMPRESSED 
AIR FURNACES, FED BY “BENNIS” ELEVATORS AND CONVEYORS, ARE REDUCING 
FUEL COSTS, INCREASING BOILER DUTY, AND MAINTAINING 
SMOKELESS CHIMNEYS. 























Dyeing and Cleaning Works in Scotland of World-wide reputation, Steam Paper and Pulp Mills in Wales. 

















Weaving Mills of an enterprising Lancashire firm. 





One of the Collieries of an extensive Coalfield in South Wales. 
























The Electric Light and Power Station with the lowest working 
costs in the U.K. 
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A range of ‘‘Bennis” Stokers to which the coal is distributed by means of a system of ‘‘Bennis” U-link Chain Conveyors. 


For ‘‘ Fully Wustrated Descriptive Pamphlets of Individual Installations,” write to E, BENNIS & CO., Lrp., Little Hulton, Bolton; or 28, Victoria Street, S.W. 
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THE WORKS OF MESSRS. SULZER 
BROTHERS, WINTERTHUR. 


On Wednesday next, the 26th inst., a number 
of the members who are taking part in the meeting 
of the Institution of Mechanical Engineers at 
Zurich, will make an excursion to Winterthur to 
visit the works of Messrs. Sulzer Brothers. The 
history of this large Swiss engineering estab- 
lishment is an interesting one; it is, briefly, as 
follows. The first member of the Sulzer family 
who turned his attention to industrial pursuits was 
Solomon Sulzer, who was born in January, 1757. 
Solomon Sulzer had studied theology and was on 
the point of accepting an appointinent as pastor 
in a township in close proximity to Zurich, when 
he decided to abandon this position and to follow 
what was, after all, his real calling—the trade of a 
brass-founder. At that time, in the latter part of 
the eighteenth century, an intelligent craftsman 
had established a business at Schaffhausen ; this 
craftsman had started the manufacture of brass 
castings, and had in the course of a very short 
period become a dangerous competitor to the 
coppersmiths of the district. Young Sulzer had 
heard many reports concerning this brass-founder 
and his successes. He called on him at his shop at 
Schaffhausen, purchased his secret for 500 florins, 
equal to about 50/., learned the trade, and came to 
Winterthur, where he established himself as a 
tradesman. 

This appears now a most simple matter ; young 
Sulzer, however, did not find it so. He not only 
experienced in the usual way that ‘‘ all commence- 
ments are difficult” in themselves, but in his case 
he had to deal with local prejudice. In the mind 
of the inhabitants he was introducing a secret trade, 
and was looked upon with suspicion. He was only 
allowed to put down his plant—a very small one, 
as might be expected—close to the town ditch, and 
the fight wasan uphill one. He first manufactured 
by casting a large number of small articles which 
until then had been made in the copper-smithy. 
He gradually increased his installation, and added 
to it a small turnery and a small fitting-shop. The 
business was commencing to prosper when the 
French Revolution broke out; this stopped all 
trade for many a year, and Solomon Sulzer left his 
son in charge of the plant and went to Lorraine 
in 1806, to earn a livelihood until better times 
supervened, but he died there in 1807. He was 
succeeded in the Winterthur business by his said 
son, Jacob Sulzer, who was followed by his two 
sons, the first brothers Sulzer, who in turn were 
followed by Messrs. H. Sulzer-Steiner, A. Sulzer- 
Grossmann, E. Sulzer-Ziegler, and J. Sulzer- 
Imhoof. The present owners of the works are the 
two last-named gentlemen, with Messrs. Carl Sulzer- 
Schmid, Albert, Robert, and Hans Sulzer, and 
Richard Ernst. 

The first brass foundry, as it was taken over in 
1807 by the son of the founder, occupied an area of 
only 54 sq. m. (590 sq. ft.), and one cast only, a 
very small one, was made per week. From these 
small beginnings has sprung up the huge establish 
ment with which we have now to deal. We do not 
propose to detail the various developments under- 
taken by the succeeding generations of Sulzers— 
this would make too heavy demands on our space 
—nor do we propose to enter into the particulars of 
the part played in these developments by the late 
Mr. Charles Brown and other collaborators of the 
owners. We shall only state that whereas in 
the early days two foundrymen and two labourers 
formed the whole staff, the blowing-engine being 
driven by a mule on casting days, the staff now 
numbers 4000 men at Winterthur, of which 1400 
are occupied in the foundries. The total staff, 
ee the Ludwigshafen Works, amounts to 
5500. The Ludwigshafen Works were put down in 
1881. The works at Winterthur now cover an area 
of 70,000 sq. m. (83,700 sq. yards); those at 
Ludwigshafen an area of over 30,000 sq. m. 
(35,800 sq. yards). 

_The Winterthur Works are shown in the plan, 
Fig. 1, on Plate XIV., a reference to the various 
departments being annexed. We also illustrate 
these works in the view, Fig. 2, on the same plate, 
which also shows Messrs. Sulzer’s Ludwigshafen 
establishment. Fig. 3, also on Plate XIV., shows 
an extension in course of completion at Ober- 
Winterthur, as stated further on. 

When the Winterthur works were first put down 
on the site they now occupy —in the year 1834—the 
proprietors little expected that they would require 





such a marked extension. The extension has been 
gradual, but during the last ten years, more espe- 
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cially, the business to be coped with in the various 
departments throughout the works has increased 


to such a degree that Messrs. Sulzer have been 
repeatedly compelled in this later period to enlarge 
their plant. It so occurred that at the different 
epochs separating each periodical extension made 
with a view to meet the increase in demand, the 
plant became inadequate for a short time, and manu- 
facture had to be decentralised until it could be 
centralised again on the completion of a new exten- 
sion or transformation. In this way the owners 
built, in 1910, the new erecting-shop for Diesel 
engines, together with other shops, and they are 
now occupied in reorganising their older shops so 
as to still better adapt them to the various pro- 
cesses of manufacture of their different specialities. 

The works as they now stand were commenced in 
1834 by the putting down of a foundry. There 
are now, as will be seen in the plan, Fig. 1, three 
cast-iron foundries; these cover a total area of 
28,500 sq. m. (34,000 sq. yards). Their annual 
output amounts to 20,000 tons of castings, and 
they employ, as stated above, 1400 men. In many 
engineering works, both in this country and on the 
Continent, the foundry is frequently considered 
as a very secondary shop, and, in several instances, 
no very special care seems to have been given to 
its installation. At Messrs. Sulzer’s Works, on 
| the contrary, the foundry has always, from the 
| very commencement, been looked upon as forming 











Low-PressuRE CYLINDER FOR A 6000. 
Horse - Power Sream-Enotne ror Moasit 
Power-Station, BERLIN. 


Fig. 25. 


the principal shop. The foundry, as it were, 
forms a separate and privileged part of the estab- 
lishment. It has its own special organisation, 
and is not under the supervision of a works 
manager, but under that of one of the Brothers 
| Sulzer, and this has always been the case. The 
|present partner who has charge of the foundry 
department is Mr. Albert Sulzer, who succeeded to 
‘the senior partner of the preceding generation, 
|Mr. Sulzer-Grossmann; the latter managed it 
| during forty-three years—from 1867 to 1910. The 
pet in the foundry has always been carried out 
on the best scientific methods. The chemical and 
physical laboratories, besides the analyses and re- 
|yearch work they make concerning all the material 
‘used throughout the shops—nickel-steel, other 
|alloys, paints, lubricants, and so forth—are very 
| fully occupied in testing the raw materials used in 
|the manufacture of the different castings, and also 
| specimens of the casts. Most of the coal and pig 
iron used by Messrs. Sulzer comes from this country. 
They turn also to account various grades of scrap 
and briquettes made of the chips collected from the 
fitting snd machine-shops. 

| In Winterthur and the neighbourhood, Messrs. 
Sulzer’s works have always been, and are still, 
known and referred to as the ‘‘ Giesserei,” the 
foundry. 

The foundry for light work, shown in the views, 
Figs. 4 and 5, on Plates XIV. and XV., was put 
down in 1873, and enlarged in 1894. It is built 
of iron and glass exclusively, and is admirably 
lighted and ventilated. It covers an area of 
6300 sq. m. (67,800 sq. ft.), and is divided into four 
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bays, served by sixteen overhead electric travelling 
cranes, ranging from 1 to 15 tons. Most of the 
work is done by moulding-machines. It contains 
five cupolas of Sulzer design and construction, with 
fore-hearth, each cupola having a capacity of from 
3 to 6 tons perhour. A complete system of railway 
tracks run throughout the shops, and special frame 
cars, which can be seen in the view, Fig. 4, are used 
for the rapid removal of castings and machinery 
parts. An annexe to the foundry contains the core- 
making and the sand-mixing machinery. This latter 
is on two floors, the upper one containing the mixers, 
the grinding-machines, and also a series of magnetic 
separators. The fettling-shop consists of two special 
annexes which communicate with the hand-mould- 
ing section, and contains two fettling-tables, three 
fettling-drums, sand-blast: apparatus, emery and 
sand wheels. All the dust from the fettling-tables 
and apparatus is exhausted by vacuum. 

The foundry for heavy castings covers, including 
the fettling-shop, the drying-ovens, and the sand- 
mixing plant, an area of over 7200 sq. m. (77,500 
sq. ft.). Special care has, as we have stated, been 
taken to ensure perfect lighting and ventilation of 
the shop. It is served by 18 overhead travelling- 
cranes, worked electrically, and ranging from 5 to 
25 tons ; two 2-ton hand travellers ; one electric 2-ton 
jib-crane ; two 2-ton lifts ; and 24 different hand- 
cranes of 1, 2, and 3 tons capacity. It contains 
five large cupolas, with fore-hearths, each cupola 
having a capacity of 5 to 9 tons — hour ; the fore- 
hearth connected to each cupola has a capacity of 
from 8 to 10 tons. The sand and loam-mixing 
machinery is on the south side of the foundry, 
and is of the most approved type. There are six 
casting-pits up to 6 m. (19 ft.) in diameter, and of 
various depths. The drying-ovens are fourteen 
in number, distributed throughout the foundry, and 
mostly used for drying cores. The moulds them- 
selves are dried by portable fires, supplied with 
air-blast in the usual way, The largest piece cast 
weighs 40 tons. The foundry for heavy castings is 
illustrated in the views, Figs. 6 to 8, on Plate XV. 
The fettling-shop is in the rear of the cupolas, and, 
as will be seen from Fig. 9, on Plate XVL, is most 
carefully designed with a view to the removal of all 
dust. e latter is received in a number of grated 
openings on the floor level, connected to an under- 
ground gallery which ends in a common dust- 
collector. The sand removed from the castings is 
carried out by an hydraulic lift. Fig. 10, on Plate 
XVII., illustrates a similar installation in connec- 
tion with the foundry for light work. 

Messrs. Sulzer Brothers manufacture in very 
large numbers complete heating plants for dwelling 
houses and all classes of buildings ; these require a 
very large quantity of castings, such as radiators 
“and other parts. The manufacture of all these 
castings is centralised in a separate shop, shown in 
the plan, Fig. 1, which is served by sixteen cranes of 
12 cwt. to 4 tons. These details of heating plant 
being a speciality which is quite distinct from the 
others with which the firm deals, the section of 
the works devoted to it forms a department to itself. 
A view in the radiator foundry is given in Fig. 11, 
on Plate XVIII. 

The brass foundry is shown in Figs. 12 to 14, on 
Plate XVIII. It has two characteristic features. In 
the first place, it occupies the upper storey of a two- 
storey building ; it is further, we believe, the largest 
brass foundry on the Continent to belong to an engi- 
neering works which does not make a speciality of 
the supply of brass castingsassuch. Messrs. Sulzer 
use a very large quantity of brass-work of different 
grades in their various manufactures, especially, 
perhaps, for their pumps, and they have always 
endeavoured to remain completely independent of 
outside sources, and to be able to undertake abso- 
lutely all responsibility for the whole of the work 
they supply ; in this they have hitherto fully suc- 
ceeded. The brass-foundry building covers an area 
of 900 sq. m. (9700 sq. ft.). The ground floor and 
the first floor are set apart fo sand-mixing, offices, 
and stores. The second floor, forming the foundry, 
contains four Piat-Baumann czucible furnaces, two 
of 4 cwt. and two of 6 cwt., and two other smaller 
furnaces. The floor of the foundry is occupied by 
the moulding frames ; an adjoining room is set 
apart for fettling, and in this, as in the cast-iron 
foundries, the dust is exhausted by vacuum. 
Access is had to the foundry Fy st ps; it is also 
served by an hydraulic lift. This arrangement is 


conductive to the saving of floor-space. The foundry 
being on the top of the building, it is possible to 
utilise the floors below, whereas the gases from the 





foundry would make it impossible to erect offices 


and stores above it. The arrangement has further 
made it possible to have the foundry in a central 
position, close to all the other shops to which its 
products have to be distributed. Our views, Figs. 
12 to 14, show the upper floor ahove the ground 
floor, occupied by the foundry. 

Before describing the other shops we may refer 
here to the power-stations in the works. These 
stations are three in number, distributed as shown 
in the plan, Fig. 1, Plate XIV. Atthe present time 
electricity is used almost exclusively for power trans- 
mission. Formerly it was used only for lighting, and 
in 1878 small dynamos were put down throughout 
the works as they then stood for supplying current 
to arc-lamps. The first generating-station for power 
was built in 1894 ; thissupplied 250 horse-power to 
hoisting apparatus and ventilating-fans, there being 
at that time twenty-eight electric motors in the 
various shops. A second station was put down in 
1895. Connected to the three main stations there 
are three sub-stations for light and power; the 
capacity of the total plant for power and lighting 
is 2900 horse-power. The generating-station near 
the smithy contains a 400 horse-power vertical 
compound steam-engine running at 100 revolu- 
tions ; this drives by belting a part of the lathes 
in the turnery. The vertical steam-engine in 

uestion was exhibited Ly Messrs. Sulzer at the 

aris Exhibition of 1889; we described it at the 
time (ENGINEERING, vol. xlviii., page 488). The 
main generating-station is close to the boiler-shop. 
This contains a 1300-horse-power 1500-revolution 
Sulzer steam-turbine, direct-coupled to a Brown- 
Boveri three-phase generator which supplies a 3000- 
volt 50-period current ; this high-tension current 
is transformed down to 200 volts in part in the 
generating-station itself and in part in one of the 
sub-stations. The same generating-station contains 
also a 600 to 800 horse-power horizontal steam- 
engine running at a speed of 150 revolutions, 
being an old compound engine which has lately 
been transformed for experimental purposes into a 
uniflow steam-engine. This horizontal engine is 
direct-coupled to a 200-volt 50-period electric 
generator. 

We may mention here that the current which 
Messrs. Sulzer can now generate at their works in 
their three stations is in excess of their require- 
ments, and experiments have repeatedly been made 
with the horizontal engine just mentioned. The 
last-named generating-station is, in fact, used at 
the present time also as a testing-room for steam 
consumption and so forth. A few years ago these 
two generating-stations became inadequate, and the 
constant development of the works rendered neces- 
sary a further supply of power. In the meantime, 
Messrs. Sulzer having improved the design and 
construction of Diesel engines, they decided to 
build a third station and to equip it with these 
motors. This third station is close to the foundry 
for heavy castings, and lies opposite to the second 
one. Itcontains a 350-horse-power and a 150-horse- 
power motor, both four-cycle, and direct-coupled to 
200-volt three-phase tly wheel generators. The larger 
Diesel engine has a speed of 140 revolutions, and 
the smaller one a speed of 180 revolutions. 

The steam supply is ensured by three boiler-rooms 
containing in all nineteen steam-boilers. The 
boiler-room in close proximity to the station con- 
taining the turbine and uniflow engine has eight 
boilers, with automatic stoking and automatic coal 
delivery, two being water-tube boilers, one a 
Garbe tubular boiler, the five others being 
Cornish boilers. A boiler-room near the boiler-shop 
contains a boiler having 340 sq. m. (3660 sq. ft.) 
heating surface. The one near the large foundry 
contains a boiler having 210 sq. m. (2260 sq. ft.) 
heating surface. The steam that can be raised in 
these three boiler-rooms is more than sufficient for 
the present requirements, and gives an ample 
margin for further extensions. 

Near the main boiler-house and power-station is 
the smithy. This measures 41 m. (134 ft.) in length 
and 26 m. (85 ft.) in width, and contains eight steam- 
hammers, varying in power from 5 cwt. to 3} tons, 
served by open fires and by nine revolving cranes. 
The heaviest forgings turned out weigh from 5 to 
6 tons. The smithy is an accessory shop, since a 
large number of forgings of special shapes, or of 
weights exceeding the above maximum, are obtained 
from outside sources, either rough machined or 
simply in the forged state. 

Close to the smithy is the turnery ; the heavier 
machines are on the ground floor, and the lighter 





on the upper floor. As early as in the ’fifties 
and ’sixties of last century Messrs. Sulzer were able 
to design and to build for their own exclusive use 
quite a number of machine and other tools of differ- 
ent types for special classes of work, and this placed 
them quite early in the day in a favourable position 
for the manufacture of any given class of plant or 
machinery. They were thus easily able to maintain 
in their own hands a monopoly for the products 
in question. Not only so, but the reputation which 
Messrs. Sulzer have since acquired in reference to 
the high finish of their engines and various machines 
can in avery great measure be traced to the fact 
that they very early built in their own works the 
appliances to manufacture them. They continue 
to work on the same lines, and still design and 
build any special machine-tool they may from time 
to time require for the carrying out of particular 
work. The turnery contains an excellent plant of 
modern machinery ; the building itself, however, is 
one of the oldest in the works. 

Adjoining the power-station, which contains the 
turbine and horizontal engine, is the pump-testing 
room for testing all pumps up to those having 
exceptionally large deliveries. The pump-delivery 
measuring-tank can be fitted with a series of 
changeable outflow discs, a method which was 
introduced by Messrs. Sulzer, and which is now 
generally followed. 

Near this testing department is the former 
delivery bay, which has since been transformed into 
an erecting-shop for pumps and steam-turbines. 
It is illustrated in Fig. 15, on Plate XTX., which 
shows a 10,000-horse-power Sulzer turbine in the 
background. 

From this shop, which is located at the extreme 
eastern end of the works, the centre of the 
establishment is reached through the turnery and 
a small fitting and erecting-shop for parts forming 
heating installations, adjoining which the large 
fitting, erecting, and testing-shop for Diesel engines, 
ammonia-compressors, pumps, and other machines, 
has been built. The department for the construction 
of heating installations (the parts forming which 
are cast in the separate foundry, called the radiator 
foundry, already dealt with) is one of the very busy 
departments at Messrs. Suizer’s works. For these 
installations they are now putting down at Ober- 
Winterthur, a distance of about three miles, a 
special building to maintain the fitting and erecting 
of radiators as distinct as possible from their other 
manufactures. This new building, above referred 
to, and the framework of which is illustrated in 
Fig. 3, on Plate XIV., will be complete in itself, 
and will contain its own power-station. It will com- 
prise, besides a large wood dépét, a wood-drying 
i frame-saws, and the briquetting-presses for 

riquetting the chips for use in the foundry cupolas. 

The boiler works, located to the south of the 
engineering shop, consists of the copper-smithy, 
the tube and pipe-bending shops, and the large 
boiler-shop proper, which runs parallel to the Swiss 
Federal Railways. Fig. 16, on Plate XIX., is a 
view inside the boiler-plate-bending and machining- 
shop, and Fig. 17, on the same plate, illustrates a 
number of boilers erected in the works, and ready 
for delivery. The boiler-shop communicates with 
the plate-bending, flanging, and drilling-shop. The 
plates are bent by vertical rolls. Autogenous weld- 
ing is used extensively. Messrs. Sulzer build their 
boilers complete with every fitting and accessory 
without exception, and are thus able to readily 
undertake all the required guarantees and responsi- 
bility. All the brass fittings proceed from their 
brass foundry. The firm have been known for years 
past almost exclusively in connection with their 
steam-engines with their special valve distribution, 
but their boilers have been, and are still, much 
more extensively distributed dver the world than 
even their engines have been, and they have always 
proved, at least, quite as satisfactory in every 
respect as the latter. 

In connection with this portion of Messrs. Sulzer’s 
Winterthur establishment, it is interesting to notice 
that the works also have been fully busy since 
1860 with the manufacture in the usual way of 
shrapnel shell for use by the Swiss Artillery Corps. 
The shells are finished ready for firing by the Swiss 
arsenal at Thun. One of the early Sulzer Brothers 
spent several months in the late ‘fifties of last 
century at Woolwich Arsenal, and there decided to 
take over this speciality at Winterthur ; since then 
the Winterthur Works have supplied the Swiss 
artillery with shrapnel shell at different intervals. 

In Fig. 18, on Plate XIX., we illustrate the 
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delivery bay. This delivery department, as alluded 
to above, was formerly in another part of the 
works, but was transferred to its present position 
a few years ago. It is a model of its kind and has 
invariably excited the admiration of visitors. An 
annexe to this forms the radiator dépét and contains 
a very large number of these ready for delivery. 
A large number of buildings and sheds, not 
numbered in the plan, Fig. 1, placed at convenient 
sites, contain the various stores and dépéts. 

The large fitting and erecting-shop, which we illus- 
trate in the views, Figs. 19 to 21, on Plates XX. and 
XXL., is built of armoured concrete. It measures 
80 m. (262 ft.)in length, and 72 m. (236 ft.) in width. 
Taken cross-wise, from east to west, it is divided into 
four smaller bays, having galleries at top, and three 
large glazed bays, there being‘a smaller bay between 
the left-hand and the pl one, and also between 
the central and the right-hand one. This is an 


TOTAL PRODUCTION OF IRON FOUNDRIES IN TONS 





TOTAL POWER TAKEN BY THE PUMPS, CENTRIFUGAL, 





admirable shop, most carefully lighted and venti- 
lated ; it is heated during the winter months. An 
idea of its height is afforded by the view, Fig. 22, on 
page 83, which represents a — pump in course 
of erection. The galleries over the four smaller bays 
are served by lifts ; access is also had to them by 
double sets of stairways. They are setapart for bench- 
work, small machining-work, assembling detail parts 
for Diesel engines, and for erecting small engines 
and pumps. Under the first, left-hand, or east, glazed 
large bay are large machine-tools, crank-shaft lathes, 
plate lathes, transportable machine-tools, a large 
planing and milling-machine capable of machining 
pieces measuring 15 m. (50 ft.) in length and over 
2 m. (6 ft. 6 in.) in diameter, and weighing up to 
30 tons. Under the adjoining smaller bay the 
pumps are erected, and the larger parts and mecha- 
nical details for the Diesel engines are fitted together. 
The large central glazed bay forms the erecting- 
shop for large stationary Diesel engines and pumps. 
In the smaller bay, separating the central bay from 
the right-hand, third, or west, glazed bay are 
erected the Diesel marine motors. The third large 
glazed bay, like the centre one, forms an erecting- 
shop for large stationary Diesel engines. The last 
small bay under the gallery is the erecting-shop for 
high-speed Dieselengines. Each of the t oe 


All the engines are tested on the beds in the shop | low-pressure cylinder for a 6000-horse-power steam- 
on which they have been erected ; they are made | engine for a current-generating station. 
to run for eight days consecutively. The power is; ‘The curves, Figs. 26 to 32, on the present page, 
recorded by a Heenan and Froude hydraulic brake. | illustrate better than any description the gradual 
The exhaust gases are led to silencers and to pipes | development of the works at different periods. 
laced outside the west wall of the shop, the pipes | These curves show the total production of the 
ing led up to the roof. Messrs. Sulzer have | iron foundries in tons from 1870 to 1910; the total 
already built, including the 16,060 horse-power number of heating plants supplied from 1840 to 
above given, a total of about 140,000 horse-power | 1910 ; the total horse-power of Diesel engines built 
to the present day. |from 1903 to June 1, 1911; the total power re- 
Close to the delivery bay is the shipbuilding shop, | quired by the pumps supplied from 1896 to June 
used at the present time—in the temporary absence | 1, 1911; the total heating surface of the boilers 
of contracts for passenger and other steamers for | built from 1850 to 1910; the total horse power of 
navigation on the lakes—for working up plates and | the steam-engines built from 1855 to 1910; and 
section work. The plates and frames forming the | the number of workmen and staff from the earlier 
ships’ hulls are bolted together at the Winterthur | days, 1834, down to 1910. The whole of these 
Works, then riveted upin the Navigation Companies’ | curves, it will be noticed, rise constantly, although 
slips on the lake shores. every year of the time they cover cannot have 











n proximity to this shop is a testing station in| been equally prosperous all round. They give 
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TOTAL HEATING TOTAL WOOF THE 





|an unmistakable indication of a perfect organisa- 
tion, of a thrifty management, and of a satisfactory 
reserve fund. 

| The men employed at Messrs. Sulzer’s works 
are almost all on piecework, only a few being 
on day-work. They are paid fortnightly. The 
| shop methods are very generally on the ‘‘ American 
system.” A special office settles the piecework 
prices ; the men are satisfied, and work with a will; 
in fact, we have hardly ever come across a better 
and a more contented-looking set of artisans. 
The reason why there is no labour problem at these 
works is that the owners were years ago able to 
solve the almost insoluble problem which consists in 
taking a fatherly care of the men while remaining 
their master. They have also and for many years 
taken care to train the men’s sons, both practically 
and technically, in the trades for which the boys 
felt a special vocation, and have thus and for many 





which Messrs. Sulzcr propose to carry out a series 











bays, with glazed roof, is served by a 30-ton and a 
20-ton overhead electric travelling-crane. The four | 
smaller bays under the gallery have two 5-ton| 
electric travellers each ; in some a 15-ton traveller | 
is substituted for a 5-ton one. At the present time | 
Messrs. Sulzer have in this building in course of | 
erection, or in process of testing, the following’ 
Diesel engines :— 

Stationary : Thirty-four engines, for a | 


total of 11,460 horse- Total : 
wer 6,060 | 


of exhaustive tests with a Diesel locomotive on 
which they have been working since 1905. We 
understand that they are making excellent progress 
in this direction, and we hope to be able to deal 
further with the subject later on. 

The firm have also worked most actively at the 
development of Diesel engines for marine purposes, 
and have already built a good number of these for 
sea-going boats, including submarines ; they have 
in hand at the present time a set of Diesel engines 
for an ocean steamer. They are proceeding with their 
experiments in this direction without remission, 
and are at the present time carrying out a complete 
series of experiments with a '2000-horse-power two. 
cycle cylinder with a view to battleship propulsion. 

Fig. 23, on Plate XXI., which represents a water 
turbine-wheel cast in one piece by Messrs. Sulzer 
Brothers, gives an idea E 6 their skill in foundry 
work. Fig. 24, on the same plate, shows a heavy 


1 . - “ee 
Marine : Ten a all for a total of | horse-power. | Centrifugal-pump casing weighing 25 tons on the 


4600 horse-power | lathe in their turnery. Fig. 25, on page 83, is a 


years developed their own staff. Like a few other 
Swiss works, they exclude absolutely workmen of 
several other nationalities, and thereby they con- 
tinue year in and year out to live in peace. 

The school for the boys is just outside the works ; 
this was the original shop and offices, first built in 
1834. Special interest attaches to this building. 
At one time it had been decided to do away 
with it to make room for necessary extensions. 
Considering, however, that it formed, as it were, 
the old stem on which had grown the works as 
they now stand, and in which a preceding genera- 
tion of Sulzers had expended their energies, it was 
removed and rebuilt, stone by stone, unaltered, on 
the site it now occupies. To it Messrs. Sulzer have 
added a canteen, a reading-room, and baths for the 
men. A proof of the men’s standard is afforded by 
the fact that the library and reading-room are 
exceedingly well attended. Dwellings have been 
built for the men. Each man who - been em- 





ployed at the works for a period of at least ten 
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years receives one week’s holiday every year, his 
wages being paid him during the time. Life insur- 
ance and invalidity funds have been established for 
many years, and work most satisfactorily. 

The very complete and accurate account-keep- 
ing, with which a separate statistical bureau is 
entrusted, makes it possible for the owners and their 
staff to obtain at any time an exact idea of the 
progress of the work being carried out in every 
department. Each machine-tool has its own 
account, and the work carried out with it is 
credited to it for amortisation. A standardising 
bureau sees that, when this is in the least degree 
possible, all pieces have to be manufactured to 
standards, for which patterns, jigs, &c., are avail- 
able. 

This thorough organisation in every detail ; the 
total absence of unnecessary staff and ‘‘ fausses 
manceuvres ” which, unfortunately for them, are to 
be met in so many other establishments ; the regard 
which the men feel, and very justly so, for the 
owners, have made it possible for the latter to com- 
pete with success in every part of the world with 
the works of other nations eminently more favoured 
from the point of view of raw material and other 
physical facilities. Nor do the firm confine their 
activity to the specialities already referred to, for 
they also take a strong interest in important civil 
engineering works, a fact of which their share in 
the construction of the Simplon Tunnel affords a 
striking example. 





THE WORKS OF MESSRS. ESCHER 
WYSS AND CO, ZURICH. 


Tue works of Messrs. Escher Wyss and Co., at 
Zurich, which will be visited by the members of 
the Institution of Mechanical Engineers on Tuesday 
next, the 25th inst., may be said to constitute the 
cradle of the Swiss mechanical engineering industry. 
They were founded as early as 1805, by Hans Kaspar 
Escher. Like many young men he have made 
for themselves in later years a name in the metal- 
lurgical and engineering world, H. K. Escher was 
destined by his parents for a different career ; it 
had been decided in the family circle that he should 
bea merchant. He entered commercial life, but 
this for him was drudgery, and he soon left it to 
devote his energies to architecture. Owing, how- 
ever, to the unrest which generally reigned in the 
early years of the 19th century, architecture could 
hardly be made to pay, and there was ‘ nothing 
doing ”’ in that profession. 

It was during a period of slackness in his 
architectural work that H. K. Escher had his 
attention called specially to mechanics. Switzer- 
land had long been known for some of her hand- 
made light textile fabrics. The report had reached 
Escher that there were then working in this country 
a number of cotton-spinning machines which were 
greatly successful, so much so in fact that their 
manufacture and their use were kept absolute 
secrets. He immediately saw the advantages which 
would be derived by the construction of such 
machinery in Switzerland. He came to this 
country, where he managed to see the machinery in 
question, he got out drawings of similar machines 
from memory, and returned to Zurich, where, in 
1805, he built the Neumiihle works on the Limmat, 
the river formed by the outflow from Zurich lake. 
These works were able to put their first mechanically- 
spun yarn on the market in the commencement of 
1807. The Escher Wyss Co., founded in 1805, 
primarily for spinning, very shortly afterwards 
added to their work the building of the machines 
for outside buyers, and gradually the company was 
transformed from a spinning concern into one 
engaged in the manufacture of spinning machinery. 
Their engineering specialities, however, gradually 
increased in number, and included, as the years went 
by, the construction of water-wheels, transmission 
gear,steam and water-heatinz installations, machine- 
tools, grinding-mills, stationary steam-engines, and 
steamers complete. H. K. Escher died in August, 
1859, and the works management was continued by 
members of his family and others who had been his 
collaborators in the earlier days of the company, or 
who had joined it subsequently. In 1889, the con- 
cern was transformed into a share company. In 
the meantime the business of the firm had in- 
creased to such an extent that new premises had to 
be taken, there being no space available at 
Neumiihle to allow for expansion. A tract of land 
was selected in the north-western part of the city, 





on which the first shops of the present works were | site, which has an area of 90,000 sq. m. (107,000 
built in 1895. sq. yards). One of the principal specialities of 
The general arrangement of the works is shown ' the company at the present time is the construction 
Mii, , 
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Fig. 1. Pian or Works. 





Fie. 26. View sHowrne Mertuop or AssemsBiing Bep-PLates VERTICALLY. 


in the plan, Fig. 1, annexed. They are admirably |of water-turbines and water-power installations 
laid out, the various shops and offices covering an| complete, of which they have built a very large 
area of 35,000 sq. m. (41,800 sq. yards) of the total | number of all powers, for all purposes, working 
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under the most varied conditions, and under heads 
up to 910 m. (2986 ft.). Up to June last they had 
either built or had in course of construction :— 


2611 tangential wheels, for 994,229 effective horse- 
power, 
2282 Francis turbines, for 1,008,682 effective horse- 
power, 
To‘al 4893 water-turbine plants, for 2,002,911 effective 
horse-power, and 
5200 m. (over 32 miles) of high-pressure conduits. 


They also build the Zoelly steam-turbine for all 





steamers for lake navigation, steam-driven motor- 
boats complete, pumps and pumping installations 
complete, and Zoelly turbo-compressors, We will 
now proceed to give a brief description of the 
works. P 

The pattern-shop, in close proximity to the offices, 
is a two-storey building 40 m. (130 ft.) in length 
and 22 m. (72 ft.) in breadth, equipped with the 
necessary wood-working machinery, the wood chips 
and sawdust being exhausted from each machine. 
Close to this is a three-storey building, measuring 











Fie. 27. 











PELTON WHEELS. 


castings pass through the fettling-shop. 





The biass 
foundry measures 37 m. by 7 m. (120 ft. by 23 ft.) 
The whole of the foundry installation covers an 
area of 5680 sq. m. (6800 sq. yards). The cast-iron 
foundry is served by twelve overhead electric 
travellers of powers ranging from 5 to 20 tons. It 
contains three cupolas, having a capacity of 3, 4, 
and 5 tons per hour. Most of the work is cast in 
sand, but the foundry is fully equipped for casting 
in loam ; ‘the largest pieces, for water-turbines, 
are mostly so cast, and weigh up to 20 tons. The 
brass foundry contains eight Baumann crucibles, 
and can exceptionally manufacture pieces weighing 
up to 24 tons. 

The machine and erecting-shop for steam-turbines 
and water - wheels occupies the centre of the 
works and is a magnificent shop. It is illus- 
trated in Figs. 4 to 24, on Plates XXII. to 
XXVII., and is 145 m. (575 ft.) in width and 
104 m. (340 ft.) in length, divided into fifteen 
bays, as follows:—One of 8 m. (26 ft.), one 
of 23 m. (75 ft.), six of 13 m. (42 ft.), six 
of 4 m. (13 ft.), and two of 6 m. (19 ft.). The 
whole of the bays are served by eighteen over- 
head electric travelling-cranes, of power ranging 
from 5 to 30 tons. The largest, 23 m. (75 ft.), bay 
contains four travellers, two of 10 tons, running on 
a track situated at a height of 7.5 m. (24 ft. 7 ins.) 
above the shop level, and two of 20 and 30 tons, on 
a track at a height of 10.5 m. (34 ft. 5ins.) above 
the same level, and therefore above the smaller 
ones. Normal and narrow-gauge railway tracks run 
throughout the building from all the other shops ; 
railway wagons can be loaded for the delivery of 
finished machinery by the overhead travelling 
cranes in the different bays. A marked feature of 


























Fie. 30. Hatr-Casinc ror WatTeRr-TURBINE. 


powers, ranging from 10 to 10,000 horse-power, 65 m. by 26 m. (213 ft. by 85 ft.), containing the 


and have supplied among other large units :-— 


One 7500 horse-power 
Central Station, Reisholz (Germany) ; 

One 7500 horse-power, 1500 revolutions, 
Centrale Electrique de l’Escaut ; 

One 5000 horse-power, 
Charbonnage Grand Hornu (Belgium) ; 


One 8500 horse-power, 1500 revolutions, for the 


Hydro-Electrica Espafiola, Madrid. 


1000 revolutions, for the 


pattern stores. 


The foundry, which is illustrated in Figs. 2 


and 3, on Plate XXII., is a clean, healthy shop, 


for the | well equipped, and from which the smoke and gases 
It is 88 m. (288 ft.) in 
1400 revolutions, for the width and 34 m. (111 ft.) in length, divided into 
| seven bays, an annexe containing the brass foundry, | 
another the sand-mixing plant, and still another 


are carefully exhausted. 








Fic. 29. Moror-Boat LoapEep ror TRANSIT. 


this building is the method followed fur heating it 
during the winter months, when the outside 
temperature remains for many weeks together below 
freezing point. The heating installation consists of 
eleven hot-water boilers, which supply hot water 
through pipes which are fitted vertically, parallel 
with several of the columns supporting the various 
bays, or through a system of ms rg which are 
mounted inside the built-up stanchions in the centre 
bays (see Figs. 8, 9, 19, and 13, on Plates XXIII. 
and XXIV.). The heating of the shops commences 
with the setting in of winter and continues night 
and day without interruption until spring ; it costs 
the company 30,000 francs (12001.) every winter. 
The large machine-tools are driven electrically by 
separate motors ; the medium-size and smaller ones 
are driven electrically in sets by belt transmission. 
There are, so to speak, no specialised machines ; 
they are employed indifferently on water-turbine or 
steam-turbine parts, or for machining the elements 
of other plants manufactured by the firm. There 
are several large and powerful tools, among which 
we may mention a vertical boring and turning 
machine capable of taking pieces up to 2.6 m. 
(8 ft. 6 in.) high and 4 5 m. (14 ft. 9 in.) in diameter, 
and next to it a similar machine taking pieces 
having the same height and up to 6 m. (19 ft. 8in.) 
in diameter. Close to these, and distributed over the 
shops, are twelve marking-out tables. The work 
coming from the foundry, in a straight line through 
the fettling-shop, is delivered to these marking-out 
tables, whence it proceeds to the machining depart- 


the necessary appliances for the manufacture of | ment, to that machine suitable for the work which 
The firm also design and build refrigerating cores. On leaving the foundry, and on their way happens to be free to take it, thence it passes to the 
machinery and installations, paper-making machines, to the machinery and erecting building, the finished | erectirg bay. This large shop may be considered as 
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divided into two parts by the railway track through 
its centre ; on one side are located the machine-tools, 
while on the other side is the erecting department 
for the various machines and installations built by 
the firm. The large bay contains at the present 
time in course of completion and testing under 
steam the following large steam-turbine units: 
one of 8400 horse-power at 1500 revulutions, one 
of 5000 horse-power at 1500 revolutions, one of 
3000 horse-power at 1500 revolutions, and one of 
7300 horse-power at 1500 revolutions, besides a 
large number of smaller turbines. 

he steam-turbines are erected on heavy frame- 
work built over a number of separate masonry pits, 
several of which are provided with live steam 
flexible connections for supplying steam to any 
turbine under test. The pits are also provided 
with the necessary connections with the condensing 
plant, with lubricating pipes, and all the necessary 
apparatus. ; 
he water-turbines are erected in the same bay 
when space is available, and also in two of the 
sony bays. Messrs. Escher Wyss and Co. 

ave lately completed and delivered two 13,000 
horse-power 225 revolutions 16))-ton turbines to 
work under a head of 33 m. (108 ft.). They have 
in course of construction for the Laufenburg, 
Switzerland, hydro-electric generating station, four 
water-turbines of 5000 horse-power each, fur an 
8 m. (26 ft. 3 in.) head; six 12,500 horse-power 
units for Japan, for a head of 120 m. (393 ft.) ; 
six 12,000 horse-power units, also for Japan, 
for a 320 m. (1050 ft.) head ; besides a number of 
other smaller units. They have also recently 
booked a contract from the Rio de Janeiro Tram- 
way, Light, and Power Company for two water- 
turbines each of 19,000 horse-power, for a head of 
266 m. (872 ft.). These will be the largest water- 
turbines yet built in Europe. Escher Wyss water- 
turbines are now working in practically every 
country of the world. 

A portion of the main engineering building is 
set apart for a tool shop; the company generally 
manufacture all their special tools, most of which 
are of high-speed steel or with high-speed steel 
insets. 

The boiler-shop, flanging-shop, and ship-con- 
struction berth, measures 120 m. (393 ft.) in length, 
36 m. (118 ft.) in width, and is served by three 
overhead electric travelling cranes, two of 15 tons 
and one of 5 tons. Fig. 25, on Plate XXVII, 
ig a view in the boiler-plate-bending shop. The 
shipbuilding berth is closed on the outside by a 
movable partition to allow for extension. Messrs. 
Escher Wyss and Co. have at the present time on 
order two passenger steamers for Like Constance 
and Lake Neuchatel. The principal dimensions of 
these steamers are the following :— 











Power 0! 
ve Length. Beam. Steam- 
| Engines. 
| | ry 
Lake Constance | 68.5 m. (175 . 6.3 m. ,20 ft ) 7 
Lake Neuchatel | 6 m. (19 ft.) | 850 


46m. (150 ft. 


Their hulls will be bolted up on the shipbuilding 
berth at the Zurich works, then taken to pieces 
for riveting on the slipways belonging to the Lake 
Navigation Companies, where the steamers will be 
launched, engined, and fitted up. At the present 
time the berth is occupied by a barge, which 
Messrs. Escher Wyss and Co. are building for a 
contractor for service on one of the Swiss lakes. 
It is built in two longitudinal parts, which are taken 
apart for delivery by rail, the two parts will be finally 
riveted up together on the spot. The barge is pro- 
pelled by a screw, driven by a 15 horse-power petrol 
motor. In the boiler-shop proper are several large 
boilers in course of completion, including a tubular 
boiler for a passenger steamer for Belgrade, Servia, 
for which the firm are also building the 700-horse- 
power steam-engine ; several condenser-shells, dc. 
A large hydraulic riveting-machine, which is capable 
of taking pieces up to 3,5 m. (11 ft. 6 in.) in 
diameter and 10 m. (32 ft. 19 in.) high, completes 
the installation. 

The smithy is 48 m. (157 ft.) in length and 18m, 
(59 ft.) in width ; it contains five steam-hammers 
of from 2 to 30 owt. served by the necessary open 
fires and revolving-jib cranes. The copper-smiths’ 
shop, which adjoins the smithy, d with the 


bending of pipes of various diameters required in 
the different installations built by the company. 
A good view in the turbine-erecting bay is 





afforded by Fig. 26, on page 86, which shows their 
method of erecting bed-plates for turbine sets 
vertically in one of their turbine-erecting and test- 
ing pits. Fig. 27, on the same page, shows a 
number of Pelton wheels manufactured by the tirm. 

Messrs. Escher Wyss build a large number of 


motor-boats complete, fitted with a multitubular-- 


boiler arranged to burn coal, oil fuel, or wood, and 
supplying steam to miniature marine - engines, 
which they build, of powers ranging up to 100 horse- 
power. They have several small shops set apart 
for this, and have at the present time m course of 
construction for Brazil, a steam-driven yacht, the 
hull of which is built of galvanised-steel sheets. 


She is 20 m. (65 ft. 7 in.) long, 2.5 m. (8 fb. 2 in.)| . 
|are to profit also by assistance rendered by the 


beam, and 11 m. (3 ft. 7 in.) deep, and with wood- 
firing will reach a speed of 24 km. (14.9 statute 
miles), with 50 horse-power. Fig. 28,on page 87, 
shows a small steam paddle-boat, 59 ft. long, in 
three sections, ready for delivery. Fig. 29, on the 
same page, illustrates a 25-horse-power steam- 
launch for a Swiss lake. 

Fig. 30, also on page 87, shows the manner 
followed for delivering the housings for large water- 
turbines. 

‘There are distributed over the works and in con- 
venient situations a number of store rooms and 
dépéts, as shown on the plan, Fig. 1. 

The current-generating station is parallel with 
the main central building and in a line with the 
smithy. Messrs. Escher Wyss and Co. own at 
Bremgarten, on the Reuss, at a distance of about 
12 miles from Zurich, a 1500 horse-power hydro- 
electric station, from which they take 900 horse- 
power in the form of three-phase current at 5000 
volts, the remainder being sold to other firms. The 
5000-volt three-phase current is transformed down 
to 200-volt three-phase at the Zurich works station 
for power. This station contains three steam- 
boilers, having a total heating surface of 620 sq. m. 
(6600 sq. ft.), and provided with superheaters and 
economisers. They supply steam to three engines, 
two being vertical, of 250 and 350 horse-power, and 
one horizontal, of 450 horse-power, thus aggre- 
gating 1050 horse-power, coupled to the electric 
generators The electric lighting throughout the 
works is by continuous current, generated by the 
350 horse-power vertical-engine set. The boilers 
supply the steam and superheated steam to the 
turbines undergoing their steam tests in the 
erecting-shop above referred to. They are fed 
with water from a well sunk in close proximity. 
The draught is obtained by a brick chimney 40 m. 
(130 ft.) high, provided at about the middle of its 
height with a water-tank having a capacity of 
50 cubic metres (11,000 gallons), into which the 
water from the well is pumped for delivery to 
various parts of the works and offices. The steam- 
engines in the works’ generating station act as a 
stand-by and run more generally during the 
winter months, when there is not sufficient water 
at the Bremgarten hydro-electric station. Two 
small locomotives are used for hauling cars to and 
from the various shops. 

We have stated above that Messrs. Escher Wyss 
and Co. have built water-power stations for heads 
up to 910 m. (2986 ft.). A recent installation of 
theirs of considerable importance is that of the 
Adamello, on the Austro-ltalian frontier, in which 
the water from the lake of Arno is utilised in a 
generating-station at a place called Isola. Further 
extensions of the system are contemplated. The 
power-house at Isola has been designed for seven 
sets of 6500 horse-power each, consisting of Pelton 
wheels 2.750 m. (9 ft.) in diameter, coupled to 
12,000-volt three-phase generators. 

The Zurich works employ 2000 engineers, clerks, 
and men. Messrs. Escher Wyss and Co. also own 
works at Ravensburg, in Germany, which employ 
300 men in the construction of water-turbines, 
paper-making plant, and transmission gearing. 








Tue Port or Dakar.—The French authorities are 
showing much energy in the development of Dakar, the 
capital of the French possessions in Western Africa. 
Large sums have in the course of the last two years 
been expended upon harbour works, and the entrance 
is now protected by two piers carried a considerable 
distance out to sea. The dry dock, which has en 
an expenditure of about 125,000/., can accommodate 
vessels up to 16,000 tons capacity, and is practically 
the only dock on the West Coast of Africa. During 
the last eight years an te of about 2,000,000/. 
has been ex ied in public works of different nature, 
and a still larger sum is available for further under- 
takings, canals, waterworks, &c. 
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Bridge Engineering—Roof Trusses: A Manual of Practical 
Instruction in the Calculation and Design of Steel Truss 
and Girder Bridges, for Railroads and Highways, in- 
cluding Analysis and Desiyn of Roof Trusses and other 
Details of Mili Building Construction. By Frank C. 
Dvurovr, C.E. ; Assistant Professor of Structural Engi- 
neering, University of Illinois. Chicago: American 
School of Correspondence ; London : Crosby Lockwood 
and Son. [Price 12s. 6d. net. | 
Tuts book, primarily designed for the use of students 
of the American School of Correspondence, is not 
to be regarded, it may be presumed, as complete in 
itself, since it is intended for the use of those who 


school. It is to be expected, therefore, that the 
treatment should be somewhat less convincing than 
in the case of a work entirely self-contained. This 
proves to be the fact, yet though the statement of 

rinciples is somewhat bald, and in. some cases not 
ree from obscurity, and no sort of demonstration 
of those principles is, as a rule, vouchsafed, the 
methods are so fully detailed that the student may 
hope by diligent application and much thinking, to 
arrive at a sound understanding of the reasons 
underlying the processes developed ; but for the 
unaided reader it will hardly be an easy book. 
Those having some knowledge of the subject, being 
less dependent upon extraneous help, may find the 
book useful as a means of recovering lost knowledge, 
or of supplementing that already mastered. 

Of some 250 pages devoted to bridge engineering, 
about one-half are allotted to the determination of 
stresses in framed structures, by usual algebraic 
methods, graphic solutions being in no case resorted 
to. Various cases of loading are dealt with, and 
the solution of maximum web and chord stresses 
for concentrated wheel loads is given in consider- 
able detail for the simpler forms of trusses and for 
plate girder-spans. Wind effects are treated at 
some length, both with respect to through and 
portal bracing, in an instructive manner. The 
latter part of the space devoted to bridge engineer- 
ing is used to give practical expression to the teach- 
ing of the earlier part, by dealing with detail design 
and methods of construction in steel. This portion 
is perhaps more satisfactory than that which pre- 
cedes it; there is much information of value in 
design, and though presenting nothing very new, 
yet, by collecting useful matter from diverse sources, 
the author renders no little service to the student. 
Examples of a plate girder bridge and of a through 
Pratt truss-span are worked out at length. Before 
dismissing this section of the book it may not be 
improper to note that the title is a little too inclu- 
sive, having regard to the fact that a small part 
only of the whole science of bridge engineering is 
treated, and some idea of the limitations of this 
part will be gathered from the fact that though 
treating of steel construction wholly, the flexure of 
beams and trusses is nowhere touched upon 

The second section of the book, of nearly 100 
pages, dealing with roof trusses, contains much 
information of a very practical kind, and is perhaps 
on the whole superior to that dealing with bridges. 
A collection of formule for the weights of roof 
trusses, by various authorities, is displayed, giving, 
however, very divergent results. ith respect to 
these formule it may be said that Merriman’s, 
though simple, appears to be, in its results, most 
conformable to British practice, while Bryan’s seems 
to be incorrectly given in this connection, as it 
yields weights sufficient, indeed more than sufti- 
cient, to include both the truss and all other steel- 
work of one bay. The loads to be supported by 
roof trusses, recommended for adoption, are in 
excess of those commonly assumed in this country, 
due, no doubt, to differences of climatic conditions 
as to a great t. The calculation ofinclined 
rafters, as given in one of the examples, in which 
no notice is taken of the effect of inclination upon 
the bending effort of vertical loads, is hardly satis- 
factory. 

With respect to the very usual practice of com- 
puting stresses in ordinary roof trusses by assumin 
an inclusive distributed and vertical load, instea 
of eg such stresses correctly for the various 

of loading, the author, commenting upon 
it, approves the usage for spans up to 100 ft 
though it is doubtful if it can wisely be adopted 
beyond 60 ft., at about which width differences in 
the approximate and the true stress values, and the 
sections resulting, begin to be appreciable. Reversal 
of stress in some members, due to wind striking the 
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roof on one side, may also become a serious matter 
if the vertical load convention be too light-heartedly 
adopted. The treatment of stresses in the main 
members is indeed of a somewhat perfunctory 
character. The many short cuts to stress amounts, 
though undeniably helpful in practical design, are 
not such as to develop in the student a mastery of 
the subject. Some cases of difficulty have, however, 
received particular attention, as in the case of roof 
trusses connected by knee-braces to wall stanchions, 
for which the stresses are investigated at length. 
The details of roof construction and roof coverings 
are exceptionally full and instructive, and should 
prove of the greatest utility. 

As a whole, this book has much to recommend 
it. It will be most useful to those who are already 
well advanced in this branch of study, or to those 
others whe are well tutored while working through 
the volume. The illustrations are good. 
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BRouGHTON Dye Works, SALYORD BorLeR EXPLosion. 
-We are informed that the formal investigation ordered 
by the Board of Trade to be held in this matter is fixed 
for hearing in the Town Hall, Broughton, Salford, Lancs., 
ou Tuesday, the 25th inst., at 11 a.m. 





THE SWISS LOCOMOTIVE AND ENGI- 
NEERING WORKS, WINTERTHUR. 


In the’ late sixties of last century, an important 
development took place in the Swiss railways ; the 
railway companies increased the number of their 
lines, strengthened their permanent way, and 
planned further extensions of their systems, for 
which they obtained, very generally, the assistance 
of the towns and districts traversed. At that 
same period, various classes of steam-engines and 
other machinery were being built in the country, 
and Swiss machinery users were gradually becoming 
more and more independent of outside sources 
for the prime movers they required. In respect 
of locomotives, however, they were absolutely 
dependent upon foreign works, no home works 
having as yet laid themselves out for their manu- 
facture. The development referred to in rail- 





way construction led to the formation of the 


its activity is afforded by the fact that it has built and 
supplied to date, besides a total of 1470 locomotives 
for the Swiss railways, 607 to other European 
countries, including 157 to Italy, 103 to France, 92 
to Germany, and six to this country; and, further, 
113 to distant lands. The company builds locomo- 
tives of all types and powers ; it has also made a 
speciality of the construction of rack-railway engines, 
and has likewise built a comparatively large number 
of electric locomotives. 

The company took in hand, in 1886, the construc- 
tion of internal-combustion engines, since which 
time it has greatly increased its production in gas 
oil, petrol, and alcohol motors. It commenced with 
town-gas motors, it then dealt with producer-gas 
installations complete, and has added to these, in 
comparatively recent times, the Diesel engines, 
which it builds of powers ranging from 20 to several 
hundred horse-power, under an agreement with 
Messrs. Sulzer Brothers, whose works are adjoining. 
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Schweizerische Locomotiv- und Maschinenfabrik ; 
this was established in 1871, at Winterthur, with 
a share capital of 1,200,000 francs (438,000/.) and 
a debenture capital of 600,000 francs (24,000/.), 
the object in view being the construction of loco- 
motives, and also of other types of engines. The 
works were opened on July 1, 1873. In the com- 
mencement, the company had to fight against very 
great odds. In the first place, the capital was far 
too low, considering the programme it had set to 
itself ; the cost of the buildings and plant exceeded 
the figures calculated, owing to a rapid increase in 
the cost of material and labour ; the boom in trade 
and industry which followed upon the Franco- 
German war was of much shorter duration than had 
been expected; stagnation in business rapidly 
supervened and prices fell all round owing to over 
production. The new enterprise in its early days 
was practically unable to withstand the competition 
of the German locomotive builders; these were 
long-established firms, favourably located both in 
regard to the supply of materials and the delivery 
of finished products, eager for an extension of their 
business and under the fostering care of the German 
State. Another factor which greatly handicapped 
the new Winterthur locomotive works was the very 
low duty paid on foreign locomotives on their 
entrance into Switzerland, compared with the duty 
charged by other neighbouring countries. 

The company passed through several crises before 
the ’eighties, when it was established upon a firm 
basis, with a share capital of 8,000,000 francs 
(320,0001.), and a debenture capital of 3,000,000 





francs (120,0001.). Since that time the Swiss Loco- 

motive and Engineering Works has prospered ; all 

the large Swiss railway systems, the secondary rail- | 
ways, and the mountain lines have gradually con- 
tracted more and more with this company, which now 
supplies the greater part of their requirements in the 
matter of locomotives. Not only is this the case, 
but the firm has become a serious competitor to the | 
locomotive works of other countries, and an idea of | 





Pian oF Swiss Locomotive Works. 


At the present day, the works, which will be 
visited by members of the Institution of Mechanical 
Engineers on Wednesday next, the 26th inst., give 
employment to 1500 men. They cover an area of 
89,462 sq. m. (over 100,000 sq. yards), and their 
arrangement is shown by the plan, Fig. 1, annexed. 
The references to this pian are as follow :— 


1. Offices. 8. Generating - station for 


2. Locomotive fitting-shops. light and power. 
3. Tender and boiler-shops. 9. Internal combustion- 
4. Locomotive - erecting engine shops. 

10. Foundries. 


11. 
} 12. 
teen. 


Dwellings for fire brigade. 


sho 
q Smithy. 
Workmen's club and can- 


6. Stores. 
7. Delivery department. 
The works are divided into two main parts by the 
Jaeger Strasse, the portion to the east containing 
the offices and the shops for the construction of 
locomotives, locomobiles, stationary engines, and 
boiler work ; the portion to the west being set apart 
for the construction of internal-combustion engines. 
Fig. 2, page 90, is a general view of the works ; 
Figs. 3 and 4, on Plate XX VIILI., are views in the 
locomotive-erecting shop, and in the erecting and 
testing-shop for internal-combustion engines, the 
two principal shops on either side of the works. 
Dealing first with the locomotive section, the 
stores for raw material and other products required 
throughout the works are contained in two large 
buildings, measuring 60 m. (197 ft.) in length and 
9 m. (29 ft.) in width, close to the entrance and 
parallel with the Jaeger Strasse. The fitting and 
machine-shop for all the mechanical parts required 
in the construction of locomotives, marked 2 on 
the plan, contains a great variety of machine-tools, 
driven by belting from overhead shafts, the grind- 
ing-machines being provided with exhausting appa- 
ratus for carrying away the dust. The side closer 
to the offices is occupied by fitters’ benches. ‘A 
eat proportion of the machine-tools in this 
epartment are semi-automatic, and are arranged 
in sets, each set being supervised by one man. 
The tool-shop and tool-stores is in the centre of 
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this machine-shop ; it contains all the tools, gauges, 
and jigs used throughout the works, among which 
are several very fine sets of milling-cutters. This 
shop is driven by a 170-horse-power horizontal 
steam-engine, which drives the overhead transmis- 
sion shafts by belting. ‘The shop is in direct com- 
munication with the tool-manufacturing depart- 
ments, which consist of a smithy and an installation 
for hardening and tempering the different tools, 
which are manufactured of carbon, high-speed, and 
other quality steels. The hardening and tempering 
installation was designed and built by the company, 
and is considered the best-equip’ installation for 
this class of work in the whole of Switzerland. 
All the furnaces in this installation are heated by 
producer-gas, and a temperature up to 1300 deg. 
Cent. can be reached. Close to this is the building 
set apart for case-hardening motion links and 
blocks, this containing three furnaces, which are 
heated either with coke or with producer-gas. 
Adjoining the fitting and machining-shop is the 
tender and locomotive-boiler shop, which covers 
an area of 4800 sq. m. (51,700 sq. ft.). It is 
shown in the view, Fig. 5, on Plate XXIX. ; it is 
divided into five bays; of these, there are two 


newer bays on the south-east end of the shop, 





east end of the works is well equipped. It contains 
the fullowing sets :—(1) A 400-horse-power double- 
-acting horizontal tandem producer - gas engine, 
driving a 3U00-kw. 400-volt three-phase alternator. 
(2) A 300-horse-power double-acting horizontal 
single-cylinder producer-gas engine, driving by 
belting a 200-kw. 400-volt three-phase alternator. 
(3) A 200-horse-power single-acting horizontal tan- 
dem producer-gas engine, driving by belting a 
150 kw. 400-volt three-phase alternator. (4) A 
150-horse-power single-acting horizontal double- 
cylinder producer-gas engine, driving by belting a 
100-kw. 400-volt alternator. These four engine sets 
supply urrent for power purposes throughout the 
works. Besides these there are :—T'wo 100-horse- 
power single-acting horizontal single-cylinder pro- 
ducer-gas engines, driving by belting a 75-kw. 
120-volt continuous-current dynamo for lighting. 
The whole of the above engines are supplied with 
gas from a battery of six Dowson pressure-pro- 
ducers, three of which are being replaced by 
suction-gas producers. This producer-gas power- 
station for power and light was commenced about 
fifteen years ago; it has gradually been increased 
to meet the growing needs of the works. It is 
interesting inasmuch as it affords an illustration of 





The above is a brief description of the loco- 
motive section of the works, which contains besides 
all the requisite store-houses, dépéts, &c., located 
at convenient sites. As above stated, the Jaeger 
Strasse separates this department from the internal- 
combustion engine section. The latter is bounded 
on the street end bya series of forty dwellings, 
marked 11 on the plan, Fig. 1, each dwelling being 
let to a family. These dwellings are let at low 
annual rentals to foremen and workmen employed 
in the various shops, who elect to serve on the 
works’ fire-brigade. These dwellings are very neat, 
and are most carefully kept. When a vacancy 
occurs in any one of them—and a vacancy rarely 
occurs except through the death of the occupant— 
numerous applicants are forthcoming for the vacant 
dwelling notwithstanding the exigencies of the fire- 
service, or rather the ties necessarily associated 
with this service, for fires occur, fortunately, but 
very seldom. 

This section of the works may be said to consist 
of two main departments: the foundries and the 
fitting and erecting-shop for the internal-combustion 
engines. The brass foundry, a building measuring 
2U m. (65 ft.) in length and 20 m. in width, con- 
tains two Piat-Baumann crucible furnaces, each of 
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Fie, 2. General View or THE Swiss Locomotive anD ENGINEERING Works, WINTERTHUR. 


65 m. (213 ft.) in length and 30 m. (98 ft.) in 
width, served one by a 25-ton overhead electric 
travelling-crane, and the other by a 15-ton similar 
crane, these two newer bays being set apart for the 
assembling of locomotive boilers and fire-boxes. 
The boiler-shop contains all the necessary machines 
for working up the plates which enter in the con- 
struction of locomotive engines, including hydraulic 
riveting machines, the newest of which can take 
plates + m, (23 ft..) in length and 3 m. (9 ft. 10 in.) 
in diameter. Pneumatic riveters are also used to a 
very large extent. Motive power is supplied to the 
boiler shop from an adjoining room, which contains 
a 100-horse-power four-cycle crude-oil engine (Win- 
terthur system), which-drives the machine shaft by 
a steel belt transmission. The room also contains 
two hydraulic pumps working at a pressure of 100 
atmospheres (1400 Ib. per sq. ‘n.), which supply the 
accumulator for working the hydraulic riveting 
machines, stamping presses, and so forth. Oxy- 
‘ acetylene blow-pipes are used extensively for cutting 
out openings in boiler and furnace plates. 

The smithy, marked 5 in the plan, Fig. 1, isa 
building 70 m. (230 ft.) in length and 30 m. (98 ft.) 
wide, divided into a central bay and two side bays, 
and containing a 1.5-ton hammer, served by a re- 
heating furnace, with a hand-crane close by. There 
are also eight smaller hammers, served by two other 
furnaces, and forty-two open fires. 

The electric. power-station in the extreme north- 





the different types of gas-engines built during the 
period in question, and of the progress made in 
their construction. 

The locomotive frames are machined and built up 
in a separate shop adjoining the electric power- 
station ; this shop is divided into two. bays, and 
contains in the centre a number of machines for 
dealing with frame-plates. Each bay is served by 
a 10-ton overhead electric travelling-crane. Power 
for driving the machinery is supplied by a 50-horse- 
power crude-oil engine (Winterthur system), which 
drives the machine-tools in the shop by an overhead 
shaft ; close to this engine on the floor level and 
driven by a belt from the overhead shaft is an 
alternating-current generator, which acts as a 
~~ 5 

The locomotive-erecting shop, marked 4 on the 
plan, Fig. 1, is divided longitudinally into two 
bays, served by 20-ton and 30-ton overhead electric 
travelling-cranes. There are in this shop in course 
of construction at the present time locomotives for 
the Swiss railways. for the Paris-Orleans Railway 
Company, for the Northern of France Railway Com- 
pany, for the Santa Fé (Argentine) railways, and 
a number of trucks for electric mountain railways. 
Outside this shop and parallel with it is the 
traverser-track for carrying the locomotives to the 
painting-shop. A shop for manufacturing the small 
fittings and containing the copper-smithy communi- 


| cates with the locomotive-erecting shop. 





a total capacity of 4cwt., and one ordinary melting 
furnace. The fettling-shop is adjoining. 

The cast-iron foundry is a well-lighted building 
80 m. (262 ft.) in length and 35 m. (114 ft.) wide, 
divided into three bays, the main central bay 
being served by two overhead electric travellers of 
15 tons, and the other bays by eleven cranes of dif- 
ferent sizes. The foundry employs two hundred 
men, and is principally occupied with the manu- 
facture of castings used in the construction of 
internal-combustion engines. All the work is cast 
in sand ; the weight of the largest piece cast is 
24 tons. There are three cupolas, one having a 
capacity of 5.5 tons, and the two others a capacity 
of 3.5 tons each per hour ; the foundry contains also 
three drying-stoves, and a number of portable 
drying-fires supplied with blast from special fans. 
The Jargest pieces are cast in the central bay, the 
smaller work and accessory foundry work being 
carried out in the side bays. 

The newest shop in the whole installation is that 
marked 9 in the plan, Fig. 1, which is set apart ex- 
clusively for the machining, fitting, and erecting of 
internal-combustion engines. The company com- 
menced building producer-gas engines and plant 
complete in 1895; previously they had made a 
speciality of the construction of town-gas engines, 
having commenced building these, as above stated, 
in 1886, concurrently with locomotives, which latter 
have always formed their principal speciality. In 
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this shop the ‘‘ American methods ” of working are 
followed, and every detail of the engines is 
standardised. The various machine-tools are driven 
from six electric-motors in the shop, supplied with 
current from the works’ generating-station above 
described ; should this current supply fail through 
any cause, current would be supplied to the motors 
from the municipal current generating station. 
There is also a 100-horse-power two-cylinder vertical 
gas-engine for driving the machine-tools. Overhead 





ground is set apart as a stores for manufactured 
parts and for accessories and fittings purchased from 
the outside. 

The works build both gas and Diesel engines on 
order, or for stock, and they are always able to give 
quick delivery. They have at the present time in 
course of construction about 160 engines of different 
types, which include :—(1) One and two-cylinder 
horizontal Diesel engines; one to four-cylinder 
vertical Diesel engines, ranging from 25 to 











belt transmissivn is resoited to generally for this. 
The machine-tools are of the most approved types. 

This fitting and erecting-shop, views inside which 
are afforded by Figs. 6 to 8, on Plate XXIX., is 
covered by a saw-tooth roof and is divided cross- 
wise ito ten bays, served by fifteen overhead 
electric travelling-cranes ranging in power from 
3 to 25 tons. One side of the building is made 














Fic. 10. Interior View or Casino. 


horse-power. (2) Town and producer-gas engines, 
horizontal, single-acting, with one or two cylinders, 
from 6 to 300 horse-power ; and vertical, from 70 
to 600 horse-power. (3) Current sizes of petrol and 
oil-engines. (4) A series of small crude-oil ** Winter- 
thur ” engines of 5 to 20 horse-power. (5) Different 
sizes of gas-producers for the corresponding engines. 

All the engines are tested on the bed upon which 


with a gallery, which contains the hand-fitting | they have been erected ; a special building contains 


eg The tool-store is in the centre, as is also 
ea dépét of working drawings for all detail parts, 
the drawings being delivered out to the men as 


required, and against a check; A room under- previous to taking down for delivery. 





the producer-gas plant for testing the producer-gas 
engines. The Diesel engines are tested regularly 
during ten consecutive hours after erection and 
A very 


complete chemical laboratory is equipped for 
analyses ; analyses and tests of coal for use in 
the producers are the most numerous. 

is very brief description of the Swiss Loco- 
motive and Engineering Works Company would 
be incomplete without a passing reference to 
the workmen’s club and canteen—or ‘‘ casino,” as 
it is called—marked 12 in the plan, Fig. 1, and 
illustrated in the views, Figs. 9 and 10, annexed. 


300 | This is admirably equipped with reading-rooms, 


dining-rooms, a kitchen with two large coppers for 
making coffee, to serve out to the men in the works 
during the summer months. 

The building contains under the floor level 50 
cells for douche baths, which the men use against 
payment of 1d., for which they receive a piece of 
soap and the use of a towel. There are, ides, 
three bath-rooms, the price for using which is 3d. 
Several of the upper rooms are equipped for use by 
the doctor, who calls regularly twice a week for 
consultation. Surrounding the casino, as shown 
in plan, Fig. 1, is a tract of land which is let out 
to the men for allotment gardens. During the last 
ten years benevolent institutions, nsion and 
invalidity funds, have been founded by the com- 
pany in favour of their men. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, July 12. 

THE weather has been exceptionally oppressive for 
over a week, resulting in some stoppages in mills and 
partial stagnation in some lines of trade. A number 
of blast-furnaces have blown out because of slow dis- 
tribution, and this has to some extent lessened coke 
consumption. General trade is up to the summer 
average. The month’s output of pig iron made from 
anthracite and coke was 1,787, tons. The daily 
rate of production was 59,585 tons, the lowest since 
January. The total output of pig iron for the half- 
year was 11,630,054 tons, as against 12,319,807 tons 
last half of last year, a decline of 5 per cent. The 
repairing season is now on, and rolling-mills will 
gradually resume. Prices in all crude and finished 
products are unchanged. Very few buyers care to 
extend deliveries beyond the end of the third quarter. 
The spread of railroad construction in the North-West 
calls for corresponding machine-shop facilities, and 
this is reflected in a better inquiry for shop tools and 
equipment, as well as for electrical equipment. Water- 

wer is being secured in various sections of the United 

tates and a, and plans are being perfected for 
the erection of electrical plants for the generation and 
transmission of power for varying distances. 

The demand for structural material for railroad and 
general construction purposes is improving, the June 
aggregate being 128,000 tons; the May aggregate, 
180,000 tons; and the April aggregate, 90. tons. 
The next encouraging demand is for agricultural steel. 
Usually implement manufacturers buy in May or June 
for a year ne 4 but this year they have delayed until 
July, and their orders are helping to give a cous: aed 
tone to the agricultural steel industry. Other branches 
are dragging along with a demand pretty near normal 
for the time of year. Twelve thousand workmen are 
still on strike at the Baldwin Locomotive Works in 
this city. The company is booking orders freely, 
evidently anticipating an on resumption. e 
intense heat all over the agricultural States has not 
as yet done any harm to crops. 





Tue British AssociaTion.—The British Association 
will this year assemble at Portsmouth on August 30, and 
the meeting will last the customary week and one day, 
concluding on the following Wednesday. It will be the 
first time that Portsmouth entertains the Association ; Sir 
William Ramsay will preside. Itis expected that general 
discussions will again be encouraged. The Engineeri 
Section G will have a joint discussion on ‘* Mechani 
Flight ” with Section A, Mathematics and Physics; a 
similar discussion was held last ze ; this year the subject 
is to be opened by Mr. A. Berriman. In _ its own 
deliberations Section G, under the presidency of Professor 
J. H. Biles, will discuss the Advantages of Superheated- 
Steam-Engines (Captain H. Riall Sankey). of Suction-Gas 
Plants (Mr. Tookey), and of Diesel Engines (Mr. C. Day); 
the names in brackets are those of the gentlemen who are 
to open the discussions. As rds sh pping, pepe will 
be presented by Mr. G. K. B. Elphinstone, on the *‘Gyro- 
Com ;” by Mr. B. P. Haigh, on “Electrical Steering ;” 
by Mr. EH. A. Moor, on ‘‘ Electrical Driving of Ships’ 
Propellers ;” and by Mr. J. H. Rosenthal, on ‘‘ Marine 
Engines for Burning Crude Oils.” Mr. Digby wil] describe 
the vibrograph; Mr. Worby Beaumont speak on the 
origin and production of corrugation on tramway rails ; 
and Dr. 4 8. Owens will discuss smoke abatement. 
Radiotelegraphy _ also be —_ = ; Me eo Sankey 
is expected to exhibit a le radiotelegraphy equip- 
ma and Professor T. W. Howe will show some novel 
experiments on radiotelegraphy. In accordance with 
our custom, we shall publish further particulars of the 
arrangements made for the British Association in the 





week preceding the opening of the meeting. 
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INDUSTRIAL NOTES. 


THE monthly —— of the Amalgamated Tool- 
Makers for July shows an increase of 975 in the 
membership since June, 1910. The number of unem- 
loyed for June last was the same as in the co d- 
ing month of last year—namely, 81—and the reserve 
funds stood at 22,500/., against 16,500/.—an increase 
of 6000/. The total membership now stands at 5184. 








The return for the four weeks ending July 1 shows | 
® total membership of 3171 in the Associated Black- | 
smiths and Ironworkers’ Society, against 3187 for the | 
previous month, or a decrease of 16. The income for | 
the four weeks in June last was 7371. 10s. 54d., and | 
the expenditure 632]. 7s. 24d., a net _ of | 
2051. 3s. 3d. The outlay for the four weeks for benefits | 
and management came to 3s. per member. | 
The amount of the expenditure was made up as| 
follows :—Unemployment benefit, 51/. 17s. 7d.; super- 
annuation benefit, 167/. 5s. 10d.; sick benefit, 
132/. 6s. 94d. ; funeral benefit, 29/.; management 
outlays and grants, 160/. 17s. Wages have been 
advanced 3s. per week in the Clan Line repairing shops, 
in the Glasgow Co-operative Baking —e% a ved 
hour, and in the Clyde Trust and Messrs. A. W. Smith’s 

per hour, but trouble seems to threaten with the | 


d. 
Reitket employers, who have declined to grant a confer- | o'0on 


ence. The trade in the shipbuilding industry continues | 
good, and there is a good demand for labour, while on | 
the engineering side of the industry work is plentiful ; 
altogether the outlook is said to be promising. 





According to the monthly report of the United 
Society of Boilermakers and Iron and Steel Ship- 
builders for July, the number of members signing the 
book at the end of June was 2017, as against 1486 at the 
end of May last. There were 941 members on the sick 
fund, compared with 1210 at the end of May, and 2124 
on superannuation, compared with 2400 in the pre- 
vious month. The expenses for June amounted to 
6956/. 8s. 5d., age 6054/. 15s. for May, or an increase 
for June of 1. 138. 5d. There were, however, five 
weeks’ expenses in June against four in May. 


According to the Board of Trade Labour Gazette, 
issued on July 17, the state of the labour market in 
June was as follows :— 

Employment continued good, but was not quite so 
good generally as in May. There was a slight improve- 
ment in the pottery trade and at iron and steel works, 
but in most other industries, except mining, —_-- 
ment declined slightly. Some trades were adversely 
affected by the woolcombing and shipping disputes. 

As compared with a year ago, nearly all the prin- 
cipal industries showed an improvement. There was, 
however, a considerable decline at blast-furnaces and 
in the lace and jute trades. 

In the 394 trade unions, with a net membership of 
758,666, making returns, 22,895, or 3.0 per cent., were 
returned as unemployed at the end of June, 1911, 
compared with 2.5 per cent. at the end of May, 1911, 
and 3.7 per cent. at the end of June, 1910. 

Returns from firms employing 450,221 workpeople 
in the week ended June 17, 1911, showed a decrease 
of 2.3 per cent. in the amount of w paid com- 
pared with a month ago, and an increase of 2.8 per 
cent. compared with a year ago. 

With one exception all the changes in wages reported 
as taking effect in June were increases, and affected 
27,400 workpeople, of whom 21,600 were employed in 
engineering works on the North-East Coast. The 
only decrease affected 190,000 coal-miners in South 
Wales and Monmouthshire, but its effect was more 
than sufficient to counterbalance that of all the in- 
creases reported, with the result that the net effect 
of the changes during the month was a decrease of 
840/. per week. 

The most important disputes in pro; during the 
month were those involving about 65,000* seamen, fire- 
men, dock labourers, and other transport workers at 
various ports in the United Kingdom, 19,000 wool- 
combers, &c., at Bradford, 12,000 coal-miners in the 
Rhondda Valley, 1700 coal-miners at South Shields, 
1400 coal-miners at Wigan, 800 builders’ labourers at 
Nottingham, 400 carpenters and joiners at Burnley, 
and railway surfacemen in the Glasgow district. 
The new disputes beginning in June, 1911, numbered 
36, and the total number of workpeople involved in all 
disputes in progress during te month was 116,334, or 
79,466 more than in the previous month, and 99,868 
more than in June, 1910. The time lost during the 


month by these hing pws amounted to 1,214,100 
worki ays, or 690,300 more than in May, 1911, and 
1,057, more than in June, 1910. 


Cases reported under the Conciliation Act affected 
seamen, firemen, dock labourers, and other transport 
workers at various ports, steel-workers in Scotland, 
steel-melters at West Harti l, building trades’ 
operatives at Southampton, shoddy and mungo workers 


* This is the estimated number affected up to the end 








of June, 


at Ossett, and matting weavers in East London. 
Settlements in the form of agreements or awards were 
made in certain cases of the seamen, &c., the steel- 
melters at West Hartlepool, and the shoddy and mungo 
workers at Ossett. 
Trade-Union Employment Returns for June. 
Trade-union percentages of unemployed. 




















2 . &3s_; Increase (+) or Decrease 
» co =— 
(S58 Sb = _(-)in Percentage 
Trade. + &a=~ Unemployed as Com- 
| spe is ga é with a 
| §-3 She § 
a° lA? ¢™ Month ago. Year ago. 
aa] 67,419) 42 = +06 - 26 
Coal-mining* .. - | 158,865 | 0.8 ie | +02 
Sees oe | 178,398 3.1 +03 | =-L8 
Shipbuildi: ee -| 67,231 3.8 +11 ; =-38 
Other | 45,351, 2.6 - 0.4 - 13 
Textiles* oe -.| 119,927 3.7 +14 + 1.2 
Paper, pee and 
bookbinding... .-| 61,677 5.4 + 0.5 + 0.6 
Furnishing and wood-) 
wor! - .. 84,881 3.0 + 0.8 -1Ll 
Miscellaneous .. 49,927, 3.1 - 0.1 + 0.2 
Total 758,666, 30 +05 - 0.7 





* In addition to the ordinary short time which occurs in all 
trades, it should be noted that in the mining and textile industries 
traction in the demand for labour is more generally met by 
a reduction in the time worked per week by a large number of 
workpeople than by the discharge of a smaller number. 


On Wednesday last a development in connection 
with the seamen’s strike at Cardiff took place, for it 
was resolved by 5000 dockers that they would ~ ged 
the seamen’s demand that their union should be 
recognised. It is the object of the malcontents to block 
every ship in Cardiff. The Shipping Federation has 
again been challenged by Mr. Havelock Wilson, who 
threatened that he will call 50,000 men out in the Port 





of London next a if a conference is not granted 
by the Federation. ere is much unrest, and rivts 
have taken place. 


The North-Eastern Railway men held a demon- 


| stration on Sunday last at the ‘Town Moor, Newcastle- i 


on-Tyne, between 4000 and 5000 men taking part in a 
procession. The demonstration was organised as a 
protest inst the ag py of non-union men 
in the ranks of labour, was arranged by repre- 
sentatives of the Amalgamated Society of Railway 
Servants, and by members of the General Railway 
Workers’ Union. Representatives of the Northum- 
berland Miners’ Union were also present. Pro- 
tests were raised against the non-unionists reaping 
the benefits of trade - unionism, and yet remaining 
outside organised labour. The Genzral Railway 
Workers’ Union passed a resolution dealing with the 
dispute over the programme which has been under 
consideration by the representatives of the railway 
company at York. This resolution was as follows :— 
“We Ad to inform the general secretary of the 
railway company that, unless the programme is fully 
discussed by Taly 19, voting papers will be issued to 
all members of the union to ascertain their present 
position with regard to it, and to take such steps as 
may be necessary.” 

The railway workers at Hull also held a meeting on 
Sunday last, and carried the following resolution :— 
‘That this meeting of railway workers is of the 
opinion that the time has now arrived when every 
man must be a member of his own union, and pledges 
itself that, when the date is fixed, no one will work 
after that date with non-union men.” 





Negotiations between masters and men in the engi- 
neering trades have resulted in an increase of wages 
of ls. per week at Blackburn, with the promise of a 
further ls. in March, 1912, should the textile indust 
be maintained at its present satisfactory state. Exclud- 
ing the shipyards at Belfast, the employers have now 
agreed to an immediate increase of 1s., and another Is. 
in January next, The men have confirmed the agree- 
ment = each case. “or and ae — 
are still outstanding. The agreements for the - 
lation of wages in the engineering trade are binding 
for a comparatively long time. 


It was officially announced on Monday last that the 
vote taken in the ballot uf Northumberland miners 
for and against a strike to abolish the three-shift 
system showed that a two-thirds majority was in favour 
of astrike. It is stated that the Miners’ Federation of 
Great Britain will consider the Northumbrian miners’ 
request for a national stoppage in order to enforce 
their wish. The outlook appears very gloomy. It 
will be remembered that at the ne eg of last year, 
when the Eight Hours Act came into force, the em- 
ployers at several of the collieries found it necessary 
to institute the three-shift system, and there was great 
opposition to it, chiefly on account of the effect it had 
on the domestic arrangements of the colliers and on 
their social life. The men, however, agreed to give 
the system a trial. There has since been much 








of 30 per cent. 


The attempt to secure a minimum w 
above the standard has failed, and the Northumber. 
land Conciliation Board has consequently terminated. 
The employers state that increasing working costs 
make it impossible to accede to the men’s request 
for an increase in this respect. 





According to the semi-monthly report of the American 
Association of Commerce and Trade, the German work- 
men’s insurance system, which has been in operation 
since 1884, has grown into a very large system of co- 
operative relief. It is, however, very complex and full of 
abstracts of law. The system is threefold, embracing : 
(1) Invalidity insurance, (2) sickness insurance, and 
(3) accident insurance. The first of these provides an 
annuity for those who are unable to make a living, if 
this incapacity is caused by a bodily or mental defect, 
chronic sickness, or natural decay of the physical 
powers and old age. It covers all persons over sixteen 
years of age who are working for salaries or wages in 
the following occupations :—Workmen, apprentices, 
domestic servants, sailors, and employees of the 
textile and tobacco home industry, commercial and 
technical employees and teachers, provided their yearly 
income does not exceed 50/. Employers and employees 
contribute to it in equal parts, the Government adding 
a fixed sum to each allowance paid, and the contribu- 
tions are paid weekly on a fixed scale, the amount 
depending on the salary of the insured person. These 
weekly contributions vary from lfd. for a yearly 
income of about 17/. to 43d. for a yearly income of 
about 55/., and the contributions are made by stamps, 
which are affixed to a card, the stamps being pro- 
vided by the employer, who is responsible for the 
contributions being paid regularly, and who is entitled 
to deduct half of the value of the stamps from the 
salary or wages of the insured. Old-age pensions are 
payable on the — of the seventieth year of 
the insured, provided he has made a certain number 


of payments. 
ickness insurance includes workmen employed for 
salaries and w. in mines, quarries, factories, smelt- 


ing works, shipbuilding yards, transport by land and 
infand waterways, building handicrafts, Seamameesia’ 
and professional offices, and the Post Office, Army, and 
Navydepartments. The mercantile marine, agriculture, 
and eaitey, however, are not included, The payments 
are made by the employers and employees in the pro- 
portion of one-third to two-thirds respectively, and 
vary from 2 to 4 per cent. of the salary of the insured. 
The insured are entitled to medical attendance, drugs, 
and treatment, whether unable for work or not; in the 
former case, sick-pay commences from the third day 
of illness. In the case of women pay continues for 
six weeks after confinement. All insured get funeral 
expenses. Sick-pay is not less than half the average 
rate of wages, but does not exceed 1 dol. a day, and 
is payable for twenty-six weeks, which, under special 
conditions, may be extended to one year. 

Accident insurance applies to the same classes as 
sickness insurance, but includes also agriculture and 
forestry, divided into the following classes :—Industry 
and transportation, agriculture and forestry, building 
and construction, and the mercantile marine. Persons 
employed in shops and offices, as well as domestic 
servants, are not included. The employers provide 
the whole of the funds, the amount being on 
salaries and wages paid. Compensation does not begin 
until after the expiration of a period of thirteen weeks 
from the time of the accident, during which time 
compensation for sickness insurance is paid. Accident 
payments include medical treatment, drugs, and 
appliances—an allowanee, in case of complete incapa- 
city to work, at the rate of two-thirds of the wages 
previously earned, and funeral eo according to 
a fixed scale. The latest German Government reports 
give the following figures, which show the number of 
insured persons with the amount of expenditure and 
receipts in 1908 :— 


Insurance against 








| 


| Sickness. | Accident. | Invalidity. 





Insured persons .. No.| 13,189,600 23,674,000 15,226,000 
Indemnity cases .. o 5,701,180 1,008,677 1.118,749 
receipts .-marks| 365,994,100 | 207,550,500 285,882 100 
Receipts from employers) 
marks) 114,918,900 | 181,596,600 | 92,211,200 
Receipts from employed) 
marke) 236,220,200 - 92,211,200 
Total expenditure .. ,, | 350,544,100 183,818,700 | 200,339,100 
Indemnity .. - » | 381,049,900-| 157,884,700 181,473,800 
Administration .. ,, 19,494,200 | 25,934,000 | 862,300 
Total gy +» 9» | 267,708,400 | 326,601 500 1,469,610,600 
Average jemnit; r 
case.. oe marks 68.07 158 165 
Proportionate charge for! 
insured .. - mar! 26.55 7.75 15.60 











Tue Royat Acrrioutrurat Socrery’s SHow : ExgaTvy. 
—A misprint has crept into our article on page 5 antic, 
column 2, in our description of Messrs. Davy, Paxn.an, 
and Co.’s engi The maximum pcwer this engine can 


ine. 
negotiation with the coal-owners, but with no result, ' develop is 90 brake horse-power, and nct 30, as we stated, 
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preceded us. His remark was, I think, perfectly true, 

PROGRESS IN NAVAL ARTILLERY.* | and it certainly applies to artillery, both as regards the 

By Sir AnpREw Nostx, Bart., K.C.B., LL.D., F.R.S., | guns and the propellants and explosives employed. 

Hon. Vice-President. I joined Her Majesty’s Service, now about (4 

WueEN I was asked by the Council to write a paper on Years ago, no @ iable advance had been made in 

the progress which artillery has made during my lifetime, artillery during years, either in gunpowder or its 

I must confess to having been a little unwilling, as I | mode of manufacture, and but little, except in size, and 
that not very great, in the guns themselves. 


COMPARISON OF ACCURACY. To give you an idea of how slow was the increase 
Fig.7. of power in guns from the time of the Armada, I may 
SMOOTH-BORE FIELD GUN - |mention that the armament of Nelson’s flagship, the 


| Victory, which consisted of 102 guns, included sixty 42, 

| 32, and 24-pounders; forty 12-pounders, and two 68- 

| pounder carronades; the weight of the heaviest gun 

RIFLED FIELD GUN | being 75 cwt. Thé armament of the Duke of Wellington, 

(2949.4) —— commissioned just before the Crimean War, consisted of 
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Tas_e I.—O.tpgeR EXpLosives. 131 guns, there being 

: l . ae ; a +3 and 4 
Amide Powder |Powder Powder . Mining C. & H. Powder Spanish Cocoa unders on the lower an: 
R D a Pebble R.1.G.| FG. Powder! No.6 © Powder middle decks, thirty-eight 

Vot . 32-pounders on the main 
mariecean deck, and twenty short 
400 315 282 254 | 278 § 274 | 263 360 al 347 234 | 198  32-pounders and one 68- 

pounder pivot gun on the 





Units of Feat. . upper deck. Taking the 

832 715 745 800 721 726 | 788 | 517 764 | 525 767 | 887 most powerful gun, the 
E Explosi ; 68-pounder, the maximum 

ritatind emaeamnaren velocity realised with the 


332,800, 225,225 210,000 203,200 |200, 438 198,924 194,094| 186,120 184,124 | 182,175 179,478 {165,726 Service charge was a little 
Bea camt kita e. Wee eae cate lead an petit odliaieinsdinsisemonmielads — 1600 foot-seconds, 
Fi —_ > 7ES. and the maximum en 
Se Ee Si 1170 foot tons. I have alluded to the smal 
: o- . the construction of guns 
Norwe-| Nitro- | Norwe-| Blanche | Lyddite desion @ 7 : >, 
ring 500 years. The guns of Her Majesty’s 
an OF! Cems ee EN eae! ship the Duke of Wellington were merel 
Volumes of Gas. Comte of ones ane, sae the ny yy = 
75. ' they were subjected consis’ only in the for- 
— | oe es) oe = | Se 960.4 mation of the Cove and the drilling of the vent. 
Units of Heat. The carri = ry fae «y me ape 
= i ’ were equally rude ; they were e entirely o 
1246 1805 | 1090 | 1005.5 | 9m | 985.5 | 1008 | 8563 \ooa Penerally in the later days of teak and 
Energy of Explosive. mahogany ; they were — on woenen 
1,090,878 | 1.057.708 940,905 904,850 863,016 | 951,212 | 824,466 822,390 — eae ae ae ead Ln 
shy? controlled by the friction of large wooden 
thought I had already said quite enough on the subject | axles and big wedges under the trucks, and was finally 
to tire my naval and military friends; and, as regards | brought up the breechings by which the carriage was 
the subject, I remembered a conversation I once had | attached to the vessel’s side. e elevation was given 
with a very eminent scientific friend, who, when I was| by quoins, and hand-spikes were used either for training 
expressing my regret that we could not expect to live to| or elevating. For running-out, blocks and tackle were 
see the solution of the difficult question we were dis-| generally employed. To work with any degree of smart- 
cussing, replied that I ought to be content, because the | ness these rude weapons, a very strong ; gun's crew was 
progress of the world during my lifetime exceeded in | necessary ; indeed, was practically surrounded 
importance all that had been done in the ages which had ~ crew, which num fourteen or fifteen men. 
ae much more powerful modern 6 in. gun is served by 
Paper read at the Jubilee Meeting of the Institution | three or four men. : p 
of Naval Architects, July 5, 1911, | In the year 1858, the first great step in artillery 


| | 
Cordite| Italian | M.D. 
Mark I | Ballistire | Cordite 


























eres made.. In that year the Committee on 
Rifled Cannon, of which I was secretary, was appointed, 
and experiments with the various guns submitted to 
them were made, but the superiority in accuracy of the 
gun submitted by the late Lord seer | was so 
conspicuous, and the details, as regards projectiles, fuses, 
&c., were so superior, that the Committee unanimousl 
recommended the adoption of his system. With vogue’ 
to range, accuracy, and penetrative power, the superiority 
of the rifled guns was so t that it was evident to 
nearly all naval and artillery officers that the days of 
smooth-bored guns were numbered. But the point which 
occasioned most surprise was the extraordinary increase 
in accuracy. The Rifled Cannon Committee fired forty 
rounds from the smooth-bored field gun of the Service, 
and a similar number from the Armstrong rifled 
field gun. I used the method of least squares to 
determine the relative accuracy of the two guns, and 
found that, with the rifled gun, at a range of a little 
more than 1000 yards, half the shot fell ina rec le of 
about 23 yurds long by 1 yard wide, while with the 
smooth-bored field gun the similar rectangle was about 
145 yards long by 10 yards broad. You will however, 
Feed readily appreciate the yaa £ I om, a 

lagram giving the comparative areas 0 6 rectangles 
to which Tints referred. (Fig. 1.) 

The great success which had attended the application 
of rifling to the smaller nature of guns led to the imme- 
diate construction of rified guns. But the additional 
complications of breech-loaders were looked on with 
dislike by the older officers, and this feeling lasted a 
considerable time, leading to the abandonment for some 
years of the construction of breech-loading guns. It led 
also to England being, for a considerable time, behind 
the principal Continental nations, owing to her refusal to 
adopt improvements until (which will never happen) 
finality was reached. It is curious to look back fifty 
ered and com what were then considered impossi- 

ilities with the realities which are in existence at the 
present time. To illustrate the distrust and doubt with 
which novelties were regarded, I may mention that I 
was secretary to a committee of naval and artillery 
officers on plates and guns, and at their meetings there 
was discussed the weight and calibre of a gun intended to 
be the heavy gun for both land and sea service. The 
artillery officers preferred a gun weighing 7 tons, but the 
naval officers were doubtful whether so heavy a gun 
could be carried on board ship. The point was finally 
compromised by making the gun 64 tons—I need not 
point out to you that our ships are now carrying guns 
more than ten times as heavy as the weight then con- 
sidered impossible. Twenty of these guns, known as the 
Somerset gun, were constructed, but the advisability of 
adopting rifling was then considered so doubtful by the 
authorities that it was ordered that the bore should be 
large = to carry a smooth-bore shell of nearly the 
same weight as the rifled shell. The guns, when com- 
pleted, were practically useless, and few of them were 
ever put on board shi In the days to which I refer, 
the older officers could hardly be got to look with patience 
on any appliance to which they were not accustomed, 
and which could not be made or repaired on board 
ship, but there is now a very great change in this respect. 
Too much praise cannot be given to the naval officers of 
the present day for the ability and zeal they have shown 
in mastering, and their skill in using, the various and, 
in some cases, the complicated machines committed to 
their charge. 

I need hardly point out that the battle between guns 
and armour rendered it most important that the velocities 
of rifled guns, which at the outset were very low, should 
be increased. The first step in this direction was made 
by the Committee on Explosives, who, by their experi- 
ments, showed that with improved forms of powder the 
velocities, which originally had generally run between 
1200 ft. and 1350 ft. a second, were in the same guns raised 
to 1600 ft. a second, the increase in velocity being at the 
same time accompanied by a very considerable reduction 
of maximum chamber pressure. But the most important 
step was made by my firm, who, acting on certain 
experiments made at Elswick, and which were re- 
ported in a paper communicated to the Royal 
Society, made, in 1877, 6-in. and 8-in. breech and 
muzzle-loading guns, with which, while the maximum 

ure remained the same, the velocities of the pro- 
jectiles were, at a single bound, raised from 1600 foot- 
seconds to 2100 foot-seconds, thereby increasing the 
energies by nearly 75 per cent., and necessitating * re- 
construction of guns and their —wer At the same 
time, from the increase in the length of the guns which 
the high energies then introduced demanded, a return to 
breech-loading, from the retrograde change to muzzle- 
loading, which some years before had been adopted, was 
also necessitated. I need hardly say that since that 
date the weight and power of heavy guns have been 
enormously increased. We have now 12-in. guns of 
a weight of 68 tons and with a velocity of over 3000 
foot-seconds and an energy of 58,600 foot-tons, that is, an 
energy forty-five times greater than that of the most 
powerful gun when I entered Her Majesty’s service ; 
while 14-in. guns are being made which, with a v-ry 
moderate velocity, will be capable of wares 15 in. of 
K.C. armour at ranges between 7000 and 8000 yards. 

Turning now to quick-firing guns, I shall consider the 
guns in connection with their mountings, as these last, 
when rapidity of fire is considered, are nearly as impor-’ 
tant as the guns. Early in 1887 the gun and mounting 
I now show you (Fig. 2) were submitted for trial on 
board H.M.S. Handy. The gun was the first mounted 
on the Elswick cradle, paving, Se recoil-press and spring- 
box beneath the cradle. e weight of the gun and 
mounting was taken on the balls under the pivot, the 
mounting and shield being carefully balanced, The. 
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whole weight of the gun and 
5 tons, and the gun could be 
shoulder. The sights were on 
recoil with the gun. A single 
train, work the elevating gear, lay 
an electric pistol. With this gun 


the 
man co 
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In pene ga have ee said I have ager —— to wére those of Count 
ns an energies t' were ca) le of developing ; L 
t, if the ommen in don dipeocionn and power of the | of experiments, from one of which he deduced that the 
ounting a very| guns is remarkable, the increased power of the pro- maximum pressure was, at a density of unity, about 190 


mounting -was -under | accuracy, of the modern gun are even more remark- 10,000 atmospheres. But the experiments which, for a 

trained easily by the | able. 

cradle and did not 
Id with ease & 

and fire by means of 

and m 


long time, were taken a7, meey to be tolerably reliable, 
umford, who, in 1797, com- 
municated to the Royal Society the results of two series 
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great advance in rapidity of fire was obtained. At the 
trial above mention ten rounds were fired in 
474 seconds, and later as many as fifteen rounds per 
minute were obtained. I may mention an interestin 
incident connected with this trial. The gunboat Mastiff 
was sent the same day, and was ordered to fire ten rounds 
from the Service 5-in. breech-loadiag gun as rapidly as 
poate. The time taken for the ten rounds was 
min. 16 sec., so that the guick-firmg gun fired its ten 
ps ae before the then Service gun fired its second 
ot. 

On the diagram I now show you (Fig. 3) are placed side 
by side sections of the 6.3-in. aah ms, dd pA of 1850, 
and of the 6-in.’ 100-pounder of the t day. The 
ome —_ - be penned and ve pony = the two 
guns. e velocity energy given e nder 
—— gun are ® about 1600 ft. Aan queeed, and 

‘00 res % i res 
for the 6-in. are sbout ‘3000 ft. oursaneel ates toe 
tons energy, but the rapidity of fire, the 


pellants is quite as much 
so. During more than fifty 
years I have made very 
many hundreds of experi- 
ments, and completely ex- 
amined eighteen different 
pellants, determining, 
or most of them, the 
in transformation 
which take place when the 
Sa is fired at dif- 
t densities. _ ee 
as regards gun-powder an 
the pressure uced b 




































































05 10 25 30 +35 40 45 iO 
(osea.n,) Density of Products of Explosion 


its explosion, I do not feos any physical fact as to which, | tons per sq. in. This, however, he considered to be much 
for many years, so wide a difference of opinion b l 
Robins; the Father of Gunnery, put the pressure developed | square inch to be 662 tons, This latter pressure never 
at a density of unity at 1000 


. in., while Hutton put ii 
range and Daniel Bernoulli, whe we 


vailed. | below the truth, and he finally believéd the pressure per 


atmospheres, or 6.6 tons seems to have been accepted, but in my own time Piobert 
t at and as correst Rumford’ 


and | first series, and 


atmospheres y 2 first series, 
nearest the truth, made it | fixed the tension of gunpowder at the density of umity at 
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150 tons on the square inch, while Cavalli, in 1867, made 
the tension 158 tons per sq. in. On the other hand, text- 
books used at the Royal Military Academy, Woolwich, 
so late as 1870, placed the tension as low as 2200 atmo- 
spheres, or 14 tons on the square inch. : Seok 

Referring to the high estimates I have mentioned, it is 
curious that as no such pressures were obtained in guns, 
this being attributed to slow combustion, no attention 
was paid by the eminent men I have mentioned to 
Robins’s remark that the powder he employed must have 
all been exploded before the projectile was much removed 
from its seat, as, were it not so, a much ge energy 
would be realised when the weight of the shot was 
doubled, trebled, &c., but he had found that there was no 
very material increase. I myself, nearly a ceritury and a- 
half later, repeated Robins’s experiments with means at 
my disposal far greater and more accurate than anything 
he could have employed, and these experiments entirely 
corrobated the accuracy of his views. , 

The long series of experiments I made, and described 
in a paper, published by the Royal Society, by myself 
and my friend the Jate Sir F. Abel, set at rest the ques- 
tion of the pressures and temperature of fired gunpowder, 
as I was able with several varieties of powder to obtain 
the pressures and to examine the solid and gaseous pro- 
ducts of combustion at all densities from 0.05-up to that 
of unity, the products being entirely confined after explo- 
sions, and the pressure at a density of unity was found to 
be about 42 tons per sq. in. The decomposition of these 
powders was affected by the pressure under which they 
were exploded, but only very slightly, and much less 
than was the case with the more modern explosives of 
which I shall have presently to speak. 

I have alluded to the long period during which gun- 
powder remained un , and it was only shortly be- 
fore it was its fate to be replaced by modern explosives 
that any attempt was made toimprove it The first step 
in this direction was made by Major Rodman, U.S.A., 
who not only appreciated the importance of the size and 
density of the grains in diminishing excessive pressure, 
but invented a most ow pn for determining 
the pressure of the exploded gases. Before the adoption 
of the pebble, P 2, and —— powders, which were 
due to the labours of the first Explosion Committee, the 
chamber pressures indicated were very high, and 
occasionally ran exceptionally high, but these exceptional 
pressures did not exist at the same instant throughout the 
chamber, but were due to waves passing backwards and 
forwards between the end of the chamber and the base 
of the projectile. Some-of these wave pressures have 
been observed 50 per cent. higher than the pressures due 
to powder exploded in a close vessel at the density of 
unity, that is approximately in its own space. 

But I must turn to modern explosives. Of these I have 
examined Fs d completely eight varieties (nine if I in- 
clude Amide powder, the energy of which is about 60 per 
cent. higher than that of the old powder. If we compare 
the potential energies of the old powders of the Service 
I examined, these varied from 200,438 units in the case 
of pebble powder to 194,094 units with that known as 
FG. The comparative energies of other old powders are, 
as you will see from the tables on page 93, some a little 
higher, others somewhat lower, but, with the exception 
of the Amide powder, there is no very great difference 
in the energy developed, and but little in the deconrposi- 
tion which takes place when exploded at different 
densities. 

TaBLeE III.—Erosions.—Cubic em. 





ToraL Erostons. (Curve Readings.) 


Cordite M.D. 


Tubular Ballistite. Tubular Smokeless 
Mark 1. Cordite. Lot 165. j No. 2. 





1 Round of Full Charge (4 Lb. 10 Oz., 2098 Grammes) 
per Bolt ; Density, 0.206. 
28.50 | 18.10 | 12.10 | 11.80 
1 Rounds of } Charge (3 Lb. 74 Oz., 1574 Grammes) per 
Bolt ; Density, 0.155. 


1 22,00 14 20 7.75 9.20 
2 89.85 25.50 14.45 16.20 
$= 8.20 35.80 20.45 22.43 
4 77.30 45.70 25.90 j 28.45 
16 Rounds of 4 Charge (2 Lb. 5 Oz., 1049 Grammes) per 


Bolt ; Density, 0.103. 


1 ~ 18.30 9.37 | 4.84 5.80 
2 24.15 17.34 | 8.14 9.97 
3 * $8.67 24.29 11.6 14.18 
4 42.71 30.53 14.68 18.06 
> 61.70 | 367 .| 17.54 21.67 
6 60.92 | . 4165 | 20.17 25.04 

70.52 46.78 22.61 28.20 
3 3043: | 61.70 | 24.86 31.18 
) 90.57 | 66.44 26.95 34.00 
0 100.90 | 61.08 28.89 36.66 
1 11140 | 65.49 $0.69 39.19 

12 122.00" | 69.84 32.87 41.60 

18 182.80* 74.09 33.94 48.90 

14 143,70* 78.25 35.40 46.(9 

15 154.80* 82.34 36.7. 48.17 
6 166.00* 86.36 38.00 | 50.15 





The erosion belt used for half-charges of Cordite Mark 1 was 
burned through on one side at the eleventh round, and could not 
be usedagain. . : 
nat figures are the estimated continuation of Cordite 


The case is very different with the modern Seapets 
With gunpowder the products of combustion, when cool, 
are about 43 per cent. by weight gaseous and 57 per cent. 
solid, and they include.seven gases, the same number of 
salts, and two elements. With modern propellants 
Products are only six—five gases, and water, the amount 





of which in the different explosives varies from about 12 
to 20 per cent. of the total weight. With gunpowder, as 
I have said, there is, with increased density of os. 
but little difference in the decomposition, and the 
uantity and nature of the products differ but little. 
he case is, as I shall shortly show you, widely different 
with high explosives. 

Table I. = the volumes of gas, units of heat and 
energy of the older explosives.. Table II. also en 
the same details of the modern explosives I have 
examined, and you will note that the energies vary from 
nearly 54 times to 4} times as great as that of gunpowder, 
cordite developing the highest energy. With gunpowder, 
as I have said, there is, with increased density of charge, 
but little difference in decomposition, the percentage and 
nature of the products of explosion differing but little. 
With high explosives the case is widely different ; but, 
before going into details, it will be as well to give you an 
idea of the differences of sure between the old 

wders and the modern propellants at the same density. 

ig. 4 is adiagram which exhibits up to the density of 
0.5 the pressures <a wder and of several modern 
propellants. You will observe that at the density of 0.5 
the pressures of the modern propellants are about five 
times as great as that of gunpowder; but I need not say 
we do not allow these pressures to be developed in guns, 
the maximum in that case being about 20 tons on the 
square inch. ’ 

The pressure of gunpowder at the density of unity, 
as I have said, is about 42 tons per square inch. I have 
made more than one effort to abtain the pressure of 
cordite at the same density, but have not been perfectly 
successful, as | gauges were always crushed upon the 
piston by the high pressure. I ow, however, the 
pressure to be considerably above 100 tons, and believe 
the true pressure at the density of unity to lie somewhere 
between 108 and 115 tons on the square inch. Unlike 

npowder, the decomposition of modern explosives 

iffers greatly with the pressure under which they are 
exploded. © quantities of the nitrogen and water 
formed are not much affected, but with increased density 
considerably larger percentages of carbonic acid and 
marsh gas are formed. As an illustration, in the case of 
Norwegian Ballistite, in passing from a density of 0.05 to 
that of 0.5, the carbonic acid is inc from 13.40 per 
cent. to 33.4 per cent., the carbonic oxide being decreased 
from 38.5 we cent. to 19.5 per cent. Similarly, with the 
same explosive at the same densities, the marsh gas is 
icoecel from 0.4 per cent. to 12.55 per cent., the 
hydrogen being decreased from 20.6 per cent. to 7.4 per 
cent. 

The rapid increase in the amount of carbonic acid and 
marsh gas at the higher densities, accounts at once both 
for the decrement in the volume of the total gases formed 
by the explosion, and for the “7 much greater heat 
developed at the higher density. Thus, in passing from 
density 0.05 to density 0.5, the volume of the gases per 
gramme falls from 959 to 780 volumes, while the tem- 
— of explosion is increased by about 1500 deg. 

mt. Although there are t variations in the per- 
centages of the gases to which I have referred, the same 

neral law as to increment or decrement of volume with 
increase of density is followed in all the explosives with 
= I aed experimented. oe ; , 
us, in the diagram giving the percentage volumes o! 
ey eee tee Fig. 5, you will note that, with increas- 
ing density, the percentage of steadily increases, and is 
in marked contrast to gunpowder, where the CO, can 
hardly be said to alter at all. I may point out also that 
with increase of density the differences in the volume of 
carbonic oxide in all the propellants examined steadily 
decrease as the densities increase, and are not great at 
the density of 0.5. Asa matter of course, the volumes of 
carbonic oxide decrease as those of carbonic anhydride 
increase, and I exhibit a diagram (Fig. 6) showing the per- 
centages of this gas up to the same density. As ds 
gunpowder, the increase in density causes but little 
—- in the percentage of carbonic oxide, even up to 
the density of unity, and, unlike the modern explosives, 
the changes appear to be in a great measure independent 
of the density. 
_ Turning now to marsh gas and hydrogen, the variations 
in their percentage at different densities are striking 
ese Variations are more easily appreci by means 
of diagrams, and, as before, I give you curves showing the 
volumes of each gas. at the different densities (Fig..7). 
Commencing with marsh gas, you will see that at the 
density of 0.05 the percentage is, with all the podeae, 
exceed ingly small, the largest being under half a per cent. 
The increments, you will note, age-very variable with the 
different propellants; the Italian Ballistite being only 
at a density of 0.5 about per cent., while one of the 
oe Ballistites over 124 per cent. With 
the mpowder, the percentage of marsh gas is, as 
you see, t. infinitesimal, and is nearly constant. On 
the other hand, the differences in the percentage of 
hydrogen at the low densities (Fig. 8) are very large, vary- 
ing from about 8 per cent. to nearly 21 per cent., while at 
the density of 0.5 the differences nearly disa: , being 
yee ged oie 2 cent. bight e also 
that with gunpowder the percentage of hydrogen is, as 
in the case a: marsh gas, exceedingly small, being very 
uniform, and only about 1 per cent. 

The only other point to which I shall draw your atten- 
tion is the question of erosion. As erosion increases 
at so rapid a — with nrg weg 29 | he pane 
importance in guns to have e' as great 
as possible, as by so doing the amount of the charge is 
very greatly decreased. I may add that I think erroneous 
opinions as to the decrease in erosion due to the decrease 
in i and I conclude my paper 


charge have been entertained, c 
the A i ing you Table IIL., showing the erosions due to full, 


quarter-charges of different propellants. 








PROGRESS OF NAVAL ENGINEERING 
IN JAPAN.* 


By Engineer Rear-Admiral Terucoro Fun, 
L.J.N., Member. 
Tue increase of horse-power in the Japanese Navy has 
me somewhat remarkable since 1896, as will be seen 
from Fig. 1. The total horse-power and number of ships 
built or building will be gathered from Table I., and it 
will de seen that nearly 28 per cent. of the total indicated 
horse-power of our warship inery comes from Great 
Britain. 

In the following remarks I intend to give a brief 
account of the evolution of ship machinery, with reference 
to Table II. 96, and the drawings given. 

Boilers.—The gunboat Chiyoda Gata, the first steam- 
driven ship built in Ja; (1863), was equipped with 
three low-pressure cylindrical boilers of the locomotive 
type. aps ew , either locomotive or return-tube 
boilers were adopted for every ship launched before 1899. 
In 1900 the Normand type was installed in the despatch 
boat Chihaya ; and next year the high-type cylindrical 
boilers of the Itsukushima and Matsushima were replaced 
by Belleville boilers; and those of the Hashidate by 

iyabara boilers, invented by our Admiral Miyabara, 
this being the first time that this boiler was used on a 
warship. Then in 1902 the locomotive and low-ty 
cylindrical boilers on the Chiyoda, as well as t 

ayeyama, were replaced by boilers of Belleville and 
Niclausse types respectively. These afforded us oppor- 
tunity for very important investigations with regard 
to water-tube boilers; and on a training cruise for 
our naval cadets to Australia and back, the Miyabara 
boiler fitted in the MHashidate proved very satis- 





ree 


factory. This fact was also confirmed by the expe- 
rience of rough usage during the late war. Since 
that time, the Japanese authorities have decided to 
adopt the same for nearly all ships of new construction in 
Japan ; and, in fact, the Tsukuba, Ibuki, and Satsuma 
have already given results on their trials with this 
type of boiler on Also the first-class battle- 
ips Kawachi and Settsu, now under construction, are 
to > uipped with Miyabara boilers of double-ended 
type. Figs. 2 and 3, 96, show the boiler for the 
cruiser Tsukuba. As may be seen from the drawings, the 
construction of the Miyabara boiler is comparativel 
— am | horizontal water and steam-drums, wit! 
7 

















slightly-curved tubes connecting them. From the nature 
Tasxe I. 
Class. Where Built. |Number of Ships. | Total H.-P. 
Home.. a a 45 573,617 
Great Britain 47 376,540 
Warships ..< Elsewhere .. 82 254,652 
Total 3 124 1,204,809 
Home .. : 45 306,000 
Great Britain 16 95,060 
Destroyers ..{ Elsewhere .. 5 23,000 
\ Total 66 | 424,050 
Home... 58 77,029 
Great Britain 10 19,217 
Torpedo-boats-~ Elsewhere 25 39,804 
\ Total 93 136,050 
, Home . ; 6 8,400 
Great Britain 2 1,200 
Submarines ../ Elsewhere . 5 1,500 
Total Le) 6,100 
Grand total 296 1,771,009 : 


of its construction, this type is very elastic and contains a 
comparatively large quantity of water; moreover, the 
ena circulation being always efficient, it gives no trouble 
rom 

On the other hand, in 1908, another type was tried for 
the third-class cruiser Otowa, and, its results being very 
satisfactory, this type was used for 28 destroyers con- 
structed in the year 1904. Figs. 4 and 5, 96, show 
the boiler of the destroyer Ayanami. We dm - this boiler 
“Navy Type,” as it is an express type specially used 


* Paper read at the Jubilee Meeting of the Institution 
of Naval Architects, July 6, 1911, 
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horse-power were built for the first-class cruisers Tsukuba 
and Ikoma; also the same type of engine, developing 
18,500 horse-power, was installed in the first-class battle- 
ship Satsuma. These engines are all fitted with forced 
pnt og system, which has given very satisfactory 
results. 

Steam-Turbine.—The prominent success of the Parsons 
turbine having undoubtedly encou: marine engineers 
in all countries to try the turbine system for naval work, 
our authorities decided to try one set of Parsons’ turbines 
of 8000 brake op ge gga for the despatch-boat Mogami 
in 1907. Laterin the same year we adopted two sets 
of seven-stage Curtis turbines for the Aki and the Ibuki, 
as their size, weight, revo'ution, steam consumption, and 
cost, made it desirab'e to replace the reciprocating engines 


An improvement has been made for all Curtis turbines 
of new conten, on a part of the drum and second-stage 
stern-wheel,. to counterbalance the propeller thrust by 
means of steam-thrust, so that the thrust-shaft and collar 
may be made comparatively short. _ : ‘ 
e result of the steam consumption trial for the Ibuki 
is shown in Table IV., page 97. With regard to her 
manceuvring, we found it fairly good as compared with 
that of ships fitted with reciprocating engines. Table V. 
gives the results of trials. ; 
Cost of Propelling Muchinery.—The cost of propelling 
machinery for the gunboats Atago and Takao varies frem 
50 yen to 55 yen* per horse-power, and that of twenty- 
eight destroyers, built in 1902, was found to be 35 yen. 
In the case of the armoured cruiser Tsukuba and the 





with which they were originally designed. 


Fig. 6. 


(2331.8) ait 
<caieaites ss maha 


We, moreover, propose to adopt 25,000 brake horse- 

wer Curtis turbines for two of the first-class battleships, | 
Kawachi and Settsu, and 22,500 brake horse - power | 
Curtis turbine sets for two out of three scout cruisers. 
For the remaining scout one set of Parsons turbines of 
the same power will be used, and two sets of the Parsons 
type of 20,500 horse-power for two destroyers. Also the 
latest improved Parsons turbines of 64, brake horse- 
power are to be installed for three first-class armoured 
cruisers, one to be built in England and the remainder at 
home ; and a Ourtis turbine installation of same power is 
to be equipped in another first-class armoured cruiser 
which will be built at home. 


TaBLeE VI.—The Engineering Corps of the Japancse 
_Navy. 


All other in Charge 


Those in Charge of Construction of Ships, &c., 








and Repairs. . except the | 

Preceding. ia | 

Engineer-rear- 2 Inspector-general 1 Engineer- 7| 10; 

admiral of naval con- | rear-admiral 

struction | 

Engi - 6 Inspector of naval 2 > Engineer- 22 30 

captain construction captain | 

Engineer-com- 9 Ohiefnavalcon- 1  Engineer- 40 49) 
mander structor, Ist class | commander 


Engineer-lieut.- 10 Chief naval con- 10 Engineer- 56 77 | 


commander structor, 2nd class lieut. -com- 
| mander | 
Engineer- 4 Navalconstructor 7) Engineer- 202 | 213 | 
lieutenant lieutenant 
Evgineer-sub- -- Assistant naval 3 Engineer- 109 112 
lieut., 1st class constructor, |§ | sub-lieut., 
Ist class | Ist class 
Enyineer-sub- Assistant naval —-| Engineer. 538 sé 
lieut., 2nd class constructor, sub-lieut., 
2nd class 2nd class 
— _ --| Midshipman 61 61 
— Civil officials 15} — 18 
Total .. 31 - 30) — 550 620 
- Ss - Z _ 
Engineer warrant officers. . se » 132 | 
Engineer petty officers aud men - 14,460 | 
Total .. os 14,592 


Figs. 6and 7, above, show the fifteen Curtis tur- | 
bine for the battleships Kawachi and Settsu. The diameter 
of the turbine is 12 ft. at its pitch circle for these battle- 
ships and cruiser, and it is designed for 27,000 brake hcrse- 
ee at 270 revolutions for the seven-stage, and 25,000 | 

rake horse-power at 245 revolutions per minute for the | 
eee pe turbine. The latter consists of six ahead | 
wheels one ahead drum carrying nine stages, and two | 
reverse wheels, 
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latter being a with Curtis turbines, while that of 
the first-class bat aoe Satsuma was nearly 115 yen per 
horse-power. Generally c 
machinery in Japan seems slightly less than it is in 
Eutope and America. This is probably due to the lower 
wages of workmen, notwithstanding the higher price of 
imported materials. h the wages in Japan are 
still much lower than those of Europe or America, they 
are constantly getting higher, and during the last fifteen 
years the pay of workmen has increased from 32 sen (8d.) 
to 66 sen (1s. 4d.) per day of about 10 hours’ work. __ 
Personnel.—The number of officers and men belonging 
to the Engineering Corps of our navy at the end of 191 


was as shown in Table VI. And the total number of | 





~ ‘Lyen = 2s, approximately. 


Ibuku, the cost was 98 yen and 95 yen respectively, the | 








workmen engaged in marine engineering in the Imperial 
Dockyards at the end of the same year was pontio  m 
as be 9200. Of these, 3300 men were employed at 
Yokos 2300 men at Kure, 1900 men at Sasebo, and 
1300 men at the Maidzuru Dockyard, and the remainder 
at various other places. 

Effect of War on Machinery.—It is gratifying to mention 
that the machinery of our squadrons had not shown any 
defects such as to affect the action of our fleet during the 
whole course of the recent war, and it may be worth 
mentioning that some of the warships were continuously 
under steam for over 2000 hours. The only noticeable 
trouble which our engineers. experienced was the leakage 
of both main and auxiliary condenser-tubes. Also, I may 
add, that the spare ts of auxiliary machinery were 
found indispensable, they having been used very often. 








2:79%- 


Regarding the machinery of destroyers and torpedo- 
boats, from which we naturally expected some trouble, 


serious defects. 


ape, the cost of propelling | they proved perfectly serviceable, not having shown any 


In conclusion, I may add that in attaining our present 
efficiency in naval engineering, we owe a great deal to the 
advice and help given by the British, many of our naval 

educated in Great Britain. 





| engineers having been 
| 





Bow Works, StratrorD: Borer EXPLosion. — We 
| are informed that the formal investigation ordered by the 
Board of Trade to be held in this matter is fixed for - 
ing in the Town Hall, Broadway, Stratford, Essex, ou 
| Wednesday, August 2, at 11 a.m, 
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Turner and Henderson, Sydney, N.S. W. 
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Subscriptions and Advertisements, Librarie B. 
58bis Quai des Grands-A ins, Paris. Also for Adver- 
tisements, Agence Havas, 8, Place de la Bourse. 

Gurmanxy, Berlin: A. Asher and Oo., 13, Unter den Linden. 

Sole Agents for Advertisements : The Dean-Mayer 
See Linkstrasse 39, Berlin, W. 9. 
Lei 7A. 

Mulhouse ; H. Stuckelberger. 

Guaseow : William Love. 

Inia, Calcutta: Thacker, Spink, and Oo. 

Bombay : Thacker and Co., Limited. 

IraLy : U. Hoepli, Milan, and any ice. 

LiverPoot : Mrs. Taylor, Landing Stages. 

Mancumsrer : John Heywood, 143, Soadien 

New ZxaLanp : Gordon and Gotch tary, Limited, Welling- 
ton, Auckland, and Christchurch. 

Norway, Christiana: Cammermeyer’s Boghandel, Carl Johans 
Gade, 41 and 43. 

RorrarpaM : H. A. Kramer and Son. 

South Arrica: Central News Agency, Limited, Head Office— 
Johannesburg ; and Pretoria, Cape Town, Port Elizabeth 
Bloemfontein, Durban, and their various branches and 
bookstalls throughout South Africa. Also Oape Town : 
Wm. Dawson and Sons, 31, -etreet. 

SwitzeRLAND: Sole Agents for Advertisements: The Dean- 
Mayer Company, Linkstrasse 39, Berlin, W. 9, Germany. 

eee a and Gotch Proprietary, Limited, Launceston ; 


) 
Untrap Statzs, New York: W. H. Wiley, 48, East 19th-street. 
ary H. V. Holmes, 957-958, Monadnock Block. 
Sole Agents for Advertisements :—The Wm. 8. Parry 
Co., 315, Dearborn-street, Chicago, and 366, Fifth-avenue, 
New York, U.S.A. 


ADVERTISEMENT RATES. 





The charge for advertisements is three shillings for the first four 
lines or under, and eigh ce for each additional line. The line 
averages seven Ww yment must accompany all orders 
pA Fog ~~ Fy ba - 

r 
and on the inside may be obtained on ee. The pages 
are 12 in. deep and 9in. wide, divisible into four columns of 2} in. 
in width. Serial advertisements will be inserted with all practicable 
regularity, but absolute regularity cannot be guaranteed. 

Advertisements intended for insertion in the cur- 
rent week’s issue must be delivered not later than 
5 p.m.on Thursday. In consequence of the necessity 
for going to press early with a portion of the edition, 
alterations for standing advertisements should be 
received not later than 1 p.m. on Tuesday in each 
week. 
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NOTICES OF MEETINGS. 


Tus Junior InstirvTiON oF ENeineers.—Saturday afternoon, 
July 22, at 3 o’clock, visit to the recently-completed Walton 
Reservoir Pumping-Station, &c., of the Metropolitan Water Board. 

Tue LystrrvTion OF MECHANICAL Enerngers.—On Monday, July 24, 
the Summer Meeting will commence with alternative excursions 
from Basel to Zurich, visi on the way (a) Rheinfelden and 
Laufenburg, (>) Baden, including the works of Messrs. Brown, 
Boveri, Co., (c) Rheinfelden, or (d@) Wangen-on-the-Aare and 
Baden, including the works of Messrs. Brown, Boveri, and Co. 
On Tuesday, July 25, at 10a.m,, the President. Colonel P. E. 


| Huber, or the Vice-President, Mr. E. Sulzer-Ziegler, of the 


Verein Schweizerischer Maschinen Industrieller, will welcome the 
President. Council, and Members of the Institution in the Aula 


‘ol, | of the Swiss Polytechnikum, after which papers will be read and 
have heen offered for reading | he 


discussed. The following 
and discussion :—* Eleetric tion in Switzerland,” by Mr. E. 
Huber-Stockar ; ‘‘ Results of Experiments with Francis Turbines 
and Tangential (Pelton) Turbines,” by Professor Dr. Franz Prasil 
‘Some New Types of Dynamometers,” by Dr. A. Amsler ; “ Rack- 
Railway Locomotives of Switzerland,” by Mr. T. Weber and Mr. 8. 
Abt. ‘ High-Pressure Water-Power Works,” by Mr. L. Zodel ; 
‘“*Steam-Turbines,” by Mr. H. Zoelly ; ‘‘ Modern Diesel Oil-Engines,”’ 
by Mr. F. Schubeler. On Tuesday afternoon alternative visits have 
been arran to the works of Messrs, Escher Wyss and Oo., or 
the Oerlikon Machine Works, while an excursion on Lake Zurich 
has also nm arran, at the invitation of the Verein Schweiz- 
erische Machinen Industrieller. In the evening, the Institution 
dinner will be held in the Tonhalle. On Wednesday, July 26, at 
9 30 a.in., the meeting will be continued in the Aula, and papers 
will be read and discussed. In the afternoon there will be alter- 


na‘ive excursions (a) to Winterthur, to the works of Messrs. 
Sulzer Brothers, and the Swiss Locomotive and Engineering Com- 
pany ; (0) to Schaffhausen, (c) to Beznau. On Thursday, July 27, 
alternative whole-day excursions have been arranged to Glarus or 
Braunwald. On Saturday, July 29, Members will travel to Lucerne, 
vid the Rigi-Kulm, this concluding the official arrangements. 


NOTICE. 
Our issue of July 28 will be a Double Number, 
price is., post free is. 0jd., and will contain the 
Title and Index to Vol. XCL. 
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THE AMENDMENT OF 
INSURANCE BILL. 
Ir will be conceded that the old adage, ‘‘ Give 
them an inch and they will take an ell,” is not an 
inaccurate commentary upon the p ings in 
the House of Commons in connection with the 
amendment in Committee of the Insurance Bill. 
Demands are being made upon all sides for the 
extension of benefits provided. It must, however, 
be placed to the credit of the Chancellor of the 
Exchequer that he has discovered, although not 
too early, that the cost must be carefully counted, 
and thus the concessions sought are being met 
in a critical mood. Indeed, he found it necessary 
on Wednesday night to warn his friends that 
success on their part in forcing concessions might 
seal the fate of the Bill. The detailed considera- 
tion of the Bill further establishes anew the com- 
plicated nature of the scheme, the many interests 
involved, and the necessity that every detail should 
be rigorously scrutinised. The p made, while 
it appears slow, is therefore satisfactory, and it 
is to be hoped that no attempt will be made 
to limit analysis or to minimise the importance of 
reviewing adequately all sides of every provision. 
The consideration of the first section of the Bill, 
dealing with the contributions, has been completed 
in Committee. Several amendments have been 
made, but it must be recognised, even by those most 
anxious for the early enactment of the project, 
that this section, as well as those already, and yet 
to be, modified, must be subjected to further 
analysis upon the report stage, to ensure that degree 
of permanence which can only come in the event of 
the scheme being not only comprehensive and lucid] 
laid down, but equitable to every interest benee. 
rgely to meet the well-organised opposition of 
, so far as volun- 
tary contributors are concerned, has been limited. 
Originally anyone engaged in employment could 
insure himself, although there were limitations 
to the extent to which employers were called upon 
to contribute. Now only those engaged in em = 
ment and having an income not exceeding 160f, per 
annum can secure benefit from insurance against 
ill-health. Again, in connection with Clause 4 a 


THE 


, | change having far-reaching effects has been made, 


under which agricultural labourers, seamen, nurses, 
clerks, and others, who already enjoy sick benefit 
as part of the conditions of their employment, may 
have their contributions reduced to the extent 
of 1d. per week from the workman and a corre- 
sponding sum from the employer, sureties being 
p seta that sick benefit is provided by the 
employer. It will be noted that while only 
four p anal 





little limit to the scope in this matter, and rail- 
way servants and many others who may come 
within the terms of the amended clause can seek 
similar advantages. It will always be open, how- 
ever, to the employer to weigh carefully the alter- 
native of discontinuing the sick benefit as part of 
the conditions’ of service, instead of securing the 
deduction of ld. per week from the amount pay- 
able by him under the normal condition of invalidity 
insurance. In other words, the question is, does 
the remission of 4s. 4d. annum from the 
employer’s payments exceed the possible sickness 
nefit at present incurred under the agreement 
with the workman? Provided the workman has 
not reached the time of life when the period of 
invalidity tends to increase, the employer may 
secure an advan ; but here, as with so much of 
our recent legislation, the tendency will be for the 
employer to supersede, by young and healthy 
workers, employees as they reach that age when 
ill-health becomes more frequent, so that there 
is once again an incentive to eliminate the less 
fit, and to encourage the operation of the doc- 
trine of the ‘‘ survival of the fittest.” Thus the 
scheme, instead of being a preventive of unemploy- 
ment and hardship, may act the other way. 

A consideration of the benefits payable under 
the Bill is now in pr and y one or 
two modifications have m made which tend to 
increase the scope and financial burden of the 
scheme. In Clause 8 the benefits of ‘‘ sanatoria 
and other institutions” has been altered to ‘* sana- 
toria and otherwise,” which meets the objection, 
reasonably made, that too much reliance is placed 
on sanatoria, involving enormous capital cost. 
Consideration was given to the question as to 
whether the wives and children of the injured were 
to secure the benefits in this connection, and the 
promise was made that, provided the local autho- 
rities paid half the cost involved in extending the 
advantages of treatment in sanatoria to dependants, 
the Treasury would meet the remaining moiety of 
the cost. Under Clause 45 of the Act, the County 
Health Committees are called upon to contribute 
the excess charges for medical benefits administered 
by local authorities, and it is contended that under 
this provision power may be given to the local 
authorities to pay half the cost of treating the 
dependants in sanatoria Theresult will be greatly to 
increase the burden upon such authorities and to 
augment rates, and there is probability of a very keen 
contest regarding the subject. Another concession 
made is that an employed married woman shall 
receive not only the maternity benefit of 30s. on her 
own behalf, but a corresponding sum in respect of 
her husband’s insurance, making 3/. for maternity 
instead of 30s. The representatives of labour in the 
House sought to have this increased sum paid in 
case of maternity irrespective of any other con- 
sideration, even in the case of unmarried mothers ; 
but this was resisted. Originally sickness benefit 
was to begin in the case of insured persons at 21 years 
of age; but now members of approved societies 
are to secure benefit from 16 years of age, pro- 
vided that they contribute materially to the support 
of relatives. On the tenth clause an amendment 
allows medical, sanatoria, and maternity benefits 
to a man even if his payments are in arrears up 
to a period of twenty-six weeks. Again, it was 
proposed to relieve a contributor, who falls into 
arrears through unemployment, from liability to 
make good the arrears of the contributions which 
would have been paid by his employers had he 
been in work, the State to bear the burden; but 
this was resisted, the Chancellor of the Exchequer 
threatening that if the amendment were carried it 
would defeat the Bill. On the division the 
Government had a majority of only 47, and then 
the Committee to Mr. Lloyd George's 
alternative to allow the approved society to pay 
the arrears of its defaulting member. 

Most of these amendments only affect employers 
indirectly, although they increase the general burden 
of taxation ; but Clause 11, considered.during an 
all-night sitting on Wednesday by a House con- 
taining only one-fifth to one-fourth of the Members, 


demanded more scrupulous examination, because 


it involves a very serious amendment of the Work- 
men’s Compensation Act, and will be pernicious in 
its incidence. When the Workmen’s Compensation 
Act of 1906 was under consideration, it was stated 
that certain insurance companies induced workmen 
to accept a lump sum of money in discharge 





of employees are mentioned, there is | 


of their claims for compensation for injury, and 
e work- 


the result was, in many cases, a loss to 
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man, in respect that, ae tg the advantage of 
receiving the lump sum when money was much 
needed, he did not always consider whether it 
would equal the allowance under the Act of half 
the weekly wage until complete recovery. The 
islature, therefore, inserted a special provision 
in the 1906 Act to meet such cases. This arrange- 
ment allowed the employer and the workman to 
come to an agreement for the payment of a sum in 
lieu of the usual weekly allowance, the interests 
of the workman being at the same time adequately 
safeguarded, as it was provided that a memorandum 
of such agreement had to be lodged with the 
i of the County Court, and only if 
he were satisfied as to its bond could it be 
recorded. The County Court Judge had still the 
power, upon application made, to remove it from 
the register within six months on proof of fraud, 
undue influence, or any other improper action. 
This arrangement has proved satisfactory in the 
fullest sense. From two-thirds to three-quarters 
of compensation cases are thus dealt with in an 
amicable spirit by employers and their workmen. 
Of recent years there been a growing custom 
on the part of workmen to seek for compensation 
for a week or ten days at the time of the settlement. 
The a however, is not ee oe rp oe 
uently agree to pay it although not under a 
lesa obligation to do so. The result has been an 
absence of that friction inevitable where legal pro- 
ings are taken, and the promotion of a kindlier 
feeling between master and man. 

Clause 11 of the Insurance Bill provides that if 
the compensation for accident is less in amount per 
week than the benefit payable under the insurance 
scheme, the difference must be paid out of the 
insurance fund. The Labour Party op this 
clause, and were willing to relinquish other advan- 
tages under the clause, desiring that the sickness 
benefit should be paid in all cases without regard to 
compensation for injury. Thus in the case of the 
mechanic the compensation for injury might be 
anything up to 20s., being half-pay, with the addi- 
tion of Tos. x week for thirteen weeks under the 
insurance scheme, while the labourer might easily 
get 20s. per week in all—equal to his weekly 
wage. Obviously there would, in such case, be no 
incentive to recovery. This part of the clause was 
approved amid threats by Labourists of defeating 
the whole Bill—namely, that compensation for 
injury or sick benefit should be paid, the lowest 
amqunt being 10s. per week. Thus the labourer 

etting as compensation for accident 8s. or 9s., 
ae lf-pay, would get 2s. or ls. from the benefit 
fund. In respect of the sub-sections of the clause 
a keen fight was waged. The insurance autho- 
rities under the Bill should be informed as to what 
is being paid to the workman by his employer ; and 
it is provided in the Bill, ph d, that such 
notification must be made by the employer within 
three days. This period is too short. Again, it is 
right that the Commissioners should be safeguarded 
in the case of an agreement under the Compensa- 
tion Act for the payment of a lump sum in lieu 
of weekly allowance. If the sum were inadequate, 
the workman might ultimately come upon the sick- 
ness fund. Hitherto the payment of a lump sum 
has been an effective antidote to malingering, as, 
with the compensation lump sum to his credit, there 
was a strong inducement for the workman to resume 
his weekly earnings at the earliest ible moment. 
If, after receiving the lump sum, he could, by pro- 
longing sickness, receive 10s. per week from the 
insurance fund, there might be a tendency to pro- 
tract the period of invalidity. It must be con- 
ceded, however, ihat the provision of the Compen- 
sation Act ensures a perfectly equitable arrangement, 
in view especially of the possible revision by the 
county court in the event of prolonged illness ; and 
it would seem, therefore, as if further saf 

were unnecessary. Paragraph c of Clause 11, 
however, introduces an important amendment of 
the Workmen’s Compensation Act, as it is laid 
down that no agreement to terminate weekly pay- 
ments of compensation for accident by the handi 
of a lump sum by the employer to the workman 
shall be valid unless by the previous consent of the 
‘‘approved society,” meaning in many industries 
the approval of the trade union. The sum, too, is 
to be paid into court, and the registrar has power 
to determine whether the sum is adequate. 

It will at once be recognised that we have here a 
method of strengthening the power of the trade union 
against the masters. ey can scarcely be recog- 


as disinterested parties, and yet all the powers 





of arbitrators are conferred upon them. Moreover, 
paragraph ¢ provides that if an injured person 
does not take proceedings against his employer for 
compensation when he has tag right to do so, the 
Sa ved society” may take proceedings in hi 
yg Originally there was the ea injustice in 
this, as the society was in no way responsible for 
the costs involved, while invested with high privi- 
leges ; but now the societies are to be responsible 
for the costs. 

The Legislature —_ in every way to promote 
the interests of industry, and these can only 
be advanced by encouraging friendly intercourse 
and the ition of eae responsibility by co- 
operation and consultation. To increase the diffi- 
culties of amicable agreement, either by making 
agreement between the parties dependent on sanc- 
tion by the trade union, or by giving the trade 
union power to force a workman to take legal pro- 
ceedings, must be inimical to that co-operation 
between master and man essential to the peaceful 
pursuit of industry. Apart from this, there is the 
undoubted fact that resortto _ procedure involves 
delay and increased costs. e disadvantages are 
intensified when it is remembered that while the 
legal process continues the workman’s invalidity is 
prolonged, often without regard to his capacity to 
work, and the cost to industry is thereby greatly aug- 
mented. It has been estimated, upon the most careful 
consideration of the effect of this ey enon 
‘approved societies ” must sanction the agreements 
referred to—that the result will be an increase on the 
existing premiums for insurance against accident to 
the extent of 10 per cent. When it is recalled that 
the average premium for engineers is about 25s. per 
cent. of the annual wage, and for shipbuilders 50s. 
per cent., it will be recognised that we have here a 
considerable increase in the burden cast upon 
industry, apart from its pernicious effects. On the 
report stage a vigorous resistance must be made to 
the objectionable features of this clause. 

These considerations lead to the general con- 
clusion that in this, as in every other provision of 
the insurance scheme, industry will be handicapped. 
Tt is true that, as we have repeatedly stated, the 
scheme is approved from the ethical point of view, 
but every care should be exerci in order to 
minimise, as far as is consistent with the ethics 
of the case, the possible injury to industry. It 
has been ed t the charge for this national 
insurance scheme will fall on production, but it 
has not yet been brought home to every one that 
the inevitable consequence is that increased cost of 
production will reduce our strength in competition 
in the markets of the world. Again, the charge 
in other direetions must fall directly upon the 
people. For health insurance alone the amount 
to be collected for next year, 1912-13, is estimated at 
184 millions sterling, and even within four years 
this will be increased to 23,310,000). Of this 
something like 10 millions sterling must be paid by 
am In the case of municipalities the charge 
will be very considerable. The Finance Com- 
mittee of the London County Council, for instance, 
have estimated that the total cost to the rates in 
connection with the tramway, education, and other 
services will be 12,0001. Obviously, this must all 
involve increased difficulty in maintaining our 
position against foreign competition. The result 
oe | be to aggravate the unemployment problem, 
and here we must once again enter a strong plea 
against the injustice, firstly, of including in one 
measure provisions which necessarily increase the 
difficulties of finding employment ; and, secondly, 
of imposing upon one branch of industry alone 
heavy = to provide benefit for those who are 
unemployed. Why, it is asked, should the building 
and engineering trades be singled out for penalty 
in this respect? The engineering and building 
trades, like others, exist for promoting the welfare 
of the community by providing employment. Asa 
matter of fact, unemployment in those trades 
never become acute except in periods of widespread 
de ion. Moreover, the trade unions in these 
industries are eye and have in the past 

ised their duty to provide inst the un- 
employment of their members. ere has thus 
been cultivated that independence which should be 
the most cherished characteristic of all, and parti- 
cularly of working men; and any scheme which mili- 
tates against the development of this trait should 
be op . The unemployment part of the Insur- 
ance Bill, however cannot be considered by the 
House for some time, so that we shall have other 
opportunities fora careful examination of the details 





of the scheme. Here we content ourselves with 
entering the plea that the Legislature should make 
it their special function so to scrutinise every detail 
of the scheme of insurance as to provide not only 
in connection with consumption, zymotic and other 
diseases, but also as regards unemployment, 
remedies which will be thoroughly preventive 
rather than palliative. 





RAILLESS OVERHEAD ELECTRIC 
TRACTION. 

THE recent openings of railless electric services in 
Leeds and Bradford, and the application to Parlia- 
ment this gs for the necessary powers to apply 
the principle to several other towns in the United 
Kingdom, are drawing attention to a system which 
has had considerable success on the continent of 
Europe. We learn that municipalities or companies 
at the following localities are among the promoters 
of schemes of railless traction :— Aberdare, Brighton, 
Chiswick, Halifax, Northampton, Newcastle-on- 

ne, and Rotherham. Schemes at Croydon, 

lvern, Macclesfield, Matlock, and Oldham have 
failed to get their powers or have been withdrawn. 

The free-driving car, from whatever source its 
power may be derived, unfettered laterally in its 
progress, has obviously many advantages over the 
rail-bound tramcar, especially when the streets to 
be traversed are narrow and tortuous. In many 
of such streets the progress of the tramcar is 
often impeded by tradesmen’s carts standing at 
the kerb, or is blocked by slow-moving wagons, 
which have to clear the rails to allow the car to 
proceed at its normal speed. If the dead-weight 
of accumulators and the cost of their upkeep 
could be got rid of, we should have in the electric 
motor-bus an ideal vehicle for public service where 
the streets are not wide and straiglit, and for places 
where the amount of trafic is insufficient to justify 
the laying down of an expensive permanent-way. 

By the various railless overhead systems, the 
economical oe of power from a central 
station, enjoyed by the electric tramway, is attained 
without its lateral inflexibility, while the electric 
car thus driven is stated to have many advantages 
over the ordinary internal- combustion engine- 
driven vehicle, which is its real rival. The electric 
motor is capable of severe temporary overloads, 
and, producing its maximum torque at low speeds, 
it dispenses with the friction-clutch and gears of 
variable ratio of the petrol-car, which necessarily 
impair efficiency and entail extra expenditure for 
maintenance, especially in tyre renewals. Omni- 
buses and cars driven by steam share, to a great 
extent, these advantages ; but for various reasons 
they have not, so far, been able to compete 
successfully with the petrol-driven vehicle. It is 
the various disabilities of the petrol vehicle, no 
doubt, as well as success in Germany, which have 
brought about the movement in England in favour 
of the road omnibus electrically operated direct 
from a central source. 

The several plans for effecting the connection 
between the laterally free-moving car and the 
trolley-wire may be divided into two main ones: 
that in which this is done by a flexible cable of 
positive and negative wires, and that in which 
connection is made by a pair of rigid hinged 
poles, in each case making contact each to each, 
with the positive and negative trolley-wires, there 
being no rail, as in the tramway, for the return 
current. The Cedes-Stoll patents, which have been 
at work from two to four or five years in Austria, 
Hungary, Bohemia, and Styria, are representative 
of the ‘flexible connection arrangement, while the 
Railless Electric Traction Company, Limited, 
London, have adopted the rigid-pole system, and 
have equipped with it both the Leeds and Bradford 


services. 
In the flexible system the trolley-wires are hung 


has | at the same level, and upon these runs the current- 


collector in the form of a small truck, with two 
small grooved wheels on each side of it. One of 
these pairs of wheels runs on the positive wire, and 
the opposite pair on the negative wire, and the 
corresponding wires in the cable are ——— 
from the centre of the truck between the two 
trolley-wires. Here also, at the centre of the 
truck, is suspended a weighted pendulum which 
keeps the wheels well pressed down on the wires. 
— ype he WO pte as . — “ 
cal is vid inst by a double-hoo 
ment fixed to the wale af each truck-wheel, 
inside and outside of the latter, embracing the wire 
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beneath, on which it runs. It is stated that the 
device provided in each car to replace the truck, if 
any of its wheels should leave the wires, is rarel 

brought into requisition. The motion of the omni- 
bus draws the truck with it on the wires. Where 
there is only a single pair of wires, a condition which 
prevails in most of the lines in operation, and when 
two cars running in opposite directions meet, the 
drivers interc the trolley conduits in a moment 
or two by means of detachable contact-boxes within 
reach of their seats. The conducting cable can be 
lagna to follow the car by means of two 
appliances—an upper slidi knot tied to the 
pendulum = and stretched by means of a 
spring in the latter, and a cable-roller on the car, 
which can roll or let out through the action of a 
spiral spring. In Southern Germany, and in the 
outskirts of Vienna where there is a successful 
trackless service, the trolley-wires are fixed at a 
high elevation, so that the lateral pull on the col- 
lector-truck is never excessive. 

The average capital expenditure on the eight 
lines installed on this system in Austria, Hungary, 
Bohemia, &c., has been about 22501. per mile, and 
the total cost of working is stated to range from 
about 4.16d. to 5.28d. per car-mile, the car capacity 
being from eighteen to twenty-four passengers. The 
cost of current per kilowatt-hour ranges from 14d. 
to 3d. The important sub-division of the above 
represented by tyre-renewal cost, is not given 
separately in the working statistics, but the life 
is estimated on one of the lines, the Kalksburg, 
at from 31,000 to 34,000 car-miles. It is, however, 
difficult to believe that the former figure of work- 
ing cost could be reproduced in this country. If we 
subtract 2d. for tyres and 14d. for current, there 
is very little left for wages and depreciation. 

The Cedes-Stoll firm employ a combined 20- 
horse-power motor and wheel. The cable trans- 
mitting the current through the interior 
of the axle. The Salk sutanate of the motor are 
fixed by means of keys on the axle itself. The wheel 
is mounted as an ordinary motor, on ball-bearin 
the cover serving to close the motor hermetically, 
as well as to fix it on the axle. The chassis is 
made of pressed steel, and is supported on the 
axles by springs, and the brakes act in the usual 
manner on the back wheels, which are the 
drivers. 

The rigid-pole system is advocated, on the 
ground of its greater adaptability to the extension 
of, and use over, present tramway systems, the 
overhead equipment of the railless extensions being 
capable of easy conversion to that for ordinary 
tramways, if, and when, the increase of traffic 
should warrant this action. Further, the arrange- 
ments of the poles are such that, with the addition 
of the negative trolley-wire, the railless vehicles can 
make use of the ordittary overhead wires on the 
tramway, either for additional service over that 
portion, or as a means of reaching a central garage, 
if required. 

These conditions require that the trolley-heads 
should be of the usual under-running type, an 
to accommodate this arrangement to the lateral 
movements of a railless car the London com- 
pany, to which we have referred, has designed a 
special trolley base. In this, besides the usual 
raising springs, there are additional springs working 
in a horizontal plane and controlling the pivot of 
the trolley base in such a manner as to relieve the 
trolley-wheel of excessive side-pressure against the 
trolley-wire, even when the car is running at some 
distance from the wires, With this attachment, 
the head travels freely under the wires with little 
side-pressure, at whatever angle the poles may be 
trailing. The trolley-heads are of standard type, 
and the two poles are so connected at the 
that they always remain parallel to each other, and 
pe the odie are — accommodate them- 
selves ities in the height and spacing 
of the overhead wires. The use of standard tram- 
way trolley-heads its of the use also of standard 
tramway overh fittings, and thereby insures 
complete freedom for crossings, junctions and 
inter-running between tramcars and railless cars 
operating in the same town. In running over any 
portion of a route in which a tramway exists, the 
negative wire is not indispensable, as by the system 
now being described there is an alternative by which 
the negative trolley may be put out of action and 
the return provided for by a skate hinged to the 
chassis and running upon the rail. 

‘The Leeds and Bradford services, which were 
both started on June 20, are on the Railless 


dj routes to which the system was applicable. 





Electric Traction Company's R.E.T. system, and 
are epee y | identical, the former line being over 
4 miles, and the latter 1} miles long. The general 
type of overhead construction is that of 18-ft. 
brackets sustaining the wires. The rigid poles 
are 17 ft. long, and allow a lateral divergence 
of 16 ft. each way, arranged to suit the maximum 
width of the roads used. The cars, the wheels of 
which are of the usual motor-omnibus type, carry 
twenty-eight ngers, and weigh 3 tons 12 cwt. 
empty and about 5 tons when full. A maximum 
speed of 20 miles per hour is attainable, but the 
municipal lations limit this to 12 miles per 
hour. The cars have an entrance in front, 
to the left of the driver, and there is no conductor. 
At Bradford a conductor is employed, and the 
entrance is at the rear. There is a 20-brake-horse- 
power motor for each driving rear wheel, and the 
current is delivered at 525 volts. These rear wheels 
are braked mechanically. The car can turn on a 
radius of 12 ft. on the inner wheels. 

Besides the services already mentioned, trackless 
lines have been at work at Gravenbruck, in West- 
phalia, since 1903; in Monheim-Langenfeld, near 
Cologne, and in Vierchedal, Westphalia, from 
1904 ; in Wurzen und Grossbauchlitz, in Saxony, 
and Lyons Charbonniéres, in France, from 1906 ; 
in Ahrweiler, in Rhenish Prussia, from 1906; and 
in Mulhausen, since 1907. A few of these are for 
= traffic only, and in many of the smaller 

erman services there is no conductor, the driver 
collecting the fares. There is also the Intelvi valley 
line in Italy, worked by the Italian Trackless ey 
Company of Milan. This is nearly 6 miles long wit 
heavy grades. The three-phase current is supplied 
by the Volta Supply Company, converted to 600- 
volt direct current. There is only one pair of wires, 
and the cars, which carry eighteen to twenty pas- 
sengers, weigh 34 tons empty. The working ex- 
penses are said to be 5.64d. per car mile, including 
1.8d. for tyre renewals. 

As yet, there is only one trackless trolley service 
in America, This connects Bungalow Town with 
the Los Angeles-Pacific Railway in California. It 
is 14 miles long, working on a 25-ft. road, with 

es running up to lin 8}. The collectors are 
ed to rigid poles, and are formed of under- 
running shoes sliding against the wires. The 
weight of the car is » 1} ton carrying sixteen 
ngers, and it cost about 520/. It is worked 

y one man. 

It will be seen that there is a very limited 
experience in this country of trackless trolley 
service. This, as far as it goes, is favourable, and 
is embodied in the evidence given before the 
Parliamen Committee, which inquired into 


the pro scheme for Chiswick. a fas % 
Hamilton and Mr. C. J. 5 general managers 
of the Leeds City and Bradford City Tramways 


respectively, stated, about a fortnight later than 
the opening of these services, that the working 
was satisfactory, and Mr. Spencer had been asked, 
in consequence, to report on three or four = 
e 
engineer of one of the municipalities promoting 
lines now before Parliament, informs us that, after 
ang Sages: 3 into results elsewhere, he has come 
to the conclusion that, owing to the smaller 
capacity of the vehicles and the cost of tyre 
renewal, the working expenses of trackless services 
Jord passenger mile are not expected to be very 
ifferent from those of the same unit in connection 
with an ordinary electric tramway under similar 
conditions. The advantages, he said, lay in the 
enormous reduction in first cost and, consequently, 
in the interest thereon, the rapidity of installation, 
and, therefore, the early earning power, and 
finally, the lesser obstruction to traffic, due to the 
flexibility in working the cars. 





THE COMPRESSION OF LIQUIDS AT 
HIGH PRESSURES. 

WHEN investigating, in 1907, the behaviour of 

carbon under high pressure, the Hon. C, A. Parsons, 

on. Sir CO. A. Parsons, K.C.B.), 


F.R.S. (now the 

observed very considerable volumetric com ion, 
and at the same time he found that the apparatus 
was suitable for the direct measurement of the com- 


ibility of water and other liquids at very high 
Seer Se Ce ee 
iety an account of his recent e: i ts, 

which he had resumed in conjunction with Mr. 
8. 8. Cook, B.A., and with the further assistance of 
Mr. Robert Howe. Pressures were carried up to 





40 tons per square inch, or more than 6000 atmo- 
spheres, while Amagat, in his experiments on the 
pene. aap of water and ether at different tem- 
peratures, e about twenty years ago, only went 
up to 3000 atmospheres. Amagat’s compressibility 
figures, which were higher than had been expected, 
are confirmed by these new determinations, which 
are of considerable interest. 

The apparatus consisted of a steel mould about 
4-in. bore and 12-in. external diameter, with a 
plunger working in it. The whole was placed 
under a heavy hydraulic press capable of exerting 
pressure of tons, with a main ram 29 in. 
in diameter, and a lifting ram 6 in. in diameter. 
The mould was constructed of gun-steel, having 
an elastic limit of 40 tons uare inch ; 
the apparatus was afterwards modified. Water 
in the experiments was supplied to the upper 
side of the ram at ures up to Ib. per 
square inch by a three-throw hydraulic pump 
driven by an electric motor. The pressure 
on the ram was recorded by a Bourdon gauge, 
and the depression of the liquid in the mould 
measured with the aid of a pair of my | 
calipers, inserted between the top of the moul 
and a projecting collar on the plunger. One 
of the outer arms of the calipers moved over 
a graduated scale attached to the other arm, and 
readi of this scale were, for safety sake, taken 
through a telescope outside the armoured building 
in which the press was set up. A cup-leather 
backed by a thin-edged cup of brass, made an effec- 
tive packing for the plunger in the mould. 

This cup introduced a compressible element into 
the apparatus, but, of course, its bulk was very small 
com with that of the water. This and some 
of the several other sources of error inherent to 
the experiments could have been eliminated if the 
apparatus could have been worked first with the 
mould filled with an incompressible fluid. As 
such a fluid is not known, a steel cylinder was pre- 
pared of half the volume of the liquid, and of a 
smaller diameter than the bore of the mould. ‘In 
the first experiment the steel was inserted in the 
mould, which was then filled with distilled water 
up to the 2000 cub. cm. mark. In a second experi- 
ment the 2000 cub. cm. space was entirely filled with 
water, the steel cylinder having been removed. 
Since the volumetric com ion of the water in 
the first experiment was only half that of the second 
experiment, the constant error of the gpparatus 
could be determined by subtracting the pression 
reading of the second experiment froprtwice that of 
the first—assuming the inserted steel cylinder itself 
to be incompressible. Now steel is not incompres- 
sible, of course ; but the compressibility of steel at 
ordinary pressures, as deduced from the modulus of 
rigidity and Young’s modulus, is only 0.78 x 10-6 
per atmosphere, a small percentage of the compres- 
sibility of water, and this allowance was made in 
determining the compression of the liquid. 

When cub. cm. of distilled water were com- 
pressed at 18 deg. Cent., the volume decreased 
steadily down to about 1650 cub. cm. at 6600 atmo- 
spheres, and increased again as the ure was 
reduced. When the pressures were plotted on the 
abscissa, and the volumes on the ordinates, the 
2000 cub. cm. being marked at the top corner, and 
smaller volumes lower down, the volume-curve was 
slightly concave, descending for increasing pres- 
sures, and ascending again in a parallel branch 
slightly below the first curve when the pressures 
were reduced. Thus a very regular loop was 
obtained, the (small) breadth of which would corre- 
spond to twice the pressure that would be required 
to overcome the friction of the working parts of the 
press and of the packing. Heavy cylinder oil 
gave a very similar loop. Acheson graphite, of 
density 2.23, with 2.75 per cent. of ash, gave a 
wider and less regular loop. It had been thought 
that graphite would behave like a fluid at very 
bigh ure, but the curve indicated an increas- 
ing degree of consolidation with i ing pres- 
sure, and the stress was apparently not the same in 
all directions. On tare ey the mould, the graphite 
was removed in biscuit-like fragments, which often 
separated along a conical surface at about 45 deg. 
to the axis. e bulk ae the graphite 
could not accurately be ied’ ten Theee 
experiments; but it was afterwards found, by 
immersing 1400 grammes of graphite in 1300grammes 
of water, to be 6.5 x 10-* in atmospheric units. 

When the experiments with liquids were 
under the same conditions, the second curve for 
increasing pressures was always found to be a little 
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below the first curve for increasing pressure. As 
no trace of leakage could be detected, the persistent 
henomenon was ascribed to temperature variation. 

e work done during compression was transformed 
into heat and rendered the compressed substance a 
little hotter than its surroundings ; at the end of 
the cycle the substance would have lost some 
of its heat, and would thus start a second cycle 
colder than during the first. In order to measure 
the heat effect, a heavy cylinder oil was com- 
me to 6300 atmospheres and kept for two 

ours under this pressure, during which time the 
heat of compression would leak away. The pres- 
sure was then suddenly released, and the level 
of the liquid in the mould was found to. be 
0.2 in. lower than at the beginning of the experi- 
ment, indicating a total reduction in volume of 
2 per cent. Further, 2000 cub. cm. of thin machine 
oil were kept under high pressure, in an external 
temperature of 11.5 deg. Cent. ; the apparatus was 
then opened (which occupied a quarter of an hour, 
however), and the temperature at the moment of 
release was estimated to have been 24.5 deg. 
Cent. The resulting loss of heat was evidently in 
excess of that due to the work done upon the 
piston during expansion, and it was calculated that 
the work done by expansion was equivalent to not 
more than 7.5 heat-units per pound, leaving 
10.5 units per pound to be accounted for by 
internal forces. 

These experiments demonstrated the need of 
discriminating between adiabatic and isothermal 
compressions, and the research was continued, with 
the further object of determining the amount of 
heat dovduped from the internal forces during 
compression, and absorbed by the same agency 
during expansion. As various attempts made to 
measure the instantaneous. temperatures of the 
liquids in the mould by electrical methods failed, 
the apparatus was modified. An accumulator was 
installed to put on or to release pressure almost 
instantaneously ; the packing was made rapidly 
removable, so that a quick-reading mercury ther- 
mometer could be inserted after release, and the 
mould was provided with a water-jacket. For 
isothermal com ion the pressure remained 
applied sufficiently long to let the liquid acquire 
the temperature of the jacket ; for adiabatic com- 
pression the pressure was raised in a few seconds ; 
it was not raised above 4500 or 5000 atmospheres 
at the outside, however, so that the observers were 
now*able to remain inside the armoured building. 

The experiments on water were then taken up 
again, and it resulted that the adiabatic compres- 
sion was only 3 per cent. less than the isothermal. 
With other substances the difference proved greater, 
owing to their lower specific heats, and apparently 
also to their higher internal forces. By increasing 
the pressure from one atmosphere up to 4500 atmo- 
spheres, water at 4 deg. Cent., Messrs. Parsons 
and Cook.ascertained, was compressed to 87 per 
cent. of its original volume, or to 90.2 per cent. at 
3000 atmospheres, while Amagat had found 89.8 
per cent. for 3000 atmospheres at 0 deg. Cent. 

In order to measure the influence of tempera- 
ture upon the compressibility, water was com- 
Pp adiabatically at various temperatures, and 
readings were taken at 600 atmospheres, and imme- 
diately afterwards (a few seconds later) at 4500 
atmospheres. In agreement with Amagat the com- 
pressibility was found reduced with increase of 
temperature, which would signify that the coefti- 
cient of heat expansion of water is slightly greater 
at high pressures. than at:atmospheric pressure. 

imi xperiments with pure ether at 35 deg. 

an isothermal] compression to 80 
cent. of its original volume by a pressure of 
atmospheres, again in fair a with Amagat 
(within 4 per cent.). Neither for water nor for 
ether did the curves definitely indicate the existence 
of a limiting value to the compression. 

A paraffin oil of a. flash-point of 131 deg. Fahr., 
and of density 0.812 at 0 deg. Cent., indicated an 
isothermal compression to 84.5 per cent. of its 
original volume at 34 deg. Cent. by a pressure of 
4500 atmospheres. Thus paraffin oil is more com- 
pressible than water, and ether still more so. The 
memoir by Sir C. A. Parsons contains also, as we 
stated already, the data for deducing the average 
values of the molecular forces from the heat lost 
during the adiabatic e yvon 4 ie internal 
forces are very t. e res e research 
are saumansiaak tp: ie following two tables. In 
the first, comrpressibility is: expressed in atimo- 
spheric units; that is to say, as the ratio of the 


Similar e 
Cent. yield 





decrease of volume per atmosphere of pressure to 
the volume of liquid. The second table gives the 
equivalents of the molecular forces in atmospheres. 


I.—Isothermal Coefficients of Compressitality. 


Substance. ‘iit’ a \Compressibility . 
| 





rer yl 4 50 x 10-6 

Water .. i 4 | 2000 25 x 10-6 
U 4000 22.5x 10-6 

i 1 165 x i 

| 1000 64 x 10-6 

Ether .. = 35 l 2000 42.5x 10—6 
4500 18 x 10-6 

{ 1 87 x 10-6 

Paraffin oil... 34 2000 34 x 10-6 
\ 4500 | 17 x 10-6 


II.—Molecular Forces in Atmospheres. 


Atmos- 
pheres. 
Water (for gauge pressures between 0 and 4550 
atmospheres) .. ee be 2 ES 2150 
Ether (for gauge pressures between 0 and 4000 
atmospheres) .. re" o me i 2440 
Paraffin oil (for gauge pressures between 0 and 
4600 atmospheres) .. bs ie oh oh 2920 





THE ALKALI WORKS REPORT FOR 
1910. 
THE op b-etnew report of the Chief Inspector 


of Alkali Works for the year 1910 is signed by Mr. 
W. 8S. Curphey, formerly Inspector in Scotland, 
Mr. Forbes Carpenter, who had been Chief Inspector 


for fifteen years, having retired in 1910 after twenty- 
eight years of distinguished service in the depart- 
ment. The number of works registered in 1910 
under the Alkali Works Regulation Act of 1906 
was 1266 in England, Wales, and Ireland, against 
1263 in 1909 ; the works in Scotland bring the total 
up to 1434 works. Excluding Scotland, 5868 visits 
were paid to works, and .6184 tests were made. 
Proceedings against owners of works for undue 
escape of noxious gases were not taken in any case ; 
serious warning was issued in one instance, and one 
case of alleged —- to crops and vegetation, 
investigated by Mr. H. Porter, F.1I.C., was not 
traced to any contravention of the Act. The ques- 
tion of the acid gases evolved from the calcination 
of sulphide ores and regulus smelting is, however, 
demanding serious attention. 

The alkali and wet copper works did not cause 
noteworthy trouble in spite of their great activity ; 
in the salt-cuke furnaces further perfection was 
attained in the lation of the draught, which had 
already been smack improved. Of the cement works 
more than half are situated in the estuary of the 
Thames. There were altogether 53 such works 
in 1910, against 61 in 1908, but the introduction of 
modern methods, and especially of the rotary kiln, 
has once more placed this industry on a sound basis 
in its original home on the Thames. The south- 
eastern district, under Mr. Napier Sutton, F.I.C., 


contained, in 1900, 58 works, with 1639 kilns, | P® 


mostly of the chamber type, including 270 open 
kilns and 10 Schneider kilns, at that time a novelty 
in this country. Foreign competition then forced 
on the abandonment of obsolete methods, and the 
rotary kiln and slurry washing were introduced ; 
the number of works was, by 1910, reduced to 32, 
with 993 kilns. Rotary kilns, 57 in number, were 
installed at 11 works in 1910, and the present 
tendency is in favour of long kilns (200 ft. and 
more in length), in which production and combus- 
tion are improved; the ‘‘dry” or ‘‘semi-dry” 
method of mixing (briquettes of chalk and gault 
with only 16 per cent. of moisture being burnt in 
continuous Schneider kilns) has also been adopted. 
As regards smelting works, Mr. S. E. Linder, BSe., 
has worked out a new method of estimating the 
total and volatile sulphur in tin ores. 

Great activity prevailed in the manufacture of 
sulphuric acid owing to the increase in coke-oven 
works provided with tar and ammonia recovery 
plant, and also in tin-plate works. To meet the 
increased demand, many plants were enlarged, new 
works built, and the ‘‘ intensive” system was more 
widely adopted. In discussing these features, Mr. 
Curphey ws attention to the remarkable re- 
searches on the chemistry of the lead chamber, 
published in Feb: , 1911, in the Journal of 
the Society of Chemical Industry, by Dr. Raschig. 
Kessler concentration plants remained widely in 
use. The number of sul and muriate of 


inspection in 1910 was n increase of nine over 





seaneene peteneenes a iquor procésses under 
, 
the preceding year. The total amount of ammonia 


recovered in the United Kingdom was 367,587 tons 
of sulphate, against 349,143-tons in 1909 ; it is cus- 
tomary to express the ammonia in terms of sulphate, 
although seme of it is gained as chloride and nitrate. 
This total of 1910 was made up by 167,200 tons from 
works, 20,139 tons from iron works, 59,113 tons 
rom shale works, 92,665 tons (against 82,886 tons 
in 1909) from coke-ovens, and 27,850 tons from 
roducer-gas and carbonising works. Had it not 
m for strikes the increase over 1909 would 
probably have been greater still. As regards novel 
,-the *‘ direct ” process sénds the hot gases, 
with or without cooling, from the coke-oven direct 
to the sulphate-house, where- they are freed from 
tar-fog, an exhauster drawing them through the 
tar-arresters and forcing them through the sul- 
huric acid of a saturator; the are then 
urned. Liquor thus only condenses in the con- 
nections- between the overs and the tar-arresters, 
and in- so small a quantity that no effluent need 
leave the works. A similar process has also been 
adopted. in some gas works; thus the storage of 
liquor and the loss of ammonia incurred during 
storage (up to 5 per cent. in 24 hours, according 
to Mr. J. T. Sheard) are avoided. Some par- 
ticulars of a small new plant. erected by Mr. G. 
Wilton, are given by Mr. E. Jackson, F.I.C., the 
inspector of the South Midland and Norfolk district, 
and other notes by Dr. A. C. Fryer, F.1.C., inspector 
of the South and South-West district of England. 
The trial working of the Walther Feld process for 
the elimination of sulphuretted hydrogen from 
crude coal gas, mentioned in last year’s report, 
had been discontinued. 

Passing to chlorine works, mention (without 
details) is made of a mechanical process for pro- 
ducing bleach ; the burned lime is prepared with- 
out causing any dust trouble. The tin-plate flux 
works were very busy, owing to the extended use 
of tin plate for packing purposes ; yet progress was 
effected in reducing the eséape of muriatic acid and 
of metallic fumes. Some furnaces were, however, 
worked at too high a temperature or with too 
strong a draught, leading to losses of tin through 
oxidation. The ‘‘thick metal” or ‘‘slime,” a brittle, 
crystalline tin, which has a pasty consistency 
when fused, contains, according to Dr. Fryer, 
uP to 12 per cent. of iron, and appears to be an 

oy of about the same density as tin, which 

separates by a process of incipient crystallisation ; 
it is found in the bottoms of the tinning sets, and 
does not contain any zinc. With respect to the 
absorption of the sulphuretted hydrogen of sulphide 
works in lime-purifiers, which is not always satis- 
factory, Mr. Linder contributes a memorandum on 
the oxidation of the sulphuretted hydrogen (in 
presence of air, but absence of carbon dioxide) by 
means of manganese dioxide. The arsenic works 
gave no special trouble, but the zinc fumes from 
zinc works required much attention. 
Mr. J. W. Young, B.Sc., inspector in Scotland, 
id 606 visits and made 412 tests. He reports 
two preventable fatal accidents in sulphuric acid 
works. An electrician making repairs in explosive 
works succumbed to corrosive fumes in spite of the 
heroic efforts of one of the men, Kenneth McNab, 
to rescue him. 

On the whole a good understanding continued to 
prevail between manufacturers and inspectors. 








NOTES. 
O1-ENGINEs FoR WaARsHIP PROPULSION. 

We have, on formér -ogcasions, indicated the 
eprom of the “Admira ordering oil-engines 
or a thorough practical test of their suitability for 
warship propulsion, and we noted somé time ago 
that two or three of the torpedo-boat-building firms 
had been invited to submit designs, either for 
a destroyer to be propelled solely by internal-com- 
bustion engines, or by oil-engines in association with 
turbines supplied with steam from oil-fired boilers. 
The designs have been under consideration, and it is 
probable that of the twenty vessels of this class 
ae for under the Navy Estimates two will 

ve internal-combustion engines. One has already 
been ordered from Meme. 2.1. Thornycroft and 
Co., Limited, of Southampton, and in this case it 
is intended to have a combination system of engines, 
an arrangement which is the more convenient as 
the same oil is used as fuel in the boilers and 
in the internal-combustion engines. This arrange- 
ment enables the normal cruising speed~to be 
attained with ‘the internal-combustion engines 
alone working. The advantage is that a hig 
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economy will be attained at low speed, so that’! 
the radius of action of the destroyer at cruising 
speed will be practically doubled, and will exceed 
4000 miles. The adoption of oil fuel for the boilers 
and for the turbines for driving the wing-shafts will 
still enable full speed, when required, to be attained 
within a very short time of the lighting up of the 
boilers. The hull, as well as the machinery, is en- 
tirely the design of Messrs. Thornycroft, who, as is 
well known, have very considerable experience of 
torpedo-boat work, and have already built many 
Diesel engines, not only for land, but for marine 
work. The many problems in detail which must 
be solved before success is achieved could not have 
ee ee in better hands. Although this is a 
limi application’ of the internal-combustion 
engine for warship propulsion, there is every pro- 
bability of complete data being obtained to establish 
the suitability of this prime mover for larger vessels 
and for greater powers. 


THe. ImporTaNCcE OF Export FOR THE GERMAN 
Tron InpustrRy. 


For some months the question of the relative 
importance of foreign markets and the home 
market, as far as the iron industry is concerned, has 
been attracting a considerable amount of attention 
in different quarters in Germany; but it isa difficult 
problem to solve, the more so because the value 
of work done on material imported and ex- 
ported in various stages of manufacture is difficult 
to appraise. Nor is it, on the other hand, correct, 
as far as some branches of the iron industry are 
concerned, to compare the German export with 
the entire production, and to state the result 
to be, perhaps, 5 or 10 per cent. of the aggregate 
production of, say, pig iron and manufactured 
iron. It is overlooked that of the 90 or 88 per 
cent. which, in the meantime, remains in the 
country, a further 5 or 10 per cent.is subsequently 
exported in a more finished state. Of the German 
pig-iron production in 1910, which amounted to 


Ge Imports of Value Exports of 








Iron, Iron Iron, Iron 
Pig-Iron ; of 7 

, and Goods, and 
uction. rs | Imports. Machinery 

tons marks tons 
1907 18,045,800 902,200 208,000,000 3,784,300 
1908 11,813,500 | 634,700 150,000,000 4,094,200 
1909 12,917,700 527,000 137,000,000 4,375,600 
1910 14,793,300 629,700 154,700,000 5,269,100 


| 
| 
| 


The Percentage of 
Percentage of 
Value of the German Exports Imports of tree 
above German in Weight to 





Machinery to 

Exports. Germany's Pi 

Iron Productions. the ~— = of the 
marks. r cent. r cent. 

1907 1,178,000,000 = 27.6 - 17.3 

1908 1,136,000,000 34.7 13.2 

1909 1,108,000,000 34.0 12.4 

1910 1,314,000,000 35.6 1L8 


an aggregate of 14,800,000 tons, there were only 
exported about 800,000 tons, or some 5.5 per cent. 
The rest—that is, 94.5 per cent. —of the German pig- 
iron production was, however, principally worked 
into steel, and in this shape there were exported, 
during 1910, 500,000 tons of half-finished 

300,000 tons of shape iron, 500,000 tons of bar and 
hoop iron, 400,000 tons of plate, 400,000 tons of 
wire, and 700,000 tons of railway material. Leaving 
out of consideration that it requires more than 
1 ton of pig iron to make 1 ton of manufactured 
steel, the above-mentioned specialities alone repre- 
sent an export of 3,000,000 tons of the 14,000,000 
tons of pig iron, which leaves only 75 per cent. of 
the German pig iron. as remaining within the 
country. This figure, however, is still-much too 
high, as engine construction, the electrical industry, 
and the manufacture of smaller articles, which all 
show a material export surplus, naturally absorb 
further quantities of iron for this export. The 
truth is that about half of the German iron and 
iron goods production is exported. The German 
home market will for the future only prove capable 
of comparatively unimportant development as far 
4s Iron consumption is concerned. When the home 
market showed considerable development, and this 
was the case over a long period, foreign competition 
was forced more and more into the background. 
This has reduced the entire import of foreign iron, 


iron goods, and machinery down to about 6 per cent. 





of the home production, The inland demand for 





raw material increases to a great extent only 
because the manufactured articles meet with a 
larger sale for export. The German consumption 
of pig iron could not have increased so largely in 
1910 not the export of girders, bar iron, half- 
finished goods, wire, pipes, railway material (40 per 
cent.), machinery (20 per cent.), &c., inc 80 
largely. The accompanying table for the last 
four years shows the movement in export and 
import. 


Tue FrInanciat and Economic ANNUAL OF JAPAN. 


The eleventh Financial and Economic Annual 
issued by the Finance Department of the Govern- 
ment of Japan, just come to hand, maintains the 
reputation of the issues which have preceded 
it for the completeness and systematic order of 
the information given in its pages with regard to 
the financial and economic conditions of Japan, 
and it forms an invaluable compendium for those 
who are interested in the affairs of that country. 
These are not by any means confined to students 
of politics, as there are now large numbers of 
investors in this country who have a financial 
interest in the condition of Japan. Such persons 
will find very complete information regarding pre- 
sent conditions and recent developments, but we 
rather value the publication as a contribution to 
industrial and commercial history, which is of the 
greatest interest to those who study the evolution 
now in progress in the Far East, and promising in 
time profoundly to affect economic conditions in 
other parts of the world. There can be no doubt that 
the centre of importance of the world’s trade and 
industry is gradually moving in the direction of 
the Pacific area, and the peoples of the West 
should keep themselves informed not only of the 
developments which have taken place, but also of 
the tendencies of the economic forces now at 
work. As with former issues, engineers will 
find the ‘‘ Annual” of special value not only for 
the information which it contains, but alsu for 
the graphical methods employed to illustrate its 
mass of statistics. In the Japanese colleges 
the teachers of science do not confine them- 
selves to abstract analytical methods, but freely 
use graphical methods, combined, when pos- 
sible, with experiment, with the result that the 
students have a firm of the problems 
which they are studying. The same system has 
been adopted as far as ible to statistical and 
industrial subjects, and the book before us might 
well be taken as a model for some of our Govern- 
ment publications. We cannot, of course, enter 
into a detailed description of its contents, our 
object being chiefly to di attention to it, and as 
the Japanese Government sends it freely to public 
institutions in this country, there is no difficulty in 
obtaining the use of a copy. Naturallya par part 
of the ‘‘ Annual” is taken up with financial subjects, 
and full details are given of the national finances, 
the foreign loans, the banking system, and the 
methods of taxation. Many of our readers, 
however, will find the information with regard to 
industrial developments and engineering works the 
most interesting of the book. It gives a 
very good idea of the rapid progress which has been 
made in Japan in every de ent of agriculture, 
industry, and commerce. It is satisfactory to find 
that, while they are developing industries of 
Western origin, the Japanese are doing a great 
deal to improve their oldest industry—namely, agri- 
culture; and we have little hesitation in saying that 
in many respects the Japanese farmers could give 
many lessons to the farmers of this country, who are 
very slow to move out of the rut of antiquated prac- 
tice. In almost every department of industry the 
Japanese have made great progress, and we commend 
the statistics in the ‘‘ Annual” to the attention of 
manufacturers in this country. The section dealing 
withthe means of communication—namely, railways, 
shipping, telegraphs, telephones, post office, &c.— 
we commend to the attention of our engineering 
readers, as it will give some idea of the great deve- 
lopments which have taken place almost within a 
generation. The section relating to railways and 


ye opens with the statement :—‘‘In order pe ae 


course of construction for eleven mon 
pletely finished by the end of 1912. 
about a thousand men. A sister-shi 
will be ready for launching in Oc 
be commenced on the slip vacated 
The fourth Austro-H i 
menced at Fiume in 
Three fast cruisers, of 
tracted 


to unify the arrangements of transportation 
in our country, and promote its economic ad- 
vantages, the Government recognised the neces- 
sity of nationalising all private railways intended 
for public transportation with the exception of 
pont local lines.” This roe neg shows that ae 
Japanese are evolving a nati system, not 

po paw cating but also of all the necessities of national 


life; and a study of their work in this direction 
would serve as an example, and probably in some 
cases a8 a warning. 








THE LATE MR. JAMES 8S. DIXON, LL.D. 

WE regret to have'to fecord the death, at his resi- 
dence, Fairleigh, Bothwell, of Mr. James 8. Dixon, 
LL.D., the eminent mining engineer, and founder of 
the Chair of Mining in Glasgow University. 

Dr. Dixon was born in Glasgow. In 1850, while he 
was still a child, his father removed his residence to 
Hamilton, and he was one of the first dail 
by rail from that town to G@ 
received his education at Hamilton Academy and 
w University, where he studied mining engi- 
neering. After gaining practical experience in mining, 
of the Bent Colliery. Great 
trouble was being experienced in the Hamilton district 
with the inrush of water into the mines; but Dr. 
Dixon had made an exhaustive stud 
and was able to adopt measures by which the difficult 
was overcome, when the working of ‘the ocoal-fiel 
could be safely prosecuted. Hesu 
the coal-fields under the Hamilton 
and both collieries were worked by a company 
with remarkable success, Dr. Dixon being managing 


he became lessee, in 187: 


uently acquired 


Dr. Dixon very early in his career won a high 
reputation as a mining engineer. 
of the Royal Commission on the coal supplies of Great 
Britain, and his report on the available resources of 
Scotland is the standard authority on the subject. He 
took a warm interest in the formation of the Mining 
Institute of Scotland, of which he was twice president. 
He has also been President of the Institution of Mining 
ineers of Great Britain. 
enlightened interest he had always taken in the 
education and technical training of mining engineers, 
and of his gifts to the university, Dr. Dixon received 
from the Universit; 
honorary degree of 

It was not to the University of Glasgow alone and to 
those connected with the im 
ed that Dr. Dixon 


He was a member 


In recognition of the 


in April, 1906, the 


rtant industry in which 
roved a generous 
of 1907 he purchased 
from the representatives of the Duke of Hamilton an 
area of land, extending to about 9 acres, lying between 
the public park and Bothwell-road, valued at about 
3000/. made it over as a park to the burgh of 

In the autumn of the same year Dr. Andrew Car- 
negie went to Hamilton to open 
provided through Dr. Dixon’s liberality for the burgh, 
and was presented with the freedom of the burgh. A 
similar honour was at the same time bestow 
Dr. Dixon, who si 
the Town Council a further sum of 1 
subsequently increased by 500/. for the enclosing and 
laying out of the park. 
restoration of the old parish church of 
Dixon took no prominent part in public affairs. 

litics he was a Unionist, and on the death of Sir 

illiam Rattigan, in 1900, he was pressed to contest 
North-East Lanarkshire at the by-election which fol- 
lowed ; but he declined the honour. 
Justice of the Peace and an Income-Tax Commissioner 
for the Middle Ward of Lanarkshire. He was also 
associated as a director with the Broxburn Oil Company 
and with the Edinburgh Collieries Company. 
chairman of the Broxburn Company for a period, but 
enna the office last year on account of the state 


the free library 


lised the event b 


Dr. Dixon was a 


Dr. Dixon was also a liberal supporter of all wise 
and well-considered charitable effort. In this depart- 
ment of work he was cordially seconded by Mrs, Dixon 
whom he is survived), who was untiring in her 
rts to alleviate sickness. and suffering among the 
poor ‘and afflicted, and many a desolate home was 
laddened by the timely practical help which came 
m Fairleigh House. 








Tue First Austrian ‘* Dreapnovucut.” —The first 
Austrian Dreadnought was launched 

ivate yard at Trieste. The vessel was named Viribus 
in accordance with the Emperor’s wish. She 
is built entirely of materi i 
country, and by native workinen, the cost amount- 
ing to about 60,000,000 kr. Austr. (3,333,000/.). | ‘Her 
displacement is 20,000 tons, and the principal 
ment will be twelve 30.5-centimetre guns, in four re- 
volving-turrets, twelve 15-centimetre quick-firing guns, 


recently from a 


with Parsons tur 


t the same yard, 
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1350-BRAKE-HORSE-POWER GAS-ENGINE. 


THE illustrations on page 106 show a 1350-brake- 
horse- power gas-engine constructed by Messrs. 
Galloways, Limited, of Knott Mill Iron Works, Man- 
chester, to the designs of Messrs. Ehrhardt and 
Sehmer, for whose engines Messrs. Galloways have the 
sole British manufacturing license. The engine is 
intended to drive an 800-kw. alternator on a seven- 
days-a-week day-and-night service. It will run in 
a a with two similar engines, built by Messrs. 

hrhardt and Sehmer, which have been running | 
successfully, on Mond gas, for five years and one year 
respectively. It represents the designers’ latest prac- 
tice, and includes a number of new features which | 
were not embodied in the Ehrhardt and Sehmer 
engines which we have previously illustrated. 

engine is of the double-acting four-cycle type, 
and has two cylinders in tandem. Its general con- 
struction is well shown in Fig. 1, and it is unnecessary 
to deal at any length with many of its details, as these 
are but characteristic of mon An practice. Its prin- | 
cipal particulars are as follow :— 


Diameter of each cylinder 37.4 in. 
Stroke re a3 a 43.3 ,, | 
Revolutions per minute a leas 105 
Maximum e horse-power 1350 
Weight of engine = 160 tons 
a y wheel 50 ,, } 
Total weight 210 ,, 


le part is the bed-plate, which 

e engine is, of course, water- 
cooled throughout, the connection to the piston-rod 
and pistons being made through two ll om -pipes 
which attach to the centre crosshead, as will be seen 
in Fig. 1. A slight modification in connection with 
the water service has, however, been introduced, as | 
compared with earlier designs, in that the exhaust- 
valves are no longer cooled. The valve chambers are 
jacketed, but it has been found an unn refine- 
ment to cool the valves themselves, and considerable 
simplification has resulted from the omission of the) 
arrangements which were previously used for this | 


urpore, 
' The valve gear is driven from a side-shaft geared | 
down by spiral gear from the crank-shaft. This side- 
shaft cannot be seen in Fig. 1, but it may be said that 
it is divided into two parts, which are connected by 

ur meen . The two parts run at the same speed, and 

e object of the gearing is in the main to get the part 
of the side-shaft which carries the valve cams into the 
most convenient position for the arrangement of the 
connecting-links to the valves. A single cam is used 
for the operation of each pair of inlet and exhaust- 
valves. The control of the engine is carried out entirely 
on the throttle. Down to about half-load the gas alone 
is ‘throttled, the compression remaining approximately 
constant, while below half-load the gas and air are 
throttled together. This prevents very weak mixtures, 
with the possibility of mis-fires at small loads. The 
gas-admission valve is carried on the same spindle 
with the main admission-valve, and is flexibly con- 
nected to it, so that, even in the event of the two 
seatings being unequally worn, the valves close tightly 
and prevent waste of gas or back-firing. 

The feature to which we wish to draw special atten- 
tion in the engine is the built-up cylinder arrangement, 
which has been designed to eliminate casting and heat 
expansion stresses. This is illuetrated both in Fig. 1 
and in Figs. 2 and 3, which show a half and a complete 
oylinder respectively. The essential feature of the 
arrangement is that each cylinder is made in two parts, 
and that in each of these parts the cylinder proper 
—i.e., the inner working —is connected to the 
barrel forming the outer jacket at the outer end 
only. There are no ports or webs connectin 
the two barrels, so that, both during casting — 
later, when the cylinder is in position on the 
engine, there is no restriction to any slight move- 
ment which may be necessary to allow for expansion 
or contraction. The two are bolted together, as 
shown in Fig. 3, to form the complete cylinder, and an 
internal wearing liner of hard metal is fitted. This is 
maintained in position by an outer rib, as will be seen 
in Fig. 1. The continuity of the water-jacket is made 
up by fitting two sheet-iron half-cylinders round the 
opening left at the centre. These are shown in section 
in Fig. 1, and it will be seen that the lower one of the 
two carries two of the water-service pipes. The 
elasticity of the whole arrangement is maintained by 
arranging that these half-cylinders shall simply clamp 
over the cylinder proper, the re being made 


The heaviest si 
weighs 284 tons. 





by rubber rings in V-grooves, as will be seen in Figs. 1 
and 2. An incidental advantage of the arrangement | 
is that by removing the half-cylinders very ready access | 
for cleaning _ e had to the interior of the jackete. | 
ber feature will be readily appreciated from Figs. 2 
and 3. 

Additional arrangements in connection with expan- 
sion are made in the engine by bolting down the front 
end of the cylinder only, and arranging that the back 
end shall be capable of midiog and taking upa position 
free from strain. Cast-iron sliding-blocks are fitted into 


the foundations in connection with this feature. They 
will be seen in Fig. 1. The remaining details of the 
engine will be seen from Fig. 1, but it may be said 
that metallic packing is fitted throughout, and that the 
cylinder covers are so arranged that, if necessary, they 
may be packed up so as to alter the amount of com- 
pression. This latter point is intended to adapt the 


engine for working with any type of gas. 





THE EDUCATION AND TRAINING. OF 
ENGINEERS. 
To THE Eptror or ENGINEERING. 
S1r,—Will you kindly permit a correction in the report 
of what I said at the recent educational conference held 
at the Institution of Civil Engi It was the Royal 
phical Society which drew up a syllabus of 


' graphy (not “‘ geology”) for public schools and secondary 


This met with universal commendation and 
use 


schools. 
equally universal neglect :—the commendation, 


| no course of phical study could be more educative ; 
the neglect, use the required foundation is not laid 
in the preparatory schools. 


The latter statement applies to most subject-matter of 
study in these schools, other than ‘‘ classics.” 

There are four main reasons why the general education 
of our sons in preparatory schools is so markedly defec- 
tive :— 

1. Eighty per cent. of the scholarships poe pe A the 
public schools are for ne in Latin and G , for 
which reason the whole course of study is laid out to suit 
a small minority of boys. : 

2. The masters have had no training in their profession 
as teachers, hence most of the teaching is dry and lifeless. 

3. Parents do not, as a rule, know what to demand of 
the schools, and acquiesce in a system which results in 
a large percentage of boys being untrained in English, 
modern mathematics, and science. 

The net result is that in a very large number of cases 
the years from eight to fourteen are practically wasted. 

Yours faithfully, 
Sranuey DE Bratn, M. Inst. C.E. 
East Grinstead, July 14, 1911. 








ARMOUR FOR SHIPS. 
To THE EpiTor or ENGINEERING. 

Sir,—In the report of the proceedings of the recent 
International Co) of Naval Architects, contained in 
your publication of July 14, it is stated on page 51 that, 
in opening the discussion on the eer read by Mr. 
Charles E. Ellis on ‘‘ Armour for Ships (1860 to 1910),” 
I said ‘‘ rolled armour was adopted on several of the early 
warships, including the Warrior.” This, however, as 
regards that vessel, is exactly the reverse of what I said ; 
for I stated that the whole of her armour-plating was, to 
my personal knowledge, made under the steam-hammer. 

T shall be obliged, therefore, if you will kindly afford 


me space for this correction. 
Yours faithfully, 
Cuas. H. JorDan. 


Luanza, 39, Westmount-road, Eltham, 
July 18, 1911. 








PRESENTATION OF THE Roya Society or ARTS ALBERT 
Menat To Simm CuHaries Parsons. — The Council of 
the Royal Society of Arts attended at Clarence House on 
Friday, the 14th inst., when His Royal Highness the 
Duke of Connaught, K.G., President of the Society, pre- 
sented its Albert Medal to the Hon. Sir Charles Algernon 
Parsons, K.C.B., LL. D., D.Se., F.R.S., ‘for his experi- 
mental researches into the laws governing the efficient 
action of steam in engines of the turbine type, and for his 
invention of the reaction type of steam-turbine and its 
practical application to the generation of electricity and 
other purposes.” 





University oF Lonpon, University Cottecr.—A new 
department has been formed in the faculty of engineer- 
ing, to deal with heating and ventilating ~- ve i the 
lecturer being Mr. Arthur H. Barker, B.A., B.Sc., 
Wh.Sc. The course is intended for students having a 
sound elementary knowledge of mathematical science, 
and intending to ialise in the practice of heating and 
ventilation.  .. the end of the nd term a tour in 
Germany wi to inspect important i - 
tions there. The toyr will be under the guidance of the 
lecturer, to whom application for further particulars 
should be made. 

Tue Post Orrick AND AvTOMATIC TELEPHONE Ex- 
CHANGES,—As @ result of visits to America by the engi- 
neer-in-chief and other officers of the Post Office, it has 
been decided to instal two TE peg: telephone 





| exchanges in this country. uip) 
| with about 500 lines yd outset, and will be Kes pe 


Epsom and Caterham respectively. The Epsom system 
wil be on the Strowger principle, while that at Caterham 
will be of the Lorimer type. Strowger gear is that 
which was described in detail on pages 166 and 203 of our 
eighty-ninth volume. In addition to these two ex 

Ca rer is also to be installed for the service 
between the Soperenenta ct St. Martin’s-le-Grand. 


It is expected that the Epsom Caterham plants will 
working within the next six or eight months ; so that 
it should be possible to form an idea of their suitability 


for lish conditions within twelve months from now. 
Cons.deration is also being given by the Post Office 

to semi-automatic systems, but no 
announcement is as yet forthcoming as to any definite 


steps having been taken in conpection with them. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.— Last Thursday morning 
the pig-iron market opened with a steady tone, but prices 
were inclined to get easier. A good business, consisting 
of 12,500 tons of Cleveland warrants, was put through at 
46s. 104d. and 46s. 10d. cash, 47s. and 46s. 11d. twelve 
days, 46s. 114d. twenty-seven days, and 47s. 14d. and 47s. 
one month. At the close sellers quoted 46s. 104d. cash, 
47s. 14d. one month, and 47s. 7d. three months. There 
was no afternoon session, the market being closed for the 
annual Fair Holidays. When business was resu on 
Tuesday morning « strong tone prevailed, but dealings 
were limited to 1000 tons of Cleveland warrants at 
47s. 10d. and 47s. + three months. Closing prices 
were firm at 47s. 1d. cash, 47s. 4d. one month, and 
47s. 94d. three months sellers. The afternoon session 

was steady, and 4000 tons of Cleveland warrants c 
hands at 47s. 3d. one month and 47s. 9d. and 47s. , 
three months. Olosing sellers quoted 47s. 1d. cash, 
7s. 4d. one month, and 47s. 10d. three months. When 
the market opened to-day (Wednesday) there was a dull 
tone, and business was quiet. The turnover consisted of 
one Cleveland warrant at 47s. 34d. one month, with sellers 
over at that figure, and at 47s. 04d. cash and 47s. 94d. three 
months. There were buyers of hematite at 61s. 3d. cash 
and 61s. 6d. one month, but no sellers were in evidence. 
In the afternoon there was again little life in the market, 
and prices were steady. The business consisted of 1000 
tons of Cleveland warrants at 47s. cash and 47s. 3d. one 
month, and closing sellers were unchanged at 47s. q 
, 47s. 34d. one month, and 47s. 94d. three months. 
The following are the market quotations for makers’ 
(No. 1) iron:—Clyde, 60s. 6d.; der and Gartsherrie, 
61s.; Summerlee, 63s. ; sane, 63s. 6d.; and Coltness, 


82s. 6d. (all shi at G w); Gle ock (at 
Ardrossan), 64s. ; =. (at Leith), 62s. ; aa Carron (at 
Grangemouth), 63s. 


Scotch Steel Trade.—There is practically nothing to 
report in connection with the Scotch steel trade this week, 
but it is stated that the booking of new business has not 
ve shown much evidence of improving. The so-called 

alf-year, which ends at the Fair holidays, has not been 
a very satisfactory one for steel makers, owing to several 
causes, the principal one being the trouble with the ship- 
yard workers last year. It always takes some time to get 
over the effects of strikes and locks-out, but steel-makers 
are confident that the worst is now past, and that very 
shortly there will be a renewed demand for material, as 
shipbuilders’ order-books are at present very well filled. 
During the period mentioned, the output of the plate 
mills has been fairly ; but, on the other hand, angle- 
makers have suff from a scarcity of orders. Black 
sheets have been in excellent demand, largely for ship- 
ment, and, with prices firm, the outlook is good. 


Malleable- Iron Trade.—The mallable-iron trade of 
Scotland has passed through a very trying time during 
the past six months, and hand-to-mouth conditions have 
generally been the rule since this year began. The 
reduced prices which came into vogue some time - did 
not tend to improve matters, and the immediate outlook is 
far from reassuring. The current figure, based on 6/. per 
ton, less 5 per cent., for crown bars, leaves practically no 
margin, and, except that works are being kept moving, 
there seems little sense in accepting orders on these terms. 


Scotch Pig-Iron Trade.—The Scotch pig-iron trade will 
be in full swing again next week, and makers are looking 
forward to an increased demand. Inquiries in circuit 
point to this, and the prospects for the next few months 
are considered to be quite bright. With to 
hematite, however, little can be said, as recently there 
has been an absence of demand. The ry is nominally 
64s. per ton for delivery on to the end of the year, but 
less would accepted for some orders for prompt 
delivery. 

Scotch Imports of Iron ani Steel.—The quantities of 
iron and steel manufactures which were imported at 
Aberdeen, Dundee, Glasgow, Grangemouth, and Leith, 
from the Continent and the United States of America, 
during the first six months of this year, are given in the 
following table, and the figures are also given for the 
corresponding period of last year :— 


1911 
Ex. Continent. 


Ex. U.S.A. 
Tons. Value. Tons. as 
£ 
Iron bars, &. .. 10,398 64,693 10 140 
Steel bars, &c. .. 14,443 A 22 200 
Hoops and strips 1,923 13,979 1717 22,716 
Plates and sheets 9,241 67,194 684 4,970 
Totals 36,(05 233,246 2433 28,026 
1910, 

Iron bars, &c. .. 4,304 27,102 

Steel bars, &&c. .. 6,983 45,454 
Hoops and strips 1,093 8,662 1761 21,012 
Plates and sheets 3,602 $1,227 907 6,409 
Totals 15,982 112 445 2658 27,421 


At Glasgow, Grangemouth, and Leith, during the past 
six months, the imports of steel sheet, bars, slabs, and 
billets, amounted to 55,636 tons, valued at 292,654/., as 
against 44,055 tons, valued at 224,316/., for the correspond- 
ing six monthsof last year. 





ENGINEERING ScHOLARSHIPS.—Engineering students’ 
attention is drawn to the Works ay Scholar- 
imited, eens. 

ips, giving a remission of a pre- 
og with other advantages, are 
next. Entries are accepted up t 


ships offered by the Daimler Company, 
Five of these sc 
sueatel. ia Bap 
a in Septem 
the end of July, - 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hull Coal Retwrns.—The decrease in the quantity of 
coal dealt with through the port of Hull during June, as 
compared with June of last year, represents the ae 
part of the decrease on the half-year just concluded as 
against the first half of 1910. @ comparative figures 
for the half-years are : 3,088,032 tons, 1911 ; and 3,298,800 
tons, 1910—a = of over 200,000 tons. The monthly 
tonnages were 552,496 tons and 627,376 tons respectively — 
a drop of nearly 75,000 tons. It is notable that the reduc- 
tion in fore rts on the six months is nearly 200,000 
tons. This loss of trade is accounted for by considerable 
declines in business with Russia, Germany, Holland, and 
Sweden, or practically the Baltic tone, The largest 
colliery output, that of Denaby and Cadeby, shows a 
decrease on the month of over 20,000 tons. 


South Yorkshire Coal Trade.—The hard-coal market has 
been considerably affected by the shipping disturbances. 
Accumulating supplies have caused congestion of the 
sidings, and the pits have had a difficulty in clearing 
their stocks. During the past few days the position has 
improved, and this brightening of the outlook has kept 
prices steady. The tonnage going for shipment is 
expected to be much increased during the coming week. 
Gas coals are about the same. The reduction of colliery 
outputs has placed slacks in a better position, and, in 
fact, it is somewhat difficult to meet calls for these coals. 
Coking smalls are also scarce. The house-coal trade 
is exceptionally quiet. The extremely hot weather 
has further reduced the normal summer demand, and 
the determination of owners to keep up prices checks 
business. Practically nothing was > Po in this branch 
on the local Exchange at the week end. Usually at this 

riod contracts are bei in large numbers, 

ut so far very little has done in this direction. 
Inquiries at pits are much smaller than normal, and the 
increase in stocks me an important matter. 
Short-time working is the general rule. London orders 
are very small. test ” quotations are: Best 
branch hand-picked, 13s. to 14s.; Barnsley best Silk- 
stone, lls. to 12s.; Silkstone, 9s. to 10s.; Derbyshire 
house, 8s. to 9s.; large nuts, 7s. 3d. to 9s. ; small nuts, 
5s. 6d. to 6s. 6d. ; Derbyshire brights, 10s. to 11s. ; York- 
shire hards, 8s. 3d. to 9s, 6d.; Derbyshire, 8s. to 9s. ; 
washed nuts, 7s. 9d. to 8s. 9d. ; rough slacks, 5s. 3d. to 
7s. ; seconds, 4s, to 5s. ; smalls, 1s. 6d. to 2s, 6d. 


Iron and Steel.—The benefit to the iron trade expected 
to accrue from the quarterly meeting at Birmingham has 
not been realised. The impression received at 
that gathering was that prices were unlikely to get any 
lower, and, in fact, the general tone was somewhat 


firmer, but there was little indication of a reinvigorated | p. 


market. More contracts for hematites have been given 
out, but they have been obtained by price-cutting. The 
lowest official quotation for East t mixed numbers 
is 68s., but the figure is not tem og even, West 
Coast are varying between 76s. and Tes, ers of Derby- 
shire common irons are taking a firmer stand in 

to prices, and the Lincolnshire quotations have not 
altered. Finished iron is in fair de piron and 
steel are depressed, and some merchants are c stocks 
at a loss. The position of the steel trades is little changed. 
Manufacturers still find many factors retarding full 
expansion and limiting profits. Foreign competition does 
not = = rice of raw ~~ isa — sy amaaa 
tion, and for the most part they are paying high wages. 
The scarcity of new business is, pe Pca gp pent 9 myers 
the season, but it has its effect nevertheless. The rolling- 
mills are again fully occupied, and there is a substantial 
amount of work at Se The armament and the 
other principal heav es of trade pursue an even 
course of activity. essrs. Vickers and Messrs. Brown 
are busily engaged on armour for two English battle- 
ships as well as work on Spanish and Russian orders 
respectively. In the steel trades the growth of 
activity is wides; and continuous. The American 


demand has improved a little and other over-sea orders | 7 


are increasing in volume. As an evidence of expansion, 
particularly in the employment of newer methods, it is 
stated that another electric melting furnace has been put 
down in the city. An important 

tract has been booked by a Sheffield firm, and the engi- 
— ts generally are good. Home inquiries 
for tool steel are a little quieter, but there is a big foreign 
demand. The lighter trades are mostly working well. 


ome engineering con- 








THE INooRPORATED INSTITUTION OF AUTOMOBILE ENa1- 
NEERS.—A committee of this institution has been at work 
for some months collecting information from many 
motor-car manufacturers and others as to the practice in 
vogue in their works with regard to the admission and 
instruction of pupils and apprentices. This information 
has now been tabulated, and will be placed at the disposal 
of parents cashing eve» on the subject, for which pur- 
pose application id be made to thesecretary, 13, Queen 
Anne’s Gate, Westminster, S.W., by letter in first 
instance. It is hoped that by this means parents will be 
saved a t deal of trouble and anxiety and possible 
expense by being placed in a position to have access to 
information extend ing over a very much wider area than 
they could obtain by their own unaided efforts, and it is 
ulso hoped that, through the institution, the various works 
will be it into contact with those youths who are 
likely to show themselves specially apt in the branch of 
the industry in which they are to be . In this con- 
nection it should be noted that advice to parents and 
others will be given absolutely free of cost, and the 
circumstances of each individual case will be taken into 
consideration in giving an opinion on the subject, 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIpDLEsBROUGH, Wednesday. 
The Cleveland Iron Trade.—Though what is usually 
the quietest period of the year is not yet past, buyers are 
now coming forward in a most satisfactory manner. They 
seem to have come to the conclusion that they are not 
likely to gain anything by waiting, as values promise to 
advance in the near future. There is reason to believe 
that requirements for the back end of the year will be 


heavy, and consequently a brisk autumn business is 
anticipated. Already some contracts have been made, 
but buying for the fall of the year does not usually occur 
to any ome extent until — the —— of A . It 
is very ying to see the output of pig so en 
up at this season of the year. Values of Cleveland 
pig iron are as high as any that have ruled since the 
early part of April. The t situation is such 
as to inspire confidence in the future, and when the 
autumn demand is in tull swing the statistical situation 
should improve considerably, providing the output is not 
materially increased. No. 3 g.m.b. Cleveland pig is 
steady and firm at 47s. 3d. f.o.b.; whilst No. 1 is 50s. 9d.; 
No. 4 foundry and No. 4 forge, each 46s. 9d.; and mottled 
and white iron, each 46s. 6d. for early delivery. 
There is rather more doing in East Coast hematite pig 
iron, as several consumers are believed to be getting 
short of supplies, there are prospects of further substan- 
tial transactions. Unsuccessful efforts have been made 
by would-be buyers to force prices down. Second hands 
and several ers quote 61s. 6d. for early delivery of 
mixed numbers, but some of the latter are inclined to 
hold out for 62s. Business in foreign ore is still 7 
dull. Best Rubio is in the neighbourhood of 19s. 6d. 
ex-ship Tees. Average furnace coke is firmer at 14s. 6d. 
to 14s. 9d. delivered here. 

Production of Pig ITron.—Messrs. James Watson and 
Co., iron merchants, of Glasgow, Middlesbrough, Liver- 
pool, and Swansea, have just issued their valuable and 
interesting statistics of the production of pig iron. The 
returns show that during the year 1910 the world’s 

uction of pig iron amounted to 65,607,788 tons—an 
increase of 5,242,008 tons as compared with the output of 
the previous year, and 17,433,000 tons more than the 
make of 1908. Last year the United States again 
produced far more pig iron than any other country, the 
output apes to 27,295,545 tons. Germany was 
second with a make of 14,793,325 tons, and Great Britain 
third with an output of 10,216,745 tons. France pro- 
duced 4,032,459 tons; Russia, 2,956,000 tons; Austria 
and Hu , 1,990,684 tons; and Belgium, 1,803,500 
tons. Cleveland, with a make of 2,647,201 tons, 
district that produced the largest quantity in Great 
ritain, Scotland being second with an output of 1,404,316 
tons, and Durham third with a make of 1,215,524 tons. 


Manufactured Iron and Steel.—Good accounts are now 
given of nearly all branches of the manufactured iron and 
steel industries. uction is heavy, and there are go 
inquiries in the market. The ing of further ship- 
building orders should have a cial influence on 
important ro anys me Under the present favourable 
conditions values show a marked upward tendency, but 
as yet prices have not been actually advanced. The 
following are the principal market quotations :—Com- 
mon iron bars 7/.; best bars, 7/. 7s. 6d.; best best 
bars, 71. 15s.; peels iron, 5/. 158.; iron ship- 
plates, 6/. 12s. 6d.; iron ship-angles, 7/.; iron ship-rivets, 
71. 5s. ; steel bars, 61. 5s. ; steel ~~“ ge 61. 15s. ; steel 
ship-angles, 6/. 7s. 6d.; steel stri 10s.; steel hoops, 
61. 12s. 6d.; steel joists, 62. 7s. 6d. to 6. 10s. ; light iron 
rails, 6/. 10s.; heavy steel rails, 5. 12s. 6d.; steel railway 
sleepers, 6/. 10s. ; cast-iron railway chairs, 3/. 12s. 6d. ; 
and galvanised corrugated sheets, 10/. 15s.—sheets less 
4 per cent. f.o.b., railway material net, and all other 
descriptions less 24 per cent. 





Mr. T. N. Ety anp THE PENNSYLVANIA RAILROAD.— 
he American journals to hand announce that Mr. Theo- 
dore N. Ely, chief of motive power on the Pennsylvania 
Railroad, retired on June 30 last, under the pension rules 
of the company. Mr. Ely had been with the Pennsyl- 
vania since 1868. From 1869 to 1870 he was super- 
intendent of the middle division of the Philadelphia and 
Erie division. In 1870 he was made assistant general 
superintendent of the Philadelphia and Erie, and in 
1873 superintendent of motive power of the same divi- 
sion. He was made superin lent of motive power of 
the Pennsylvania Railroad division in 1874, and in 1882 
general superintendent of motive power of the lines east 
of Pittsburg and Erie. In March, 1893, he was appointed 
chief of motive power of the lines east and west of 
Pittsburg. Mr. Ely is a member of the Institution of 
Civil Engineers, of the American Society of Civil i 
neers, the American Society of Mechanical Engineers, the 
American Institute of Mining ineers, the Franklin 
Institute, American Philosophi Society, American 
Association for the Advancement of Science, and other 
technical and scientific institutions, and an honorary 
member of the American Institute of Architects. He is 
president of the i Association and a 
member of the permanent commission of the International 

ilway ae He is also a director of the Penn- 
sylvania Steel Company and the Cambria Steel Company, 
and a trustee of the Drexel Institute of Art, Science, and 
Industry, and the Philadelphia Commercial Museum. 
The honorary degree of Master of Arts was conferred 
upon him by Yale University in 1897, and that of Doctor 

Science by Hamilton College in 1904. With the retire- 
ment of Mr. Ely the position of chief of motive power of 
the Pennsylvania system will be abolished ; the office of 
chief mechanical engineer wil) take its place, 





NOTES FROM THE SOUTH-WEST. 
Cardiff.—The steam-coal trade has been comparatively 
quiet, both buyers and sellers a developments in 
yng awed ~ labour a. —_ coal has 
own contin colliery owners ha good 
orders on their books, ‘The best large ane ond has 
made 18s. 6d. to 19s. per ton; while secondary qualities 
have ranged from 16s. to 17s. 9d. per ton; best bunker 
smalls have made 9s. 9d. to 10s., and cargo smalls 7s, 9d. 
to 8s, 3d. per best ordinary household coal has 
brought 14s, 6d. 16s, 6d.; No. 3 Rhondda large 17s. 
to 17s. 6d., and smalls 7s. 6d. to 10s. 9d. per ton. No. 2 
Rhondda large has been quoted at lls. 9d. to 12s. 3d. 
and smalls 8s. to 8s. 6d. per ton. Foundry coke has realised 
. per ton, and furnace ditto 16s. to 17s. 
pe ue. As regards iron ore, Rubio has made 18s. 6d. to 
9s. 6d. per ton, upon a basis of 50 per cent. of iron, and 
charges, including freight, insurance, &c., to Cardiff or 
ewport. 


Lianelly.—Tin-plates have been in 
agi 2 ag clearances ater 5 nga while prices 

ave rm. New mills are maki: good rogress at 
Old Castle and Burry, and rolling will short! com- 
menced. Steel bars have shown steadiness, the demand 
having been well maintained. 


A Welsh Light Railway.—The annual re of the 
directors of the Welshpool and Llanfair Light Railway 
states that the ag receipts from traffic during the year 
ending December 31 last were 2971/., as compared with 
29902. in the previous year. The net receipts of the com- 
pany, after Ned ucting the ey of the Cambrian Com- 
pany for working and general expenses, amounted to 
1162/., and out of this all interest and charges against 
revenue for the year had been provided for. There is 
now standing to the credit of revenue 762/., which it is 
proposed should be carried forward. 


Dowlais.—The blast-furnaces have been fully employed. 
The Goat Mill has been producing heavy sections of steel 
rails and a moderate quantity of tin-bar. There has been 
a good production at the collieries. 


good demand, and 





MakRine TURBINES AND Sprep-Repvoine Gear.—The 
Westinghouse Machine Company, Pittsburg, have re- 
cently completed the steam-turbines with speed-reduci 
goer for the 19,000-ton collier Neptune for the Uni 

tates Navy. It is stated that the speed-reducing gear is 
mounted on a floating frame with a view to the mainten- 
ance of uniform tooth-pressure, the pinion-frame being 
also supported on plun in a way which, besides 
reducing vibration, provides a kind of hydraulic dynamo- 
meter, enabling the reading of the ft horse-power 
transmitted. 


Tue Coprprr Marxet.—In their report datéd the 17th 
inst., Messrs. James Lewis and Son state that standard 
copper advanced from 56/. 12s. 6d. for cash on the 3rd 
inst. to 57/. 5s. on the 11th, three months a - realising 
57s. 17s. 6d., when large purchases were made co firm 
which were thought to against sales of sulphate of 
copper for delivery next year. Values euboousenthy fell 
away to 56l. 13s. 9d. cash, and 57/. 5s. three months. Euro 

consumption continued large, but that of the United 
tates was disappointi! The future course of prices 
mainly depended upon whether this latter recovered more 
nearly to the level of last year, and absorbed any further 
increase of home production. Shipments from the United 
States to Europe for the past fortnight were large, 
amounting to 16,518 tons. 





ALEXANDER Prize Competition ror AERIAL LIGHT 
Morors.—We are informed that the entries in con- 
nection with the motor ——- for a prize of 1000/. 
offered by Mr. Patrick Y. Alexander, under the auspices 
of the Aeronautical Society, the Royal Aero Club, and 
the Aerial League, are now closed, and that the following 
entries for the competition have been received :—1. W. L. 
Adams, Bournemouth. 2. The ay, ine Com- 
pany. 3. The E.N.V. Motor Syndicate, Limited, London. 
4. "The Green i mpany, London. 5. The 
Radial Engine Company, Limited, Leeds. 6. The New 
Engine Motor Company, Limited, London. 7. The 

ua Motor Comgeny, of New York, U.S.A. The 
engines are required to be delivered for test at the 
National Physical Laboratory, ay een Teddington, 
Middlesex, on or before September 30, next. 





Nava ARCHITECTURE ScHOLARSHIPS.—The Universit: 
of Liverpool announces that an examination will be hel 


-|on September 12 next for the award of the first scholar- 


ship given by Lloyd’s of ee . This 
> is phn po ze -. ry 
ears, and, in ial cases, a free studentship may 
attached thereto by the per bringing the total 
value up to 80. oF cy The ip is confined to 
British subjects whose age on October 1 does not exceed 
23 years, and who have already served three emed 
prenticeship in a mercantile shipyard. The subjects 
of cnaminction are ish, or mathe- 
matics, and mechanics, the papers being the same as 
those set for the matriculation examination at the 
northern universities. In addition, a ial paper is 


special 
t in ical shipbuilding. Other thi the 
AYE Bk. AS 
a knowledge of lish and French or German. 


The holder of the scholarship must specialise in naval 
architecture, reading either for the degree or certificate of 
engineering. 
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ON THE DEVELOPMENT OF MERCHANT 
SHIPBUILDING IN JAPAN.* 


By Dr. S. Terano, Member, and M. Yukawa, 
Director of the Mercantile Marine Bureau. 


From the time of the prohibition of the building of 
vessels above 500 ‘“‘koku” (or 50 tons net) during the 
reign of the third Tokugawa Shogun until the last days of 
the Tokugawa Shogunate, the Japanese shipbuilding 
industry was at a low ebb, and there seemed no way for 
its recovery. This covered a period of 218 years—from | 
1635 to 1853. 
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at Shimoda, in the province of Idzu, to promote inter- 
course with the Empire; she was washed ashore and sunk 
by tidal waves caused by a great earthquake. The 
Russians, with the sanction of the Shogun, soon started 
to build a wooden schooner, at the village of Heda, in Idzu, 
being assisted by the village shipwrights. Figs. 1, 2,and3 
are facsimiles of the plans made on that occasion. This 
gave the Japanese the first opportunity of observing the 
actual construction of European vessels, and, amongst 
other matters, they became acquainted with the method 
of building ships with frame timbers erected first ; the 
essential difference in pogenins — being that they are 
without frames, and rigidity of 


Fig.3. 
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| Japanese navy. The Government, being supplied with 
naval vessels, felt the necessity for the extablahment of 


| shipyards and iron-works for repairing and building war- 
| vessels. The first shipyard was started in 1857, at 
Nagasaki; Dutch engineers and shipwrights were em- 
ployed, and the necessary inery was brought from 
olland. This formed the origin of the present Mitsu- 
Bishi Works. In 1864 iron-works were established at 
| Yokohama, and a shipyard at Yokosuka ; the latter was 
| planned out by a French naval constructur, and took four 
| years tocomplete. The Prince of Mito had also started 
a shipyard at Ishikawajima, in Tokio, where, in 1861-3, 
the first wooden steamship, the Chiyodagata, was built 
entirely by Japanese. 

Thus an enterprising naval policy was established, and, 
about the same time—in 1861—for the encouragement of 
the mercantile marine, permission to own large vessels 
was granted to the general public. It was also enacted 
| that officers and crews for handling such vessels would be 
—— by the Government, if desired. 
| In the next year the policy of closing ports to foreign 
| trade, which had been practised for nearly 220 years, was 
abandoned, and the veto against leaving the country was 
removed. The shipbuilding industry then began to deve- 
lop ually ; but in 1867, the time of the Restoration, 
civi struggles hindered the Shogunate from the policy of 
ours the country to foreign trade, and the extension 
of shipbuilding enterprise was interrupted owing to the 
ruin of maritime business. 

Of the shipyards started by the Shogun and other 
authorities, those at Yokosuka, Yokohama, and Ishika- 





TABLE I.—SHOWING NUMBER AND TONNAGE OF HOME AND FOREIGN-BUILT STEAMERS ABOVE 700 GROSS TONS 


| 1000 To 2000 2000 To 3006 








REGISTERED DURING YEARS 1879 TO 1910. 





| 8000 To 4000 























700 To 1000 4000 To 5000 5000 To 6000 6000 To 7000 
Tons. Tons. Tons. Tons. Tons. Tons. Tons. 
Year | WHERE | 
=| Wome. Gross Gross Gross Gross Gross Gross Gross 
No. Ton- No. | Ton- No. | Ton- No. Ton- No. Ton- | No. Ton- No. | Ton- 
nage. | nage. nage. nage. nage. nage. nage. 
1879 Home — } — J 
1879 Abroad pe 4 7,112 3 6,270 mS 
1880 Home . . | = —_ 
1880 Abroad 4 3,577 2 | 8,104 
1881 Home — 
1881 Abroad 6 5,123 6 | 8,603 3 6,421 
1882 Home _ — - — - 
1882 Abroad °° 1 | 1,010 
1883 Home *- vs 1 | 1,416 
1883 Abroad 1 877 3 | 4,040 
1884 Home _ - —_ |-- = 
1884 Abroad 1 721 1 | 1,124 1 2,305 
1885 Home _ — - - — 
1885 Abroad 3 2,528 2 3 751 2 5,000 
1836 Home - po “ — - - 
1886 Abroad 1 721 2 | 3,027 1 2,193 
1887 Home - _ — | _ 
1887 Abroad 7 | 10,245 
1858 Home —_ —- | -- 
1888 Abroad - 1 1,786 2 5,813 1 3,307 
1889 Home .- - _ - 
1889 Abroad 5s 4 5,7.9 1 2,452 
1890 Home 5 See —~ we - - 
1890 Abroad 3 | 2,401 4 5,440 2 5,050 oh " 
1891 Home 1 707 ée bil ; oe = i 
1891 Abroad 1 949 2 2,430 - 1 3,275 
1892 Home _ - = 
1892 Abroad 1 829 4 6,093 
1893 Home _ - : 
1893 Abroad : 4 6,598 2 | 5,007 
1894 Home a — _ _— _— —- - 
1894 Abroad ‘ a 6 9,384 | 19 48,041 7 22,338 2 8,810 1 5789 
1895 Home es 1 1,502 re oP of ‘ a ve -_" 
1895 Abroad 3,507 13 20,109 12 29,604, 4 12,959 me 
1896 Home —-{— fj— ae an ws “8 7 iv 
1896 Abroad 3 | 2,805; 9 11,693 6 14,311 1 3,770 a - . 
1897 Home ho ry | 1 | 1,610 i - PSs 8 we a oa - 
1897 Abroad 1 731) 6 10,288 4 8,730, 1 3,620 a - 7 43,099 
1898 Home 1 es a OO e 2 ame Ks *. 2 1 6,172 
1898 ee ee eee ee fa 1 2,523; 3 | 10,605| .. : 5 30,821 
1899 Home so] ee | ee } 1 | 1,606 1 2,691 “a - oa a os 1 6,309 
1899 Abroad ... -. | .. | 1 | 1,878| 2 | 5,265) 2 | 7,650) 1 | 4,198) .. 1 6,063 
1900 ..| Home .. 1 se7| 3 | 4482; 2 | 4490/ .. ‘ is cman Yate % # 
1900 Abroad es 777; 2 2,834, 4 9,638 2 7,740 “— ry 1 6,387 
1901 ..| Home 1 | 785) 4 | 4002) 2 | 4,787) .. eg a a 2 | 12,620 
1901 Abroad 1 88 | 1 | 1,686) 4 | 9,875] 1 8,329; .. | 1 6076 |. a 
1902 Home 2 1,415 3 4,334 2 5.569) .. : ‘ - os _ as oe 
1902 Abroad és si 7 | 10,421 | 2 5,636. Re 1 4,624, .. be ea ’ 
1903 Home 4 3,401 4 6,177 | 1 2,183 _ - ve - 1 5538 1 6,443 
1903 Abroad <a as 3 3,961 | 6 14,664 3 10,001 1 4,513 is es ae - 
1904 Home 7 5,415 2 2,834 1 2,029 ne ay oa oa 1 5068 in 
1904 Abroad 1 980 | 20 29,540 22 54,852 | 18 60,403 6 26,144, 1 5248 a 
1905 Home 3 2,302 6 9,579 a és a - at os i : de 
1905 Abroad 16 | 14,473 27 41,209 25 57,642 7 23,498 i 3 - > 
1906 Home 5 4,095 7 9,385 2 4,227 .. - él os - ’ 1 6,715 
1906 Abroad 7 6,0:0 | 12 18,818 9 | 2,827; 3 10,508 2 8,810 1 5217 1 6,167 | 
1907 Home 6 4,739 - Oo” 2 5,017 3 10,764 ‘a me - a : 
1907 Abroad 3 2,664 5 7,244 11 27,466 | 7 24,387 4 17,831 oe - - 
1908 Home 3 2,450 2 3.620 We <= 1 3,20% ~ oa *~ a ce oo 
1908 Abroad 1 998 2 3,037 rr’ és 1 3,418 1 4,713 1 5151 5 es 
1909 Home 4 ae. ee deer : 1 3,272 | .. = bi $6 2 12,360 
1909 Abroad as on 1 | 1,661 1 2,112 1 3,432 te 1 6,617 | 
1910 Home 1 } 757 i we - sin - = = as 3 18,300 | 
1910 Abroad 3 2,716 1 1,842 3 8,046 3 10,816 4 17,267 as 7 


Tn 1853, when an American fleet, under the command 
of Commodore Perry, appeared off the Japanese coast, 
the Shogun’s Government were suprised at the enormous 
size of their warships, and awakened from the indolent 
dreams of the past. They soon felt the necessity of deve- 
vone S shipbuilding industry and of abolishing the law 
prohibiting the construction of large vessels A few ships 
of Euro’ type were built by some of the Daimyos, but, 
xs the Japanese shipwrights were quite ignorant of the 
proper mode of shipbuilding, they were content to imitate 
the outside appearance only. 

It happened, in 1854, that a Russian man-of-war arrived 

- Paper read at the Jubilee Meeting of the Institution 
of Naval Architects, July 6, 1911. 





outside planks nailed together and supported by beams 
(see Fig. 4). Soon afterwards six vessels of similar 
European type were built to the order of the Shogunate 
Government, one of which existed till the end of 1887. 
Their principal dimensions were as follow :— 


ft. 
Length over all... 81.2 
Extreme breadth 23.2 
Length on keel .. 62.5 
Depth, moulded 9.9 


In 1855 a war vessel was presented to the Shogun 
by the Dutch Government, and in 1857 another war- 
vessel, fitted with a screw propeller, was purchased from 
the same country, thus forming the nucleus of the 





7000 To 8000 8000 To 10,000 | Axove 10,000 








Tons. ‘ONS. ‘ONS. Tora. 
: Gross Gross Gross Gross 
No. Ton- No. Ton- No. Ton- No. Ton- 
nage. nage. nage. nage. 
*. 7 13,882 
6 6,681 
15 20,147 
1 1,010 
1 1,416 
4 4,917 
3 4,150 
7 11,279 
+ | 5,081 
| 

7 | 10,245 
4 10,906 
4 8,181 
” 1’, 891 
1 707 
4 6,654 
5 | 6,922 
6 | 11,605 
35 94,362 
1 1,502 
83 66,269 
19 32.669 
1 | 1,610 
19 66,468 
2 6,899 
9 43 949 
3 10,604 
7 24,483 

a | @7 
10 27,376 
9 | 23,134 
8 20,701 
7 | 11,818 
‘6 10 20,681 
- ll 28,742 
A 18 33,139 
: oe 11 | 15,346 
. - 68 | 177,167 
1 7463 ’ 10 | 19,844 
;. ‘2 ; 75 | 136,822 
, 15 | 24,422 
- 30 78,867 
~ ve ll 20,520 
ce nd a 30 79,592 
3 25,544 2 26,880 ll 61,698 
a - ob 6 17,317 
3 25,535 10 | 44,523 
™ i 4 13,872 
1 9,287 5 | 28,844 
‘ ee 14 | 40,687 


wajima were transferred to the navy department of the 
Empire after the Restoration, while the yard at Nagasaki 
passed to the Department of Public Works, under whose 
superintendence merchant shipbuilding was commenced. 


| The last-named department a!so formed a shipbuildi 


and engine-works at K»be. Again, in 1876, the site o 
the Ishikawajima engine-works, in an outlying district 
of Tokio, was leased to a private concern, which was 
afterwards named ‘‘ The Ishikawajima Shipbuilding and 
Engineering Company.” This was really the first private 
yard of modern type founded in Japan. Provided with 
these facilities ships of Western type continued to be 
constructed. 

_ In January, 1870, a mercantile marine regulation was 
issued, advising the building of European-style vessels 
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and indicating the defects of vessels of Japanese ype. ) 
en 


Suitable timbers for the construction of small w 
vessels were abundant, and after the commencement of 
the Meiji Era, several ships up to about 300 tons gross 


were built every year. The first ship worthy of special in number and also very small in size, the Japanese 
mention in this connection was the pane Maru, of , 

ishi Works, | 
Nagasaki, in 1883; she was the only home-built ship slow but steady progre 
of more than 1000 tons existing before the Japan-China | 


1496 tons and 240 ft. long, built at the Mitsu- 


War of 1894. 


As the superiority of the Western style of vessel had | fifteen steamers above 700 tons each were imported. In 


become ge ged recognised, the Government took the 
step in 1885 of prohibiting entirely the construction of 
Japanese junks above 500 koku (50 tons net), and at the 
same time, regulations for ship-survey were ——— 
in order to guide builders and owners with respect to 
the per design and construction. This proved very 
peal « a any and a process was therefore introduced to 
convert old junks to what is known as ‘‘ Ainoko-sen” (or 
half-caste boat), with some approach to Western type in 
the matter of framing, planking, and rigging, making 
them stronger and more seaworthy; the principle of 
Western construction was thus adopted without the en- 
forcement of a periodical ouer. With a view to giving a 
check to the production of this kind of craft, the Govern- 
ment extended the inspection regulations to junks of 


Fig. 5. 


TOTAL NUMBER AND TONNAGE OF REGISTERED STEAMERS 
(ABOVE 20 TONS GROSS) AT THE END OF EACH YEAR 
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above 20 tons gross in 1898, after which this special class | 


gradually decreased in number. 

The days of wooden vessels were already long past in 
Europe ; Japan having noiron or steel material produced 
in the country, it was found more convenient to build 

coasting vessels of wood, while vessels of larger size 
were all imported from abi Thus out of about 800 
ships, both steamers and sailers, built from 1870 to 1884, 
all were of wood, the maximum size being 500tons. Even 
after the development of steel shipbuilding, wooden ships 
continued to be built; in 1902 these included two steamers 
of 1208 and 1526 tons respectively (see diagram, Fig. 6, 
above). Ascheapness of prime cost was the main object in 
viow, there was a natural tendency to attend insufficiently 
to strength and seaworthiness. In order to guard against 
this, the Government in 1900 issued a code of ulations 
for the construction of wooden ships, with the intention 
of bringing unworthy shipowners and builders to a mini- 
mum standard in the matter of construction. This 
proved very successful, and had a remarkable effect in 
mpeg the wooden shipbuilding of Japan. 
ly in the seventies a few iren steamers were built, 
portty for experimental purposes, but it was not until 
884 that Japan really began to build ships of iron. In 
that year the Osaka Shosen Kaisha (Osaka Steamship 
Comaeny) pieced an order for an iron screw steamer, the 
Asahi u, of 496 tons gross, which was soon followed 
by three others of similar size. This formed an epoch in 
iron shipbuilding, but Japan has been spared the “iron 
age,” only about twenty steamers, ranging in size from 
50 to 500 tons, havi bene so built, the last recorded 
being in 1893. The first steel vessel, the Chiku wa 
Maru, of 664 tons, was laid down in 1890, at the Mitsu- 


Bishi Works in Nagasaki, to the order of the Osaka 
Shosen Kaisha, and two sister ships in the followi 
In 1895 the Suma Maru, of 1592 tons, was launched from 
the same yard ; she was the largest steel merchant ship 


— cellular double bottom. 








year. | struction to accompany the ‘ 


built prior to the promulgation of the Shipbuilding 


Encouragement Act, and was the first ship fitted with a | 
though the ships built in the Empire were very few 
mercantile marine had received great stimulus from 


foreign nations, and since the Restoration had made 
ss. Large vessels were bought 


from abroad: for instance, in 1879 seven vessels, aggre- | y 


gating about 13,382 tons, were so acquired, and in 1881 


1888 the Miike Maru, of 3364 tons, a record breaker in 
size, was purchased and entered on the register; she 
continued to be the largest vessel in the country until the 
outbreak of the Japan-China War. 

At this time the state of affairs in the country was 
such that, although there were a score of large vessels, 
proper appliances for their repair were scarce; the ships 
had to be sent to Nagasaki, or, perhaps, receive assistance 
from the Imperial dockyard at different naval stations. 
It was recognised both by the Government and the public 
that subsidies should be granted for shipyard expansion, 
but the difficulty was still unsettled when, in 1894, the 
Japan-China War broke out. 

hen this occurred the number of merchant ships 





available for war purposes was very considerable, and 







TOTAL TONNAGE OF HOME- BUILT VESSELS 
NEWLY REGISTERED EACH YEAR. 


A the Regulations for Shipbuilding (based mostly on 


loyd’s Rules) were thus constituted. These regulations 
came into force in September, 1896; they were the first 
Japanese rules for shipbuilding, and have been revised 
from time to time to keep pace with the general advance- 
ment of the industry. To bring them up to date, the 
new Lloyd’s Rules (1910) have been taken into considera- 
tion, and revi regulations were issued in June last 


ear. 
The law for the encouragement of navigation showed a 
remarkable result ; new routes for Europe, America, and 
Australia were soon started, trades along the coasts of 
Eastern countries were rapidly extended, and there was 
great expansion of shipping. The numbers of steamers 
at the end of 1899 had increased to 753, with an aggregate 
tonnage of 498,376 tons ; compared with similar figures at 
the end of 1893, just before the Japan-China war, the 
number was doubled and the tonnage trebled. 

Under the Shipbuilding Encouragement Act of 1896, the 
subsidy of 20 yen (1 yen=24.582 pence) per ton was given 
for iron or steel] vessels of more than 1000 tons, and 
12 yen per ton for ships between 700 and 1000 tons, with 
an additional bounty for machinery at the rate of 5 yen 
per indicated horse-power actually developed on the 
official trial. The aim of this Act was to bring down the 
cost of imported materials to the level of prices paid by 
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Fig.6. 





IN THE TONNAGE OF SAILING SHIPS AND WOOO 
SuPs IN 1690 Bis Due TO THE INCLUSION OF HALF CASTE” SAILING 
VESSELS IN THE REGISTER SINCE THAT TIME 
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during the war the Government was able to obtain the 
use of no less than 240,000 tons. The withdrawal of so 
large an amount of tonnage from the trade of the country 
threatened to bring about very serious difficulties and 
complications; to avoid these the Government and private 
owners bought largely from abroad. The number of 
steamers registered at the end of 1893 was about 400, 
with an aggregate tonnage of 167,490, whereas by the end 
of 1895 they were increased to 528, totalling 331,374 tons ; 
so that in two years the merchant fleet was doubled. 
(See Fig. 5.) Since the victorious ending of that war, 
the commerce and industry of the country have expanded 
enormously; the sphere of navigation has greatly en- 

, partly owing to the annexation of Formosa ; an 
the building of la: merchant ships has thus been fos- 
tered, especially those with high speed and sufficient 
power to be used for war purposes when needed. 

The shipbuilding industry in Japan, was, as has been 
shown, quite insignificant at the time of the Japan-China 
War, consisting for the most part of small wooden vessels, 
which in other countries were already out of date. As to 
the building of large iron or steel vessels, shipyards were 
still incomplete in their equipments ; the materials had to 
be imported from abroad; shipbuilders and engineers 
were of limited experience ; and high cost of production 
was the natural consequence. The protection and en- 
cou ment of shipbuilding was thus deemed necessary, 
and during the ninth session of the Imperial Diet, bi 
for the encouragement of navigation and shipbuilding 
were presented and passed with overwhelming majorities 
in both Houses. These Acts were promulgated in h, 
1896, to be in force for fifteen years from October 1 of 
the same year. 

A committee for the saving, we of rules for ship con- 

‘Encouragement Act” was 











appointed. Rules in use in various countries were care- 
fully studied, the Empire’s interests were also considered, 
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British shipbuilders, so that, assisted also by their cheaper 
labour, home builders could compete with the latter. But 
owing to the lack of experience on one side, and to the 
ter expenses incurred in equipment of shipyards and 

in keeping a larger stock of materials on the other, the 
cost of home-built ships was still very far from being so 
low as that of other maritime nations. The first ship 
built under the law was the Iyo Maru, of 727 tons gross, 
launched in 1897, and the most noteworthy ship at that 
riod was the Hitachi Maru (torpedoed and sunk by a 
ussian warship in June, 1904), of 6172 tons gross; she 
was built at the Mitsu-Bishi Works in Nagasaki, in 1898, 
to the order of the Nippon Yusen Kaisha, which at the 


d | same time built, mostly in Great Britain, twelve steamers 


of similar size for their European service. The under- 
taking of so large a ship as the Hitachi Maru seemed 
rather a bold one, as the builders’ experience of large 
shipbuilding was very limited at that time; but the ship 
proved in every way very successful, and orders for large 
ships began to be placed with the home shipyards. Since 
then ships built under the Encouragement Act have 
gradually increased in number (as shown in Table I. and 
also in Fig. 6). Earlier, the Mitsu-Bishi Works at 
Ni ki, and the Kawasaki Dockyard Company at 
Kobe, were the only firms receiving shipbuilding bounties ; 
but later the Osaka Iron Works, the Ishikawajima Ship- 
building and Engineering Company (Tokio Bay), and the 
Ono Shipyard (Osaka), were added to the list. Although 
ships under 1000 tons gross could receive no —_ in the 
shape of navigation bounty, the extension of steamship 
routes around the coasts, together with the advancement 
in the art of shipbuilding, gave an inducement for the 
building of such small vessels, there being about thirty 
steamers of between 700 and 1000 tons built after the 
enactment of the law. 4 

While the industry was making steady progress the 
war broke out with Russia in 1904, and a large number of 
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merchant steamers were again taken up by the army and 
navy for transport service. 

In co uence, the shipping trade was in danger of 
being actually stopped, and to meet the urgent necessity 
a large number of steamers were purchased during the 
war. Thus atthe end of 1905 the number of registered 
steamers had increased to 1390 vessels, of $32,740 tons, as 
against 1088 vessels, aggregating 657,269 tons, at the end 
ot 1903 (see Fig. 5). During the war all shipyards, bo:h 
Government and private, were busy with repairs, and not 
much work was done in point of new cons ruction ; the 
Tanzo Maru, of 7400 tons gross, launched at Nagasaki in 
1904, was the only important vessel constructed at this 


period 


— equal to the highest class Atlantic liners now 
afloat. 

The Nippon Yusen Kaisha also improved their 
European service by the addition of six steamers of 8600 
tons and 16 knots; the success attained in recent years 
by this company has been very marked. Of the new 
steamers four were built at the Mitsu-Bishi Works at 
N ki and two by the Kawasaki Dockyard Company, 
Kobe. The O-aka Shosen Kaisha, which were formerly 
engaged chiefly in the coasting trade, opened a new line 
to the United States, and ordered six 6000-ton ships of 
14 knots speed at the Mitsu-Bishi and the Kawasaki 
Works for the purpose. As a consequence of the general 


TABLE II.—Suowine THE Type OF VESSELS BUILT UNDER THE SHIPBUILDING ENCOURAGEMENT Law, 
YEARS 1897-1910. 
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* Old engines were fitted in the Ishikari Maru, built in 1906, and turbine-engines for the Tenyo Maru and Chiyo Maru, 
built in 1907, were imported from England. These are not included in the numbers above. 


_ Directly was established, and as a result of the | expansion of trade, orders for smaller ships were also 
fever for public enterprises, important shipping companies | placed with different builders throughout the Empire. 
laid out extensive schemes for the expansion of their fleets, | In addition to the above, the Imperial Navy had devel- 
and this formed another epoch in the history of Japanese | oped a big extension scheme in the very midst of the war, 
merchant shipbuilding. ‘The Toyo Kisen Kaisha, which | and invited some private firms to assist in the new con- 
from 1898 had been running three steamers, each of 6000 | struction. Thus ali the important firms were crowded with 
tons gross and 17 knots speed, on the Pacific, for the | orders, and they made enormous extensions in their 
passenger service between San Francisco, Japan, and premises, erecting new building berths and machine 
China, decided to build the fastest and best equipped | chops, and adding a large number of modern machine 
ships on the Pacific, and placed an order for three bo knot tools. The Mitsu-Bishi Works and Kawasaki Dock 

passenger steamers of 13.500 tons 


each with the Company especially were developed to such an extent as 
to be comparable with first-class yards in Europe and 
America in all their equipments. 


Mitsu-Bishi Works at Nagasaki; the first two, Tenyo | 
| The rapid growth’ promoted by the Shipbuilding | 


Maru and Chiyo Maru, were finished in 1908. Le f are 
turbine driven, and attained an average speed of 20.6 











| 
| 
| 
| 
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knots (loaded) on trial; in finish and fittings they are Encouragement Act can be elearlyseen from Table I. and 


Fig. 6, page 108. The ships built under this Act are 98 
in number, with aa te tonnage of 286,501 and total 
indicated ay aed of 507 ; in Tables IT., III., and 
1V., annexed, they are classified according to type, gross 
tonnage, and indicated horse-power, and arranged in the 
order of launching. As will be seen, they comprise five 
passenger steamers, four of which are turbine-driven, two 
channel steamers, 64 cargo and passenger steamers, ranging 
in size from 727 tons to 8523 tons, eight cargo steamers, 
one oil-tanker, two training sailing ships with auxiliary 
machinery, one cable steamer, one salvage steamer, two 
lighthouse tenders, and 12 river steamers (all 12 used on 
the Chinese rivers, between Shanghai, Hankow, Ichang, 
and between Hankow, Shangtan, and Changteh, &c.) of 
from 935 to 3588 tons gross. 

The total amount of subsidy paid has increased year by 
year in proportion to the advance of shipbuilding, and 
the progress of the industry has thus been lar, ie to 
assistance from national funds. For ships under 700 tons 
gross no assistance was given by the Government, but 
owing to the development of the coasting trade, a good 
many were built every year ; and as timber has lately 
been getting scarce, owing to over-felling in old days, 
there is a natural tendency to construct even smaller 
"*Heaides the ah 1 

ides the ships for purely mercantile purposes, a few 
of the private iegeods have, in recent years, built for 
the Imperial and other navies. A number of torpedo- 
boat destroyers for the Japanese navy have been built 
by the Mitsu-Bishi, Kaw i, and Uraga Dockyards and 
Osaka Iron Works. The despatch vessels Mogami and 
Yodo, of 1350 tons displacement each, were constructed 
at the Mitsu-Bishi and Kawasaki Works, respectively, 
the Mogami, as will appear later, fitted with Parsons 
turbines, the Yodo fitted with reciprocating engines. 
Light-draught gunboats for the Chinese Government, 
torpedo-boats and torpedo-boat destroyers, for the same 
country, and also for Siam, have been produced in the 
Kawasaki Dockyard. To another type belong the Sakura 
Maru and the Umegaka Maru, turbine steamers of 3200 
tons gross, built by the Mitsu-Bishi firm for the Japanese 
Volunteer Fleet. 

Semi-modern sailing ships are unknown in Japan, the 
only two large steel sailing-ships mentioned above having 
been built specially as training-ships for the Nautical 


College. 


The building of minor craft, like dredgers and shallow- 
draught river boats, me specialised at the Osaka Iron 
Works, where, on account of the restricted depth of water, 
at the establishment, attention was more particular! 
direc to the building of vessels of somewhat cma 
type, and the firm have turned out about 30 dredgers of 
ail descriptions, ranging in dredging capacity from 100 to 
800 tons per hour, the first dredger, No. 2 Taishun Maru, 
being completed in 1894. gers, however, can now 
be constructed by all important builders. 

The development of internal communications have 

necessitated the construction of shallow-draught river 
boats. Paddle-steamers of recent type, have, however, 
never come into general use, while the few stern-wheelers 
built have not proved ag successful; the present 
tendency is more towards the adoption of the screw- 
steamers of light. draught. The ka Iron Works 
patented a special type of this craft, and have from time 
to time built about 10 steamers, ranging in draught from 
9 in. to 20 in. ; the first boat, No. 1 Yuragawa Maru 
(43 ft. by 8 ft. by 2 ft. by 15in. in draught), was launched 
in 1902. 
Fishing boats in Japan were originally of junk build, 
small and unseaworthy; the Government an 
Encouragement Act in 1898, which was amended in 1905, 
with the object of improving them and enabling fisher- 
men to go out into the open sea. Sealing schooners and 
whalers (some sailing barques after the American style, 
others, steamers after the Norwegian style) were built ; 
and recently steam-trawlers and carriers with re- 
frigerated holds have also been added. But the most 
noteworthy event in the improvement of Japanese fishing 
boats is the adoption of oil-motor craft ; these vary in 
size from 20 to 30 tons gross, are somewhat similar in form 
to those of the English ketch, and are fittid with oil- 
motors of 15 to 40 brake horse-power. The first boat of 
this type, the Fuji Maru, 25 tons, was built in 1906, and 
proving successful was soon followed by many others ; 
there are now about 400 vessels scattered all over the 
country. 

Turning now to marine engineering, very little is known 
of its early days. The first marine steam-engine built in 


| the Empire seems to have been that for the Chiyodagata, 


| built in 1861, a geared engine, horizontal and non-con- 


densing, with two cylinders 16 in. in diameter and 15j in. 
stroke ; her boilers were of a land type, 3 ft. 10 in. in 


| diameter and 13 ft. 11 in. long, three in number, the 
| working pressure being 381b. per squareinch. For earlier 


steam vessels engines were mostly imported from abroad. 
The first compound engine built was in 1873, for the 
Kiyokawa Maru, bya firm in Nagasaki (not the Mitsu- 
Bishi), cylinders 12 in. and 21 in. in diameter respectively 
with a stroke of 18 in. Most marine engines made before 
the ’eighties were of single-expansion type, not exceeding 
300 horse-power, and the engine for the Kosuge Maru, 
built in 1883, (mentioned in 108), was the largest 
compound engine ever madein Japan (diameter of cylinders 
36 in. and 63 in.; stroke, 36 in.; steam pressure, 60 Ib. per 
square inch ; indicated horse-power, 642). 
Triple-expansion engines were introduced, in 1888, by 
urchase from Ragient. and fitted in the Osaka Shosen 
‘aisha’s steamers Ujikawa Maru of 270 tons, and some 
others ; at about the same time the Miike Maru (referred 
to on page 108) and two other steamers fitted with triple- 
expansion engines were imported. Soon afterwards this 
type of engine began to be popular, the first Leing built 








nama = 


i Pe 





110 


ENGINEERING. 


=SSSS=== 





in 1890 at the Mitsu-Bishi Works, Nagasaki, for the 
Chiku wa Maru (referred to on page 108), the size 
of cylinders 15 in., 23 in., 39 in.; stroke, 30 in. ; steam 
pressure, 155 lb.; indicated horse-power, 472. After the 
enactment of the Shipbuilding Encouragement Act 
engines of larger size were built, the largest being that 
of the Nikko Maru, built in 1903 at Nagasaki, develop- 
ing 6780 horse-power with a single set. 

ery few quadruple-expansion engines have been made ; 
the earliest and largest were those for the Wakamatsu 
Maru and her sister ore carriers, of 2400 indicated horse- 





power, built in 1902 at Nagasaki. 





When steam turbines were generally accepted for 
marine purposes, the Mitsu-Bishi Works secured the 
licence for the construction of Parsons turbines, and 


have built two sets for the Japanese Volunteer Fleet ' 
steamers, the Sakura Maru and Umegaka Maru, of 


floating-docks of 7000 and 12,000 tons lifting capacity, 
and are doing mostly repair work. 

The Kawasaki Dockyard Company, Limited, consisting 
of shipyards and engine works at Kobe, and steel foundry 
at Hiogo, are only next to the Mitsu-Bishi Works in their 
capacity. The works at Kobe were eo peg J founded by 
the present Government, and were sold to Mr. Kawasaki 
in 1886, being again transferred in 1896 to the present 
company. They have been extended to nearly four times 
their original size, and now cover about 70 acres of 

und, with a water frontage of 1 mile. There are five 
uilding-berths of 400 ft. to 650 ft. in length, a graving- 
dock 377 ft. long, and two hauling-up slips. 

The Osaka Iron Works were commenced in 1880, and 
have engine works at Ajikawa-Guchi, shipyard at Saku- 
rajima, and repair works at Temposan. They have four 





building-berths and three dry-docks; a fourth dry dock 


TABLE V.—GENERAL PARTICULARS OF PRINCIPAL TYPES OF SHIPS BUILT IN JAPAN. 
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gross, according to the respective class. For machinery 
construction the amount of 5 yen per indicated horse- 
power is given in all classes. 

The necessity of promoting the iron and steel industry 
was recogni some time , and Government steel 
works were established in 1 at Wakamatsu. After 
successive extensions the works now comprise three blast 
furnaces, eight Siemens-Martin’s basic furnaces and two 
converters, and can produce nearly 100,000 tons of steel 
of different descriptions ina year. The quality of steel 
is quite up to the British standard, and plates and bars 
of any size and section can be supplied, but not yet in 
sufficient quantities to meet the demand of all home 
builders, both naval and private. The cost of production 
and selling price also leave a good deal to be desired. 
Builders have still to continue to import foreign material. 

It will thus take some time before Japan can become 


| 


| 
Borers. 
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f | | g 
| | oo a a RE | —— = iS. 
Name or STEAMER. | S#RVICE AND TyPE. Burr | £ a i = iplace- | | Cylinder. ; | Size. ss 
| 3 be 3 } 2 } = j|ment./Speed| LH.-P. No.| Type. |———— | No Type. nal es 
| Oo Ss i4 a | E | | Diameter. | Stroke. | Diam. | Length.| >= 
— — | ee | ———— — | | | | — |-— } —— 
| __ft. in| ft. in.) ft. im.|ft. im. tons | knots | | im | in |_| ft. in, | ft. in. 
Asahi Maru ..|Home trade cargo and) Kirby, Kobe | 504/155 0| 23 8 19 613 7 860; 10.5 241 | 1 Compound | 20} by 36 22 6j|1 8.E. |} 11 6 10 0| 1884 
passenger steamer | } 
Chikugogawa Maru Ditto Miteu-Bishi | 710170 0 28 0 18 of13 0 | 1,060 11.14) 437 1) Triple- | 15},23,39} | 30 | 1} 8.E. 33 0 | 10 3! 1891 
orks | | expansion | 
Suma a ée ve Ditto Ditto | 1,561,246 9 34 0, 22 918 14) 3,070 10.5 | 818 1 Bitto /18,,, 30,493, 36 | 2 “3 12 8 10 6 1895 
Hitach' ru ..|Ocean-going cargo and | leas | | | fj 2 .E. 13 3 17 0 
passenger steamer f Ditto 6,172/443 0 49 0) 33 oes 0 o% 14.28; 3,890 2 Bette 20, 334, 56 48 1 2 S.E. 118 3 10 0 } 1898 
Oura Maru .. .. Salvage steamer . . - Ditto 716186 0 29 0) 16 2/11 6 | 1,005) 12.3 690 1 Ditto | 18, 22,36 | 27 1 8.E. 1/13 3 } 10 1 1901 
Daiya Maru .. ..|Ore-carrier Ee | Ditto | 2,798,320 0] 42 0) 25 O18 0 5,432 13.25 | 2,365 1 | Quadruple- |20}, 29, 42,60, 45 1 D.E. 15 6 17 &3 1902 
| | expansion | | | | 
Niigata Maru ..|Oargo ship eS ie 2,183/279 a 30 6| 23 3/19 9 | 4,785)123 | 1,577) 1 Triple. | 21,35,58 | 36 2 S.E. | 12 0 | 10 9! 1903 
} | | | | ex on | | 
Shangkiang Maru ..|/Shallow-draught river) Osaka [ron 935/195 0} 38 0 7 04 0 685, 10.66 834 | 2 itto 10, 16,28 | 15 1 S.E. 13 10} 10 1} 1903 
ikko M lOcean - going P | Miteu- Bish | | | | D.E. 
Nikko Maru .. * -going passenger, Mitsu-Bishi } . , on | » - . s| 2 \ 15 6 17 5 
peel Works } 5,539,420 0 50 0 30 625 0 | 9,600 17.8 | 6,780) 1 Ditto 31,51,85 | 54) 9 SE 15 7h| 9 10} } 1903 
Taisei Maru .. --| Auxiliary training ship. . ——— 2,287|270 0} 44 0 26 920 0 | 4,370 9.98 932 2 Ditto | 13,21,33 | 27 2 8.E. | 12 0 10 3 1904 
Chohakusan Maru .. Steam collier Mitau- Bishi 2,080/280 0| $7 11 21 617 6| 4,183,120 | 1,88 1| Ditto | 21,35,68 | 36 | 2) SE |14 6 | 10 6) 1904 
orks | } 
Iki Maru oe ..|Channel steamer oa Ditto 1,680/260 0) 36 0; 22 O12 6 | 2,110 15.0 1,640 | 2} Ditto 16,26,43 | 30 | 2 | S.E. 14 0 | 10 11 1905 
wara Maru ..Oable steamer .. a Ditto 1,465\243 3 34 0] 22 315 8 2,526) 13.0 1,790 | 2 Ditto 144, 24,40 | 30 2 | S.E. 40; 91 1906 
Shiga Maru .. ..|Home trade cargo and! Osaka Iron 783/180 0) 28 0) 18 813 3 | 1,237) 12.3 770' 1! Ditto 14}, 244,39) 30 | 1) 8.E. 13 9 10 6 | 1906 
B may ~d steamer Works | | a | | | 
Yohyang Maru ..|Shallow-draught river — 8,588/310 0| 44 0 14 6'9 O| 2,460) 15.35; 38,076 2 Ditto 17, 28,46 | 33 2) S.E. 15 6 10 11 1906 
| steamer ya | | } | | | | | 
Kagi Maru .. ..|Home trade cargo and Ditto 2,509/800 0} 41 0) 24 018 0 | 4,268 15.0 2,811 1 Ditto | 23,38,63 | 39 2) 8.E. 10); ll 6 1907 
passenger steamer | S | | } 
Tenyo Maru .. .. | Trans-Pacific liner a —e |18,454/550 0) 63 0 38 631 8 21,660, 20.6 | 20,000*) 3 Mn - | 13 8.E. 15 9 10 104} 1908 
orks | | turbines 
Kamo Maru .. .. Ocean-going cargo and Ditto 8,523/465 0| 56 0) 34 6127 © 15,970 16.4 7,520 | 2  Triple- | 25, 414,69 | 48 6 8.E. | 14 3 | 1011 | 1908 
nger steamer | | | expansion 3 
Sakura Maru .. Volunteer Fleet steamer | Ditto 3,204'3835 0) 43 0 23 9/17 0 | 3,881 21.4 9,500*| 3 Parsons | 6 { Miyabara | 13 4 |\ig41! 1908 
j turbines | .* i |\ water-tube/ 8 4} | / 
Tacoma Maru ..|Ocean-going cargo ship | sae 6,178/410 0) 51 3) 32 626 04/11,825) 14.15 5,000 2 Triple- 19, 32}, 55 46 | 3 8.E. }15 6 | 11 6) 1909 
y! | ex jion | | 
Kiyo Maru .. ..|Oil-tank steamer —— eset Bs 0} 56 6) 33 027 114:17,180 14.2 5,856 1 itto 29, 48, 78 54 4 | S.E. l4 8 | 11 6+ 1909 
orks | 
Shimonoseki Maru..|Railway ferry .. o« Ditto 188} 99 2}27 0 9 O .. os 8.0 194 | 2 Ditto | 6j,11,18 | 12 1| S.E. 8 6 8 14 1901 
Robert K. .. .- Ocean tug os - — — 321/125 0 24 014 O12 0; ... 12.25 557 | 1 Ditto 13, 214,36 | 27 1 8.E. 12 6 10 6 1904 
| orks | | | } | 
TamsuiGo .. .. Self - propelli bucket, Ditto 196/105 0} 26 9 9 0 510); 200) 6.5 | 100 1] Compound | 12, 24 16 2 | S.E. | 8 6 9 0| 1908 
and pump dredger | | 
Dai-ichi Maru --|Trawler .. ee <a Ditto 199) 108 9 21 6 1110)l0 0 300) 10.25 | 406 1/| Triples | 11,18,30 | 22 | 1 S.E. 10 6 9 6 1908 
| | | | | | expansion | | 1 \ 





9500 indicated horse-power, in 1908. Those for the 
Pacific liners Tenyo Maru and Chiyo Maru, and for 
H.1I.M.S. Mogami, built in the Mitsu-Bishi Works in | 
1908, were imported from the Parsons Marine Steam- | 
Turbine Company at Wallsend. The Mitsu-Bishi Works 
are now constructing a set of 20,000-horse-power turbines 
for the third ship of the Tenyo Maru class, and two 
others to the order of the Japanese Navy Department. 

The Kawasaki Dockyard Company at Kobe hold the 
licence for building in Japan the Curtis marine turbine, | 
and are now constructing some for the Imperial Navy. __ | 

Marine boilers built in the country were of iron till | 
1887, when the Mitsu-Bishi Works at Nagasaki le the | 
first steel boiler for the steam-tug Yugawo Maru, of 206 | 
tons, the steam pressure being 80 Ib. per square inch. 
Steam pressure increased to 100 lb. about five years later, | 
and with the introduction of triple-expansion engines, 
boilers for 150 lb. pressure began to be built. Water-tube 
boilers have not yet been in the Japanese mercantile 
marine, except for the Volunteer Fleet steamers Sakura 
Maru and Umegaka Maru. 

The number of private shipyards has greatly increased 
of late years, there being 230 in 1910, as against 66 in 1896. 
Of these the majority are of very small size, and only 
capable of building wooden sailing ships and junks. Only 
a few of them are vided with modern appliances. 
Among these the Mitsu-Bishi Dockyard and Engine 
Works, the Kawasaki Dockyard Company, and the 
Iron Works are the most important. 

The Mitsu-Bishi Works at Nagasaki, the largest and 
oldest shipbuilding establishment in Japan, consist of 


| adopting the latest inventions and improvements much 
| more freely and quickly. Most of the machine tools in 
| the principal yards are electrically driven ; hydraulic and 
| pneumatic tools are now very extensively employed. The 





the engine works at Akunoura, the shipyard and dry 
docks at Tategami, and the hauling-up slip at Kosu; 
The whole works passed in 1884 by purchase from the | 
Government to the present proprietors. Of late tle | 
works have been very much improved by enormous 
extensions, and now cover nearly 85 acres of with a 
water frontage of a mile and a-half; there are three dry- | 
docks, the largest being 730 ft. long, and seven building- | 
berths from 185 ft. to 700 ft. in length. The firm | 
has an experimental tank for experiments with models, | 
and also a well-established technical school for the educa- | 
tion of foremen and draughtsmen. same company | 
a branch works at Kobe, where they possess two 


joy e Diet of 1 
of te 


| law, as regards shipbuilding, is as follows :—The subsidy 


| the reason that more assistance is needed for larger vessels, 


* Approximate value. 


vag 400 ft. in length) is now in course of construction. 
n the matter of equipment, the principal shipyards are 
quite equal to first-class firms in Europe and America, 
but being later in the field than other nations, Japan has 
many advantages in avoiding experimental stages, and 


methods of handling heavy materials have undergone 
great changes; a 150-ton electric hammer-crane is installed 
at the Mitsu-Bishi Works, Nagasaki, and a floating crane 
of 165 tons lifting on gary be now owned by the Kawasaki 
Dockyard Company at Kobe; but none of the recent 
material-conveyors over building-berths have yet been 
atop in private yards. 

The Japanese shipbuilding industry has thus greatly 
advanced of late years, and its capabilities in the way of 
actual production have been proved in a good many 
instances. The effect of the application of the Subsidy 
Act already outlined has been very remarkable, but more 
remained to be done. The period of the enforcement of 
the Shipbuilding Encouragement Act of 1896 was to 
expire in 1911, but the shipbuilding industry is not yet 
independent of Government aid, neither can Japanese 
shipbuilders yet compete on equal terms with those of 
other maritime nations. 

This problem has been taken up by the Govern- 
ment, and in ,1908.a committee was my for the 
further investigation of protective regulations for ocean 
traffic; the revised laws for the encouragement of both 
navigation and Sapattieg were drafted out and passed 

, to be in force from 1910 for a period 

m years. 

A brief outline of the essential points of the revised 


for ships of less than 1000 tons gross was withdrawn, for 


which enter into competition with foreign-built ships. 
Ships over 1000 tons gross are divided into two t 

viz., passenger ships and non-passenger ships, which are 
again subdivided into four classes :—ocean service, home 
trade, coasting trade, and smooth-water service. The 





subsidy granted varies from 11 yen to 22 yen per ton 


rfectly attomprtns in the shipbuilding industry. 
Bn the day that the various deficiencies at present existing 
are made good, the subsidies may be withdrawn without 
injury. 

In concluding this paper, it is the writers’ earnest 
desire to acknowledge the very large debt that Japan 
owes to the assistance of Great Britain, without which 
the development of its shipbuilding industry could not 
possibly have advanced so speedily and with such satis- 
factory results. 





Tank Sup “ Vouitcanus” Firrep with Diese. OI- 
ENGINE. —As considerable interest now attaches to vessels 
fitted with Diesel oil-engines, the following particulars 
relating to the above vessel, which was recently con- 
structed by Messrs. Perman and Co., Limited, 43-45, 
Great Tower-street, London, E.C., require no apology for 
their publication, particularly as the working of the boat 
has so far been very satisfactory. The leading dimensions 
of the veesel are :—Length, 196 ft.; beam, 37 ft. 9 in. ; 
depth, 13 ft. 24 in.; displacement, 1900 tons on load 
draught ; and dead-weight capacity, 1000 tons of oil in 
bulk. The engine has six cylinders, and is of the four-cycle 
reversible Werkspoor- Diesel marine oil-engine type, made 
by the Nederlandsche Fabriek van Werktuigen en Spoor- 
wegmateeriel, of Amsterdam. In a recent voyage from 
Rotterdam to Stockholm and back, a distance of 735 
knots each way, the time ied was 100 hours on the 
outward journey and 98 on the return. The vessel was 
loaded with 1000 tons of benzine in bulk on the outward 
voyage, and the maximum speed for 24 hours was 8.5 
knots, the total consumption of oil being 16,281 Ib. On 
the return journey, with 475 tons of water ballast on 

the maximum was 8.9 knots, and the con- 
sumption of oil 16,060 This corresponds to about one 
ton of fuel for every 100 knots covered both out and 
home. As the price of suitable liquid fuel is about 42s. 
per ton, owners of steamships which carry about 1000 
tons dead-weight will readily see, from the cost of 42s. 

r 100 knots, that the actual saving in the cost of fuel is 
bo per cent. when com with that of their steamships. 
To this must be added a further saving of wages on board, 
owing to fewer men being required. 
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ARMOUR FOR SHIPS (1860 TO 1910).* 


By Cuaries E. Exxis, Honorary Treasurer 
of the Institution. 


THE period under review practically coincides with the 
history of the use of armour, and its manufacture for 
ships of war, from its inception to the present time. As 
will be seen, there has been an unbroken struggle for 
ascendency between the weapon of attack and the material 
produced to resist it, the advantage now lying with one 
side and now with the other, the most gratifying features 
being that it isa story of continuous development on both 
sides, modifications and improvements in ordnance neces- 
sitating and suggesting modifications and improvements 
in armour, and vice versd. My object is merely to set out, 
historically, the principal features of the various types of 
armour, during the period in question, from which the 
modern plate has been evolved. 

In the year 1860 there were under construction in 
France and England-the first two armoured sea-going 
battleships, the Gloire, building at Toulon, and the 
Warrior, at Blackwall, the former having broadside pro- 
tection of 5in., the latter similar protection of ‘hin. 
iron plates. Of the two vessels, the Gloire was com- 
menced in March, 1858, the Blackwall ship being ordered 
in June, 1859. The use of armour in the two navies, for 
all important vessels, was subsequently uninterrupted. 
and in this country armour was gradually increased in 
thickness until it culminated in the maximum of 24 in. 
of armour fitted on the sides of the Inflexible (1881). s 

Prior to 1860, a large number of experiments connected 
with the manufacture of iron armour plates had been 
made, the thickness varying from }in. to 4 in., and plates 
of this material, of varying dimensions, had been fitted 
to floating batteries in many countries of the world. It 
is somewhat difficult to state positively the names of the 
firms who were most successful at this period of the 
history of armour. I am inclined, from the materials at 
my disposal, to give the honour in France to the St. 
Chamond Company, and in England to the firm of Beale 
and Co., of the Parkgate Iron Works, near Rotherham. 
The former company held practically the monopoly of 
iron armour manufacture in France for a considerable 
period — 1855 to 1870—and I am informed that their 
success was mainly attributable to the pure quality of 
their iron, and to the fact that, contrary to the general 
opinion, their plates were much improved by water treat- 
ment. In England the competition was much more 
severe, various makers competed inst one another, 
both with rolled and hammered tes, with varying 
success, and in a paper written by Captain Inglis in 1862, 
giving a full account of various trials, the following are 
some of the practical conclusions which he laid down as 
the result of his investigations : 

1. Good, tough wrought iron of high elasticity, but not neces- 
sarily of the highest ultimate tensile strength, is the best material 
for us@ in iron defences, 

2. Rolled iron, though not perhaps equal in resistance to the 
best hammered iron, has such great advantage as to cost, if used 
in simple forms, as to justify ite use when lightness is not of 
extreme importance. 

3. In plates of ordinary ions, the resistancs to 
shot varies in proportion (approximately) to the square of the 
thickness of the plate. 

4. Rigid backing is immensely superior to elastic backing, so far 
as the endurance of the front face is concerned. 

5. The larger the masses,t end the fewer the joints, the stronger 
the structure, so long as the limits of uniform and perfect manu- 
facture are obtained. 


It is curious to note, in passing, how many of the con- 
clusions of this eminent officer have been found to be 
applicable to nearly all the subsequent kinds of armour 
fitted for the protection of war vessels. I should like to 
— here the opinion of another distinguished authority, 

aptain Dyer, on the results of the same experiments 
about the same period. 

1. Plates of hard crystalline structure are inferior to those of a 
soft fibrous nature. 

—— great weakness in forged plates is unsoundness in 
welding. 

3. The quality necessary for an armour-plate is ductility. 
The cpg and better the iron is, the more this quality is per- 
ceptible : any impurity or alloy hardens the metal and produces 
brittleness. 

Rolled armour, was in the end, adopted for use in all 
the ironclad vessels for the British Navy, including the 
Warrior. The following description of the method of 
manufacture, given at this period, is of interest: — 
** Several bars of iron were rolled 12 in. broad by 1in, 
thick, and were cut 30 in. long. Five of these bars 
were piled and rolled down to another slab, and these 
two slabs were welded and rolled down to a plate 1 in. 
thick, which was sheared to 4 ft. square. Four of such 
plates were then piled and rolled down to one plate, 
measuring 8 ft. by 4 ft. and 2in. thick. Lastly, four of 
these were piled and rolled to form the final and entire 
plate. There were thus welded together sixteen thick- 
nesses of plate, each of which was originally 1} in. thick, 
to form one plate in. thick. In this operation from 
3500 to 4000 square feet of surface had to be perfectly 
welded by the process of rolling.” 

The increase in the calibre o ns, and to some extent 
the use of steel shot, soon brought about an increase in 
the thickness of .wrought-iron armour, Thus we find 

riments against 54 in., 64 in. and 7} in. iron plates 


ex 
in Mare, 1863, with ae of varying diameter of bore up 
to 10 in., while the side armour of the Bellerophon (1866) 


* Paper read at 
(oe Architects, July 7, 1911. 
It was subsequently proved at Shoeburyness, con- 
clusively, in 1877, that a solid plate of 17 in. to 17.5 in. 
was the equivalent, so far as resistance was concerned, to 


at 








three plates of 6,5 in. each. 
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was increased to 54 in. in thickness. Another important 
factor in this connection was the introduction of Palliser’s 

ive hardened chilled iron shot, which was first tried at 
pte Aoemcn in November, 1863, and afterwards, with 
slight modification in form, generally adopted for use in 
armour trials. Against these improvements.in attack, 
the iron manufacturer could, at the time, only reply by 
increasing the thickness of his armour. This.is exempli- 
fied by the following table, showing the maximum thick- 
ness of armour in later ships down to the period of the 
construction of the Inflexible :— 


Thickness of 
Side Armour. 
In. 
1868 Agincourt 54 
1870 Repulse 6 
1872 Swiftsure 8 
1874 Rupert ik 11 
1877 Thunderer ... 12 
1878 Belleisle 12 
1881 Inflexible 24 (in two thicknesses 
of 12 in.) 


In each case I have given the date of the completion of 
| the vessel. In the meantime, however, important experi- 
| ments were being carried on in connection with the use of 
| steel for armour-plates. The pene trials of 1876 proved 
| that the a power of steel was far greater than that 
of iron, although the plate itself was broken up in the act 
| of ee the attack, which was, in this trial unduly 
| severe. The manufacture of steel in large masses was, 
| however, in its infancy ; the metal was wanting in tough- 
| ness, and could not stand up to the racking effect of 
2 projectiles. 
| Other interesting proposals were made and adopted at 
this period in connection with the use of steel. A notable 
case is that of the Polyphemus, in which compoun 
steel plates, in two layers, were fitted by Sir Joseph 
Whitworth and Co., in the years 1879 to 1881, the inner 
layer being com of steel plates of considerable area, 
with a tensile strength of 45 tons per square inch, the 
outer layer being formed of small steel plates about 10 in. 
sq having a tensile strength of 60 tons per square 
inch, all the plates being oil-bardened. 

The introduction of compound armour about the same 
as however, effected a revolution in ship protection. 

n the Inflexible the highest point, so far as iron protec- 
tion was concerned, had been reached, and to meet the 
increasing power of the attack it had been found expe- 
dient to increase the thickness of side protection as above 
stated to 24 in., with the result that only the vital parts 
of the vessel were protected at all. The design was much 
discussed at the time in papers read before the Institu- 
tion, and, curiously enough, it was during its construction 
that the new type of armour came to the front, and its 
quality was sufficiently proved to justify its adoption in 
the turrets of the same ship. The two Sheffield firms, 
Brown and Cammell, working on independent lines. con- 
ceived the idea of a steel face, welded to an iron back, 
the object being to break up the point of the shell by 
means of a hard steel face, and to hold the plate together 
by the tough iron back. The modes of manufacture were 
different in detail, the Wilson plate being made by casting 
a steel face on to the top of a rolled iron back ; while Mr. 
| J. D. Ellis madea comparatively thin rolled-steel plate for 
the front of the target, and cast steel between it and the 
| iron back. In each case the plate was subjected to heavy 
rolling after the casting was comple Various propor- 
tions of steel and iron were tried, and in the result a pro- 
portion of about one to two was found to give the best 
results. The increase in resistance afforded by this type 
| of armour was soon ised in Great Britain, and its 
| partial adoption for the turret protection of the Inflexible 
| effected a saving of 600 tons in weight. 
| Speaking generally, the oy ayy of compound armour 

over iron was computed to be in the rtion of three 
| to two, and it was generally adopted in the British 
for a lon i Orders were given for all the armour 
for the celebrated Admiral class to be of the compound 
| quality, together with a number of armoured cruisers, 
| which were completed about the same time—1882 to 1889. 
| On the Continent, the superiority of the compound plate 
was not so universally acknowledged, and in France the 
battleships building during this period were protected by 
steel and combined armour in about equal proportions. 

| Considerable improvements had m made by M. 
| Schneider in the manufacture of solid-steel plates, and for 
| a long period of years this eminent firm competed, with 
| varying success, with the compound armour makers. 
| Numerous International trials were held, of which the 
following were the most important :—(a) Spezzia, 1882 ; 
(b) Ochta, 1882 ; (c) Copenhagen, 1884; (d) Spezzia, 1884 ; 
(e) Pola, 1885; (f) Annapolis, 1890; (g) Ochta, 1890. It 
is not within the scope of this paper to give the result of 
these trials, ea from 4 ——ee of the jog ta 
reports it would appear that in Ul, c, e the superiority 
with the compound armour, arid in a, d, f, g with the all. 
steel plate. In the case of the Annapolis trial, the 
———s ~~ with a plate containing a considerable 
portion of nickel. The Ochta trial of 1890 introduced 
another firm as manufacturers of steel plates. Messrs. 
Vickers had produced an excellent solid-steel armour- 
plate in the year 1888, which was tested on the Nettle, 
and this class of armour was adopted for use, to some 
extent, at a later date by ‘the British Admiralty. 

M. Barba, the chief engineer of the Creusot Works, 
in a paper read before this Institution in March, 1891, 
strenuously argued in favour of the all-steel plate, 
but 7 the a oe — the ee pe men 
| generally appeared to given to the compound plate. 

In the First Lord’s Memorandum of the same year, 
explanatory of the Navy Estimates, it was ex y 
stated that for the main defence of first-class battleships 
comp lund armour was to be preferred, but that steel 
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armour had been adopted for the secondary defence of 
battleships, for the protection of auxiliary armaments, 
and for the protection of machinery in vessels of the 
cruiser classes. In accordance with this decision, the 
main defence of the Royal Sovereign class and other 
vessels built at this period, consisted of compound 
armour, whilst the secondary armament of these ships 
was protected by 4 in. of steel. The greatest thickness 
of compound armour fitted to British ships was 20 in. 
tapering to 16in. I refer to the Nile and Trafalgar, two 
powerful vessels carrying four 67-ton breech-loading 
guns. 

Numerous experiments were, however, being made b 
all armour manufacturers, both with compound, steel, 
and nickel-steel plates, in order to improve their quality. 
Various processes of hardening were tried—air, steam, 
water, lead, and oil, all with more or less encouraging 
results. The earliest case I can find of water-hardening 
on one side only of the hg: appears in the records of 
the eminent firm of Fried. Krupp, in 1885, in connection 
with a compound experimental plate (one-third crucible 
steel and two-thirds mild Siemens-Martin steel). This 
was followed by other plates, treated in the same way, 
the water impinging on the face by the force of gravity 
only ; but, as the firm were not makers of armour for 
ship protection at the time, the idea was not carried 
out beyond the experimental stage. 

In England, the attention of Captain Tressider was 
drawn to the importance of making the face of the plate 
so hard as to break up the point of the projectile before 
it had time to effect any serious penetration. The parti- 
cular process he adopted was the application of a cold 
douche of water, under sufficient pressure, and of suf- 
ficient volume, to prevent any envelope of steam forming 
on the face of the plate, and thus ensuring a rapid face 


d|chilling of consequent hardness. Various cOmpound 


plates were tested, treated in this manner, and the object 
was attained. The best forged-steel armour-piercing pro- 
jectiles were broken up by the hardened face, and a con- 
siderable increase of resisting power was obtained. 

In October, 1891, hcwever, a plate was being tested in 
America which was the precursor of a complete change in 
armour manufacture. Mr. Harvey had obtained con- 
siderable success in applying water-hardening to cemented 
steel, in the construction of small articles, and conceived 
the idea of the manufacture of armour-plates in the same 
conditions. The process was, shortly, as follows:—A 
solid-stee] armour-plate was pressed and rolled, and highly 
cemented on the face ; it was thensubjected toasevere water- 
hardening process, somewhat similar, in the later plates, 
to that above referred to. The resultant was a glass-hard 
face, with a mild-steel back, and subsequent trials in 
various parts of the world secured its nearly universal 
adoption. The resisting power of armour was raised by 
50 per cent. Sir William White, in a speech made at 
the meeting of this Institution in 1894, put the superiority 
even higher, referring to experiments which showed that, 
so far as resistance was concerned, 6 in. of Harveyed 
steel was equal to 10 in. of compound armour. is 
being so, naturally we find in the battleships of this 
period a corresponding diminution in thickness of the 

lates utilised for ship protection; thus in the well- 

nown Majestic class (1895-1897) the thickness of side 
armour was reduced to 9 in., advantage being taken of 
the saving in ne = effected by the new armour for a 
given resistance by fitting two tiers of the thickness 
above mentioned on the belt of the vessel, and greatly 
increasing the length so protected. 

The best American results had been obtained with 
Harveyed nickel steel, but the value of the nickel alloy was 
not sufficiently proved by later experiments as to make 
its adoption universal. The Harvey plate, however, 
with all its merits, had one defect; the back was not 
sufficiently tough to withstand the racking effect of steel 
projectiles. It is due to the genius of the experts of the 
firm of Fried. Krupp that a most valuable improvement 
was effected in this connection. After various experi- 
ments with different alloys of mild steel, chrome steel, 
and nickel-chrome steel, the first properly so-called Krupp 
plate was made in the year 1894, and on trial gave 
excellent results. In this plate, which was in nickel- 
chrome alloy, for the first time the principle of differen- 
tial treatment in the final processes of hardening was 
adopted. A special heating-furnace was built, and the 
temperature of the face of the plate was raised to a 
certain depth, sufficiently to allow of the highest de 
of hardness being obtained. The remainder of the plate 
was only heated sufficiently to ensure toughness and a 
fibrous structure when hardened by water. The hardening 
was then effected by spraying under pressure the front 
and back of the plate simultaneously until completely 
cooled. 

In the following year the results obtained by this mode 
of treatment were repeatedly confirmed, and the invention 
became a practical success. The crystalline structure of 
the back of the Harvey plate was replaced by a tough 
fibrous quality, which prevented cracking, and, & spread- 
ing the resistance to the impact of the projectile over a 
wider area, assisted materially in reduction of penetration. 
Trials of similar plates made by British makers followed, 
with similar results, and this class of armour was soon 
afterwards universally adopted in the Service. 

In the year 1894 it was my privilege to be allowed to 
give to the Institution the results of trials of Harveyed 
armour, and it will be of interest to give a few instances 
of trials of the more modern type, without going into 
detail, but giving particulars sufficient to show the 
advance that had been obtained in ship protection. In 
1899 a trial of a Krupp plate 5.9 in. in thickness took 
place. Six shots (Wheeler-Stirling armour-piercing pro- 
jectiles) were fired at striking velocities ranging Y ana 
1928 to 2211 foot-seconds. In each case the pro was 
completely broken up, the greatest penetration did nop 
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exceed 5in., and the plate was tically free from 
cracks, a slight opening only being observable in the bulge 
at the back in the case of one of the shots. The behaviour 
of a plate 8 ft. square by 8.8 in. in thickness was prac- 
tically similar when attacked by an 8-in. armour-piercing 
projectile with velocities « f 1854, 1964, and 2039 foot-seconds 
respectively. I give a further instance of a plate 12 in. 
thick tested in 1897. The plate, which measured 10ft. by 
7 ft., was attacked by three armour-piercing projectiles 
of high quality, weighing 720 1b. each, at velocities of 

860, 1861, and 1868 foot-seconds. In each case the 
projectile was completely broken up, no cracks appeared 
in the plate, and the greatest penetration was computed 
to be 2.75 in. ; 

The instances above giyen are put forward as being 
fairly representative, and not selected as showing the 
highest point of efficiency this type of armour has 
reached. They are, however, sufficient to show the great 
characteristics of the Krupp plate; resistance to perfora- 
tion, and practical freedom from cracking. In each case 
the plate could have stood considerably more punishment. 
Summing up the results, it would appear that the relative 
thickness of wrought iron to give equal resistance to the 
attack would be, according to the recognised formula, 
from 230 to 280 per cent. of the thickness of the plate 
tried, and it must be remembered that in no case was 
the plate tested to the point of complete perfora- 
tion. 

The superiority of the Krupp type of armour has been 
long acknowledged. It must not, however, be assumed 
that finality has been reached. It may well be that, 
particularly in connection with capped projectiles of large 
diameters, as compared with the thickness of armour 
attacked, improvements will be made, and this Institution 
may rest assured that armour-plate manufacturers are 
very desirous of taking advantage of any invention of 
practical utility which may be brought to their notice, or 
which may be discovered in their own research labora- 
tories. Consideration of these matters may, however, be 
left to the future. 

I feel, in conclusion, that I have only touched on the 
fringe of this great question. Had it been ible, I 
should have liked to refer in detail to the excellent work 
which has been done by the various firms individually in 
connection with the manufacture of armour, and to have 
noted the great success which the newest of the armour- 
making countries, Japan, has achieved in supplies to 
war vessels, both battleships and cruisers. I should have 
liked, also to have referred to the important question of 
power of production in the various armour - making 
countries of the world. These are facts, however, well 
known to many of the foreign guests of the Institution. 
It is sufficient to say that the world supply appears more 
than equal to the world demand, and, speaking in the 
name of armour makers generally, I am confident that 
any increased requirements will be readily met, whether 
in quantity or quality. At + rate, no effort has been, 
or will be, spared to give to the navies of the world the 
best protection that can be devised. Many papers have 
been read at this meeting illustrating the great advance 
which has been made during the past fifty years in various 
branches of naval architecture and marine engineering. 
I trust that the remarks I have had the honour to make 
may be sufficient to show that, in the manufacture of 
armour for ships during the same period, satisfactory 

ss has been achieved, commensurate with the great 
importance of the subject. 








Tur LATE Mr. Gustave CARELS.—We regret to record 
the recent death of Mr. Gustave Carels, head of the 
well-known engineering company, the Société Anonyme 
des Ateliers Carels Fréres, Ghent, Belgium. The deceased, 
ogether with his brother, Mr. Alphonse Carels, suc- 
ceeded, in 1873, to their father, the late Mr. Charles 
Louis Carels, the founder of the firm. Mr. Carels, senior, 
commenced the construction of steam-engines and 
hydraulic machinery in 1838, the latter aga | being 
specially built for ang the marshy lands in the Low 
Countries. He undertook, in 1851, the construction of 
railway rolling-stock, and, in 1865, that of locomotive 
engines. Mr. Carels, senior, died in 1873, and his 
two sons, on taking over the business, as aforesaid, 
made it a special point of devéloping their export trade, 
a matter in which they have mn most successful, 
their firm being now universally known. They exhi- 
bited, in 1880, at Brussels the first compound steam- 
engine built in Belgium, one novel feature of which was 
the rope-drive. In 1898 they introduced steam-engines 
working with superheat. hey started building the 
Diesel internal-combustion engine in 1900, and, since, 
they have so greatly improved it that licences for their 
type, the Diesel-Carels engine, have been purchased 
from them by engineering works in this country, 
France, and Germany. Mr. Gustave Carels had long 
held the opinion that the organisation of professional 
education was a_ social duty, and he was convinced 
that when the Belgian working classes had the ad- 
vantage of a suitable and ration] technical and trade 
education, this, added to their natural] skilfulness and 
industry, would enable the country to maintain and 
to improve the very favourable place she had suc- 
ceeded in gaining for herself in foreign markets. He 
joined example to precept, and, in conjunction with 
is brother, he founded an artsand crafts school in Ghent, 
on whose work and progress he always kept himself care- 
fully informed. He was the moving spirit of the proposed 
Ghent Exhibition of 1913. Mr. Gustave Carels was Com- 
mander of the Order of Leopold, Belgium, Officer of the 
Legion of Honour, France, and had a large number of 
other foreign distinctions. In him Belgium loses one of 
her most patriotic sons and most enterprising engi- 
neers. 





FOREIGN AND COLONIAL ENGINEERING 
PROJECTS. 


WE give below a number of engineering ee con- 
cerning which further information can be obtained from 
the Commercial Intelligence Branch, Board of Trade, 73, 
Basinghall-street, E.C. : 

Egypt: The following information is from the report by 
H.M. Vice-Consul at Alexandria on the trade of that 
district in 1910, which will shortly be issued :—There was 
last year an increase in the — my of chemical manures, 
due to the increasing demand for intensive cultivation, 
chiefly of agricultural cro and to some extent (in 
Alexandria only) of vegetables and fruit. Of a total of 
35,559 tons imported into Egypt in 1910, of which 50 per 
cent. came from Belgium, per cent. from Chili, and 
14 per cent. from the United Kingdom, there were 
30.505 tons of nitrate of soda, 3318 tons of superphosphates, 
1660 tons of sulphate of ammonia, and 76 tons of miscel. 
laneous manures. There is also an increasing demand for 
potassic manures for use on poor lands. The British 
share of the chemical manures imported in 1910 is four 
times as much as in 1909, and constitutes one-seventh of 
a total that has increased by 66 percent. Tenders for the 
Kait Bey, or western branch of the East Port breakwater, 
are to be asked for during 1911; six months are to be 
allowed for the consideration of the project by contractors. 
The main drainage scheme of Alexandria has not yet been 
started, as the formalities for the loan have not yet 
been completed. 

Southern Nigeria.—The Commercial Intelligence Branch 
of the Board of Trade is in receipt of a copy of an Ordinance 
(No. 12, of 1911) of Southern Nigeria providing for the 
raising of a loan of 3,500,000/. for public works, as follow :— 

harbour works, 739,215/.; Lagos wharfage scheme, 
500,000/.; Apapa extension and wharf, 42,825/.; railway 
extension and construction, 1,101,028/.; rolling-stock, 
200,0007.; loan to Northern Nigeria to complete Baro- 
Kino line, 200,0002.; Niger bridge, north and south (with 
line across Jebba Island), 130,925/.; Lagos water supply, 
340,000/., &c. 
French West Africa.—The Journal Offictel du Sénégal 
ublishes a decree granting an extraordinary credit of 
, 130,000 francs (205,200/.) to be expended as follows :— 
Extension of Guinea Railway from Kurussa to Kankan 
(Niger-Niandam section), 2,170,000 francs (86,800/.); ex- 
tension of Porto-Novo to Sakete tramway, 1,000,000 francs 
40,000/.); construction of branch of Theis Kayes Railway 
from Guinguineo to Kaolack, 1,800,000 francs (72,0007. ) ; 
construction of five sheds at port of Dakar, 160,000 francs 
(6400/.). 

Netherlands : H.M. Minister at the Hague reports that 
a contract has been entered into between the Netherlands 
Government and M. Jacob de Bourgraaf, of Flushing, 
for the execution of embankment works at Axelsche Gat, 
near Hoek, in Southern Zeeland. 

Italy : The Gazzetta contains a copy of a decree grant- 
ing to Giosué Tortora e Cia., Pagani, a concession for the 
construction of a railway from the station of Pagani, on 
the Naples-Battipaglia State Railway. 

Spain : The Gaceta de Madrid contains a decree author- 
ising the Spanish Ministry of Marine to invite tenders for 
the following works :—(1) Construction and installation of 
a bridge between the Carraca Arsenal and Avanzadilla ; 
(2) repair, &c., ofj the channels communicating with Dam 


— 


No. 4 of the arsenal, and, if necessary, extension of the | 


work now in prospect, for the immediate use of the dam ; 
(3) construction in the arsenal of a tug-boat, tank-boats for 
water transport, and lighters. The Gacecta also announces 
that tenders will be received up to September 9 next at 
the Direccién General de Obras Publicas, Madrid, for the 
construction of a horse tramway from Villarreal to Grao 
de Burraiana, in the province of Castellon. The esti- 
mated cost of construction is 81,171 pesetas (about 3000/.). 
Although the foregoing contracts will in all probability 
be awarded to Spanish firms, nevertheless the carrying 
out of the works may involve the purchase of some 
materials out of Spain. 

Portugal: The Diario do Governo contains a notice, 
issued by the General Directorate of Public Works and 
Mines, inviting tenders for the construction of a bridge 
across the River Sorraia Velho, situated between Coruche 
and Monte da The upset price is put at 8000 
milreis (about 1600/.), and a deposit of 200 milreis (about 
401.) will be required to qualify any tender. Tenders 
will be received up to September 17 at the offices of the 
Direccio Geral das Obras Publicas e Minas, Lisbon. 

Russia : H.M. Commercial Attaché for Russia reports 
that Imperial authorisation has been given to the town of 
Ekaterinoslav to conclude a bond loan of 2,600,000 roubles 
(about 274,000/.) for tramway and water-works exten- 
sions, building operations, &c., and to the town of 
Reval to conclude a loan of 1,500,000 roubles (about 
158,000/.) for town needs. The Deutscher Reichsanzeiger 
(Berlin) states that tenders are invited by the muni- 
cipal authorities of Ssysran for the construction of 
an electric tramway and an electric lighting system. 
Tenders, for both undertakings or for the lighting system 
poy will be received at Gorodskaya Uprava, Ssysran, up 
to October 14. According to the Moniteur des Intéréts 
Matérials (Brussels) tenders are invited by the Ministry 
of Commerce, St. Petersburg, for the construction and 
improvement of dry docks and of chain-testing stations, 
at a cost of 1,982,000 roubles (about 209,0007.). 

Mexico: H.M. Consul-General at Mexico City reports 
that, according to the Mexican Herald, the concession 
— in January last for a railway from Port Lobos, 

mora, to Sasabe, on the frontier, has been purchased by 
the Arizona and Gulf Railroad Company. The first 
50 kilometres must be completed within two years from 
April 26, 1911. 

Uruguay: The Diario Oficial contains a decree, issued 
by the Ministry of Public Works, approving in general 





the plans submitted by the Pan-American Trans-Con- 
tinental Railway Company for the construction of a rail- 
way from Colonia to San Luis, in accordance with the 
modifications introduced by the National Department of 
Engineers. 

Brazil: H.M. Consul at Porto Alegre reports that a 
company is being formed in that town under the name of 
the ‘‘Allianga do Sul, Sociedade Anonyma,” with a 
nominal capital of 2,000,000 milreis (about Sg may 
import machinery, building requisites, iron, &c. The 
Diario Oficial publishes Decree No. 8627 authorising the 
Compagnie Francaise du Port de Rio Grande do Sul to 
construct a branch line of railway from the Capio do 
Leao stone quarry to the station at Pelotas. It also con- 
tains Decree No. 8775, opening, in favour of the Ministry 
of Communications and Public Works, a credit of 250,000 
milreis (about 17,0007.) for the pur of extending the 
Central Railway of Brazil from Lafayette, by way of 
Bello Horizonte, in the direction of Paraopeba. 








THe WESTINGHOUSE Company.—The gross earnings of 
the Westinghouse Electric and Manufacturing Company 
in 1910-11 were 38,119,312 dols., showing an increase of 
8,870,630 dols. as compared with 1909-10. The net in- 
come for 1910-11 was 4,881,105 dols., a gain of 1,820,441 
dols. The profit for the year was altogether 5,964,224 
dols. The value of the property and plant owned by the 
company is set down at 17,692,146 dols.; the investments 
held amounted to 24,034,636 dols., and the working and 
trading assets were 14,521,474 dols. The company has a 
funded debt of 22,607,000 dols.; the capital represented 
by its stocks at the close of 1910-11 was 40,693,288 dols. 
The revenue of the British subsidiary company has not 
been sufficient to clear working expenses and the up-keep 
of patents during the last two years. The book value of 
this property has been written down by 1,273,000 dols. 
The operations of the French subsidiary company have 
also been unprofitable, although it earns sufficient to clear 
its interest charges. Debentures of this company are 
carried on the books of the Westinghouse undertaking at 
1,430,731 dols. The operations of the Italian subsidiary 
company have not produced results equal to expectations, 
in consequence of delay on the part of the Italian Govern- 
ment in improving its railways. The Russian subsidiary 
company has also hansen losing proposition, the aggregate 
loss to date having been 1,800,000 dols. The Austrian 
subsidiary company has been fairly prosperous. The 
Canadian Westinghouse Company has also been success- 
ful, and has paid dividends regularly since 1903 at the 
rate of 6 per cent. per annum. 





THe Roya Sanitary Institute.—This institute has 
now issued its final programme for the Congress, to be 
held in Belfast from Monday the 24th to Saturday the 
29th inst. A large number of visits of inspection and 
excursions have been arranged for. The following sub- 
jects have been arranged for discussion in the various 
sections: Section I.—Sanitary Science and Preventive 
Medicine: ‘The Prevention of Typhoid Fever,” to be 
opened by Alderman J. King Kerr, M.D., M.Ch, J.P. 
‘Sewage Purification,” to be opened by Samuel Rideal, 
D.Se., F.I.C. Section II.—Engineering and Archi- 
tecture: ‘‘The Planning of a Modern City, from an 
Engineer’s Point of View,” to be opened by Chas. Brown- 
ridge, M. Inst. C.E., Borough Engineer and Surveyor, 
Birkenhead. ‘‘Model Bye-Laws in relation to Archi- 
tectural Practice,” to be opened by H. D. Searles-Wood, 
F.R.I.B.A. Conference of Municipal Representatives : 
**Municipal Lodging Houses.” ‘‘ Municipal Hospitals,” 
to be a by Philip Boobbyer, M.D., M.S., M. RCS, 
M.O.H., Nottingham. Conference of Port Sanitary 
Authorities: ‘‘Plague Precautions in reference to the 
destruction of Rats,” to be opened by Herbert Williams, 
M.D., D.P_H., M.O.H,, Port of London. ‘‘The Impor- 
tation of Unsound Food,” to be opened by William 
Hanna, M.B., D.P.H., Assist. M.O.H., Port of Liverpovi. 
Conference of Medical Officers of Health: ‘‘The Possi- 
bilities of Extension of the System of Compulsory Notifi- 
cation of Disease,” to be opened by Meredith Young, 
M.D., D.P.H., County M.O.H., Cheshire. ‘‘ The Medical 
Officer of Health in Ireland,” to be opened by Samuel 
Agnew, M.A., M.D., M.O.H., Lurgan. Conference of 
Engineers and Surveyors: ‘‘The Discharge of Sewage 
into Tidal Waters,” to be opened by W. Harpur, M. Inst. 
C.E., City engineer and surveyor, Cardiff, from the 
engineer’s point of view. ‘‘The Discharge of Sewage 
into Tidal Waters,” to be opened by Professor E. A. 
Letts, D.Sc., Ph.D., F.R.S.E., F.C.S., from the scientific 
standpoint. ‘‘The Dust Nuisance, its Evils and Abate- 
ment,” to be opened by John S. Brodie, M. Inst. C.E., 
Borough engineer and surveyor, Blackpool. Conference 
of Veterinary Inspectors: ‘‘The Hygiene and General 
Arrangements of a Modern Slaughter-House.” ‘‘ Meat 
Branding and the Uniformity of Meat Inspection,” to be 
opened by W. G. Barnes, M.R.C.V.S., Chief Veterinary 
Inspector and am of Abattoirs, Metropolitan 
Cattle Market, Islington. Conference of Sanitary In- 
spectors: ‘*The Smoke Nuisance and its Abatement,” to 
be opened by John Macaulay, Chief Smoke Inspectcr, 
City of Liverpool. ‘‘Dairies and Milk Supply, from a 
Sanitary Inspector’s Point of View,” to be opened by 
John T. Cowderoy, Chief Sanitary Inspector, Kidder- 
minster. Conference of Women on Hygiene: *‘ The State 
Endowment of Mothers,” to be opened by G. Eric 
Prichard, M.A., M.D., M.R.C.P. ‘‘The Reduction of 
Infant and Child Mortality from Measles,” to be opened 
by John McCaw, M.D., L.R.C.P. Conference on the 
Hygiene of Childhood: “The Hygiene of School Life,” 
to be a by Professor J. A. Lindsay, M.A., M.D., 
F.R.C.P. ‘Infantile Mortality in Towns,” to be opened 
by Alfred Greenwood, M.D., D.P.H., M.O.H., Black- 
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LIFTING AND HAULING APPLIANCES. 


10,748/10. J. A. Liddle, Edinburgh. Capstans. 
[8 Figs.] May 2, 1910.—According to this invention, an electrically- 
driven capstan comprises in construction an electric motor, the 
component parts of which are arranged concentrically to the 
barrel of the capstan, and in one form comprises the adoption of an 
electric motor in which the armature and field-magnets are 
arranged in driving connection with one another and adapted to 
rotate in opposite directions, and, further, constructs a capstan 
having an electric motor, and associated gearing, mounted above 
the base on which the capstan is arranged and housed within, or 
mainly within, the barrel of the capstan. The electrically-driven 
capstan shown embodies an electric motor having an armature A 
and a field element B mounted to rotate in opposite directions, 
the field el t B being iated in construction witha capstan 
barrel C, a driving connection being established between the 
armature and field element, which, in the operation of the motor, 
imparts the required drive to the capstan barrel. The component 
parts of the electric motor and associated gearing are disposed 
upon a base-plate D, on which the capstan is mounted, and housed 
entirely within the barrel C. The base-plate D is circular, and 
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is provided at its centre with a step-bearing, to receive 
the foot of the armature-shaft. For the support of the 
frame F, carrying the field element B, bearings are provided 
associated with an inner complementary bearing-race D!, formed 
as a flange projecting fron: the base-plate D. Between these 
races a circular series of rollers G are disposed, and apie 
made, if required, for keeping them distanced apart. The peri- 
phery of the annular rim F! may be formed with teeth, into 
which a pawl F2, or series of such pawls, pivoted on the base-plate 
D, are adapted to engage in order to restrict the rotation of the 
frame to one direction only. For the further support of the 
frame F and armature shaft other bearings may be provided ; for 
example, the frame may comprise a crown F°%, formed with a 
bearing at the centre of its head to receive the top of the shaft E, 
and, if required, a bearing D2 may be formed to support the shaft. 
For establishing a working connection between the armature 
shaft and the frame F, gearing may be interposed between, say, 
the foot of the shaft and an annular toothed wheel F4 formed on 
the frame F. (Accepted May 10, 1911.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


11,337/10. Daimler Motoren Gesellschaft, Unter- 
turkheim, Germany. Friction-Clutches. (2 Figs.) 
November 26, 1909.—In a double-friction cone-coupling with 
reversed friction cones in which an axial tubular extension of one 
of the movable friction cones passes through the other or outer 
friction cone and is axially movable on the shaft to be coupled, 
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lever mechanism is arranged between the outer cone and a collar 
cates tubular extension of the second cone, the lever mechanism 

ng pted, when operated, to move the two cones towards 
one another and away from their co-operative surfaces. The 





| sleeve c, which also su ts a second friction cone /, the latter 
being axially movable, but prevented from rotating on the sleeve. 
The two friction cones are pressed asunder by a spring g, 80 that 
they bear against the corresponding friction surfaces of the 
enlarged hub / of the fly-wheel. A ring ¢ is securely seated on the 
end of the sleeve c. This ringi is formed as a Lall-race, and a 
ring & constitutes the counter ball-race and serves to displace 
the clutch part d. Outside of the friction-cone / is seated 
loosely on the sleeve ¢ a a i, formed as a ball-race, with the 
corresponding ring m serv ng for displacement of the clutch 

J. The two rings m and k are pressed apart by a spring, so 
that they bear against the balls situated between them and the 
rings / and i; the ring / resting against the friction cone /. e 
two arms o and p of the toggle, the knee joints of which are con- 
nected with push-bolts r, are pivotally connected with the rings k 
and m, The push-bolts r are movable in vertical guiding sockets « 
carried by a sleeve or ring s! fixed to theshaft vw. The upper ends 
of the push-bolts r are jointedly connected with arms 1, fixed on a 
sleeve on which the pedal lever is also fixed, the sleeve being 
revolubly mounted on the supporting shaft u. If it is desired to 
disengage the —— the push-bolts r are pi down by 
pressing down the foot-lever w. By this means the two arms 0, p 
are spread, and the rings k and m are pi apart and act on 
the rings i and 1, so that the ring ¢ is moved to the right and the 
ring 1 to the left. The ring ¢ is securely connected with the 
sleeve c, and moves the latter, and therefore the friction cone d, 
to the right ; whilst the ring 1, which bears direct against the 
friction cone /, moves the latter to the left. By this means the 
two friction cones are simultaneously moved to the same extent 
from their respective friction surfaces on the enlarged fly-wheel 
hub y and the ling i isengaged, (Accepted May 10, 
1911. 





« is thus d 
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MOTOR ROAD VEHICLES. 


14,159/10. S.O. Cowper-Coles, London. Motor-Car 
Lamps. [1 Fig.) June 1l, je ny ae ey | to this invention, 
the lamp consists of an outer casing in which is fixed a deep glass 
reflector of parabolic form provided with a gold or golden-coloured 

















reflecting surface. a is the lamp casing, b is the front protective 
lass, c the source of light, and d the deep glass reflector of para- 
lic form. Apertures are provided in the lamp casing and the 


lass reflector to admit the electric lamp-holder cl. The reflector d 
is held iv position by mounting rings. (Accepted May 10, 1911.) 


PRINTING AND ALLIED MACHINERY. 


10,540/10. A. H.Walker, London, and H. Pearce and 
T. R. G. Parker, oadheath. Offset Printing- 
Presses. [1 Fig.) April 29, 1910.—The improvements refer to 
the relative diameters and positions of the forme-cylinder and 
offset and impression cylinders. 1 is the forme-cylinder, 4 is the off- 
set cylinder which receives the impression from the cylinder 1 and 
transfers it to the paper carried around by the impression-cylinder 
5, which latter is provided with the usual rs. 6 are the 
inking-rollers, 7 the damping-rollers, 8 the feed-board, and 9 a part 
of the delivery mechanism. Concerning especially the cylinders 

















1, 4, and 5, the two last-mentioned cylinders are both of the same 
diameter and each is of half the diameter of the cylinder 1, and 
further the axes of the three cylinders are situated in three 
different vertical planes, the vertical plane containing the axis of 
the impression cylinder 5 being between those containing the 
axes of the cylinders 1 and 4. e cy'inder 1 has attached to it 
the usual lithographic plate, which extends around practically 
one-half of its circumference, and for each sheet pulaned, it makes 
one complete revolution, while the cylinders 4 and 5 make two 
complete revolutions each. (Accepted May 3, 1911.) 


PUMPS. 
17,875/10. J.S. Raworth and T. Browett, London. 
Ro’ (5 Figs.) July 27, 1910.—In rotary pum 
of the kind in which radiall blades are distributed 


-arran 
around a rotor, and are movable parallel 
the longitudinal or reciproca‘ 
the rotation of the rotor are 
and arranged to act upon a 
against, or make contact 
containing the rotor. 


to the axis of the same, 
movements of the blades duri 
ected by a cam that is dis 
of each blade that does not abut 
th, the end wall of the cylindrical 
1 is the cylindrical casing which 





driving shaft @ is aligned with the driven shaft b. and a sleeve c is 


axially movable on the shaft 0, 





A friction cone d is fixed to the , casing 1. 


contains the rotor. The 8, 4 form the end closures of the 


one plane, but is in two es, which are in parallelism, and each 
end closure, as seen in elevation, comprises two sector-like parts, 
the one sector being smaller, or extending through a smaller 
angle than the other sector. The inner face of each sector is in 
one plane only, and the plane of the inner face of the smaller 
sector (11 or 13) is nearer the centre of the lenyth of the casing 
than is the plane in which the inner face of the my sector 
(12 or 14) lies. The disposition of the sectors on the end closures 
is such that when the end closures are placed in position, the 
sector 11 is opposite the sector 14, and the sector 12 opposite the 
sector 13. 16 is the cam for operating and reciprocating the 
blades within the grooves of the rotor. The cam is formed or 
fluid 
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mounted on, and extends around the full len of, the inner 
periphery of the casing, and is disposed at or about the centre of 
the length thereof. The blades are cut away or recessed on their 
outer edges, and in these recesses the cam 16 enters and cagages. 
The rotor is also cut away or recessed around its periphery in a 
similar manner to the blades, but the width of the recese in the 
rotor is greater than the width of the recesses in the blades, and 
is equal to the travel or movement of the blades plus the width of 
the cam. The cam may be made in one piece, or may be of seg- 
mental construction, and is secured in position by set ecrews or 
bolts, which through the wall of the casing, and enter holes 
in the outer face of the cam. (Sealed July 13, 1911). 


RAILWAYS AND TRAMWAYS. 


17,405/10. J. Whiteley and J. M. Moss, Manchester. 
Tramcar Lifeguards, [7 Figs.) July 22, 1910.—A re-setting- 
rod for the lifeguards of tramcars is characterised, according to 
this invention, by being made in two parts, whereof one is shorter 
than the other, and is pivoted at a point above the lower end of 
such other t. Either part at its y ed end is formed with the 
usual foot-plate, and both parts are designed to pass through a 
slot in a plate fixed to the floor of the vehicle. In one edge of the 
shorter part are formed notches or teeth, and fix at one 
extremity to the longer part, and at the other and fr: e extremity 
pressing against the shorter part is a spring. Under the action 
of this spring the two parts are caused to bear respectively against 
the opposite ends of the slot in the plate. The two parts are 
indicated by the letters a and b, the ta being the longer and 
comprising a bifurcated member d ed to receive the part b. 


Fig.2. 









\ 











cis the plate fitted to the floor of the car, and through a slot 
therein and in the floor passes the rod. The slot in the plate c is 


of such dimensions as to insure the rod engaging with one or 
other edge when raised. The part ) about ray 4 of its length 
is provided with teeth b1, Secured at one end to the part ais a 


spring g, which, at its free extremity, bears against the part 4, 


and holds this in contact with the part a! of the part a. The 
b also es the foot-plate 2, which, with the rod in ite 
normal ition, rests clear of the plate c. When, therefore, the 


rod is raised by the action of the lifeguard until one of the teeth 
bl lies above the plate c, the spring g holds the parts in such 
ar pee and the tray is lowe In this position, however, the 

th can be readily freed from the ee e by the driver of the car 
pressing the foot-plate b2 in the direction of the arrow 2, the 
— only resisting the unlatching cf the resetting-rod by the 
lifeguard. (Accepted May 8, 1911.) 


6666/10. J. Stone and Co., Limited, Deptford, and 
A. H. Darker, Blackheath. pene Teams. cna 
Trains. (+ .] March 16, 1910. 


Ventila 

—In electrical systems intended more ally for the lighting, 
heating, and ventilating of trains, t ti parat 5 
arranged and operates always to connect the terminal of the fan 
or like motor circuits directly and without interposition of re- 
sistance with the brush of the dynamo, which, for the time 
being, is tive According to invention, a switch 

by two electro.magnets a, b, which em | be placed either side by 
side as shown, or tandemwise, and which operate upon a rocking- 








The inner face of each end closure is not made as of 





switch lever c,d, or upon a sliding rod carrying a contact or 
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contacts, is employed for automatically changing over the con- 
nections of the motor circuitsof the ventilating fans, or other 
current-consuming devices to which variation of voltage is not 
of much consequence, in such a manner that the fan circuit | 
always takes its current from the particular battery lead which | 
h to be ted directly to the positive terminal of the | 























c 
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dynamo, and not connected thereto through a resistance. The | 
arrangement of switch is such that when the circuit of either | 
electro-magnet is closed by any suitable means, either the circuit | 
of the other electro-magnet is broken or the other electro-magnet 
is short-circuited so that the lever or rod is moved in one direc- 
tion. (Sealed July 6, 1911.) 

11,157/10. E. M. Munro and the Railless Electric | 

Co: ted, Lon 











Traction » Limi don. Trolley 
Poles. (6 Figs.) _ 5, 1910.—The invention relates to trolley- 
poles for electric traction systems, in which two or more overhead 
conductors supply power to a vehicle travelling without rails, and, 
according thereto, a trolley-base comprises a plate or carrier 
pivoted uw a central support and carrying two pole-sockets, 
each capable of rotation relatively to the carrier and geared or 
connected together, so that they each rotate in the same direction 
and through similar angles. A is the central pivot provided with 
a foot intended to be bolted on the vehicle. Mounted upon the 
pivot is a carrier B provided with hollow extensions B? forming a 
support for an outer sleeve OC, which can rotate relatively to the 
hollow member B2. Each of the sleeves C is provided with a 
spur-wheel D, and the two ——* engage with a pinion D! 
mounted upon the top of the central support A. The upper 
portion of each of the sleeves C carries, or is formed as, a hood C% 
serving to protect the mechanism of the trolley-base from the 
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weather, and alag to ~~ the pivots of the trolley-socket E. 
Each hollow member receives an inner sleeve F capable of 
rotating and of sliding longitudinally therein. The sleeve F holds 
a ring G provided with gudgeon-pins connected by links H to 
bell-crank levers J pivoted to the carrier B. The lower end of the 
inner sleeve F is baring: with lugs, to which is attached the | 
lower extremity of a link K, the upper end of which en; a) 
fork formed on the end of the pole-socket E. Each pair of bell- | 
crank levers J is connected by adjustable rods L to a yoke or 
cross-bar L! capable of slidiag on tubes M, which extend from 
the carrier B, Encircling each tube M is a spring N. Each pair 
of springs acts through the cross-bar L!, the rods L, and the bell- 
crank levers J, to pull down the ringG and the inner sleeve F. A 
downward pull is thus transmitted thro ‘gh the link K to theinner 
end of the pole socket E, and the upper extremity of the pole 
bearing the shoe or collector tends to be raised into contact with 
the conductor. (Accepted May 10, 1911.) 


17,874/10, E. M. Munro and the Railless Electric 
Li London. Railless 


. 

Traction 8 (2 Figs.) July 27, 1910.—In electric- 
traction systems, in which less vehicles are supplied with 
power from two or more overhead conductors, one of which is at | 
or about earth potential, the frame of the vehicle is normall 
kept in connection with the earthed conductor, and this is effected, | 
according to this invention, through a change-over switch which | 
automatically opens whenever there is a break in the overhead | 
line circuit, leaving the frame disconnected if the break is a | 
simple one, connec’ ng the frame to the other conductor if there 
is a change in the polarity of the conductors, or connecting the 
frame once more to the original conductor if the overhead line 
circuit is again completed without a change of ty. The 
change-over switch has a contact arm A electrically connected to 
the vehicle frame B. The “ off” position of the arm A is vertical, 
and is made definite by springs C. The arm A co-operates with 
contacts D and D! joined respectively to the overhead conductors 
E and E! through the trolley collectors. On each side of the 
arm A is an electromagnet F or F), When either electromagnet 
is energised, the arm A is moved over into connection with the 
contact D or D! against the action of the springs C. The electro- 
magnets F, F! are enersised from the conductors E, E!, their | 
circuits being controlled by a switch comprising two electro- | 








magnets H, H! and an armature J polarised by a coil J! energised 
by a battery K. This armature J also acts as a switch-arm and 
co-operates with contacts L and M. The armature J has three 
positions—one a neutral —_— and two operative positions—in 
which it makes connection either between the contacts L or M. 
It occupies the neutral position through the action of a spring 
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when the coils H, H! are not energised. The coils H, H! are | 


connected in series and across the conductors E, El. The arma- 
ture J, being polarised, will be oe into one or other of its 
operative positions, according to the polarity of the conductors 
E, El; but when these conductors are dead, the armature will 
assume its neutral position. (Accepted May 10, 1911.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &« 


14,532/10. J. Davidson, Pendleton. Steam-Engines. 
(4 Figs.) June 16, 1910.—The invention relates to that type of 
high- steam-engine in which steam is admitted by valves 
at each end and exhausted at the middle of the cylinder by the 
piston uncovering ports at or near the end of its stroke, and con- 
sistsin forming in each cylinder end a number of steam-admission 





ports, and fitting around the ports a sleeve-like valve adapted to 
cover and uncover the same as required. a. isthe cylinder, b are 
the steam-admission ports formed in each end of the cylinder a. 
Around the admission ports b is fitted a sleeve-like valve g actuated 
independently or by means of rods and eccentrics from the crank- 
shaft. (Accepted May 10, 1911.) 

10,231/10. A. F. Yarrow, Blanefield. Superheaters. 
(14 Figs.) April 26, 1910.—According to the present invention, a 
superheater is provided on one side only of boilers of the type in 
which a steam and water-drum is connected by two sets of down- 
wardly extending tubes with two water-drums, one on each side 
of the combustion space of the boiler furnace, the superheater- 
tubes being arranged in one or more nests or banks in the path 
of the furnace gases which pass between generator-tubes on the 





same side of the boiler, and being either interspersed amongst 
these generator-tubes, or disposed on the further side of the bank 
of genera'or-tubes in the direction of flow of the furnace gases, 
or interposed between two banks of generator-tubes on the same 
side, or between the generator-tubes and the feed-water heater, 
if such be used. The drawing shows in transverse section a 
water-tube boiler of the Yarrow type fitted with a superheater 
embodying in one form the improvements constituting the 
present invention, The superheater tubes 8 are placed substan- 


| times, as may be desi 


tially 1 with and at a small distance from the outer row of 
one of the banks of generator-tubes 4, and may extend longi- 
tudinally so as to be co-terminous with the generator-tubes, or 
they may extend only over a fraction of the total length of the 
bank of generator-tu It will be observed that this bank of 
generator-tubes is of less depth than the bank 4a, and that the 


| water-drum 3 is correspondingly reduced in dimensions. The 


superheater tubes, which at their upper ends are curved to 
U-shape, so as to cause them to be traversed three times by the 
hot as well as to allow for yielding or expansion, have their 
upper ends expanded into the upper part of the steam-drum 2 and 
oe into a space within the drum, which is partitioned off from 
the remainder of the steam collector. The lower ends of the 


| tubes 8 are er expanded into a lower steam-chamber 9 
| which may be divi 


led into compartments so as to cause the 
steam to traverse the bank of superheater-tubes two or more 
The furnace gases from the combus- 
tion space 6 divide between the two sides of the boiler, part pass- 
ing through the bank of tubes 4a and thence to the main uptake, 


| part through the bank 4 and the lower parts of superheater-tubes 


8 to space 5 and thence through the upper curved part of the 


| tubes 8 to the main uptake which is controlled by damper 11. 
| Along the upper part of the generator-tubes 4 is a baffle 7 adapted 


to prevent the furnace gases passing directly to the upper part of 
the superheater-tubes. Instead of expanding the upper ends of 
the superheater-tubes into the wall of the steam-drum 2, they 
may be arran to communicate with the steam-drum, should 


| the boiler be furnished with one. By closing the damper 11 more 
| or less, the flow of the furnace gases through the left-hand side 


of the boiler may be checked to a greater or less extent, or may 
be stopped entirely by completely closing the damper, in which 
case the whole of the furnace gases pass through the bank of 


tubes 4a. (Accepted May 3, 1911.) 


TEXTILE MACHINERY. 


9806/10. W. T. Smith, Bolton. Spinning Slivers. 
(14 Figs.) April £2, 1910.—This invention relates to the method 
of spinning direct from the condenser card, and consists essen- 
| tially in building up a number of condenser slivers, each taken 
from a different carding-engine or different condenser bobbin, 
upon a creel bobbin, and, in the course of spinning, drawing a 
number of condenser slivers, each taken from a different carding- 
engine or condenser bobbin, and spinning same into a thread or 
yarn. The fleece from the doffer cylinder of a condenser carding- 
engine is wound upinto a number of slivers A upon short bobbins a 
on a bobbin B. One sliver A on its bobbin a from each of the 
condenser bobbins B is then placed upon a creel bobbin until any 
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desired number—say, 6 to 10 or more—are placed thereon. There 
are thus 6 to 10 or more condenser slivers each taken from a 
different condenser bobbin on each creel bobbin, and there are 
thus 6 to 10 or more ends or slivers to be placed in the creel and 
drawn out or spun into one thread. If more than this number of 
| slivers are to be doubled and drawn a second creel bobbin so built 
| up may be employed to produce the one thread. Thus any 
| number—preferably 6 to 10 cards or condenser bobbins—contri- 
| bute each its sliver to one thread or end of yarn, and any irre- 
= or inequality of carding on one carding-engine is neutra- 
ised by the others, and the yarn spun will of much more 
uniform quality. (Accepted May 8, 1911.) 


10,130/10. B. Sroomiem, Blackpool, 8S. Lawson and 
the Palatine Automatic Loom Company, Limited, 

° eft-Rep] Looms. [11 Figs.) April 
26, 1910.—In automatic weft-replenishing looms, mechanism is 
arranged to be put into action by the weft fork or cop-feeder motion 
on the failure of the weft, the said mechanism causing the tension 
of a spring or of springs to be increased during the forward beat 
of the slay effecting the change of weft, thereby retarding the 
meee of the slay and loom, the spring or springs accelerating 
the speed of the slay and loom during the “re yy! backward 
beat of the slay. Between two brackets 8 and 9 a long helical 
spring 10 is stretched. The rod 12 has a nut, and on the slay 
sword 2a swivel catch 14 (Fig. 3) is mounted, the one end of which 
is so arran, that it can seize over the rod 12 when pressed down, 
| but is held clear of it by the spring 16 attached to it at one end, 
| and at the other end to the slay bottom 3. On the shaft 7 a lever 
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17 is mounted, the end of which passes under the other end of the 
catch 14. When on the failure of the weft, the shaft 7 is turned 
forward, the end of the lever 17 is raised and lifts up the catch |4 
into the position shown in Fig. 3, just as the slay reaches the end 
of its backward movement. The catch then seizes over the rod 
12 behind the nut thereon, and in its forward movement carries 
the nut and rod 12, which slides in the bracket 8, forward with i 
and thereby stretches the an 10, whereby the forward move- 
ment of the slay is retarded, while the next yom! backwar« 
beat of the slay is accelerated by the pull of the spring upon 't. 
The pull of the spring holds the catch 14 and rod 12 engaged till 
the slay has nearly returned to its backward position when the 
rod 12 is held hack by engagement with the bracket 8 so that the 
catch 14 becomes disengaged, and the spring 16 pulls it up into 
its normal position, the lever 17 having dropped meanwhile. 
(Accepted April 26,1911.) 
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THE STRENGTH OF STEELS IN COM- 
POUND STRESS, AND ENDURANCE 
UNDER REPETITION OF STRESS. 


By L. B. Turner, B.A. 


In a former article* the writer described some 
experiments carried out with the purpose of ascer- 
taining how closely the elastic breakdown of a 
material is dependent only on the maximum shear 
to which it is subjected. The nature of, and neces- 
sity for, the inquiry were set forth, and a brief 
summary of the earlier experimental work was 
added. The new experiments of that article con- 
stituted the first instalment of results under the 
scheme of work there outlined. The present article 
is the sequel of the former. It embodies (1) some 
further tests with static pull and torque; (2) 
experiments in three-dimensional stress ; and (3) 
an investigation of the endurance of various steels 
under alternations of tension and shear.t 

I. The Elastic Limit in Two-Dimensional Stress. — 
The chief results in the former article were from 
tests on annealed, thin-walled, mild-steel tubes, 
subjected to stress-distributions of simple tension 
and simple shear, the stress being continuously 
increased until the specimen ceased to remain 
elastic. In the one case —_ tests) the elastic 
limit occurred at a stress with principal tensions 

p, 9, 9, 
and in the other (torque tests) with principal 
tensions 
YP’, 0, 7 py. 

The limiting elastic shears in the two cases were 
therefore 

p-90 

2 

respectively. The experiments showed that these 
shears, produced by the two different stress-distri- 
butions, were equal to within some 4 per cent. 
For the particular material tested, therefore, the 
shear theory was remarkably confirmed, and the 
tension and stress formule of Rankine and Saint 
Venant were demonstrated to be inapplicable. 

As formerly explained, this series of tests was 
undertaken to supply an accurate idea of the truth 
of the shear theory for some one material. That 
chosen was a mild steel, such as is commonly used 
for structural purposes, and was similar to material 
for which other experiments had already shown 
roughly the constancy of shear at breakdown. 


TABLE I.—Stress at Elastic Limit wnder Simple Pull 
and Simple Torque. Units: Inch, Pownd. 


= p/2, and —— P) - p’ 























. . Maxi- : 
: Simple Simple Maxi- 
Material.* Tension Shear Ten, mum 
(Pull). (Torque). bag Shear. 
Mild - steel tubes, 31,600 31,600 15,800 
containing 0.15 to 
0.30 per cent. car-- 
bon. [ENGINERR- 
Ing, 1909, page 
204. | 16,400 16,400 16,400 
42,100 
42,300 
42,400 
Mild-steel, contain- } | Tr 149 ang) 91 « 
ing 0.82’ per cent. Mean = 42,300 aoe we ee 21,200 
carbon 93'600! 
24,400 | 
‘| |Mean = 24,400 24,400 24,406 
7,200 
69,300 
66,600 
Tool-steel, contain- —_— 
ing 1.25 per cent./ Mean = 67,700 dip 67,700 33,900 
carbon } 39,400 
37,500 
Mean = 38,400 38,400 38,400 
81,000 
81,300 
Nickel steel, eon-| |Mean = 81,200 = $1,200 40,600 
taining 3.01 per 44,500 
cent. nickel 39,700 
38,100 


\ Mean = 40,800 40,800 40,800 
! 
* Complete analyses will be given in Appendix Il. 
_"“The Elastic Breakdown of Materials submitted to 
npoand Stress,” ENGINEERING, February 5 and 12, 
+ The research was carried out in the Engi i 

: i . gineerin, 

laboratory of Cambridge University. My thanks ae 


due to Professor B. Hopkinson, F.R.8., for his kindness 
'n permitting and encouraging the work. 





In the later experiments with alternating stress,| Longitudinal Pull.—The longitudinal pull was 
described hereafter, various steels have since been applied in these tests through the special knife- 
used, and a few static tests with pull and with | edge shackles described before, ensuring centrality 
torque have been made on them. The results /|of pull. Fig. 1, page 116, shows a specimen fitted up 
are tabulated in the preceding column, and for | for a test. The beam of the testing-machine sup- 


comparison with the former tests the mean figures 
for them also are included in the table. The speci- 
mens were all annealed at 760 deg. Cent., except 
the nickel steel, where the temperature was 800 deg. 
Cent. They were used in the testing-machine in 
the form of 2-in. rods as rolled, but for the torsion 
tests they were turned down, for a length of 
about 3} in., to about 0.33 in. in diameter. In 
all the materials the elastic limit and the yield- 
point in the testing-machine coincided. A fresh 
specimen was used for every test. 


It is clear | 


| ports the casting A A, which carries the saddle 
| on knife-edges lying parallel to the direction A A ; B 
| supports the collar C on knife-edges perpendicular 
| tot e direction A A, and this collar C encloses a 
eo block, into which an end of the specimen 
| Dis screwed. Atthe other end of the specimen the 
| arrangement is similar. A flexible coil of copper 
| pipe G (@ in. diameter, } in. bore) conveys high- 
pressure oil to the inside of the specimen. Longi- 
| tudinal and diametral strains are measured by an 
| ordinary 8-in. Ewing extensometer E and the lato- 


from this table that the shear theory is no general | meter F’, described below. 


law which covers all elastic materials. The mild) 
steel, although stronger than the steel of the tube 


Production and Application of the Fluid Pressure. 
—The internal fluid pressure for the thick tubes 


tests, is a fairly similar material ; but for it the | was obtained by means of a hand-pump deliverin 


discrepancy of the shears is considerably greater. | 
The tool -steel shows the greatest inequality of 
shear in the two distributions of stress ; yet even 
for it the theory that failure occurs through shear 
is obviously very much closer than the tension 
hypothesis. In the nickel-steel the shears in the 
two sets of experiments are nearly equal. The 
experiments show, therefore, that the shear theory 
is in some materials very nearly accurate ; in other 
materials, quite appreciably inaccurate ; but in all) 
the very diverse materials tested it is greatly | 


superior to the more generally accepted tension | 





hypothesis. 

it Experiments in Three Dimensional Stress.— | 
The stress set up ina rod or tube by any combination | 
of torque and pull is eyerywhere two dimensional ; | 
one of the three principal tensions at each point | 
is zero. In experiments where an internal hydro- | 
static pressure is applied to a thin tube—as in some | 
of Mr. J. J. Guest’s work*—the third principal | 
tension, although not everywhere zero, is very | 
small. Allexperiments hitherto made had, there- 
fore, only employed stress distributions which were | 
practically two dimensional ; and it was desired | 
to extend the investigation to cover cases of stress | 
in which all three principal tensions were large. | 

The three-dimensional stress was produced in| 
thick-walled steel tubes, by loading them with a| 
large internal fluid-pressure, + accompanied by more 
or less longitudinal pull. The same tubes were | 
subjected to longi.udinal pull alone, and to torque | 
alone. 

The stresses due to an internal fluid pressure P 
in a tube whose internal and external radii are a 
and / respectively are 
Radial tension | 

Ri = P. B. wo? = 
hoop tension 





2 2 
Ry = P. jy" w(} . m)3 | 
longitudinal tension 
a 
3 ‘W-@’ | 


where r is the distance of the point from the axis | 
of the tube. At the inside layer, where the radial | 
and hoop tensions are arithmetically greatest, 
_p@t+a?. 

R, =P 5S; 

R, =- P. 
If there is additional longitudinal tension R! from 
the testing-machine, the greatest shear in the 
material is 

4(R! i R; re R,), or 4 (Re ~ R,), 

according as the longitudinal or the hoop tension is 
the greater. 

According to the shear theory, if the material 
ceases to be elastic in the testing-machine at a 
tension p, or in the torsion-machine at a shear q, 
the interna] pressure P necessary to overstrain the 
inside layer of the specimen is given by 
Paucan Stew ” 

2 . 2 6 “-— a® 
Hence with a thick tube an internal pressure 
nearly equal to half the elastic-limit tension P is 
required, so that all three principal stresses may 
be made large. 


_* “The Strength of Ductile Materials under Com- 
bined Stress,” Philosophical Magazine, 1900, vol. ii. 
Results of similar tests by the present writer are given 
in the former article (Joc. cit.). 

+ This method of obtaining the three-dimensional dis- 


tribution was adopted at the suggestion of Mr. C 





Inglis, M.A, 


E. tion of 





uare inch, us 


oil at a pressure up to 3 tons per 
esigned for the 


in conjunction with an intensifier 
purpose of these experiments. 

Referring to the sketch, Fig. 2, A isa very thick 
mild-steel cylinder fitted into a heavy casting B. 
C is a tool-steel ram, which can be forced by 
the screw D into the cylinder, through a leather 

land E. F is a gun-metal block, in which are 

tted the pipe-unions, and the needle-valve G. 
Union H leads to a pressure-gauge, and the corre- 
—— union opposite this, on the other side of 
the block, leads to the specimen in the testing- 
machine. When G is screwed up, the pump is cut 
off from the rest of the system, as is indicated by 
the dotted-line oil passages in the diagram. 

The intensifier was designed for pressures up to 
8 tons per square inch. It proved very convenient 
in use for both high and low pressures. By turning 
the hand-wheel on the screw the ram is very 
gradually forced in, and the pressure is adjustable 
with great nicety. The pump was used to produce 
pressures up to 3 tons per square inch, which were 
accurately adjusted by the intensifier ; above 3 tons 
per square inch, the pump was cut off by screwing 
in the needle-valve. All unions were packed with 
leather washers sunk in recesses, so as to be 
completely surrounded by metal. This is illus- 
trated in Fig. 3. Before this arrangement was 
adopted, trouble was experienced owing to flowing 
of the leather under ike great pressures. Pres- 
sure was measured on a gauge specially calibrated 
(up to 10 tons per square inch) by the makers.* 
It _— be read to within 0.1 ton per square 
inch. 

The ‘* Latometer.”—For these tests it was obvi- 
ously desirable to read diametral strains ; it was 
rendered imperative by the quite inadequate sensi- 
tiveness of the extensometer to indicate yield-point 
due to internal pressure in thick tubes. An instru- 
ment was designed, to which the name * Lato- 
meter” has been given. Owing to the minuteness 
of the lengths to be measured by the instrument, 
and to the fact that it is suitable for obtaining 
Poisson’s ratio from a test in simple tensiont, the 
instrument is here described at some length. Its 
sensitiveness is such that it will measure the 


| Poisson contraction of a 1-in. solid steel bar under 


longitudinal pull, with about the same accuracy as 
the Ewing extensometer measures the longitudinal 
stretch. This implies measurement of change of 
diameter to within coon aas in. (10-6 in. ). 

The principle of the instrument is seen from the 
diagrammatic plan in Fig. 4. Two aluminium 
levers A and B are pressed together, gripping the 


|specimen between them, by a pair of springs C. 


he levers A and B hinge on a knife-edge, at. D. 


|The specimen is gripped between blunt steel points 


E. As the specimen contracts, say, the ends F of 
the levers approach each other, and, by a simple 
mechanism seen in Figs. 5 and 6, cause a small 
mirror to rotate. 

It is believed that the unsatisfactory behaviour 
of other instruments designed to measure lateral 
strain is due chiefly to the mistake of making the 
measuring points carry the weight of the instru- 
ment. In the present design, the latometer is free 
to swing about the diameter of the specimen, but 
is maintained in an approximately horizontal posi- 


* Messrs. Schiiffer and Budenberg. 
+ The equation ¢ = = so is ill- adapted to give 


accurate values of ¢ in steel and iron, since E and 2C are 
so nearly equal for these materials. Accurate determina- 
Poisson’s ratio may be important for calculations 
of stress arising from thermal gradients, 
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tion by a link vertically over its centre of gravity. 
This is sufficiently clearly shown in the photograph 
(Fig. 6). The centre of gravity of the instrument 
varies when adjusted for different sizes of speci- 
men ; so the small plate G (Fig. 4), to which the 
link is attached, is adjustable. By this device, the 
only reaction between the points and the specimen 
is that due to the springs. 

The knife-edge seating shown in Fig. 4 is not 
a plain groove cut ina block. Such a simple form 
of seating cannot be at once sufliciently frictionless 
and definite. The actual fulcrum consists of a 





Calibration of the instrument showed that the 
deflection as observed on a scale distant 100 cm. 
from the mirrors was 1 cm. for a change of dia- 
meter on the specimen of 1.025 x 10-4in. Despite 
the many experiments to abolish friction in the 
instrument, leading to the final design described, 
there is still a very small remnant, resident pro- 
bably at the contacts between the points and the 
specimen, in tiny pits made by a finger-drill. A 
slight tap on the testing-machine (or the thumping 
of a gas-engine in the vicinity) is sufficient to 
remove all effect of the friction. The instrument, 


hardened steel knife-edge resting on a composite | while naturally requiring delicate manipulation, has 


seating of four separate flat steel faces, as indicated 
in Fig. 7, which is a plan of the seating.* 











proved itself quite satisfactory in use. 
The Thick-Tube Specimens.—For the experiments 





electric junction placed within the bore. It was 
then removed, and allowed to cool in a vertical 
position in the air. Specimens 4 and 5 were 
annealed at 800 deg. Cent., and specimen 6 at 
860 deg. Cent. 

The mean bore of the fresh specimen was 
measured by filling it with mercury. After the 
tests had all been made, the specimens were cut 
across near the middle section, where the latometer 
had been attached, and the dimensions were again 
taken with a sliding gauge ; the mean thickness was 
sometimes found to be slightly different. The 
mean of the values found in the two ways has been 
used in the calculations. This examination of the 
old specimens by sawing them across brought to 
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A, B, C, D are the faces ; A and Dslope at about 
45 deg. to the paper in one direction, B and C at 
45 deg. in the other. The knife-edge rests along 
the dotted line. To prevent the knife-edge slip- 
ping along its seating, a small hardened steel plate 

is fixed to the lever A, aad on this the bottom 
end of the knife-edge rests. 

To avoid errors due to bodily rotation of the 
specimen and instrument, an adjustable fixed mirror 
is attached to the lever A in proximity to the 
moving mirror. It is seen in Fig. 6. The mirrors 
are observed by a telescope and scale. A vertical 
scratch on the scale, as seen by one mirror, is 
read against the scale, as seen by the other mirror. 
Thus the difference of the deflections is given by a 
single reading. 

* This was suggested by a dasoription of a similar 
device in a microtome made by the Cambridge Scientific 
Instrument Company. 





| PRINGIPLE OF LATOMETER 













|in three-dimensional stress, weldless drawn tubes 


of mild steel* were used, manufactured by the same 
firm as was the thin tube, and asserted to have the 
same composition. Two sizes of tube (as supplied) 
were used; specimen 6 was of 1) in. diameter, 
with ,% in. bore ; the rest were of { in. diameter, 
with # in. bore. Each specimen was about 18 in. 
long ; a screw-thread and two flats for a spanner 
were cut on each end ; the middle 14 in. or so was 
turned down to 0.920 in. for specimen 6, and 
0.625 in. for the others. Care was taken that no 
torque was applied to the specimen when screwing 
it into the gun-metal blocks through which the 
pull and fluid pressure were applied. . 
The annealing was performed in a gas muffle- 
furnace, the specimen lying in an iron gas-pipe on 
which the flames played. e furnace was heated 
up, then the specimen was put in, and was left—a 
matter of 9 minutes or so—until its temperature 
rose to the desired value, as indicated by a thermo- 


* For analysis, &c., see Appendix II. 








Fig. 7. 
END OF LEVER A 


A B 
21906 























light an unexpected fact—viz., that in some the 
bore was by no means nearly concentric with the 
surface. Care had been used in selecting speci- 
mens which appeared to have a straight bore ; so 
that the eccentricity in the machined specimen was 
probably due, in part at least, to springing during 
the turning, owing to the presence of initial stress 
in the material. This view is ——— by the 
fact that specimens 2 and 3, which were turned 
before being annealed, exhibited the eccentricity 
much more pronouncedly than did specimens 4, 9, 
and 6, which had been annealed before turning. 
The variations in thickness above and below the 
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mean value, as measured at the sawn section, are 
given for the several specimens in Table IT. 


TasLE I1.—Variation of Thickness of Walls of Specimen. 
Variation from Mean. 
Per Cent. 
13 
1 


Specimen. 


6 


Dorm wo bo 
saa | heli 


Results with Three-Dimensional Stresses.—In the 
experiments included in Table III., below, the 
manner of loading was :— 

1. Torque, applied in the torsion-machine by a 
weight at the end of a long lever fitted to the 
spanner-flats at one end of the specimen, twist being 
measured over an 8-in. length ; or, 

2. Pull from the testing-machine, stretch being 
ineasured by a Ewing extensometer ; or, 

3. Constant pull from the testing-machine, with 
an increasing internal pressure, strains being mea- 
sured by extensometer and latometer. 

With load (1) the stress is greatest at the outside 
surface; with (2) it is uniform throughout ; and 
with (3) it is greatest at the inside surface. Thus, 
as long as overstrain is kept small, any of these 
three tests may be made in succession, without 
intermediate annealing. It will be seen from the 
table that such successions of tests were sometimes 
made. ‘The figures in the table refer to the elastic 
limit (i.e., departure of the graph from rectili- 
nearity), and this was determined by plotting the 
load against the twist, extensometer, and latometer 
readings. 


Tas_E ILI.—Tests with Threc-Dimensionad Stress. 
(Units :-in., Ib.) 


Principal Tensions. 
Pull Maxi- 
Test ar Pp Seretch Maxi- 
; Internal| Longi- ro- Stretch mum. 
- Pres- | tudinal Bae | — x E.t Shear. 
: ‘ension| y 
sure. | Tension Torque. 





Specimen 4.—External Diameter = 0.629 in. ; Internal 
Diameter = 0.400 in.; Annealing Temperature = 800 deg. 
Cent. 


1 0 0 = k- + 20,900 27,200 | 20,900 
2 6100 v0 33,100 0 “a 33,100 | 16,600 
3 500 | 10,950 | 10,200 | 25,800 26,000 | 18,400 
4 6600 0 35,900 0 35,900 | 17,900 
5* | 3500 | 11,600 | 26,900 | 27,400 22,800 | 19,500 
6 6400 0 34,800 0 ba 34,800 | 17,400 
7* | 2000 | 12,100 19,200 28,600 a 26,500 | 20 300 
8 6800 | 0 37,000 0 se 37,000 | 18,500 
9* | 3640 | 11,200 | 27,500 26,500 .. 22,900 | 19,300 
10 | 6200 0 33,700 0 33,700 ' 16,900 


Specimen 5.—External Diameter = 0.627 in. ; Internal 
Diameter = 0.395 in.; Annealing Temperature = 800 deg. 
Cent. 


1* 0 | 0 oi ‘ + 18,500; 24,100 | 18,500 

500 | 11,200 10,100 | 25,900 -. | 26,200 | 18.500 
3 6500 | 0 34,900 | 0 34,900 | 17,400 
4* 5900 | 4,480 | 34,700 | 10,400 32,700 | 19,600 
5* | 4000 7,160 26,200 | 16,600 23,400 | 16,700 
6 5700 0 | 30,600 | 0 | 80,600 | 15,300 


Specimen 6.—Ezxternal Diameter = 0.930 in. ; Internal 
Diameter = 0.445 in.; Annealing Temperature = 860 deg. 
Cent. 

- | 0 0 . es + 19,700 25,600 | 19,700 
2 | 200 | 17,200 5,500 27,500 ne 31,000 | 22,300 
| 


* Denotes that the specimen was freshly annealed for this test. 

+ Reckoned from ¢ = 0.3. 

It has already been stated that the figures in the 
table refer to the elastic limit as indicated by 
departure of the graph from rectilinearity. The 
writer was astonished to find that in every one of 
these tests with internal pressure the departure 
occurred in the direction of decreased rate of change 
of diametral strain with change of load—i.e., in 
the manner of Fig. 8, instead of Fig. 9, as would 
generally be expected. 

_If the shear theory of breakdown holds good, we 
hould look for this kind of yield in those cases 
where the longitudinal tension exceeds the hoop 
tension ; for then the plastic slide has component 
plastic stretches in the radial and longitudinal 
directions, and the latter might well be accom- 
panied by lateral contraction, after the manner 
of the Poisson effect during elastic strain. But in 
these experiments it occurred also when the hoop 
tension exceeded the longitudinal tension. In 
some cases it was as though the specimen were un- 
decided whether to decrease or increase in diameter " 
‘t would first do one, and then, with further increase 
v! internal pressure, or merely with the same pres- 
Sure maintained, it would do the other. This is 
exemplified by the graph for specimen 4, test 5, 


shown in Fig. 10. The same figure includes the 
graph for specimen 5, test 2. 

When the phenomenon was first observed, mis- 
behaviour of the latometer was naturally suspected. 
But it was soon proved that the suspicion was cer- 
tainly or Ameo There was no slipping of the 
points on the specimen, for example. One could 
stand at the telescope of the latometer and watch 
the decrease of diameter slowly and steadily taking 
place. 

In most of the tests, extensometer readings 
were taken ; but changing so slightly with increas- 
ing internal pressure, they gave a very uncertain 
indication of the elastic limit. and so were not 
used for the purpose. The yield indicated by the 
extensometer was generally in the ordinary for- 
ward direction ; but in one case (specimen 4, test 5) 
it was slightly backwards, and in another (speci- 
men 5, test 2) quite definitely so. The latter is 
shown in Fig. 10. The tests on specimens 2 and 3 
(not tabulated) showed only the smallest indication 
of this queer backward-yield phenomenon ; but 
nothing is to be deduced from this, seeing that the 
bores were found- to be so eccentric. 


Fig 8 


Fig.9. 
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The whole problem of the manner of yield under 
a three-dimensional stress distribution, such as we 
have been considering, is extremely complicated, 
and seems to have been as little explored on the 
theoretical as on the experimental side. The 
writer has sought elsewhere* to investigate it from 
the standpoint of the shear theory on the theo- 
retical side, but he is unable to account for the 
effect above described. Further experiments are 
urgently wanted. They should be made with 
specimens accurately machined both: itiside and 
outside. Such would be more .cvstly to prepare, 
but the present experience with unbered drawn 
tube renders them advisable. With the latometer 
to measure the strain, quite short specimens can 
be tested. 

Putting aside consideration of the form of the 
graph after the elastic limit is passed, the cessation 
of rectilinearity does give us the elastic limit, and 

* “ The Stresses in a Thick Hollow Cylinder Subjected 
to Internal Pressure” (Transactions of the Cambridge 
Philosophical Society, vol. xxi., No. XIV., 1910). Prac- 
tical results are here arrived at regarding the strength 
and construction of guns and other thick cylinders with 
initial stress distribution, subject to intense internal 


7 8 











fluid pressure. 








we may consider that the stresses in Table III 
indicate :— 

(1) That the shear theory is not very far from 
true. 

(2) That it is sensibly untrue. 

The shears in the last column are not very dis- 
crepant, yet they clearly tend to be smaller for the 
cases of simple tension than for those of two and 
three-dimensional stress. Until further more em- 
bracing and more accurate results are obtained, 
these, the only experiments in three-dimensional 
stress, justify the displacement of the tension by 
the shear criterion for purposes of design. 


(To be continued.) 





THE CATSKILL WATER SYSTEM OF 
THE CITY OF NEW YORK. 


By H. Prime Krerrer, C.E. 


THERE are three very costly constructions now in 
hand in America: the Panama Canal, the Ashokan 
Reservoir and Aqueduct of the Catskill water system, 
and the New York Barge Canal. The work of build- 
ing the aqueduct of the Catskill Mountain system 
and the impounding dam is now being actively pro 
secuted ; they form together one of the largest and 
most interesting works now under construction in 
any country. It is thought that the additional water 
supply from this source will provide for New 
York’s ever-increasing population for at least thirty 
years to come. 

The City of New York is made up of five boroughs, 
with a population of 4,766,883, according to the 
1910 census, divided as follows : 


Borough of Manhattan 2,351,542 
Borough of The Bronx 430,980 
Borough of Brooklyn... 1,634,351 
Borough of Queens 284,041 
Borough of Richmond 85,969 


The population of the city is increasing at the 
rate of about 3 per cent. per year, which, undér 
existing conditions, means an annual increase in 
the consumption of water of about 15,000,000 
gallons per day. 

The boroughs of Manhattan and The Bronx are 
supplied from the watersheds of the Croton, Bronx, 
and Byram rivers, having a total area of 382 
square miles, of which the Croton shed represents 
360 square miles. The average draught from the 
Croton watershed in dry periods, when fully 
developed, is estimated at 320,000,000 gallons per 
day. 

Two aqueducts are available for conveying Croton 
water to the city: the old Croton aqueduct, with 
a carrying capacity of about 40,000,000 gallons per 
day, and the new Croton aqueduct, which conveys 
300,000,000 gallons per day. The source of water 
supply in the scheme under completion is the Catskill 
Mountain watershed, which is divided into four 
parts : (1) the available watershed of the Esopus 
Creek and its tributaries, containing 255 square 
miles ; (2) the available watershed of the Rondout 
Creek, which includes the head waters of the Rondout 
Creek and its tributaries, consisting of 131 square 
miles, and also three small watersheds tributary to 
the Rondout, having an area of 45 square miles ; (3) 
the available watershed of the Catskill, which includes 
the head-waters of the Catskill Creek and its tribu- 
taries, and contains 163 square miles, and also six 
small watersheds tributary to the aqueduct between 
Catskill Creek and the Ashokan Reservoir, having 
a combined area of about 82 square miles; and 
(4) the available watershed of the Schoharie, 
which includes the head-waters of the Schoharie 
Creek and its tributaries, and contains 228 square 
miles. The present scheme includes reservoirs in 
each of these watersheds, the largest being that at 
Ashokan, with a surface about 590 ft. above sea- 
level, and capable of holding 130,000,000,000 
gallons of water. The reservoir is to be connected 
with New York City by an aqueduct having a 
carrying capacity of not less than 500,000,000 
gallons every twenty-four hours. It is estimated 
that the sources will afford a daily yield of at 
least 500,000,000 gallons of soft and wholesome 
water. 

The estimated cost of constructing the Ashokan 
Reservoir and an aqueduct of 500,000,000 gallons 
daily capacity from this point to Hill View equalising 
reservoir, including the Kensico storage reservoir, 
together with the construction, within the city 
limits, of an 18-mile tunnel, a terminal reservoir, 
and 16.3 miles of steel and cast-iron pipe mains, so 
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as to furnish water to all the five boroughs, is as 





Where topography permits, the cheapest type is | which range in depth from 375 ft. to 710ft. Water 


These portions will be of concrete with earth | will enter the pressure tunnel through a downtake 


follows :— used. 
Dols. sides and top, as shown in Fig. 5, opposite, while | shaft about 600 ft. deep at the north end of the 
pee a tye = 29,177,000 Fig. 6 is a Pe view of the cut-and-cover | siphon, flow under Rondout Creek through about 
Fs serie Nome iew Reservoir. - 5% 773,000 work near Peeks | 24,000 ft. of tunnel, and emerge at the hydraulic 
Hill View Reservoir ... " “7200,000 |, The Siphons.—By far the most interesting work | gradient through an uptake shaft about 700 ft. deep 
City Tunnel, mains and terminal _in connection with this aqueduct is the giant tunnels at the southerly end. The uptake and downtake 
reservoir... 25,000,000  |or siphons, entirely in rock, under the various shafts, besides a drainage shaft about 460 ft. deep 
apeS Ban | streams, including one under the Hudson River. located near Rondout Creek, to be used for un- 
Total . oe 126,868,000 | Work is in progress on the driving of these siphons, | watering the siphon, are circular in section, with 
This estimate includes 20 per cent. . allowed for | that of the Sasi being nearly completed. This finished diameters inside of 14 ft. 6 in. for the 


engineering contingencies. 
To furnish the additional 250,000,000 gallons per 8 


siphon is a portion of the Catskill aqueduct and is waterway shafts and 14 ft. for the drainage shaft. 


ituated near High Falls, Ulster County, N.Y. It'Thetwo waterway shafts will have a concrete lining 
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day necessary to develop the full capacity of the 
main aqueduct, the Rondout and Schoharie water- 
sheds will later be drawn upon, and the additional 
expenditure, including filtration of the entire 
supply of 500,000,000 gallons per day, will be :— 








Dols. 

* Rondout Development Se ... 12,099,000 
Schoharie Development _... .. 11,847,000 
Filtration plant at Kastview ... 17,525,000 

Total hes ‘go, ves GAT OO 
Plus 20 per cent. for engineering 
contingencies +3 ss bos 8,294,000 
49,765,000 
Total Cost of Completed Works of 500,000,000 Gallons 
Daiiy Capacity. 
Dols. 
Cost of development and delivery of 
first 250,000,000 gallons... 126,868,000 
Cost of yt em mn § delivery of 
second 250,000,000 gallons ... 49,765,000 
Total ti... a a ... 176,633,000 


Cost of the Aqueduct.—The aqueduct which will 
carry the water from the Ashokan Reservoir to the 
Hill View Reservoir will be the largest, longest, 
and most wonderfully built structure of its 
character in the world. The total length will be 
110 miles. The aqueduct will consist of four dis 
tinct types of constructions—namely, tunnel on 
hydrau i gradient, tunnel below hydraulic gradient 
(pressure tunnel), cut-and-cover construction, and 
steel pipe-line. This 110 miles of confined aqueduct 
is divided as follows :— 

, Miles. 
Tunnel on hydraulic gradient pe 14 
Tunnel below hydraulic “oe (pressure) 35 
Cut-and-cover work ... 55 
Steel pipe-line ... +. ar i 6 


Fig. 1, above, shows the route of’ the aqueduct 
from the watersheds to greater New York, and 
Fig. 2 the location of the several dams in ve 
Ashokan Reservoir, which is here shown to a la 
scale. Concrete is being employed on all of t is 
aqueduct, even upon the aod ti pe sections. The 
tunnel on an hydraulic gradient Mail be as shown in 
Fig. 3. It will be lined with concrete of a thickness 
of _ 1 ft. to 3 ft. Those portions of the aque- 
duct which are below hydraulic gradient, such as 
siphons, will be of circular sections, as shown in 
Fig. 4, and lined with concrete of varying thickness. 








| miles bein ng & P a pressure-tunnel siphon, about 3000 ft. | charge of the work for the Gillespie Company. 


about 2 ft. thick, and the drainage shaft a lining 
about 3 ft. thick, separated into an outer and an 
inner shell by an interlining of porous tile, The 
other five shafts are for construction purposes only, 
and will be partially refilled and pol i at the top 
when work is completed. They are rectangular in 
section, and measure about 10 ft. by 22 ft. 

The northerly half of Bouticon Tunnel on the 
hydraulic gradient, whose total length is 6823 ft., 
is being constructed under this contract ; it is 17 ft. 
high and 13 ft. 4 in. wide, inside dimensions. The 
southerly half, as well as the portion included in 
this contract, were driven from their respective 
portals without the use of shafts. 

The cut-and-cover aqueduct, amounting, on this 
contract, to only a few hundred feet, is 17 ft. high 
and 173 ft. wide, inside dimensions, and has a 
section of the horseshoe type, as shown in Fig. 5. 
The time allowed for the completion of the con- 
tract is 44 years, and the contract was let in June, 
1908. Among the more important quantities esti- 
mated are 4130 ft. of shaft, 27,000 ft. of tunnel, and 
143,000 cubic yards of concrete. On June 10, 1911, 
83 per cent. of this contract had been eompleted. 

he machinery used, including drills, hoists, 
pumps, grouting apparatus, pneumatic tools, and 
other small machines, is operated by compressed air, 
so that the methods of obtaining and of delivering 
this power were of first importance. A plant at 
each shaft was undesirable, because, many of the 
shaft locations being in exceedingly inaccessible 
places, the expense of handling coal and other 
supplies would — been considerable. A location 
was finally secured at High Falls on the Kingston 
division of New York, Ontario, and Western 
Railway. lant is equipped with two bat- 
teries of Heine af = ody each with a capacity of 
375 horse-power, and four 250 horse- oo Stir- 
ling boilers. Forced draught i is furnished by two 
blowers, under the ‘‘ Acme” control system, the 
engines being built by the American Blower Com- 
will carr res water under Rondout Creek. The pany. The air is compressed by ten ‘‘Imperial” type 
work is carried out by the T. A. Gillespie | Ingersoll-Rand high-pressure _high- -speed cross- 
Company, of if Now York City, under a contract price | compound compressors. Their combined capacity 
of 6,290,803.50 dols. The section embraced in this}is about 25,000 cub. ft. of free air per minute. 
contract is a little over five miles long, about 4.5} Mr. Robert A. Shailer is the resident engineer in 
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e tunnel, and only a few hundred feet| At the location of the Hudson River siphon the 
Board of Water Supply began the work of sinking 
Tts own forces. Chambers 


being 
being cut- and-cover work. 
The tunnel siphon is being driven from shafts|two test-shafts with 
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were excavated one in each shaft, so that drill 
borings could be made from them for the purpose 
of determining the elevation of continuous rock 
beneath the river-bed. The putting down of 
vertical holes has proved to be a —_ difficult 
undertaking on account of the great depth of cover 
over the rock and the interference due to vessels 
and tug-boats in the river. Even had a number of 
vertical holes been put down to the rock, it would 
still have been necessary to depend upon horizontal 
borings for a final determination of the character 
of the rock. 

The Olive Bridge Dam.—The Ashokan Reser- 
voir, 86 miles in a straight line from the New 
York City Hall, will be formed by the Olive 
Bridge Dam and the Beaver Kill dykes, as shown 
on the plan, Fig. 2, on page 118. At its easterly end 
the basin will be closed by the West Hurley 
dykes, which will regate 1.5 miles in length, 
and will have a maximum height of about 60 ft. 
The reservoir will be divided into two basins by a 
dividing dyke and weir. The elevation of the 
flow-line in the two basins will be 590 ft. and 
587 ft. above mean tide for the westerly and 
easterly basins respectively. The total available 
capacity of this one reservoir will be about 
127,000,000,000 gallons; the maximum depth of 
water will be about 190 ft., while the average will 
be about 50 ft. The volume of the water impounded 





would be sufficient to cover Manhattan Island to a 
depth of about 28 ft. The area of the water surface 
of the west basin will be about 74 square miles. 
The total area of the water surface in these two 
basins is, therefore, equivalent to the area of Man- 
hattan Island below 106th-street. The reservoir 
will have alength of about 12 miles and an average 
width of about 1 mile. Its shore-line will be about 
40 miles in length. In connection with its con- 
struction, about 40 miles of new highway will be 
constructed, as will also about 13 miles of new 
location for the Ulster and Delaware Railroad 
which at present traverses practically the entire 
length of the reservoir basin. Seven small villages 
now exist in the territory to be submerged, and in 
order pop. | to control the shores of the reservoir 
a total area of about 23 square miles of land will be 
acquired. The total length of all the dams and 
dykes necessary for forming this reservoir will be 
about 54 miles. 

The most impressive single structure is the Olive 
Bridge Dam, which will consist of a central masonry 
portion 1000 ft. long, and rising to a height of 
210 ft. above the bed of Esopus Creek. A section 
of this dam is shown in Fig. 7, page 120. Each 
end of the masonry will be flanked | by an earthen 
wing. These wings will aggregate about 3600 ft. 
in length. The top of the , will be at an eleva- 
tion of 610 ft. above mean sea-level, its maximum 
thickness at its base will be about 200ft., while 
at its top, which will be traversed by a roadway, 
the width will be 26ft. The total volume of 
masonry in this portion of the structure will be 
about 550,000' cubic yards, of which about 
65,000 cubic yards will be in the form of concrete 
blocks. The dam has a cross-section of the same 
general type as the new Croton Dam, the Wachusett 
Dam and the Cross River Dam. Its construction 
corresponds substantially to that of the Cross River 
Dam, with the —— of some features, including 
the inspection ery and the provision for the 
collection of inage and any seepage water that 
may be found in the completed structure. The 
maximum width of the eastern wings (Fig. 8) at their 
base will be about 800 ft.; their top width will be 
about 34 ft., and the total quantity of embankment 
materials will be about 2,000,000 cubic yards. 








Core walls of concrete, founded on ledge or imper- 
vious bottom, will be built into the earthen wings. 
The top of the dam will be at an elevation 20 ft. 
higher than the flow-line in the west basin, which 
will be at an elevation of 590 ft. During the con- 
struction of this dam, the stream-flow is being 
taken care of through a large opening left in the 
masonry of the dam ; the dimensions of this open- 
ing are about 35 ft. in width and 45 ft. in height. 

e Beaver Kill dykes will have a total length 
of about 2.3 miles. eir maximum height above 
the original surface will be about 110 ft., and their 
maximum width on the bottom will be about 650 ft. 
The total quantity of embankment material in these 
dykes, iathalion also dividing dyke, will be about 
5,000,000 cubic yards. These dykes, like the wings 
of the Olive Bridge Dam, are being built with con- 
crete-core walls, and the total quantity of masonry 
in them will be about 180, cubic yards. The 
dividing dyke will have a length of about 1100 ft., 
and, together with the dividing weir, also of a 
length of about 1100 ft., will serve the purpose of 
dividing the reservoir into two basins. The intake 
gate-house will be located within the dividing dyke, 
and the water will come to it through inlet channels 
excavated for this purpose. The east inlet channel 
will have a length of about 3000 ft., while the west 
channel will havea length of about 5500 ft. The 
maximum depth of excavation for both will be 
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about 75 ft., with an average depth of about 40 ft. 
From the intake gate-house, two pressure aque- 
ducts, constructed of concrete in a trench in the 
rock and beneath the core-wall of the dividing dyke, 
will lead to the lower gate chambers, where the 
controlling apparatus will be located. The aeration 
devices will be situated close to these gate chambers, 
and will be controlled therefrom. The dividing 
dyke and weir accomplish the object of separating 
the reservoir into two parts, and, together with the 
arrangement of the gate-house and inlet-channels, 
make it possible to draw from either one or both of 
the basins, as, during the operation of the works, 
may be found desirable, or as the quantity of the 
water in the two basins may demand. 

The spillway located near the easterly end of 
the Beaver Kill dykes will have a length of about 
1000 ft., and its crest will be at an elevation of 587 ft. 
From the spillway the distance to ——— Creek 
is about 14 miles, and this point is at a distance of 


about 3 miles below the Olive Bridge Dam, mea- 
sured along the centre of the creek. 





| the 8-ft. diameter steel Pipe 


The construction of the main dams for the 
Ashokan Reservoir was let to MacArthur Brothers 
Company and Winston and Co., at about 12,670,000 
dols. The date set for completion is February 19, 
1915. Itis required, however, that by August, 1912, 
the work shall have so far advanced as to permit 
of the storing of water in the west basin, and of its 
delivery into the aqueduct. The following are the 
approximate quantities as given in the engineer’s 
rough estimate :— 

Earth excavation .. 2,055,000 cub. yds. 
Rock excavation i 425, 


Embankment and refilling ... 7,200, 9 
Portland cement... ... 1,100,000 barre! 
Masonry, all classes LS ... 874,000 cub. yds. 
Rubble paving and riprap ... 105,000, 

Work on this contract was begun in the fall of 
1907, and on May 20, 1911, about 52 per cent. of 
the work had been completed. 

Construction of Dam and Dykes.—The founda- 
tions for the masonry part of the structure were 
first thoroughly explored by 15 diamond-point-drill 
borings to a minimum depth elevation of 300 ft., or 
100 ft. below the bed of Fiso us Creek. A careful 
study of the cores was made, and each hole was 


thoroughly tested by a special apparatus to deter- 
mine positively the permeability of all portions of 
its length, as to underlying rock, location of seams, 
and the probability of seepage or flow through 








,them. It was decided from a study of the data 
that the general foundations need not go more 
than about 10 ft. below the surface, except in the 
|case of the cut-off wall. Heavy blasting is not 
| permitted, and the sides of the cut-off channel 
|have been cut smooth by Sullivan channellers. 
| The earth is very compact, and before removal was 
| shattered slightly with dynamite, and excavated 
| with pick and shovel. This material will form the 
| fill for the embankment portion of the dam. 
For protection and drainage, a heavy layer of 
|Tiprap is built on the outer faces of the sides, and 
carefully-selected earth is deposited in layers of 
| not more than 6 in. on the down-stream side, and 
|4in. on the up-stream side. This is moistened, 
levelled, and thoroughly compacted with steam- 
rollers made by the Monarch Road-Roller Com- 
/pany, of Groton, Tompkins Co., N.Y. It is 
specified that the weight and pape of the 
rollers shall be such that, with a penetration of 
1 in., the rear wheel shall have a pressure of 30 Ib. 
square inch on an area of the cylindrical 
surface, having a middle ordinate of one. It is 
stated by the contractors that this rolled earth has 
a weight of 135 lb. per cub. ft. All of the em- 
| bankments have core-walls, and require the con- 
| struction of extensive drainage ditches in addition 
| to the stripping, clearing, and some excavation of 
the entire area. The photographs reproduced on 
page 132 illustrate the actual construction work 
on the main portions of the dam. Fig. 11 gives 
a general view of the works looking north across 
‘the gorge of Esopus Creek, which is being closed 
| by the masonry portion of the dam. Excavation 
is in progress. The cement-mixing building is to 
be seen, while in the distance are four towers 
in connection with the Lidgerwood cableways for 
|the conveyance of material. These towers are 
‘a prominent feature in Fig. 12, which also shows 
| the oe. stables, and the derricks servin 
'the block-yard. Fig. 13 is a view of the bed o 
the Esopus Creek at the site of the dam. The 
‘temporary cofferdams are seen completed, and 
is for the passing 
of the dry-weather flow. 14 illustrates the 
work further advanced, the building of the masonry 
being in progress. The concrete blocks forming 
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the up-steam face of the wall, and the cyclopean 
blocks forming ‘‘ plums” in the concrete hearting 
will be seen, while the channelling out for the 
core wall of the wings is discernible beyond. The 
concreting of the main dam is now 76 per cent. 
complete. The concrete mixture is 1 : 3 : 5, used 
with large pudding-stones. The concrete-mixing 
plant will be described later. 

Plant Employed on Olive Bridge Dam and Dykes. 

-MacArthur Brothers and Winston and Co. 
brought a large amount of equipment and experi- 
ence on to this work, which had been employed 
and gained in similar constructions. Nearly all of 
the plant and temporary constructions are, there- 
fore, instalied on a scale much larger than would 
ordinarily be considered requisite for work of this 
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magnitude, in order to provide not only for the 
severe progress requirements of the official schedule, 
but to secure the highest quality and greatest 
rapidity in the work that it is possible, irrespective 
of the contract specifications. Hundreds of thou- 
sands of dollars’ worth of plant has been installed, 
a large quantity being of special design or construc- | 
tion intended for this particular work, and in many 
cases chargeable exclusively to this contract. The 
estimated value of the total plant is about 
1,500,000 dols. 

For the execution of the work, the principal 
equipment includes four great cableways and a 
derrick system for the Olive Bridge Dam, a stone 
quarry and several sand-pits, excavating and trans- 
porting plant for the construction of cuts and fills, 
rollers for compacting the embankments of the 
dykes and dam, derricks, steam-shovels, pumps, 
and other standard machinery, a large power plant 
and distribution service, two systems of water 
supply and distributions, a sewage-disposal system, 
an extensive railroad service, dump-wagons, a large 
stone-crushing plant, a concrete-mixing plant, con- 
crete cars and handling apparatus, and a complete 
yard with moulds and facilities for casting and hand- 
ling 200 cubic yards of concrete-block work per 
day. It was, of course, necessary to provide a camp 
organisation, with provisions and other improve- 
ments, on a large and extensive scale, calculated for 
the safety, comfort, and welfare for a great body of 








men for several years, and equal or superior in 
many respects to excellent municipal systems. 
The diene (Figs. 11 and 12, page 132) were built | 
by the Lidgerwood Manufacturing Company, and, | 
together with a row of powerful stiff-leg derricks, 
were installed parallel with the axis of the dam ; 
they handle all materials of excavation and con- | 
struction, including, of course, the concrete, and 
can be shifted up and down stream. The cable- 
ways have a span of 1530 ft., with a 15-ton | 
capacity. The towers for these cableways are | 
about 95 ft. high, and are constructed of first- 
quality pine timber from 12 in. by 12 in. down. | 
About 60,000 ft. were employed on them. The} 
cableways and all other hojsting-engines and appa- | 
ratus, pumps, and other standard machinery, except 
the steam - shovels, locomotives,| and remotely 
attached plant, are being operaved by com 
air. The air is furnished by two Ingersoll-Sargent 
compressors, delivering 500 cubic feet ‘of free air 
per minute. A complete machine-shop has been 
erected, as well as a smith’s shop, equipped with 
steam-hammers, bending-machines, and four blasts. 
Power is furnished by a 65-horse-power General 
Electric engine, also operating an electric dynamo, 
furnishing current for 600 lamps. A carpenter’s 
shop, tool-house, and supply store-house, 32 ft. 
by 125 ft., were built. ‘The quarry is located 
about 1 mile west of the Olive Bridge Dam. The 








standard-gauge track leads from the crusher-house 
to it, and crosses the Esopus on a steel girder 
viaduct, 1200 ft. long. The rock found here is an 
outcropping of bluish-grey sandstone, and is 
stratified in approximately horizontal layers about 
3 ft. or 4 ft. thick. A Marion shovel was used in 
stripping the quarry face. 

The Concrete Plant —The Olive Bridge Dam will 
contain about 559,000 cubic yards of concrete and 
a facing of moulded concrete blocks. It is desired 
to put the dam in service at the earliest possible 
date, and the construction and mixing plants have, 
therefore, been in excess in size of those installed 
on similar public works. 

In a single-frame building, 80 ft. by 100 ft. by 
65 ft. high (seen in Fig. 11, on page 132), are 





ar 

4. 20, ‘ y ' 
eas a ween” Ue.above flow line 
OAM , - 


a te 








—* <i. 





we = 

sun Foundano cleared, grubbed is 
and Soit removed 

Cut off if required 








At 
4 


TRANSVERSE SECTION THROUGH CRUSHER PLANT 


Fug 9 








i a ae 





L. ut 7 te one ee | iecinbnenciniaal 


(962° 


from the boilers located in the main power-house, 
about 150 ft. away. 

There are installed on the ground floor of this 
building two No 6 Austin and one No. 9 McCully 
rock-crushers with a total capacity of about 200 
cubic yards of stone per hour. The stone comes 
to the crushers direct from the quarry and is 
delivered to them from the surface track by stiff-leg 
derricks. The stone is placed in 4-yard steel skips 
in sets of four, on flat cars at the quarry. The 
crushers discharge into 48-in. screens, 16 ft. long, 
which separate the screenings less than } in. and 
more than 2in. The concrete stone is raised to the 
top of the building by a link-belt conveyor, about 
90 ft. long. It has 24-in. by 30-in. open-top steel 





buckets, and runs at a speed of 85 ft. per minute. 
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SECTION THROUGH MIXER, STORAGE & CRUSHER PLANTS 


carried on the operations of crushing the stone, 
handling and storing the materials, and mixing the 
concrete and putting it on the work. Sectional 
drawings are reproduced in Figs. 9 and 10. The 
working platforms are at different elevations, and 
the sand, cement, and broken stones are stored at 
the top of the building, and are sent by gravity 
through the measuring devices to the mixers, which | 
receive the charges from above and dump them | 
below. The conveying machinery is all belted from | 
two main shafts driven by a 250-horse-power 
Chandler and Taylor engine. The steam comes 


The stone from this conveyor discharges into a shoot 
which delivers it to two 30-in.-link-belt horizontal 
conveyors, which run the full length of the building, 
and which, in turn, deliver the stone to the storage 
bins. The screenings are sent through a shoot to 
a conveyor belt below the crusher floor, which dis- 
charges them on the sand belt. The stone larger 
than 2 in. is sent on a conveyor to the No. 6 
crushers. 

Sand is brought from the pit in 7-yard Western 
side-dump cars and pal | in a storage bin of 


about yards capacity, made by an excavation 
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just outside of the crusher and mixing plant. The 
sand is delivered by gravity to a belt conveyor 
which carries it to a bucket elevator, discharging at 
the top of the building to the distributing conveyor 
of the storage bins. The stone and sand bias are 
about 15 ft. deep and 100 ft. long, separated by a 
timber wall. They have a capacity of 1000 yards 
of stone and 500 yards of sand, and they are 24 ft. 
above the ground at their lowest point. 

The Alsen and Giant Portland cement used is 
delivered in to the storage house, from whence 
it is sent as desired to the mixer hoppers by a 24-in. 
conveyor. The stone and sand are taken from the 
bins through steel gates on to conveyors which 
deliver to the inverted pyramidical steel charging- 
hoppers in any quantity desired. 

The concrete used runs from 1:2.7:5 to 1:3:5, and 
requires 14 bags of cement for each 23-yard batch. 
The water is taken through a valved pipe from a 
cylindrical steel tank near by, and the amount is 
determined by the concrete inspector. The water 
is added only while the machine is in operation, 
and it is sent through perforations in the hollow 
axis. The four mixers used are of the 24-yard 
Keltenbach and Creis cubical type, and each can 
deliver thirty ~ ae batches an hour. They dis- 
charge into Cyclopean bottom-dump buckets made 
by the G. L. Stuebner Iron Works. These buckets 
are placed in pairs on flat cars and are drawn by 
mules directly beneath the mixers. Four lines of 
track lead to the concrete-block-making yard and 
four lead to the four main Lidgerwood cableways. 
Up to the present, the plant has worked well when 
called upon for its full capacity, about 1200 yards 
being used on the dam and about 200 yards in the 
block-yard per day. 

The concrete blocks are placed on both the 
up-stream and down-stream faces of the dam, and 
between 45,000 and 50,000 blocks will be used 
in this work alone. The blocks contain about 
1} cubic yards of concrete, and their height depends 
upon their position in the dam, those at the bottom 
being 2 ft. 9 in. high, while those in the middle 
and top have a height of 2 ft. 6 in. and 2 ft. 5 in. 
respectively (Fig. 14). Generally the blocks are 
rectangular, excepting those in the down-stream 
face of the dam, and they have one bevelled surface. 
These bevelled surfaces, as well as all surfaces 
exposed in the faces of the dam, are made against 
steel-lined sides of the moulds. The concrete- 
block-casting yard adjoins the mixing plant. The 
concrete is taken from the mixers to a movable 
platform in the yard, and it is then shovelled by 
hand into the forms, the platform being drawn 
to the location of the moulds. A force of fourteen 
men has made as many as seventy-five blocks in one 
eight-hour day. The moulds are sometimes re- 
moved from the blocks in 36 hours’ time. The 
sides and ends (if they may be so called) of the 
moulds are simply dropped flat, and the blocks are 
hoisted by derricks and stacked to await their dis- 
position in the dam. 

Labour, Quarters, and Sanitation.—About 3000 
workmen, mostly unskilled labourers, including 
negroes, Poles, Italians, and Slavs, are at work 
in the vicinity of Brown’s Station. Atthe Ashokan 
Dam camp there is a daily house-to-house sanitary 
inspection, with removal and incineration of refuse. 
The sanitary regulations are posted on the trees 
along the streets in all languages spoken in the 
camp. There is a hospital with two doctors, who 
also have free dispensary hours, and there are three 
trained nurses. There is an adequate water supply, 
with a filtration plant. There are also a commis- 
sariat department, a bakery, a cold-storage plant, 
eating-houses, clean workmen’s cottages, a pool- 
room, and an engineers’ club. A school-house has 
a day-school in three grades, a kindergarten for the 
camp children, and a night school in which English 
is taught to the workmen. A school, garden, anda 
band are other features cf camp life. 

There have been very few cases of contagious 
diseases, and this is, of course, due to the excel- 


lent quarters and sanitation provided by the con- | 


tractors. 

Personnel.—The Ashokan Dam and Reservoir, the 
«/ueduct and accompanying works, were designed, 
and are being constructed, under the supervision 


of the Board of Water Supply of the City of New | 


York ; Messrs. Charles Strauss, Charles N. Chad- 
wick, and John F. Galvin, commissioners ; Mr. 
J. P. Morrissey, secretary of the administration | 
bureau ; and Mr. R. H. Burk, inspector, Board of | 
Water Supply Police. The engineering bureau 
consists of Mr. J. Waldo Smith, chief engineer ; | 





Mr. Merritt H. Smith, deputy chief engineer ; 
| Messrs. John R. Freeman, William H. Burr, 
Alfred Noble, and Frederic P. Stearns, consulting 
engineers ; Messrs. Alfred D. Flinn, Robert Ridg- 
way, Carleton E. Davis, Frank E. Winsor, Walter 
E. Spear, and Thaddeus Merriman, department 
engineers. 

Summary of Board of Water Supply Forces. 
Commissioners ... an =~ oie 
Administration bureau :— 

Secretary and clerical ie ie 55 

Patrol-men on aqueduct... .. 335 

5 


3 


390 
Engineering bureau :— 
Chief engineer and staff... ne 1 
Headquarters department . 2% 
Reservoir department... .. 2235 
Northern aqueduct department ... 583 
Southern aqueduct department ... 270 


Totals... ene = oes ~~ Oe 

The general contract for the dam and dykes was 
awarded to MacArthur Brothers and Oo. and 
Winston and Co. Mr. M. J. Look is the general 
superintendent for the contracters. Mr. F. H. Trow 
and Mr. Harry A. Briggs are the engineers, and 
Mr. C. H. Peters, the master mechanic, for the 
contractors. The T. A. Gillespie Company have 
the contract for constructing the Rondout siphon, 
and other contracts are still to be let. 








ELECTRIC TRACTION IN SWITZERLAND.* 
By E. Huper-Srockar, of Ziirich. 

ELEcTRICc traction on railways has occupied the minds of 
scientists and inventors as far back as the times of Fara- 
day’s memorable and fundamental discovery of the 
electro-magnetic mechanical production of electric current. 
In those times Davidson experimented with an electric 
locomotive on the railway between Glasgow and Edin- 
burgh. His locomotive weighed about 5 tons; it had two 
axles, each driven by an electro-magnetic machine, and 
current was supplied from two Sturgeon’s primary bat- 
teries carried on the locomotive. It was one of those un- 
successful but historically necessary attempts of science 
applied to practice prematurely. 

t took about fifty years to make the electrical machine 

a thing really worthy of this designation, the significa- 
tion of which was always determined by the high state 
of the art of mechanical engineering in general at the 
rticular time. The decided and increasingly rapid 
evelopment of electric locomotion began not much later 
than that of electric lighting, but earlier than that of 
electric power transmission proper. The key to electric 
traction was the self-adjusting trolley running underneath 
a contact - wire suspended overhead. The necessary 
uisites in the form of electrical machinery of sufficient 
voltage and power, of the so-called working in parallel or 
constant voltage distribution, and of a certain practical 
experience in electrotechnics, were in existence some 
time previously. After the start was made with the 
practical application of electricity to locomotion on rails 
shortly after 1880, electric traction developed along the 
lines of technical possibilities and actual demands, a 
good deal of which were modified or created by the very 
possibilities inherent to electricity as applied to traction. 

There were the street railways, first the new ones, 
then those previously worked by horse - power, where 
the electric motor became absolutely triumphant before 
the end of the last century. Street railways extended 
beyond the boundaries of the cities, extension lines of 
neighbouring cities met, and the inter-urban electric 
railways became facts. New possibilities of traffic inter- 
communication were demonstrated, and severe competi- 
tion with existing steam railways an. Electric trac- 
tion developed into a mode of railway operation which 
made railways possible that were or had Kessuse impos- 
sible or impracticable with steam, for one reason or 
another. 

In the large cities, elevated, underground and tube 
| railways were equipped electrically. In Switzerland 

mountainous districts, inaccessible to steam traction, 
| became possessed of efficient railways, invaluable for their 
commercial and touring development. 
Electric railways proved to be an economic ay 
'where steam railways could no longer be financed. 
Especially in Switzerland, where living and manufactur- 
ing had become very expensive in the large towns, electric 
railways opened up agricultural and out-of-the way dis- 
tricts for commercial enterprise, and furnished a system 
| of communication. by rail, thus completing and feeding 
| the system of main-line railways in a most beneficial 
manner. 

Since 1890 electric traction has been adopted on one or 
another section of railway where steam traction appeared 
suitable. Subsequently, however, and more particularly 





| since the beginning of this century, the question arose 


| whether electric traction would not be the proper method 


of operating railways altogether, and it was, for a certain 
time, a matter for » ent whether the steam locomo- 
tive was to disappear and to be superseded by the electric 
locomotive and motor-car. 

* Paper read before the Institution of Mechanical 
Engineers, at the Zurich Meeting, July 25. 

Norr.—For English equivalents of metric measures, 
see page 122 


To-day the question is put in a restricted and more 
definite manner, and is treated with more recognition and 
knowledge from the part both of the electrical engineer 
and the railway manager. he one is realising more 
fully the enormous responsibility of the service of the 
railways he wished to electrify ; the other is recognising 
more appropriately the reliability and efficiency of electric 
traction. 

_ At the present time a number of remarkable electrifica- 
tions have been carried out or are in course of comple- 
tion, so that it is not necessary to waste words in justifying 
railway electrification as the subject of a paper to be read 
before a technical society, even not directly interested in 
electricity. At any rate, railway electrification will 
furnish work to a number of branches of mechanical 
engineering. More particularly the locomotive builder 
need not fear being deprived of work. His co-operation 
with the electrical engineer has been most significant and 
useful until now, and will be so in future. The era of 
motors geared to driving axles, as in street-cars, has prob- 
ably passed, as far as the more powerful vehicles are con- 
cerned, and the electric locomotive of to-day is, with 
regard to its mechanical part, toa large extent the work 
of the steam-locomotive builder. 

The reason for dealing more particularly on railway 
electrification in Switzerland is not because greater pro- 
gress has been made in this direction, but because of the 
moregeneral interest it presents in comparison with many 
ne ey ier be found h h TORTESS 

irst of all, it may ound astonishing that 
has not been greater in this country than it pot a has 
been, when one considers that Switzerland has to buy all 
its coal from foreign countries, and has a large amount of 
water-power still waiting for utilisation. 

Secondly, Switzerland has had certain railways electri- 
fied at a comparatively early date, and might be expected 
to have gone onward on this basis, especially as applied 
electricity is highly developed in the country general) 7. 

Thirdly, the — reason of the progress being less than 
might be expec adds greatly to the interest of the 
problem as presented in Switzerland. There are no such 
sections of railways as the terminal section of the New 
York Central and Hudson River and the New York, New 
Haven, and Hartford Railways, where steam has played 
out its réle on account of the frequency of the trains or 
the smoke nuisance, and no such sections as the London 
Bridge and Victoria of the London, Brighton, and South 
Coast Railway, where over a million passengers were to 
be recovered that had been better served by competing 
tube and street railways. Though railway electrification in 
Switzerland is inseparable from the use of water-power, 
and though this use is evidently beneficial to the financial 
situation of the country in the long run, still it must, 
for various reasons, be effected in a way so as not to 
disturb the balance of traffic receipts on the one hand and 
the operating expenses and interests on loans on the 
other. The time is still far distant where even State rail- 
ways will be built, as the principal street roads have been 
built all through the country and over the mountain pases, 
simply because they are necessary, no matter whether 
they are remunerative or not. Railways are still built 
and operated for the greater part, and most fortunately 
so, even by the State, on the basis of a commercial enter- 
prise conducting a household of its own. Therefore, more 
particularly in Switzerland, where railways are, on the 
whole, not making profits use of cost of construction, 
heavy grades, rather irregular traffic, short average dis- 
tance of travel, high wages, low fares, and so on, the 
aap of railway electrification is in every case a pro- 

lem mainly of general economics of railway operation, 
since the technical problem has admittedly been satis- 
factorily solved so far. 

The electrifications of importance that have hitherto 
been, or are being, carried out are almost all either of an 
experimental or preparatory character, or were brought 
about by considerations not directly or purely economical. 
In Switzerland the economy of operation is having a 
decisive weight, and makes the problem, as it is presented, 
difficult. 

In Switzerland, as in other countries, the railways 
already electrified, or about to be electrified in the near 
future, are such that the smoke nuisance would be an 
almost prohibitive feature of steam, as in the case of the 
Simplon Tunnel, or Where the capabilities of steam are 
near exhaustion, as in the case of the St. Gothard 
Railway. 

To prevent amen it is expressly s‘ated 
that in this paper by railway electrification is meant the 
introduction of electric traction either on existing steam 
railways or on such new railways that would or could, on 
account of their general character of road and traffic, and 
by analogy with similar existing steam railways, be 
operated by steam. By railway is mewnt simply a line or 
system of lines of railway comparable with a steam 
railway line or system of lines of medium or great 
importance. This involves a somewhat high standa d of 
construction, of passenger and freight trains of a certain 
weight and frequency, a traffic of a certain volume, and 
of a service of high responsibility. It excludes railway 
lines of a purely local character and smaller importance 
as links of the whole system of railways of the country ; 
it excludes street railways of the character of tramways, 
whether urban or interurban ; it also excludes railways of 
a special character, such as rack and rope railways or rail- 
ways operated during a part of the year only, even if 
their kilometric traffic or their local or tourist interest be 
great. 

The gauge of the track, however, is not a feature which 
decides whether a railway does or not belong to thore 
which are comprised in the railway electrification problem. 
There are, in Switzerland, only two gauges, 1.435 m. 





** normal” —— standard), and 1 m. “‘narrow,” to be 
considered, here are normal-gauge, interurban, and 
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branch lines similar to tramways, playing no ré/e in the 
electrification problem, except as experiments, and there 
are narrow-gauge railways that are important in their 
district and in general, and run trains of a weight exceed- 
ing that of many normal-gauge steam railways. These 
navrow-gau a must be included in the problem. 

As regards the railways, electrical from the beginning, 
already electrified or now being so, it must be kept in 
mind that their importance lies either in their being 
sections of railways within the scope of this paper, or in 
their electrical equipment being representative of such 
systems of traction that were, or are now, considered 
suitable for the electrification of railways. 

Space does not allow one to deal with all those nerrow- 
gauge railways, with one exception, that had or have a 
significance in the evolution of electric traction on rail- 
ways. All these railways appear on the tables giving 
the principal technical data; the description of them in 
detail must be left to the discussion, if it should be 
desired. Among these railways are notably the Mon- 
treux-Oberland Bernois and the Bernina Railways, both 
of considerable length, which demonstrate possibilities of 
railway construction and operation far beyond what can 
be done on the basis of steam traction. 

There are among those also the Locarno-Bignasco and 
the Bellinzona-Mesocco Railways, which are representa- 
tive of types of railways and electric equipments capable 
of extension on to lines and systems of lines of great 
importance. 

nother general observation must be made as regards 
mentioning the names of the ers or designers. On 


account of the restriction in number of the railways to be |° 


described more in detail, the Electricitiits Aktiengesell- 
schaft Alioth, of Ménchenstein, near Basel, hereinafter 
called Alioth, is not mentioned except in one case, their im- 





portant work having been, as far as Switzerland is con- - 
cerned, confined to narrow-gauge railways, which do not| [7 %#7-- 2.600-—-s*-~--~« — Picea 
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part of its statistical annual report (hereinafter called 
official statistics) on which the lines operated electrically, 
or about to be so, are marked with blue dotted lines 
parallel to the distinctive coloured lines.* The author is 
also indebted to the Schweizerische Landestopographie 
for their kind permission to make use of several maps. 


Fig 1 818. 300HP THREE-PHASE ELECTRIC LOCOMOTIVE, 
g TYPE 1899. ( BROWN, BOVERI.) 
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Fig. 2 BIB 800H.P THREE-PHASE ELECTRIC LOCOMOTIVE. 
TYPE 1910. (BPOWN, BOVERI.) 
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tric railways up to the present time — 5.4 per eent. 
instead of 2.9 per cent. in 1909. 

On Table IV.* (page 127) are found, more or less in 
the chronological succession of their electric operation, 
particulars of railways coming under the head of electrifi- 
cation within the scope of this paper, and of those other 
electric railways that have an historical or technical inte- 
rest as important steps in the progress of electrification of 
railroads in Switzerland and in general. On this table 
the names of the original contractors are indicated, but it 
must be borne in mind, in several cases, that other firms 
have supplied plant for extensions or additional traction 
motor equipments. This is the case, especially as regards 
the power stations, not particularly referred to in this 
table, which are almost invariably operated by inde- 
pendent enterprises of general power distribution, though, 
as a rule, the current for electric railways is generated by 


| separate machinery specially installed for the purpose. 


A comprehensive statement on the character of all these 
railways is offered in Table V.* (page 127). 

Some of these railways will be described in detail, while 
the more interesting of the data of the remaining railways 
in Table IV., are given in Table VI. (to be printed in a 
later issue). Other details of these railways which are 
almost all of considerable interest in the problem of elec- 
trification, if it is framed a little wider than admissible 
in this paper, must be left to the discussion. 

B woe B.T.B., Figs. 1 to 12.—(No. 3 on 
Tables .- and V.).+ It is noteworthy that the first 
electric traction on a railway of the general character of 
normal-gauge railways of medium importance was on the 
alternate-current principle, and more particularly on that 
of eh current. At the time of construction of 
the B.T.B., three-phase current was almost universally 


| used for all power transmission and distribution dealing 


with distances of some importance. 

The supply of electric power to the trains of the 
B.T.B., the terminal of which is Burgdorf, is over 50 km. 
distant from the source, where hydraulic power then 
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trie Electrique et Mécanique, of Geneva, hereinafter 
called Geneva, is not mentioned at all. To simplify the 
ae the following short names of firms will be 
used :— 

A.E.G. = Allgemeine Electricitii lischaft, Berlin. 

B.B.C. = Brown, Boveri, and Co. en. 

Neuhausen = Schweizerische Industriegesellschaft, 
Neuhausen. 

M.F.O, = Maschinenfabrik Oerlikon. 

Schlieren = Schweizerische Wagonfabrik Schlieren. 

S8.8.W. = Siemens-Schuckertwerke, Berlin. 

Winterthur = Schweizerische Locomotiv- und Mas- 
chinenfabrik Winterthur. 


Reference must also here be made to the fact that the 
metric system will be used for all indications in figures. 
Appended is a list of the English equivalents :— 


English Equivalents of Metric Measures. 

1 metre (m.) = 8.2809 feet. 
millimetre (mm.) = 0.001 m, =0.03987 inch. 
kilometre (km.) = 1000 m,. = 0.6214 statute 
Linear 3 of mile. 
foot = 0 3047945 m, 
inch = 25,39954 mm. 
statute mile = 1.609815 km. 
square metre(m2,) = 10.764 square feet. 
square kilometre (km?.) = 247.11 acres. 
square foot = 0.0029 m2, 
cubic metre (m3,) = 35.317 cubic feet. 
cubic foot = 0.0283 cubic metre. 


es 


Surface 


Volume 


kilogram (kgm.) = 2.20462 Ib. 

ton = 1000 kgm. = 0.9842 (long) tons. 

Ih, = 0.45359 kgm. 

(long) ton = 22401b, = 1.01605 tons(metric). 
short ton = 0.9072 ton (metric). 

1 ton-kilome*re = 0.61157 ton-mile. 

f 1 PS, (Pferdestiirke) = 75 kilogrammetre per 
\ 


Weight 


eet et et et fet tt pt tt 


—— ee, 


Weight Moved 
Power Effect second = 0.9863 h.-p. (horse-power). 
1 h.-p. = 1.0139 P®, 
1 franc (fr.) = 9.6 pence, 
Money (Swiss) .. J 1 centime = 0.01 fr. = 0,096 penny. 
(approximate) % shilling = fr. 1.2b. 
1 pound sterling = fr. 25. 

1 % = one in hundred. 

1%, = one in thousand. 

1 m/s/s = 1 metre per second per second (acceleration). 

= 3.2809 feet per second per second. 

Certain references _in the illustrations and diagrams 
are given in the German language. The author is 
highly indebted to the A.E.G., B B.C., M.F.O., 
S.8.W., the Schweizerische Bauzeitung, and Messrs. 
M. Weissenbruch, of Brussels, for having allowed certain 
illustrations to be re He is also indebted to 
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the Départment fédéral des Postes et des Chemins de 
fer for having given permission to attach to the paper | 


the general map of the railways of Switzerland, forming 
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He is also much obliged to the above-mentioned firms, to 
the companies of the railways mentioned in the paper, 
and to the Bernische Kraftwerke A.-G. for the informa- 
tion they have given or offered to him. 

The description of electric railways will be preceded 
by some general information on the railways of Switzer- 
land, compiled from the official statistics. Rack and 
rope-railways, being a special feature of Switzerland, and 
tramways, will be included for comparison. 

Attention is called in Table I. (page 123) to the slow 
progress of normal-gauge railways since about 1883, and 
aw progress of narrow-gauge railways since about 


Some information on the gate Ingth and the 
character and cost of construction of the railways, com- 
|e from the official statistics for 1909, the latest pub- 
ished, will be found in Table IT. (page 123). 

The extent of electric traction on rails in Switzerland, 
and particularly that of electric-locomotive traction, is 
seen from Table III. (page 123), compiled from the 
Official statistics for 1909. Special attention is drawn to 
the improvement in the percentage of normal-gauge elec- 








* This map is not reproduced here, 


| was ready for use. Owing to the length of railway of 
|40 km., and the means then available, sectionising 
|of the line was obviously necessary, 500 to 750 volts 
being then still the limit of electric-traction voltage con- 
sidered necessary, and sub-stations were also uired. 
According to the then practice, at least two such sub- 
stations with converting machinery under constant atten- 
tion would have been necessary. The trains likely to be 
hauled were of a weight, and the grades of a length, 
not yet customary in electric-traction practice in general ; 
those sub-stations would have become of a size and cost, 
both of plant and operation, not compatible with thesmall 
average useful | of the few trains on them. Briefly, 
the problem of electrification, with its awkward features 
under average Swiss conditions, was set forth in the case 
of the B.T.B. The solution in an economical way, as 
regards cost of plant and specially of operation, was 
obviously the elimination of costly sub-stations and the 
adoption of the three-phase current transmitted from the 
power-house to the contact-line and traction-motor equip- 
ments, instead of first to converter stations. 


* Parts only of Tables IV. and V. are reproduced in 
this issue ; the other parts will be given in a later issue, 
when the lines enumerated in the tables are described. 

+ See also Thomann, Schweiz. Bauzeitung, vol. xxxv., 
Nos. 1, 2, 3, 4, 5, 6, 11,17; I. Mech. E., 1900, page 435 
(Carus Wilson); TRACTION AND TRANSMISSION, a ii, 
page 32; ENGINEERING, vol, Ixx., pages 99 and 133, 
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The essential feature of all alternate-current methods 
is the possibility of transforming current of high or low 
voltage into current of low or high voltage with relatively 
little loss of power in apparatus relatively cheap, having 
no moving parts and requiring only occasional attention. 

The credit of having introduced three-phase current 
into electric locomotion on railways is largely due to 
the B.B.C. The scheme was not entirely novel, as 
the same firm had already equipped a few kilometres 
and cars of the tramway in Lugano, the Gornergrat rack 
railway and the Stansstad Engelberg railway (No. 2, on 
Tables IV. and V., on page 127). The adoption of three- 
phase current involved a compromise of advantages and 
disadvantages which are more or less evident. Theadvan- 
tages were :—The elimination of costly sub-station plant 
and operation, and the reduction in investment or loss 
of power, or both, in the contact line, by making more 
sections of smaller length, supplied each with a simple 
transformer sub-station, the aggregate cost of which was 





TABLE I.—Historical Derclopment of the Railways in 
Switzerland. 





, Normal Narrow Tram- 
Year. Gauge. Gauge. Rack. waya, Rope. Total. 
km. km, km. km. km. km. 
1844-46 1.0 “ oe >< 2° 1.0 
1855 210 ‘ “ ee +t 210 
1860 1052 ; a oe a 1052 
1865 1321 5.7 : 1227 
1870 1420 5.7 . 1426 
1875 1926 36 24.0 6 : 1991 
1880 2448 48 24.0 12 2.8 2535 
1885 2727 57 24.0 22 3.7 2885 
1890 2784 262 57.0 8 10.0 3198 
(895 2962 354 102.0 141 17.0 3576 
1900 3101 441 126.0 287 24.0 3980 
1905 3290 795 18L.0 350 26.0 4594 
1909 3372 1011 141.0 73 32.0 4931 
- eT, a 


TABLE II.—LeEnetH anp Cost oF CONSTRUCTION OF THE RAILWAYS IN SWITZERLAND. 
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ze 3°38 z Ss Z™ ZA 7 < 2 2 <9 §OF wZOCon halen 
Federal Railways, includ- km. kin. km. 
ing St. Gothard, exclud- a | 
ing Briinig ‘i .. 1 2626 ; 201 113 1857 313 219 | 33.5 | 27.0) 64.0 16,565 
Federal Railways, exclud- 
ing St.Gothardand Briinig 1 2353 .. 121, 67 1534 234 171 | 27.1 27.7) 64.0 14,002) 1,035,262 316 | 426 
St. Gothard Railway sal os | WSs 80 46 322 79 48 6.4 | 20.4) 57.0 2,563 296,823 810 1083 
Other normal-gauge rail- . | 
ways = np ../ 385 | 69 41 50 17 340 67 45 ml <e4. << | 72 to 508 89 to 654 
Narrow - gauge adhesion 
railways os .., 48 1070, 253 188 33 498174 82 | 123/.. ae , 49,424 342,427 > 28 ,, 202 46 ,, 418 
Rack railway 14; | 04! 49) 8) 74 31 7] 1.6 {in »» 626 214 ,, 749 
ack railways ee + . ‘6 pik Wicket Devas Jungtfr. 1376 to 1693 
All railways .. 96 4491, 29% 438) 171 2769 585 353 | 53.6 | 22.4) 62.4 67,155 1,674,512 281 | 378 


All _ railways, excluding 
Federal Railways and 


St. Gothard 5 95 1865 294 237) 58 942272 134 | 


| 
20.1 15.8) 63.4 | 49,424) 342,427 | 161 | 208 





TABLE III.—Disrrisution or Exvectrric MILEAGE AND ELgcTRIC VEHICLES OVER THE 


RAILWAYS OF SWITZERLAND. 
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Ben Bee Se ZA 
Normal Gauge. 
Federal Railways, including St. Got- ” 
thard, excluding Briinig . > 2713 21.7 0.8 4 
Arth-Goldau_... a on : 2.6 ‘ és 
Burgdorf-Thun 40.2 g* 
Fribourg-Murten-Ins 32.3 
Orbe-Chavornay a oh = 3.9 
Normal-gauge railways, excluding 
Federal Railway .. 597* 79.0 11.7 2 
All normal-gauge railways .. ..| 3310.0" 100.7" 2.9* 
Narrow-Gauge Railways. 
Aigle-Leysin .. eo oe ; “ 6.8 : he 
Bex-Villars-Ohésiére .. os . os 13.8 iin 4 
Griitschalp-Miirren.. ‘ ; os 4.3 3 
Martigny-Chatelard .. o i 20.5 2" 
Sissach-Gelterkinden .. , : 3.1 1 
Stansstad-Engelberg .. i 7 22.5 + 
Other electric narrow-gauge rai 
ways .. os = - = ee 464.1 
All narrow-gauge railways (steam 
and electric) .. os - ..| 587.8 | 535.1 498 | 18 
All normal and narrow-gauge rail 
ways : a ; 3847.8 635.8 14.2 24 
Rack Railirays. 
Brunnen-Morschach .. 2.0 3 
Gornergrat-Bahn 93 4 
Jungfrau-Bahn .. 5.6 7 
Montreux-Glion ; ‘ ee 2.7 3 
Wengernalp-Bahn - : . : (18.0)t 4t 
Other electric rack-railways. . 5 - 9.1 
All rack-railways (steam and ,) 67.7 28.7 30.0 \ 21 
electric) | (49.7)t (46.7) = (48.6) / 
Alltramways .. vi ot ~~ 1.7 | 388.7 99 5 
é { 8.2 oo - 
All rope-railways + | 1.8 os as 
a 22.3 69 
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159 | 17 3 | 121 | 420) 

| 
196 | 17 | 152 598 1,294) 
210 19 1462 4038 17,264) 


4 2 
9 2 
12 4 
5 10 
10 22 11 tElectrification commenced ; 
since completed, with ulti- 
mately 18 locomotives, 
4 ee ” 11 6 
{ tSee observation under Wen- 
4 - 56 | 189*| 39 |; rnalp-Babn. 
+E even steam motor-cars. 


742 3 6* 222 105 (*And two horses. 
a 4 24, .. |Water ballast. 
8 23 |Steam and hydraulic motor. 
52 1 Electric motor haulage. 





far below that of even a much smaller number of con- | of the motors. ‘The motor runs almost as if it was 


verting sub-stations. 

lhe disadvantages, on the other hand, were:—A more 
complicated contact line, com of two contact-wires | 
that were to be interinsulated; certain difficulties in the | 
construction and operation of the contact line above points | 
and crossings of track; the impossibility of increasing, by | 
whatever means of controlling apparatus, the speed ore 
a certain almost ne pony ae ap which had to be accepted 
as the normal speed on load; also working at lower speeds 
being connected with considerable loss of power in the 
form of ‘heat. That s depends on the fixed and 
constant number of periodic cycles of any kind of alter- 
nating current and the then unalterable number of poles 


positively me to the machines in the power-station, 
and those features of three-phase motors of these times 
can properly be called the one-speed feature and the 
gear-wheel feature. Consequently the speed of a train 
remains practically constant on all up-grades as long as 
the electric current is on, and the required torque of the 
traction motors, corresponding to the resistance of the 
whole train, keeps within certain limits, beyond which 
the motors get ‘‘out of step,” and stop. This feature 
has, however, not been felt as a source of trouble, and will 
not be so felt if motor equipments and train-loads are 
properly proportioned, as they must no less be in steam 
practice, 





The B.T.B. was electrically equipped from the begia- 
ning; it is operated by the Emmentalbahn Company, 
which works a steam line of their own of 43 km. between 
Solothurn and Langnau. About 7 km. of track east of 
Burgdorf are common to both railways, and are therefore 
operated by steam and electricity at the same time. 

As much information is given on the profile of the 
railway (Fig. 3) and illustrations (Figs. 1 to 12), and Tables 
IV, and V., on page 127, further observations will be con- 
fined to descriptions of the motor-cars and locomotives. 

Passenger trains of 90 tons weight are operated with 
pea of the following type and equipment (Figs. 6 
to 8) :— 


Number of axles, all driving Two four-wheel 


es 
Total weight equipped, empty ... 32 tons 
Number of seats... Bs. i 66 
Weight of electric equipment... 10 tons 
Length between buffers... . 16.300 m 
Distance between centres of bogies 9.500 ,, 
~ - bogie axles... 2.200 ,, 
Diameter of wheels... a 1,020 m. 
Motors, three-phase induction, 
rheostatic control for reduction 
of normal speed. 
Vol of motors .. = se 75 
Periodicity of alternating current 40 
Power per motor, one hour rating 60 h.-p. 
Total motor power on car ... ns 240 h.-p. 
Gear ratio: single reduction ; 1:3 
Normal pull on tread ; 1800 kg. 


Normal and maximum speed 36 km. per hour. 
Contact: two-part bow. 
Brakes: air pressure. 

From the commencement there were two locomotives 
(Figs. 9 to 12) for dealing with freight trains of 100 to 150 
tons weight. As may be seen from the illustrations, they 
could work with two different ratios of gearing, the one 
or the other gearing being clutched in. The one-s 
feature is thus overcome to a certain extent. The loco- 
motive can run economically at two speeds, 36 km. and 
18 km. per hour, while the one-speed feature is reserved 
for each of these two particular speeds. 

In 1910 another locomotive, of a type first introduced in 
the Simplon Tunnel (No. 8, Tables IV. and V.), was added 
which allows much heavier trains to be hauled. Instead 
of purely mechanical means of overcoming the one-speed 
inconvenience, not desirable in heavier traction, purely 
electrical means were adopted. The multi- feature, 
adopted and developed for other purposes than traction 
proper many years before, was resorted to and adapted in 
a way soas specially to suit the case. By means of a 
controller switch, sectionising the windings of the motors, 
these are made, in the case of these locomotives, of one 
out of four different numbers of poles. Consequently 
the motors run, according to the number of their poles, 
by virtue of the position of the switching controller, at 
one of those particular speeds. It is seen that there are, 
so to speak, four different motors incorporated in one 
motor, properly called a multi-speed motor. With re- 
ference to each of these four s s the one speed and the 
gear-wheel features obtain, but there is, as experience 
seems to prove, yet a sufficient freedom of adjustment 
of the coumanntael enopie to the varying requirements of 

ractical locomotive driving on the railways having such 
ocomotives (B.T.B. and Simplon). 

The two types of locomotives of the B.T.B. are of the 
following description :— 


Type 1899. Type 1910, 
Number of axles, all 
driving . 2 two 4-wheel bogies 
Total weight equip- 
pec _ 30 tons 42 tons 
Weight of electrical 
equipment a oD « 
Weight on single 
wheels - os TH ws 5.0-5.5 tons 
Length between buf- 
fers .. - ‘ 7.800 m. 12.600 m. 
Distance between 
front and rear axle 8.140 m. 9.400 m. 
Diameter of driving 
wheels _ ~ 1,230 m. 1.230 m. 
System of motors Three-phase l-speed, Induction multi- 
rheostatic control, speed, intermediate 
slip - rings and voltage control, no 
brushes, slip - rings nor 
brushes. 
Voltage of motor 750 750 
Periodicity of alter- 
nate current 40 00 
Power of each motor, 
one hour rating 150 h.-p. 400 h.-p. 
Number of motors 2 2 
Mechanical arrange- Gears, (changeable) Gears, counter- 
ment countershaft con- shafts, connecting- 
necting-rods rods 
Gear ratio .. .. 1:1,88 and1: 3,72 1:4 
Contact Be Two-part bow Two-part bow, arti- 
culated 
Brakes i os Pressure air Pressure air 
Normal (economical, 
constant) speeds in 
km.perhour.. 18 36 15.75 21.0 81.5 42.0 
Total power of loco- 
motive in horse- 
power es “ 300 «300 500 600 700 800 
Total pull on head, 
ae = , 4400 2200 8570 7720 6000 5140 


The mechanica gy of the locomotives is by Winter- 
thur, the electrical by B. B.C. 

The electric traction on the B.T.B has been satisfac- 
tory. Disturbances interfering with traffic have prac- 
tically disappeared, and at no time has any dissatisfac- 
tion | om noticed. It is of the greatest benefit wo the 
electrical operation, especially since a powerful locomotive 
had been added, that power is supplied from a large 





ae mpeg near Spiez on the Lake of Thun, capable of 
ealing with the heavy variations in load. The power- 
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station belongs to a large power transmission and distri- su 
bution supply enterprise, the Bernische Kraftwerke A.G., : 
who operate about 60,000 horse-power and are controlling sion to Ins only then constructed. The whole electric | 
very _. additional power in course of development. 


All power is hydraulic. 





Figs. 


Fig.7. 


fo 


pply enterprise adjacent. The electrification was com- | The following figures cover the years from immediately 
pleted in 1902 as far as Murten, and in 1903 on the exten- | before until immediately after the electrification. The 


increase in capital is caused both by the construction of 


equipment of the railway was supplied by M.F.O. There | the extension Murten-Ins (about 10 km.) and the electriti- 
are only four motor-cars. Locomotives will come if freight | cation of the whole line of over 32 km. 














or B.T.B. (Brown, Bovert), 





é) 





Fies..9 to 12. 300-H.-P. Exrctric Locomotive, Tyre 1899, or tne B.T.B. (Brown, Bovert). 


The transmission voltage between Spiez and the four- 
teen transformer sub-stations along the B.'T.B railway is 
16,000. The consumption of electrical energy is 68 watt- 
hours* per ton-kilometre. The expense for current at 
4 centimes per kilowatt-hour in 1904 was 0.284 centime 

r ton-kilometre and 18,35 centimes per train- kilometre. 

n the same year 290,807 trair-kilometres were run. 
Lubrication cost 0.94 centime per crain-kilometre. 


Fribourg-Murten-Ins, F.M. A.—(No. 40n TablesIV. and | bo 


V.)—The F.M.A. is interesting as the first normal-gauge 
railway which has undergone actual electrification. This 
railway is of invaluable service to the district traversed, 
but the financial results are unsatisfactory. The electri- 
fication was made possible by the controlling influence 
and financial interest of the State of Fribourg both in the 
F.M.A. (Fribourg-Morat-Anet) and in the electric-power 

* This result and the maientey of the correspondin 
results referring to the railways (Nos. 2 to 8 on Tables I 
and V,) are taken from the compilation by Professor Dr. 
W. Wyssling 621, 33,: Bericht No. 3 iiber Frage VIIL., 
Elestrische Zugfirderung (International Railway Con- 
gress, Berne, 1910). 





tratfic becomes sufficiently pte This electrifi- 
cation was the first, and is the only normal-gauge one 
in Switzerland carried out on the continuous-current 
system with a third rail. The pressure of 800 volts was 
a novelty in third-rail practice at that time, and has 
proved safe and satisfactory. 

_ Three-phase current of 8600-volt tension and 50 cycles 
is supplied from Hautersive, about 3 km. south of Fri- 
ung, & power-station of 6000 to 10,000 horse-power, all 
hydraulic, distributed for all kinds of purposes in the 
district. The third rail is fed from two converter stations, 
each equipped with converting machinery of relatively 
moderate size, and accumulator batteries to provide for 
peak loads. 

The consumption of power is about 34 watt-hours per 
ton-kilometre, exclusive of losses in converting machinery 
and batteries. Inclusive of these losses, the consumption 
is to be estimated at 60 to 80 watt-hours according to 


- | circumstances, 


The F.M.A. is the only railway of which a comparison 
of steam and electric operation 1s available. The result 
of electrification has been satisfactory, as far as could be 
expected with the hitherto small traffic, 





? 








os | Fig. 11 





















































Results of Operating the F.M.A. Before and 
After Electrification. 








— 1901. 1902. 1903. 1904. 
francs francs francs francs 
Capital investment ..| 1,715,658 2,292,174 | 2,692,952 2,895,676 
Excess of operating 
expenses .. we 34,254 29,904 
Excess of receipts 
from traffic. . - 13,025 35,548 
Interest on capital f 
investinent .. p.c. 0.435 1.23 


The electric system requires no detailed description ; it 
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is sufficiently known from the large number of third-rail Distance between bogie-axles 2.000 m. Maximum speed .. _ 54km. per hour 
elevated, underground, tube, and other railways in other Diameter of wheels... 3 1.010 ,, Contact ... es ... Third rail top contact- 

i Number of motors in car 4 shoe 


countries. 


and Rastatt, electric equipments by M.F.O.) are given 
in the following tabular description :— 








Continuous current. 
Series- parallel and 
rheostatic control 


The particulars of the motor-cars (cars by Neuhausen System of motors 
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Fies. 13 anp 14. THREE-PHasz Two-Spreep Etectric Locomotive, 800 ro 1100 H.-P., 
1906 Parrern, ror Smwpton Rarttway; Brown, Boveri. 
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Fies, 15 anp 16. THREE-PHase Mutti-Sreep Execrerc Locomotive, 1100 to 1700 H.-P., 
1907 Patrern, ror Srmeton Rarway; Brown, Boveri. 





Weight of trains (with one 
motor-car) ... an 80 tons 
Maximum acceleration ... 0.15 m. to 0.20 m. per 
second per aul. 

Simplon Tunnel, Figs. 13 to 21 (No. 8, Tables IV. 
and V.).—The electric traction in the Simplon Tunnel is 
mainly justified by a desire to complete one of the most 
significant feats of railway construction with a mode of 
traction yeneneey modern, and to prevent the 
nuisance of smoke in the longest tunnel in the world 
(19.803 km. = 12.306 miles).* 

On the completion of the Simplon Tunnel, railway 
engineering had prc so far that engineers were 
prepared to electrify a straight tube with no grades of 
any importance. The Baltimore and St. Claire Tunnels 
were sufficient precedents. On the other hand, the opera- 
tion of the tunnel by steam was, from the traction point 
of view, easy, as there was steam traction at both ends 
(the Federal Railways performing the traction as far as 
Iselle on the Italian side). In fact, the Federal Railways 
neither expected nor were prepa for electric traction 
in the Simplon Tunnel. Only quite shortly before the 
op: ning of the tunnel in 1906 were pro Is made, both 
on behalf of the Italian Government and of B.B.C., with 
a view to electrify the tunnel. The Valtellina Railway 
offered to lend five of its three-phase current locomotives, 
built by Messrs. Ganz and Co., of Buda-Pesth, a few years 
earlier. Two three-phase-current locomotives in course 
of construction at that time with B.B.C. were also avail- 
able. The Federal Railways were thus persuaded to 
adopt, on trial for one year, electric traction on this 
particular section. The B.B.C. succeeded, through an 
extraordinary effort in carrying out the work, in com- 
mencing a regular service of electric trains on June 1, 1906. 

Since the opening of the B.T.B. Railway on the three- 
phase-current system, the Valtellina Railway—a section 
of the Rete Adriatica of the Italian railways—had been 
electrified by Messrs. Ganz and Co. ona large scale. Three- 
phase traction was an established o— ity on normal- 
gauge ordinary railways, and the Valtellina locomotives 
appeared, at least for the beginning, perfectly capable of 
dealing with the trains through the Simplon Tunnel. 

On the other hand, this tunnel section presented no 
particular difficulty, beyond the shortness of the time 
allowed for its being equipped. The power-stations 
existed, as far as the hydraulic part was concerned, and 
had been operated for the purposes of the construction 
of the tunnel. Still, the successful electrification of the 
Simplon Tunnel appears to be one of the finest examples 
of quick and ¢ work of construction and erection of 
electrical plant known. 











—— 





Fie. 17. Stream anp THREE-PHase Extectric Locomotives oF APPROXIMATELY Equat Power For Simprton TUNNEL. 


Number of seats ; .. 48 to 56 (baggage Voltage of motors... sh 400 

: compartmeut) Power of one motor, one hour 
Number of axles, all driving... 4 (two bogies) rating ... os sale ... __ 110 horse-power 
Total weight, equipped 33 to 42 tons Mechanical arrangement Singlereduction, usual 


Weight of electric equipment 12 tons spring suspension. 

Length between buffers 17.300 m. to 19.800m. Ratio of gearing sid as lto4 

Distance between centres of Total normal pull on tread ... 5000 kg. 
WS a ae es 11.500 m, Normal speed ... .. 21) km. per hour 


The Italian locomotives have since returned to Italy, 
and have been su by two locomotives of the 
t - F. 3/5, and two of the type F. 4/4, all built by 
5. .C, (the mechanical part being by Winterthur). 





* See TRACTION AND TRANSMISSION, vol. ix., 39, 
154, 231; ENoltNgRRING, vol. Ixxix., page da; vol, 
Ixxxiv., pages 99 and 705, 
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TABLE IV.—Parincipat ELecTRICALLY-OPERATED RAILWAYS IN SWITZERLAND.—(To be continued.) 





| | 











| | t& PZ a és 
| | & ie 
- 5 | z 33 E s| Electric | | 
= Railway, Name| & | Re : see Current, | Type of Moter Names of 
ord er#nd Short Name "Se | of | Se s Periodicity, Contact | vehicles. Observations. Original 
(if any). Se cs ee |S $ =| Contact Line. Contractors. 
BS Bs FA |kSes| Voltage. 
| Se | 23 | ss |§6ee| 
| > rs om \5 
1 [Orbe-Chavornay 1894 | 1804 | 1.435 3.9 | Continuous Overhead | Motor-cars |Historically interest- Geneva 
| | 500 trolley | (trailing) | ing, as first normal- 
| | } | | gauge electric trac- 
| | } | tion in Switzerland 
} } | | | in direct connection 
| | with main railway k 
2 Stansstad- | 1898 1898 | 1.000} 22.5 | Three-phase| Overhead | Motor-cars |First three-phase rail-| Brown, Boveri, 
| Engelberg | | /1.5 rack| 33 cycles bow (trailing) | way of considerable and Co, 
} } | 750 to 800 Locomotives) length 
} } } | | on rack 
| | | | _ section . 
3 | Burgdorf-Thun; 1899 | 1899 | 1.435| 40.2 \Three-phase | Ditto | Motor-cars |First normal - gauge Ditto 
T.B. | | 40 cycles (trailing) | three-phase railway 
(Figs. 1 to 12) | | 750 to 800 and 
| locomotives 
4 | Fribourg-Mur- | 1898 | 1902 | 1.435) 32.3 |Continuous Third rail] Motor-cars |First electrification of|Maschinenfabrik 
| ten-Ins. } | | 750 to 800 (trailing) | normal-gauge _rail- Oerlikon 
| F.M.A. | } way in Switzerland 
5 Gruyére, 1901-04 | 1901-04 | 1.000 | 43.5 | Continuous Overhead; Motor-cars |Prominent repre- Alioth. 
| Chemins de fer } | 2.3 on 50 bow (trailing) | sentative of moun-| Elect. A.-G. 
Electriques | | public tain district railway 
6 | Montreux-Ber- | 1901-05 | 1901-05 1.000 62.4 | Continuous! Ditto Motor-cars |Prominent represen- Alioth. 
| ner-Oberland | | } | 750 to 1000 (trailing) | tative of a narrow- 
} M.O.B. | gauge through line 
across the high 
| | | | mountains 
7 | Martigny- 1906-08 | 1906-08 | 1.000 | 20.5 | Continuous Third rail] Motor-cars |Idem, adhesion and veneva 
|  Ch&telard | vr rack) 750 (over- | (adhesion | rack mixed. through F.O. 
5.00n | head bow, | anirack | line to Chamonix. 
| public }on public} mixed) 
| Toads road | 
\Simplon Tunnel | 1906 | 1906 | 1.435| 21.7  |Three-phase Overhead |Locomotives|First normal-gauge| B.B.C. 
| (Figs. 13 to 21) | | 16 cycles bow main -line electric} 
| | } | traction on the 
| | } Federal Railways 














TABLE V.—CHARACTER AND Cost or ConsTrucTION OF Raitway, Rouune-Stock, TRAFFIC, OPERATION. 





(To be continued.) 








1 | 2. 3. 4. 5 6. 7 8, 
& . é se | 8 & 
, 4 . to & a a a 5 
7 . | & ‘ = ra p ’ 
Yrar, 1909, § 38 =. we sig 35 oe} . 
S ie ae ss /S6",\/22,  §s s 
2 = we ot £ pe $|/ 352 Pe Gu: 
23 gs 5é 5 £652 822 58 EE 
o* a” & & IsP=F a hed a* 
Gauge, in metres .. ws os es -. 1485 1.000 1,435 1.435 1.000 1.000 1.000 1.435 
( 33.2 —. 25.1 — 
truc struct: | ” 
= | m5 ti" . { 20.6 21.7 
Length, in kilometres... oe ate --| 404 | (rack 1.5) | anmee _ — - 44.3 | 62.1 (rack 2.48) (tunnel 19 803) 
| | electric | electric 
Length on public roads .. os = - = ae * me 2.3 | - 6.0 | - 
Minimum radiusof curves, metres re .-| 200 50 250 200 100 40 80(rack 70) 8300 at entrance 
Level sections, per cent. of total ae | Tl 8.85 24.33 26.5 19.2 9.93 34.99 | 4.30 
7 : 2 f 25 L 95 5 7 Led |} 
Grade maximum, %, os es ~~ - 25 L(rack 250)|f ~? 30 30 67 { (rack 200) | J os 
Grade, average of sections not level, ~, .-| 109 | a 15.86 12.9 15.8 34.45 a 4.87 
Lowest point, metres a.s. oe | 450 | 438 535 435 | 67 398 470 630 
Highest point, metres a.s.]. oe in | 473 1002 770 632 | 861 | 1272 | #1227 | 705 
‘——— up and down in metres of | } 
eight oe “ oe es s ee 39 564 483 7 } 556 1935 885 98 
Kilometres abovel0%, .. a me ool ae 11.5 21.0 10.9 | 219 | 48.6 10.8 | — 
} | 
Kilometres above 30 %, .. ss i ..| «2  |—(exe. rack)! - _ | wo | Ch i- CO: 4 3 
Weight of rail in ~ yer permetre ..| 20.6 y 36.1 36.0 | 24.5 24.3 | 25.2—80.5 49.0 
Number of electric locomotives i ~ 4(rack) (2(1911 : 3) ie a wee oe | 4 
Number of motor-cars .. ee - ++] 4 10 | 6 Fa 24 12 | — 
Number of ordinary cars. . sh si an 4 | 2 | 17 55 104 145 29 | -- 
Average number of trains over Whole line ..| 29.15 22.16 20.79 15.65 | 19.40 | 16.44 10.11 a n, fgg 
| reight 
Average number of axles per train .-| 416 | 5.32 9.67 871 | 891 | 10.55 4.78 ° 
| | | 
Trains, kilometres run, 1 = 1000 ve | 186 311 | 129 §| 812 | 78 | 78 146+ 
Passengers carried, 1 = 1000 .. = .-| 106 290 656 | 277 365 443 231 } i, 
Tons of all kinds of freight, 1 = 1900.. - 46 13 103 77 51 41 | 3 3 
Thousand Francs per Kilometre : | | F 
Cost of purchaseof land .. .. ... Wl 18 24 12 20 28 27 fsd 
Cost of electric line equipment ee ie 9 12 21 14 13 16 23 ge g 
Cost of buildings station machi- £2 
OF me a “ ra a 5 | 26 15 18 86 43 29 | eo8 
Cost of construction complete - --| 96 106 133 99 136 221 292 Sze 
Cost of rolling-stock, locomotive and | | a 
other .. oe ne 2 “ oe ae 23 20 15 130 34 65 ee 
Cost of railway complete... a —t oe | 133 162 122 179 | 272 418 § =. 
Totalamount .. .. ..  .. | B05 3007 5654 3291 7 | 16,804 | 9664 sé 
Total epresting expeness ee fi if ae 223 420 243 333 519 207 & 
Total receipts from traffic .. - me 71 401 564 298 | 406 1236 542 























Technically, the Simplon Tunnel electrification brought, 
besides important improvements in locomotive construc- 
tion,* nothing very novel, being more or less an exact 
copy of means and methods that had been practically 
used on the Valtellina Railway for several years. It was 
not complicated by electric-power transmissions, as cur- 
rent could be generated at each end of the tunnel with 
a voltage directly to suit the locomotives—3000 volts, 
16 cycles. The contact line in the tunnel consists of two 
pairs of copper wires, each of 8 mm. in diameter, one pair 
for each phase of the three, the third being placed in the 
metal of the rails as in previous cases. The suspension is 
overhead from cross-wires hinged on to hooks in the 


* See Thomann, Zeitschrift des Vereines deutscher 
Ingenieure, 1909, page 612, 





* Maximum weight of passenger-trains, 300 tons; of freight-trains, 400 to 600 tons, without locomotive. 
t From June 1, 1908, until May 31, 1909 ; 22,938,000 ton-kilometres without, and 32,458,000 with, locomotive weight. 


masonry of the tunnel, and in the stations on the top of 
iron poles. Contact is made by meansof articulated bows. 

An important departure in three-phase electric loco- 
motive design, real in connection with the electric 
traction in the Simplon Tunnel, was the operation with 
multi-speed induction motors as already described with 
reference to the B.T.B. The multi-speed locomotives for 
the Simplon Tunnel preceded that of the B.T.B., and 
are, at the same time, of considerably greater capacity. 
Their design and appearance is seen from the illustra- 
tions on pages 125 and 126. é ‘ ; 

The particulars of the locomotives and of their electric 
equipments are given in the tabular statement on the 
third column of this page. hie : 

The piston-like action of the train in the long single- 








track tunnel absorbs, at a speed of 70 km. per hour, no 


Particulars of Three-Phase Locomotives, Simplon Tunnel. 





_— F. 3/5 (1906). F. 4/4 (1907) 





Number of axles, driving.. .. 3 4 
”» ” other ‘ 2 0 
Arrangement of axles . Driving axles Two axles parallel 
parallel, two front and rear axle 
pony trucks radially adjustable 
(Klein-Lindner 


system) 
Total weight ~ .. tons 62 68 
- on drivers... ,, 44 68 
Weight of electric equipment ,, 18 29 
» On single ioe “— e 4.5- 7.5 8.5 
Length between buffers .. m. 12.300 11.640 
Distance between front and rear 
axles we ; - we 9.700 8.000 
Diameter of drivers ae 1.640 1.250 
- other wheels.. —_,, 0.850 -- 
Type F. 3/5. Type F. 4/4 


f Three-phase multi-speed induction 
With intermediate With intermediate 
voltage speed 


control 


Systemofmotors .. 4 rheostatic speed 

f control 
Voltage of motor > 550 850 

Transformers on locomotive between contact and motors. 
Periodicity of current oe as ee 5-16 

Number of motors per locomotive 2 ; ee 2 

Motors low, rigidly mounted in main 
frame, no gearing, no countershaft, all 
connecting-rod motion parallel 


Central driving-axle th motors 


between inner 
1 » +o 
yetween motors driving-axles 


Mechanical arrangement 


Number of normal speatel 2 4 


Speeds .. km. per hour 35 70 26 35; 53 | 70 

Revolutions of motors | | | 
per minute .< vil 113 | 230 110; 150) 225 | 300 

Number of poles in motor 13 | 6 16 | 12 8 6 


Total pull on tread kg. | 5800 | 4000 | 11,500 | 10,000 7700 \6400 
Total power, one hour | } 
rating in horse-power | 800 1100] 1100) 1300 | 1500 |1700 





Performance according to Specification. 


Weight of train in tons Speed in On Grade in 
without locomotive. km. per hour per 1000, 
300 70 2 
400 35 


less than 700 horse-power,* according to observation, at 
35 km. per hour presumably about 100 horse-power. The 
requisite total pull on the tread is, therefore, for the fast 
trains about 5700 kgm., for the slow trains about 5500 ns 
while on open track of light grade these pulls are about 
2700 and 700 kgm. less respectively. From the fore- 
going table it is seen that the F. 4/4 type is of a charac- 
teristic which is meeting traction requirements very well 
at certain intervals. Driving between the distinct normal 
speeds, often called the (not quite) synchronous speeds, is 
practicable and, in the case of the F’. 4/4 type, at not too 
great a loss in efficiency and tractive qualities within 
certain limits below. Whether this is a feature that could 
decide the question in the absence of other arguments, 
‘*three-phase or single-phase ?” practical experience alone, 
under conditions much less special than those prevailing 
in the Simplon Tunnel, could settle. In the special case 
the working of three-phase current seems to be entirely 
satisfactory, and will, in analogy with other Italian lines 
electrified (Valtellina, Giovi Tunnel) be adopted on the 
Italian side of the Simplon. The consumption of power 
has been 37 watt-hours per ton-kilometre. 


(To be continued.) 








Rome As A Szaport.—The Provincial Council in Rome 
is negotiating with a strong French syndicate about the 
construction of a seaport for Rome. e place likely to 
be chosen for the new port is Palidoro, situated some 
12 miles to the north-west of the city, the banks of the 
rivers being there more steep, which makes it easier to 
obtain the desired depth of 30 ft. than if the harbour were 
located at Ostia. A short railway will connect Palidoro 
with the Rome-Civita Vecchia Railway. Civita Vecchia 
strongly opposes the new scheme, however, the realisation 
of which would oust it from its mt position as Rome’s 
most important seaport ; but this opposition will hardly 
be able to interfere with the consummation of the plan. 

Tur Tursine Works or Messrs. Brixcies, HANSEN, 
anp Co.—The foundry and engine works of Messrs. 
Briegleb, Hansen, and Co., of Gotha, distinguished in the 
field of water-turbine construction, celebrated their 
jubilee on July 1. The firm was established in 1861 

y Wilhelm a in conjunction with L. Bonsack 
and A. Henneberg. A. Briegleb, who retired some years 
ago, joined in 1871. Wilhelm Hansen died in 1906, after 
having been succeeded in the firm by his son, Friedrich 
Hansen. The construction of turbines and Pelton wheels 
was introduced by Gustav Knop in 1874, and after his 
death, in 1894, Professor Rudolf Camerer took up the 
construction of Francis turbines as a speciality. The 
works employ 570 men, and turn out about 300 turbines 
a year. The turbine-testing plant of the firm has been 
thoroughly rebuilt and perfected within the last years. 
We may also mention that Messrs. Oscar Schimmel and 
Co., A.-G., of Chemnitz, manufacturers of spinni 
machinery, who started work in 1861 with 16 hands, an 
now employ 900, have likewise been celebrating the 
fiftieth anniversary of their establishment ; Mr. Gustav 
Rohn has been the technical manager for 30 years. 





* See Thomann, Zeitschrift des Vereinee deutecher 
Ingeniewre, 1909, page 614, 
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SOME NEW TYPES OF DYNAMOMETERS.* 
By Dr. AtFrep AmMs.ER, of Schaffhausen. 
[Translated from the German.] 


Ir is not the author’s intention to deal with all devices 
recently introduced for measuring power, but he will 
confine himself to describing two types of transmission 
dynamometers, constructed by his own firm, the one 
type—the torsion ie aaenee er yang | designed for 
measuring the power transmitted to or from high-speed 
machines, such as centrifugal pumps, fans, turbo-com- 
pressors, steam-turbines, dynamos, &c., where the torque 
is fairly constant and therefore need not be recorded in 
« diagram ; the other type—the hydraulic dynamometer 
—being intended to be used for measuring and recording 
the energy absorbed by slow-running machines of variable 
resistance, such as machine-tools, plunger-pumps, and the 
like. 

Torsion Dynamometer.—Figs. 1, 2, and 3, annexed, illus- 
trate the different types used. It should be remem- 


When the eye Q looks through the slit P, the slit T 
will be seen as a streak of light, and the divisions will 
show black on the scale U. The slit T serves as a pointer 
for indicating the relative motion of the two disvs N and 
O as compared to the disc M. The line of vision is 
perfectly defined by the two slits P and T ; parallax is 
therefore im 0 
observation is therefore independent of the distance 
between thescale UandtheshtT. | 

When the apparatus is stationary it will be clear that, 
if the shaft is twisted, the angle of twist will be shown hy 
the movement of the pointer T over the division U. But 
this pointer and division will also be visible when the 
instrument is running; in fact, it will be clearer and 
more defined than when the instrument is at rest, for 
whilst it is necessary to place the eye close to the slit P 
when the instrument is at rest in order to be able to see 
the pointer and the scale, it is possible, when the instru- 
ment is in motion, to read the scale at some distance from 
the slit P. The greater this distance is, the more the 
scale will appear to be enlarged; this enlargement, it 





Fig. 2. 











possible when reading the scale, and the | 


illuminating the scale, and should be placed as close as 
possible behind the disc M. Instead of looking at the 
slit P direct, it will be found better to insert a mirror so 
that the scale can be observed from the side, as shown 
in Figs. 1, 2, and 3. In order that the eye be not 
—— by other light, the daylight should be screened 
off. 

The observations can be best carried out in a dark 
room with only one eye used, since each eye would 
tend to form a separate image, which would blur the 
actual reading. If the head Be held in such a manner 
that_the line connecting the two eyes is parallel to the 
slit P, the two separate im will coincide. The angle 
of torque thus observed shows the twist-strain in the 
shaft, since the slit P passes the eye at regular intervals. 
Should the power transmitted, and consequently the 
twist of the shaft, vary rapidly, the eye will see different 

rts of the in rapid succession, and the image will 
Cocemns blurred, so that it is impossible to read the scale 
accurately. When high-speed machines are used, this 












disturbance need not be feared, whilst the inertia of the 
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Fie. 1. 
bered, however, that many other 
types could be designed, and the 
coger can without any diffi- 
culty be modified to suit the most 
varying conditions. 

Figs. 1 and 2 illustrate a dyna- 
mometer which couples the shaft 
of the driving engine direct to 
the driven machine. Fig. 3 shows 
a dynamometer which can either 
be used as a coupling or the power 
may be transmitted to one end by 
means of a belt, and taken off at 
the other end also by means of a 
belt. Either end of this machine 
is capable of being direct-coupled 
to a machine-shaft. The two shaft 
ends are securely coupled together 
by means of the shaft G; this 


Fug.3. TORSION DYNAMOMETER, 
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shaft has therefore to transmit the 





entire power from the one machine 
to the other. Consequently the 
shaft G is subjected to torsion and 
will be twisted; the shaft should, 
of course, be so designed that the 
yield-point is not exceeded. It 
therefore works as a torsion spring. 
Provided the shaft is perfect 
elastic, the angle through whic 
the opposite ends are turned will 
be proportional to the twisting 
moment—that is, proportional to 
the power transmitted. If the 
shaft is made of a special spring 
steel of very high yield - point— 
that is, above 6000 kg. per sq. cm. fuscaay 
(90,000 lb. per sq. in.)—it can be 

twisted to a considerable degree 

= jpeenge or permanent distortion. For example, 
in the di 
40 cm. (15} in.) long is for a twisting moment of 20 m.-kg. | 
(1736 in.-lb.), about 20 deg. The shaft has a cross- | 
section of 12 mm. by 12 mm. (0.4725 in. by 0.4725 in.), 
and is therefore subjec to a stress of 5200 kg. per | 
sq. cm. (78,000 lb. per sq. in.), which is well ow | 
the yield-point. The various pasts attached to the! 
shaft G serve partly for indicating its angle of twist, | 
and partly to ° it from being twisted excessively, 
and overloaded. 

For reading the angle of twist, three discs, M, N, and 
O, are used. M is fixed firmly to the end H of the shaft, 
N and O are fixed firmly to the end F of the shaft. The 
disc O is provided with a radial slit P. To the disc M a 
transparent rim U, made of celluloid, is fixed, on which 
the divisions are cut. Opposite to the slit P a small | 
window has been cut out in the disc N, and is provided | 
with a fine slit T. 


* Paper read before the Institution of Mechanical 
Engineers, at the Zurich Meeting, July 25, 
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should be stated, is independent of the speed. 
running is due to the following :—The eye looking at the | 
scale through the slit P sees the pointer and scale once 
fur every revolution, and this only during the very short 
time when the small slit P is passing before the eye; the 
light impression is therefore instantaneous. One of these 
impressions would be too small to leave a permanent 
image in the eye, but since a number of impressions is 
given to the eye in rapid sucoession—namely, once at 
each revolution of the disc, the eye appears to receive a 
continuous stationary image of the pointer. Should the 
machine work at a speed below 250 revolutions per minute 
these im are not continuous, and the reading of the 
divisions becomes cumbersome but still possible. 

Tn order to obtain a permanent impression on the eye, 
the scale must be subjected to a strong light. The short 
period of observation must be strengthened by the inten- 
sity of the light, since a fixed minimum amount of light 
energy—that is, intensity multiplied by duration, is 
required to affect the optic nerve. A 50-candle-power 
lamp provided with a ground glazed globe suffices for 





1 i : i The | machine itself and that of the discs M, N, and O of the 
am shown in Fig. 2 the twist of the rod | reason why the scale is still seen when the machine is | dynamometer will restrain any oscillations thus formed. 


If the twist varies periodically in synchronism with the 
rotation of the shaft, the wave of twist variation being 
repeated, every revolution can be followed by the eye 
by looking at the scale through the slit at different points 
around the dynamometer shaft. 

Since the shaft and the other parts which are connected 
to its extremities have no condone to move due to the 
centrifugal force, the readings of the dynamometer are 
independent of the speed. The instrument can there- 
foun to run at any speed desired, provided, of course, no 
forces are set u ter than can be resisted by the 
material of acts 4 e discs M, N, and O are made. The 
instrument is made generally for high speeds of about 
4500 revolutions per minute, but some instruments have 
already been made for speeds of 7000, and even 8500, 
revolutions per minute. The coefficient of elasticity of 
the shaft can be determined when at rest by fixing alever 
of known length at one end and loading this with weights. 

The largest instrument at present made can measure 
torques up to 1500 m.-kg. (130,200 in.-lb.), and the smallee} 
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up to 8 m.-kg. (694 in.-Ib.). The instrument sutfers | 


from but one defect—namely, the air resistance of the 


rotating parts. For the time being, it need merely be | 


stated that the influence of the air is very small, espe- 
cially when the dynamometer is so inserted that the disc 
M is placed nearest to the machine the power of which is 
to be measured. It is possible, although somewhat 
laborious, to make accurate determinations of the in- 
fluence of the air-resistance on thesereadings. The dyna- 


consequently have to be increased, so that an observable 
twist can be obtained. 

Hydraulic Dynamometers.—This type of dynamometer, 
which is used for measuring. and recording the power 
absorbed by machines subjected to a variable load, is 
illustrated in Figs. 4 to 11 below. The dynamometer 
is driven from the engine by means of a belt, and 
transmits the power by means of a second belt to the 
driven machine. The driving and driven pulleys D 
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mometers are so constructed that they can without any 
difficulty be placed or taken out from between the driving 
and driven machines, and another shaft can readily 
replace the former without having to move either of 
the machines. The instrument can be run in either | 
direction without any alteration having to be made. 
It is fairly obvious that, working on this principle, 
dynamometers can be constructed which _—— every 
desired —~ of accuracy ; all degrees of power can, 
therefore, be measured, the shaft is simply made thicker 
in proportion as the torque is increased. Its length will 
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@ tendency to press back the piston in the cylinder F, 
thus exerting a pressure on the oil. This oil-pressure is 
transmitted through the hollow shaft C, and to a fixed 
tube, the end of which fits axially into the shaft O, and is 
properly packed by means of a stuffing-box. The pres- 
sure is further transmitted to the casing N, to which on 
one side a pressure-gauge O is fixed, and to another side 
the recording apparatus. The pressure-gauge indicates 
the torque with Chich the pulley B drives the pulley D, 
since the latter is proportional to the oil-pressure. The 
transmission of the oil-pressure to the recording apparatus 
is quite similar to that of an ordinary steam indicator. 
P (Fig. 8) is the indicator mechanism, the paper strip is 
rolled up in the hollow drum Q, and passes under the pencil 
of the recorder, and - gy led up on the ee R. The 
paper strip passes under the pencil at a velocity propor- 
tional to the speed of the shaft C. In order that the 
aumber of revolutions of the shaft C may be checked 
readily, asmal] hammer is attached which gives an audible 
tap at every tenth revolution of the shaft O. These taps 
can readily be timed by means of a watch. The area of 
any portion of the diagram represents the energy absorbed 
by the machine, and the mean height, that is the area 
divided by the length of the diagram, the average power 
transmitted. 

If the resistance of the machine, the power absorption 
of which is to be measured, is very irregular, the pointer 
of the pressure-gauge will oscillate — and the 
recorder will draw a sigzes line. These oscillations can 
be readily reduced by closing the valve U to a greater or 
lesser degree; by so doing the opening through which 
the oil enters through the shaft C into the casing N can 
be increased or decreased as desired. This dynamometer 
is not nearly as simple, and does not indicate the power 
as directly as the torsion dynamometer ; it is consequent] 
less accurate, and needs watching. On the other hand, 
measurements can be made which are impossible to obtain 
with the torsion dynamometer—namely, the power is 
continuously recorded on a strip of paper, and can be 
accurately determined however much it may vary. 

The readings given with the hydraulic dynamometer 
are not entirely independent of the speed ; the centrifugal 
force tends to drive the oil in the tubes outwards and has 
a tendency to move the piston L axially, according to the 
position in which the pistons are relative to their respective 
cylinders. _By means of a suitable arrangement of the 
pistons and cylinders with regard to the pulley B it is 
possible to compensate these two forces ; this is only pos- 
sible, however, for one — of the pistons—namely, 
the middle position. If the dynamometer is allowed to 
run at a low speed, the disturbing action of the centrifugal 
force in the pistons when no complete compensation is 
obtained becomes negligibly small. Another reason for 








keeping the speed of the instrument low is on account of 
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‘and B are py close together on the common shaft. | 


The pulley B is fixed to the shaft C, whilst the pulley D 

runs loose on the shaft without any appreciable friction. | 
To the pulley B the two cylinders F are fixed, which are | 
connected by means of the two tubes G to the centre | 


|of the hollow shaft C. The pulley D is provided with | 


two projections J which press against the piston L. 
The piston works without any friction in the cylinder F 
owing to the omission of eo -*- and the entire 
system is filled with oil. en the pulley rotates | 
in the proper direction, the projection J will have 





the centrifugal force causing the pistons to rub against the 
sides of the cylinder. The dynamometers illustrated are 
used for maximum torques of 50 m.-kg. and 150 m.-kg. 
(4340 in.-Ib. and 13,020 in.-Ib.) respectively. 

The same principle of construction can be applied for 
measuring higher powers ; the instrument is then simply 
placed in series with the transmission-shaft, and instead 
of the pulleys B and D, couplings are used, It is, how- 
ever, necessary in this case that one shaft should be hollow 
for its entire length, so that the hydraulic pressure can be 
measured at the end. : 
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FOUR-CYCLE GAS-ENGINES DRIVING 
GENERATORS. 


On our two-page plate we illustrate two lar - 
engines recently constructed by Messrs. Thyssen os 
Co., of Mulheim-Ruhr, for driving electric generators. 
The engine shown in Fig. 1 is a twin-engine, but 
in details of construction this engine is identical 
with that illustrated in Figs. 2, 3, and 4, which is 
a single-crank engine erected at the Pluto Mine of 
the Gelsenkirchen Company at Wanne, and runs on 
coke-oven gas. It has, it will be seen, two double- 
acting cylinders, arranged tandem-fashion, the dia- 
meter being 1150 mm. (45.3 in.) and the stroke 1300 mm. 
(51.2 in.). The jacket, it will be seen, is cast in one with 
the cylinder, but it is fitted with a renewable liner of 
hard cast iron, which takes all the wear. Both 
—_ heads and pistons are water-cooled, as is best 
shown in Fig. 2; the water-cooling of the exhaust- 
7 and their casings has been most amply provided 
or. 

The gas supply to each end of each cylinder can 
be independently adjusted by means of the hand- 
wheels shown on the side of the right-hand cylinder 
in Fig 2, which actuate link-work by which may be 
— or closed the valves shown at a, Figs. 2 and 3. 

is gas supply reaches the engine through the pipe 
shown at 6, Fig. 3, and, as indicated at c, a hand-hole 
is provided in the port leading to the gas-valves 
through which deposit can be removed if required. 
The air-supply pipe is represented at d, Fig. 3, and, 
as will be seen, a throttle-valve is pad Fis at e, by 
means of which the proportion of air drawn in can 
be adjusted by hand. Having these two adjustments, 
the engine can be run on all qualities of gas, since, by 
varying the relative opening and closing of these valves 
on the air and gas supplies, the proportion of air to gas 
can be varied A se. a practically infinite range. The 
ports which lead from these adjustable gas valves to 
the cylinder are, as will be seen on reference to Fig. 2, 
provided with additional throttle-valves at f and g. 
‘These are under the control of the governor by means of 
— work, best seen on the right-hand of the cylinder 
in Fig. 3. 

The inlet valve, it will be seen, is double, there 
being a gas-valve on the same spindle as the main 
inlet-valve ; and there is also, it will be observed, a 
sleeve on the same spindle, which, when the valve is 
seated, covers the air-port. Thus the opening to air 
is always proportional to the opening for gas. These 
inlet-valves are operated by an eccentric on the side 
shaft, and have, it will be seen, a constant opening, 
the governing being effected, not by varying the lift 
or the duration of opening of this valve, but by opening 
or closing the throttle-valves at f and g. The exhaust- 
valves, it will be seen, are located below the cylinder, 
and are wholly contained in independent castings, 
which can readily be removed should the valves 
require examination or repair. As will be seen from 
Fig. 2, a crosshead is fitted between the two pistons, 
and the left-hand cylinder has a tail-rod, also supported 
by a guide. Hence the weight of the pistons and rods 
is entirely taken off the glands, which have thus no 
tendency to wear oval. the gland packings are of the 
metallic type. 

As is best seen in Fig. 1, the two cylinders in tandem 
are connected at the top by steel stays supplementing 
the ‘‘ tween” casting below. Similar stays lead from 
the first cylinder to the top of the main bearings, and 
the engine-traming is thus relieved from the bendin, 
strains which in the past have tm goes J prov: 
disastrous. These stays, being of steel, occupy little 
room, and scarcely affect the accessibility of the 


glands and crosshead. Forced lubrication is fitted to} m4, U 


the cylinders, oil being pumped in through a pipe 

assing through the water-jacket, as indicated at 4, 
Fig. 3. The engine operating on the 4-cycle principle, 
the side-shaft has, of course, to be geared down. his 
is effected by spiral gearing, located between the fly- 
wheel and one of the main bearings, as shown in 
Fig. 4. This gearing is completely enclosed, and 
runs in an oil-bath. 

As will be seen, the crank-shaft has three bearings, 
that on the right hand having a spherical seat. 
The brasses are lined with white metal, and the 
lubrication is forced, so that long, continuous runs 
present no difficulty. 

Messrs. Thyssen, we may add, have supplied the 
equipment for the largest -pewer station on the 
continent of Europe—viz., that of the ‘‘ Gewerkschaft 
Deutscher Kaiser, in Bruckhausen.” Here there are in 
all eight large blowing-engines and four large gas-engine 
generator sets, having an “fi regate rated capacity of 
60,000 brake horse-power. fhe engines run on blast- 
furnace gas. The equipment for cleaning this gas is 
very complete, and as it enters the engines the gas 
does not contain more than 0.003 gramme of dust per 
cubic metre. As a consequence, it has been found 
possible to run the —— without cleaning them for 
from 14 to 2 years. he station load, as a whole, is 
very steady, and the power factor is consequently 
high, reaching the very satisfactory total of 70 per 
cent. in 1910. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, July 19. 

THE continued curtailment of pig-iron production 
has no observable influence on prices or demand. 
Basic and Bessemer are generally neglected. Large 
consumers feel they are not running any risk in wait- 
ing. A few mills have already resumed after the 
midsummer repairing season. A large shipment of 
steel for gates for the Panama Canal was made this 
week from near Pittsburg. Special trucks were 
built for their transportation. Additional canal re- 
quirements will soon be let. The railroads are at last 
buying more liberally in structural material, their 
orders for the past two weeks being for 40,000 tons of 
material out of a total of 70,000 tonsordered. Another 
batch of orders for steel cars will soon be in, specifica- 
tions being now in preparation. The car plants are now 
running to fuller capacity than since May 1. It is 
widely circulated that the railroad companies contem- 
late # general buying of equipment and supplies. 
"heir purchases for the past twelve months have 
been considerably below the average, a fact which 
manufacturers of railroad equipment have not failed 
to observe. The improvements along the Ohio 
river, aimed at improving the navigability of that 
stream, have given the Pittsburg Mills a good deal 
of work during the past four dull months. All the 
ae mills are busy, and preparations are being 
made for a heavy autumn run. The railroads are 
demanding heavier steel freight-cars, of considerably 
larger capacity, and this new type of car will soon be 
in use. It is said the enlarged capacity will be from 
80 to 100 tons. The General Electric Company will 
create a large central plant at Erie, Pennsylvania, on 
Lake Erie, which will call for 10,000 tons of steel. 
Three additional steel bridges have been projected at 
Pittsburg, which will call for 12,000 tons of steel. The 
outlook is favourable for large structural steel orders. 





Tue Fastest Train in GeRMANY.—The fastest train 
in Germany, since June 1, is the express train between 
Munich and Niiremberg. The distance is 198.8 kilo- 
metres, and this is covered in 2 hours 15 minutes, an 
average of 88 kilometres, or 55 miles an hour. Over cer- 
tain sections this train, however, travels at a speed of 105 
kilometres, or 65 miles an hour. 





MartngE-Motor Exursition, CopENHAGEN.—It is an- 
nounced that the International Marine-Motor Exhibition, 
in connection with the Scandinavian Fisheries Exhibition 
and Fourth Scandinavian Fisheries Congress, will be held 
at Copenhagen from the beginning of July till the end of 
August, 1912, and the Board of Direction now invite 

rticipation in it. The exhibition will be held at the 

rygge islands, immediately adjoining Langebro. The 
fisheries exhibition will comprise everything connected 
with salt-water and fresh-water fisheries, and the marine- 
motor exhibition anything concerning marine motors. 
Diplomas, with gold, silver, and bronze medals, will be 
awarded to the prize winners. Further particulars may 
be obtained from Captain A. Silling, RD. 61, Heath- 
land-road, Stoke Newington, London, N., Commissioner 
for Great Britain and Ireland. 





Tue tate Mr. W. C. Sreapman.—In the death of 
Mr. W. C. Steadman, which occurred on Friday last, at 
the age of sixty, the Trade Union Con has lost its 
secretary. Mr. Steadman’s health had mn giving way 
for some time, and he had, consequently, placed his 
ee in the hands of the Parliamentary Committee 
of the Congress. His views were advanced, and as a 
Labour leader his methods were aggressive, but he never 
attained to any ay position in the Labour move- 
ment, although he held the ition of President of the 

e Union Congress. He had an intimate knowledge 
of the conditions of life on the Thames, owing to his 
position as secretary of the Barge-Buikders’ Union. At 
the time of his birth at Poplar, shipbuilding on the 
Thames flourished. and he was himself apprenticed to 
a local barge-builder, and worked at his trade up to 1892. 
His first appearance in public life was as a member of the 
London County Council for Stepney, being in the course 
of his life returned five times at the head of the poll 
for this constituency. Mr. S man was a Radical in 
politics, and his political career was somewhat varied. 





Contracts.—We are informed by Messrs. Ed. Bennis 
and Co., Limited, Little Hulton, Bolton, and 28, Victoria- 
street, that they have recently received seventy-three 
orders for their stokers and compressed-air furnaces.— 
The Paignton Urban District Council has decided to pass 
the whole of the water from the Holne Reservoir, Dartmoor, 


through Candy filters, and they have therefore ordered a | i 


fourth filter of this type from Mr. Frank Candy, 5, 
Westminster Palace-gardens, Artillery-row, Victoria- 
street, Westminster, S.W.—Messrs. Wm Geipel and 
Co., Vulcan Works, St. Thomas’s-street, London, 8.E., 
have secured a contract for the annual supply of Henrion 
Arc-Lamp Carbons, open, enclosed, and flame type, 


amounting to nearly 1,150,000 carbons, to the London and 
North-Western Railway Company. This is, we under- 
stand, the third year that they have secured this contract. 
We understand that, notwithstanding keen competition 
on the part of local firms, Messrs. Wm. Geipel and Co. 
have also secured a contract for sixty-eight Geipel steam- 
traps for the New Copenhagen Hospital. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.— Last Thursday morning 
the pig-iron market was fairly active, and business amount- 
ing to 5000 tons of Cleveland warrants was put through 
at from 46s. 114d. to 46s. 11d. and 46s. 114d. cash, and at 
47s. four days, and 47s. 24d. one month. Closing sellers 
quoted 47s. cash, 47s. 3d. one month, and 47s. $44. three 
months. Hematite was quoted at 61s. 44d. cash buyers. 
In the afternoon the market was just the turn easier, and 
the dealings were limited to 1000 tons of Cleveland 
warrants at 47s. 2d. one month, and at the close the 
quotations were 46s. 114d. cash, 47s. 24d. one month, and 
47s. 8d. three months sellers. On Friday morning there 
was little change in the market, and Cleveland warrants 
were done at 46s. 104d. cash, with buyers over, and at 47s. 
fourteen days. The turnover was 2000 tons, and sellers’ 
one prices were 46s. 11d. cash, 47s. 2d. one month, and 
47s. 8d. three months. The afternoon session was quiet, 
and only two lots of Cleveland warrants were dealt in at 
46s. 11d. cash and 47s. 7d. three months. Closing sellers 

uoted 46s. 1ld. cash, 47s. 2d. one month, and 47s. 8d. 
three months. On Monday morning the market was 
firm in tone, but no dealings were recorded. At the 
close there were sellers of Cleveland warrants at 47s. 
cash, 47s. 3d. one month, and 47s. 9d. three months. In 
the afternoon there was little doing, and only one Cleve- 
land warrant was done at 46s. 1ld. cash, with sellers 
over at that figure and at 47s. 2d. one month, and 47s. 8d. 
three months. On Tueerday morning the market was 
again idle, but Cleveland warrants were nominally 
firmer, with closing sellers quoting 46s. 114d. cash, 
47s. 24d. one month, and 47s. sha. three months. Weak- 
ness prevailed in the afternoon, when one lot of Cleve- 
land warrants changed hands at 47s. 04d. one month. 
Closing prices were 46s. 10d. cash, 47s. 1d. one month, 
and 47s. 7d. three months sellers. When the market 
opened ney, | (Wednesday) the tone was inclined to be 
easier, and Cleveland warrants to the extent of 4000 tons 
were dealt in at 46s. 9d. cash, 47s. one month, and 47s. 6d. 
three months. At the close sellers quoted 46s. 10d. cash, 
47s. 1d. one month, and 47s. 64d. three months. In the 
afternoon the market was dead idle, and no dealings were 
recorded. Closing sellers of Cleveland warrants quoted 
46s. 10d. cash, 47s. 1d. one month, and 47s. 7d. three 
months. Cash buyers of hematite offered 61s. 3d., but 
sellers wanted 3d. more. The following are the market 
een for makers’ (No. 1) iron :—Clyde, 60s. 6d. ; 

alder and Gartsherrie, 61s.; Summerlee, 63s.; Langloan, 
63s. 6d.; and Coltness, 82s. 6d. (all shipped at Glasgow) ; 
Glengarnock (at Ardrossan), 64s.; Shotts (at Leith), 62s.; 
and Carron (at Grangemouth), 63s. 


Sulphate of Ammonia.—A strong demand for sulphate 
of ammonia has m experienced during the past few 
days, and the price has again nto rise. For prompt 
lots the quotation to-day is given as 14/. per ton, Glas- 
gow or Leith, and that figure is only 10s. per ton under 
the highest point touched during the spring season. 
Inquiries from the United States point to a fair amount 
of business coming from that quarter in the near future. 


Scotch Steel Trade.—The Scotch steel trade has once 
again got under weigh, and plate-rolling mills are running 
full time. The specifications for ship-plates have been 
fairly numerous, but the same cannot be said about the 
demand for angles, which is still rather poor. In light 
steel connections a healthy tone exists, and inquiries are 
satisfactory ; indeed, it is stated to-day that some respect- 
able quantities are wanted shortly for shipment to Aus- 
tralia and India and other destinations. “tructural sec- 
tions are only in moderate request at present. Prices all 
round are quoted firm. 


Malleable-Iron Trade.—Altbough the holidays are over 
and work has been resumed in the malleable-iron trade 
of the West of Scotland, the state of the industry has not 
improved. Some of the producers have a fair amount 
of work on hand, but that is not general, as some of them 
can only see a few days ahead. 


Scotch Tube Trade Amalgamation.—Particulars are 
now to hand of an important amalgamation in the Scotch 
tube trade, which will eliminate the ruinous competition 
of recent times, and will be the means of effecting some 
much-needed economies. The preliminary agreement 
has now been signed, and with the exception of Messrs. 
Stewarts and Lloyds, Limited, practically all the pro- 
ducers of wrought-iron and ak tee in this country 
have agreed to amalgamate. The combine, which will 
be known as the Scottish Tube Company, Limited, 
will have a fixed capital of 600,000/., and will be 
composed of the following two public companies :— 
The Wilsons and Union Tube Company, Limited, 
and Messrs. David Richmond and Co., Limited, and 
the private firms of Messrs. David Marshall and 
Sons, Messrs. James Eadie and Sons, Messrs. Hendry 
Brothers, Limited, the Caledonian Company, the Coats 
Tube Company, and the Tradeston Tube aes agg 
The prospectus of the new concern will probably be 
ieomed, in October, and it may be mentioned that 
although Messrs. Stewarts and Lloyds’ name is not in- 
cluded in the above list, they, as a firm, will be much 
interested in the new company, as they will hold a large 
number of shares, and will nominate a director to the 
board. Some time after the break-up of the International 
Tube Trade Association, when the cutting of prices 
became so keen, we mentioned that proposals were on 
foot to form some combine which would be of mutual 
benefit to the trade. Various schemes were talked of, 
and the new company, which is the result of much con- 
sideration, has now almost sprung into life. It is hoped 
that this concern, when finally completed, will be of 
considerable benefit to the tube trade in Scotland. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Visit of Admiral Togo.—The visit of Admiral Count 
Togo to the East End of Sheffield last week-end recalls 
other occasions when men famous in the world’s history 
have been shown the huge workshops where the materials 
for Britain’s naval supremacy are fashioned. At Had- 
field’s Works, Sir Robert Hadfield, who received the dis- 
tinguished visitor from Japan, recalled that it was there 
that in September, 1905, Viscount Hayashi made the first 
public announcement of the treaty between England and 
Japan. Admiral Togo was very much interested in all he 
saw, both at these works and at those of Messrs. Vickers 
Limited, particularly in the manufacture of projectiles and 
the rolling of armour-plate for a Japanese battleship. 
As a result of improved armour, all the armament 
firms in Sheffield have found themselves obliged to 
make great advances in the manufacture of projectiles, 
and the most skilled metallurgists have been employed 
on this work, with the result that Messrs. Hadfields 
have produced armour-piercing shot which has perforated 
Krupp cemented plates of the latest type. Sir Robert 
stated that in a recent test the shell, after piercing hard- 
faced armour-plate, had travelled two miles beyond. 
Admiral Togo was also shown the big foundry at Had- 
fields, which is the largest in the world, covering, as it 
does, six acres of ground. Another department visited 
was that for the manufacture of track-work for tramways 
and light railways, where, in addition to points and cross- 
ings for various municipalities, a considerable amount of 
work for the conduit system of the London Count 
Council was in course of construction, most of this ame | 
being made in Hadfield ‘‘ Era” manganese steel, which 
combines remarkable properties of hardness and great 
toughness. Other departments were also visited. The 
distinguished visitor was entertained to luncheon at 
Vickers Works, and expressed himself highly pleased 
with what he had seen. 


South Yorkshire Coal Trade.—One of the chief reasons 
for the present somewhat unsatisfactory state of the hard 
coal market, and the fact that the tonnages going for 
shipment are below the usual figure for this period of the 
year, is that the stocks which accumulated at the ports 
and on colliery sidings during the recent strike have not 
yet been cleared, and the shipping world has not yet 
recovered from the disturbances consequent upon the 
action of the seamen. There has been some improvement 
during the past week, and collieries are expecting it to be 
maintained. Prices are fairly firm, but at some pits 
where considerable stocks are held second-grade qualities 
can be obtained at reductions. Most of the gas-coal 
contracts have been arranged, and good tonnages are 
going away on shipment. Slacks are very well placed, 
particularly best qualities, and collieries are experiencing 
difficulty in executing orders. Top prices rule. House 
coal is extremely depressed, for which the excessive heat 
is, tosome extent, responsible. But for a little buying by 
farmers who are stocking before harvest commences, there 
is practically no business passing. Orders are just filter- 
ing into the pits, many of which are only working two 
days a week, and merchants are keeping their stocks at 
the lowest possible level. Prices are fairly steady, although 
there is a little underselling. Coal-owners are now wait- 
ing for the London demand to revive in order to give an 
impetus to trade. Latest ’Change quotations are :—Best 
branch hand-picked, 13s. to 14s.; Barnsley best Silk- 
stone, lls. to 12s.; Silkstone, 9s. to 10s.; Derbyshire 
house, 9s. ; large nuts, 7s. 3d. to 9s. ; small nuts, 5s. 6d. 
to 6s. 6d.; Derbyshire brights, 9s. 6d. to 1ls.; washed 
nuts, 7s. 6d. to 8s. 6d.; rough slacks, 5s. 3d. to 7s.; 
seconds, 4s. to 5s. ; smalls, 1s. 6d. to 2s. 


Iron and Steel.—More activity is noticeable on the part 
of iron buyers, and attempts have been made to Rowe me 
material at easier prices. Makers, however, have held to 
their quotations, with the result that consumers have 
postponed any considerable buying until a little later. 
A few transactions have been effected in hematites at the 
lowest figure. Derbyshire makers are offering slightly 
better terms than Lincolnshire producers. fair trade 
is being done in billets, but it is mostly for immediate 
requirements. Few forward orders have been booked. 
The bar-mills are mostly working well. The extreme 
heat of the past few weeks has not been without its 
effect upon the steel trade, making speedy production 
a matter Of considerable difficulty. The armament 
branches are well occupied and have plenty of work for 
some months, and the casting and forging departments 
have recently received good orders. The rolling-mills 
also are busy. The foundries, for. the most part, have as 
much work as they can turn out ; and at one of the largest 
firms very considerable extensions have been made to 
cope with growing trade. Railway steel manufacturers 
continue to feel the benefit of recent activity in the 
railway world and their order books are well filled. The 
competition in steel pricés is as keen as ever, and is 
likely to be even more severe from the fact that increased 
prices are being asked for Swedish bars. Makers of 
these state that the cost of production has gone up so 
seriously within recent years that their profits have been 
materially redaced. The miscellaneous steel trades of 
the city are all actively engaged. Manufacturers of 
engineers’ and edge tools are making a heavy demand for 
steel, and the expansion of their trades is further indi- 
cated by the growing inquiry for emery grinding-wheels 
which do the greater proportion of the work once done 
by means of hand filing. General exports are good, and 
there are signs that the American trade will be much 
improved in the autumn. The most reassuring indica- 


tions are the reports of a good harvest in the States. 
At home, too, the outlook for the winter is considered to be 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIpDLEsBROUGH, Wednesday. 
The Cleveland Iron Trade.—There is little business 
doing in pig iron just now. Buyers are once more back- 
ward, and sellers are not keen to operate, as they antici- 
— higher prices in the near future. Deliveries to the 
ontinent are on a very limited scale, but such is usually 
the case at this season when the inland waterways 
abroad are dried up; in addition this year a number of 
steamers are laid up. There is, however, a lot of iron 
to deliver to Continental customers, and shipments 
next month promise to be rather heavy. A number of 
inquiries for both Cleveland and hematite pig delivered 
over the first half of next year are reported, but they 
have not resulted in business, buyers and sellers failing 
to agree to terms on forward account. At the same 
time confidence in the future is emphasised by the fact 

that age say are <4 to pay more for forwa: 
than for early delivery. Sales of No. 3 g.m.b. Cleveland 
pig have m made at 47s. for prompt f.o.b. delivery, 
and that is the general market quotation ; whilst No. 1 
is 50s. 6d.; No. 4 foundry and No. 4 forge each 46s. 6d.; 
mottled and white iron each 46s.; and mixed numbers of 
East Coast hematite pig 61s. 3d. to 61s. 6d. Efforts to 
buy the last-named at.61s. appear to have been unsuc- 
cessful, makers preferring to wait, as they believe many 
consumers will be compelled to enter the market shortly, 
and the general opinion is that the price will advance. 
There is little or nothing doing in foreign ore. Rubio 
of 50 per cent. quality is 19s. to 19s. 6d. ex-ship Tees, 
and freights, Bilbao. Middlesbrough, have been fixed at 
4s. 6d. Coke is stronger. Ave blast-furnace qualities 

are 14s. fd. to 14s. 9d. delivered here. 


Manufactured Iron and Steel.—There is not much new 
of moment to report concerning the various branches of 
the manufactu iron and steel industries, but it is 
gratifying to know that what slight changes are notice- 
able are for the better. Works generally are well em- 
ployed, and the output is on a heavy scale. What is still 
more satisfactory is the fact that inquiries are numerous. 
Under these favourable conditions values show a marked 
upward tendency, but up to the present no quotable 
changes have been made. Common iron bars are 7/. ; best 
bars, 7/. 7s. 6d.; best best bars, 7/. 15s.; packing iron, 
5l. 15s. ; iron ship-plates, 6/. 12s. 6d. ; iron ship-angles, 
7l.; iron ship-rivets, 7/. 5s. ; iron girder-plates, 6/. 17s. 6d.; 
iron boiler-plates, 7/. 7s. 6d. ; steel bars, 6/. 5s.; steel 
ship-plates, 6/. 15s. ; steel ship-angles, 6/. 7s. 6d. ; steel 
strip, 62. 10s.; steel hoops, 6/. 12s. 6d.; steel joists, 
61. 7s. 6d. to 61. 10s.; cast-iron railway chairs, 3/. 12s. 6d.; 
light iron rails, 6/. 10s.; heavy steel rails, 5/. 12s. 6d.; 
steel railway sleepers, 6/. 10s. ; and iron and steel gal- 
vanised corrugated sheets, 10/. 15s.—sheets less the usual 
4 per cent. f.o.b., railway material net at works, and all 
other descriptions less the customary 2} per cent. 








DuruHaM Coat-Fietps DEvELOPMENT.—A pit sunk at 
Etherley Dene, near Bishop Auckland, for Sir ¢ A. Sadler, 
Limited, has been recently opened. The borings, which 
were undertaken in September, 1909, disclosed a thin seam 
of coal at a depth of 90 ft., and the Hutton seam was met 
with at adepth of 204ft. This latter seam averages 3 ft. in 
thickness. Lower still the main seam was found, but this 
was comparatively unsatisfactory ; and, for the present, 
the owners propose to concentrate their efforts upon the 
3-ft. Hutton seam. ‘A shaft has been sunk and working 
operations are to be commenced now. 





‘Tur Hovipays : WHERE TO Stay AND WHAT TO SEE.” 
—The issue of this volume for 1911 has just appeared. 
It forms a complete guide to places of interest and holi- 
day resorts in England and Wales, and contains the 
official guides of the principal English railway companies. | 
Itis profusely illustrated, and its value is enhanced by | 
lists containing the names of farmhouses and other places | 
where visitors can be accommoda’ There is also a! 
part devoted to Brittany which is well worth studying by | 
anyone contemplating a visit to that part of France. | 
The book is published by Mr. Walter Hill, 67, 69, and | 
71, Southampton Row, London, W.C., the price being 
1s., or 1s. 6d. post free. 





THe German Iron Synpicates. — The negotiations | 
concerning the renewal of the pig-iron syndicate have | 
apparently reached a dead-lock. This is more especially 
due, as it would appear, to difficulties on the part 
of the Hiistener concern, but other works are also 
placing obstacles in the way of an agreement being | 
joe oes | at, and the Geisweider iron works and Luxem.- | 
burg Lorraine works seem to hold aloof. The opinion | 
is expressed that the negotiations will probably prove | 
futile in the end, although almost all the Siegerland | 
works have agreed. As far as the defunct Bar-Iron | 
Convention is concerned, its members keep in touch | 
with each other, and at a recent meeting several 
questions of mutual interest were discussed. possible | 
reunion was also referred to, but seemed to meet with 
no response. A fresh meeting will be held shortly. 
Contrary to what was expected, the Union of Rivet- 
Makers has been renewed for a year—to September 30, 
1912. The large Mannesmann concern was not repre- 
sented at the meeting, and is understood to be retiring from 
the Union, so as to stand free with the output from the 
Reishalzer works. The attempts to form an All-German 
Hoop-Iron Union, it will be remembered, led to no result, 
and unsatisfactory conditions still prevail within this 
branch ; the old works extend their plant and increase 





very good. 


The only fear is of possible labour troubles. 





their output, and prices give way all round. 


Le Havre, and they are of the two-cycle Nurnberg type. 





| NOTES FROM THE SOUTH-WEST. 


Cardi f.—Labour difficulties have become—at any ra’ 
for the present— more serious than ever, and it is fea: 
that, even after work has been recommenced, some time 
will elapse before matters return to a normal condition. 
The best large steam coal has made 18s. 6d. to 19s. per 
ton; secondary qualities have ranged from 16s. 6d. to 
17s. 94.; bunker smalls from 9s. 9d. to 10s.; and cargo 
smalls from 7s. 9d. to 8s. 3d. per ton. The best ordinary 

| house coal has been quoted at 14s, 6d. to 16s. 6d.; No. 3 
| Rhondda large at 17s. to 17s. 6d.; and smalls at 10s. 6d. 
| to 10s. 9d. per ton. No. 2 Rhondda large has brought 
| 11s. 9d. to 12s, 3d., and smalls 7s. 6d. to 8s. per ton. 
Foundry coke has realised 18s. to 20s. 6d., and furnace 
ditto 16s. to 17s. perton. As regards iron ore, Rubio 
has brought 18s. 6d. to 19s. 6d. per ton, upon a basis of 
| 50 per cent. of iron, and charges, including freight, 
insurance, &c., to Cardiff or Newport. 


Welsh Railway Difficulties.—The effect of current labour 
troubles upon Welsh railways is disastrous. Already 
hundreds of railway employees have either been put on 
| half-time, or their services have been temporarily dis- 
| pensed with. In the case of the Taff Vale Railway 
many men have been affected in this way. A number of 
| porters have been discharged, and their work has been 
taken on by employees drafted from the various traffic 
departments. 


Rhymney Railway.—The ordinary stock dividend of the 
Rhymney Railway Company for the first half of this year 
is officially recommended at the rate of 9 per cent. per 
annum. The dividends for the first halves of the ten 

ears ending with June, 1911, inclusive, have been as 
ollows :—1902, 54 per cent. per annum ; 1903, 1906, 1907, 
and 1908, 7 per cent. per annum; 1905, ty oe 
annum ; 1904, 84 per cent. per annum ; 1909 and 1911, 
9 per cent. per annum ; and 1910, 9} per cent. per annum. 


Aberpergwm Collieries.—Mr. Godfrey Williams, owner 
of the Aberpergwm Collieries, which have been idle in 
consequence of industria! troubles since January, states 
that operations will not be resumed until the beginning 
of next year. In the msantime, however, the most up-to 
date electric plant is being installed, and sufficient power 
will be developed to ~—- the collieries in the Neath 
Valley and the Swansea ey with lighting and motive 
power. 

Dowlais.—The Dowlais Works have been going full 
time, and the out-turn has been large. The Goat Mill 
has been occupied with Sgt -astee steel rails, bridge- 
work, and steel sleepers. The Big Mill has been en 
upon light colliery material, angle-iron, fish-plates, &c. 

Bristol Docks.—The finance committee of the Bristol 
City Council proposes a further expenditure of 103,358/. 
upon the Avonmouth Dock, the Royal Edward Dock, and 
the general purposes of the Bristol Dock undertaking. 
With regard to the Royal Edward Dock, it is proposed 
to devote 30,000/. to the development on the west wall of 
sheds, sidings, cranes, and capstans, which are required 
| to provide for the oxpansion of Australian trade. The 
| docks committee has experienced difficulty in meeting the 
| demand for cold storage, frozen meat which had n 
| stored at Avonmouth having had to be forwarded to 
{London and other towns 7 Fey ye Aasiienel 
| storage capacity of 154,000 cubic feet is proposed to be 
| provided i tacelation the upper floor of transit-shed 
| No. 2, at a cost of 20,0002. 











AGRICULTURAL Macuinery.—The value of the icul- 
tural machinery exported from the United Kingdom in 
June was 177,675/., as compared with 181,837/. in June, 
1910, and 142,215. in June, 1909. European countries 


peal 
| figured in these totals for 145,927/., 150,167/., and 125,076/. 


respectively. The aggregate value of the exports to 


| June 30, this year, was 845,761/., as compared with 753,218. 


and 608,388/. 
639,105/., 557,817/., and 453,129/. res 
be noted, however, that we ship icultural machi- 
nery to South America in the first half of this year 
to the value of 47,242/., as compared with 79,814/. and 
56,9782. 


Of these totals European countries took 
tively. It should 





BaRNSLEY.—At a meeting of the Barnsley and district 
Chamber of Commerce Mr. Middleton, secretary of the 
Old Silkstone and Dodworth Colliery Company, said the 
establishment of a by-product plant of 80 ovens at Barugh 
would lead to the development of the Stanhope Silkstone 
Colliery, the estimated product of coke being 2300 tons 
per week. They were ong, put down an electricit 
generating station of about kilowatt capacity, whic 
would be run by the surplus gases from the ovens. The 
Yorkshire Electric Power Company had agreed to take 
the electricity, and with cheap power available, he 
thought the district would develop. They hoped to have 
the works completed by March, 1912. 





Avuxiiary O1-Enorne IN SatLinc-Suip,—The sailing- 
ship Quevilly, belonging to Messrs. Prenteout-Leblond 
moe Leroux, of Rouen, has just completed the voyage 
from Havre to New York, and interest attaches to the 
voyage, in view of the fact that the vessel is fitted with two 
Diesel engines of 350 horse-power for driving her duri 
calms or against adverse winds, The voyage occupi 
thirty-eight days, due to adverse winds, The motors gave 
excellent results during the 650 hours in which they were 
in operation, this period extending over twenty-six days 
of the voyage. Another feature was that the vessel was 
able to enter New York Harbour without requiring a tug. 
The motors were fitted by M. Augustin Normand, ot 
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INDUSTRIAL PROFITS AND MANU- 
FACTURING EXPERIMENTS. 


We are told on the authority of the Chancellor 
of the Exchequer that we have enjoyed ‘‘a wonder- 
ful year of prosperity.” The statement is worthy 
of consideration, and first it is pertinent to inquire 
as to the extent of the prosperity. This at once 
forces to the forefront the fact that activity and 
prosperity are not synonymous terms. As this is 
not always realised, the measure of prosperity is 
liable to be over-estimated. It is true that at the 
present time the volume of production in this 
country is most satisfactory ; there is less unem- 
ployment than has been the case for a long time, 
and the collated statistics of the trade unions 
show only 3 per cent. of members unemployed, 
while the aggregate imports and exports are 
greater than ever before. But against all these 
gratifying results is the eloquent fact that manu- 
facturing companies which have never been more 
actively engaged than during the t year are 
unable to pay a dividend on their calhane capital, 
and that in several cases even the debenture and 
loan interest is not being earned. This.is a con- 
sequence, of course, of excessive competition and 
of the difficulties that manufacturers have in meeting 
foreign competitors not only on common ground, 
but even in our home market. That our working 
men should have full employment at satisfactory 
rates of wage is cause for congratulation ; this, 
indeed, should be the aim not only of the leaders 
of industry, but of those responsible for govern- 
ment. Consequently, activity is in itself satis- 
factory, and has a direct bearing on the social life of 
the people. We are hopeful, for instance, that the 
increase in the money to the credit of the working 
classes in the Post Office and other trustee banks is 
an indication that full employment is being utilised 
to ensure for the worker and his family a more 
independent and comfortable social position. But 
it cannot be said that the tendency of legislation 
encourages the people to this end. There is still, 
unfortunately, too great a desire to enjoy the 
fruits of the present and to leave future con- 
tingencies to take care of themselves. At no 
time in the social life of the nation have there 
been so many opportunities for expenditure which 
neither physically restore nor mentally invigorate 
the participants. Men and women, and, above all, 
children, will have their excitements; and they 
only enjoy them in many cases in proportion to 
their deficiency in those qualities which are essen- 
tial to bodily and mental culture. On the other 
hand, for instance, an increase in the passenger 
receipts of our railways running to health resorts 
shows that healthy pleasures, which are attended 


34 | With an improvement in physique, are sought by a 


section of the working c 

Our main object, however, is to consider rather 
the more direct effect of activity on the founda- 
tions of future industrial prosperity. A firm which 
cannot meet the just expectation of even the 


39] ordinary shareholder ‘fer a dividend cannot have 
39|much money to spend on industrial experiment or 


scientific research, so that our progress in improve- 
ments in processes of manufacture and in the 
design and efficiency of the product, which is essen- 
tial to continuous industrial prosperity, may be 
unsatisfactory. Are our manufacturing and com- 


7| mercial conditions conducive to the prosecution of 


this experimental work? Are our competitors in 
foreign countries assisted to a greater extent by 
the prevailing economic conditions in developing 


50 | this important department of industry? The vital 


importance of these questions need not be enforced. 
Neither is it n to enter into a discussion 
as to whether any political in the State is 





alive to their importance. Certain it is that the 


present state of unrest is due to a most pernicious 
view that the main function of a political party is to 
secure power by pleasing those having the test 
number of votes. There is too little broad thinking 
as to the general trend of government and its 
ultimate influence on the national prosperity. The 
resort to force in industrial affairs, with the dis- 
aceful displays of rioters, is a consequence of that 
laxity of discipline which no one cares to combat. 
Moreover, the uncertainty as to the course of legis- 
lation, and the lack of fairness in dealing with 
economical questions, is tending to divert the flow 
of capital essential for British enterprise into foreign 
channels, where more stable conditions seem, at all 
events, to prevail. 

While labour is thus demanding first considera- 
tion, the purchaser in most cases is encouraging 
ruinous competition. We say ‘‘ruinous” ad- 
visedly, because the ultimate economic effect of 
employment which yields only remuneratien to 
labour, and does not leave a sufficient margin for 
capital, far less for scientific development, cannot 
be other than disastrous. One cannot blame 
the purchaser for buying in the cheapest market, 
although there is no disputing the fact that he 
comes pretty near to the committing of a moral 
offence when he purchases an article with the full 
consciousness that the price paid is less than the 
real cost of production. The responsibility is the 
greater in the case of a municipality or Govern- 
ment department, as they are not actuated by per- 
sonal gain ; and, moreover, ought to be examplars. 
The Government or municipal purchasers shield 
themselves behind their consultant, and place upon 
him increased responsibility in ensuring that the 
article shall be efficient according to the standard 
set, apart altogether from the loss in producing it. 
The consultant may do his duty, but on him rests 
the moral offence of demanding more than is being 

id for. There is no doubt that the price paid 

been less than the cost of production in many 
recent cases, for instance, in connection with elec- 
trical machinery, and also with a. The 
ractice of accepting the lowest tender is defended 
use of economical conditionsand of the guarantee 
it affords against favouritism. But there should, 
at the same time, some recognition of the 
fact that just as low wages may not conduce to high 
efticiency, because tending to delay improved 
mechanical means of production, so a loss in the 
selling price is not conducive te permanent 
efficiency in manufacture, as it prevents expen- 
diture on research. Mr. Yarrow put this admirably 
in his short address at the opening of the experi- 
mental tank at the National Physical Laboratory, 
when he pointed out that ‘striving after cheap- 
ness will lead to the inevitable result of securing 
present = at the sacrifice of future progress, for 
it must borne in mind that if contractors are 
deprived of the margin of profit which enables them 
to make investigations, it will put a stop to their 
enthusiasm in scientific work.” 

Obviously it should be the aim, if not the duty, 
of manufacturers to secure a certain margin for 
research work. This, indeed, is as important as 
the percentage for establishment charges and for 
profit, if the work of invention and improvement 
is to continue. In all works there should be a de- 
partment for special originative work. Manyof our 
establishments have succeeded in maintaining their 
experimental work, and, by reason of their success 
in meeting guaranteed conditions, have found in 
some respects a readier market for their produc- 
tions. But with every desire to be patriotic, we 
must incline to the view that more of this origina- 
tive work is being done on the Continent and in 
America than in this country. It is too large a 
question to discuss what are the many and various 
conditions in those countries which assist manufac- 
turers in rer higher margin of profit in their 
home markets. e only accept the fact that higher 
prices are realised, that profits are surer, and that a 
greater amount is therefore available for experi- 
mental research. It is known, for instance, that 
Messrs. Krupp have a great building fitted with the 
most modern apparatus for physical tests and 
chemical analyses of steel and other products, a 
department presided over by two professors with ten 
university-traincd experts and 150 men. When 
short-sighted critics contend against our warship- 
building firms having a moderate margin of profit, 
they fail to recognise the importance of some conces- 
sion in favour of corresponding experimental work 
in thiscountry. Those of our readers who read our 





recent articles on the Swiss works must also have 
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been impressed with the extent of originative work 
in progress there, and the members of the Institu- 
tion of Mechanical Engineers when they visited 
those works this week probably found convincing 
reasons for adopting a still more liberal attitude 
towards experimental research of a practical nature. 
The present position of the oil-engine industry 
affo: another illustration. We have lagged 
behind in respect of mechanical application, and it 
seems amazing, in view of our undoubted supre- 
macy in mechanical engineering, that we should 
have needed to pay large sums in order to gain 
some experience from Continental sources. We do 
not in any way decry the value of the experience 
gained by these Continental firms, but we are per- 
suaded that, as in all the affairs of life, experience 
which is bought can never have the same influence, 
or be so certain in ensuring the avoidance of 
mistakes, as the lessons learnt from trial and error. 
For this reason it must be regretted that we have 
not maintained our position in connection with the 
development of the internal-combustion engine. 
However, we are satisfied that if our manufac- 
turers will take the matter up with characteristic 
British determination, lost ground will soon be 
recovered in this as in other branches of applied 
mechanics. 

We may seem to have ignored the great amount 
of research in progress in physical laboratories— 
public and private ; but this is only because such 
work is not germane to the main point at issue. 
Such experimental research work has its influence 
on industry, but more direct is the experimental 
work on practical details, which is best carried 
out in manufacturing works. Now that trade is 
active, and that work can be more easily got, it 
should be the aim of manufacturers to resist the 
temptation to cut prices. They should recognise 
that, as we have already said, competition which 
does not yield a margin for improvements that will 
add to our manufacturing prestige must be ruinous. 
The advantage of filling an establishment with 
cheap work is, as we have said, transitory; it helps 
the workman for the time, but will not add to the 
nation’s ultimate and permanent success. 








THE EFFECT OF SALTS IN POTABLE 
WATER 

Since 1894 the city of Magdeburg, on the Elbe, 
the capital of the Prussian province of Saxony and 
an important industrial centre with about 300,000 
inhabitants, has been engaged in a gigantic lawsuit 
against the Mansfeld Copper-Mines, situated about 
50 miles to the south of the town, and against 
the salt-mines and some of the numerous salt-works 
dotted all over the central part of the province andthe 
Duchy of Anhalt. The Duchyis enclosed by Prussian 
territory, and lies some 20 miles from Magdeburg, 
also ina southerly direction. The city of Magdeburg 
charged those mines and works with polluting the 
River Elbe, upon which the city depends for 
its water supply, with their refuse waters, which 
were so strongly salt, it was alleged, that the Elbe 
water was rendered very hard, bitter, offensive, and 
injurious to health. After fifteen years of litigation 
the lower court decided, in April, 1909, in favour of 
the salt- works, and thus ina measure against the city 
and against the copper-mines. Both these partici- 
pants have since lodged appeals, and unless the 
parties come to an understanding, another lawsuit 
will be fought out in the higher court. We are, of 
course, not concerned with the rights and wrongs 
of the litigants, and it would be improper to com- 
ment upon a case which remains sub judice. But 
certain instructive general features can be discussed 
without reference to the legal aspect of the matter. 
We have the more reason to dwell upon the diffi- 
culty of this water supply, because we dealt with 
the cause and history of the salinity of the Elbe 
water in our issue of February 19, 1909,* and with 
the Puech-Chabal system of water filtration, which 
was adopted at Magdeburg in 1909, in our issue of 
February 4, 1910.+ The city of Bremen might, 
moreover, become involved in similar difticulties, 
and salt contamination affects certain British sources 
of water supply as well. 

Not to repeat previously-made explanations, we 
will merely say that the famous potash and rock-salt 
treasures of the district lying between the Elbe in 
the east and the Weser in the west, and situated in 
what was, in the early medizval days, the Duchy of 


* See ENGINEERING, vol. Ixxxvii., page 256. 
+ See ENGINEERING, vol. Ixxxix., page 133. 
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Saxony, are regarded as the salt deposits of an | popular beverage. lLeopoldshall, in Anhalt, the 
ancient, dried-up sea, which may have been as large | seat of some of the best-known mines of the district 
as the Adriatic Sea. Thus it is possible that all | in question, has always had a very salty water, and 
the water from the district may permanently or | matters have become worse in that respect than at 


periodically become salt. When the suit was com- | 
| last six years prove. Yet the leading physicians of 


menced in 1894, the Mansfeld mines (in which 
copper is smelted from schists) were credited with 


supplying 91.3 
Elbe water. The potash works and soda works 


Magdeburg, as careful analyses taken during the 


| the town have not assailed the water. The mor- 


r cent. of the salt found in the) 


were supposed to contribute 6.4 and 2.3 per cent. | 


The Mansfeld works sent their refuse, through 


tality of Magdeburg itself has decreased very con- 
siderably, while the number of salt-works in the 
neighbourhood has increased fourfold ; in fact, the 
mortality of Magdeburg is below the average of the 


a tunnel about 20 miles in length, to the little kingdom of Prussia. That may, of course, be attri- 
River Schlenze, which joins the Saale, the| butable to many other causes. But the conviction 
chief tributary of the Elbe in this portion of its|is spreading that the magnesia scare has been 


course. The potash-works discharged their refuse 


more or less directly into various rivers, with the | 


consent of the authorities. 

By the end of 1910 the contributions of the 
various works to the salinity of the Elbe water 
were estimated as follow :—Mansfeld, 78 per cent. ; 
old potash-works, 7 per cent.; new potash-works, 
11 per cent.; soda works, 4 per cent. By old 
potash-works we mean the ten tirms against which 
the suit was brought in 1894 ; the Prussian Treasury, 
as owner of five works, was one of these ten. 
During the course of the litigation, several of the 
original defendants practically ceased to produce 
salts, whilst other firms, not made defendants, 
have become more and more important. In fact, 
the whole centre of responsibility has shifted, and 
that is almost inevitable in a prolonged lawsuit 
of this kind, which necessarily can only be decided 
on the strength of statistics, which it takes years 
to collect and to digest. 

The number of potash-mines had, by the end of 
1910, increased to sixty-eight. Of these, thirty-one 
lie in the basin of the Elbe, and thirty-seven in 
that of the Weser; of the former, three, being 
situated below Magdeburg, may be disregarded. 
But there have been changes in other respects as 
well. When writing early in 1909, we mentioned 
that part of the magnesium chloride which is dis- 
charged by the chemical works, because it is, 
broadly speaking, the most soluble and the least 
valuable of the many salts occurring in these mines, 
was oo to be re-precipitated in the river and 
thus to be removed by the self-purification of the 
flowing water. This assertion met with little 
credence, but it has since found support. Some 
of the magnesium salt is now believed to be con- 
verted into insoluble carbonate and silicate, and 
thus to settle with the mud. Professors Kraut 
and Erdmann favour this view. Professor Kraut, 
of Hanover, was one of the first of the many 
distinguished experts consulted, and the analytical 
data collected by him and also by the German 
department for hygiene had formed the basis of 
several expert memoranda of imposing length sub- 
mitted to the Court. In 1902 the Court charged 
Professor Vogel, of Berlin, with a new investigation 
into the salinity of the water of the Elbe and its 
tributaries ; this inquiry lasted two years, and further 
experimental data were submitted by Government 
departments and chemists. No wonder that the 
decision of the Court was delayed, and that the 
type-written judgment finally covered 158 folio 
pages. 

As regards the evil influences of the magnesia, 
opinions were, and are still, divided, but the 
opinion is gaining ground that magnesia has been 
maligned. The engineer will be interested in the 
statement made by the director of the Magdeburg 
Association of Boiler-Users, that the supply water of 
Magdeburg had never corroded the steam boilers in 
any unusual way, in spite of its 60 or 100 milli- 
grammes of magnesia per litre. What is equally 
striking is, that the injurious influence which the 
continued drinking of such water was assumed to 
have on the health of the inhabitants must appa- 
rently be questioned. First, the Elbe water was 
occasionally alleged to be nauseous ; that feature, 
Professor Volhard, of Halle, declared from the first, 
had nothing to do with magnesia, but was probably 
due to organic impurities. Further, the waters of 





Gottingen and of Wiirzburg contain many times | 
more magnesia than the Magdeburg water, and | 
have not been regarded as detrimental to health. | 
According to the valuable work on the municipal | 


water supplies of Germany by E. Grahn, the 
an ge of fifteen German towns, comprising Bam- 

, Erfurt, and Munich, drink water which is at 
least as salt as the Magdeburg water. Hall, a 
small town in Wiirttemberg, has an exceedingly hard 
water, containing 122 milligrammes of magnesia and 
seven times as much lime, and the water is yet a 


exaggerated. That is also the conclusion at which 
Professor Ost, of Hanover, arrives, who has studied 
the problem, with special regard to the water supply 
of Bremen. 

At Magdeburg matters have improved of late, 
since the intake, about 20 miles above the city, 
was shifted in 1909 from the left bank of the 
river—i.e., the side on which the salt-mines are 
situated—over to the right bank. 

If we can draw a lesson from this consideration, 
it is that a water source need not necessarily be 
condemned right out on account of a relatively 
high percentage of salts. That is important, for 
water engineers are becoming more inclined to rely 
on well-filtered and sterilised river water rather 
than upon supplies from distant lakes in mountain 
regions, through huge conduits which may fail, 
and which, after all, may bring water whose pollu- 
tion would be discovered too late. Our views on 
hygiene are undergoing modification, and will con- 
tinue to do so. Many an assumed fact finally 
appears to be no more than a deeply-rooted 
prejudice, based on insufficient evidence.  Liti- 
gation in the law courts may clear up obscure 
problems of the kind with which we have been 
dealing. But the case of Magdeburg emphasises 
that such litigation must, of necessity, be very 
protracted and expensive. 








IMPROVEMENTS IN PYROMETERS. 

THE handling of thermo-couples demands some 
special skill, and their indications often require 
various corrections. These difficulties detract from 
their usefulness, and raise a prejudice against them. 
It was with the object of showing how the difficulties 
could be overcome by the aid of simple devices, 
that Mr. R. S. Whipple, of Cambridge, delivered a 
discourse on ‘‘Some Recent Improvements in 
Pyrometers ” before the Birmingham Metallurgical 
Society, the occasion being a joint meeting of the 
Staffordshire Iron and Steel Institute and other 
bodies. Taking the several features affecting the 
industrial use of pyrometers and thermo-couples, 
Mr. Whipple first referred to compensating leads 
for thermo-couples. The inner end of the couple 
is the ‘‘ hot junction,” the outer end the ‘‘ cold 
junction ;” the latter is also called the ‘‘ head of 
the couple.” That head should be at a uniform, 
known temperature, to ensure which the wires 
should be taken to a considerable distance away 
from the furnace. That can easily be done with 
inexpensive couples made of copper and constantan, 
but not with the expensive couples made of plati- 
num and its alloys. For this reason the head is 
sometimes jacketed with steam or with cold water; 
compensating leads are more convenient, however. 
These leads were introduced by Professor W. H. 
Bristol in 1904, who used wires of a high resistance, 
such that the couple itself practically formed the 
platinum tips of the wires. Mr. W. S. Peake, inde- 
pendently of Professor Bristol, succeeded in prepar- 
ing wires of copper-nickel alloys (containing very 
little nickel, less than constantan), which, while of 
low resistance, would give the same electromotive 
force against nickel as platinum against its alloy 
with iridium or with rhodium. The composition of 
the particular alloy depends upon the couple to 
be used; but a very good compensation can be 
obtained for the range 0 to 300 deg. Cent. The 
compensating leads are joined to the head, and 
are taken either directly to the galvanometer or to 
a junction-box, which is buried in the ground or 
otherwise maintained at a constant temperature, 
copper wires then connecting the junction-box with 
the galvanometer. 

The heating ot the galvanometer itself introduces 
two sources of error, because the temperature of 


| the cold junction may not be the assumed tempera- 


ture, and because the resistance of the milli- 
voltmeter varies with the temperature. These errors 
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are corrected with the aid of bi-metallic arrange- 
ments, which move the zero scale backward and 
forward (C. R. Darling), or adjust the width of the 
polar air-gap in the galvanometer (Thwing). The 
Cambridge Scientific Instrument Company recom- 
mends a bi-metallic spring attached to the milli- 
voltmeter control-spring, and also the cold-junction 
thermostat of Mr. Horace Darwin, which we men- 
tioned among the exhibits shown in the Physical 
Society last December. Another apparatus for this 
purpose, which Mr. Whipple described, is Peake’s 
scale control-box. It is designed to set up elec- 
trically the zero of the recording instrument, so 
that the scale covers only the actual working tem- 
perature—say 600 to 900 deg. Cent.—while the 
instrument may be used for the range 0 to 
1000 deg. Cent.; combined with Peake’s com- 
pensating leads, the control-box eliminates (practi- 
cally) the influence of atmospheric temperature 
changes. In this scale-box two circuits are joined 
in opposition; the ‘* potentiometer” circuit 
comprises three accumulator cells and _resist- 
ances; the pyrometer circuit comprises the thermo- 
couple and the recorder. At some temperatures— 
say 750 deg. Cent.—the two currents would just be 
balanced, and no current flow through the pyro- 
meter ; when the temperature of the couple falls or 
rises, a current will flow. As the accuracy of the 
device depends largely upon the constancy of the 
accumulator current, a Clark standard cell has 
been connected across the resistances ; as long as 
the accumulator current is normal, this cell will 
practically be cut-out; but when the accumulator 
potential decreases, the standard cell helps to keep 
constant the voltage across the resistances. A Clark 
cell is chosen by preference to a Weston cell because 
it has a low temperature coefficient. The accumu- 
lator need only be charged once a month, and the 
standard cell will last many months. The device, 
Mr. Whipple said, promised an accuracy of 3 or 4 
deg. Cent. at 900 deg. Cent. without application of 
any corrections. 

Mr. Whipple also showed an automatic triple- 
commutator switch for tracing several curves on the 
same sheet. While deprecating on the whole the 
practice of recording several temperature records 
on one card, he recommended this switch for special 
cases; there would be no objection, for instance, 
to recording the temperatures of an annealing fur- 
nace and of the flue on the same sheet. Other 
instruments which he described—the Brearley 
recalescence curve-tracer, the Joly meldometer, 
and the Féry spiral pyrometer—have already 
been noticed in our columns. The Whipple- 
Féry pyrometer for determining the tempera- 
tures of molten iron and steel and other metals 
isnew. Such determinations are difficult. There 
are differences between the true and the apparent 
‘*black - body” temperatures, and they vary 
with the experimental conditions, the depth to 
which the crucible is filled, and, further, with the 
oxidation of the metallic surface, the formation 
of slag, &c. In the modification of the Féry pyro- 
meter which Mr. Whipple has designed, aided by 
suggestions from Mr. Saniter, the whole pyrometer 
forms a straight tube, about 4 ft. long, which is 
joined by a flexible cable to the galvanometer ; a 
reading can be taken in one minute. The main 
portion of the tube is steel; the inner end of it, 
the ‘‘ salamander end,” is made of fireclay. This 
clay tube is spherical at its closed extremity. When 
the tube has been immersed in the metal the heat 
rays from the closed end pass along the steel tube 
to the concave mirror of the pyrometer at the outer 
end of the tube, which they reach directly or after 
having passed through a stop ; the instrument part 
of the tube may also be fixed to the main steel tube 
at an angle. A shield pushed over the tube pro- 
tects the hand which dips the pyrometer into the 
molten metal. The readings are said to be in- 
dependent of the depth to which the tube is 
inserted, provided that the depth be at least equal 
to three times the diameter of the tube. 





THE INTERNATIONAL SEISMO. 
LOGICAL ASSOCIATION. 

A MEETING of the permanent committee of the 
International Association of Seismology was held 
at Manchester on July 18 and following days, under 
the presidency of Professor Schuster. Of the 
various countries which are represented on the 
Association, delegates attended from seventeen. 
Among the more distinguished foreign seismologists 





resent may be mentioned Professors Wiechert, | loss of heat by radiation, but actually increase its 
ecker, and Schutt from Germany, Professor | average temperature. Though reasons might easily 
Lagrange from Belgium, Professor Reid from the | be found why the surface layer of the earth might 
United States, MM. Angot and Lebeuf from France, | 


Professor R. de Kovesligethy from Hungary, who 
acted as secretary, Professor Omori from Japan, 
Professors Palazzo, Oddone, and Rizzo from Italy, 
Prince Galitzin, Professor Lewitzky, and M. Orloff 
from Russia, and Professor Forel from Switzerland. 

The proceedings were opened by a speech from 
the Vice-Chancellor of the University (Sir Alfred 
Hopkinson), who welcomed the Association to 
Manchester. Professor Schuster, who represents 
the British Government, then delivered a presi- 
dential address, emphasising the pur of the 
Association and the functions it fulfilled in the 
scientific world and in public estimation. He said 
that the interest and sympathy of the public were 
aroused mainly by the human suffering which 
followed in the trail of these seismic catastrophes. 
At present they felt helpless, though perhaps not 
altogether hopeless, in the face of the destructive 
convulsions of the earth. The problem of construc- 
tion—of erecting buildings which could withstand 
earthquake shocks—did not enter into their pro- 
gramme, but the public wanted to know, and their 
interest in that meeting would be increased if it 
could be definitely asserted, whether there were 
any preliminary indications which would allow 
science to predict the occurrence of a dislocation of 
the soil, and enable precautions to be taken to 
mitigate, to some extent, its destructive power. 
Meteorologists had been successful in predicting 
the course of cyclones in the Indian Ocean and the 
Gulf of Mexico, and it did not seem im ible 
that similar warnings might be puis oe 
ployed in fighting the dangers of earthquakes. 
Unfortunately, the cases were not analogous, and if 
their knowledge of earthquake phenomena did not 
exceed that of the air, the dangers attending such 
predictions might overbalance the benefits. The 
precautions which could be taken in a harbour 
against an approaching storm were of a compara- 
tively simple character, and the meteorologist was 
therefore justified in warning us against a storm 
which did not appear. But would the seismologist 
be justified in creating a panic and dislocating trade 
by predicting an earthquake which failed to take 
place? A seismic forecast which represented a town 
as ‘‘unstable and collapsing’’ was a more serious 
matter than a weather forecast which described the 
weather as ‘‘ fine to doubtful and stormy.” The 
fear of creating panics by premature forecasts was 
one which had already cast its shadows in advance, 
and insurance companies in this country had shown 
some irritation at the early publication of the 
indications of a destructive earthquake which had 
taken place in a distant part of the world. 

To the ‘‘man in the street” the question whether a 
thing was large or small was all-important; to the 
scientific man it mattered not atall. Asa matter 
of fact, a great part of their deliberations would 
deal, not with catastrophes, but with microscopic 
movements of the soil—movements so small that 
the vibrations due to the traffic in a city compared 
with them as the waves of an ocean did to the 
ripples on a pool. There were two types of short 
waves which were frequently observed. One of 
them had been traced, independently in different 
countries, to the intensity of local winds. These 
oscillations had a period of about half a minute, and 
appeared to originate on land in a similar manner 
to that in which waves were produced on the ocean. 
The second type of vibration, which exhibited 
periods of from 5 to 10 seconds, was more difticult 
to trace. Professor Wiechert had suggested that | 
this wave motion was caused by the impact of ocean 
waves on coast-lines. 

Whilst they rightly attached much value to the 
systematic investigation of minute disturbances, 
they must not forget to keep in mind the source 
and origin of all dislocations of the soil. The 
recent advances in physical science rendered it 
imperative to review their position with regard to 
this fundamental question. We were once taught 
that the earth originally was a molten globe, which 
had gradually cooled down, leaving the inside still 
hot, but gradually cooling and contracting. This 
contraction of the nucleus was looked upon as the 
primary cause of geological dislocations. But how 
did the question stand now? In the breaking up of 
radioactive products we found a source of heat which, 
if the amount of radium and thorium in the interior 
of the earth were not decidedly less than that found 
near the surface, would not only balance the earth’s , 


| 
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be richer in radioactive products than the internal 
core, we were nevertheless driven to the conclusion 
that the earth was now, and had been for a long 
time, in thermal equilibrium, and that shrinkage 
by cooling did not account for any of the more 
recent displacements. Why, then, should not the 
earth long ago have settled for itself all seismic 
questions, and have come to rest in a comfortable 
state of equilibrium? After the four or five million 
years which it had had to calm down we might have 
expected that everything would be quietly arranged 
in uniform layers round the centre of the earth. 
Instead of this regular distribution of matter we 
had not only mountain chains, but also the depres- 
sions and elevations which caused the distribution 
of land and water over the globe. 

After referring to the work of Professor Hecker 
at Potsdam, and of Professor Love at Oxford, the 
president concluded by remarking that investiga- 
tions of the tidal deformation of the earth over- 
lapped the work of the International Geodetic 
Association, and that a communication from that 
body would have to be considered. The extreme 
specialisation which found expression in the forma- 
tion of so many different societies and associations 
was an evil which might be a temporary necessity, 
but which should be mitigated as far as possible. 
He suggested that there should be a central body 
that would draw them away from the minute elabo- 
ration of detail towards the great problem that 
ought never to leave the mind of a manof science. 
As to where this central body was to be found, 
and what were the bonds which were to unite 
it to associations of varied interests and constitu- 
tion, he had formed his own opinion, but he was 
afraid on such an occasion to enter on ground which 
might prove controversial. 

r. Oskar Hecker, the Director of the Imperial 
Institute for Earthquake Investigation at Strass- 
burg, and President of the Central Bureau of the 
International Seismological Association, described 
the observations he had made in a deep well at the 
Geodetic Institute at Potsdam, employing hori- 
zontal pendulums to detect the amount of the 
deflection of the vertical. For 6} years these 
observations had been continued, and had de- 
finitely established the fact that at Potsdam the 
deformation of the body of the earth was greater 
in the north-south direction than in the east-west 
direction. It had been suggested that the greater 
stiffness in one direction might be explained by 
the earth’s rotation, but Professor Love had proved 
that this cause wasinadequate. As an alternative, 
Professor Love had suggested that the asymmetry 
might be due to the geographical situation of Pots- 
dam. Forsuch delicate inquiries, Potsdam was too 
near the western margin of the great Eurasian Con- 
tinent. Professor Love explained the causes as due 
to the tides in the North Atlantic, and the pressure 
they exercised on the bottom of the sea. It was 
believed that stations had been equipped with 
suitable apparatus at the bottom of mines at Fri- 
bourg and at Pribram, at a depth of 189 m. and 
1160 m. respectively. But in order to gain a 
better insight into the phenomena of the deforma- 
tion, and to be able to decide whether the influence 
suggested by Professor Love really explained the 
difference, he proposed that the Association should 
establish two new international stations. He sug- 
gested Paris and Johannesburg, but would be glad 


| if one could be established in the centre of Russia, 
‘and another in the centre of the North American 


continent. 

Professor Love cordially supported the proposal 
to establish new stations, i the question was 
referred to the Finance Committee. 

Professor Orloff, of Dorpat, who had a paper on 
‘*The Deformation of the Globe under the Influ- 
ence of the Attraction of the Moon,” stated that he 
had found a difference of rigidity in the two direc- 
tions similar to that mentioned by Dr. Hecker, but 
smaller in amount. 

Dr. Klotz, who was responsible for a paper on 
‘* Auxiliary Instruments for the Interpretation of 
Seismograms,” suggested that it was desirable to 
secure greater uniformity in nomenclature and form 
in bulletins recording seismic disturbances. He 
said, with the general approval of the meeting, that 
there was no science in which there was such diver- 
gence of method and nomenclature in recording 
events as there was in seismology. At his sugges- 
tion a committee was appointed to draw up a form 
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of bulletin which the Association could recommend 
to the various recording stations for adoption. 

Among other —— read were two by Dr. 
Wiechert, on ‘‘ What can be Deduced from Earth- 
quake Diagrams,” and on ‘‘ The Constitution of the 
Earth’s Crust,” in which he repeated his views con- 
cerning the plasticity of the earth and the complex 
geologic processes which determine its formation. 

Professor Reid, of Baltimore, U.S.A., in the 
light of recent research, opposed the theory that 
mountains had been caused by volcanic action. 
Neither did he favour the theory that attributed 
mountains to the result of tangential pressure of the 
surface. Mountain ranges, he insisted, must have 
been the result of the expansion of the material. 
It was impossible to increase or decreavre the 
equilibrium quantity of any segment of the 
earth, and ranges must be due to the material 
beneath them becoming less dense, and causing 
faults. The upward force caused strain in the 
crust, and when these strains became sufticiently 
great, they developed into a break and a fault, and 
at that particular moment the starting of an earth- 
quake. As the result of his observations he 
found that earthquakes did not occur at the same 
fault line, except after long intervals; if a number 
of severe earthquakes occurred quickly, the move- 
ments took place at different faults. 

Dr, Oldham could not accept the hypothesis that 
earthquakes were caused by a long, slowly-accumu- 
lating strain which was suddenly released. There 
was an alternative hypothesis that earthyuakes 
might result from some unknown cause which pro- 
duced a great strain ravidly. When measure- 
ments had been made of the ground after an earth- 
quake, they found indications of expansion, not 
merely of contraction or distortion. There was no 
doubt that, as a result of the San Francisco earth- 
quake, the Coast of California, from north to 
south, was now about 30 ft. longer than it was 
tifty years ago, and other earthquakes had shown 
similar characteristics. 

Mr. F. Napier Denison, of Vancouver, whose 
work on seiches and the variation in barometric 
load on the earth’s surface is well known, is en- 
deavouring to trace this effect in the escape of gas 
in coal-mines. He has examined, throughout a long 
period, the behaviour of two Milne horizontal 

endulums installed at Victoria, British Columbia. 
He found that both pendulums had a tendency to 
move in the direction in which the air-pressure was 
greatest. He explained that he had detected the 
presence of certain pronounced long-period undu- 
lations, possessing marked rhythmic characteristics, 
and too great to be caused by local meteorological 
conditions. In order to ascertain whether any 
correspondence existed between colliery explosions 
and seismic frequency, the dates of explosions had 
been carefully compared with the charts, and it 
was noted that explosions oecurred more frequently 
during the month of extreme pendulum movements, 
and especially when the pendulum was near the 
limit of its westerly swing. This suggested con- 
nection between pendulum oscillations and colliery 
explosions was not confined to the winter months, 
when such coincidences might be expected, but 
continued throughout the summer months. His 
curves supported the theory that the earth was 
undergoing a great strain, and it was possible 
that the rocks in collieries and the coal-seams were 
affected to such an extent that the coal-gas might 
be able to come up and flood the workings. He 
added that the Canadian Government would be 
disposed to find money and instruments for the 
prosecution of this inquiry, if the Association 
approved of the work. The meeting passed a reso- 
lution recognising the importance of Mr. Denison’s 
work, and urging its further continuance. 

Prince Galitein read papers on the method of 
observing the vertical component of the earth’s 
motion, and on the determination of the ition 
of the epicentre of an earthquake on the data 
to be derived from a single seismological station. 

Professor Schuster exhibited and de-cribed an 
instrument for observing the impact of waves on 
the sea-coast against which the waves struck, the 
object being to throw light upon the origin of 
the small waves with a period of from five to ten 
seconds, which had been registered. This instru- 
ment had been set up on the sea-shore of the 
east coast of England, and the oscillations trans- 
mitted were recorded, so that the number of 
waves striking the shore in a given time could 
be automatically counted. The instrument had 
proved itself only too delicate in construction, but 





there was no doubt it would fulfil its purpose, 
though the observations at present were too few 
to allow any conclusion to be drawn. 

On the conclusion of the meeting, the delegates, 
on the invitation of Dr. Shaw and Mr. Walker, 
visited the observatory at Eskdalemuir. 








NOTES. 
Utitisinc Waste Woop sy DistiLiation. 

A piscussion on ‘‘ Utilising Waste Wood by 
Destructive Distillation,” which took place last 
April at New York at a meeting of the Society 
of Chemical Industry, in connection with a paper 
with the above-mentioned title, by Messrs. J. Law- 
rence and J. C. Lawrence, shows that the wastage 
of wood, which is still formidable in countries 
like the United States, could be prevented by 
various means. The United States Forest Service 
estimates that 150,000,000 tons of wood were 
wasted in 1907 ; the statistics are based on Frank- 
forter’s estimate that 65.16 per cent. of wood 
were wasted in that year. It is difficult to con- 
ceive how such estimates are arrived at. Pos- 
sibly the figures are grossly incorrect ; but a de- 

lorable waste of wood in the lumber and saw-mills 
is undisputed. In their experiments Messrs. Law- 
rence used a wrought-iron retort and hard-wood 
waste, oak lumber offal from slabs 1 in. or 2in. in 
thickness, 2in. to 4in wide, cut in lengths of 2 ft.; 
the retort charges were of about 200 lb. of wood, 
dry or green. It had generally been thought, the 
authors stated, that the wood should not be less than 
4in. or 5in. in diameter for destructive distillation, 
as otherwise spontaneous heating and burning would 
set in when the temperature reached 270 deg. 
Cent. Their results had been satisfactory, and they 
mentioned the case of some small lumber-mills 
which had profitably been utilising their waste ina 
similar manner for several months. The experi- 
menters had obtained about 40 per cent. of acid 
liquor (yielding tar, crude alcohol, and acetate of 
lime) in addition to wood gas (containing heavy 
hydrocarbons, marsh gas, hydrogen, and carbon 
monoxide and dioxide) of a calorific value of 
11,493 British thermal units per lb. During the 
discussion, Dr. J. E. Teeple stated that the 
destructive distillation of irregularly-shaped waste 
required reduction of the wood to fine chips. If 
the retorts were stationary, the wood acted as 
an insulator; if the retorts were rotated or screw 
conveyors were used, the high temperature pro- 
duced soon spoiled the machinery, and the resulting 
charcoal was of little good for blast-furnaces. But 
saw-mill waste could be utilised, and was utilised 
in other ways as fuel, or by making producer- 
gas, or by extracting turpentine and a residue 
useful for paper pulp; one plant made glucose, 
and fermented it into ethyl alcohol. All these 
plants dealt with soft wood, however, which did 
not yield sufticient quantities of methyl alcohol and 
acetate, and the hard-wood distillation was a 
different problem. Mr. George Walker said that 
he had distilled waste wood in a cast-iron cylinder, 
12 in. diameter, 12 ft. in length, in which an 
Archimedean screw was rotated; the carbonised 
sawdust was discharged into air-tight vessels, and 
a large ay of tar was gained annually. Mr. 
J. W. Hornsey remarked that he had carried out 
hard-wood distillation in Northern Michigan, and 
the plant of Max Klar at the Cleveland Ciffs Iron 
Works, at Marquette, had proved that the ordinary 
apparatus could be made much more economical. 
There are, no doubt, great difficulties in the treat- 
ment of sawdust which are more easily overcome in 
experiments than in continued practice. But the 
chemist and engineer should together succeed in 
devising apparatus for a really profitable utilisation 
of waste wood. 


Tue Lasour Conriicts in SCANDINAVIA. 

The Scandinavian labour conflicts have developed 
in opposite directions in Norway and Sweden. In 
the former country matters have assumed a more 
serious aspect, and the efforts made to terminate 
the great lock-out have proved altogether futile. 
At the conciliation meetings both the masters and 
the men put forward proposals, on the basis of 
which, however, no agreement could be arrived at ; 
and it was evident that the men could hardly 
intend their offer to be taken bona fide, inasmuch 
as it was almost offensive in its exorbitant demands, 
since, amongst other things, they utterly ignored 
market fluctuations. Their leaders have also con- 
tinued to use highly inciting language, and there are 


increasing signs of ‘‘sympathy strikes,” the sea- 
men, for instance, having offered to strike with a 
view of utterly disorganising Norway's coasting 
traffic. The men also seem to expect municipal 
support in the towns where the Socialists control 
the majority in the councils. The conciliators 
however, put forward a compromise proposal, which 
both parties promised to consider ; but this pro- 
posal, which was based upon arbitration, was 
rejected both by the masters and the men. The 
Central Board of the employers did not consider 
the dispute to be suitable for arbitration, but the 
Board was willing to lay the matter before an 
adjourned meeting in case the men accepted 
arbitration, which, however, they did not. In 
spite of the inciting language of the leaders, no 
disturbances have so far taken place; in many 
places the sale of spirits has been stopped by the 
local authorities at the instance of the Government. 
The lock-out, which may be said to be entirely due 
to the men, is likely to prove a most serious matter 
for Norway’s mining industry, which, although 
affording work for a large number of men, has been 
anything but remunerative for the owners during 
recent years. The strikes and subsequent lock-outs 
may prove fatal to some mining concerns. Thus 
it is stated that the ancient Roros copper works, 
founded in the year 1644, are stopping altogether, 
all its employees having been given three months’ 
notice. The works have, during the last three 
years, shown an increasing loss, and the greater 
demands of the men brought matters to a climax. 
Should a reconstruction prove. impossible, which 
is not at all unlikely, the whole of Réros’ com- 
munity will have to leave the place; many of the 
men own their own houses, which will practically 
be worthless when the works are closed. About 
100,000,000 kr. (5,555,5001.) have been invested in 
the Norwegian mining industry, which annually 
pays some 20,000,000 kr. (1,111,100/.) in produc- 
tive costs, and this sum remains in the country. 
In Sweden the position is less clear. The conflict 
has entered upon a new phase, inasmuch as the 
masters’ union has decided to resume work within 
the building branch (the locked-out branch) with 
unorganised men. This decision has been arrived 
at principally to assist the masters who have their 
buildings nearly ready, so that they may be com- 
pleted before the autumn, but the decision is not 
expected materially to affect the course of the 
conflict. In Denmark the most important trouble 
is the strike announced to commence on August 1 
at two of the tramway companies. The Copenhagen 
Corporation from that day will take over the most 
important system of tramways, and material con- 
cessions have been made to the men in question ; 
the other companies’ employees now hold out for 
similar or even more extravagant concessions, which 
would virtually absorb the profits of the companies. 
Negotiations are proceeding. 


Tae Cunarp Liner ‘ Laconia.” 


The new Cunard liner Laconia, which was 
launched on Thursday from the yard of Messrs. 
Swan, Hunter, and Wigham Richardson at 
Wallsend-on-Tyne, belongs to a type which has 
been found to be a most important unit in our 
mail steamship fleets, as at moderate speed they 
combine extensive accommodation of exceptional 
comfort for passengers, as well as large cargo-carry- 
ing capacity. Thus, ona total displacement of about 
25,000 tons, the Laconia will accommodate about 
300 first-class, 400 second-class, and 2000 third- 
class ngers, while, at the same time, taking 
over F000 tons of cargo, in addition to bunker- 
coal and stores. The Laconia is of further interest 
as she is the first of the British liners to embody in 
her construction Frahm’s system of water-tanks for 
counteracting the rolling motion otherwise in- 
evitable in the case of a ship steaming with a beam 
sea running. The mnuidile results got with this 
system on one or two German ships, and already 
very completely reviewed in ENGINEERING (vol. xci., 
pages 480 and 533), give promise that this, the last 
remaining source of discomfort to Atlantic-liner 
passengers, will be overcome, so that the Laconia 
is sure to be a popular ship in the service. Her 
length over all is 625 ft., her beam 72 ft., and her 
registered tonnage 18,150 tons. The passenger 
accommodation is arranged on six decks, and in 
every way is equal to the best provided even 
in larger vessels. As the Laconia is a sister ship 
to the Franconia, completed a few months ago by 
the same builders, and as the plans were at that 
time published in ENcinEER1NG (vol. xci., page 246), 
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it is not necessary here to enter into details regard- 
ing the arrangement of the passenger accommoda- 
tion, nor to describe the extensive equipment of 
auxiliary machinery. The propelling machinery 
has been built at the works of the Wallsend Slip- 
way and Engineering Company, Limited. The main 
engines are of the quadruple-expansion type, 
balanced on the Yarrow-Schlick-Tweedy system, in 
order to minimise the vibration. The cylinders are 
respectively 33 in., 47 in., 67 in., and 95 in. in 
diameter, with a stroke of 60 in. Steam at 210 lb. 
pressure is supplied by six double-ended boilers, 
17 ft. 6 in. mean diameter, and 21 ft. 6 in. long. 
The design follows in its main features that applied 
to so many merchant-ships under the direction of 
Mr. Andrew Laing, the managing-director of the 
works, and perhaps the most interesting feature 
of the machinery is that its completion makes up 
over a quarter of a million horse-power built 
under his direction for the Cunard Line. This is 
a notable achievement for any one engineer, and 
is the more remarkable as the fourteen vessels, 
whose engines make up the 255,000 horse-power, 
have been built on three rivers and by six different 
firms. Many of the ships, too, were record- 
breakers, and the influence of the progressive 

licy of the Cunard Company is_ reflected 
“ the fact that these ships have reduced 
the ocean-crossing from seven and a-half days 
to under five days, the sea speed having in- 
creased from 15} to 26 knots, while the power 
of the propelling machinery in one ship has 
advanced from about 6300 horse-power to about 
80,000 horse-power. The earlier ships, of course, 
were built on the Clyde, when Mr. Laing was 
responsible for the machinery production at Fair- 
field, and the later ships on the Tyne and Wear. A 
further point is that since Mr. Laing went to the 
Wallsend Works, fifteen years ago, the total pro- 
duction has averaged 60,000 horse-power per 
annum, or 830,000 horse-power in all, including 
machinery of all types for vessels of every class in 
the Royal and merchant services. 








Rouiep-Metat Trapes.—We understand that several 
conferences of rolled-metal manufacturers have recently 
been held in Birmingham for the purpose of considering 
the question of prices, and that, as a result of a friendly 
interchange of opinion, it has been agreed to fix the 

resent basis price of rolled metal at 64d. per pound. A 
ist of extras to the basis price has also been agreed upon. 


THE “ Royat Navy List aNnD NAvAL RECORDER.” 
—We have received a copy of the July issue of the *‘ Royal 
Navy List and Naval rder ” from Messrs. Witherby 
and Co., 326, High Holborn, and 4, Newmans-court, 
Cornhill, E.C., which they issue at the price of 10s. The 
additions in this case are of special interest, owing to the 
large number of promotions and decorations consequent 
on the Coronation. The book has been somewhat re- 
arranged. The list of officers according to seniority, 
formerly given, has been omitted, except in the case of 
flag officers, and the alphabetical list of officers has been 
brought forward from the end to the earlier part of the 
book. This list gives the rank and a reference to the ship 
directory which includes the list of officers, but it is not 
possible from such record to indicate the date of advance- 
ment from one grade to another. The omission, however, 
is partly met by a very complete record of war, meritorious, 
and special services and honours and rewards of officers 
on the active and retired list, to which there has been a 
very considerable addition. As in former volumes, there 
is a record of the current history of the Navy, which deals 
not only with the Coronation review and the naval pro- 
ceedi attendant upon it, but also of the progress of 
shipbuilding and of aviation in the Navy. 








_ Carco-WericHinc Device.—Porhydrometer, Limited, 
inform us that a porhydrometer has recent! been fitted 
on board the new Norwegian steamer Rolf Jarl; the 
device has given great satisfaction to the captain and the 
owners. ‘The company have also received orders to fit 
their instrument on the s.s. Mont Agel, a vessel of 6500 
tons, now building at Dunkirk, to the order of the Société 
Générale de Transports Maritimes 4 Vapeur, and ona 
new oil-tank steamer, now building by Messrs. Sir W. G. 
Armstrong, Whitworth, and Co., Limited, for the Indo- 
Burma Petroleum Company, Limited. The s.s. Koursk, 
& new steamer just built at Wallsend, by Messrs. Swan, 
Hunter, and Wigham Richardson, Limited, has also been 
fitted with a porhydrometer. She loaded her first cargo 
on the Tyne for Port Said, and the results given by the 
device at that loading were very satisfactory. The vessel, 
according to the railway — and water-meter, took on 
board 7685 tons of cargo, 839 tons of bunker coal, 75 tons 
of stores, and 180 tons of fresh water, maki 
87 79 tons. The porhydrometer gave the weight on board 
a8 8771 tons, or 8 tons less. This difference—about 1 per 
cent.—is doubtless accounted for by the loss of weight 
on the cargo during transit and loading. The schooner 
Baleares, which was built at Dundee for the Argentine 
Navigation a age Limited, ny has o1 porhydrometer 
on d, and the read in this case have given eve 

satisfaction. ra - 4 
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THE ZURICH MEETING OF THE 
INSTITUTION OF MECHANICAL 
ENGINEERS. 


THE summer meeting of the Institution of 
Mechanical Engineers, which it had been decided 
to hold this year in Switzerland, commenced at | 
the beginning of this week, the official programme | 
terminating to-morrow (Saturday). Members | 
assembled in good numbers at Basle during the 
week-end, and by Monday there was quite a large 
body to take part in the several excursions arranged 
for that day, all of which terminated with arrival | 
by train at Zurich. 

A large party left Basle at 9.50 a.m. by train for | 
Rheinfelden, and on arrival at that station were | 
driven through the old town in brakes out to the | 
Rheinfelden water-power station. The central | 
station of the Rheinfelden Power-Transmission | 
Works is situated on the right bank of the river, | 
the dam and sluices being about 1000 yards above | 
the power-house. The fall varies with the state of | 
the river—between 13 ft. and 18 ft. The dam 
across the river has eight sluices and three fish- 
ladders. The canal is provided with a screen at 
the dam end, and the water 8s through a finer 
screen at the power-house before reaching the tur- 
bines. The power-house is a building 574 ft. long, 
containing 20 wheel-pits, in each of which are two 
Francis turbines on one vertical shaft. A total of 
16,800 horse-power is developed by the 20 units. 
Governing is effected by closing the gates. The 
vertical turbine-shafts carry electric generators, of 
which six are 6000-ampere machines developing con- 
tinuous current at 90volts, working at 55 revolutions 
perminute. Two are 4000-ampere generators of con- 
tinuous current at 155 volts, running at 68 revolu- 
tions per minute. There are four continuous 
130-140-volt 4500-ampere generators running at 
68 revolutions per minute, and eight three-phase 
generators, three of which are 59 ampere machines 
at 6800 volts, running at 55 revolutions, and five 
machines of the same voltage and capacity, but 
working at 65 revolutions per minute. Of the last 
eight machines, the first three have stationary fields, 
the last eight having rotating fields. The station 
alo contains, for exciting the alternating generators, 
two rotary converters, either of which can supply 
the current needed. 

A stand-by, or supplementary plant, is situated 
in a separate building, and consists of two Brown- 
Boveri-Parsons steam-turbine sets, one of 1400 kw. 
and the other of 2400 kw. capacity, generating 
current at 6800 volts, and running at 1500 revolu- 
tions per minute. The steam is generated by 
Guilleaume and Babcock and Wilcox boilers, and 
is superheated to 518 deg. Fahr. at 183.75 lb. 
pressure. 

After a thorough inspection of these works, under 
the guidance of the vice-director, Mr. Otto 
Albrecht, and of Mr. 8. Streiff and Mr. R. May, 
the party returned by brake to Rheinfelden Station, 
whence the train was taken to Baden. On arrival 
at Baden the members were conducted to the 
Casino connected with the works of Messrs. Brown, 
Boveri, and Co., and were there entertained to 
luncheon by that firm. A few words of welcome 
were expressed for the company by Mr. Sydney W. 
Brown, who said that it gave them much pleasure 
to be able to receive the Institution at their 
works. Mr. E. B. Ellington (President) made suit- 





able acknowledgment of the kindly expressions to 
which Mr. Brown had given utterance, and at 
the close of the lunch the toast of the com- 
pany and directors was drunk by the members 
with considerable enthusiasm. On _ proceeding | 
to the works, members were given an idea, by 
means of a lantern lecture by Mr. Eric Brown, | 
of the various classes of work dealt with at 
the Baden shops. Mr. Brown said that the chief 
features of recent developments in steam turbines | 
consisted in the continual increase in the size 
of units, and the adoption of the combined im-| 
pulse and reaction machine. The latter machine | 
had the advantage over the simple reaction 
turbine, in that it allowed of the shortening 
of, so to speak, the front end of the gene- | 
rator, and enabled expansion to be continued | 
lower. They managed to obtain an efficiency 
of 70 per cent. for such combinations. Several | 
of the modern features were described in some | 
detail, such as the governing-gear and the device 
used for the prevention of hunting, the automatic | 
valves for the impulse-wheels, and the design of the 
impulse-nozzles, &, A design was described in 


which the turbine was fitted with an automatic 
valve between the impulse and reaction parts, by 
means of which steam could be drawn off beyond the 
impulse portion for industrial purposes of one kind 
or another. Mixed-pressure turbines were also 
designed by Mr. Brown, as well as _ sets for ships, 
&c. Other plant constructed at Baden, and to 
which the lecturer gave some: attention, included 
condensers arranged so that half of the condenser 
could be out of service for cleaning, &c., while the 
other half was at work, injector air-pumps for con- 


| densers, blowers, gas-exhausters, &c. 


The works of Messrs. Brown, Boveri and Co., which 
were then visited, were described in a recent issue 
of ENGINEERIN®,* and we need not now repeat the 
information then given. Members were conducted 
round the various departments, including the 
turbine blading, testing, and other shops, and 
the winding, transformer, and other electrical 
departments. At the termination of their inspec- 
tion they were again entertained in the Casino to 
refreshments, before leaving by train for Zurich. 


RECEPTION AT ZURICH. 

On Tuesday, July 25, the meeting at Zurich 
commenced at 10 a.m. in the Aula of the Swiss 
Polytechnikum, when Mr. Eduard Sulzer-Ziegler, 
Vice-President of the Schweizerische Maschinen- 
Industrieller, extended, on behalf of that body, a 
hearty welcome to Switzerland to the Institution 
of Mechanical Engineers. Mr. Sulzer-Ziegler said 
that they all considered it a great honour that their 
country had been selected as the scene of a visit. 
Speaking in excellent English, he said that he 
thought the reason for the selection was to be found 
not only in the well-known fact that their country 
was one of the finest playgrounds in the world, but 
also, he thought, because British mechanical engi- 
neers took a keen interest in the developments of 
industry and products of manufacture such as the 
Swiss could show. Sixty or seventy years ago 
the founders of Swiss mechanical industry went 
to England as students to learn from the English as 
masters, and on their return brought with them 
young Englishmen, such, for instance, as Jackson, 
Charles Brown, and others. Thus the country was 
indebted to England. The engineers introduced 
in this way had done good work, and it was with 
no little pleasure that they saw in England 
one of their best customers. Until lately Great 
Britain was the country’s chief supplier of raw 
materials, tools, &c., and until the present day 
the English technical papers, The Engineer and 
ENGINEERING, remained their main sources of infor- 
mation. The relations between the two countries 
had thus been intimate, and he hoped they would 
continue so in the future. This intimacy extended 
to other fields. They were not a little proud of 
being held up as an example in politics in connec- 
tion with such questions as the referendum and 
military service. He admired the arrangements 
that had been made for the meeting, and hoped 
the ensuing time would be both agreeable and 
useful to all the members of the visiting Institu- 
tion. 

The President of the Institution of Mechanical 
Engineers then thanked Mr. Sulzer-Ziegler for the 
kind and instructive words to which he had me 
given expression. He was sure all the members 
present would wish most heartily to reciprocate 
them. Though not exactly on the same lines, Britain 
claimed to be also the most democratic of countries, 
and the two peoples had much in common. He was 
convinced that at this meeting members would 


— much interesting and useful information 
an 


would carry back with them many pleasant 
recollections of the visit. 

The President then asked leave for the minutes 
of the last meeting to be taken as read, in order to 
expedite matters, and the ballot-list was also 
accepted and treated, with the meeting’s pate 
in a similar manner. The formal business having 
been concluded, the first two papers were taken. 


TRACTION IN SWITZERLAND AND Swiss 
Rack-Rattway Locomorives. 


The first paper to be read was one by Mr. E. 
Huber-Stockar, of Zurich, and was entitled ‘* Elec- 
tric Traction in Switzerland.” This was read in 
curtailed form by the author, and it was followed 
by the — Mr. 8. Abt, of a paper jointly 
written by Mr. T. Weber and himself, entitled 
Rack-Railway Locomotives of the Swiss Mountain 
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Railways.” The former paper is printed in part and 
the latter in full elsewhere in this issue. At the 
conclusion of the reading the President proposed a 
hearty vote of thanks to the authors, which was 
carried by acclamation. Both papers, the Presi- 
dent said, were important. The first referred to 
the phase question, which was creating so wide an 
interest at the present time. The second dealt 
with a development in Switzerland which claimed 
the admiration of the world. It was interesting to 
note that the first locomotive was introduced into 
Switzerland in the year of the founding of their 
Institution. 

The discussion on these papers was opened by 
Dr. E. Hopkinson, who said that the papers brought 
to his mind the need for engineers to study what 
had been previously done. Engineers should pay 
more attention to the history of their science. Such 
study, especially in regard to electrical matters, 
would pave the way to future work. He would 
like to go back historically even further than the 
pe rs just read had gone—to a time when, he 

ieved, there were no electrical tramways in 
Switzerland. The date he had in mind was about 
1882-3, when he had been responsible for the 
design of the little Bessbrook and Newry line in 
Treland. In those days there were no trans- 
formers, the first of which only made its appear- 
ance two or three years later. The plant put 
down included a 60-horse-power turbine and 
two 25-horse-power dynamos. Each dynamo cost 
2501., and if this cost had remained till the 
present day he thought there would not have been 
any electric traction at the present time. The 
reduction in cost had been largely responsible for 
the wonderful development witmessed. The gradient 
of their line was 1 in 560. The bogie carriage had 
been fitted with 15-horse-power motors and was 
used to draw wagons behind it. The first reduction 
had been by helical cast wheels—not cut wheels, 
of course, for the latter were then unknown. 
They were made by Messrs. P. R. Jackson, 
of Salford, with whom the late Mr. H. Sulzer 
had served his apprenticeship. The subsequent 
drive was by chain. This had been made by Mr. 
Hans Renold on the roller-chain principle, and it 
was the prototype of those chains used on bicycles 
to the present day. Electrical instruments as we 
knew them now did not then exist. He had to test 
the voltage against a stardard Clarke cell with a 
reflecting galvanometer. The current was taken 
to the conductors by a bow-collector, though part 
of the line had been on the third-rail principle. 
The Board of Trade regulations then set 250 volts 
as the limit, and distant transmission was, of 
course, im ible. 

In considering the development of electric trac- 
tion in Switzerland, he thought that although the 
advantages accruing from good supplies of water- 
power would be doubtless regarded as a contribu- 
tory cause, one of the chief reasons lay in the 
successful development of the transformer. With- 
out efticient distribution, water-power would be of 
little value ; and the industry was greatly indebted, 
therefore, to Messrs. Brown, Boveri, and Co., who 
had given special attention to this branch of the 
subject. To this was due, at least in part, the 
wonderful development now to be seen in Switzer- 
land. In this connection, also, the name of Messrs. 
Ganz, of Budapesth, should also be mentioned. 

Dr. W. Wyssling, who spoke in German, said 
that, considering the number of details given in the 
paper, it was difficult tc add much in the way of 
remarks. He (the speaker) would, however, like 
to mention a few points of simple information. The 
question of electric traction was for Switzerland 
mainly an economical question. That the problems 
which had arisen at different times from the purely 
technical point of view had gradually been solved 
was a fact which the various installations made 
throughout the country, including those for heavy 
traction, couldamply prove. Speaking generally, in 
all large towns and districts in which there were 
crowded populations, it was absolutely necessary 
to devise a system of traction which constituted an 
improvement on ordinary steam traction, and the 


necessity of rapid dealing with the passenger traffic | 


had led many railways in England, the United States, 
and elsewhere to adopt electricity in place of steam. 
In Switzerland they had ‘no heavy traffic to deal 
with rapidly, and the main point to be considered 
was that of cheapness ; in comparing steam with 
electric traction the companies had to strike a 
balance between the cost of the two. Further, 
they had to purchase coal from abroad, while they 


had water-power at home in very great abundance. 
The application of electricity to railway traction in 
Switescland had therefore started from quite dif- 
ferent motives from those which obtained elsewhere, 
and had reached a very high degree of development. 
It should be remembered, however, that it was the 
privately-owned lines which had been electrified to 
a large extent, the State-owned systems being still 
operated by steam. The third-rail system of trac- 
tion had not been much resorted to in Switzerland; 
the companies had generally taken advantage of 
three-phase current generated at high pressures. 
The Swiss railways had also been in the van as 
regards single-phase traction, and in this connec- 
tion the author of the paper had done much good 
work. The Schweizerische Studien Commission 
fiir Electrische Bahnbetrieb (Swiss Commission for 
Electric Railway Traction) had been of great assist- 
ance in the support which it afforded to private 
enterprise. In short, electric traction using water 
power, when rightly carried out, was, at the present 
time, to say the least, not more expensive than 
steam traction; electric traction would tend to 
become cheaper still as years went by, and these 
conditions would continue to rule in Switzerland, 
unless the coal-producing countries sent in their 
coal at greatly reduced prices compared with the 
present ones. The newest example of 7 
traction was that to be found on the Lotschberg 
railway, now in course of completion. Particulars 
as to this were given in the paper. The speaker 
asked, in conclusion, to be excused for taking up 
so much time, but he wanted to lay stress upon 
the standpoint from which they worked in this 
matter in Switzerland. 

Mr. Wm. Patchell was the next speaker. He 
said the papers formed an excellent supplement to 
those read in 1910 at the summer meeting. He 
thought the electrification of railways would appeal 
to all who had had to travel during the last few days, 
as it would partly solve the dust problem. It was 
interesting to note that the value of electrification 
was not confined to mountain tunnels, but had 
solved a great problem in underground traction 
generally. He wished to ask Mr. Huber-Stockar 
whether the figure of 32 watt-hours per ton-kilo- 
metre given in his paper for the Seebach- Wettingen 
line was for a non-stop run or not, as this had a 
_ influence on consumption. At the recent 

oronto Conference it had been stated that a con- 
sumption of 25.9 watt-hours per ton-mile on a non- 
stop run of 17 miles had increased to 58.8 when 
four stops were made. The author had pointed 
out that electrification became a question of power 
economics. A little more or less in the price 

id for current scarcely affected the question. 

apital cost swamped everything else. He would 
like more information as to what was included in 
the capital cost per kilometre given in the tables of 
the paper. In England there was a tendency to 
think that water-power was cheaper than anything 
else. In Italy, however, he believed it to be a fact 
that some steam stations had cost less than water- 
power stations. In the hydro-electric scheme, in 
addition to the turbines alone, there were the heavy 
expenses involved in pipe-lines, dams, &c. 

r. T. Weber, who replied, said he had not 
much to add to the information given in the paper. 
He would, however, like to emphasise a few 
points. It was absolutely essential that every 


carefully designed and manufactured, special atten- 
tion being, moreover, given to the brakes; these 
| latter should be of ample strength and absolutely 
'reliable. They all knew that good rack-railway 
| locomotives were built in England, and in this 
|conection, it sufficed to mention the firm of 
| Beyer, Peacock, amongst others. He was very glad, 
| personally, to have good English colleagues. He 

wanted also to add that on rack railways in which 
| the gradient was constant, such, for instance, as the 
| Rigi and the Pilatus Railways, the work to be sup- 
plied by the locomotive was also constant. Experi- 
ments made with superheated steam had given very 
good results. The first superheated-steam locomo- 
tive was run on the Pilatus Railway five years ago, 
and this had shown a fuel economy of 43 per cent. 
| Some older types of engines had been transformed 
for using superheated steam. One such, used on 
the Rigi Railway, had shown a saving in coal con- 
sumption of 40 per cent. In the new locomotives 
to be built for traffic on lines on which the stations 
were not too close together, superheated steam 
should always be resorted to. 








single detail of rack-railway locomotives be most | 


said that the figure of 32 watt-hours quoted by Mr. 
Patchell was the average for the whole year for a 
service including six intermediate and the two 
terminal stops. It was an average operating figure, 
including shunting, &c. He regretted that figures 
could not be given in greater detail for the cost of 
stations, &c. ; in many cases it was im ible to 
apportion the cost from the material available. The 
figures relating to line equipment were reliable. 

The President, in closing the discussion, pointed 
out how important it was that it should be plainly 
understood what the figures quoted included. After 
a vote of thanks the next paper was considered. 


DiesEt O1-ENGINEs. 


The paper next taken was one by Mr. F. Schubeler, 
and was entitled ‘‘ Modern Diesel Oil-Engines.” 
This paper is reprinted elsewhere in this issue 
of ENGINEERING. After a vote of thanks proposed 
by the President, and passed with acclamation, the 
discussion was opened by Mr. R. Warriner. He 
said he believed that he was the only shipbuilder 
present, and he spoke from that point of view. For 
four or five years the Diesel engine had claimed a 
great deal of attention in the engineering world, 
and now development appeared to be moving in 
the direction of its application to other purposes 
than the driving of dynamos. He believed that 
engines to develop 1000 horse-power in a single 
cylinder were now in hand. The problem was of 
interest equally to shipbuilders and owners. [If it 
were possible to make a four-cylinder two-cycle 
Diesel engine for the same weight as an equally 
powerful triple-expansion steam-engine, the Diesel 
engine would be an advantage. Such an engine, 
with four cylinders developing 1000 horse-power, 
complete with propellers, could be made as light as 
the corresponding triple-expansion engine. The 
fuel needed on board was only one-third that needed 
for the steam-engine, while the oil-engine obviated 
the need of boilers, and their space and weight 
could be put to use for carrying cargo and earning 
dividends. The oil question was important. The 
tendency was, he thought, for oil to become cheaper, 
but he did not think that the cost of fuel for the 
two systems would come out very different. He 
understood that both on the Continent and in 
Great Britain trial was to be made of a combination 
installation embodying an _ internal - combustion 
engine. It was not proposed to adopt the internal- 
combustion system for the complete installation. 
At first it would be used in conjunction with steam 
plant. 

Mr. Sulzer-Imhoof said that the development 
of the Diesel engine had occurred largely in Swiss 
electric stations. Since 1902-3 it had been in 
constant use, and in that time they had now got 
to 2000-horse-power units, as illustrated in the 

per. In developing the four-stroke cycle system 
it was found impracticable to go to more than four 
cylinders, and therefore attention would have to be 
turned to the two-stroke system. With this type 
of engine, however, scavenging was a matter of 
difficulty. It was complicated, but it could be 
done, both from the bottom and the top of the 
cylinders, but only to an extent equal to an efficiency 
of 85 per cent. Such an efficiency, of course, 
reduced the power developed, and it was not 
possible to get double the power in the two-stroke 
cycle engine of that in the four. If, however, it could 
be improved, it might be possible to secure a power 
development of from 190 to 195 per cent. of the 
four-stroke engine in the two-stroke engine. A 
Diesel engine had been working in an electric 
station in Aarau during the last four or five years. 
When it had been put in, guarantees had been 
insisted on with regard to upkeep and repairs. As 
a result, it had been found that upkeep was very 
much less than had been expected, and worked 
out at a very low figure. The engine was on long 
runs, and from that experience he thought it would 
be found quite possible to build marine engines on 
the Diesel principle for long voyages. A start in 
this direction had been made on the Swiss lakes 
and in the Adriatic, and by carefully watching the 
behaviour of these boats it would ultimately be 





possible to build marine engines of the — sizes 
| of quite a high standard of reliability. velop- 
'ment had been so promising that he thought it 
| would not be long before 1000 horse-power in one 
| cylinder would not only not be thought anything 
| extraordinary, but 2000 horse-power in one cylin- 
'der might before long be under consideration. 
needed to be careful and slow; it was 


| Progress 
| Mr. E. Huber-Stockar, referring to the first paper, | only by experience and careful investigation and 
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study that it would be possible to find solutions to 
the difficulties of cooling, of obtaining satisfactory 
combustion, and the other troubles attendant 
upon the use of large cylinders. One of the 
chief advantages of Diesel engines, in some con- 
nections at least, was the ease with which they 
could be started up and put in parallel quickly 
with other generators. He knew of one case of a 
1000-horse-power engine driving an alternator which 
only took ih to 1? minutes to get up to full load, 
which was a valuable feature in stand-by plant, not 
only in central stations, but also in connection with 
hydro-electric schemes. 

Mr. C. Day wished to make a few remarks on 
the relative positions of the two and four-stroke 
systems, confining his remarks to 1000-horse-power 
engines and less, which was as far as his experience 
as yet extended. He thought that when driving 
machinery with which there was no speed limit 
the four-stroke cycle would be found the better of 
the two. When the speed was limited, as, for 
instance, when driving the propeller of a tramp 
steamer, the case was different. Many people 
wanted a speed under these conditions of only 
80 revolutions per minute ; others refused to go 
above 150; and then he thought the two-stroke 
cycle better than the four. With the two-stroke 
there would be, say, 150 combustions or explosions 
per minute, which was a reasonable number. 
the speed were high, as, for instance, 300 revolu- 
tions per minute, the four-stroke cycle might be 
used, and would result in about the same number 
of heat fluctuations per minute, as the two-stroke 
cycle at 150. 

The Delproposto oil-electric system had been 
mentioned, together with the fact that the efficiency 
on that system was low on account of the losses 
inseparable from it. Nevertheless, the system was 
a success. Messrs. Mavor and Coulson had re- 
cently developed a system of a somewhat similar 
nature, which also promised success. In his own 
system he used an engine directly coupled to the pro- 
peller up to half speed, and above that it drove elec- 
trically. He agreed that there was need of cautious 
rather than of impulsive and rash development. 

Professor Constam, speaking as a fuel-testing 
chemist, said he must dispute the author’s state- 
ment as to the impossibility of deciding whether a 
particular oil was suitable for Diesel-engine working 
ornot. Inthe Federal Fuel-Testing Laboratory, 
Zurich, they had been able to decide in every case 
that where an oil gave 10,000 calories, and had 
10 per cent. hydrogen, it was suitable. If it did 
not work satisfactorily, the fault lay with the 
engine. What Dr. Rieppel published on this subject 
years ago still held good. Now, however, motor 
manufacturers had begun to employ other oils, 
such as coal-tar and the tar oils. What the criteria 
were in connection with these oils was certainly not 
yet solved, but he had grounds for saying that the 
solution was not distant. The Federal labora- 
tory, in conjunction with Messrs. Sulzer, had carried 
out investigations which had already reached a 
point whieh furnished them with information as to 
probable essentials, but they had not yet arrived 
at the stage where wide generalisation was possible. 

In reply to the discussion, Mr. Schubeler said 
that one of the advantages of the two over the four- 
stroke cycle engine was, of course, that of lower first 
cost. With regard to Professor Constam’s remarks 
he had in his paper referred to exact information, 
and he was glad to hear that such information 
would soon be forthcoming with regard to tar-oils. 


New Types or DyNAMOMETERS. 


At the close of the discussion on Mr. Schubeler’s 
paper, Dr. A. Amsler was invited to read his con- 
tribution entitled ‘‘Some New Types of Dynamo- 
meters.” This Dr. Amsler condensed considerably, 
and adjournment was then made to another room 
in the building, in which the dynamometers 
described were fitted up. The paper we reprint 
elsewhere in this issue, so that readers may refer 
to it for a description of the two machines. For 
greater convenience Dr. H. S. Hele-Shaw explained 
the details of the two dynamometers which members 
thus had the opportunity of inspecting. 

In the afternoon of Tuesday visits were paid to 
the works of Messrs. Escher Wyss and Co., and to 
the Oerlikon Engineering Company’s works. The 
former of these works was described and illustrated 
in our issue of July 21. The afternoon in both 
cases was pleasantly spent, the visit in each case 
terminating with tea given by the directors. A 
third alternative excursion, patronised largely by 





the ladies of the party, consisted of an enjoyable 
afternoon on the Lake Zurich at the invitation of 
the Verein Schweizerische Maschinen-Industrieller, 
in a special steamer. The Institution dinner in the 
Tonhalle concluded a most successful day. 

On Wednesday, the 26th, members assembled at 
the Polytechnikum at 9.30 a.m. for the reading and 
discussion of papers. After lunch visits were made 
to Winterthur and Schaffhausen and to Benzau. 
Yesterday (Thursday) was given up to whole-day 
visits. The proceedings of Wednesday and subse- 
quent days we shall deal with in our next issue. 








THE STEAM TRIALS OF H.M.S. 
**DARTMOUTH.” 

THE protected cruiser Dartmouth, lwuilt and engined 
by Messrs. Vickers Limited, at their Naval Con- 
struction Works, Barrow-in-Furness, has completed 
her official steam trials, with highly satisfactory 
results. This vessel is an improvement upon the 
original ‘‘Town” class, for although of the same 
length, 430ft., the beam has been increased 18 in., to 
48 ft. 6in., and the draught by 3in., to 15 ft. 6in., in 
consequence of an addition to displacement of 450'tons, 
the displacement of the Dartmouth being 5250 tons. 
This increase was made largely to enable the armament 
to be augmented. Thus, instead of two 6-in. breech- 
loaders and ten 4-in. breech-loaders, the new vessel 
has eight 6-in. guns, which very materially add to 
its effectiveness as a scout cruiser. 

The machinery is the same as in most of the ships 
—being of the Parsons turbine type, with four ahead 
and four astern turbines on four shafts, the turbines 
working in series on two shafts on each side of the 
centre line of the vessel. Cruising turbines have 
been dispensed with, the high-pressure ahead tur- 
bines being extended at the high-pressure end to 
increase the range of expansion when running at less 
than full power; with a by-pass to admit steam at 
an intermediate stage for the higher speeds. It was 
anticipated in the design that, in consequence of the 
increased displacement and the maintenance of the 
same weight and power of machinery, the speed 
would be 24? knots, as against 25 knots ; but no diffi- 
culty was experienced in the Dartmouth on the full- 
power trials in maintaining 25.9 knots, although the 
power was only 1550 indicated horse-power in excess 
of that anticipated. 

The trials, as with all the vessels of the class, 
included a 30 hours’ run, during which the vessel for 
eight hours maintained a speed of practically 25 knots, 
which is in excess of the design, although the power 
was only 19,028 shaft horse-power. Thus, it will be 
noticed that the designed full speed was attained 
with 3000 less shaft horse-power than the designed 
full power. The second part of the 30 hours’ trial, 
extending to 22 hours, was run at 234 knots speed, 
the power being 14,235 shaft horse-power. Following 
this was the full-power trial of eight hours, when, as 
we have said, the rate attained was 25.9 knots on the 
measured mile on the Clyde. The principal results 





are tabulated :— 
30-Hours’ Trial. 
Eight-Hours 
—_— Full Power. 
8 Hours. 22 Hours. 

Mean revolutions ontrial .. 456 422 485 
Mean power a aa --| 18,839 14,287 23,467 
Fuel consumption Ib. 1.75 72 1.48 
Revolutions on 6-mile runs 457 421 487 
8.H.-P. on 6-mile runs .. 19,028 14,235 23,550 
Speed on 6-mile runs 24.97 23.49 25.9 


Throughout the whole trial the machinery worked 
most satisfactorily, a notable feature being the high 
vacuum, which exceeded 28} in. The trials were run 
on the a of the Clyde and the Irish Sea in fine 
weather, with the exception of the full-power run, 
which was carried out in squally weather. The gun 
and torpedo trials, circling and manceuvring tests, 
were also carried out before the ship returned to Barrow 
on the 22nd inst. 








Concrete IN Russia.—A Swedish company has just 
been formed for the purpose of carrying on in Russia and 
the countries belonging to Russia trade in cement blocks 
and kindred ey ee work, either direct or through 
other companies formed for the pu he new com- 

ny takes over a previous Swedish cement firm in 
Bt. Petersburg, which has already gained a good footing. 





Ocgan-Gorne TorpEepo-Boat Destroyer ‘‘ SaNDFLyY.” 
—On Wednesday, the 26th inst., Messrs. Swan, Hunter, 
and Wigham Richardson, Limited, launched, from their 
Wallsend shipyard, H.M.S. Sandfly, a 27-knot ocean- 
going torpedo-boat destroyer. The Wallsend Slipway 
and Sencleansing Company are constructing the pro- 
lling machinery, which consists of an arrangement of 


arsons turbines driving three separate shafts. The 
boilers of the Sandfly—three in number—are of the 
Yarrow water-tube type, and furnaces are fitted with an 
oil-burning installation, 





PROMOTION OF NAVAL ENGINEER 
OFFICERS. 


THERE has just been announced the promotion from 
the rank of engineer-commander to engineér-captain cf 
four naval officers, who, as the following show, 
have done notably good service, and well merit their 
advancement. 

Engineer-Captain William George Hogg served as 
engineer-student at Keyham, and entered the Service as 
acting assistant engineer on October 1, 1881. He next 
successively served as assistant engineer in the Raleigh 
(Cape Station) from February, 1885, to July, 1888; as 
instructor of engineer students, Devonport, from August, 
1888, to January, 1891 ; in Hong Kong Yard from Decem- 
ber, 1891, to May, 1894 ; as staff-engineer of Royal Arthur 
(flagship, Australian Station) from January, 1901, to 
June, 1904; as chief engineer of the Russell from December, 
1906, to December, 1908 ; and on duty with the captain 
of the Devonport Dockyard from April, 1910, to the 
date of his promotion now. He was promoted engineer 
June 1, 1887; chief engineer, October 6, 1894; staff 
engineer, October 6, 1898; fleet engineer, October 6, 
1902 ; became engineer - commander, with seniority, 
October 6, 1898 (change of titles); and his promotion to 
engineer-captain dates from April 27, 1911. 

Engineer-Captain James Michael Thompson served as 
an engineer student at Portsmouth, and entered the 
Service as an acting assistant-engineer on October 1, 1881. 
He successively served as assistant-engineer in the 
Northampton from October, 1882, to April, 1886; as 
engineer in the Collingwood (Mediterranean, North 
American, and West Indian Stations) from November, 
1889, to October, 1892; as chief engineer of the torpedo- 
store at Malta from September, 1897, to October. 1900; 
was appointed to the Essex (building) August, 1901, and, 
on commissioning, March, 1904, remaining until August, 
1907 ; to the Leander for duty in connection with torpedo- 
boat destroyers and to: o-boat tenders from November, 
1908, to December, 1910, when he was appointed chief 
engineer of the Queen (Atlantic Fleet). He was promoted 
engineer on June 1, 1887 ; chief engineer, January 1, 1895 ; 
staff engineer, January 1, 1899; fleet engineer, January 1, 
1903 ; me engineer-commander, January 1, 1899 
(change of titles) ; and his promotion to engineer-captain 
dates from May 20, 1911. 

Engineer-Captain Edouard Gaudin served as an engi- 
neer student at Portsmouth, and entered the Service as 
acting assistant engineer on July 1, 1886. He passed 
through the Royal Naval College, Greenwich, and suc- 
cessively served in the Raleigh (Cape) as assistant engi- 
neer from March, 1888, to July, 1880 ; as chief engineer 
of the Spartiate from April, 1899, to October, 1903; as 
chief engineer of the Hope from October, 1903, to 
January, 1905. He served in the Naval Intelligence 
Department at the Admiralty from January, 1905, to 
December, 1908, -when he became chief engineer of the 
Dreadnought (flagship, Commander-in-Chief of the Home 
Fleet, Admiral Sir W. May), December, 1908, to March, 
1911. He was appointed engineer-inspector in the Con- 
troller’s Department at the Admiralty in March, 1911, 
and is still serving in this capacity. e was promoted 
assistant engineer on July 1, 1886 ; chief engineer (special 

romotion for services in connection with Belleville 

ilers), on May 18, 1897 ; @ engineer-commander 
on May 18, 1901; and is now jally promoted to 
engineer-captain, to date May 31, 1b11. 
ngineer-Captain William Onyon served as an engineer 
student at Portsmouth, and entered the Service as acting- 
assistant engineer on July 1, 1884. He passed through the 
Royal Naval College, Greenwich, served as assistant engi- 
neer in the Monarch (Channel) from September, 1885, to 
April, 1886, and in the Agamemnon Fae cea from 
July, 1887, to December, 1890. He was next chosen for 
duties in connection with torpedo-boats at Malta from 
August, 1891, to November, 1894 ; as chief engineer of 
Jamaica Dockyard from October, 1898, to January, 1902; 
as engineer-overseer at the Fairfield Shi building Works 
and in the Clyde District from June, 1902, to July, 1905 ; 
and specially on the Dreadnought (when building) from 
July, 1905, to September, 1906. He was appointed to the 
Dreadnought in commission (flagship of Home Fleet) from 
September, 1906, to December, 1908, when he became 
engineer-inspector in the Controller’s Department at the 
‘Admiralty, and still continues in that position. He was 
romoted assistant engineer, July 1, 1885; engineer, 
Deptemsber 1, 1889; chief engineer, November 5, 1898 ; 
became engineer-commander, November 5, 1902; and 
is now specially promoted to engineer-captain, to date 
from June 29, 1911. 








Our Ratts ABproap.—There was a considerable con- 
traction in our rail exports in June, the total for the 
month falling to 15,785 tons, as compared with 37,029 tons 
in June, 1910, and 53,042 tons in June, 1909. 





Bripek CompretTirion IN GERMANY. — The city of 
Cologne recently offered five prizes of 350. each for 
designs for a new bridge to replace the existing pontoon 
bridge over the Rhine at that city. The designs placed 
first and second were offered by the Gutehoffnu litte, 
of Oberhausen, which were submitted in conjunction with 
Messrs. Holzmann and Co., and Dr. Lauter, as engineer 
for the sub-structure, whilst Professor Schwechten was 
the architect. In the design placed second the architect 
was Mr. G. Eberlein. Both designs were for stiffened sus- 
pension bridges, with shore sj of 325 ft. each, and a 
main span of 650 ft. The cables are to be of wires laid 
parallel, and nickel steel is to be used for the stiffening 
girders. The bridge is to provide accommodation for two 
electric railway tracks, the roadway being 40 ft. wide 
ee and there are to be two footpaths, each 
10 ft, wide, 































140 


ENGINEERING. 


[Jury 28, r9orr. 





INDUSTRIAL NOTES. 


Ar the end of last week the seamen and others were 
still in a state of unrest at Cardiff. On the Thursday 
a resolution wés passed in favour of a general stop- 

e if the men’s union were not ised. No 
urther disturbances teok place, however. Two hundred 
and twenty Metropolitan Police were sent to the docks 
in the early morning of the Thursday, among them 
being twenty mounted men; they were received 
with jeers by the men. With other detachments, 
the Chief Constable of Cardiff had a force of about 
600 men, and two companies of the 2nd Devonshire 
Regiment were at Newport Barracks in readiness. 
About 1500 dock labourers joined the seamen on strike, 
and tried to intimidate other sections of workers to leave 
their jobs. They did not succeed very well, however. 
The loading of a good many vessels in the dock was 
stopped. In addition to the men alluded to, there 
were over 1000 ship-repairers and dry-dock labourers 
on strike. Mr. Havelock Wilson stated that if the 
Conference were not fixed before the end of the week 
he would have 50,000 men out in the port of London 
on the following Monday. 

The aspect of things is very serious, for business in 
the South Wales =_— is para — ; large detachments 
of extra police have been drafted into Cardiff, in 
addition to which about 600 men of the Lancashire 
Fusiliers arrived from Salisbury on Friday last. Among 
many changes, one thing, at any rate, that appears to 
be certain is the sp of the strike. It is stated 
that the importation of military has been resented; 


but, in view of the widespread disorder and the attacks | pe 


that have been made on laundries owned by China- 
men, on Thursday in last week, their presence is a 
wise precaution. Mysterious fires have broken out 
at Cardiff, which are said to be the work of incendiaries, 
intimidation has been arymag: by the strikers on a 
large scale, and from what has taken place it appears 
as though even more force was necessary in order 
properly to protect men who are willing to continue 
at work. It is really disgraceful that brutal mobs of 
strikers should be permitted to intimidate men who 
have not joined them. 

Efforts were made all through Monday last by the 
Lord Mayor of Cardiff to bring about a settlement of 
the dispute, but in the evening of that day a confer- 
ence with a large number of the employers was ad- 
journed till the following day without any definite 
conclusion being arrived at. The proposals of the 
strike committee, which were drawn up on Sunday 
last, were as follow :—(1) The official recognition of 
all unions involved. (2) That no legal p: ings shall 
be taken by any employer against any workman or 
union in respect of cessation of work without notice. 
(3) Satisfactory assurances that no men, or section of 
men, shall suffer from boycott or victimisation for 
participation in the present strike. (4) That the em- 
ployers shall undertake to meet the men’s representa- 
tives immediately to consider the various demands and 
grievances with a view to a speedy settlement. These 

roposals were considered by the employers for several 

ours, with the result that, with certain modifications, 
they were agreed to. The following was the altered 
form that the masters were willing to accept :—(1) 
The official recognition of al) unions involved, with the 
exception of the railway companies, who are willing 
that the method of conciliation already in operation 
shall be continued. (2) That no legal proceedings 
shall be taken on this occasion by any employer against 
any workmen or union in respect of cessation of work 
without notice. (3) Satisfactory assurances that no 
men, or sections of men, shall suffer from boycott or 
victimisation for participation in the present strike. 
(4) That the employers shall undertake to meet the 
men’s representatives immediately to consider the 
various demands and grievances with a view to a satis- 
factory settlement. After considering these proposals 
the strike committee requested that a joint conference 
of employers and members of the strike committee 
should be called. 

Unfortunately, the negotiations on Tuesday were 
broken off on the question of the delivery of flour 
from the mills to the bakers, the strike committee 
declining to allow any such delivery to take place. 


whole body. The strike has extended to the laundries 
in the city. 

The coal-trimmers and dockers at Port Talbot struck 
work on Tuesday morning, and they were soon joined 
by the patent-fuel workers, the dry-dock workers, and 
the labourers at the Rio Tinto Copper Works. The 
Cardiff and Dowlais Iron Works are idle. The Great 
Western Railway Company’s supernumeraries at Cardiff 
have not left work, having obtained an advance of 1s. 

r week. There was more rioting in the Rhondda 

alley on Tuesday and Wednesday, and there were 
severe conflicts between the strikers and the police. 
The engine-house at the Ely Colliery was damaged, 
but the disorder was eventually quelled. 





Rioting was renewed at the Tareni Colliery, Swan- 
sea, on Thursday last week, and the manager’s house 
at the colliery was wrecked ; colliery property was 
also very much damaged by stone-throwing. Some of 
the police and some of the strikers were seriously 
injared. 





The men of the Boilermakers’ and Gas-Workers’ 
Societies, to the number of 800, went out on strike at 
Lincoln on Wednesday, and at Gainsborough 400 
others were locked out. 





Mr. John Wilson, M.P. for Mid-Durham, speaking 
at the fortieth annual gala on Saturday, at Durham, 
told a mass meeting of miners that missionaries from 
South Wales were going about Durham trying to 
rsuade the miners to join in a national strike to aid 
the South Wales men. To strike would, he said, be 
madness in itself, and foolish in the circumstances. 
There was nothin ual to the agreement against 
which the South Wales men were striking. If the 
Durham miners struck work for the South Wales men, 
they would do what was wrong, and what would bring 
them no benefit. 





There is now a strike of furnacemen at Corby, near 
Kettering, and the furnaces have been closed down. 
Last week, however, an attempt was made to restart 
the works with non-union labour. These efforts to 
commence work caused an attack to be made on 
the non-unionists by the strikers, who raided the 
works armed with sticks and stones. The bands of 
ruffians were, however, cleared out by the police, and 
every approach to the works was stopped. 


No agreement having been come to by the Midland 
Railway Central Conciliation Board, the whole of the 
applications of the goods guards and yard and siding 
foremen for revised terms of employment, along with 
the company’s proposals in regard to the goods guards, 
have been referred to arbitration. The arbitrator 
chosen is Lord Cromer. 





The result of the ballot of the Northumberland 
miners as to the pro strike was announced on 
Saturday last. It will be remembered that the resolu- 
tion submitted to the vote was ‘‘ That in order to 
secure the abolition of the three-shift system and the 
restitution of the short shifts to stonemen and shifters 
that existed previous to the operation of the Eight 
Hours Act in Northumberland, we tender fourteen 
days’ notice to terminate our hiring ments under 
the Eight-Hours Act agreement.” The result of the 
voting was 19,516 for and 9259 against the resolution. 
As a result of this ballot a request will be made to 
the Miners’ Federation of Great Britain that they 
will sanction a national stoppage in support of the 
Northumbrian demand. 





A very interesting bulletin has recently been issued 
by the United States Bureau of Labour at Washing- 
ton, in which there are some statistics relating to 
German experience between 1897 and 1907 of industrial 
accidents and loss of earning power. The Imperial 
Insurance Office of Germany makes the practice of 
publishing at ten-year intervals special studies of the 
industrial accidents involving compensation under 
the national accident insurance system; and these 





This was really the important question of the dis- 
cussion. The employers were firm that the embargo 


should be removed before they would consent to | 


consider the claims of the various trade unions. With 
regard to certain firms the strike :0mmittee offered to 
remove the embargo, but the employers insisted that 
ite partial removal was not sufficient, it must be 
complete and unconditional. 

On the resumption of the conference on Wednesday 
the masters were still firm that they would not con- | 
sider any matters until the embargo had been removed 
from flour, and the strike committee eventually gave 
way on this point, and flour, potatoes, and other 
food-stuffs were soon carted from the mills and ware- | 
houses to the tradesmen. It was then agreed to 
appoint a sub-committee, including six representatives 
from each side, to draw up terms of settlement, to he 
submitted afterwards to a conference representing the 





Se 


official detailed returns furnish some interesting in- 
formation which relates, however, only to serious 
industrial accidents, . By this is meant accidents which 
resulted either in disability lasting longer than thir- 
teen weeks or in death, and for which compensation 
was paid in the year 1907. There was, of course, a 
much larger number of accidents causing disability of 
shorter adr but these are not included. he 
number of persons included in the study was 8,600,000, 
and they were considered to be employed 300 days in 
the year. Taken in this way, it was found that out of 
every 100 persons about one received injuries causing 
serious disability or death. 

During the years between 1897 and 1907 there had 
been a decrease in the percentage of accidents causing 
death, as well as in the ratio of accidents causin 


There was, however, a marked increase in the acci- 
dents causing temporary disability lasting longer 
than thirteen weeks. The highest accident rate was 
among workmen employed in teaming, hauling, flour- 
milling, mining, quarrying, wood-working, brewing, 
engineering construction, inland navigation, iron and 
steel, and express and storage ; while the lowest was 
among workmen in the tobacco, clothing, textile, 

rinting, pottery, paper, glass, and private railway 
industries, as well as in chimney-sweeping and marine 
navigation. The accident rate for males was found to 
be higher than for females. 

The question as to whether injuries to workmen 
occurred more frequently at one part of the year 
than at another, and at what part of the day they 
were most frequent, was also studied, with very 
interesting results. It was found that the rate was 
slightly higher in October than during the other 
months of the year, during which it was fairly 
uniform. Coming to the days of the week it was 
found that injuries occurred more frequently on 
Monday afternoon and on Saturday afternoon than 
— the rest of the week, and that they were 
more frequent in the latter part both of the forenoon 
and afternoon than during the rest of the day. Of 
the 81,248 workmen injured, about 5 per cent. were 
hurt during the first hour that they were at work, 
8.6 per cent. during the second hour, 9.2 per cent. 
during the third hour, 11.3 per cent. during the 
fourth hour, and 12.2 per cent. during the fifth 
hour, which was the highest for the day. During 
the remainder of the day the percentage was irregular. 
The most frequent form of injuries were fractures, 
contusions, &c., to the arms and legs, and it was 
found that workmen were most frequently injured 
when they had been employed in an establishment only 
for a short time. They were also more frequently 
injured when they had been employed in a particular 
occupation but fora short time. The five most frequent 
causes of injury were (1) machinery (presses, lathes, 
looms, &c.); (2) collapse, fall, &c., of materials ; 
(3) loading and unloading; (4) falls, falling from 
ladders, stairs, &c ; and (5) railway operation. 
Fatal injuries were found to be caused most frequently 
from collapse and fall of materials ; next from railway 
operations, then falls from ladders, stairs, &c., after 
that from inflammable, hot, or corrosive substances, and 
lastly, from teaming, hauling, draying, &c. About 50 
per cent. of the injured workmen were still disabled to 
@ greater or lesser extent at the end of five years. 
Workmen injured by accidents due to the faults of 
fellow workmen formed 5.9 per cent. of the total, 
while 12.6 per cent. were injured by accidents due to 
the fault of the employer. What is called the general 
hazard of the industry caused 37.7 per cent., and 
accidents due to the fault of the workmen themselves 
41.3 per cent. of all the injured persons studied. 





According to Co- Partnership, the Stafford Municipal 
Gas Department has adopted the following method of 
profit-sharing :—(1) When the total cost of manufac- 
ture and distribution of gas is less than 10d. per 
1000 cubic feet of gas sold, a bonus equal to one-fourth 
of the difference between that sum and the actual cost 
shall be divided among the workmen and clerks who 
have been employed in the Gas Department for not 
less than three months during the year in which the 
bonus has been earned. (2) In any year where special 
charges, such as main-laying operatiuns, have been 
charged against revenue, the amount of such (correctly 
speaking) capital charges are to be deducted from the 
true manufacturing and distributing charges, in addi- 
tion to the net cost of coal, rates and taxes, deprecia- 
tion, and depreciation on cookers, &c., and that effect 
be also given to the profit and loss on gas-fittings. 








First AvustriAN ‘“ DrEaDNovGHT”: Erratum.— We 
regret that, owing to an error in the pa ph which 
appeared on page 103 ante, in the seventh line, the cost 
of the vessel was given as 3,333,000/. This should have 
been 2,500,000/. 





INTERNATIONAL AERONAUTICAL Concress.—The fifth 
International Aeronautical Congress will be held in Turin 
from Octoher 25 to October 31 this year. It has been 
organised by the permanent International Commission 
of Aeronautics, presided over by M. le Commandant 
Renard, with the assistance of the Aviation Society of 
Turin. The congress will be divided into four sections :— 
ballooning, aviation, legislation, and scientific and various 
applications. 





Tue Danish TorPEDO- Boat ‘“*SéRIDDEREN.”—This boat, 
built by Messrs. Yarrow, Glasgow, has arrived at Copen- 
hagen. During her voyage, in all kinds of weather, the 
vessel behaved admirably, and, in fact, surpassed expec- 
tations. The Sdridderen is the first of six new Danish 
Lae peg oy to be finished ; the Tumleren, which is being 
built at the Schichau yard, and the Séulven, the Vind- 
hunden, the Spikhuggeren, and the Flyvefisken, which 





total permanent disablement, and also in the ratio o 
accidents causing partial permanent disablement, 





are being built at the Royal Dockyard, and by Bur- 
meister and Wain, are also expected to be ready soon, 
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THE PUISSESSEAU CARGO DERRICK. 
MESSRS, LANGSTAFF, EHRENBERG, AND POLLAK, LONDON. 
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many important ports the transference of cargo is 
carried out while ships lie in open roadsteads, so that 
they have to put reliance upon their own cargo- 
handling gear, and if that gear is such that loadin 
and discharging can take place during relatively 

weather, much valuable time will A saved, This 











\ | | to the cargo derrick illustrated on this page. 

The appliance, which is the invention of M. R. 
| Puissesseau, superintendent-engineer of the Nouvelle 
| Société Navale de Ouest, is of a simple nature. 
| Various applications are illustrated in Figs. 1 to 7, 
herewith. Tt consists of a boom pivoted at the lower 
| end to a point near the bottom of its supporting mast, 
;and arranged to derrick on a hinge, and to slew in 
the usual way. Its upper end, however, instead of 
being supported by a single pendant attached to the 
mast oul wing in the plane of the boom, as is usual, 
is held by two pendants which lie approximately in a 

RECENT years have seen great improvements carried | horizontal plane. These are carried from the boom 
out at almost all the important ports of the world. | to blocks fixed at the outer ends of a crosstree (Fig. 5), 
A most notable development at many of them being | which lies athwartships, and is secured to the upper part 
the installation of quay-cranes and other cargo-handling | of the mast. One of the pendants is fixed to a cleat on 
appliances. These, by facilitating loading and discharg- | deck, and remains of a fixed length while the derrick is 
ing, tend to reduce the time whick steamers have to | working ; the other is led round the drum of a winch, 
spend in port. Appliances of this sort are, however, | so that it can be either wound up or payed out. The 


eam. oa 





chiefly of value for special services—for liners sailing | operation of the winch controlling this second pendant | 
: |easy slewing that is possible. In the second place, 


between regular ports. Ordinary tramp steamers, and, | also slews the derrick. 

indeed, to a large extent, liners as well, particularly if| The arrangement will be easily followed from Fig. 1, 
they are engaged in the Eastern trade, have to depend | but, to avoid confusion, it should be pointed out that 
on their own appliances for handling their cargo. In| the construction there shown consists of two derricks 














—, | latter point is of the first importance, and adds interest | 
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arranged side by side, and intended for a broad ship. 
Referring for the moment to that on the left-hand side 
only, it will be seen that a is the fixed pendant led 
round a block at the end of the girder }, and 
secured to a cleat on deck, while c is the moving 
pendant led to the winch-drum as shown. It will be 
clear that as c is increased or shortened in length 
by the operation of the winch, the derrick will be 
caused to slew, either outwards over the side of the 
ship, or inwards over the hold. Further, it will be 
seen that as the fixed pendant is of constant length, 
and its point of attachment to the mast is out of 


| the vertical plane passing through the hinge of the 


derrick, the outer end of this latter will move slightly 
downwards as it slews outwards. The effect of this 
action is that gravity slewing is obtained in one direc- 
tion, with a consequent cheapness of - ge owing 
to a saving of steam. The lifting of the cargo is 
carried out quite independently of the gear, by means 
of the rope d as shown, which is led to a second 
winch-drum. Lifting can be carried out while slewing 
is in progress, exactly as with ordinary arrangements. 

It will be seen from the above description that the 
system is remarkably simple, and that its essential 
feature is the double-pendant attachment of the 
derrick. Several important advantages are, how- 
ever, claimed for the gear, of which the first is 
that the speed of working is about double that of 
an ordinary derrick gear, owing to the rapid and 


it is stated that when a boat is lying in an open 
roadstead with quite a fair sea running it is still 
possible to work cargo. This point, which is, of course, 
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of very great importance, follows from the disposition 
of the pendants holding the derrick. Even with a 
considerable list on the boat, the pendant on the higher 
side will still exercise a controlling pull on the derrick 
and determine its — in a way that is impossible 
with a single pendant lying in the plane of the jib. 
This second feature of the appliance is not merely 
academic, and has been well brought out in practice on 
boats fitted with the gear. A third point which is 
claimed is that, as the whole of the controlling-gear is 
overhead, there is less likelihood of accidents to men 
owing to their tripping over ropes or stays, and falling 
down hatches or overboard. 

As before mentioned, Figs. 1 to 3 illustrate the 
double-derrick arrangement which is adopted for ships 
of large beam. Stump masts are fitted carrying a 
common upper table, which supports the ship's 
mast in the centre, as shown in Figs. 1 and 2. 
These views also show the double-drum winch which 
is recommended for the gear. The two drums are 
operated by a single engine, but have separate gear- 
ing. One is used for cargo-hoisting, and the other 
for slewing. They are both controlled by a single 
winchman. Figs. 4 to 6 illustrate the single-derrick 
arrangement and show the lifting and slewing gears 
operated by different winches. This system is par- 
ticularly suitable for ships fitted with the common 
arrangement of two winches to a hatch, which it is 
desired to convert to the new system. A number of 
conversions of this sort have already been carried out. 
Fig. 7 is a view taken from a photograph of one of 
these installations. In conclusion, we should say 
that the Puissesseau derrick is being introduced into 
this country by Messrs. Langstaff, Ehrenberg, and 
Pollak, of Leadenhall-buildings, London, E.C. 





TEMPORARY REDUCTION OF THE DRAUGHT OF THE “ THUR- 
INGEN.”—In floating the German warship Thiiringen 
—one of the heavy Dreadnought type, of 22,000 tons 
displacement and ai fe draught, which was built on the 
wharf of the A. G. Weser at inuce—4tenn the shallow 
Weser river, a temporary reduction of the draught was 
required, and was obtained, in April last, by the aid of 
camels somewhat in the way which the Vulkan Company 
has successfully used on the Oder. We illustrated this 
method in our issue of June 10, 1910, on pages 746 and 
748 of vol. lxxxix., when describing the German warship 
Rheinland. In the case of the Thiiringen six camels were 
used, three on each side. The inner top board of each 
camel abutted against an angle-iron bracket secured to 
the side of the ship. In order to coves upward tilting 
of the pontoon while exerting its lifting power, ropes were 
fastened round the pontoons, two ropes for each pontoon. 
These ropes extended from a special plate fixed to the 
keel of the ship, round the bottom of the pontoon, to the 
off side of the camel, where they were attached to its 
edge. In this on the arrangement differs from 
that employed by the Vulkan Company, where raking 
timber struts have been resorted to. The Thiiringen 
device has also given satisfaction. The camels were 
attached without interfering with the work on board, and 
the draught was reduced by 1 m. (40 in.) on the average, 
and by 1.25 m. (50 in.) aft. The width of the warship to 
he Aw waiea was, by these additions, increased to 42 m. 

38 ft.). 





CERTIFICATED Mint Manacers.—The Amalgamated 
Mine Managers’ Association of Australia have made 
some remarkable allegations regarding certain reforms 
advocated by the leading members. The chief point of 
interest at present is an attempt to make it compulsory 
that all mine managers should be certificated. ballot 
of the members of the association was taken at the 
beginning of the present year regarding it, the result 
being that, with two exceptions, the whole of the 
managers approved of the proposal. The Victorian 
branch of the association numbers as many as 72 members. 
The association has issued a circular in which it is con- 
tended that every mine manager should hold a certificate 
from the Government that he is fully qualified to take 
—_ of a mine. It is thought that such a certificate 
would be a guarantee to the investing public that 
the possessor was a trustworthy man, and one with the 
necessary practical knowledge of mining work. The 
circular also points out that two rules of the Amalga- 
mated Mine Managers’ Association warn members to 
work their mines fairly, and in the interest of share- 
holders. The unfortunate part of the matter, according 
to the circular, is, however, that ‘‘many mine managers 
find they cannot do this without risking their positions, 
and it 1s beyond dispute that many of our mines are 
to-day being worked, not in the interests of the investing 
public or shareholders, but in many cases in the interests 
of one or two men who control the board. We do not 
claim that certificates would end this kind of work, but 
they would make mine managers more independent, and 
help to bring about better conditions.” The Mine 
Managers’ Association are very careful to safeguard the 
public interests as much as they can, and make strict 
inquiries as to the antecedents of candidates. The other 
— were also not considered satisfactory, and thc 
whole lot were, it is stated, rejected. It was found 
subsequently, however, much to the surprise of the officer 
of the association, that two of the applicants, who had 
in fact served terms of imprisonment for dishonesty, had 
actually been appointed of mines in the State. 
The association mptly bought the matter before the 
mine-owners, and the two delinquents were dismissed 


RACK-RAILWAY LOCOMOTIVES OF THE 
SWISS MOUNTAIN RAILWAYS.* 


By T. Werner, Managing Director, and 8S. Apt, Works 
Engineer, of the Swiss Locomotive and Machine 
Works, Winterthur. 


[Translated from the German. | 


General.—The first rack-railway locomotive was tested 
| by John Blenkinsop on August 12, 1811; that is to say, 
| exactly 100 years ago, on the Middleton Mineral Line, 
| near Leeds On the outside of one rail corrugated teeth 
| were cast, into which the driving-wheel geared, which 
| was outside the carrying-wheel. Rimber, in 1831, in 
| America, pro placing a rack in the centre between 
| the two rails, and this idea was carried out by Cathcart in 
1847 on the Madison-Indianapolis Railway. 

Blenkinsop did not know that the friction between the 
rail and the wheel was sufficient to provide for the pro- 
gress of the locomotive and the traction of the train. It 
was not until 1813 that Blackett, owner of the pits at 
Wylam, showed that this was possible, and su uently 
Stephenson built his locomotive as a purely adhesive 
engine. 

wing to the rapid and enormous development of the 
railways, many improvements were made in locomotive 
construction, and great progress was attained. The 
necessity of dealing with heavy trains and lines with 
very steep ients naturally called for heavy loco- 
motives, with an increased number of coupled wheels, 
which required special designs in the carrying parts of 
the locomotive, in order that they might be in a position 
safely to deal with curves, at the same time offering the 
lowest resistance. This led to the adoption of axles with 
lateral Ray: the dowble engines designed by Fairlie, 
Meyer, llet, &c. 

e@ mountainous nature of the country in Switzerland 
gave particular opportunity for designing mountain loco- 
motives. In normal adhesion railways a gradient was 
permissible up to 2 per cent. (the Gothard Railway), 
and in secondary railways one had gone ? to as much as 
5 percent. (South-Eastern Railway). The Uetli Mountain 
Railway formed an exception, as it had gradients of 
6.7 per cent., and the purely adhesion locomotive which 
is used on this line can, when developing its utmost 
power, draw a train after it of a weight equal to itself. 

Experience has shown that for mountain railways the 
limit for adhesion locomotives was a maximum of 4 per 
cent., but it was better not to go higher than 34 per cent., 
and that if the railway had steeper gradients than this, 
rack-gear should be used. 

For railways on the mixed system of driving by adhe- 
sion and by rack-gear, 12 per cent. gradient should not be 
ex 2eeded in view of an economical working of the system. 

On purely rack railways gearing vertically into the rack 
(Riggenbach, Abt, and Strub systems), it is to be recom- 
mended that the maximum gradient should not exceed 
od ped cent. By careful and very heavy design of the 

when the rack is maintained in very good condition, 
combined with suitable design of the locomotives, parti- 
cularly their brakes, a safe working of the line can be 
ensured both when the trains are ascending or descending. 
For gradients up to 30 per cent. it is necessary to 
most accurate in the control of the rack-teeth, as, when 
the train is braked going down banks, very small differ- 
ences assist the rack-wheel to mount on the rack. 

If the contour of the country necessitates a still steeper 
ient, it is necessary to use a rack with lateral gearing 
her’s system). 

Mr. N. Riggenbach, locomotive superintendent of the 
Central Swiss Railway in Olten, who brought the first 
ordinary locomotive into Switzerland in 1847, was the 
builder of the first rack-railway locomotive for the Vitznau- 
Rigi Railway. In 1862 Riggenbach brought out a special 
form of rack and rack-locomotive. In 1868 he took a 
long journey in North America, where he saw the Mount 
Washington line, which was the first rack railway built 
on proper principles with locomotives which worked 
well, and been supplied by Messrs. Baldwin, of 
Philadelphia. In 1869 he returned from America, and 
he built a mixed system of ie: having taken the 
Mount Washington Railway as his pattern. This 
line was of the ordinary gauge, and ran to the quarries 
in Ostermundingen, near Berne. The same year he, in 
conjunction with Messrs. Naeff and Zschokke, obtained 
the concession for a railway to Vitznau, on the — 
This line was opened in 1871, and with this opening the 
rack-railways were introduced in Switzerland. 

Construction of Rack.—The whole systems of racks 
which are used in Switzerland have been designed in the 
country itself. 

Riggenbach’s rack used on the Vitznau-Rigi Railway 
Fig. 1, page 143, was an improvement and a variation on 
Marsh’s rack, as the cheeks formerly made by angle irons 
were replaced by C irons, and, instead of the cylindrical 
form of the tooth, the taper form was adopted. This 
form of evolute teeth was maintained by all the followi 
rack systems, as it produces a simple form of tooth, an 
permits the gear locking at different depths. The form 
of Riggenbach rack is exceedingly efficient in resisting 
the mounting of the cog-wheels, and gives great security 
against the engine going off the road. 

In order to produce safe interlocking of the cog-wheels, 
the position of which is dependent upon the play of the 
springs, large diameters of wheels are to be chosen with 
small pitch, 80 mm. to 100 mm. (3.15 in. to 3.94 in.). 

The rack, formed also like a ladder, and designed by 
* Paper read before the Institution of Mechanical 
Engineers, at the Ziirich Meeting, J 4 , 

Norr.—For other particulars of these railways see 

per on “‘ Electric Traction in Switzerland,” by Mr, E. 








and left the country. 





uber-Stockar, 


Mr. Klose fier the St. Gallen-Gais Railway), resembles 
the Riggenbach rack. 

The ends of the teeth are lodged in round holes in the 
cheek, and their turning is prevented by a rib rolled on 
to the carrier. For the new line between Lauterbrunnen 
and Wengen, the L. v. Roll Berne works have made the 
same construction of rack. 

Roman Abt published his arrangement of rack in 1884, 
in Switzerland (Fig. 2, page 143). It was first used on the 
Mount Generoso Hailway in 1890. The rack consists of 
flat-toothed plates, of which two or three, according to the 
tractive power, are bolted together on chairs in such a 
way that the tooth of one plate in regard to the other is 
displaced of half or one-third of the pitch. This pitch 
amounts to 120 mm. (4.7 in.). The Abt system of rack 
ensures a quiet motion of gearing, and permits the trains 
to work at high s It is specially applicable to long 
railways on the mixed system. The Abt rack has been 
adopted the most, and now about 520 km. (323 miles) are 
fitted with it. It is constructed by the Union Dortmond 
and by Cammell Laird and Co., of Sheffield. 

The rack, designed by Colonel Edward Lacher (Fig. 3, 
page 143), was used in the year 1888 on the Pilatus Rail- 
way, which has a maximum gradient of 48 per cent. The 
arrangement consists of a plate having gear-teeth on each 
side of it, into which two gear-wheels drive, placed 
opposite toeach other ; these rack-plates, being riveted to 
a seer rail which is so rolled that guide-discs can be 
provided on the gear-wheel, ensure a correct guiding of 
the vehicle, and prevent riding of the wheels. The pitch 
is 85.7 mm. (3.37 in.). The heavy gradient necessitates a 
road very solidly built in masonry, the whole being 
properly anchored down. 

Strub’s rack, shown in Fig. 4, page 143, is a broad- 
footed toothed rail having a wedge-formed top, similar to 
the rail which is used on rope railways, provided with 
clamp brake-gear. This head of the rack furnishes a good 
guide for the safety-grips; the latter, however, have not 
proved to be satisfactory when worked as brakes. 

Strub’s rack-gear was first put into use in 1898 at the 
Jungfrau Railway. The pitch is generally 100 mm. 
(3.94 in.). The Berne foundry of L. v. Roll has taken 
over its construction. 


I. Stream Locomotives. 


The map, Fig. 5, page 143, shows the railwayson which 
the following locomotives are at present working :— 

(a) Locomotives with Rack-Gear Only.—As already stated, 
the now well-known Vitznau-Rigi Railway was opened 
in May, 1871, as the first European rack-railway for 
passenger traffic. The gauge is the ordinary English 
gauge. The line has a length of 7058 m. (4.38 miles), 
and gradients from 6 per cent. up to 25 per cent., 
the mean gradient being 20 per cent. The curves have 
180 m. (591 ft.) radius. The original road was built 
with longitudinal and cross sleepers, but between 1885 
and 1895 the road was rebuilt, the timber sleepers bein 
replaced by iron ones, and the iron rails being replace 
by steel rails. 

The first locomotive for this line was built in the 
works of the Central Railway in Olten; the engine had 
a vertical boiler similar to the engines on Mount 
Washington in order to reduce as much as possible the 
variations in water-level arising from the different 
—s over which the engines worked. The fol- 

owing locomotives were built at the Swiss Locomotive 
Works in Winterthur, and were the first work turned out 
by that firm. After eleven years’ use the vertical boilers 
were replaced by horizontal ones. 

Fig. page 144, shows the vertical-boiler engine carried 
on two axles, on the lower of which is mounted, running 
loose, the driving cog-wheel, which is driven by ring 
from the crankshaft. The cylinders lie on both sides out- 
side the frames, and drive the intermediate shaft by 
means of connecting-rods and cranks. The upper axle 
carries a toothed brake-wheel with an arrangement to be 
used in case of an accident to the driving-wheel. The 
ordinary brake works on the discs of the crankshaft. 

en going down hill, an air counter-pressure brake 

is made use of—that is, the valve-gear is reversed and the 
lator is shut off. The pistons then draw air into the 
cylinder which is comp up as far as the regulator. 
This braking is governed by throttling the exhaust of the 
compressed air by means of a valve worked by the driver. 

In the latest locomotives of the Rigi Railway, Fig. 7, 

144, which were built at the Winterthur Works 
oe ee 1899 and 1902, the cylinders are placed farther 
towards the leading end. The driving cog-wheel, which 
is driven by means of gearing from the intermediate 
axle, has a larger diameter, and is placed close behind the 
front carrying-axle ; the trailing carrying-axle is provided 
with rack-brake. The brakes are arranged in the same 
manner as on the old engines, but, in addition, a centri- 
fugal governor is made use of, which automatically con- 
trols the maximum speed, at which point a steam-brake 
is put into action. This automatic ose lator’ (a 
special ccnstruction of the Winterthur Werks) has to be 
applied, by order of the Swiss Railway Department, on 
ali rack-lovomotives in service on Swiss lines. Thes 
of the Rigi locomotive is 2.1 m. (6.8 ft.) per second (4.7 
miles per hour), and the total weight of the train is 
between 25 to 28 tons, about 200 horse-power being 
developed by the engine. : ? 

The Arth-Rigi Railway was opened in 1875, having a 
length of 9.8 km. (6.1 miles), with 20 per cent. gradients, 
and has engines similar to those used on the Vitznau-Rigi 
Railway, which, however, is at present partially served 
by electricity. The Rorschach-Heiden Railway, with a 
length of 6.08 km. (3.8 miles) and 9 per cent. maximum 
quallens with a total rise of 406 m. (444 yards), has engines 
of the same pattern. 

In June, 1889, the Pilatus Railway, the steepest rack- 





railway in the world, was opened. It has a length of 
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4610 m. (2.86 miles), a total difference of level of 1630 m. | 
(5346 ft.), gradients being 19.2 to 48 per cent., the mean 
gradient being 38.1 per cent. The road has 80 cm. 
(2 ft. 74 in.) gauge. The rack- is on Locher’s system.* 
The locomotive carriage (Fig. 8, page 144) takes thirty- | 
two passengers. The underframe of the coach forms 
at the same time a tender containing 800 litres (176 
gallons) of water. The carriage is carried on two axles 
on three points. The boiler is of the ordinary locomotive 
form, but, on account of the varying gradients, it is placed 
transversely to the rails. The cylinders drive by a spur- 
wheel gearing on an intermediate axle, from which the 
power is transmitted by two pairs of conical wheels on 
the two vertical driving-axles. At the lower end of these | 
driving-axles the driving-wheels are placed together with 


Fig./ RIGGENBACH SYSTEM 





miles per hour), the weight of the combined —— and 
carriage is 12 tons, and the engine develops 100 horse- 
power. Very excellent results have been obtained by the 
use of superheated steam. 

The locomotive, Fig. 9, page 145, has been designed by 
Mr. Roman Abt, and executed for Abt and Riggenbac 
rack-rail by the Winterthur Works. The engine is a special 
type for narrow gauge, steep gradients, and small curves. 
It is constructed with two driving and one Bissel axle. 
On the driving-axles are keyed the cog-wheels with brake- 
dises. The carrying wheels are running loose. The steam- 
power is transmitted from the cylinders by means of 
connecting-rods and rocking-levers on the crank-axles. 
The boiler, of ordinary locomotive t is so mounted 
on the frame that its axis corresponds with the medium 
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(b) Locomotives for Rack and Adhesion Driving.—In the 
ear 1888 the first line for adhesion and rack-gear service 
| had been my with the Briinig Railway, constructed by 
| the Jura-Berne Lucerne Railway Company, now belong- 
| ing to the Swiss State Railway.* It is divided into three 
parts, the lengths between Briens -Meiringen and be- 
tween Giswy] and Lucerne are worked by adhesion, but 
the length of 9013 m. (5.6 miles), having a maximum 
gradient of 12 per cent., is fitted with the Riggenbach 
rack. The total length of the line is 56.37 km. (35 miles), 
the normal radius of the curves is 150 m. (490 ft.) and 
the sharpest curve is 90 m. (295 ft.). 
The original engines have two driving axles for adhesion, 
two cylinders and rigid coupling. between the adhesion 
and the rack-gear mechanism. The cylinders are placed 
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Fig. 5. MAP SHOWING IN DARK LINES THE RAILWAYS ON WHICH 
THE LOCOMOTIVES DESCRIBED ARE AT PRESENT WORKING. 
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their guide-rollers in order to ensure that the wheels gear gates. This type of locomotive works on a gau; of 
<4 into the rack. The leading gear-wheel is only mm. (2 ft. 74 in.), minimum radius of curves of 60 m. 
used for the purpose of a brake, and its rollers have to | (175 ft.), and ients up to 25 per cent. It has been 


guide the carriage against the Dantrin rail. The leading 
toothed-wheels run freely when the coach is going up the 
inclines, and they are locked when running down hill by 
means of a coupling through which they transmit reverse 
motion to two symmetrical worm-wheels, their axle carry- 
ing the brake-disc. By reason of the high -ratio 
relatively small braking power is sufficient to bring the 
train to a standstill. The brake is automatically put on 
when the speed-limit is exceeded. The following es 
are ai :—An air-compression brake when running 
down the banks, a frictional brake on the crank-shaft, as 
well as friction and self-acting brakes on the leading pair 
of geared wheels, as een described. The normal 
speed of the train is 1.2m. (47.24 ft.) per second (2.7 

* The Pilatus Railway and its rolling-stock was illus- 
trated and described in ENGINEERING, vol. xliii., page 444. 





accepted on the following railways :—Generoso, Brienz- 
Rothorn and Glion-Rochers de Naye with Abt’s rack- 
rail ; for Schynige Platte and Wengernalp with Riggenbach 
rack-rail. These lines were built between 1890 and 1893. 

As the traffic on the Wengernalp Railway (Lauter- 
touaman Sieindabealdbbesrenel from year to year, heavier 
construction was asked for. In the year 1904 the Winter- 
thur Works erected a new type for this railway, with a 
tractive power of about 11,000 kg. (10.8 tons), against 
6500 kg. (6.3 tons) of the old type. The engine is built 
with three carrying-axles ; the trailing one isa Bissel axle 
(Fig. 10, page 145). The steam power is transmitted in 
the ordinary way by means of two intermediate crank- 
shafts on two rack driving-axles. A construction 
regulates the equal division of the tooth-pressure on both 
cog-wheels. e brake ements of all these engines 
are the same as those on the Rigi locomotive, 


20inches 





between the frames below the smoke-box and drive by 
means of the intermediate shaft and a spur-wheel geari 
on the rack driving-wheel, which is coupled by a specia 
design of coupling-rods to the adhesion axles. 

A new locomotive for this line, the ‘‘ Winterthur type,” 
was designed in the year 1905, and is shown on Fig. 11, 

145. This locomotive is constructed as a four- 
cylinder compound engine, the ey being placed by 
couples outside the frame as well as their driving gears, 
so that the maintenance and repairing of all parts is 
rendered easy. The lower cylinders are the high-pressure 
cylinders and work as a twin engine on the adhesion 
mechanism, while the rack-gear mechanism, driven b 
the upper, viz., the low-pressure cylinders, is aeaned. 
the steam exhaust going from the high-pressure cylinders 
directly to the exhaust-pipe. As soon as the locomotive 
entere the rack, the drivers change, by means of two 
| steam-manipulated valves, the direction of the high- 
| pressure exhaust; the low-pressure cylinders and the 
rack-gear mechanism begin also to work. Generally the 
four cylinders have the same dimensions, and the relation 
of their volume for good steam-compounding is obtained 
by the relative dimensions of the intermediate spur-wheel 
gear of the low-pressure mechanism, viz., by the relation 
|of the number of revolutions of the two mechanisms. 
The yey | brakes ure provided :—one hand-brake 
| having four blocks on the trailing adhesion axle ; a band- 
| brake acting on discs on the intermediate crank-shaft ; 
an emergency braked gear-wheel which is carried loosely 
on the leading adhesion axle, as well as an air repression 
brake for going down hill. The locomotive is also ‘ed 
with Westinghouse brakes for acting directly on the 
train. 

The Bernese-Oberland Railway was opened in 1890, 
has a gauge of 1 m. (3,28 ft.), and the rack is of the ladder 
form. The length of the line is 23.446 km. (14.35 miles) 
out of which 4978 m. (3 miles) are fitted with the rack. 
The difference in levels are as follows:—Between Inter- 
laken and Lauterbrunnen 229 m. (752 ft.), Interlaken 
and Grindelwald 467 m. (1532 ft.). e gradients for the 
first line are 9 per cent. and for the latter 12 per cent. 
The maximum gradients where adhesion is used are 2.5 per 
cent. The original locomotives, Fig. 12, page 145, are six- 
coupled, four cylinder twin tank-engines with separate 
driving gear for she adhesion and for the rack working. 
The inner pair of cylinders, drives on an intermediate 
shaft with pimion gearing directly in the toothed driving 
rack-wheel. A loose ng rack-wheel is placed on the 
first adhesion axle, Each pair of cylinders has a separate 
regulator, but both of them are manipulated by means 





| * The Brinig Railway was illustrated and described in 
| ENGINEERING, vol. lviii., page 627, 
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of one controlling screw. Both the rack and the adhesion , There are six sections having rack-rails on the Abt system, 
mechanism are controlled by an air-repression brake, in| with a total length of 7.2 km. (44 miles). The heaviest 
addition to which both rack-wheels are also provided gradient on the rack is 12} per cent. The remaining five 
with separate hand-brakes. The third hand-brake, which | eavy gradients are only 10 per cent. The adhesion sec- 
acts on all adhesion driving-wheels, is chiefly used as a | tions have a maximum gradient of 24 per cent., and are 
shunting brake. Further, t af any se is provided with a| arranged with curves of a minimum radius of 80 m. 
Klose continuous steam-brake for braking the train itself. | (262 ft.). The locomotives draw the trains. 

In the year 1906 the Bernese-Oberland Railway ordered | The engines shown on Fig. 15, page 146, are combined 
two new locomotives of the ‘‘ Winterthur” type, equal | inane twin-engines on the Abt system. The 
to those of the Briinig, shown on Fig. 11. Now they are | cylinders driving the adhesion-wheels are Pp outside, 
providing their boilers with Schmidt's superheater. those driving the rack gear are placed inside. The two rack 

Tn 1890 the only mixed system of railway mounted on | driving-wheels are mounted in a separate frame suspended 
the public road was built between St. Gallen and Gais.* | on the two driving adhesion-axles, and so they are inde- 
The gauge is 1 m. In a total distance of 19.52 km. | pendent of the x gm play, according to the Abt system. 
(12.12 miles) 15.1 km. (9.4 miles) are built on the ordinary | There is a Bissel bogie underneath the driver's foot-plate 
high road, Twenty-six per cent. of the line has gradients | which ensures the engine taking curves properly. 

The small engine shown in Fig. 16, page 146, is used for 
easy traffic, and as contractors’ locomotive for construc- 
tion of rack railways. On the mean gradient the boiler is 
level. The frames are carried by two adhesion axles, which 
are connected by means of connecting-rods with the rack 
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wheels, and an automatic brake working on the rotor- 
axles. This brake can be manipulated also by hand, 
either by the gol or by the conductor in charge 
of the train. hen the train is going down hill, the 
motors act as generators; the current which is then 
developed goes up by means of the bows back into the 
cental station, where it tends to reduce the load. 

One month after the Gornergrat Railway was opened, 
the first part of the Jungfrau Railway was also started. 
The part between Kleine Scheidegg and Eismeer has a 
difference in level of 1092 m. (3580 ft.), and it was opened 
in 1905. The length is 5.8 km. (3.6 miles) and the gradient 
is generally 25 per cent. The gauge of the line is 1 metre. 
Where the line is in the open cutting the curves have a 
radius of 100 m. (328 ft.), the curves in the tunnel having 
200 m. (656 ft.), and the curves leading into the points 
80 m. (262) ft.). Strub’s rack was first applied here and 
three-phase current used. 

The locomotive shown in Fig. 18, 146, is of the 





Fig.7. Rigi RAILWAY 


same construction as the Gornergrat locomotive, its per- 
formance being somewhat higher. The speed of the train 




























































































TABLE I.—Particulars of Service of Locomotives 
Illustrated on this Page. 
Fig .é. — Fig. 6. Fig. 7. Fig. 8. 
PILATUS RAILWAY a ee Fah ct ec, —_— 
Name of railway .. Rigi Rigi Pilatus 
Gauge . --| 1435mm. | 1435 mm. 300 mm. 
(4 ft. Shin.) | (4 ft. Shin.) | (2 ft. 7hin.) 
Rack system ..| Riggenbach Riggenbach Locher 
Maximum gradient lin4 lin4 48 in 100 
Minimum radii of 
curves om .. 120 m, (394 ft.) 120 m. (394 ft.) 80 m. (262 ft.) 
Speed perhour ..| 7to7.5km. 7 to7.5 km. 4.5 km. 
(4.3 to 4.6 mls.) (4.3to4.6 mls.) (2.7 miles) 
Tractive power 8500kg. 8500 kg. 6500 kg. 
(maximum) (8.36 tons) (8.36 tons) (6.3 tons) 
is 7.5 km. (4.65 miles) an hour. When running down-hill 























above 4 per cent. provided with Klose’s system of rack. | driving-wheel placed between them. One of the adhesion 
The steepest gradient is 9.2 per cent. and the smallest | axles carries a loose rack brake-wheel. The cylinders 
curve has 30 metres radius. placed between the frames drive by an intermediate 
The first locomotives of this line were built between | crank-axle with pinion and spur-wheel on the rack-wheel 
1889 and 1891, according to wea ne eee — on | axle, just as described for the first Briinig locomotive. 
Fig. 13, e145. The engine has four-coup esion 
at adh ny Zon as a Bisse! trailing bogie which carries II.—Exrcrric Locomorives. 
the tank. The Bissel bogie axle is fitted with a brake The very great improvements made in electrical trac- 
rack-wheel. The four adhesion wheels are driven by | tion were naturally utilised also to carry on the working 
two outside cylinders. They are constructed as Klose’s | of rack-railways. The Gornergrat line, which starts from 
radial axles—that is to say, axles which can accommodate | the terminus of the Visp-Zermatt Railway, was the first 
themselves to the curves, so they are fitted with the | rack-railway to use electricity, and afterwards a whole 
whole complicated mechanism necessary to do this. The | series of other railways followed this example. 
rack-wheel is driven by two inside cylin ers by means of an (a) Railways on Rack only.—The Gornergrat line was 
intermediate shaft and pinion which gears directly in it. opened in 1898 ; the gauge is 1 metre, the rack on the Abt 
The adhesion engine works compound in connection with system, it has a length of 9346 m. (5.8 miles), and ascended 
the engine driving the rack. This arrangement was | height of 2359 m. (7740 ft.). The maximum gradient is 
designed by Klose. one: 20 per cent., and the smallest curves are 80 m. (2624 ft.). 
The new engines of the St. Gallen-Gais line are of the |The locomotive is shown in Fig. 17, page 146; it has 
‘* Winterthur” type, shown by Fig. 14, page 145. They | two polyphase motors, each having a maximum output of 
have four-coupled adhesion wheels, the rack driving- 90 horse-power at 800 revolutions per minute with 500 volts 
wheel being placed between them. They have also lead- pressure. The motion is conveyed to two independent 
ing and trailing two-wheel bogies. In.other particulars | rack driving-wheels by means of an intermediate shaft 
these locomotives are similar to the new Briinig locomo- | and double spur-wheel gearing. The locomotives rest on 
tives, Fig. 11. ; . | two carrying axles having springs with a definitely- 
The Visp- Zermatt Railway has also l-metre gauge, is sputeuibed range. The passenger coach is suspended to 
35 km. (21} miles) long, rises 955 m. (3132 ft.), an the locomotive frame in accordance with Mr. Rowan’s 


100-m. (328 ft.) minimum.curves, where the gear is in use. | design. By this construction a part of the coach’s load | Th 





increases the weight of the locomotive and so prevents the 





the braking is controlled by means of an electric resistance, 
| which is cooled by a fan. The motors then work as ordi- 
nary generators, owing to a special change in their con- 
nections, and the current thus genera is transformed 
into heat. } ‘ 

In the years 1900 and 1901 the Aigle-Leysin and Bex- 
Gryon-Villars Railway had been opened as the first rack- 
railways with continuous current. The gauge is 1 metre, 
gradients from 9 to 23 per cent. ; minimum curves, 60 metres 
radius. The rack is on the Abt system. The locomotives 
are fitted with two driving anda brake rack-wheel. With 
these engines the Winterthur Locomotive Works pattern 
of friction-dise coupling was first applied. It serves to 
reduce shocks resulting from short-circuiting and those 
coming from irregularities of the rack-pitch. ‘ 

The Brunnen-Morschach Railway, on the Vierwald- 
stiitter See, was opened in the year 1905. The line is 
2.05 km. (1} miles) long, the mean gradient being 
12.6 per cent., the maximum gradient 17 per cent. 
The line rises 257 m. (842 ft.), and the curves are 80 m. 
(262 ft.) radius. Strub’s rack-gear was used in this 
case. The locomotives are connected to the coaches on 
Rowan’s system. These engines have only one single 
driving-wheel, driven by two polyphase. motors, each of 
80 horse-power, by means of double transmitting-gear. 
The trailing carrying-axle is provided with a brake rack- 
wheel, and it and the driving rack-wheel are both braked. 
On both the up and down journeys a safety-grip is used, 
in addition to which the brake-wheels are fitted with 
guide-flanges, in order to provide for greater security 
against the wheels mounting the rails. : 
The Wengernalp Railway commenced to use electric 
driving in June, 1909, and now has ten locomotives of 
300 horse-power each. These engines, shown on Fig. 19, 
page 146, are generally of the same construction as those 
of Gornergrat and Jungfrau. It is a notable locomotive, 
as up to now they are the only ones built for 80-cm. 
(2 ft. 74 in.) gauge, which presents great difficulties in 
arranging for the transmission of power and the arrange- 
ment of the brakes. They have an equalisation of pressure 
on the rack-wheels arranged by means of balancing levers. 
is arrangement has been adopted by the Swiss Loco- 


motive Works, as well as a system of automatic interlock- 





* This line and its rolling-stock was illustrated and | rack-wheels from riding. The engine is fitted with two 
described in ENGINEERING, vol. liv., pages 741 and 805. —_| hand-brakes, each of which acts on both driving rak- 





ing which prevents the automatic brakes from being put 
in action when the train is going up-hill. 
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Each locomotive is provided with two-seriescontinuous- bow contacts at 1500 to 1800 volts. The braking when | is used. The total ascent is 564 m. (1850 ft.), and it 
current motors, each of 150 horse-power, this full age running down-hill is done by the ordinary method of | is worked by adhesion up to 5 per cent. gradients, the 
being capable of continuous use. The motors make 750  short-circuiting. steepest rack-line gradient is 25 per cent. 
revolutions per minute, and they are worked in series by = (b) Mixed Rack and Adhesion Lines.—The Stansstad-| The two motors of the engine, shown on Fig. 20, page 

Engelberg line was opened | 146, develop 150 horse-power each, and work by means 
in the year 1898, and has a/of *‘V”’ gearing and an intermediate shaft to the only 
length of 22.5 km. (14 miles). | rack driving-wheel. A special construction of a friction 
It is driven by three-phase | switch (made by the Winterthur Locomotive Works) 
hig.9. GLION-ROCHERS DE NAYE RAILWAY current of 750 volts. The| permits the two carrying-axles to engage as driving-axles 
pauge is 1 metre, and for a| on the adhesion lines by means of coupling-rods. 
ength of 14 km. (4920 ft.)} The Martigny-Chatelard Railway was opened in the 
the ladder form of rack-rail | year 1904. It is 19.132 km. (11.9 miles) long, is provided 


Fig. 10. WENGERNALP RAILWAY | 








































































! 
' 

















——— ——_ > " 
aang Samer ase ae 
a | 


2,650 =~ 


362") f —- - 
. 4280 
Fig. 12. BERNESE-OBERLAND RAILWAY 


L 


































































= 
; 1200 1,500 
0 7 3 4 


Met ——— ee 
5 10 20Feet with a Strub rack arrangement for a length of 2477 m. 


(14 miles), of which 1914 m. (1.2 miles) have a gradient of 
20 per cent. The adhesion part of the line has gradients 
up to 7 per cent., and the smallest curves have a radius of 
25 m. (82 ft.). The locomotives of this line are worked 
by continuous current. Their general construction is the 
same as those of the Jungfrau Railway, -but they are 
independent of the carriage. As those engines have to 
=== serve also on adhesion lines until 7 per cent. gradients, 
they are provided with a rigid coupling by means of 
connecting-rods between the rack driving-axles and the 
carrying-axles. The locomotive is equipped with the 
differential Westinghouse brake. 

In addition to the locomotives there are, on the 
Martigny - Chitelard line, nine motor - carriages, each 
of which rests on two four-wheel bogies. Each bogie has 
two motors of 80 to 100 horse-power, which, by means of 
spur-wheel gearing an intermediate shaft, transmit the 
power on the rack as well as on the adhesion axles. This 
rigid connection between adhesion and rack-wheels is not 
to be recommended, but up to date the system has 
worked without any interruption. 

The line between Monthey and Champery was opened 
in 1906, and has a length of 11.4 km. (7 miles), having 
three heavy banks of 13 ow cent. up to 136 per cent. 
It rises a total height of 640 m. The gauge of the 
line is 1 m.; it is fitted with Strub rack-gear, having 
curves of 80 m. radius, and is worked by means of 
a mixed system of motor-coaches, shown on Fig. 21, 
page 146. The portions worked by adhesion have maxi- 
mum gradients of 5 per cent., and curves of 60 m. 
The bogies, each of which has one adhesion and one rack- 
wheel driving-motor, each independent of the other, allow 
various gradients to be worked in the most efficient 
manner by the rolling-stock. The adhesion axles are 
driven by the adhesion motor, and are connected by 
coupling-rods. The rack-wheel motor works by means of 
double-spur gear on a rack driving-wheel mounted loose 
(2970.1) : : 5 ° Ben jt on one of the adhesion axles. 

imenerates ; er 7 : In —. 7 = ogy me oe yy of the 

! b 1—P 1U Servicr or Locomotives ILLUSTRATED ON THIS Pace. steam rack-railway between Glion- ers de Naye, 
TABLE II,—Parricutars of Service or Locomotives ILLv | wuld chusto fam the Guaee.qal of ie Territet- Gling 

, : ’ . , |rope railway above Montreux, the Montreux-Glion line 
Fie. 9. Fig. 10. Fig. 11. Fie. 12. | Fires. 13 anv 14. | was built in the year 1909; it has a gaugé of 80 om. 
| (2 ft. 74 in.), and the Abt double-flitch rack, which was 


S' GALLEN-CAIS- APPENZELL RL 














N ilw: ilion-Roc Ww ilway Swiss C tion’ Be: -Oberland . Gallen-Gais- f we : de 
ame of railway a ( tien Rechere de Vengernalp Railway po Hye < an ps all Ratloay used in order that it might form a direct communication 
i . | Railway) : between Montreux and Rochers de Naye. The line has a 
Gauge oe 800 mm. (2 ft. 74 in.) 800 mm. (2 ft. 7} in.) 1000 mm. (3 ft. 3{ in.) 1000 mm. (3 ft. 3§ in.) 1000 mm. (3 ft. 3g in.) | total length of 2.8 km. (1? mile), and rises 300 m. (984 ft.), 
a system — Bae aie oY -~ +} - Ty one | the maximum gradient being 13 pe cent. The radii of 
Maximum gradient  .. in = neha ~ peal the curves are 80 m. (262 ft.) in the open of the line 
Minimum radii of curves! 80 m. (262 ft.) 60 m. (197 ft.) 90 m. (296 ft.) 80 m. (262) ft.) 30 m. (984 ft.) . . . . , 
Speeds. .. ee ..| 7.5km,. perhour 7.5 to 12 km. per hour/12 and 45 km. perl2 and 35 km. perl2 and 30 km. per 60 m. (107 ft.) in the railway station, and 50 m. (164 ft.) 

(4.7 miles per hour) | (4.7 to 7.4 miles per | hour(7.4to28miles hour (7.4 to 21.7 hour (7.4 and 18.6 | &t the points. : : ~ 

hour) | per hour) miles per hour) | miles per hour) The locomotives shown on Fig. 22 (Page 147) are arranged 
Tractive power, max. | 6500 kg. (6.3 tons) | 11,000 kg. (10.8 tons) |11,000 kg. (10.8 tons), 10,000 kg. (9.8 tons) | 10,000 kg. (9.8 tons) | so that they can run either by adhesion only or by the 
jo Re I ARNE SAP ON ERAMEAE eos gear only. The two rack driving-axles are each 
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connected to the neighbouring adhesion-axles and carry | intended to be brought into service during the present | schaft Alioth, Miinchenstein, Cie. électrique et mécanique, 
a loose rack brake-wheel. The rack-wheels are always in summer. Both these lines have metre gauge and Strub’s | Genf. 

motion, as they are coupled Lg through double spur- rack-gear. The first line works with mixed locomotives! Switzerland has a total of 120 steam locomotives as 
wheel gearing to the motors. @ arrangement for run- | similar to those on the Montreux-Glion line, the second | well as 45 electric locomotives, and motor coaches 


> 





ning on the adhesion part of the line is as follows:—A line has six-wheeled motor-carriages having bogies similar | arranged for working with rack-gear. The total length 
friction-clutch coupling is keyed on to the intermediate to the Monthey-Champery type. | of the rack railways 4 140 km. (87 miles). and 
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TABLE III.—PARTICULARS OF SERVICE OF LOOOMOTIVES ILLUSTRATED ON THIS PAGE. 











— Fie. 15. Fig, 16, Fie, 17. Fie. 18. Fie. 19. Fie. 20. Fig. 21. 
Name of railway ..|Visp-Zermatt Railway § Martigny-Chatelard Gornergrat Railway Jungfrau Railway Wengernalp Railway Geena Sageieny | -—~ “ea 
way | way | way 

G * th -| 1000 mm. (3 ft. 3g in.) | 1000 mm. (38 tt. 3$in.) | 1000 mm. (3 ft. 3g in.) 1000 mm. (3 ft. 3§ in.) 800 mm. (2 ft. 7} in.) 1000 mm. (3 ft. 3g in.) | 800 mm. (2 ft. 74 in.) 

Rack system .. a a Abt } Strub Abt Strub Riggenbach Riggenbach Abt 

Maximum gradient .. oN 12 in 100 20 in 100 20 in 100 25 in 100 25 in 100 25 in 100 13 in 100 

Minimum radii of curves ..| 80 m. (2624 ft.) (197 ft nd $005 ft ) 80 m. (2624 ft.) 100 metres (328 ft.) 60 m. (197 ft.) 50 m. (1644 ft.) 60 m. (197 ft.) 

Speeds .. ‘s es ..|12 and 30km. per hour|7 and 25 kn. per hour; 7 km. per hour (4.3 9 km. per hour (5} miles'8.5 to 12 km. per hour|5.5 and 11.5 km. per|10 and 16 km. per hour 
(7.4 and 18.6 miles} (4.3and 15.5 miles per miles per hour) per hour) (5.2 to 7.4 miles per; hour (8.gand 7.1 miles (6.2 and 9.3 miles per 

| per hour) hour) hour) r hour hour) 
Tractive power, maximum) 10,500 kg. (10.3 tons) | 8500 kg. (8.36 tons) 6000 kg. (5.9 tons) 7000 kg. (6.8 tons) 9000 kg. (8.8 tons) 6500 kg. (6.3 tons) 6000 kg. (5.9 tons) 


— $$ $< — ——— 





shaft and transmits the power from this by spur-wheel The locomotives and motor-cars described have all’ The diversity of the construction of woes quening loco- 
gearing and connecting-rods to the adhesion axles. In been designed at the Winterthur Locomotive Works, motives in Switzerland has given those connected with 
rinciple 7—*¥ construction is that of the Engelberg which carried out the mechanical part; the electric the Swiss locometive industry an opportunity of exercising 
fenenttive, ig. 20, above. equipment was constructed and furnished by the dif- their experience in the construction of rack-railway loco- 

In conclusion, it may be mentioned that the Blonay- ferent Swiss electric firms: Brown, Boveri, and Co., motivesowing to the continually increasing demands made 
les-Pleiades and the Altstiitten-Gais Railway lines are Baden; Maschinenfabrik Oerlikon; LKlektricitatsgesell- by the problem. 
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SWISS 


MOUNTAIN 


(For Description, see Page 142.) 


Fig.22 MONTHEY-CHAMPERY RAILWAY 


RAILWAY RACK-LOCOMOTIVE-CARRIAGE. 











WORKMEN’S COMPENSATION CASES. 
Court oF APPEAL. 


Injury or Disease /—The Court of Ap has recently 

given judgment in a number of appeals from the Count 
‘ourts. Among the disputed points settled by the Lo 
Justices was that which arose out of the case of Cory 
Brothers, Limited, v. Hughes. 

The workman was a collier, who met with an accident 
in 1906 which caused permanent injury to his hand. The 
employers paid him half wages till August, 1908, when he 
was given “‘light work” as a signalman underground at 
a wage which was rather more than he had had before the 
accident. He continued at this signal work till April, 
1910, when he stopped work altogether. The medical 
evidence was that at this time he was suffering from 
heart disease. The walk to his work was uphill, and, 
therefore, impossible. 

In December, 1910, the workman applied to have a 
memorandum of ment registered. The ment 
was implied from the payment of the half wages—12s. 1d. 
—from February, 1906, “‘and during incapacity.” The em- 
ployers then — to terminate the agreement as from 
April, 1910. e matter came before the County Court 
Judge, who declined to terminate the compensation, but 
reduced it to 10s. a week. The Judge found that the 
heart disease had no connection with the accident. The 
employers carried the case to the Court of A , by 
which it was dismissed. The Master of the lis, in 
giving judgment, said it had not been suggested that 
10s. a week was too much. The amount was, of course, 
for the County Court, and not for the Court of 
Appeal. It had been no that it was the duty 
of the County Court Judge to say that the man was 
no longer nay. enon as a result of the accident. 
The man was shown to have given up work in April, 
1910. The disease was not caused by the accident ; 
therefore it was contended that since April, 1910, the 
man had not suffered loss on account of the accident. 
But this was not the point in this case. The point was 
not that there was disease and not accident, but that 
there was admitted to have been an injury demanding 
compensation, and that there had been an agreement 
between the employers and their workman as to the 
amount of compensation. An ment was as binding 
as the award of the Court. In the case of an award, as of 
an agreement, there was power given to either party to 
review or to terminate the ment or the award, and the 
applicant for review or ending was always the person on 
whom rested the onus of proof. If the employers in this 
case, when they asked for a review, ball dion good 
cause for claiming to diminish the compensation, on pay- 
ment of which they had agreed, they ought to have given 
proof that the injury to the man’s hand was not per- 
manent. This they did not attempt to do, but contented 
themselves with the statement that the new job as signal- 
man was retained by the man for two years after the 
accident, at increased wages. They ought to have 
remembered that they had to compensate him 
for a permanent injury to the hand, and that to the 
payment of half pay, as agreed, the man had a | right 
in respect of that permanent disability suffered in the 
course of his employment. To the plain, honest man it 
may seem unjust that generous employers, as in this case, 
should have to continue compensation, for which they 
might never have been asked by the workman but for the 
a of heart disease, which had nv connection 
with the accident. The suitable job as signalman would 
have been a satisfactory settlement of the injured work- 
man’s Claim if his heart had continued sound ; but when 
his heart became affected, the unfortunate man could no 
longer afford ly ot 8 his legal claim to half pay in respect 
of compensation for his maimed hand. The employers were 
not asked to compensate him for his heart disease. The 
disability from two separate causes no connection. 
The County Court Judge held that 10s. a week would be 
sufficient rather than 12s. 1d., already agreed upon, and it | 








TaBLe IV.—Particulars of Service of Locomotive 
Illustrated on this Page. 


Fic. 22. 
Railway Monthey-Champery 
Ga “a 1000 mm. (3 ft. 3§ in.) 
Rack system - Strub 
Maximum gradient... 34 in 250 
Minimum radii of curves 60 m. (197 ft.) 
Speeds , - oe 10 and 25 km. per hour (6.2 


and 15.5 miles per hour) 


Tractive power, maximum 3000 kg. (7.8 tons) 


had never been argued for the employers that it was too 
much. That the signalman’s work was not suitable *‘light 
work” was proved by the man’s physical inability to con- 
tinue it. Therefore the “light work” which the workman 
had accepted as the consideration for settling his claim for 
compensation for the injury to his hand had disappeared. 
The employers may think it hard upon them, but the 10s. 
compensation which the Judge ordered on review was 
less than the 12s. 1d. half pay which they themselves had 
agreed upon, and which the workman acted legally in 
regarding as an available asset coming to him when both 
injury and disease had totally incapacitated him for earn- 
ing wages. 

The employers’ appeal was dismissed, because the 
Judge evidently thought that when the employers 
elected to give proof merely that the man was in his 
new job getting his old wages, the ‘‘light job” was 
apparently not such as a man with the applicant’s 
ms disability could do. This case brings home 
the fact that the workman’s accident justified the man 
asking for a memorandum of agreement to pay half- 
wages oom incapacity. This decision shows the danger 
of offering _ work. The psyment of a lump sum 
in final satisfaction would be a safer mode of settle- 
ment than continuing the workmun’s services unless there 
were reasons to believe it was such light work as would 
be equal to his physical capacity. 

Review of Sailor’s Injury Case.—The appeal of Moss 
and Co. was that of the employersin the case of an award 
to a workman named Akers, made by the Swindon County 
Court Judge, who, havi eard all. the facts of the case, 
recorded the award, and dismissed the employers’ appeal 
to terminate or diminish compensation payments. It 
appeared that in October, 1909, the workman—a fireman 
on board the employers’ ship—contracted eo 
in his hand, and was taken to hospital. On June 10 a 
memorandum of agreement was filed, and in December an 
application was made for review. In February it was 
sent to the medical referee, before whom it was contended 
on behalf of the employers that the blood-poisoning was 
better, but that the muscles of the hand were stiff for 
want of exercise. It was argued that a new chain of 
causation had been set up—that is, that the accident for 
which compensation was awarded was no longer the cause 
of the man’s present incapacity, but unreasonable refusal 
to use the hand. The Court of Appeal agreed with the 
County Court Judge, who determined on the medical 
facts, and dismissed the appeal. 


House or Lorps. 


Arising out of Employment.—The question whether an 
accident for which compensation is claimed arose out of 
and in the course of the workman’s employment is the 
crux of most cases. As a rule, the facts are made clear 
in the County Court, but when some obscure legal point 
is in dispute the appeal may be carried to the House 
of Lords, as in the case of Kitchenham (pauper) v. 
Owners of the s.s. Johannesburg. In this case the ap 
from the Court of Appeal was taken to the highest 
Court, free of costs to the applicant, by the widow of 
George Kitchenham, a deceased workman, who, on 


December 28, 1909, was in the employment of respon- 
dents when the fatal accident happened for which com- 
pensation was claimed. : \ 

The question was whether drowning happened in the 





course of the man’s employment or arose out of it. 
The deceased was a steward on the respondents’ s.s. 
Johannesburg, which was anchored in South Shields 
harbour on mber 28, 1909. The man had my my 
go on shore, without applying for leave, when he had 
finished his day’s duties. On the day of his death he had 
gone ashore to t money to his wife, and at 10.25 at 
night he returned on board ship, there to sleep. His next 
day’s duties would have begun in the morning at 7.30. 
He was seen at ae going aboard by the watchman, at 
the dock gates, and soon after the alarm ‘‘man overboard” 
was raised by the watchman on board ship, a splash 
being heard in the water near the ship’s side. The only 
access to the ship was by the way, resting on the quay. 

The County Court Judge e an award for 250/. ) 
shipowner’s a from the County Court was allowed 
by the Court of Appeal, and the widow’s appeal dismissed 
by the Lords. For the employers it was argued that the 
deceased had not been on any duty arising out of his 
employment, and that his errand ashore never brought 
him in the way of the fatal fall into the dock in the course 
of his employment. 

The law in such circumstances is regulated by the 
Appeal and House of Lords cases, and determines 
the question ‘‘ whether the accident arose out of, and 
in the course of, the workman’s employment.” The 
cases are of infinite variety, but the Lord Chancellor 
said, ‘‘I am only going to say that in my view I agree 
with the doctrine of Moore v. Manchester Liners, 26 
T.L.R. 618, 1910. In the present case, we are to 
say, first, whether the accident was in the course of the 
employment. I think it was. The return of this man to his 
ship was in the course of hisemployment. We are next 
to say, Did the accident arise out of the employment’ 
I think not.” The other noble lords pc without 
comment, and dismissed the ap on # point of law, for, 
of course, they left the facts of the case to the County 
Court J udge, who alone decides questions of fact. The 
difference between an accident, demanding compensation 
when it arises out of the employment, and one occurring in 
the course of the employment, is made clear by these 
seamen’s cases, such as the above, and the leading case of 
Moore v. Manchester Liners. 

Seamen frequently meet with an accident when in the 
course of their employment in a strange port. It often 
happens when they are not at work on board ship, but on 
going or coming to their ship, and, of course, their leisure, 
as well as their working hours, is occupied away from 
home as sailors, and in the usual course of their employ- 
ment. What they may be doing when the accident 
arises does not always arise out of the employment. 

The Lord Chancellor remarked, ‘‘ the facts of each case 
were infinitely different, and if they were to differentiate 
them in courts of law, judgments would | to confusion 
rather than enlightenment. The sega judgment in 
Moore v. Manchester Liners, reve by the House of 
Lords, is an instance of the subtle differences of opinion 
between the Court of Appeal and the House of Lords.” 








THe Bacpap Raitway.—The different works in con- 
nection with the ilway p satisfactorily 
according to the plan. The laying of rails has y 
been carried beyond the highest Bs my of the Taurus 
section, the first section to be ops for traffic being the 
25 miles from Bulguren to Ulukischla ; a further section, 
from Dorak to Deirmen-Odjak, across the Adana Plain 
will be opened before the end of the year. An altera- 
tion in the direction of the line, ie poe the main line, 
Constantinople- -Persian Gulf will go direct via 
Aleppo, has somewhat retarded their work on this portion 
of the line. Apart from the concession, about con- 
tinuation of the main line, the company has concluded a 
convention with the Government about the construction 
and working of a branch line, some 45 miles long, from 
Osmanié or Mustapha Bay to the projected port of 
Alexandrette. 
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MODERN DIESEL OIL-ENGINES.* 
By F. Scuupe.er, of London. 


In undertaking to read a paper on Diesel engines before 
this Institution the author 1s somewhat afraid that it will 
hardly be ible to bring forward entirely new informa- 
tion. This subject has been dealt with so thoroughly in 
many recent publications that very probably many 
members have learnt more about it than can be discussed 
in the short time at the author’s disposal. Furthermore, 
the author regrets it has not been possible to show lantern- 
slides, which would have greatly assisted his explanations; 
but he is glad that there will be an opportunity for those | 
who are specially interested to study this question when 
visiting the works of Sulzer Brothers. The paper will 
therefore only give a short survey of the very practica 
development of the Diesel engine up to the present day. | 
This may be taken as having started shortly after Mr. H. | 
Ade Clark read his paper} on ‘* Diesel Engines” before 
this Institution in 1903. 

As is already known, it was the intention of the 
inventor to burn coal direct in the working cylinder, | 
which, however, proved to be impossible, as the unburned | 
residues could not be removed from the cylinder. This | 
condition of things will remain unchanged, and only oils | 
will be used as fuel; these, however, are of the most com- | 
posite properties, as will be described later. 

For ~~ with liquid fuel the propositions made by | 
different designers varied principally only in the arrange- | 
ment of the air-pump and the construction of the fuel- | 
valve. For instance, Haselwander and Trinkler used the | 
working cylinder, so to speak, as the first stage of the air- | 
pump by extracting air during the compression stroke 
from the former as soon as a certain pressure (about 100 Ib.) | 
was reached, and only producing the differential pressure | 
for the injection air (700 lb. to 900 lb.) in the actual air- | 
pump. Haselwander had his air-pump combined direct | 
with the working piston by a differential arrangement, | 
whereas Trinkler provided a special air-pump in the | 
cylinder-cover. Other designers proposed an interme- | 
diate process between those of the ordinary gas-engine 
and the Diesel engine. Thus Sabathé advocated compres- 
sion up to 300 lb. and artificial ignition of part of the 
fuel. The Brons motor, as still carried out by the 
Gasmotoren-Fabrik Deutz for smaller units, has also 
similar features. Generally, however, it can be stated 
that most of the above-mentioned propositions have 
disappeared, and some have not even been carried out, 
all of them giving place to the well-known Diesel prin- 
ciple, with its characteristics: compression in the work- 
os ae up to the ignition temperature of the fuel 
(about 500 lb., or about 1000 deg. Fahr.), and creation of 
the pressure of the injection air (600 lb. to 850 lb. per 
sq. in.), by means of which the fuel is introduced 
atomised into the cylinder, in an independent multiple- 
stage air-pump. It is only natural that the development 
of this principle has caused some difficulties in the 
beginning. In the hitherto-known steam-engine the 
working process takes place partly in the boiler, and 
only partially in the working cylinder. The boiler, which 
has no moving parts, deals with the heaviest part of the 
process, and furnishes the working fluid in a refined 
state to the working cylinder, whereas with the 
Diesel engine the whole process has to be dealt with in 
the working cylinder. at it has been possible within a 
respectively short period to develop the Diesel engine to 
such a degree as to enable it to compete successfully 
with the steam-engine also for large units, certainly proves 
the present-day skill and thoroughness of engineering. 
It may be stated that, as regards reliability, the Diesel 
oil-engine can now be considered as fully equal to the 
steam-engine, it being only a question of economy in each 
individual case which of the two prime movers takes the 
preference. There was one principal difficulty which had | 
to be overcome. The extreme high pressures and tem- 
peratures of the Diesel process put a limit to the dimen- 
sions of the cylinders, which will hardly exceed a diameter 
of 30 in. This corresponds to an approximate cylinder 
output of 300 to 400 horse-power, assuming 150 revolu- 
tions per minute of the shaft and ordinary Otto cycle. 
Theoretically there would be nothing in the way to 
obtain any desired output by arranging any number of 
cylinders side by side. Practically, however, it is not 
advisable to provide for more than six cranks, as a larger 
number would produce an inadmissible twisting of the 
shaft. Furthermore, such units require a great amount 
of space, and would become extremely costly. These 
reasons called forth the necessity of seeking other means 
by which to increase the specific cylinder output of the 
ordinary single-acting Otto-cycle engine. 

For this there are the following possibilities :— 

(1) By carrying out the single-acting Otto-cycle machine | 
as a double-acting one. 

(2) By adopting the single-acting two-stroke cycle 


— 





‘smaller and medium size units the single-acting Otto 


| working strain on the cylinder. 


tion of the usual working process of steam-engines also a very short time at the end of the outward or downward 
for the oil-engine. stroke. The length of the slots is about one-fifth of the 
he author will try in the following to throw a little stroke. With theordinary Otto-cycle machine twoentire 
more light on these various solutions in order that their strokes are available for this process, giving, however, thus 
respective advantages and disadvantages may be seen. only half the number of impulses which can be obtained 
As is known, this subject is, for the time being, a very , with the two-stroke cycle type. 
disputed one, and has not developed so far yet as to __As to the two-stroke cycle process, this is the same as 
permit any definite statement with regard to which of the well-known one employed with the highly.developed 
the solutions will be ultimately adopted for the large gas engines (Kérting, Oechelhiuser). It will be seen from 
Diesel units. It has, however, n ascertained that for the following that it is even more suitable for the Diesel 
engine. The two-stroke cycle gas-engine scavenges also 
at the stroke end with fresh air, the difference, however, 
being that already at this stage of the process the com- 
bustible mixture is introduced into the cylinder by a 
special gas-pump, and this even before the exhaust slots 
are entirely closed. It therefore cannot be avoided that 
rt of the combustible gases escape unused in the ex- 
Sees, creating thereby a possible danger for the engine. 
With the Diesel engine the fuel is only introduced at the 
end of the compression stroke, thus preventing any losses 
of fuel and danger of pre-ignition. The Diesel engine has 
furthermore the ad vantage that therather bulky and power- 
absorbing gas-pump can be dispensed with. It has also 
been ascertained that two-cycle gas-engines show an 
increased fuel consumption at partial loads, whereas the 
consumption of the two-stroke cycle Diesel engine, with 
smaller load, only differs slightly from that obtained at 
normal load. With regard to the fuel consumption in 
general, it must, of course, be expected that the con- 
sumption of the two-cycle engine will be somewhat larger 
| with respect to the effective output than in the case of 
the single-acting Otto-cycle engine. This must amount at 


cycle takes the preference, the same involving the smallest 
Although this type of 
engine necessitates a more or less frequent cleaning of the 
internal parts, especially of the exhaust-valves, the author 
is informed that such machines have worked for periods 
of six to eight weeks without interruption, even in cement 
factories and mills. 

The normal type of the single-acting four-stroke cycle 
engine is a vertical one with trunk piston and without 
special crosshead. This has not only the advantage that 





Fig./. TWO-CYCLE 
DIESEL ENGINE 










\ li: least to the percentage of the energy absorbed by the 
\¥ by ! air-pumps. There must also be another increase due to 





| the short cleaning and filling process of the cylinders, 
which does not allow as perfect a scavenging as with the 
four-cycle engine. With the latter under its worst con- 
ditions, about 7 to 10 percent. of the cylinder volume 
(representing the compression space) is hable not to be 
fully replaced by fresh air. Fig. 3, on the opposite page, 
is a diagram from a two-cycle Diesel engine. 

As a main advantage it may be mentioned that the 
turning moment is much more favourable, and conse- 
easy the revolving masses for obtaining a certain 

egree of cyclic variation are much lighter. The two- 
cycle engine furthermore guarantees better starting 
and better conditions for regulation, which is specially 
important for direct a my with alternators. The 
gore required is considerably smaller, and the engine is 
also lighter, and therefore cheaper. To give a figure, the 
difference in price between an ordinary single-acting 
four-cycle and a single-acting two-cycle engine for a 
capacity of 1000 horse-power already amounts to about 
25 to 30 per cent., which figure would have to be con- 
siderably increased if larger units were compared. 
Furthermore, the lubricating-oil consumption is somewhat 
smaller per horse-power, as the same cylinder and bearing 
dimensions are sufficient for producing about double the 
output. 

It still remains for reference to be made to the chief 
advantage of the two-stroke engine—that is, the elimina- 
tion of the exhaust-valve (or two in larger units). Some 
difficulties cannot be avoided with the latter, as soon as 
the same attains larger dimensions. Generally speaking, 
the fewer working parts coming into contact with the 
hot gas the better. The scavenging-valve (or valves) in 
the cylinder-cover may be dispe with. Only a part 
of the cylinder slots are then used as exhaust-slots, the 
remainder on the opposite side being used for the intro- 
duction of the scavenging air. A special shape is given 
to the top of the piston to guide the current of the 
scavenging air and to guarantee a thorough removal of 
the burnt gases. The scavenging-valve is thus removed 
from the high temperatures, and only the fuel-valves and 
starting-valves exposed to the same. 

It is self-evident that for the continually advancing 
engineer the problem of the double-acting Diesel engine 
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the wear and tear of the piston is very slight, but also 
others with regard to the construction of the fuel-valve 
and the symmetric shape of the combustion-chamber. The 
| space required is comparatively small, which is frequently 
| to-day an important advantage, and permits a good utilisa- 
| tion of the foundations upon which the enormous free 
| forces of the cylinders are transmitted verticall. 


The horizontal type, which is carried out i various 


firms, is specially suitable where small heights are essen- | 


tial, and resembles in its construction that of the normal 
| gas-engine. The free forces are more awkward to deal 
| with, and some difficulty also arises with regard to the 
| formation of the combustion-chamber and the introduc- 
| tion of the fuel into the cylinder. 
The author will proceed first with the single-acting two- 
stroke cycle-engine shown in Figs. 1 and 2, and will deal 


was attractive, especially as he already had excellent 
models in the gas-engine, for which the stuffing-box 
problem may be regarded as solved. On the other hand, 
|1t must be admitted at once that with the Diesel engine 
the conditions to be dealt with are much more unfavour- 
able, only to mention the higher pressure. It will, therefore, 
| be preferable to avoid the difficulties with the stufting-box 
in the first instance, and to develop the new type on the 
| lines of the single-acting four-stroke cycle engine, espe 
| cially as the gain in output is practically the same, To 
go at once to the double-acting two-cycle engine witl 
out first gaining experience with the single-acting engine 
seems to the author not to lie in the course of a natural 
development, and to be somewhat risky. As tothe design 
| of an engine of the latter type—namely, the double-acting 
| two-stroke enginethis favours the provision of a special 





with the double-acting engines later on. The first trials | crosshead, and also the horizontal arrangement. This 


working p with a Diesel engine of this type were made some 


rocess, : ; 
(3) By adopting the double-acting two-stroke cycle | 10 yearsago. Owing, perhaps, to the choice of too small 
working process. | an output, and also some other inadequacies, this first 


The double-acting Otto-cycle cylnder under (1) corre- 
sponds approximately to a doubling of the cylinder 
output. 

Almost the same result can be obtained by the P.- 
cedure under (2), which, however, necessitates, as will be 
explained later on, the provision of special scavenging | 
pumps. 

The solution under (3) would, theoretically, even quad- | 
ruplicate (in fact, by increasing about 3.4 times) the output 
of the ordinary Diesel-engine cylinder, and mean the adop- | 

* Paper read before the Institution of Mechanical 
Engmeers, Zurich Meeting, July 25. 

7 ings of the Institution of Mechanical Engi- 
neers, 1903, Part ITI., page 395. 





| attempt was not repeated for some time. 


It may be 
useful to recall some of its prineipal features. An 
exhaust-valve is dispensed with, the piston uncovering, 
at the end of its outward or downward stroke, slots 
arranged in the cylinder wall, through which the burnt 
gases escape from the cylinder. By means of a special 
scavenging pump an air-pressure of about 4 Ib. is produced. 
This lightly compressed air enters the cylinder through a 
valve arran in the cylinder-cover, drives the burnt 
gas out of the cylinder and fills the latter again with a 
new charge of air as soon as the piston in its upward 
motion covers the slots. The air-valve being closed, the 
air is compressed as in the ordinary Otto-cycle engine, and 


The whole process of driving out the 
the refilling of the cylinder takes place within 








| being so, it may be derived from gas-engine and steam 
| engine practice that for the support of the pistons a rear 
| stuffing-box, with bearing support for carrying the weight 
| of the pistons, has to be provided, which is certainly far 
from being desirable. In addition, great inconvenience 
is caused by the piston-rod having to pass through the 
mbustion-chamber, and necessitating an eccentric intro- 

| duction of the fuel. The combustion process must there- 
| fore be far more unfavourable, and the construction of 
the valve-gear more complicated. The proper setting of 
the two compression clearances on both sides of the piston 
is not as simple as with the pe pee engine, where 
by a shortening or lengthening of the connecting-rod the 
compression can be proportioned to any amount desired. 


| With the double-acting machine a compromise has always 
| to be made, and the length of the piston-rod has to be pro- 


| the fuel is introduced in the same way at the end of the | vided for an average compression on both sides. 
upward stroke. 
, Bases and 


“hen used for special purposes— the author has in mind 


\its application for ship propulsion—the engine must be 
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built as a vertical one, and it seems to him that the valves 
arranged in the lower cover of the cylinder are not easily 
accessible. Moreover, the difficulties with rd to the 
gear should not be overlooked. He would mention 
the excessive height of this kind of machine, which is a 
great disadvantage when used for men-of-war, as there 
would be considerable difficulty in arranging such engines 
within the armoured height. 

The constructive details of the various types of Diesel 
engines may be described together, as a large number of 
the component parts remain the same whether used for 
this type of Diesel engine or the other. This especially 
applies to the fuel-pump, fuel-valve, air-pump, piston, 
&e. The author will not, however, spend much time on 
this subject, as it is already sufficiently known, and as a 
visit to Winterthur is arranged. The air-pumps are 
to-day generally carried out as two or three-stage piston- 
pumps, with inter-coolers. Whereas smaller units have, 
as a rule, an a attached to each cylinder, driven 
by a lever from the connecting-rod, it is a general practice 
to provide for larger units one large common air-pump 

roducing the —_ 
he pump may be arranged either horizontally or ver- 
tically at one end of the bed-plate. is arrangement 
reduces the number of engine parts to be controlled, and 
also the first cost. The valves are generally metallic | 
ones, which alone are able to stand the high temperatures. | 

The design of the scavenging pump used with two- | 
stroke cycle engines does not call for any special remarks. | 
The ay may be controlled and regulated by | 
poppet or slide-valves. A very neat combination of this | 
scavenging-pump with the air-pump is carried out by | 
Messrs. Sulzer Brothers, who use the crosshead of the | 
scavenging-pump as low-pressure stage for the injection- | 
pump, which they hope to be able to show in the works. 

For lubricating the cylinders, special small oil-pumps— | 
that is, one for each cylinder—are provided. For bear- | 
ings, connecting-rods, &c., forced lubrication is generally 
advocated. The pump for the forced lubrication is driven 
direct from the shaft, and may be a piston or cog-wheel | 
pump. The motors fitted with forced lubrication are | 
totally enclosed, the dripping oil being gathered in the | 
bed-plate and sucked up again by the pump after having | 
passed through filters and coolers. Oil-holes are bored in | 
the shaft and connecting-rods, which take the oil from the | 
bearings up to the respective crosshead pins and other | 
places where lubrication is required. The cylinders are 
always cooled, the pistons only from a certain size up- | 
wards. The water is generally led to the engine by 
gravity, and only under a small Lend, 

For piston-cooling several solutions are possible. In 
most cases a telescopic arrangement is provided. The 
disadvantage of this solution is the necessity of providing 
a stuffing-box to prevent leaking water getting into the 
plate and mixing with the lubricating oil. ith the 
stuffing-box arranged in the piston it is im ible to 
tighten it when the engine is running. If the same is 
arranged unmovable on the frame, heavy arms have to be 
attached to the piston, which involve a considerable 
eccentric strain on the latter, and cannot therefore 
be recommended. In other devices joints are made use | 
of, which, however, are subject to similar disadvantages. | 
A very simple arrangement for the piston cooling, which | 
does not require any stuffing-box, and the working of 
which is absolutely reliable, deserves mention. ith 
this arrangement the water does not entirely fill the cool- 
ing space of the piston; the water is only squirted 
against the highly - heated surfaces and drains off | 
through a pipe which surrounds the spray-pipe. By this 
arrangement all additional pressures and strains are 
eliminated. Some firms use oil for piston-cooling, which 
may have some advantages, but which, on the other hand, 
has the disadvantage of a smaller on effect owing to 
the smaller specific heat and the smaller coefficient of 
transmission of this liquid. If the oil is taken from the 
general oil system of the engine, the cooling device for the 
oil has to be increased ve The exhaust-valves for 
smaller motors are not cooled, Some firms use no cooling 
device even for larger motors, which is an important 
constructive simplification ; whereas other firms have the 
larger exhaust-valves water-cooled. 

The author will now make a few remarks about the 
regulating process of the Diesel engine. In practically 
all types the fuel-valve is operated through levers and 
rollers by cams fixed on a side shaft, which open the | 
valve during 10 to 15 per cent. of the stroke, irrespective 
of load. The amount of fuel allowed by the regulator for | 
any specified load accumulates around the fuel-valve | 
spindle in a space filled with the highly-compressed air, | 
which, at the opening of the spindle, forces the oil 
through an atomiser into the cylinder. At smaller loads | 





tion air for three or more cylinders. | 


tion with regard to the suitability of the fuel for Diesel 
engines, so that this can only be decided by the actual 
tests. It happens that oil of a certain composition is quite 
satisfactory, whereas another of an absolutely similar 
consistency is unsuitable. It may be stated here that there 
is a large selection of cheap liquids available, the most 
important being: crude mineral oils, mineral oil residues 
(crude —— mazout), gas-oils—that is, interme- 
diate products of oil-refineries from which the lightest 
constituents, such as benzine and petroleum, have been 
distilled, and the gas oil-tars of water-gas works. More 
recently it has been found ible to utilise the by- 
products of the distillation of coal and paraffin, tar-oil, 
solar-oil, and paraffin-oil. Explosions or danger of fire on 
account of the high flash-poi 
| quantities of such fuel ma: Me 

| without being subject to the restrictions made by law. 
| 





nt are eliminated, and any | single-acting or double-actin, 
stored without danger, and | for marine purposes—cannot 


Different working conditions naturally require different | success has already attended such efforts. 


| such engines, with outputs —~ about 1000 horse. power, 
are in satisfactory service. The reversibility can easily 
be attained. It may be mentioned that Messrs Sulzer 
Brothers have done the pioneer work here in exhibiting 
the first engine of this type at the Exhibition of Milan 
in 1906. or outputs below 1000 horse-power these 
engines may be of the ordinary trunk-piston type, 
whereas for larger units crossheads should he provided, 
The appearance of such an engine does not differ con- 
siderably from that of the well-known steam marine 
engine. Some firms have y gone further, claiming 
to be able to carry outa double-acting two-stroke machine. 
Unfortunately, the results obtained with such engines are 
unknown to the author, and a definite decision—whether 
engines are most suitable 
given for the time being. 
| The author for his part feels somewhat doubtful whether 
Preferably a 





| types of the Diesel oil-engines. The piston speed is | two-propeller arrangement is adopted, and with larger 


generally between 600 ft. and 1000 ft. per minute, which | units the ecavenging-pumps will 


cannot be reduced below a certain limit, as otherwise 
the slightest leakage could prevent the compression 
attaining the required amount. This is especially im- 
| portant for marine Diesel engines when they are to run 
| dead slow. The piston speed can, however, as low as 
180 ft. to 200 ft. per minute for continual service. 


For standard slow-speed single-acting four-cycle engines | Diesel engines it is 


the number of revolutions lies between 150 and 300 at 
respective capacities of 1000 to 15 horse-power. These 
engines have the best fuel consumption, but have also the 


Fig.3. 
DIAGRAM OF TWO-CYCLE 
OIESEL ENGINE. 
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disadvantage that they are heavy and expensive. 
four-stroke cycle engine was crea’ 
units varying between 1000 and 100 horse-power. These 


high-speed types, if suitably designed and carried out by 
first-class manufacturers, are just as reliable in service as 


the slow-speed types. They have, however, a slightly | 


higher fuel consumption. On account of their smaller 
first cost they are especially suitable where the Diesel 
engine is intended as a stand-by. For very small 
auxiliary engines, up to about 100 horse-power, on 


ship, the speeds are still higher and range from 400 to 600 | 


revolutions per minute and even higher. 

Single-acting two-stroke engines with outputs rangin; 
between 700 and 3000 horse-power are carried out wit 
speeds of 160 to 140 revolutions per minute. 

For ship propulsion there is a tendency to use lower 
speeds in order also to obtain a good propeller efficiency. 


To givesome figures, 100 to 350 revolutions per minute may | 


be taken as limits for sets of several 1000 horse-power down 
to 100 horse- power. 


This approximately defines the application of the | 
i i amongst which 

ion is at present of | 
fore has so much been | 
as at present | 


Diesel oil-engine for various pur 
the last-mentioned for ship —— 
universal interest. Hardly ever 

written and discussed about an engine ty 
of the marine Diesel engine. It may well be stated that 
this is frequently done by firms who have not recogni 

and thoroughly studied the difficulties of the problem. 


Such a treatment of this question, though somewhat | 


characteristic of modern times, is certainly an unsound 


one, and failures are sure to follow. This will no doubt | the courtesy of 
affect the reputation of the Diesel engine for marine| yy. Inst. C.E., 
purposes, and retard its general application, which will | Council, and Vi 


especially be regretted by those firms who are really able to 
build saluhio engines for this purpose. The author takes 
this opportunity of requesting the members to initiate a 
development, which is somewhat slower, and thereby more 
natural, as this alone will guarantee a lasting success. 
Following this course, the normal four-cycle Diesel 
engine was first adapted for marine purposes, and there 
are several boats running with such engines. This type, 
however, having, as already mentioned, a limited output, 
and being, moreover, heavy, has the further disadvantage 


For | 
this reason a single-acting multiple-cylinder high-speed | 
, Which is especially | 
| suitable for direct coupling to dynamos. The speed | 
| varies between 220 and 350 revolutions per minute at 


| 
| 


the regulator acts upon the fuel-valve in such a way as to | that the most essential feature of the marine engine— | 


reduce the quantity. The fuel-pump has a constant | 
stroke, and the regulating of the fuel quantity takes place | 
by the governor acting upon the suction-valve, through 
which part of the fuel thus flows back into the suction- 
chamber. If a greatly-reduced oil quantity is delivered 
to the fuel-valve, or, in other words, at small loads, it 
may happen that no ignition is effected, probably on 
account of the great air surplus extinguishing the forming 
flame. To avoid this the air-pressure has to be reduced 
at smaller loads, which is done by hand in the case of 
smaller engines. Should this regulation be forgotten, no | 
danger arises from the engine, the result being only a | 
decrease in the number of revolutions until the regulator 
again delivers a somewhat inc fuel quantity. For 
larger engines, and especially where the conditions for | 
synchronising are more stringent, the regulation of the| 
injection air is done automatically by the regulator. 
A question which is of the greatest interest both to the | 
manufacturer and to the client is the choice of fuel. It is | 
certainly very surprising that the results of chemical | 
analyses of different fuels do not furnish exact informa-_ 


namely, the problem of direct reversibility—cannot easily 
be solved. For smaller crafts the propeller can be made 
reversible, or a special reversing gear can be fitted upon the 
shaft, similar to those used in motor-cars. Another 
sibility is to produce with a normal non-reversible Diesel 
engine electricity in a generator, and have the 
coupled to an electric motor, which can easily 


reversible. This system, the 80 - J 

system, which otherwise gives good results, is not very especially invited to attend. The other delegates 
economical on account of the numerous transformations | were Messrs. E. “Budd 
of energy. 

Seosp. “tke first boat of this type is the steamer Vandal, | Maistre (secretary 


out by Messrs. Nobel. A similar 
was built by Messrs. Sulzer 


ke of Geneva. The engine has 


on the Wolga, carried 
Diesel boat, the Ven 
Brothers in 1904 for the 
an output of 100 horse-pewer. 


uent cleaning. 


valves, which necessitate a more or less f ’ 
-mentioned 


These difficulties, including also the 


one with the exhaust-valves, could be overcome by adopt- | 


ing the two-cycle engine. A number of boats fitted with 





| 
| 


—— 
made | middle of May. 


It is also rather complicated, expensive, and | many), 8. P. Thompson re Britain), and C. 
. udd 


Another inconvenience of | 
| the four-stroke cycle type is the presence of exhaust- | 


| tainly remarkable. Messrs. Sulzer 
| out a special waste-gas utiliser, which it is hoped may be 


separated from the 
| propulsion engines and driven by independent non-rever- 
| sible Diesel units. 

The space required for marine Diesel engines is smaller 
than for steam plants, the difference amounting to about 
30 to 50 per cent., and the saving in weight is also con- 
| siderable, reaching as much as 50 per cent. With marine 
ible to attain a larger radius of 

action for ships, which can be five to six times as large as 
that for ordinary steamboats. The taking on board of 
the fuel is also simpler, cleaner and quicker, than the 
coaling of steam vessels. An advantage, which must not 
be overlooked, is the saving in fuel consumption through 
| the absence of preliminary heating and stand-by losses. 
Reference may here made to the paper read by 
Mr. Shackleton at the Institute of Marine Engineers, 
which gives an interesting comparison between “steam ” 
and ‘‘oil,” and contains in addition noteworthy informa- 
| tion about the marine Diesel engine. Another important 
| point is that the Diesel engine can be started at any time 
| and within the sbortest period, no extensive preparations 
| being required. The largest output per cylinder may be 
taken at present at about 500 horse-power, but, consider- 
ing the great efforts being put forward, 1000 horse-power 
| cylinders will soon be no rarity. As soon as this is the 
| case the marine Diesel engine will be in a position to 
compete successfully with the steam-engine, and will 
certainly hold the field. 

Regarding other applications of the Diesel engine, 
attempts have been made to build also Diesel locomotives, 
| but the author regrets not being in a position to furnish 
|any information. The adoption of the Diesel engine for 


| motor-cars and aeroplanes does not seem to be very pro- 





| mising, on account of the high pressures and consequent 


heavy and expensive constructions, not only for the 
engine, but also for tae accessories. 

One word is required as to the thermal conditions of 
the engine. The calorific efficiency, respective mechanical 
output, may attain 30 to 40 per cent.; 25 to 30 per cent. 
are lost in the cooling water, and the rest is contained in 
the exhaust- Of the latter heat, about 20 per cent. 


| can eventually be utilised for heating purposes, and in 


adding also the heated cooling water, the total efficiency 
of a Diesel unit may go up to 80 per cent., which is cer- 
rothers have brought 


shown in the works, 

With regard to the actual costs per brake horse-power 
hour, in assuming a fuel price of Foe. per ton (which is 
certainly an outside figure), this will amount to about 
0.11d. to 0,13d., or about 0.16d. to 0.2d. per kilowatt-hour. 
These figures are the actual figures maintained during 
actual service, assuming, of course, that the engines are 
kept in good condition. The author hopes that the dis- 
cussion will raise other voints of general interest, which 
are omitted in this paper, or throw further light on others 


| . 
mentioned therein. 





THE ASSOCIATION OF ENGINEERS-IN-CHARGE.—Throu 

Mr. ‘Maurice Fitzmaurice, C. MG. 
Chief Engineer of the London County 
ce-President of the Association, arrange- 
ments have been made that will enable the members, on 
Saturday, July 29, at 3 p.m., to visit the sewage pumping 
works at Crossness, Kent. 


Tue HEALTH Resorts AssociaTION.—This association, 
whose offices are at 29, John-street, Bedford-row, W.C., 
have issued illustrated pamphlets dealing with Swanage, 
Cardiff, Penarth and Barry, Southwold, Deal, and 
Llandrindod Wells. These give useful information on 
the various places, and they can be obtained free by 
applying to the town clerk in each township. 





THE INTERNATIONAL ELEcTRO-TECHNICAL COMMISSION. 


pos- |—An interim report just issued by the International 


Electro-Technical Commission states that the British, 
French, and German delegates met at Cologne in the 
Professor Eric Gerard (Belgium), who 


Delproposto | had presided at the Brussels Conference last year, was 


present 
Brunswick (France), E. e e- 
] Le 
, 28, Victoria-street, Westmin- 
ster, 8S.W.). Dr. le having stated that the Germans 
would be ready to abandon the symbol W for resistance 
(R), provided that I (not J, used in other respects) were 
adopted for current (instead of C), the meeting agreed to 
recommend this proposal to the Conference to be held a 
Turin. Thus I, E, R would become international 


e 
| symbols. Fifty ‘industrial terms” and definitions, as 


istinct from scientific definitions, of the German list 


were then agreed to in English and French. 
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FOREIGN ENGINEERING PROJECTS. 


WE give below a number of foreign engineering pro- | 
nite d i er fn od | Consul-General at Tangier (Mr. H. E. 


jects ; further data concerning the same can be obtain 
from the Commercial Intelligence Branch, Board of Trade, 
73, Basinghall-street, E.C. :— 

Spain: tates 6h 
General de Obras Pitiblicas, Ministerio de Fomento, 


Madrid, announces a competition of plans for the con- 
struction of a strategic railway from Alcantdra to San 
The line must be single track, of 
l-metre gauge, and the rails must weigh not less than) 


Vicente de Alcantara. 


30 kilog., and for steep gradients not less than 35 kilog., 

per lineal metre. Means must be provided for the trans- 
rt of artillery. Plans and specifications (legalised in 

Sp in) should be sent in by February 10, 1912. 

a 

has awarded to the Compajiia de los Ferrocarriles Estra- 

tégicos y Secondarios de Alicante a concession for the 

construction of a secondary railway from Alicante to 


Villajoyosa. It further contains notices, issued by the | 
Direccién General de Obras Publicas, authorising Don | 


Cipriano Tejero Sanchez to prepare plans for the construc- 
tion of two steam tramways (1) from Alm 
pefias (Madrid), ning b he J of Moral de Calatrava, 
and (2) from Quintanar ‘4 Orden to San Clemente (Pro- 


vinces of Toledo and Cuenca), passing by way of Toboso, | 
Venta del Cuervo, Santa Maria de los Llanos, El Peder- | 


noso, edrofieras, and El Provencio. It publishes a 
Royal Decree, under the Law of 1880, issued by the 
Ministry of Fomento, assigning a credit of 7,750,000 
pesetas (about 287,000/.) to be distributed as subventions 
to various Harbour Boards as follows: — Alicante, 


400,000 pesetas; Almeria, 400,000 tas ; ia 
100,000 pesetas; Barcelona, 150, pesetas; Bilbao, 
350,000 pesetas; Cadiz, 800,000 tas; Cartagena, 


220,000 pesetas; Castellén, 300,000 pesetas; Corufia, 
590,000 pesetas ; Huelva, 350,000 pesetas; Gijén-Musel, 
300,000 pesetas; Malaga, 290,000 pesetas; Mundaca, 
50,000 pesetas; Palma, 150,000 pesetas; Pontevedra, 
150,000 pesetas ; Ribadesella, 100,000 pesetas ; Santander, 
400,000 pesetas ; Santa Cruz de Teneriffe, 100,000 pesetas ; 
Seville, 420,000 pesetas; Tarragona, 300,000 pesetas ; 
Valencia, 250,000 pesetas; Vigo, 300,000 pesetas; Las 
Palmas, 200,000 tas; Denia, 50,000 pesetas ; Ferrol, 
30,000 tas ; Ceuta, 500,000 pesetas ; and Melilla and 
Chafarinas, 500,000 pesetas, (27 pesetas = 11. about), at 
present. 

Cuba; The Gaceta Oficial publishes Decree No. 467, 
granting to the ‘‘Société Immobili¢re de Cuba” a sub- 
sidy of 11,000 pesos per kilometre in respect of the con- 
struction of a railway from Guantanamo to Baracoa, 


Brazil: The Diario Official publishes Decree No. 8784 
approving the plans submitted by the General Directorate 
of Commeniontions and Public Works, for the carrying 
out of harbour improvements and extensions in the port 
of Paranagua, State of Parana. The cost is estimated at 
8,000,915 milreis currency (about 533,000/.) and 450,000 
milreis om (about 50,000/.). The Diario contains also 
Decree No. 8785, approving the plans, submitted by the 
General Directorate of Communications and Public 
Works, for the carrying out of harbour improvements 
at Jaragui, State of Alagoas. The cost of the work is 
estimated at 11,700,000 milreis currency (about 780,000/. ). 

Argentina: With reference to the Eg expendi- 
ture in Argentina on public works, H.M. Legation at 
Buenos Aires has reported that on May 13 the Minister 
of Finance introduced a Bill to authorise the floating of | 
an external loan of 12,000,000/. for the completion of 
certain public works in course of construction. The loan 
was to be external owing to the difficulty of floating bonds 
internally. The amount was raised to 14,000,000/. during 
the passage of the Bill, which finally became law early in 
June. e law provides for the carrying out of the 
following works :— 

Building of new warehouses at port of £ 
Buenos Aires, extension of break- 
waters in North Basin, installation 
of machinery for loading and dis- 
charging merchandise (Law No. 5126) 

Jonstruction of railways and other 
ublic works for development of the 

ational Territories (Law No. 5559) 

Construction of railways (1) from the 
sort of Diamante to join the line 
bon Monte Caseros to Posadas, 
continuing by Cuchilla Grande and 
through Curuzu-Cuatia, and (2) from 
the Port of Paran’ to join up with 

(1) and finally to make a junction 

with existing lines in the provinces 

of Entre Rios and Corrientes (Law 

No. 6341) ina ra ee ped 
Constructionand equipmentof national 

railways (Laws Nos. 6011 and 8117) 
Erection of the new Law Courts (Law 

No. 8115)... is ~ tz 
Construction of various works to be 

provided for by a later law ... . 2,000,000 


The works to be paid for out of the external loan now 
being floated are different from those for which the 
internal loan was intended, except in two cases, viz. :— 

1. Construction and equipment of national railways, 
under Law 8117 :—The amount was fixed by the Budget 


1,790,000 


3,348,794 


2,120,000 
4,000,000 
792,000 


Law at about 4,000,000/., reduced by the decree of 
March 11 to about 2,600,000/., and is now fixed for the 
external loan at 4,000,000/., as above. : 

2. Building and furnishing of Law Courts :—The 
amount was fixed by the Budget Law at about 525,000/., 
which provision was cancelled by the later decree, and 
the amount is now fixed at 792,000/., as above. 





he Gaceta de Madrid states that the Direccidén | 


he Gaccta 
notifies that the Direccién General de Obras Publicas 


‘0 to Valde- | 


Morocco: With reference to a call by the Special Com- 


mittee of Public Works for the construction of the first 
section of the beach road at Casablanca, His Majesty’s 


White, C.M.G.) 
| now reports that he is informed by the President of the 
| Committee that the final date for the receipt of tenders 

is August 24, and not August 29, as previously stated. 
| Tenders should be addressed to ‘“‘M, le Président du 
Comité Spécial des Travaux Fublics, Dar En-Niaba, 
Tangier.” 





Mintnc Macuinery. — The value of the mining 
machinery exported from the United Kingdom in June 
was 81,055/., as compared with 101,365. in June, 1910, 
and 80,039 in June, 1909. In these totals shipments to 
British South Africa figured for values of 40,019/., 43,6112, 
and 34,9201. respectively. The aggregate value of the 
mining machinery exported to June 30, this year, was 
502,0751., as compared with 648,802/. in the first half of 
1910, and 412,148/., in the first half of 1909. 





Corrosion OF SteEAM-Pipes By Sopa.—A case of cor- 
|rosion of wrought-iron steam-pipes and cast-iron valves 
of a boiler plant by the soda in the feed-water is reported 
by Dr. E. Westhoff, of Diisseldorf, in Stahl wnd Eisen of 
June 29. The boilers had been used, at about 180 lb. 
pressure, for four years; an examination revealed strong 
corrosion of the dry steam-pipes, while the wet steam- 
pipes had remained in good condition. The boilers were 
| supposed to be blown off every Wednesday and Saturday. 
| Sunday was a day of rest, and the gin Ma: made on 
a Tuesday, when 21 gramme of soda were found per litre 
of feed-water. This high percentage of a was evi- 
dently the result of accumulation, and the steam had 
carried soda particles with it, which had dried on the dry 
pipes and formed a white incrustation, while the wet 
steam had prevented the formation of a solid deposit. 
At high pressure and temperature soda dissociates into 
| caustic soda and carbonic acid. That the latter attacks 
| iron in the presence of water and oxygen has never been 
disputed ; that diluted caustic soda likewise corrodes iron 
| has been questioned, but the fact was established by 
| StahIlschmidt in 1886, and has been confirmed by the 
recent researches of Heyn and Bauer, of Kréhnke and 
| others, in connection with the re-opened discussion con- 
| cerning the problem of the rusting of iron. 


SunpHatium.—A new alloy of aluminium, to which 
'the name ‘‘Sulphalium” has m given, has recently 
| been placed upon the market by Messrs. Edward Le 
Bas and Co., Dock House, Billiter - street, London, 
| E.C. For this several valuable qualities are claimed. 
| Through the courtesy of this firm we recently had 
|the opportunity of seeing the alloy cast and worked, 
when we were particularly struck a the facility with 
which it could be machined and cut, there being no 
dragging of the material, nor clogging of files, troubles so 
much associated with pure aluminium. The melting point 
of the alloy is slightly higher than that of aluminium, 
being, we are informed, about 1200 deg. Fahr., and the 
material weighs about 3 per cent. more than that metal 
when pure, though slightly lighter than the general run of 
| aluminium coatings. Recent tests carried out by Messrs. 
| David Kirkaldy and Sons, London, showed that castings 
| direct from the mould had a tensile strength of from 7.8 
to 9.7 tons per square inch, and an elongation before 
| fracture of from 1.2 to 0.4 per cent. in a length of 4 in. 
Under compression the elastic limit in specimens 2 in. 
long and 1 in. in diameter is about 5.7 tons per square inch. 
The fracture was in all cases granular and sound. We 
understand that sulphalium is not affected by sea-water, 
and that it is being supplied in large quantities for 
Admiralty work. It appears also to be well suited for 
yeas parts of mathematical instruments, where stiffness 
and lightnessare required. Experiments are, we believe, 
now being carried out with a view of rolling and drawing 
the material into sheets and wire. 





Cas-Tyre-SHEATHED Capie. — An interesting and 
novel form of sheathing for trailing cables is being 
employed by the St. Helens Cable and Rubber Company, 
Limited, of Warrington. The company, in addition to 
being large manufacturers of electric cables, have been 
makers of cab-tyres for the last ten years, and decided, 
in view of the Sed service which their special rubber 
compound for cab-tyres proved itself capable of meeting, 
to experiment with it as a covering for trailing cables. 
When employed for tyres the compound proved itself 
to have great resistance to abrasion, high resilience, 
tensile strength, flexibility, and non-corrodibility, in 
addition to being waterproof, and as all these qualities 
are desirable in trailing cables, it appeared probable that 
the compound would be a suitable one with which to 
cover them. This anticipation has been well borne out 
in practice, and cables covered with the compound 
have proved very suitable for coal cutters or other 
similar work in collieries, for portable tools in ship- 
yards, &c., for quay-side cranes, for tram wiring, or, 
indeed, for any exposed and hard service. The cable 
is made up of two, three, or four conductors, in- 
sulated with rubber. and covered with the compound, 
and no external armouring or braiding is he 
interstices between the cases are rub with the com- 
pound so that there are no internal air spaces. This 
resists moisture creeping in. The covering resists 
abrasion well, so that even if the cable is used in a 
position in which it is continually trodden on or kicked 
about, it is well able to meet the conditions. If the 
covering is cut it does not fray or tear away as a braiding 
would, and is easily repaired. This special cable has 
now been in use for 18 months, and has been supplied to 
some 50 firms, and the makers inform us that in no 


CATALOGUES. 


Small Tools.—F rom Messrs. Wallach Brothers, Limited, 
Royal LondonHouse, Finsbury-square, E.C., a copy of 
their catalogue of tools has been received. This catalogue 
illustrates and states prices of a great variety of spanners, 
pipe-wrenches, stocks and dies, screw-plates and taps, 
pliers, braces and bits, drilling-machines, hack-saws, files, 
vices, hammers, measuring appliances, and other hand- 
tools for engineers, wood and metal workers, painters, 
glaziers, &c. 

Milling-Machines.—A copy of their catalogue of milling- 
machines has been received from Messrs. Schuchardt and 
Schutte, 34, Victoria-street, Westminster, S.W. The 
catalogue illustrates and gives full particulars, including 
principal dimensions and prices, of plain, universal, and 
profile milling-machines, with all accessories. Wori- 
milling-machines, rack-cutting machines, and machines 
for rounding the teeth of motor-car gear-wheels are also 
fully dealt with. 


Armouring - Machine for Rubber Hose, &c.—Mr. W. 
Fiirstenberg, of Brussels-Anderlecht, Belgium, has sent 
us a circular printed in five different languages, relating 
to an automatic machine for winding armouring-wire or 
tarred cord on rubber hose-pipes, electric cables, &c. 
The machine, which will deal with wire up to } in. in 
diameter, can also be used for serving cables with insu- 
lating tape and for ~~ other work of a similar nature. 
Prices are stated for the machine and for various acces- 
sories. 

Suction-Gas Plants.— A circular giving a general 
description of Ruston Powe and suction-gas pro- 
ducers has been issued by Messrs. Ruston, Proctor, and 
Co., Limited, of Lincoln. The circular gives a brief 
general description, with illustrations, of both producers 
and engines, which are made in seventeen sizes from 
8 to 260 brake horse-power. Tables giving the weights, 
principal dimensions, and other particulars of these 
plants are also given. 


Circuit-Breakers and Motor-Starters. — From Mr. 
George Ellison, Victoria Works, Warstone-lane, Bir- 
mingham, we have received price lists of circuit-breakers 
and motor-starters. The former are _totally-enclosed 
triple-pole switches, fitted with overload and no-voltage 
releases, and are suitable for alternating-current circuits 
up to 650 volts. Two sizes are listed for maximum 
currents of 50 and 100 amperes respectively. The starters 
are of the star-delta type for three-phase squirrel-cage 
motors. They are totally enclosed and gil immersed, and 
are supplied with or without no-vol and overload 
releases for pressures up to 600 volts. Prices are stated 
for two sizes, with contacts suitable for maximum currents 
of 50 and 100 amperes. 


Centrifugal Pumps.—We have received from Messrs. 
Ruston, Proctor, and Co., Limited, of Lincoln, a catalogue 
section devoted to centrifugal pumps. Full particulars 
are given in tabular form, of helical-type pumps in twelve 
sizes, in which the delivery pipes range from 3 in. to 
20 in. in diameter. These pumps are suitable for con- 
tractors, irrigation work, drainage, and all industrial 
urposes, and are designed for total lifts up to 80 feet. 

or lifts up to 165 feet, the delivery of one pump is 
connected to the suction of a second driven by the same 
shaft, and particulars are given of six of the smaller 
sizes so arranged. The catalogue also deals with a 2 in. 
pump with side-suction pipe for lifts up to 50 feet, and 
with ordinary centrifugal pumps for lifts up to 30 ft. ; 
the latter are listed in eight sizes up to 12 in. delivery. 
Illustrations of retaining valves, exhausters, and other 
accessories are included. 


First-Aid Outfits.—Messrs, Burroughs, Wellcome, and 
Co., Limited, of Snow Hill-buildings, E.C., have issued 
a small booklet giving particulars of first-aid outfits. In 
spite of the most elaborate precautions, accidents some- 
times occur in all establishments where machinery is 
employed, and as the consequences of such accidents may 
often be rendered less serious by immediate attention, 
economic, as well as humanitarian, considerations should 
urge those responsible to provide the necessary materials 
and appliances for first-aid treatment. The outfits dealt 
with in the booklet range in size from a very complete 
equipment, in a wood or japanned metal case, suitable for 
use in factories, mines, large engineering works, &c., to a 
small and light ket outfit specially intended for the 
use of aviators. The former contains a large number of 
surgical instruments, and a full supply of dressings, oint- 
ments, liquid medicaments, and drugs in ‘‘ Tabloid ” form 
—in fact, everything necessary for first-aid treatment, 
together with all the appliances and materials a qualified 
medical man would be likely to require on his arrival ; 
such a set would form a useful adjunct to the medical 
equipment of a yacht or merchant steamer. The other 
outfits naturally vary in completeness according to the 
price. 





CANADIAN SHIPBUILDING.—The British Canadian Ship- 
building and Dock Company has been organised by Mr. 
Grant Hugh Brown, of Broadway, New York, with a 
capital of 2,000,000/., all of which has been subscribed. 
Sir Henry Pellat, of Toronto, is the chairman of the new 
company, and the directors include Lieut.-Governor 
Gibson, of Ontario, and Sir C. Ellis, of Messrs. John 
Brown and Co., Limited, Clydebank. The company will 
establish shipbuilding yards, docks, and shops at Sydney, 
Nova Scotia, where some 300 acres have been acquired. 
It is proposed to tender for the construction of four 
cruisers and six torpedo-boat destroyers for the Canadian 
navy. The company contemplates a line of fast steamers 
between Sydney, Nova Scotia, and Fishguard. The idea 
is to construct three 26-knot steamers of an improved 





instance has a complaint in reference to it been received. 





Mauretania type. 
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‘* ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRAOTS OF RECENT PUBLISHED 
OATIONS UNDER THE AOT OF 1907. 
; : iven in the Specifieation Drawings is stated 

Where inventions are communicated from abroad, the Names, &c., 

i given in italis. 

ions may be obtained at the Patent O Sale 

eae Buildings, Chancery-lane, W.C., at 


r) 
The date of advertisement Ge seratonce of 0 Cunatate 
Specification is, in each case, given after abstract, unless the 
Patent has been sealed, when the date of sealing is given. 
ay pee may, at any time within two months from the date of 
the advertisement of the of a Complete Specification, 
give notice at the Patent O, of opposition to the grant of a 
Patent on any of the mentioned in the Act. 


ELECTRICAL APPARATUS. 


14092/10. Siemens Brothers’ Dynamo Works, Limi- 
ted, London. (Siemens-Schuckertwerke, G.m.b.H., Berlin, 
Germany.) Electric Condensers. (2 Figs.} June 10, 1910.— 
According to this invention, electric condensers in which inter- 
mediate conducting layers are inserted in the dielectric, either 
the intermediate conducting layers or the dielectric layers are 
formed of rigid bodies with hollow spaces into which, in the 
first case the dielectrics, and in the second case the conducting 





material, is pressed or poured. In the drawings, s!, s° represent 
metallic deposits on insulating surfaces t!, ¢2; the conducting 
powder between these surfaces and the glass or porcelain tubes 
are shown dotted ; b is the leading in connection, and a is the 
outer sheath. It is only necessary, whatever may be the shape 
of the apparatus, that the insulating layers are separated one 
from another by layers which have relatively to the former, 
though not necessarily specifically, a high electrical conductivity. 
(Accepted May 17, 1911.) 


1037/11. A. W. Penrose, London. Electrical 
Switches, [6 Figs.| January 14, 1911.—Thisinvention relates 
to switches for electrical lift systems for safeguarding gates, 
and is of the type in which a central guide-rod carries a contact- 
piece into or out of contact with spring terminals disposed 
in its path in certain positions. A is a casing, one end of 
which is closed and forms a bearing for the central spindle D, 
which has a collar to prevent its withdrawal through the bearing. 
The spindle D carries the insulating sleeves E and F engaging the 
metal contact-ring G between them, and it is also provided with a 
compression coil-spring H for actuating the switch when pressure 
on the spindle D isremoved. The second bearing for the spindle 
D is formed by the terminal fixing I, which also takes the end 
















Rage pe ee 
SS SS aa ne a G, 
De dheadeaaff aT a A 
2 Ya 


ES, 
JSS ig bee fends 
ee GT 
SNE ES CSET 

a. : 


—_ ——-- 
ST hp 


UZ 
cc 
(lbs varcarpsrrsrsssrcarssssssss witli 
- 


Zi 


























thrust of the spring H. The fixing I carries the insulating sleeve 
J and wedge-ended segments K, and the whole is fixed together, 
including the terminals M and N, by countersunk screws, so that 
the terminals will maintain a flexible contact with the ring G 
when opposite same. It will be seer that holes P are provided 
in the bases of the terminals M, N for the insertion of the wires, 
the bare wire being fixed and contact made by screws. The 
shoulder R stops the ingress of the fixing I, and, in conjunction 
with the finger-nut 8, having a milled edge, firmly secures it in its 
place, while allowing of the whole of the fixing along with the 
terminal wires being slid off the spindle D at any time, and 
detached from the casing A by simply removing the nut 8. 
(Accepted May 17, 1911.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


11,444/10. D. Clerk, H. N. Bi and W. 
predic, ~ ee ae 


ey, Ashton -under- 
(3 Figs.) May 9, 1910.—This invention consists in a gas-producer 
having a hearth, to which a limited quantity of air alone is 
supplied, situated at the side near the top of the producer, 
the fuel being char; on to this hearth and allowed to 
remain subject to coking action and then broken up and forced 
into the main vertical part of the producer, in which gas is 
formed by the action of steam and further air admitted at the 
top of the producer, the gas being let off at the bottom of the 


placed a damper d adapted to completely close the chimney when 


required. At the top of the producer and projecting on one side 
there is provided a continuation e of the combustion-chamber 
having a hearth / and doors g for charging, with apertures / for the 
admission of air below the hearth. At the bottom of the producer 
there is provided a pipe k leading from the combustion-chamber, 
to the cooling-chamber / and thence to the usual cleaning devices. 
Steam-pipes m and air-inlet n are provided to admit steam and air 
at the top of the producer, the steam being raised by regeneration 
from the cooling-chamber 1. The operation is as follows :—The 
vertical part of the producer is first filled up with coke and is 
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fired from the bottom in the usual , the d in the 
chimney being open. When the mass has become incandescent a 
charge of bituminous fuel is filled in on to the hearth at the top 
of the producer and is also fired. The damper in the chimney is 
thep closed, and the steam and additional air turned on, and the 
gases are drawn off from the bottom of the producer and pass 
through the scrubber in the usual way. When a fresh charge is 
required, it is inserted on to the hearth at the top of the producer, 
after the previous charge which has been coked on the hearth has 
been broken up by poking and forced into the vertical part of the 
producer. (Accepted May 17, 1911.) 


GUNS AND EXPLOSIVES. 


22,287/10. E. Schneider, Le Creusot, . Per- 
cussion Fuses. (10 Figs.) September 26, 1910.—In percussion 
fuses for explosive projectiles of the kind in which the striker is 
under the control of acentrifugal device, which, in turn, is con- 
trolled by an inertia device comprising a sliding ring under the 
control of a spring in such a manner that the centrifugal device 
is prevented from moving into the releasing position during the 
period of acceleration of the projectile, a movable safety ring is 
combined with centrifugal segments so as to come between the 
body of the fuse and the segments until the acceleration of the 
projectile ceases. The fuse comprises a fuse body a, in which 
there are arranged the fixed striker ) and the movable ee ol ¢ 
carrying the priming d. This plunger, the front part of which is 
guided in a tubular extension a! of the fuse body, is normally 
retained in the position shown in Fig. 1 by means of segments e. 
By means of an inner flange, these segments engage in a groove 
in the plunger, where they are held engaged by a Spring, common 
to them all, coiled in an external groove in the segments. The 
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segments e tend to separate as soon as the projectile begins its 
movement, and this separation, during the period of acceleration, 
might result in premature ignition and bursting. In accordance 
with this invention, the segments are combined with a movable 
ring g which, by its inercia, prevents movement of the segments 
as soon as the projectile has been fired, this action continuing 
throughout the entire period of acceleration. The ring g is 
balanced by a spring A which normally tends to retain it in the 
position represented in Fig. 1; it therefore leaves the segments e 
perfectly free, these segments being engaged with the plunger 
only by their spring, which is suffic:ently powerful to prevent the 
separation of the segments during transportation. When the gun 
is fired, the ring g by itsinertia compresses the spring A and occu- 
ies the position indicated in Fig. 2. It retains this ition so 
ong as acceleration lasts. Immediately afterwards it is returned 
by the spring / to the position shownin Fig. 1. Centrifugal force 
can then act freely on the segments ¢, which separate in extending 
their locking spring and occupy the position in which the fuse is 
cocked as indicated in Fig. 3. (Accepted May 17, 1911.) 
5365/11. Fried. Krupp Aktiengesellschaft, Essen, 
y- {4 Figs.) April 16, 1910.—This inven- 
tion relates to that clase of combined time and percussion fuses 
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producer. The producer has the main part of the combustion 


chamber a vertical, charging-doors ) being provided at the bottom, 


munication either with the one 
charge of the projectile. The y A-of the fuse has a hollow, 
upwardly extending pin a!, which is surrounded by a revolving 
composition ring B which lies upon the base a? of the fuse and a 
composition ring B! which belo to the time fuse of the well- 
known type of construction, and is arranged over the composition 
ring B. e composition ring B' is covered by a ring a%, which is 
screwed to the pin a! and prevents the composition rings B, B! 
from moving in the direction of the axis of the pin a. In the 
body A of the fuse is mounted a revolving sleeve O, which passes 
through the hollow pin a! and the axis of rotation of which coin- 
cides with the axis of the pin al. At its front end the sleeve C 
is screwed into a head-piece C! which bears nst the front end 
of the pin a! and of the ring a° and forms the foremost part. of 
the nt of the projectile. At ite rear end the sleeve © is pro- 
vided with a flange c*, in which is formed a hole c*. The hollow 
space within the sleeve C receives the firing-pin of the percussion 
fuse and a striker bolt D which contains the corresponding 
rimer. When the fuse isin the transport condition the striker 
»olt D bears against a screw plug which closes the rear end of 
the space within the sleeve C and the bolt D is firmly held in this 
position by a safety device of any well-known kind. The screw 
plug is provided with an igniting which running obliquely 
to the axis of rotation of the sleeve C, and also the flange c®, 
bears against the upper face of a bottom screw which closes in the 
body A of the fuse at the rear and contains a priming charge E 
communicating with the bursting charge of the projectile and a 
priming charge F arranged in an annular chamber and communi- 
cating with the shrapnel charge. Into the annular chamber 
which contains the priming charge F, —— an igniting passage 
which starts from the front end of the of the fuse, and con- 
sists of two parts a° and a® in the base. A second ignition 
leads to the priming charge E. Either the ignition pas- 
eading to the priming charge F, or the one leading to the 
am ad charge E, can be connected to each other, by means of 
the hole c? in the —— 
flange is set. (Accept 


charge or with the bursting 


e®, according to the way in which the 
May 17, 1911.) 


4060/11. A. E. Jones, Fiume, Hungary. Automobile 
To (8 Figs.) March 29, 1910.—This invention relates 
to percussion mechanism for automobile torpedoes in which the 


striker is held in its cocked position by a lever connected with a 
releasing member acting by inertia, and according thereto this 
inertia-releasing member is constituted by a cup surrounding the 
striker and resting upon the bottom of the mechanism casing, and 
held against this bottom Wy a moderator spring, mainiy with the 
object of reducing sensitiveness to shocks and increasing the 
safety of the — The member, which, owing to its inertia, 

roduces the release of the striker, is formed by a cup a surround- 
ng the striker, and which reste by its base b (which presents a 
beaded form) upon the bottom d of the box j of the mechanism. 
The bottom d is, preferably, cup-shaped, and presents at its peri- 
phery a circular rounded portion 1, the curvature of which is 
substantially the same as that of the beading } on the cup a. 
This latter is held against the bottom d by a spfing &, which may 
be termed the moderator spring, which bears on the one hand on 
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a plate m with lugs 2 fixed to he upper part of the cylinder , 
and, on the other hand, upon a movable sleeve o surrounding the 
cylinder t, and resting upon the bottom p of the cup a. The 
sleeve o is formed with an aperture r, and the cylinder ¢ also 
comprises a cross-shaped aperture 7}; through these a lever 6 
passes which is provided with two trunnions fitted into the small 
arms of the aperture r! ; this lever 6 is also prone by means of a 
pin to lugs projecting from the exterior of the sleeve o on both 
sides of the aperture r, The nose 5 of the lever 6 supports the 
piston 2, into which the screw-threaded head u of the striker h is 
screwed ; this striker carries the nut y which is adapted to com- 
press the spring 4 for cocking the striker which 8 through 
the gear-wheel g controlled by the endless screw / on the shaft e. 
The gear 7 also meshes with the toothed discs 7 carried by screws 8 
— through the lugs » of the plate m, their points 9 resting 
upon the upper chamfered flange 10 of the cup a. The box j of 
the apparatus is connected with its bottom d by a certain number 
of bayonet joints. (Accepted May 17, 1911.) 


LIFTING AND HAULING APPLIANCES. 


16,815/10. G.C.C. Henderson. Bristol. Hoists. 
(6 Figs.) July 14, 1910.—The invention relates to transmission 
mechanism for winches, hoists, and other lifting appliances. A 
is a bracket fixed to the bedplate of the hoist and having a boss B 
to receive the hollow pin C. To the pin © are fixed two links 


Fig. 2. 
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D and D!, one on each side of the boss B. The links D, D!, and 





setting device which enables the time fuse to be put into com- 





a chimney c being provided at the top, in which chimney there is 





 friction-wheel G. 


the pin C are free to rotate in the boss B. The oth f 
for posite projectiles which are provided with a retarding | the Finks D, D! receive the pin E, which carries the ~d ra Ke 
device that can be thrown into and out of operation and havea|F. Fixed to the pin E and between the links D, D! is the 


e pin E and wheels F,G revolve together. 
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The driving-shaft K of the motor jects through the hollow 
pin C and terminates in a bearing J upon the bed-plate. To the 
shaft K is fixed a gear-wheel H e with the wheel F. The 
operation is as follows :—The rotation of the wheel H rotates the 
wheel F and causes the friction-wheel G to revolve. A control 
rod is connected to the links D, D! at L for instance, and the 
links may thereby be rocked so as to bring the friction-wheel G 
into contact with the friction-wheel of the winch tobe driven. In 
fitting the above mechanism to a winch, the controlling-lever is so 

and connected to the links D, D! that a movement in 
one direction throws the friction-wheel G into gear with the 
friction-wheel of the winch and simultaneously releases the brake, 
a movementin the reverse direction disenqagng the wheel G and 
putting on the brake. (Accepted May 17, 1911.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 
1 /10. A. Stewart and the Westminster Tool 
Electric don. Electric 


C A ited, Lon 

Drills. (2 Figs.) June 15, 1910.—This invention relates to 
electric drills of the kind provided with an adjustable friction- 
clutch for transmitting the motion of the armature of the electro- 
motor to the drill gearing, and consists in the combination with 
the armature spindle of the electric-motor, of a collar or the like 
forming the driving part of a friction-clutch, and the motion of 
which is transmitted to the driven part of the clutch through the 

di of a ber of springs, each having shoes frictionally 
bearing upon the inner surface of the said driven part, which is 
arranged concentrically with the driving part. a is the casing of 
the drill, and b is the electric-motor for actuating the drill, c being 
the spindle of the armature of the motor. d is the collar, which is 
mounted upon the armature spindle, and e¢, e are the springs 
which project from the periphery of the collar d. /, f are the 
shoes, which are fitted upon the outer ends of the springs e, and 
which are held by the tension of the springs in contact with the 
inner face of the driven clutch part g. is clutch part g actuates 
the drill gearing through the medium of a pinion upon its boss, 
Means are provided for regulating the pressure with which the 








shoes f are applied against the surface of the clutch party. In 
the construction illustrated this regulation is obtained by means 
of aset-ecrew h, provided in conjunction with each spring e, the 
set-screw being mounted radially on the collard in such a manner 
that its outer end bears against the inner face of the spring. It 
will be obvious that by adjusting the position of the screw it can 
alter the limit of the movement of the spring inwardly. The 
driven clutch part g may be formed with radial projections or 
vanes m upon its outer periphery. The object of these vanes is to 

enerate a current of air when the drill is in operation, which air 
flows through the armature, and maintains the same cool. With 
the described construction it will be understood that as the 
armature shaft ¢ rotates it revolves the collar, which carries with 
it the shoes f,f. These shoes bear against the face of the driven 
clutch part g, and so drive the same, and thereby the drill, the 
power being transmitted until the torque exceeds a predetermined 
amount, which can be adjusted by controlling the tension of the 
springs, so that when the predetermined degree of torque is 
exceeded the shoes will slip, thereby obviating the liability of 
injury accruing to the armature. In practice the friction surfaces 
of the clutch are lubricated. (4ccepted May 17, 1911.) 

5124/11. B. illy, Sheffield. Twist-Drills. (2 Figs.) 
March 1, 1911.—This invention relates to twist-drills having two 
quarter-twists of the flat shank at any suitable distance apart, 
both twists being in the same direction, and consists in twisting 
the said two quarter coils upon the shank in opposite directions. 
The body of the drill is twisted from a flat, or approximately flat, 
bar of steel to the uired helical configuration, the grooves, 
surfaces, and cutting edges being finished by the usual processes. 


‘tg.1 





A represents the shank ion, B part of the twisted body, 
C is the upper twist, and Dis the lower twist. The applicant has 
found as the result of actual experiments that by forming the 
upper twist C in the opposite tion to the lower twist, as 
shown in the drawings, a very considerable advantage in dura- 
bility and in the life of the drill is obtained, the lower and stronger 
part of the shank taking the greater amount of the torsional 
strain, and thereby reducing the liability to fracture which so 
often occurs in the shank part of twist-drills. As there are both 


ight and left-hand drills, the lower twist D is made in the same 
direction as the helical twist of the drill body—that is, either to 
the right or left-hand, as the case may be, and the upper twist C 
is made in the opposite direction. (Accepted May 17, 1911.) 


RAILWAYS AND TRAMWAYS. 


10, 10. James Howden and Co., Limited, and 
J. den, Glasgow. Locomotives. (3 /igs.) April20, 
1910.—This invention relates to locomotive furnaces in which a 
forced-draught air supply is provided partially through the fur- 
nace-door by devices connected therewith, which devices include 
an inwardly and downwardly inclined outlet portion adapted to 
direct the air current on to the fuel in the fire-box, and prevent its 
flow directly towards the fire-tubes. The invention consists in 
the particular construction and arrangement of parts. The 
framing of the door A includes a hollow structure which is dis- 





posed externally of the furnace, and affords an air-jacket B; to 
permit the passage of air into the furnace, a director, composed of 
a casting C attached to the door, is provided, the said casting com- 
prising a flat part D fitting the fire-door opening, so as to constitute 
the inner door-plate, but having a central open box-like part E 
inclined inwards and downwards, so as to form a downwardly- 
inclined directing passage for the forced-draught air enterin; 
through the hollow door. The air-director so formed is attach 
to the door front by means of bolts or the like, and projects from 
a point outside the furnace into the interior of the furnace, as 
shown. (Accepted May 10,1911.) 


7198/11. E. M. Manro and the Railless Electric 
tion Company, Limited, London. Trolley 
Bases. (3 Fiys.) May 5, 1910.—In a trolley base having oné or 
more tail springs extending more or less horizontally from the 
base or carrier, and acting upon the socket carrying the trolley- 
le so as to raise the upper end of the pole into connection with 
the overhead conductor, the socket is rotatable, and the tail- 
spring is mounted on a relatively stationary carrier, which does 
not rotate with the socket. The pole-socket can be thus swung 
round relatively to the base without any rotary movement of the 
part upon which the spring is mounted. A central support is 
provided, having an upper portion A and a foot or base Al, in- 
tended to be bolted in some convenient position on the vehicle. 
The upper part A is provided with ball bearings, between which 
is held a casing C having a hood C!, serving to protect the 
mechanism of the trolley base from the weather, and also to 
support the pivots of the trolley socket D. The inside of the 
upper hollow portion A receives a sleeve E, capable of rotating 
and of sliding longitudinally within the member A. The sleeve E 


ing through the centre of the support A, A! without causing 
any rotary movement of the rods K, tubes L, or springs M. (Ac- 
cepted May 17, 1911.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


13,853/10. J. Davidson, Pendleton. Valve-Gear, 
(4 Figs.) June8 1910.—The invention relates to the valve-gear 
of high-speed vertical engines of the type in which drop-valves, 
combined drop and piston-valves, or single piston-valves are 
employed. The invention is to enable the valves to be actuated 
direct from the crank-shaft. The valve is operated from a spring 
plunger as a, which is free to slide in a guide-box, but is not 























connected to the valve. A roller e on the end of a link e! is inter 
posed between the end of the plunger a, and a cam is formed on 
one end of a pivoted lever /, whose —— end is connected to 
the rod j of an eccentric k on the crank-shaft / ; the plunger a is 
lifted and the valve opened by a projection g! on the cam g when 
the said cam is oscillated by the action of the eccentric k. 
(Accepted May 10, 1911.) 

15,923/10. J. Graham, A. Graham, Juv., and D. A. 
G " ow. Reducing Valves. [3 Figs.) July 4, 
1910.—The invention relates to a reducing valve fitted with a 
single diaphragm and a chamber underneath same open to the 
reduced pressure fluid, and consists in the combination of an 
elongated casing, a valve, a spindle connected to the valve, a 
balancing piston on the spindle, formed in one with a disc on the 
lower end of the spindle, a chamber above the disc, a diaphragm 
separating the chamber from the casing, and inner and outer 
ring-plates bolted to the casing and disc respectively, and a duct 
between the delivery side of the valve and the lower chamber. 
The valve 1 rests on a seat 2 formed in a partition 3 between the 
inlet and outlet chambers 4 and 5 respectively of the valve casing 
6, and has a pendant spindle 7 secured at its lower end to a disc 8. 
This disc 8 hasan annular circumferential wall 9, which is formed 
with a radial flange 10. Secured on the lower part of the spindle 
7, and forming a central boss to the disc 8, is a piston 11, of a 
diameter to effect the balancing of the valve 1 when both are sub- 
jected to the same pressure. The valve casing 6 is continued 
down and forms a chamber 12 around the valve spindle 7, and this 

hamber 12 is expanded at its lower end. A flexible diaphragm 
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is made in two parts, and contains between them a ring F, which 
is provided with gudgeon-pins F}, connected by links G to bell- 
crank levers H to a of the base A!. The lower end of the 
inner sleeve E is provided with lugs E®, to which is attached the 
lower extremity of a tie-rod J. upper end of this tie-rod J is 
furnished with pins, which engage with a fork D2 formed on the end 
of the pole-socket D. Each pair of bell-crank levers H is connected 
by adjustable rods K toa cross-bar K!, capable of sliding on tubes 
L which extend from and are mounted on lugs forming of 
the base Al. Encircling each tube L is a spiral spring M which 
is in compression between the cross-bar K1 and the stationary base 
Al, and hence each pair of ings acting through the cross-bar K}, 
the rods K and the bell-crank levers H, tends to pull down the 
ring F and the inner sleeve E. A downward pull is thus trans- 
mitted through the link J to the inner end of the pole-socket D. 
and the — extremity of the pole bearing tne shoe or coliector 
tends to raised into contact with the conductor. It will 





be obvious that in this construction, the pole-socket D and the 
sleeve C to which it is pivoted can rotate about a vertical axis 


13 is inserted between the lower end of the casing 6, formed with 
a flange 14, and a ring-plate 15, these being bolted together. 
The central opening of the ring-plate forms a cylinder for the 
balancing piston 11. The diaphragm 13 is extended to cover 
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the chamber 16 formed by the lower disc, and is secured between 
its flanges 10 and a ring or rectangular plat2 17 bolted to them. 
Constructed in this manner, the valve 1, spindle 7, and lower 
dise 8, with its ring 17, form a part which is capable of move- 
ment relatively to the other part, which consists of the valve- 
casing 6 and its ring 15. Direct-acting spring or springs 18, or 
weights acting through lever mechanism, may be —e to 
regulate the redu pressure of the steam required. These 
springs 18, as shown, are attached to the ring-plate 17 and to the 
bridge-piece 21, bearing on the cover of casing 6 by the regulating 
screw 22. A duct 19 is formed between the outlet lower-pressure 
chamber 20 and the chamber 16 below the diaphragm 13, to permit 
the low-pressure steam to act on the lower part of the chamber 
to close the valve 1 when the desired pressure is attained or 
exceeded. The action is as follows :—Initial pressure enters by 
the inlet 4 and chamber 12 between the underside of valve 1 and 
upper side of balancing piston 11, which are thus in equilibrium. 
On the valve being opened by the action of the springs 18 the 
steam flows through the valve 1 to the lower-pressure outlet 
chamber 20, and continues to flow as long as the y mgm! meme 
steam is maintained at the pressure desired. Any tendency of 
the reduced pressure to rise or be increased reacts down the 
port 19 to the chamber 16 below the diaph: 13, and closes the 
valve 1 by drawing down its spindle 7, and by acting on the top 





side of the valve 1. (Accepted May 17, 1911.) 
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THE OERLIKON ENGINEERING 
WORKS. 


Tue. Oerlikon Engineering Works at Oerlikon, a 
short distance from Zurich, which the Mechanical 
Engineers visited on Tuesday, July 26, were estab- 
lished in the early ’seventies of last century, by 
Daverio, Sieverdt, and Giesker, under the name 
of Daverio, Sieverdt, and Giesker, Werkzeugfabrik 
Oerlikon, mainly for the manufacture of wood- 
working machine-tools. The firm met with great 
success in this special branch, and decided, in 
1876, to take up the construction of iron and 
steel-working machine-tools, a branch which they 
pushed with equally good results. To this they 
added, in 1877-78, the manufacture of Porzellan- 
Walzenstiihlen. In the year 1874 the concern was 
formed intoa share company, consisting of a limited 
number of shareholders, under the title of ** Werk- 
zeug- und Maschinenfabrik Oerlikon,” the directors 
being Messrs. P. E. Huber-Werdmuller and Fried- 
rich Wegmann. The works were enlarged, and an 
iron foundry was added to them; then a brass foundry 
followed, the directors deciding to take up also the 
manufacture of electrical machinery, a branch in 
which the Oerlikon Works were early pioneers. 


powers up to 20,000 brake horse-power and more. It | 
is of particular interest to note that they build also | 
small turbines of from 5 to 500. brake horse-power, | 
which are eminently suitable for the driving of | 
pumps, fans, blowers, &c. They have also special- | 
ised in the building of so-called mixed-pressure or 
series-parallel turbines and low-pressure turbines. 

The company also build direct-current and alter- 
nating-current generators and motors up to 10,000 
brake horse-power and more ; also complete instal- 
lations. As proof of their activity in regard to the 
supply of electrical machinery, we may state that 
they have recently equipped the following important 
extra high-pressure power transmission schemes :— 

Obermatt (Lucerne-Engelberg), 8000 brake horse- 
power, 37,000 volts ; Guadino (Spain), 4800 brake 
horse-power, 52,000 volts; Caffaro-Brescia, 8400 
brake horse-power, 46,000 volts ; Port de Lignon 
(Cie el. de la Loire), 4800 brake horse-power, 
30,000 volts; Hemsjo, 4000 brake horse-power, 
40,000 volts; Cervara, 10,000 brake horse-power, 
27,000 volts; Albulawerke of city of Zurich in 
Sils, 24,000 brake horse-power, 46,000 volts (see 
Fig. 4, Plate XXXT.). 


The foundry for heavy work is well lighted and free 
from smoke and dust, and is illustrated in Fig. 7, 
Plate XXXII. In the forefront is shown the stator 
of a 12,000-brake-horse-power generator supplied 
to the Chippis Works of the Aluminium Industrie 
Gesellschaft Neuhausen. The weight of the cast- 
ing is approximately 9900 kg. The brass and metal 
foundry adjoins this. It contains three crucibles. 
A feature of this is the new installation which the 
company are now testing, and which consists of two 
electrical smelting furnaces, built by the Oerlikon 
Works under the Heilberger patents : one of 200 kg. 
and one of 100 kg. capacity. Each furnace is fitted 
with two single-phase transformers of 100 and 40 
k.v.a. respectively. Both transformers are at the 
moment connected up, according to Scott’s system, 
to the three-phase supply circuit of the works. By 
regulating the primary pressure by means of a 
cellular regulating switch, fixed to the transformer, 
the temperature of the latter can be regulated at 
will. 

The foundry for small castings (Fig. 8) has an 
area of 85 ft. by 105 ft., and is arranged in three 
bays, each served with a hand-crane. For the cast- 





As a typical illustration of other installations, 





we may refer to the vertical-type generators in 


ings of standard small machines which are built 
in series the works use three hydraulic moulding- 
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The honour of having constructed the first power- 
transmission line on an industrial basis belongs to 
this company. This installation had for its purpose 
the transmission of 50 horse-power over a distance 
of 8 kilometres, between Kriegstetten and Soleure. 
This installation, compared with modern ones, 
appears, of course, very small, but nevertheless 
it caused a great sensation at the time, being the 
first installation giving an over-all efficiency of 70 
per cent. Shortly afterwards the Oerlikon Works, 
together with a German firm, installed the famous 
power-transmission plant of Lauffen- Frankfort, 
which demonstrated the possibility of transmitting 
300 horse-power over a distance of 175 kilometres, 
at a pressure of 30,000 volts. The dynamo and the 
transformers used in this installation were built at 
the Oerlikon Works. 

Since that time the Oerlikon Works have gradually 
abandoned their early specialities, and now manu- 
facture exclusively steam-turbines of their own 
type, electric generators and motors for all purposes, 
and electrical plants complete, branches in which 
they have acquired a world-wide renown. 

The name of the company was changed in the 
year 1887 into that of Maschinenfabrik Oerlikon, 
the name it bears at the present day. The works 
as they now stand are shown in the bird’s-eye view 
above and in the plan, Fig. 2, on the next page. 
The site has an area of 103,000 sq. m., of which 
50,000 sq. m. (12 acres) are covered by buildings, in 
which there are employed about 2300 men and staff. 
The specialities of the company now consist exclu- 
sively, as above stated, of steam-turbines and elec- 
trical machinery. Their steam-turbines are of the 
Oerlikon impulse type, and they build them of 





Schaffhausen (Fig. 5). We may also mention the 
five vertical 500 k.v.a. three-phase generators for 
the city of Bremen, which, due to the extremely 
low speed (40 revolutions per minute), are of par- 
ticular interest. Fig. 19, page 155, shows the 
pole-wheel fitted with 150 poles. As a typical 
direct-current-generating station, we would refer to 
Chippis, the works of the Aluminium Industrie 
Gesellschaft Neuhausen (Fig. 6). The generators 
of this station are each capable of producing 
1720 kw., the current being 8000 amperes. We 
would here mention that the Oerlikon Works have 
supplied a large number of generators, motor- 
generators, turbos, and other plant for British elec- 
tricity works. Fig. 12, Plate XX XIIL., illustrates | 
a motor generator of 400 kw. for the Kensington and | 
Knightsbridge Electric Lighting Company in the 
erecting-shop. Fig. 13 illustrates one of the 
2 x 250 kw. in the test-room at the Oerlikon 
Works, for the Westminster Electric Supply Co. 
Commencing with the foundries, these are three in 
number—viz., one for heavy cast-iron work (Fig. 7, 
Plate XX X11) ; one for brass and metal castings; | 
and a foundry for light cast-iron work (Fig. 8) for 
small machines, turned out in series of about 50 to 
100 or more at a time. The foundry for heavy 
castings measures 393 ft. in length and 65 ft. in 
width ; it is served by seven 5-ton to 25-ton electric 
travelling cranes, and is set apart for the casting of 
large pieces, such as electric armatures, and so forth. 
The largest piece cast weighs 25 tons. There are 
two cupolas of quite modern construction, with a 
reservoir, each of 7 tons capacity. All the work is 
cast in sand. The side eee are set apart for 














manufacturing medium-size pieces, 





Brrp’s-Eve View OF THE OFRLIKON WORKS. 


machines—two for pressures up to 4 atmospheres, 
and one for pressures up to 25 atmospheres. 

Bordering on the foundry are the fettling-shops 
for the castings (Fig. 9). The very small parts are 
cleaned on the drum fitted with sand-blast, shown 
on the right-hand side of the illustration. Some- 
what larger pieces are cleaned on the main sand- 
blast with a rotary table. Larger pieces up to about 
1 metre in diameter, which, due to their shape, 
cannot be handled in the above-mentioned machines, 
are hand-cleaned. It was particularly noticeable that 
though the fettling-sheds were in full operation, 
there was no appreciable dust in the atmosphere. 
In the cleaning-tables, as also on the flooring of 
the cleaning-sheds, underground channels, covered 
in with perforated plating, serve for the drawing 
away all dust by means of a powerful fan equipment. 
The erection-shop for heavy turbine and electrical 
machinery, shown by the letter E in the plan, 
Fig. 2, page 154, is 690 ft. in length and 98 ft. in 
width, in two long bays, each served by eight over- 
head travelling-cranes of 15 and 20 tons capacity. 

The end of what we may style the second bay is 
occupied by the steam-turbine testing department. 
At the time of our visit there were two Oerlikon 
turbines in process of testing—one of 10,000 brake 
horse-power for Marseilles, and one of 825 brake 
horse-power for Algiers. 

In the steam-turbine test-room three Babcock and 
Wilcox boilers, each of 13,200 lb. hourly steaming 
capacity, supply the steam at varying temperatures 
according to requirements. The condensing plant at 
present installed is suitable for 16,000 Ib. of steam 
per hour. Long-hour trials can be carried out in 
the laboratories. The various elements of turbines 
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and electrical machinery, stators, rotors, and so 
forth, are first machined and then assembled. The 
machining is carried out on a number of powerful 
machine-tools, among which we may mention a 
large radial drilling-machine, also close by, a very 
big horizontal lathe. The two arms of the drilling- 
machine cover an area of 26 ft. diameter, and the 
work-table is represented by accurately machined, 
specially constructed cast-iron plating recessed 
and grouted into the flooring. The face-plate of 
the above-mentioned lathe measures 20 ft. in 
diameter. 

Another tool of some importance is a planing- 


The winding-shop occupies a parallel position 
with the erecting-shop above briefly described. 
This is set apart for the winding of magnets and 
armature 4 Of special interest is the manufac- 
ture of seamless mica tubes for the insulation of the 
stator-coils in connection with which the Oerlikon 
Works published their exhaustive periodical com- 
munication No. 36. There is an extremely simple 
and effective machine for winding exciter and pole- 
coils for three-phase generators, these coils being 
made of copper strip on edge. 

Then folk 
the turnery which gives into it. The machines for 





machine with a table 18 ft. in length and 8 ft. in 








corrugating the transformer-cases, as also the weld- 
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the infirmary for first aid to be given to the men 
in case of aecident. This is in the constant charge of 
an experienced medical attendant and is equipped 
with a]l the necessary appliances and medicaments. 
A so-called eye-magnet serves the purpose of 
extracting small iron particles from the eyes of the 
workers. 

From this place one arrives at the stock-rooms of 
the small motor department, which latter is referred 





to later on. The stock contains at the moment of 
writing approximately 1000 motors, and also all 


ows the transformer department and| sorts of electro-mechanical appliances, fans, drills, 


&c., varying in size from 4 to 80 brake horse- 


| power, ready for immediate delivery. 
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A. Head offices and sales department. E. Steam-turbine erection-shops. M. Switchboard erecting-shop. T. Steam central station and 30,000-volt trans- 
B, Foundry. F. Steam-turbine erection test-room. N. Carpenters’ shops. formers. 
B 1. Brass foundry. G. Boiler-house, &c., for turbine test-room. O. Smithy. U. Workmen’s club, restaurant, recreation- 
B 2. Foundry, with moulding-machines for repe- H. Erecting-shop for large machines. P. Motor and apparatus stock-rooms, rooms, and baths. 
tition manufacture. I. Winding-shop. Q. Boiler-house for steam stand-by, central sta- V. 40,000-volt transformer station. 
©. Department for cleaning castings, sand- J. Test-room for the electrical works section. tion. W. Pattern-shops. 
blasts, &c. K. Railway department. . Shipping and dispatching-rooms. 
D. Drawing-office. L,. Stamping-shop (laminations, &c.). S. Crane and small motor section of works. 


width. All the heavier machines throughout the 
works are driven by separate electric motors. For 
the smaller tools group drive (three to four tools 
per counter-shaft) is adopted. Some general 
views are given in Figs. 10 and 11, the first illus- 
trating the turbine department, the latter the 
erecting-shop for large electrical machinery. 

In the centre of the second bay is mounted a 
large boiler, in which the transformer coils are 
impregnated with oil under vacuum. On the occasion 
of our visit a 250-k.v.a. transformer of 200,000 volts 
secondary ieee was being impregnated therein. 
At the end of the second bay, opposite the steam- 
turbine test-room, is the main laboratory and test- 
ing department for electrical machinery and trans- 
formers. A section of the test-room is shown in 
Fig. 13. At the time of the visit a 2650-kw. direct- 
current generator, 300 revolutions per minute, 340 
volts, 7800 amperes, attracted particular interest, as 
also a 300-volt direct-current submarine-boat motor. 





ing department for these latter, are found here ; 
also the factory for mantles for transformer coils. 
The Oerlikon Works receive in this shop gene- 
rally the locomotive frames which they fit with 
requisite motors and other electrical gears. A large 
number of traction-motors shows that this depart- 
ment is kept very busy. In these works, for 
instance, the 2000-brake-horse-power locomotive of 





the Berner-Alperbahn Gesellschaft was constructed, 
the excellent results of which during the trial and | 
thereafter are still in the memory of most readers. 
(Fig. 20, page 156.) This locomotive is the biggest | 
of its class ever built. It was constructed for up toa 
speed of 70 km. per hour and has to pull behind it 
a train of 310 tons on an incline of 1 in 37 ata speed 
of 42 km. per hour, figures which have actually 
been improved upon at the trials. Close to the 
last-named department is the stamping department 
and sheet-paper insulating machine, which call for 
no special comments. In close proximity, also, is 


Close by are also manufactured the well-known 
Oerlikon electrolysers for the productionof hydrogen 
and oxygen. These apparatus are used in all kinds 
of industrial undertakings, metal-filament lamp 
factories, accumulator factories, metal, iron and 
sheet-steel welding processes, and they are also 
widely employed for the making of hydrogen for 
the inflating of balloons. A large installation has 
only quite recently been supplied by the Oerlikon 
Company to the British Government for the latter 


/purpose. The very economical conditions under 


which these electrolysers work, and the very pure 
gases produced thereby, not to mention the safe 
running qualities and low up-keep costs of the same, 
secure the Oerlikon Works a rapidly increasing 
number of orders for this speciality. 

The Oerlikon smithy measures 164 ft. in length 
and 56 ft. in width. It contains five steam-hammers 
of varying sizes, and whilst all smaller pieces are 
furged in this smithy, the largest are purchased 
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outside. The erecting and finishing department 
for the manufacturing of smal) electric machinery 
up to 80 brake horse-power, and the electro- 
mechanical applications, forms a suite of shops, 
which are distinct from the other part of the works, 
and which consists of the fitting, winding, and 
erecting-shops complete, the painting-shop and the 
delivery-shop, the work followmg a regular sequence 
to the last department. 

The small motor works are capable of turning out 
anything up to 6000 motors per year, and supply 
all industries (Figs. 15 to 17, Plate XXXIV.). At 
the time of our visit a series of some 230 single- 
phase commutator motors, fitted with an automatic 
speed-variation device, could be seen in course 














mission installation, which latter was the first 
30,000-solt equipment in Europe, and was built 
by the Oerlikon Works themselves. Part of the 
power can also be supplied by the steam central 
station, and more recently powef is also obtained 
from the Albulawerke, of the city of Zurich 
(transformer station V on plan, Fig. 2). The 
rapid growth of the factories made these succes- 
sive sources of power supply quite essential, and 
the necessity of rendering the works safe from acci- 
dental stoppage found expression in the building of 
their own steam central station, Fig. 14. he 
boiler-house contains six boilers of the Cornish type, 
and two water-tube boilers of sufficient steaming 
capacity to supply a 200 and 600-brake-horse-power 
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of construction. These motors will be installed in 
large cotton-mills in Gokak, in the Province of 
Bombay, for driving ring spinning-machines. These 
individual drives, for which the Verlikon Company 
hold valuable patents, have been developed very 
energetically and extensively, and similar equip- 
ments have been sent out, and are constantly being 
sent out, into various parts of the world. Other 
textile specialities, loom-motors, motors for textile 
preparation machinery, gioup drives, &c., are 
equally successful. 

Crane-motors, electro-hydraulic riveters, the 
test-bed for the crane department—which latter 
is one of the most important on the Continent— 
and other specialities of an interesting nature are 
constructed in the bay immediately adjoining the 
small-motor department, Fig. 17. The crane de- 

rtment is, as aforestated, regularly very busy, and 
1as turned out up to date over 700 cranes of all 
sizes up to 120 tons individual hoisting capacity. 
Fig. 18 illustrates the switch-gear department. 

the power which drives these factories is sup- 
plied from the Hochfelden Oerlikon power trans- 
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Sulzer engine with steam at a pressure of ten 
atmospheres. For rapid transit between the indi- 
vidual shops and for quick transporting of the pro- 
ducts from one factory to another in efficient 
sequence, a carefully-laid-out narrow-gauge railway 
system serves excellently, assisted by the normal- 
gauge railway sidings running along all the principal 
sheds and shops and connecting up the works with 
the railway station on the Swiss Federal Railways. 
The Oerlikon Works’ own electric locomotive serves 
on the normal-gauge railway sidings. 

Among the characteristic work the company have 
carried out, we may mention the following repre- 
sentative installations :— 


Electricity Works of City of Milan: One three-phase 
turbo-generator, 4000 brake horse-power, 1260 revolutions 
r minute ; one three-phase turbo-generator, 5500 brake 
orse-power, 1260 revolutions per minute ; one generator, 
10,500 brake horse-power. 

Electricity Works, Montbovon, Romont: Two three- 
phase turbo-generators, 2400 brake horse-power, 1500 
revolutions per minute. 

Catalana Electricity Works, Barcelona: One direct- 
current turbo-generator, 1500 brake horse-power, 1200 


revolutions per minute; two three-phase turbo-generators, 
1900 brake horse-power, 1500 revolutions per minute. 

Gas and electricity works, Stockholm: Two three- 
phase turbo-generators, 2250 brake horse-power, 1500 
revolutions per minute; two three-phase turbo-gene- 
rators, 10,000 brake horse-power, 750 revolutions per 
minute. (Fig. 5, Plate XXXI., shows the two last- 
named sets on site. ) 

Venice: One turbo-generator, 4800 brake horse- power. 
Cairo: One turbo-generator, 5000 brake horse-power. 
Christiania : One turbo-generator, 3600 brake horse-power. 
Lyons : One turbo-generator, 4500 brake horse-power (one 
2500 brake horse-power in course of construction). Rheims: 
One turbo-generator, 4500 brake horse-power. 

On the day of the visit of the Institution of 
Mechanical Engineers the following more important 
machines were seen in course of construction :— 

Turbo-generators : Three three-phase turbo-generators, 
4500 brake horse-power each, 1500 revolutions per minute, 
for Calcutta ; one three-phase turbo-generator, 1200 brake 
horsé-power, 3000 revolutions per minute, for Calcutta ; 
one three-phase turbo-generator, 2200 brake horse-power, 
3000 revolutions per minute, for France ; one three-phase 
turbo-generator, 4000 brake horse-power, 1545 revolutions 
per minute, for Dublin ; one three-phase turbo-generator, 
1500 brake horse-power, 3000 revolutions per minute, 
for Russia; one three-phase turbo-generator, 7500 kw., 
for Milan ; one three-phase turbo-generator, 5000 kw., 
for France. Also a large number of various units 
from big outputs down to 40 brake horse - power. 
As regards generators, two vertical three - phase 
generators, 720 brake horse-power, 60 revolutions per 
minute, for Lauffen; three vertical three-phase genera- 
tors, 900 brake horse-power, 500 revolutions per minute, 
for Gokak (British India); two three-phase generators, 
1000 brake horse-power, 795 revolutions per minute, for 
Sofia ; one three-phase generator, 1000 brake horse-power, 
500 revolutions per minute, for Riva; one three-phase 
generator, 2500 brake horse-power, 300 revolutions per 
minute, for Madrid. All for coupling to water turbines. 

Motors: Two three-phase slip-ring motors, 300 brake 
horse-power, 240 revolutions per minute, for driving a 
compressor ; two three-phase slip-ring motors, 400 brake 
horse-power, 1450 povubations per minute, for pump- 
driving. 

Of particular interest were some 300 direct- 
current double-commutator submarine motors. 
Further, a number of three-phase 100, 150, 250, 
and 500 brake horse-power motors of the variable- 
speed types, with four and six different speed steps, 
varying between 500 and 1500 revolutions per 
minute. Further, some sets of so-called variable 
speed cascade-connected double-motors for main- 
fan drives in Cornwall and South Wales. 

Transformers: Three-phase transformers in oil, 2600 
k.v.a., 6800 to 47,000 volts, for power-plant at Wyhlen. 
Single-phase large test transformers, 250 k.v.a., 140 to 
200,000 volts, for Paris. One three-phase induction regu- 
lator of 400 k.v.a., 6000 to 6200 + — 420 volts. 


While giving every attention to the constant 
modernising of their processes of manufacture, 
while constantly bringing out, testing and develop- 
ing new inventions, and while making efforts to 
keep the works in the front rank of the electrical in- 
dustry, the company have not omitted to look after 
the well-being and prosperity of their men and staff. 
The protective guards in connection with trans- 
mission shafting, tools of all classes, and electrical 
gearing, have been developed to an extent far 
greater than actually required by the Factory Act. 
The most efficient lighting, heating, and ventilation 
plants have everywhere been installed. A properly- 
regulated accident and insurance scheme provides 
for the interests of the sick and injured. For the 
satisfactory settlement of any dispute which might 
arise between the directorate and the workers a 
standing committee is appointed. Old-age pensions 
are given to workmen who have been in the com- 
pany’s service for a certain time, the amount of 
pension being, of course, a function of the years of 
service rendered. 

For the teaching and bringipg up of apprentices 
the works give every facility. In 1901 the com- 
pany erected a specially constructed building for the 
welfare of the workmen, and largely contribute 
every year for the rational upkeep and running of it. 
The ‘* Wohlfahrtshaus,” Fig. 21, page 156, contains 
several large halls where daily 600 to 1000 men 
may take excellent and abundant meals at very 
moderate rates. Inthe basement a large number 
of baths of all classes are erected for the workers, 
and the general arrangement of this establishment 
with gardens is such that the company may be 
well proud of its being constantly visited by manu- 
facturers from all countries of the world intending 
to develop their own undertakings on similar lines. 

The Oerlikon Company is well represented 
abroad, and has sister companies, agents, engi- 
neering and sales offices, and representatives in 
nearly every centre of the world. The British, 





Irish, and Colonial department of the Oecrlikon 
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Company has its suite of offices at Oswaldestre | 
House, 34-35, Norfolk-street, Strand, W.C., under 
the management of Mr. G. Wiithrich. 





ENCASTRE BEAMS. 
By Artuur Mortey. 


Tue following method of dealing with beams 
which are firmly clamped at their ends appears in 
its applications to be simpler than any other. It 
consists of treating the ‘‘encastré” beam as a 
particular case of the cantilever, of which the other- 
wise ‘‘ free” end is subjected to (1) a supporting 
force, and (2) a couple, such as will together make 
the beam comply with the required end conditions. 

Let AB=1 be the span of a horizontal beam, 
R be the reaction at B, and M be the fixing couple 
at B. If the beam were simply clamped at A, and 
otherwise entirely free, let i be the slope and 8 be 
the deflection which the loads would produce at the 
free end B. Let E be Young’s modulus, and I be 
the moment of inertia of cross-section for the beam. 
Then, if A and B are to be at the same level, and 
the beam is to have zero slope at these two points, 
considering the joint effects of R, M, and the loads | 
in producing first slope, and second deflection at B, 


R2 M., 
- =0 
2EI KI * (1) 
ap me \,., “9 
3E1. 2KI 


and from these two simple equations 


R= SET 5-1) (3) 


2EI ons 
M a (85-2) (4) 
The shearing force, bending moment, slope, and 
deflection anywhere may now be found, as for a 
cantilever, by superposing the effects of R, M and 
the loads, or the supporting force and fixing couple 
at A may be found b the ordinary rules of statics, 
and any method used to complete the problem. 
If the ends are fixed at any slopes. other than’ 





zero, it is only necessary to add to the left-hand 
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Fig. 21. 


side of equation (1) the increase of slope from A to| 
B. And if the two ends are not at the same level, 
it is only necessary to add the increase of deflection 
from A to B to the left side of equation (2). 

The results (3) and (4) may also be stated for a 
general form of loading thus :— 


R= SA(8e-) 


(5) 


M 


_2A(3z-22) 
a = (6) 


where A is the area of the bending-moment diagram 
for the loads with the end B quite free, and « is 


THe WoHLFAHRTSHAUS. 


the distance of the centroid of this area from A 
(horizontally). 

Similar methods are applicable to other kinds of 
beams ; for example, the beam freely supported at 
its ends may be regarded as a cantilever fixed hori- 
zontally at one end A, propped at the other end B 
with such a supporting force as will reduce the 
bending moment at A to zero, and then rotated 
about A through such an angle as will bring down 
to the level of A—viz., the angle 


This angle added-to the slope of the propped 
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THE ZOELLY STEAM-TURBINE; BLADING. 
(For Description, see Page 160.) 
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| cantilever gives that of the freely supported beam ; 
|the deflection at a distance « from A is found by 
| adding x times this angle to the deflection of the 
| propped cantilever. 

| Example.—A beam of clear span | built in at 
both ends and carrying a load W at a distance n / 
from one end (A). 

For the cantilever, 





W (nlp? 3 W Fn? (3—n) 
a ¢6EI” 
and, substituting these in (3) and (4), 
R = W n? (3 — 2 n), M = Wi n?(1 — n). 








A Deep Bore-HOLE.—At Cynehow, in Upper Silesia, a 
bore-hole has been sunk toa depth of 2240 m. (7347 ft.) 
in order to ascertain the condition of the coal deposits, 
The work has extended over 982 days, of which 694 were 
oe, wd working days. The cost of the boring operations 

been about 15,0001. The temperatures at the various 
depths were as follow :—At a depth of 500 m. (1640 ft.), 
| 26 deg. Celsius ; at a depth of 1000 m. (3280 ft.), 40 deg. ; 
; ee ye ; - | at a depth of 1500 m. (4920 ft.), 69 deg.; and-at a depth 
Fie. 6. Nuicket-SreeL Braves ror Roror wy Successive Stages In MaNnuFActurReE. | of 2221 m. (7285 ft.), 83.4 deg. Celsius. 
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THE ZURICH MEETING OF THE 
INSTITUTION OF MECHANICAL 
ENGINEERS. 

(Concluded from page 139.) 

In our last issue we gave a report of the com- 
mencement of the summer meeting of the Institu- 
tion of Mechanical Engineers, held this year in 
Zurich. The meeting was continued on Wednes- 
day, July 26th, members assembling at the Poly- 
technikum at 9 30 a mM, when Mr. L. Zodel’s paper 
was the first to be taken. 


HicuH-Pressure Water-Power Works. 


Mr. Zodel’s paper was entitled ‘‘ High-Pressure 
Water-Power Works,” and it was given in sum- 
marised form, illustrated by numerous lantern- 
slides, by Mr. Cory Wright. At the commence- 
ment Mr. Zodel said that he thought that a 
description of water-power development would be 
of great interest to English engineers, as it had 
not been possible to develop this form of power 
production in Great Britain to the same extent 
as other branches of engineering. England had 
little to learn from Switzerland, and the members 
of the Institution came from the mother-country 
of engineering. She had produced craftsmen of 
a reputation for all time. The country had 
the advantage of black coal, with which she had 
conquered the world. Switzerland, on the other 
hand, had no black coal and had to buy all she 
needed, but was provided in the form of rivers, &c., 
with power to which they frequently gave the 
name of ‘‘ white coal.” To convert this form of 
power and to utilise it by means of electricity was 
one of the chief problems of their engineers. The 
topic was wide and embraced a variety of subjects, 
including questions dealing with high heads, pipe- 
lines, speeds, &c , of turbines, and other matters. 
Unlike steam engineering, each individual case had 
to be considered independently. As several high- 
pressure water-power schemes would be inspected 
during the visit, he hoped his paper would lend 
something to the interest on those occasions. 
He regretted being unable to give, himself, the 
explanation of the slides owing to his restricted 
knowledge of English. 

Mr. Cory Wright then described the slides and 
gave particulars of the plants dealt with in the 

aper, which we shall reprint in an early issue of 
U NGINEERING. 


EXPERIMENTS WITH FRANCIS TURBINES AND 
TANGENTIAL TURBINES. 


Mr. Zodel’s paper was given in a room specially 
prepared for the use of the lantern, and on its 
termination the members adjourned to the Aula, 
where the meeting was continued with Dr. Franz 
Prasil’s paper, entitled ‘‘ Results of Experiments 
with Francis Turbines and Tangential (Pelton) 
Turbines.” This paper we reproduce in extenso in 
this issue of Encingertc, It was not read, but 
was summarised by Dr. Prasil in German. The 
discussion of the two papers was taken together. 

The first speaker was Professor R. H. Smith, 
who said the details of the high-pressure water- 
power works in Mexico, given in Mr. Zodel’s 
paper, were most interesting. They had there gone 
well beyond European practice, and far beyond 
what, as far as could be seen, was likely to be 
attempted here. Englishmen would naturally feel 
sorry that all this work was in the hands of even 
their good Swiss frienda, as it was work of a nature 
which they could very well manage. The reason 
for it being lost tothem was that at home, with the 
exception of work on a small scale, water-turbines 
were not suited to the country, and there had 
therefore been little encouragement for engineers 
to take up their manufacture. He thought, however, 
that the small turbines made in England equalled, 
if they did not excel, in efticiency those of the United 
States of America, but this only concerned small 
plants. It wasalmost overpoweringly surprising to 
see the size of modern water-power plants, and the 
success with which they were now carried out. 

In regard to Dr. Prasil’s paper, it appeared that 
the author had come to two important conclusions. 
The first of these was that large water-turbines 
could hardly be improved in efficiency, which now 
attained to about er cent. He thought that 
the future would probably prove the author to 
be correct in this prophecy. A point to be ob- 
served, however, in connection with the working 
of water-turbines, was that this high efficiency was 
maintained ovér a long range. From three-eighths 





load to 25 per cent. overload the efficiency was in 


the neighbourhood of, or above, 80 per cent. The 
author’s second conclusion was that though the 
efticiency might not be susceptible of much im- 

rovement, the regulation under sudden changes of 
ae could still be improved. A diagram drawn on 
the blackboard enabled Professor Smith to point 
out what was involved in this matter. When the 
load changed, the speed rose, and the object of 
governing was to reduce the fluctuation and damp 
it out. he idea] sought was to reduce the momen- 
tary and instantaneous change of speed as much as 
possible, and to bring the final speed as near to the 
normal speed as possible. The fluctuation was, of 
course, dependent on other matters than mere 
change of load—such, for instance, as the inertia of 
the wheel, and the speed at which the servo-motor 
could be brought into action to cut off the water. 
Cutting off quickly meant resurgence in the pipes, 
for which provision had to be made; and to deal 
with this, in addition to other accommodation, a 
by-pass had to be provided, to be instantaneously 
opened and to be closed again either by a cataract 
or some other arrangement. 

Dr. H. S. Hele-Shaw followed, saying that Pro- 
fessor Smith had referred to the matter of regula- 
tion. This was one of the directions in which it 
was admitted that improvement was still possible. 
The design of the wheel itself had been brought to 
a state of great perfection, and now what were 
formerly the minor points were becoming impor- 
tant. He wished to draw attention to a system of 
regulation which might most fitly be applied in this 
connection, but which, on a large scale, had only 
as yet been used on ships. Dr. Hele Shaw then 
proceeded to describe, by means of a rough sketch 
on the blackboard, the pump used in the steering 
gear, of which he gave a description in a paper read 
and discussed before the Institution of Naval 
Architects in April last, and which we reproduced 
at the time in extensv.* The pump embodies a 
series of radial rotating cylinders, the plungers of 
which are attached to a large ring, which can be 
set concentrically with, or eccentrically to, the 
centre of the radial pump cylinders. If set con- 
centrically, there is no pumping action; but if 
thrown out eccentrically, pumping takes place in 
proportion to the eccentricity. Such an arrange- 
ment could be connected with the needle of the 
wheel. The pressure could be varied almost 
instantaneously, and with large pressures very little 
power was used. In the case of the steering gear 
already tried, a 4-horse-power motor replaced a 
previous one of 25 horse-power. The arrangement 
was at work in large steering gears, and gave satis- 
faction. The hale point was that the inertia of 
the revolving parts was ready to come into play 
instantaneously, this being, of course, the object 
desired in all governing gears. 

Mr. William Patchell was the next speaker. He 
referred to the measurement of water, saying that 
in England it was often necessary to measure quan- 
tities of water, and the usual method there adopted 
made use of either the square or the Y notch. In 
the work dealt with in Dr. Prasil’s paper rotating 
meters were employed, and were quoted to 0.5 
per cent. accuracy. He thought that if these 
figures could be accepted, it would add very con- 
siderably to the value of the paper if there could 
be added to it descriptions both of these meters and 
of the method of checking their accuracy. 

The President said that he felt sure all were 
very interested in the development of water- 

wer, in which the Swiss people had taken so 
arge a share. Electrical distribution had, without 
doubt, greatly enhanced the value of water-power. 
In regard to the papers under discussion, he would 
like to hear more about the cost of hydro-electric 
works. At Rheinfelden he thought that probably 
all had been struck by the fact that so much steam- 
power reserve was needed in order that the obliga- 
tions accepted in connection with the supply of 
current might be discharged. During part of the 
year, at least, this had to be relied upon. The 
influences at operation were complex. What, for 
instance, was the influence, in connection with the 
Mexican plants, of continuity of flow? When the 
power was applied to some industrial processes it 
was not necessary for the works to run continuously; 
but this was not so in all cases. If continuous supply 
were negessary, both steam and water plant would 
often be required; but they were not always 
possible. In any case, the interest on the additional 





* See ENGINEERING, vol. xci., pages 513 and 516, 





capital expended must not exceed the value of the 
coal saved, and the value of water-power was thus 
very dependent upon its situation. For these 
reasons it often happened that the work was 
brought to the water, though electrical distribution 
had had an important and beneficial influence in 
this direction. Of course, artificial reservoirs were 
now sometimes used for storage for making up 
seasonal deficiency of supply, and this improved the 
situation. He wished to say a few words with regard 
to the size of turbines. He agreed with Dr. Prasil 
that the maximum efficiency of turbines had been 
about reached, and that it was in the direction of 
governing that improvement was now to be sought. 
In fact, the efficiency of control was still suscep- 
tible of improvement. High efticiency was, how- 
ever, sometimes of comparatively small importance. 
It was of most importance where continuity of 
output was of vital necessity and the supply rela- 
tively small ; but often it did not greatly matter. 

Mr. Zoelly, who spoke in German, said he wanted 
to deal in a few words with a point raised by the 
chairman. There existed in Switzerland several 
waterfalls which could not be turned to account ; 
in this connection it was often considered that a 
water-power station should not cost more than 
1000 francs (401.) per horse-power. As a rule the 
Swiss power stations cost for pipe-lines, buildings, 
turbines, and electrical generators 300 to 500 francs 
(121. to 141.) per horse-power. The equalisation of 
the water flow was a very important point, and this 
arose from the circumstance, among others, that 
there occurred great variations in the demand for 
power. A steam-turbine, ora Diesel engine installa- 
tion, was only used at those power stations at which 
equalisation in the water tlow could not be effected 
by natural means. When equalising reservoirs were 
resorted to, these were filled at night time, the 
water thus stored being utilised for power genera- 
tion during the day. In such instances, the problem 
was to arrive at a right combination of water storage 
with heat-engines as a stand-by. In some plants, 
such as those for the manufacture of chemicals, for 
example, the working of the plant could be regu- 
lated on the basis of the power available. In the 
case, however, of power supply to townships it was 
absolutely necessary to provide means for meeting 
an irregular demand at any time. 

Professor R. H. Smith then asked leave to make 
a few remarks on water-meters, three propeller 
meters being exhibited at the meeting. Two of 
these meters had, as Professor Smith pointed out, 
screws of fairly large blades. The third was a small 
meter with which several readings at selected points 
in the current were taken, in order to obtain a 
proper mean. With the larger propellers figures were 
obtained which were not true means. One of the 
larger meters counted the revolutions of the screw 
at the instrument itself below the water surface. 
In the other large meter the record of the speed 
was transmitted electrically from the propeller below 
to above the water surface. This constituted one 
of the most valuable changes recently made in such 
meters. At home a great deal of attention was 
now being given to the Venturi water-meter. A 
Breslau firm was, however, now manufacturing and 
introducing into England a form of flow-meter of 
the arrow type, which he considered even superior 
to the Venturi meter. He wished to impress upon 
the meeting the importance of obtaining a fair mean 
figure by measuring the flow at a large number of 
points. Inan open channel it was difficult to obtain 
accurate measurements close to the walls, since, 
with even the smallest meters, the flow of the water 
was then impeded by the instrument. Bazin, in 
endeavouring to find a law connecting the distribu- 
tion of flow over the whole area, failed to arrive at 
a general law because of this disturbing influence 
on the meter. 

At the close of the discussion on the two papers, 
the President asked the authors to send in their 
replies in writing, instead of delivering them there, 
in order that as much time as was possible might 
be given to the paper on ‘‘Steam-Turbines.” 


SreamM-TURBINES. 

Mr. H. Zoelly’s paper, entitled ‘‘Steam-Turbines, ” 
was next taken. is paper is reprinted elsewhere 
in this issue (page 160), It was read forthe author 
by Mr. E. R. Peal, who had translated it from the 
German. 

After the ing of a vote of thanks to the 
author, Dr. E. Hopkinson was called upon by the 
President to open the discussion. After drawing 
attention to one or two slight corrections in the 
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paper which Mr. Zoelly had asked him to bring to| that a turbine had been run up in five minutes, or | running at 1500 with rigid shafts. He wished to 


the notice of the meeting, and given effect to in our 
reproduction of the paper, he said that he thought 
that one of the principal attractions to many of the 
members in coming to the Zurich meeting had been 
the prospect of visiting the works of Messrs. Escher 
Wyss and Co., and of meeting Mr. Zoelly. He 
considered they had been amply rewarded in the 
visit to the works of that firm on the previous 
day. He had been much impressed then by the 
perfection of the foundry work, and especially in 
connection with the casting of the guide-blades into 
the wheel, as illustrated in the paper (page 157). 
The author had been commendably brief in his 
paper. He had scarcely done justice, however, 
to the remarkably rapid evolution of the tur- 
bine. Six years ago, at the time of Mr. Zoelly’s 
first steam-turbine, the status of the art was very 
different to what it was now. Then the reaction 
turbine of the Parsons type held the whole field, 
and the impulse turbine had not out of the 
laboratory stage. The pure-action or impulse type 
had been selected by Mr. Zoelly as most promising, 
as a result of his previous experience with water- 
turbines. Having decided upon the type, the best 
steam velocity had to be discovered, and, this having 
been fixed, the pressure stages were determined. 
The steam velocity should be such that the neces- 
sary pressure stages might be obtained with parallel 
instead of expanding nozzles. 

From the first Mr. Zoelly had always acknow- 
ledged the benefit he had “ag from the work of 
others. One name in particular was always coupled 
with this work, and that was the name of Professor 
Stodola, who had rendered the greatest assistance 
in the development. The evolution was remark- 
able in that Mr. Zoelly, having once fixed upon 
general principles, had not departed from them 
since. The Zoelly turbines now made in Switzer- 
land and all over Germany were substantially the 
same as the original one made. That constituted a 
remarkable record. Within five years the total 
horse-power built, or building, in various countries 
had reached extraordinary figures, and yet the 
original principles had been in all cases retained, 
in spite, of course, of the numerous opportunities 
to depart from them which must arise under such 
conditions. In one case a compromise had been 
necessary—namely, in the case of marine turbines. 
In this case Mr. Zoelly had introduced a compound 
velocity wheel of one, two, or three stages, but the 
loss of efficiency thus introduced was all recovered in 
the later stages. For the compound velocity portion 
the wheel was used, and for the later stages a drum. 

Dr. Stodola wished, in opening his remarks, to pay 
a tribute to the name of the Hon. Sir C. A. Parsons, 
as the originator of the turbine ; to him Switzer- 
land was greatly indebted. Their endeavour had 
been to improve the turbine in a scientific direction. 
The experimental stage had ended, and the prac- 
tical stage had been reached. Guarantees were now 
given with confidence, and the obligations under- 
taken fulfilled. As regards reliability, a satisfactory 
state had been attained. To reach this condition 
great sacrifices had been necessary. Troubles had 
been encountered from the trial of unsuitable blade 
material, and from the use of too high superheat 
Rubbing had been caused, and troubles had also 
arisen from unequal expansion. These had been 
practically eliminated, but there were other troubles 
not yet quite solved. At present we had know- 
ledge of what the action of the steam was in the 
nozzles, but nothing was known as to its action at 
the blades. At the blade it seemed that there was 
compression both on the concave and the convex 
sides, but little was yet understood of these pheno- 
mena. Then there was also the question of critical 
speed, on which Dunkerley had done so much 
work. It appeared that, with careful design, the 
critical s might be passed in turbines without 
vibration being set up. It had also been shown 
that when shafts ran in water the amplitude of the 
vibration at the critical speed was very much 
reduced. Critical - speed phenomena sometimes 
appeared at limits not predicted by theory. 
Calculations, if made with extreme exactitude, 
might reveal facts which were not recognised when 
ordinary methods of calculation were pursued, and 
perhaps greater exactitude was really necessary. 

A matter of some interest as regards turbines 
concerned the rapidity at which they might be 
run from cold up to full load. Disastrous effects 
had occurred from injudicious expedition in this 


operation, because of the unequal expansion of the 
In cases in which the boast was made 


casing. 








even three or two, the engineer was to con- 
gratulated if the casing had remained intact. He 
would recommend greater caution in this con- 
nection. As regards regulation, he would draw 
attention to the fact that in the latest Sulzer 
turbines the governor was replaced by a little 
wheel with blades—virtually a small centrifugal 
—- There were many new problems still to be 
, and the struggle due to competition would 
robably result in the improvement of all types. 
erhaps in the end developments of a fundamental 
character would appear. A gas-turbine might even 
be evolved. This prospect had aroused much 
interest already. The reciprocating motion of the 
Diesel and other engines would then be superseded, 
though it was unwise at the present stage to 
exaggerate expectations. If the steelmaker could 
provide a steel capable of withstanding tempera- 
tures of 800 deg. Cent., the gas-turbine problem 
was practically solved. Although he had done 
much in connection with the development of the 
steam - turbine, he would heartily welcome the 
advent of the gas-turbine, and he hoped the prac- 
tical engineer and the theorist would work together 
side by side for this end. 

The next speaker was Mr. H.C. Sparks. He 
thought that the case against governing by con- 
trolling the number of nozzles had been consider- 
ably overstated in the paper. It was quite possible 
with this system of control to secure continuous 
safe running, and also satisfactory running in 
parallel with other machines. With regard to the 
question of critical speed, he would ask the author 
whether there was a margin allowed, or whether 
he relied wholly on the balance secured. He (the 
speaker) had had under observation and test a 
2000-kw. turbine running on loads varying from 
three-quarter full load to one-quarter overload. It 
had run for about 85 per cent. of the total hours, 
and when tested a second time at the end of a 
twelvemonth, the builders (Messrs. Escher Wyss 
and Oo.) had not any difficulty in reaching the 
guaranteed figures. When subsequently the tur- 
bine had been opened out for inspection, there was 
no sign of touching between the rotating and fixed 
parts, neither was there either erosion or corrosion. 
So satisfactory a result could only be due to the 
great excellence of design and to the great care in 
the selection of material. 

Mr. F. Berry stated that in the Falcon Spinning 
ng = he mill there were 100,000 spindles run by 
two Musgrave-Zoelly turbines, each driving three- 
phase generators. Hach turbine worked at 160 lb. 
pressure with 150 deg. Fahr. superheat. There 
were ten expansions or stages. The steam con- 
sumption at full load was 12 Ib. per brake horse- 
power, or 18 lb. per kilowatt-hour, the vacuum 
being 28 in. with a barometric condenser. The 
speed of running was 3000 revolutions. Each 
generator had a capacity of 460 k.v.a. With a 
power-factor of 0.87, working at 500 volts, the 
power developed corresponded with 600 horse- 
power. The turbines and generators had each been 
designed for 100 per cent. overload. The work 
performed by the turbine plant appeared to give 
satisfaction ; but whereas with a piston-engine 
plant one engine sufficed, with the other system 
two turbines were putin. This seemed to him an 
important commercial factor. Why should it be 
necessary to duplicate turbines for mill-driving pur- 
poses? Such duplication was never dreamt of with 
Corliss engines. He would further be glad if the 
author would give some information as to the best 

ercentage of nickel to use in the nickel-steel 
Clading in order to obtain a steel that would not 
be too soft or too hard, or brittle when used with 
superheated steam. 

. J.C. Peache, in his opening remarks, testified 
to the excellence of the work seen the previous 
day at the works of Messrs. Escher Wyss and 
Co. He understood that the turbines running 
at 3000 revolutions per minute showed perfect 
balance. It seemed to him that there must be 
rather heavy losses from the revolving of big discs 
in the dense atmosphere at the high-pressure end 
of the turbine. In connection with the Parsons 
turbine, the reaction blading had lately been aban- 
doned at the high-pressure end in favour of the 
compound velocity wheel. This seemed satisfac- 
tory, for, even if the efficiency of the latter were 
below 75 per cent., compensating savings resulted in 
other directions. He gathered from the paper that 
the Zoelly turbines running at 3000 revolutions per 
minute were built with flexible shafts, and those 





know if this were actually so. This system appeared 
to leave a narrow margin between the critical 
speed and the speed of running. Ifa turbine were 
started slowly, and allowed to heat up while 
running, there was not much to be feared. They 
should not be heated up while standing, as bad 
distortion was liable to occur there. 

Dr. H. 8. Hele-Shaw then made the suggestion, 
a propos of the mention of the name of Dachatien, 
and the previous work of Osborne Reynolds on the 
whirling of shafts, that Professor Stodola should 
be invited to contribute something to the Proceed- 
ings on the subject of critical speeds, &c., as he was, 
he thought, the best able of any man to continue 
the work of Reynolds and Dunkerley on this subject. 

The last speaker in the discussion was Mr. 
E. A. L. Chorlton, who touched on the subject of 
efficiency. In the eae it was stated that the effi- 
ciency of the simple-velocity impulse turbine was 
about 73 per cent. and more. Mr. Eric Brown 
two days previously had stated at Baden that they 
obtained an efficiency of 70 per cent. for the com- 
bined impulse-reaction set, and it appeared from 
this that somehow the pure impulse-turbine was 
more efficient than either the pure reaction or the 
combination type of turbine that Messrs. Brown, 
Boveri were building. Machines of one type might 
be expensive ; a combination type, p we less efti- 
cient, might be better, as the economic result might 
prove to be superior if the first cost were less, There 
was no point made in the paper with regard to one 
important advantage of the impulse-wheel. It had 
reference to blade-stripping. The clearances with the 
impulse- wheel were considerable, and greater safety 
was assured. He noticed that no blade-tip thin- 
ning was done at Baden to ensure greater safety. 
This was always done at home. The practice in the 
foundry of casting guides in was very interesting. 
He would like, if possible, for the author to furnish 
further — as to the patterns used. He 
had tried a wheel-moulding machine, and had cast 
blades in successfully, using only the small pattern 
on the revolving arm. 

Mr. Zoelly, on being invited to reply to the dis- 
cussion, made a few remarks in English. He said 
that without Sir C. A. Parsons the turbine would 
never have been brought to its present state as 
regards practice, neither would it have reached its 
present condition as regards theory had it not been 
for Professor Stodola. The maximum efficiency of 
steam-turbines would probably soon be reached, 
largely as the result of the work of these two men, 
and he asked the meeting to pass a hearty vote of 
thanks to both of them, a suggestion which met 
with very general approval, the expression taking 
the form of prolonged acclamation. 


Vores or THanks, &c. 

The Wednesday morning meeting concluded with 
the passing of votes of thanks to the many autho- 
rities, gentlemen, and others who had assisted in 
the arrangements for the visit. The list was a very 
lengthy one, and it is not possible to reproduce it 
here in full. It will suffice to mention that it 
included, for instance, the authorities of the Swiss 
Polytechnikum, the Verein Schweizerischer Maschi- 
nen-Industrieller, the Swiss Federat Railways, &c., 
the names of Mr. E. Sulzer-Ziegler, Colonel P. E. 
Huber, Professor Stodola, Mr. G. L. Naville, Mr. 
Jacob Sulzer-Imhoof, Dr. W. Wyssling, and the 
firms of Messrs. Brown, Boveri, and Co., Escher 
Wyss and Co., the Oerlikon Engineering Company, 
Sulzer Brothers, the Swiss Locomotive Works, as 
well as other works visited, &. The meeting 
then adjourned. 


Visits oN WeEpNEsDay, &c. 


For the afternoon of Wednesday, the 26th ult., 
three alternative visits had been arranged. The 
most popular proved to be the excursion to 
Winterthur, where the works of Messrs. Sulzer 
Brothers and the Swiss Locomotive and Engi- 
neering Works were visited. The members were 
received by Mr. R. Sulzer, and were then divided 
into two parties, proceeding through different works. 
Each party was entertained to tea at the works 
first visited, and then transferred to the other 
works, where they were shown round, as the 
previous party had been. Members found a great 
deal to interest them in both works, but more 
especially, perhaps, in the works of Messrs. Sulzer 
Brothers, where the foundry work and the Diesel 
engines under test and erection, &c., attracted a 
great deal of notice. Both works were de- 
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THE ZOELLY STEAM-TURBINE. 
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scribed and illustrated in ENGINEERING on July 21. | 
The Sulzer Works contain some exceptionally fine | 
machine-tools, and the shops are very light and 
airy. Two large vertical Diesel engines were on 
the testing-bed in the large erecting-shop at the 
time of the visit, one a two-cycle 750-horse-power 
engine, and the other a 350-horse-power four- 
cycle engine. Both engines were started up, and 
got up to full speed in what appeared to be 
exceptionally short time. The dynamometers used 
were by Messrs. Heenan and Froude. In the shops | 
of the Swiss Locomotive and Engineering Works a | 
large number of gas-engines and Diesel engines, | 
&c., were also seen in course of erection and under | 

t. 

On Wednesday afternoon the ladies of the party 
and some of the gentlemen went by train to Schaff- 
hausen, where the falls were visited and the river 
crossed by boat below the falls. Neuhausen was 
also visited, and the hydro-electric station of the 
Schaffhausen Town Electricity Works was open to 
inspection. The party reached Zurich at 9.10 p.m. 
after a very pleasant afternoon. 

On Thursday, July 27, two parties, numbering 
together about 190, left Zurich . special train for 
Netstal, where one party alighted and proceeded 
to the Beznau-Lontsch , Kem Company’s water- | 

wer works, afterwards going up to the Kléntaler | 

ee. Thence members drove or walked to Glarus 


in the afternoon. The other —_ continued in , 
e be 
| 
y | 


the train as far as Linthal, where they took the | 
Fie. 10. Section or Dovusie-VeLociry WHEEL 


rope railway up to Braunwald, from whence a/| 
magnificent panorama was enjoyed. After lunch | 

OF IMPULSE TURBINE, SHOWING NEW METHOD oF 
RetaIninc Biapine and Section or Babine. 














the party descended again to Linthal, and pro- | 
ceeded to Glarus, Cheie beth ies met for dinner, 
returning subsequently to Zurich in the special 
train. 

On Friday there were no special arrangements, 
though a number of excursions were made by parties 
of members in various directions, one of the tri 
being to the top of the Uetliberg, over Zurich, 
whence a view oF the town and valley and the lake, | 
&c., was obtained. In the evening members and 
ladies. were invited by the President and Mrs. members at Zurich during the preceding week. At 
Ellington to a dance at the Baur au Lac Hotel. | the luncheon the health of their host was drunk by 
Saturday witnessed the departure of the majority the members thus hospitably entertained by the 
of the party. Many proxeéded, in accordance President of the Verein Schweizerischer Maschinen- 
with the official programme, to Lucerne by way | Industrieller, to whose kindly advice and assist- 
of Arth-Goldau, the Rigi-Kulm, and Vitznau, ance in the drawing up of the whole programme 
travelling thence to their destination by boat. the Institution is greatly indebted. In the 
There were several excursions to works, &c., afternoon Colonel Huber accompanied the party 
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of 609 horse-power. The four first. are direct 
coupled to the generators, the two 150-horse-power 
units to the exciters, and the-last to the generator 
supplying the Stansstad-Engelberg Railway. The 
first and last part of this excursion were made by 
boat on the Lake of Lucerne. Other visits 
arranged for this week were made to numerous 
other power-stations and hydro-electric under- 
takings, but these were by members either indi- 
vidually or in smaller parties. The programme 
carried out in Switzerland well maintained the high 
reputation of the Institution’s summer meeting. 
Every day was enjoyed by the members, the only 
drawback experienced by some being the hot 
weather. Rain did not interfere with the pro- 
grammes, and, for the most part, brilliant sunshine 
was enjoyed, so that everything possible contii- 
buted to the success of the visit. The Institution’s 
secretary, Mr. E. Worthington, and his staff, are 
certainly to be congratulated on the efficiency of 
the arrangements, no hitch occurring throughout 
the week. 








STEAM-TURBINES.* 
By H. Zoxr.ty, of Zurich. 

[Translated from the German, by Mr. E. R. Peal.] 
Development of the Zoelly Twrbine.—The author of this 
per has for the last twenty-five years specialised m the 

pool of water-turbines; during this period his firm, 
Messrs. Escher Wyss and Co., have unceasingly carried 
out very careful and systematic tests, obtaiming very 
valuable experience in the governing and ye gee A of 
these machines under a very wide range of working 
conditions. ! 
At the beginning of this year the total number of high 
ressure water-turbines of the radial-jet type supplied by 
is firm was 2580; the number of low-pressure water- 
turbines of the Francis type was 2240 ; in all a total of 
4820, representing 1,981,600 horse-power. The dividing 
point between what is called the high fall (impulse type) 


and the low fall (reaction type) is at about 300 ft. Inthe 
et type) 





arranged for Monday and subsequent days, 
one of the principal visits on Monday, the 31st 
ult., being that to Engelberg and Obermatt. 
At the former members were entertained to 
luncheon by Colonel P. E. Huber. Colonel Huber 
addressed a few pleasant words of welcome to the 
party, regretting that he had been unavoidably pre- 


vented from taking part in the reception of the. 


down to Obermatt, and went round the power- 
station there with the members. The power- 
station visited at Obermatt derives its supply from 
the River Erlenbach, the available head at Ober- 
matt being 1017 ft. gross, the flow varying from 
220 to 550 gallons per second. The turbines are 
Pelton wheels, and consist of four units of 2000 
horse-power each, two of 150 horse-power, and one 





first case only impulse turbines (of the Girard or je 
can be used, and in the second only reaction turbines (of 


the Jonval or Francis type). ‘ ; 
Based chiefly upon his experience gained with water- 

| turbines, the author commenced about fifteen years - 
e 


| to experiment with steam-turbines, considering that 
* Paper read before the Institution of Mechanical 


Engineers, at the Zurich Meeting, July 26. 
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Rotor or TuRBINE RalIsED FoR INSPECTION PURPOSES. 


Fig. 18. 
1500-1800H.P. EIGHT STAGE 
STEAM-TURBINE. (ZOELLY.) 
3000 REVS. PER MIN. 


THE ZOELLY STEAM -TURBINE. 
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steam-turbine would resemble, in most respects, the water- | ciple ; the blades, however, were curved in preference to 
turbine, only using a much higher working pressure. For | being flat, as previously, the steam7in this case impinging 
this reason he was guided in adopting the pure action or | against the rotor blades in a radial direction. This form 
impulse type of steam-turbine. The unusual experience | of construction constituted quite a considerable improve- 
that this firm had obtained in respect not only of water-| ment upon the earlier design. Already at this period it 
turbines, but also of ordinary reciprocating steam-engines, | was found advisable to divide the drops in pressure into 
during a period of over seventy years proved to be of | at least six and sometimes ten to twelve separate pressure- 
very great assistance in carrying out these experiments. | stages. The diameters of the rotor-wheels were also 
As is almost invariably the case when experimenting | increased in dimension towards the exhaust end in order 
with any new kind of machinery, it is very difficult to | to cope better with the increased volume of the steam. 
combine satisfactorily the ideas of the theoretical mind| As already observed, the principle of the action 


with those of the practical. In order to attain the most ' (impulse) type has been recognised and adopted from the | 


peed | commencement as being the best; the only alterations 
of the rotor is necessary ; but to obtain this result within | that took place for some time were in the manner of 
economical limits is the chief difficulty of the constructor, | guiding the steam on to the wheels. The first wheels 
whose contention was that a heavy and solid design was | were constructed after the manner of the Pelton wheel, 
absolutely necessary for safe working, and was, further, a against which the steam impinged tangentially, after 
cheaper form to construct being directed through separate guide-channels. It soon 

_ The first machine was designed on the radial-flow prin- | became apparent, however, that after impact the steam 
ciple. Inits design too much regard was paid to practical | became too dispersed. It was then decided to expand 
construction considerations, and too little to theory. the steam axially instead of radially, at first only in the 
The second machine was constructed on the same prin- low-pressure stages, but subsequently throughout the 


favourable efficiency, a very high circumferential s 


p————-——__# + 4 4 








| whole turbine. This method had formerly been adopted 
| by English constructors as being the most practical. 

What has always been, and is still, the most charac- 
| teristic feature of the Zoelly turbine is the designing of 
| the runner-wheels and guide-channels in the diaphragms 
| (Figs. 1 to 6, page 157). The former, in spite of the 
| hig factor of safety that is necessary, can thus 
|given a relatively high circumferential velocity. Con- 
| sequently greater latitude is permissible in regard to the 
om ad of pressure stages, and the speed of the steam in 
each. 

From the early start two very characteristic diagrams 
have been prepared (Figs. 7 and 8, on the opposite 
page). These diagrams were obtained from theoretical 
| calculations, which have since been proved by actual 
|results. Fig. 7 contains as abscisse the pressure relation 


per stage Pt (where p 1 > the initial steam pressure in 
Pp 
atmospheres absolute, and the final steam 


g,= 
| pressure in atmospheres ~ A Be in the same stage), 
and as ordinates the requisite number of stages for 
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steam expanding from 10 atmospheres to 0.1 atmosphere 
(that is, 142 ib. per sq. in. to 1.42 lb. per sq. in.), 


assuming that the pressure ratio By of the steam, both 


before and after passing through the guide-channels, is 
constant. Fig. 8 shows the steam velocity resulting from 
pressure ratios given for various initial pressures. For a 


ratio pressure fall of ” : = 1.732, it follows from Fig. 7 
p: 


that about nine stages are required. For relative pres- 
sure-falls where a =1.1; 12; 13; 21;3; 4.6, the 


Pp 

requisite and corresponding number of stages for a total 
expansion of from 10 to 0.1 atmospheres absolute would 
be 42, 25, 18, 6, 4, and 3 respectively. Should we 
assume a greater ratio of pressure-fall than 1.732 for 
the purpose of saving stages, then, in order to have only 
four stages, it is necessary to have a ratio pressure-fall of 
plig 

p2 - 

From Fig. 8 for a mean initial pressure of p1 = 4 atmo- 
spheres absolute, the steam velocity would be equal to 
615 m. (2018 ft.) per second. This steam velocity, on the 
other hand, would require a circumferential speed of 
about 250 m. (820 ft.) per second—that is (for a simple 
velocity wheel) in order to obtain a reasonable efficiency, 
Again, if we take a smaller ratio of pressure-fall than 


au for instance 1”, the necessary number of stages 


would be increased from 9 to 18—that is, exactly double. 
Such a turbine would be far too complicated and expen- 
sive ; besides, it would not then work with perfect 
economy owing to the greater friction of the runner-wheels 


and the greater length of steam ay 
After carefully weighing up all these consideraticns, 
the ratio pressure-fall of . ; = 1.73 was chosen as repre- 


senting the best combination of efficiency and practical 
constructional economy. This pressure-fall is called the 
‘‘critical fall,” and when this is exceeded then the result- 
ing steam —— approaches the velocity of sound. 
Directly one wishes to utilise a substantially higher 

ressure-fall per stage, it becomes necessary to depart 
rom the simple construction of parallel guide-nozzles, 
which is peculiar to the Zoelly turbine, so that, instead 
of the simple parallel nozzle, one must adopt the expand- 
ing, or Laval, type of nozzle. The reason why Parsons 
employs such a small pressure-fall per s is entirely to 
keep down as low as possible the losses through leakage, 
which are unavoidable in reaction turbines. 

The author does not intend to deal more fully with the 
various stages of improvement, which from that period 
have been solely of a constructional character, but will 
describe the Zoelly turbine as manufactured at the 
present time by Messrs. Escher Wyss and Co. For 
turbines of 3000 revolutions per minute eight stages are 
usually employed ; for 1500 revolutions per minute, twelve 
stages; and for 1000 revolutions per minute, sixteen 
= The first diaphragm plate (guide-wheel) of the 
high-speed turbines has nozzles which extend for a portion 
of the circumference only—in the bottom half of the dia- 
phragms, whilst in the other diaphragms the nozzles 
usually extend completely round the circumference. In 
the case of large units, however, steam is admitted through 
channels extending completely round the circumference 
for all stages. 

The governing is effected simply by throttling the live 
steam, and not by varying the number of channels through 
which the steam is admitted. The throttle-valve is 
actuated by oil under pressure in a small cylinder (servo- 
motor) by hydraulic action, the oil being supplied by a 
small pump directly driven from the shaft. 

This is the same form of governing as that which has 
been found to work so successfully for water-turbines, 
and is now being universally adopted by nearly all the 
different makers of steam-turbines on the Continent. Its 
inherent advantages are, that it is extremely simple and 
reliable, and, contrary to fears expressed by some engi- 
neers, this method of governing works particularly econo- 
mically at partial loads, as is seen from the results shown 
later. This, however, is only possible when simple velocity 
wheels are used in connection with parallel guide-nozzles 
throughout the whole turbine, and provided that the most 
favourable choice is made in regard to the sub-division of 
stages. Fig. 9 (page 160) illustrates a simple velocity 
stage in a Zoelly turbine, showing a section of bladmg. 
The conclusion arrived at is that the compound velocity 
wheel design is only advisable in special cases, as, for 
instance, for propelling —_ where a low propeller speed 
is absolutely necessary. Fig. 10 (page 160) illustrates a 
portion of compound velociiy wheel and section of blading, 
and shows the latest method of retaining the blading. 

The chief reasons against the adoption of the compound- 
wheel design in the case of stationary turbines are the 
lower steam efficiency and the necessity of a complicated 
governing apparatus in order to obtain a favourable con- 
sumption at partial loads. In this type of turbine the 
governing has to be carried out by controlling the number 
of nozzles through which the steam enters. Experience 
has shown that this method does not satisfactorily answer 
wractical requirements—t.e., continuous safe running. 

ides, the governing is not so accurate, and is less suit- 
able for running in parallel with other machines. 

The author would especially like to mention that tor 
many years he has experimented with turbines designed 
with a high steam velocity and compound wheels. The 
many series of tests which he has carried out at different 
periods have all gone to show that under the most favour- 
able conditions it is not possible to obtain a higher thermal 
etticiency with compound velocity wheels than 58 per 


cent., whereas with a turbine designed with entirely | 
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END VIEW OF FIG 14. 


Figs. 14 anp 15. 


TABLE I.—Some Test Resutts OBraAINED WITH ZORLLY STRAM-TURBINES. 


Installation. 


4000-kw. turbine 
Charlottenburg... - 
1000 revolutions per minute 
Tested December, 1910 .. 
2-00-kw. turbine 
Helsingfora .. ‘ on 
3000 revolutions per minute 
Tested, November, 1910 .. 
1700-kw. turbine 5 
Hagendingen a "a 
3000 revolutions per minu 
Tested, December, 1910 .. 
1200-kw. turbine 

Aurich ai a of 
3000 revolutions per minute 
Tested, December, 1910 .. 
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| Sror-VaLvg. ConsuMPTION. Crt. 
i | : ; iti Steam 
Load in | | ss Based on Condition of 
| Kilowatts,| Pounds per | Tempera- Vacuum. Per —,. 
| Square | ure, | Kilowatt- Rewer f Behind 
| Inch, Deg. Fahr Hour. In Front of — 
| Hour.  gtop-Valve. | Stop-Valve. 
| 
per cent. | Ib, Ib. per cent. per cent. 
4189 164.7 | 5567 95.8 | 13.25° 9.36 68.7 71.2 
3092 168.3 558.3 96.2 13.77 9.58 66.2 70.8 
2199 16.9 | 5185 97.4 14.40 9.84 63.2 70.75 
1138 166.9 | 520.7 97.8 16.00 | 10.12 59.9 72.7 
2052 179.0 | 584.6 94.9 13.04 9.18 70.5 73.0 
1514 181.7 | 563.3 9.5 | 18.67 9.52 67.2 72.8 
1026 177.5 665.5 9.8 | 1458 | 9.76 65.2 73.8 
510 171.8 | 543.0 96.6 | 17.38 | 10.68 68.8 72.8 
1691 206.0 | 670.2 93.3 13.04 | 891 69.7 69.8 
1366 202.3 673.5 94.2 13.77 918 66.5 69.2 
851 205 2 662.0 95.2 15.52 9.81 61.0 66.9 
457.5 208.0 642.9 94.9 18.91 10.68 57.1 67.9 
1235 162.3 | 451.0 94.0 | 1534 | 10.77 67.0 68.3 
949 | «#41640 | 4424 95.5 | 15.99 11.08 62.8 66. 
606 | 166.7 | 427.4 96.5 17.1 11.48 59.0 66.6 








* Not including steam required for condensing plant 
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ments ought, in our view, to be made for a term 
of years, and should be renewable at the expira- 
tion of the term under proper conditions. Probably, 
excluding schoolmasters, nobody ought to be a teacher 
only all kis life. There are many difficulties, but some 
way surely might be found of meeting them. An inter- 
change amongst various universities would, we believe, 
militate in favour of the students, for whom, after all, 
the universities mainly exist, by tending to keep men out 
of a groove, and up to date. hy should not a professor 
hold the chair of engineering for five years at one univer- 
sity, and for the next five years elsewhere? An age limit 
at which retirement would be compulsory should also be 
established. 

We should like to have heard the views at the Con- 
ference of more of the younger men—men who have 
had a modern education and college course with ten or 
fifteen years of actual work and practical experience, 
The Conference was engaged too much setting and dis- 
cussing the course the young beginner is to be put over, 
without giving any attention to the principal trainers of 
the aspiring candidate. If this latter side of the question 
had also come in for some attention, the value of the Con- 
ference would have been enhanced. It would be well if 
engineers in active practice more often found seats on 
the governing bodies of institutions where engineering 
courses are provided. More men of affairs are required ; 
things at present are too much in the hands of mere 
educationalists. 

As a part of all college courses in engineering a great 
advan would accrue if short courses of lectures were 
delive: from time to time by engineers in actual 
practice. We believe this is done to some extent, but 
not nearly enough is done. The School of Military 
Engineering at the Royal Engineers’ barracks, Chatham, 
has for years set an excellent example in this respect. 
From time to time engineers more or less eminent in 
some bramch of the profession have been invited to 
lecture to the young officers, the lectures being after- 





wards printed. The lectures so delivered at Chatham 
are most valuable to engineering students. 
Yours truly, 
EXPERIENCE. 





Science ExaMINaTions.—The Board of Education have 
issued their Circular, No. 775, in which we find it stated 
that in 1912, candidates for the awards of Royal Scholar- 
ships and Studentships in Science, and of Whitworth 
Scholarships, will be examined in the subjects, and 
according to the standards rar respectivel r by para- 
graph 9 of fepeetis I. to Part ILI. of the Regulations for 

‘echnical Schools, &c., 1909, and by Rule 3 of the Pros- 
pectus of Sir Joseph Whitworth’s Scholarships, &c., 1908. 
So far as the reorganised examination system does not 
provide for examinations in these subjects or in the pre- 
scribed standards, special examinations will be held. 
In 1913, candidates for awards will be examined in the 
subjects prescribed by the Appendix or Prospectus above 
mentioned, but, according to the standards of the Board’s 
General Examinations for this purpose, they will take 
the papers set in those examinations, and, in subjects not 
comprised in the reorganised scheme, special papers will 
be set of not more than two standards corresponding to 
those of the general examinations. Special examinations 
held in 1912 or 1913 will be open to candidates for these 
awards, but to no other persons. 


University Cotieck, Lonpon.—The programme of 
next session’s work in the Faculty of Engineering and 
the School of Architecture, at University College, London, 
has now been issued, and we note that an entrance 
scholarship of the value of 120 guineas will be awarded in 
September next. The dean of the faculty of engineering 


is Professor J. A. Fleming, F.R.S., and the vice-dean 
Professor J. D. Cormack, D.Sc., who is also chief of the 
department of mechanical engineering. The full engi- 
neering course extends over three years, and included in 
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the faculty are departments of mechanical, heating and 
ventilating, electrical, civil, and municipal engineering. 
The mechanical engineering laboratory includes one 
100,000-lb. testing machine and a 70-ton machine, in 
addition to small cement and wire-testing machines. The 
steam equipment includes one engine of 40 horse-power 
and another of 12 horse-power, in addition to a De Laval 
turbine, all of which are specially fitted up for test 
pur There is also a good equipment of machine- 
tools, which have been used in constructing a consider- 
able proportion of the laboratory plant. Advanced 
students are encouraged to undertake research work. 





Tue Crty Guitps EXxamrInaTIONs IN TECHNOLOGY. 
The programme of the City and Guilds Institute for their 
examinations in technology next spring has now been 
issued. These examinations now cover seventy-nine 
different subjects, in many of which the student’s know- 
ledge is tested in practical work as well as by a written 
paper. In the subject of mechanical engineering, 
candidates are now allowed to take the papers in 
both Grade I. and Grade II. in the same year. The 
examination in Grade I., it may be noted, is intended to 
test the student’s general knowledge, whilst in Grade II. 
he is asked questions relating to one particular branch 
only. In structural engineering the syllabus for the 
final examination includes the subject of ferro-concrete 
construction, in addition to structural steel - work. 
Unfortunately, the Institute does not now include in 
its syllabus copies of the papers set in preceding years, 
and this makes it impossible to get any idea of the stan- 
dard of knowledge uired from successful candidates, 
who must therefore be almost wholly dependent on the 
experience of their teacher. A first-class teacher, with 
no collection of past papers at his command, may thus be 
much less effective in passing his men than one with 
lesser powers, but possessed of copies of the papers set 
for several years past. The omission to publish the 





papers, in short, plays into the hands of the crammer, 
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AIR-COMPRESSORS FOR THE BOMBAY, 
BARODA, AND CENTRAL INDIA RAILWAY. 


Tue illustrations, Figs. 1 and 2, on page 168, 
represent one of four large air-compressors recently 
supplied by Messrs. Murray Workman and Co., of 
Glasgow, to the Bombay, Baroda, and Central India 
Railway Company, and were built throughout at 
Messrs. Murray Workman’s works, under Messrs. 
Rendel and Robertson’s inspection. They are intended 
for supplying compressed air for caisson-sinking in con- 
nection with the building of several bridges for this 
company, and have therefore been designed with a view 


to lightness and portability. The specification called | 


for an output of 1250 cub. ft. of free air per minute, 
compressed to a pressure of 30 lb. per square inch 
(gauge), when working non-condensing with saturated 
steam at a pressure of 150 1b. per square inch. The steam 
cylinders are 16-in. bore and 24-in. stroke, and are 
fitted with Meyer expansion-valves. The air-cylinders 
are 27-in. bore and 24-in. stroke, and are provided 
with mechanically-operated inlet-valves of the ordi- 
nary sliding D type. 

The delivery-valves are of Messrs. Murray Work- 
man’s special type, and are mounted on the back of 
the inlet-valves. Fig. 2 shows the air valve-chest, 
with the cover removed ; one of the delivery-valves 
has been taken out, and is seen in the right-hand 
bottom corner of the valve-chest. It consists of seven 
— steel fingers, each of which covers a corre- 
sponding slot in the back of the slide-valve. These 
fingers are retained in position, and prevented from 
lifting more than a certain limited distance, and also 
from bending locally at the root, by means of the 
cast-steel keep-plates. These plates are cast in the 
form of grids to allow the air to pass freely through 
them. The effective area of both inlet and delivery- 
valves is 30 square inches, corresponding to an air 
velocity of just 100 ft. per second through them. 
Owing to the extremely light weight of the delivery- 
valves their action is rapid and perfectly noise- 
less ; moreover, the spring tension required to give 
the necessary rapidity of action is so slight as 
to be practically negligible. 

Rach compressor was tested at Messrs. Murray Work- 
man’s works, and was required to run for six hours at 


its normal load oo followed by two hours at | Lo 


20 per cent. overload, the overload being obtained by 
raising the receiver pressure from 30 lb. to 45 lb. per 
syuare inch. The quantity of air delivered was 
measured by discharging it through an orifice in a thin 
plate. The diameter was calculated according to the 
accepted formula, but we are inclined to think that this 
formula over-states the quantity ; for, according to 
this test, the actual quantity of air delivered was 
some 10 per cent. in excess of the volume swept by 
the air-piston. An examination of the indicator 
diagram (Fig. 4), however, shows that the actual 
quantity doused was somewhere in the neigh- 
bourhood of 105 per cent. of the volume swept. At 
first sight this appears somewhat incredible, but it 
is to be accounted for by the fact that both the 
suction and delivery-pipes were fairly long and 
straight (the latter being 73 ft. from the air-cylinder 
to the receiver) with the result that the inertia 
of the air in the induction pi produced an 
actual positive pressure in the air-cylinder at the end 
of the suction stroke, some 2 lb. in excess of the atmo- 
spheric pressure. In calculating the volume of air 
from the indicator diagrams, the formula P V!** = C 
was used. The index 1.3 has been found to give 
the most accurate results for low-pressure slow- 
running compressors. This index is, of course, purely 
empirical, and was arrived at by taking the mean 
of a large number of laboratory tests on compressors 
in which the volume and temperature of the air 
could be accurately measured. On reference to the 
indicator diagram (Fig. 4), it will be observed 
that the point at which the delivery-valves open is 
very clearly defined, but that the pressure continues 
to rise until about seven-eighths of the stroke, when 
it falls below the receiver pressure. This is not 
due to any wire-drawing through, or faulty setting of 
the valves, as might at first * ——— but to a 
resonance effect, due to the long, straight delivery-pipe 
in which a wave motion was set up having a definite 
periodicity of about one-fourth of a second, irre- 
spective of the speed of the compressor. 
effect is very clearly defined in the diagrams, Figs. 5 
and 6, taken at 35 and 62 revolutions per minute 
respectively, in which it will be observed that the 
pressure in the delivery-pipe veries in some cases more 
than 10 lb. per square inch. Fig. 3 shows a pair of 
diagrams en from the steam cylinder on one of 
these compressors. These diagrams call for very little 
comment. They are decidedly good ones, showing a 
clearly-defined cut-off, and very little wire-drawing. 
The consumption of steam was found to be 23.5 lb. per 
indicated-horse-power hour at normal load, and at 
20 per cent. overload. The overall mechanical 
efficiency works out at 90.4 per cent. at normal, and 
92 per cent. at 20 per cent. overload, both very 
creditable results. 


This curious | 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, July 26. 

Saves of pig iron during the past week in Western 
Pennsylvania and Eastern Ohio amounted to 130,000 
|tons, covering steel pig very largely. The entire 
| market has gained in tone. The largest purchase was 
60,000 tons of basic, made by the Republic Iron and 
Steel Company, to be delivered 6000 tons a month for 
|ten months. The American Rolling-Mill ery my | at 
| Middletown took 15,000 tons, to be delivered in four 
|months, The average price was 13 dols. at the 
| furnace. 

A very interesting, but probably groundless, rumour 
| has gained some ecceptance ; it is to the effect that 
| the Steel Corporation has decided to make a general 
| cut in prices to stimulate trade. Much is to be said 
| for a against a general reduction. ‘lhe market will 
wait until it happens before they will believe it. 
There is very little on the surface to warrant hope 
in this direction. The increased cost in rails forbids 
any reduction in that quarter. But there is a general 
improvement. Preparations are being made to put on 
more steel mills. ff the old-time theory of demand 
and supply were operative, prices would long since 
have fallen. The long postponement of demands 
has reached a point where buyers must buy. This is 
especially true of railroads and steel cars. The trunk 
lines have ordered 20,000 steel cars within ten weeks, 
and 15,000 more will soon be ordered. This, of course, 
helps the plate-mills. Many of the cars are intended 
for coal-carrying. Railroads are getting rid of their 
old wooden cars as rapidly as possible. The rail- 
makers are satistied with their export business and are 
running at 70 per cent. of their capacity. Japan has 
— an order for 90-lb. to 110-lb. rails—the first 
or such heavy rails. From the same source an order 
has been received for 3100 tons of steel car-axles. 

Considerable business will soon be received from 
Mexico in connection with railroad building and mine 
developments. 








PERSONAL.—We understand that Mr. Algernon Lewin 
Curtis, consulting engineer, late of Johannesburg, Phila- 
delphia, and Chatteris, has recently associated himself 
with the Frodan Iron and Steel Company, Limited, 
ndon, and is representing them in Manchester and 
district.—We have been asked to state that Mr. W. 
W. Strafford, late works manager of the Crane Works, 
Parkhead, and previously of Easton and Andersons, has 
commenced business on his own account at 165, Liver- 
pool Great Road, Crosby, Liverpool, and has been 
awarded by the Corrosion Committee of the Institute of 
Metals the contract for the design and supply of the 
experimental condensing plant to be used in connection 
with the researches into the causes of the corrosion of 
condenser tubes. 


Contracts.—The following contracts have been secured 
om Ham, Baker, and Co., Limited, Westminster : — 

ree patent automatic travelling distributors for the new 
sewage works now being carried out at Hornchurch ; four 
automatic travelling distributors for the sewage works at 
Saffron Walden ; eight of their Ham-Baker-Candy-Whit- 
taker rotary distributors for the new sewage works now 
being carried out at Southall-Norwood, besides others at 
Bashford, for the Wolstanton United Urban District 
Council, and others at Kempston. The tender of Mr. 
William Jackson, of Langley Green, has been accepted 
for the extension to Messrs. Ham, Baker, and Uo.’s 
works at Langley Green, near Birmingham, and that of 
Mr. C. A. Horton, Brierley Hill, for a pattern-shop and 
drawing-office for the same firm. 


Hanv-Book ror IRONFOUNDERS.—The art of iron- 
founding, old though it be, is still full of deeply interest- 
ing problems, which provide engrossing studies for many 
able minds, and perhaps few greater mistakes have been 
made than to suppose that it requires little skill and can 
be readily mastered without much careful observation 
and long experience. All processes worth the name of 
art must be studied with devotion and sympathy, and 
ironfounding is one of them. To melt pig iron and scrap 
in a cupola and pour the molten metal into moulds is 
not necessurily an art, but it may become so, and some- 
times does under the control of men who have devoted 
their best energies to it. Unfortunately, there are far too 
many instances where the results of the process of melting 
pig iron with or without scrap are such as to compel the 
conclusion that the operation has been far too carelessly 
| carried out. It is therefore with pleasure that we have read 
|a little et work, entitled ‘‘Hand-Book for Iron- 
| founders,” issued by the Frodair Iron and Steel Company, 

Limited, Fenchurch House, E.C., for it contains much in a 
condensed and handy form that should prove of value to all 
| who aspire to follow iron-founding as an art, for its perusal 
| cannot but help them on their way, and will, at any rate, 
| act asa m to warn them off dangerous ground. It 
| contains many useful hints as to the varying elements of 
pig iron, the interaction of different chemical elements, 
the selection of irons for special castings, sound cupola 
| practice, blowing-machines, methods of judging tempera- 
| tures by colour, regulation of blast, &c.; in addition to 
which there are some very useful tables and analyses of 
| different irons. The book is beautifully got up, being 
well printed on thin paper, and bound in limp leather. 
The price is 3s. 








NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened with a firm tone, but Cleveland 
warrants were dead idle. At the close of the session 
sellers quoted 47s. cush, 47s. 3d. one month, and 47s. 9d. 
three months. In the afternoon there was again nothing 
doing, but Cleveland warrants were nominally easier at 
46s. 114d. cash, 47s. 24d. one month, and 47s. 8d. three 
months sellers. On Friday morning some weakness pre- 
vailed, and only 3500 tons of Cleveland warrants were put 
through at 46s. 94d. cash and 47s. 04d. one month, and 
closing sellers quoted 46s. 10d. cash, 47s. 1d. one month, 
and 47s. 7d. three months. The afternoon session was 
quiet, with Cleveland warrants the turn better. The 
business amounted to 2000 tons at 46s. 104d. cash, and 
47s. 24d. September 20, and sellers’ closing prices were 
46s. 11d. cash, 47s. 14d. one month, and 47s. 74d. three 
months. Hematite was quoted at 61s. 6d. cash sellers. On 
Monday morning the market was again quiet, but the 
tone was steady, and Cleveland warrants were dealt in 
at 47s. 14d. one month and 47s. 34d. September 28 and 29. 
The turnover was only 2000 tons, and at the close there 
were sellers at 46s. 10}d. cash, 47s. 14d. one month, and 
47s. 7d. three months. In the afternoon Cleveland 
warrants were firmer, and a business of 5000 tons 
changed hands at 46s. 11d. cash, 47s. 2d. one month, and 
47s. 84d. three months. The closing quotations were 
46s. 114d. cash, 47s. 24d. one month, and 47s. 84d. three 
months sellers. On Tuesday morning the market was 
idle and easier, with sellers of Cleveland warrants quoting 
46s. 11d. cash, 47s. 2d. one month, and 47s. 8d. three 
months. The afternoon session was also easier in 
tone, and 3000 tons of Cleveland warrants were done 
at 46s. 94d. cash, 47s. 14d. and 47s. 1d. one month, and 
47s. 7d. three months. At the close there were sellers at 
46s. 94d. cash, 47s. 1d. one month, and 47s. 7d. three 
months. When the market opened to-day (Wednesday) 
the tone was dull, and the only transaction was one 
lot of Cleveland warrants at 46s. 94d. cash, with 
sellers over at that figure and at 47s. 04d. one month, 
and 47s. . three months. In the afternoon the 
market was inclined to harden, and Cleveland warrants 
were dealt in at 46s. 94d. cash, and 47s. 7d. three 
months, and closing sellers quoted 46s. 10d. cash, 
47s. 1d. one month, and 47s. 7d. three months. The 
turnover only amounted to 1000 tons. The following are 
the market quotations for makers’ (No. 1) iron :—Clyde, 
60s. 6d.; Calder and Gartsherrie, 61s.; Summerlee, 63s.; 
Langloan, 63s. 6d.; and Coltness, 82s. 6d. (all shipped at 
G w); pon ee (at Ardrossan), 64s.; Shotts (at 
Leith), 62s.; and Carron (at Grangemouth), 63s. 


Sulphate of Ammonia.—The demand for sulphate of 
ammonia continues strong, and the price is on the rise. 
The quotation to-day for prompt lots is 14/. per ton, 
Glasgow or Leith. The amount shipped from Leith 
Harbour last week was 222 tons. 


Scotch Steel Trade.—A fairly healthy feeling prevails 
in the Scotch steel trade this week, and with specifica- 
tions for both ship and boiler-plates plentiful, mills are 
all running full. Indeed, a few producers are unable to 
guarantee delivery inside two or three weeks, and such a 
state of matters is looked upon as satisfactory. On the 
other hand, fresh orders are still very scarce, and angle- 
makers are complaining of a lack of demand. Black and 

lvanised sheets are very firm in price, and makers are 

ing kept well em heed. Inquiries are in the market 
for some cenpucalile lots of material for abroad, ship- 
plates for New Zealand and Australia, boiler-plates for 
the Continent, and thin plates for India, and the pro- 
spects of securing a share of these orders are quite good. 


Malleable-Iron Trade.—Malleable-iron makers in the 
West of Scotland report that business is a little better 
this week, and that specifications have increased in 
number. The booking of new orders is also reported as 
having improved, but prices are still on the level of 6. 
per ton for crown bars. 


Scotch Pig-Iron Trade.—The demand for Scotch pig 
iron has not been quite equal to the supply since the 
holidays terminated, and even at that the furnaces have 
not len running to their full capacity. The condi- 


tions seem to a daily, and local consumers are 


beginning to purchase more freely, while buyers in the 
south are also increasing their demands. An order for 
500 tons of a special quality of Scotch iron for Russia has 
just been secured by a local firm. Hematite is being 
taken up very slowly, and stocks in makers’ hands are 
getting Ieadiy hae. The price is nominally 64s. per ton. 


Wages in the Iron Trade Reduced.—The following inti- 
mation has been made to Messrs. James C. Bishop and 
James Gavin, joint secretaries of the Scottish Manufac- 
tured Iron Trade Conciliation and Arbitration Board, by 
Mr. John M. MacLeod, C.A., Glasgow :—‘“‘ In terms of 
the remit, I have examined the employers’ books for May 
and June, 1911, and I certify the average realised net 
selling price at works brought out is 6/. 1s. 4.47d. per ton.” 
This means a reduction of 24 per cent. in the wages of the 
workmen. 

Reduction in Blastfurnacemen’s Wages.—As a result of 
the report of Mr. John M. MacLeod, C.A., Glasgow, to 
Messrs. James C. Bishop and James Gavin, joint secre- 
taries of the Board of Conciliation between the owners of 
blast-furnaces in Scotland and the blastfurnacemen, as to 
the price of Scotch pig-iron warrants in the Glasgow 
market for the siue of May, June, and July, 1911, 
there is a fall of 24 per cent. in the workmen’s wages. 

Shipbuilding : Government Orders for the Clyde.—The 
Admiralty, in placing orders for twelve new destroyers, 
have given six of them to Clyde firms. Messrs. Jo! 
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Brown and Co., Clydebank, and the London and Glasgow | 
Shipbuilding Company, Limited, Govan, have each re- 
ceived orders to build three. The vessels are to be of 
about the same displacement as the 33-knot ocean-goin 
“Tribal” class, with, however, propelling machinery o' 
much greater power. Their turbines are to be of 24,500 
shaft horse-power. 


Scotch Tube Trade ; Prices Advanced.—Since particulars | 
of the projected amalgamation in the Scotch tube trade | 
became known a somewhat keener interest seems to have | 
been taken in the industry by consumers. But producers | 


are not now sellers at the old rates, and in some instances | 
they have reduced their discount allowances by 5 per | 
cent.—from 75 to 70 percent. This is the first advance 
in prices which has taken place for a considerable time, | 
but until the amalgamation is finally fixed up, it is not | 
likely that there will be any general rise in values. New 
contracts cannot be entered into by individual firms in 
the meantime, as such matters are to be left for the new 
hoard of management to arrange when it comes into power. 











NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Sheffield’s Prosperity.—In view of the large volume of 
trade at present being dealt with in Sheffield, and the 
general impression therefrom of considerable prosperity, 
the remarks made by Mr. George Franklin, presiding at 
the recent annual meeting of the Sheffield and Hallam- 
shire Bank, Limited, are interesting. Referring to the 
expansion of national trade he said that ought to bring to 
Sheffield a certain amount of reflected prosperity, but he 
did not know that anyone could show where that pros- 

rity came in. The trade of Sheffield had improved, 
nut he did not think they had had the benefit of the 
abnormal figures shown in the national returns. he 
Sheffield Banks Clearing House returns for 1910 were 
21,328,000/., as com with 20,080,000/. in 1909, an 
increase of about 1} millions, which was not very much 
on those huge transactions. It may be pointed out in 
regard to Mr. Franklin’s remarks that a very considerable 
volume of fresh trade came into the city during the first 


© | th 


| mixed numbers delivered over six months, but all sellers 


| Tees for Rubio of 50 per cent. quality. Coke is in fairly 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. — 

The Cleveland Iron Trade.— The pi -iron trade is | 
still characterised by extreme quietness, but what is usually 
a dull period is fast drawing to a close, and autumn require- 
ments are believed to be such as will create a brisk trade 
over the fall of the year. Deliveries are fairly good for 
this season, and the home consumption of pie promises 
to grow, so that if the output is not materially increased 
in the near future, stocks should decrease. Values of pig 
move very little. No. 3.g.m.b. Cleveland is 47s. for early 
f.o.b. delivery, at which figure both makers and merchants 
| have sold. No. 1 is 50s. 6d.; No. 4 foundry, 46s. 9d.; No. 4 
forge, 46s. 6d.; and mottled and white each 46s.—all for 
early delivery, any inquiry on forward account eliciting 
rather higher quotations. East Coast hematite pig is 
very dull, but producers are not disposed to give way, 
and, asa rule, they do not name below 61s. 3d. for early 
| delivery of mixed numbers, though some second-hands 
are prepared to accept 61s. A large local consumer has 
| been endeavouring to make contracts at 57s. for 


have refused to entertain the offer. Foreign ore is still 
| lifeless. Quotations are nominally based on 1%s. ex-ship 


good request for local consumption, and values tend 
upward. Average blast-furnace kinds can be bought at 
14s. 6d. delivered here, but several sellers put the price 
at 14s. 9d. Middlesbrough warrants stand at 46s. 9d. 
cash buyers. 


Manufactured Iron and Steel.—Rather better accounts 
are given of the various branches of the manufactured 
iron and steel industries. The output is heavy, and not 
only have producers good contracts made, but a fair 
number of inquiries are reported. Under these circum- 
stances prices show a marked upward tendency, but as 
yet they are not quotably advanced. Bar-producers held 
a meeting this week to consider prices, but no change was 
made. Principal market quotations now stand : Common 
iron bars, 7/.; best bars, 7/. 7s. 6d.; best best bars, 
7l. 15s.; packing iron, 5/. 15s.; iron ship-plates, 6/. 12s. 6d.; 





few months of this present year, and certainly if busy 
furnaces, foundries, mills, and workshops are to be taken | 
as an indication, increased prosperity should be apparent | 
when this year’s trade comes tote reviewed. Activity is | 
not always prosperity, however. 

South Yorkshire Coal Trade.—There is not much change 
on the week in the local coal trade. About the same 
quantities of steams are being sent away for industrial 
purposes, and better orders for shipment are expected in 
the immediate future. Shippers at present, however, 
are taking much less than full deliveries, and several 
collieries are accumulating stocks. At these pits working 
hours have been reduced, and a certain amount of second- 
class material is to be obtained at lower prices. There 
are steady shipments of gas fuel, most of the contracts 
having been fixed up. Slacks still remain strongly quoted 
owing to the scarcity of supplies to meet a big demand. 
July has been a reall ce euatt for he tnetpon 
trade. The exceptional heat and the holidays have reduced 
business almost toa minimum. The dépétsare very quiet, 
and merchants are limiting stocks as far as possible. 
Pits are working about half-time, and have heavy accu- 
mulations. The revival of the London demand is now 
being awaited, and within the next week or so a general 
improvement is predicted. Prices are not much altered, 
latest "Change quotations being:—Best branch hand- 
picked, 13s. to 14s.; Barnsley best Silkstone, 1ls. to 
12s.; Silkstone, 9s. to 10s.; Derbyshire house, 9s. ; 
large nuts, 7s. 3d. to 9s. ; small nuts, 5s. 6d. to 6s. 6d. ; 
Derbyshire brights, 9s. 6d. to 11s. ; washed nuts, 7s. 6d. 


iron ship-angles, 7/. ; iron ship-rivets, 7/. 5s. ; iron boiler- 
plates, 7/. 7s. 6d. ; steel bars, 6/. 5s. ; steel ship-plates, 
61. 15s. ; steel ship-angles, 6. 7s. 6d. ; steel boiler-plates, 
7l. 10s, ; steel strip, 6/. 10s. ; steel hoops, 67. 12s. 6d. ; steel 
joists, 6/., 7s. 6d. to 62. 10s.; cast-iron railway chairs, 
3l. 12s. 6d. to 3l. 15s.; light iron rails, 6/. 10s.; heavy 
steel rails, 5/. 12s. 6d.; steel railway sleepers, 6/. 10s. ; 
and iron and steel galvanised corrugated sheets, 10/. 15s. 
—sheets less 4 per cent. f.o.b., railway material net at 
works, and all other descriptions less the customary 24 per 
cent. 

Ironworkers’ Wages.—The accountants to the Board of 
Conciliation and Arbitration for the Manufactured Iron 
and Steel Trade of the North of England have just certi- 
fied the average net selling price of iron rails, plates, bars, 
and angles for the two months ending June 30 last at 
6l. 5s. 6.18d., as compared with 6/. 6s. 7.04d. for the 
previous two months, and in accordance with sliding- 
scale arrangements wages for August and September 
will . the same as prevailed during the p ing two 
months. 


Shipments of Iron and Stecl.—Shipments for last month 
were only moderate, but they came up to expectations. 
Loadings of pig iron were returned at 88,055 tons, as com- 
pared with 109,219 tons for the previous month, and 
84,541 tons for July last year. Of last month’s despatches 
of pig, 74,235 tons went from Middlesbrough, and 13,820 
tons from Skinningrove, 12,204 tons of the latter going to 
Scotland, and 1616 tons to Terneuzen. Of the pig iron 
sent from Middlesbrough, 47,280 tons went foreign, and 





to 8s. 6d.; rough slacks, 5s. 3d. to 7s.; seconds, 4s. to 
5s. ; smalls, 1s. 6d. to 2s. 


Tron and Steel.—Although on the surface there is little 


change in the position of the iron market, things are | 


actually somewhat more hopeful. No considerable buying 
has taken place, but prices have a firmer appearance. 
Recent weak prices df hematites led to some contracts 
being fixed up, but producers are now asking a trifle 
extra, and consumers are again inclined to hold aloof. 
The common irons have not found many customers, but 


there is a stronger tone about the Derbyshire sorts. | 


The continuance of excessive heat has been a serious 
matter at the large works. It has been impossible to 
keep the rate of production up to normal figures. How- 
ever, this and the fact that the quantity of work in hand 
is very large is giving an unwonted activity to what is 
usually a quiet period of the year. The foundries and 
the rolling-mills are, of course, the places where the heat 
has been most severely felt, but in many of the lighter 
trades much inconvenience has been caused. There is 
one very remarkable feature about the present condition 
of affairs, and that is the low price of raw materials com- 
pared with the volume of trade, Early in the year steel- 
makers stocked heavily, but at fairly high figures, in 
anticipation of a boom forcing up prices. Now, when 
quotations are particularly favourable, they have material 
in hand which renders further buying, for the present, 
superfluous. The rolling-mills have been very busy for a 
long time, so much so that extensions have been neces- 
sary. There is sufficient work to keep the armament 
departments fully employed for a considerable time, and 
the output of projectiles is especially heavy. A fair 


number of orders are being received by the railway steel | 


manufacturers, and the makers of tramway material are 
well employed. Manufacturers of forgings for shi 
building are facing competition from works nearer the 
shipyards. There is a big foreign demand for general 
steels. This is now one of the most prosperous branches 
of Sheffield trade, 


porary of ours. 


26,953 tons coastwise, Scotland once more being the best 
| customer, receiving 10,825 tons; whilst France took 
8928 tons ; Japan, tons; Wales, 5590 tons ; Sweden, 
5203 tons; Belgium, 4436 tons; Germany, 4002 tons ; 
Italy, 3999 tons; and Holland, 3945 tons. Only 10,805 
|tons of manufactured iron were cleared last month, 
3929 tons going foreign, and 6876 tons coastwise, 
| India being by far the largest buyer, with an import of 
| 2443 tons. Steel shipped last month amounted to 44,378 
tons, of which 36,274 tons went abroad, and 8104 tons 
| went to coastwise customers. The best customer was the 





| Argentine, with an import of 7610 tons ; Egypt received 
| 5558 tons of steel; Japan, 3723 tons; Northern Nigeria, 
| 3703 tons ; India, 3674 tons; and Canada, 3001 tons. 








ZeITUNG DES VEREINES DEUTSCHER EISENBAHNVERWAL- 
TUNGEN.—The Zeitung des Vereincs Deutscher Kisenbahn- 
verwaltungen (Journal of the Association of German 
Railway Administrations) celebrated the fiftieth anni- 
versary of its first eee on July 1. From the start 
—i.e., from July, 1861—the journal has been published 
twice a week as the organ of the association, the object 
'being ‘‘to mediate between the apparently conflicting 
interests of the railway administrations and the public.” 
German railways did not, of course, then constitute the 
Government monopoly they do now, and the venture 
might have been expected to secure more support from 
the public than it found in its early years. e imme- 
|diate cause of starting the new journal was that the 
railway systems, including those of the Governments, 
desired some channel through which they could reply 
to attacks made in the Press upon railway policy and 
service in general and upon the new trade. lations 
of those days. The journal now contains original articles 
and brief notes on railway matters from all parts of the 

lobe. Mr. D. von Miihlenfels is the editor, and Messrs. 


NOTES FROM THE SOUTH-WEST. 


Cardif.—Labour difficulties having been at last ad- 
justed, there has been a return of strength to the coal 
trade, but business has not yet fully regained its normal 
stability. Opinionsas to the future course of the markets 
differ considerably. The best large steam coal has made 
18s. 6d. to 19s. ; secondary qualities have ranged between 
16s. and 17s. 9d.; best bunker smalls between 9s. 9d. and 
10s.; and cargo smalls between 7s. 9d. and 8s. 3d. per 
ton. The best ordinary household coal has been making 
14s. 6d. to 16s. 6d.; No. 3 Rhondda large, 17s. te 17s. 6d. ; 
and smalls, 10s. 6d. to 10s. 9d. per ton. No. 2 Rhondda 
large has brought 11s. 9d. to 12s. 3d., and smalls 7s. 6d. 
to 8s. per ton. Foundry coke has realised 18s. to 20s. 6d., 
and furnace ditto 16s. to 17s. per ton. As regards iron 
ore, Rubio has made 18s. 6d. to 19s. 6d. per ton, upon a 
basis of 50 per cent. of iron, and charges, including 
freight, insurance, &c., to Cardiff or Newport. 


Welsh Labour Di ies.— Recent Welsh labour diffi- 
culties, now happily at an end—at any rate, to a large 
extent— had a serious effect upon the earnings of the local 
railways. Upon the Taff Vale there was a falling off of 
6054/.; upon the Barry, a decline of 6687/.; and upon the 
Brecon and Merthyr, a decline of 281/. Every depart- 
ment of South Welsh life was also prejudicially affected. 


The Somerset Coalfield.—A new development has taken 
place in the Pensford portion of the Somerset coalfield. 
A shaft has been sunk about half a mile from the Pens- 
ford railway station, and the best appliances have been 
novided for working new pits whieh 


B it is proposed to 
evelop. The pits are to be linked up with the neigh- 
bouring Bromley colliery, which is about a mile distant. 


Workable seams of coal have been won, and the quality 
of the coal is expected to prove excellent, there being 
little ash in it. 


Port Talbot Railway.—The directors of the Port Talbot 
Railway and Docks Company report that the accounts 
for the past year show a gross revenue from all sources of 
73,3121., mad after provision has been made for fixed 
cha a balance of 32,381/. remains. Out of this balance 
the directors recommend a dividend upon the preference 
shares at the full rate of 4 per cent. per annum for the 
past half-year, and upon the ordinary shares at the rate 
of 6 per cent, per annum. 

Alexandra (Newport) Docks.—The gross receipts for the 
past half-year show an increase of 20,210/. as compared 
with the first half of 1910. The working expenses amounted 
to 85,064/., or 55.42 per cent. of the receipts, as com- 

red with a corresponding ratio of 58.27 per cent. in the 

ist half of 1910. The capital expenditure on works 
in progress, and at ——_ unproductive, amounts to 
580,125. The expenditure on capi account in the 
past half-year was 57,0841. A Bill promoted in the 
present session to enable the company to construct 
certain railways in Monmouthshire has passed both 
Houses of Parliament. 








GERMAN MANUFACTURERS AND INDIA.—Although Ger- 
many’s export of machinery to India has hitherto been of 
but very small importance, the Allahabad Exhibition has 
resulted in heavy sales of German manufacture, most of 
the exhibits having been sold and a fair number of orders 
booked. The sale of German motor-cars was by no means 
unimportant, one firm especially having booked several 
orders. Orders have also been taken for two large portable 
engines, for two petrol-motors, for a rice mill, &c. This 
result is pretty sure to invite further German enterprise 
in India, and German makers are likely to become regular 
exhibitors at Indian shows. 





New Harsour Brincr, Copgnnacken.—A new bridge 
is to be built across one of the Copenhagen harbour 
inlets or branches, in lieu of the present bridge, which 
dates from 1874. The new bridge will be 40 feet broad 
facing Toldbodgade and somewhat broader at the other 
end against Holbergsgade. In addition to footways 
there will be a roadway broad enough for one line of 
carriages and two tramway lines. The bascule will be 
worked by electricity. At each corner a small building 
will erected, which will answer several purposes. 
The building of the bridge is expected to occupy rather 
more than a year. A ge for vessels will kept 
open during the construction of the new bridge. or 
foot passengers a pontoon bridge will be built, but all 
carriage traffic ~will in the meantime be stopped. The 
bridge has been designed by the well-known chief 
engineer of the Copenhagen harbour, Mr. Miller. 





Sewace or Leeps.—The new Leeds Sewage Works 
will occupy eighteen months in construction ; and when 
the formation of the first portion of the bacteria beds 
has been completed, the purified sewage which comes 
from these beds will be discharged into the main 
effluent channel and thence conveyed tothe Aire. The 
channel is designed to meet the requirements of Leeds 
for the next sixty years, when the population, it is 
estimated, will have increased from 148, 563 (the last 
census) to about 940,000. Allowance has also been made 
for the whole of the rainfall to pass into the channel from 
the stream which is known as Wyke Beck, and which 
aoe | from Shadwell through the districts of Round- 

ay and through the existing sewage works site. The 
total cost of the channel will amount to 16,000/., and it 
forms the principal item in a contract of 43,542/. which 
has been let to Messrs. H. Arnold and Son, of Leeds and 


caster. r. Howatson is the acting resident 


J. Springer, of Berlin, are the publishers of this contem- | engineer in charge of the contract, under the direction of 


the sewerage engineer, Mr. G. A. 


Hart, 
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AIR-COMPRESSORS FOR THE BOMBAY, BARODA, AND CENTRAL INDIA RAILWAY. 


CONSTRUCTED BY 


MESSRS. MURRAY, WORKMAN, AND CO., 


(For Description, see Page 166.) 


ENGINEERS, GLASGOW. 




















Fig, 2. 


Prorosep Execrric Rattways 1x Rvussta.—At the 
instance of the Finance Ministry and that of Communica- 
tions, a project for the building of an electric railway 
from Moscow to Saergijew is being considered by the 
Government. It is proposed that the railway shall start 
from the Kretowski Gate in Moscow, and will have 
branch lines to the stations Lossinostrowskaja, Mitisch- 
techi, and Puschkino, on the North Railway. The entire 
length of the railway will be 69.5 versts, and the cost is 
calculated at 8,674,900 roubles. It is proposed that a 
limited eqapeng shall construct the railway, the greater 
portion of the capital to consist of debentures, for which 
the State is not to give any guarantee. The Government 
is also considering a second electric railway project, 

urporting to construct a railway from Sebastopol, via 

alta, to Aluschta. The line will through some of 
the most picturesque parts of the Crimea, being planned 
to run along the slopes of the Yaila Saeatinion. Radiation 
a side line to Balaclava, the aggregate length will be 
126 versts, and the cost of construction is calculated at 
28,500,000 roubles, to be raised, in addition to working 
capital, in the same way as the first-mentioned line, about 
one-sixth share capital and the rest in debentures, for 
— the State is not to offer any guarantee in this case 
either, 





Proposep NorwkGian SteaMek Supsipy.—A special 
committee, appointed for the purpose, has reported in 
favour of a State subsidy to the new Norwegian-America 
Line, provided a share capital of 6,000,000 kr. (333,300/.) 
is subscribed. The subsidy is proposed to take the shape 
of an annual vote of 500,000 kr. (27,700/.) for the first three 
years. The company will start with two steamers of 
10,000 to 11,000 tons, equipped as first-class boats. The 
route will be from Christiania, vid Christiansand, Bergen, 
Stavanger, and, perhaps, Drontheim. 


Sixta AnnuaL ParapeE or CommerciAL Motor 
VEHICLES.—The Commercial Motor-Users’ Association 
has had under careful consideration the conditions to 
govern the sixth annual parade of commercial motor 
vehicles to be held in June, 1912. Entries will be invited, 
and the general conditions issued, approximately on 
September 15 next, and entries will close on January 1, 
1912 ; late entries, however, may be received up to within 
a month of the parade, on payment of a fine. Further 
details of the parade may be obtained on application to 
Mr. Fred. G. Bristow, A.C.I.S., secretary, the Com- 
mercial Motor-Users’ Association, 89, Pall 1, London, 
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ALMANACK FOR 1911-12.—Messrs. W. T. Glover and 
Co., Limited, Trafford Park, Manchester, have sent us 
one of their almanacks which they are now issuing to the 
trade. This covers the period from July 1 last to June 
30, 1912; it is of the now well-known Glover loose-leaf 
type, one leaf per day, each leaf giving interesting data 
upon electrical subjects in general and upon the firm's 
specialities in particular. 


NETHERLANDS East Inpies. — The Nieuwe Rotter- 
damsche Courant says that the Hollandsche Aanneming- 
maatschappij, domiciled at The Hague, has been awarded 
the contract for the carrying out of the proposed extensive 
harbour works at Sourabaya. The cost of the under- 
taking is estimated at 12,808,000 gulden (1,067,000/.), but 
it is stated that the figure will reach 14,000,000 gulden 
(1,167,000/.) when the cost of various supplementary works 
is included. 
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THE USE AND ABUSE OF INSPECTION. 


Ir has been remarked that society in these days 
is rapidly becoming divided into two classes—the 
inspectors and the inspected. Engineers especially 
realise that there is a great amount of truth in this 
saying, as few orders are placed nowadays for 
engineering plant or materials which do not stipu- 
late for inspection. This tends to become stricter 
every year, owing to various reasons, the chief 
being that manufacturers in selling their goods are 
now generally bound down both in price and time 
of delivery, the former being so low and the latter 
so short that mistakes are more liable to occur 
than was the case in the old days, when the manu- 
facturer could ask and obtain his own price and 
could take his own time. In those days the buyer 
often had to take what the manufacturer gave him, 
and was glad to get it at almost any price. But 
now the buyer knows quite well in most cases 
what he wants, what price he ought to give, and 


be | exactly what he ought to get for that price, and his 


main object is to see that he gets it. It follows, 
therefore, that buyers have come to the conclusion 
that their interests will be best served by employ- 
ing inspectors empowered to visit the works of 
the contractors at all reasonable times, without 
notice, and to follow the course of the order through 
the works, testing the materials and the finished 
work, and checking quantities, weights, &c. 

The knowledge that the inspector may visit them 
at any time has a good effect upon contractors in 
keeping them up to the mark, both in quality and 
time. This effect is an all-round one and does 
not refer only to inspected work, as manufacturers 
know very well that when they are constantly 
having inspectors in the works it is net desirable 
to have too much second-rate work lying about. 
Inspectors do not judge a works entirely by the 
quality of the work they get themselves, and their 
opinion carries considerable weight. The very 
fact, therefore, that a number of buyers send 
inspectors to any one works makes that works a 
more reliable place for other buyers who do not 
employ inspectors, as the frequent presence of 
inspectors has a good effect on the general quality 
of the work turned out of any manufactory. 

There is, of course, no attempt on the part 
of British firms of good standing deliberately to 
defraud their customers. But at the same time 
manufacturers cannot afford to do more than keep 
to the bare specification, and specifications are 
often interpreted differently by buyers and sellers. 
Then, again, the heads of a firm cannot always 
attend to every detail, and foremen and work- 
men will often scamp work, either because they 
are on piecework, or merely to save themselves 
trouble. In the matter of loose rivets in steel- 


AGE) work, blowholes in cast-iron pipes, and such-like 
0| small but important defects, the inspector cannot 
- lay the blame on the manager or foreman unless 


the flaws are numerous. But it is his business 


1| to find these flaws out, and if he discovers a number 


and sees them put right in the early stages of an 
order, he will find that the workmen will take 
more care afterwards. Again, mistakes are fre- 
quently made in dimensions, and many firms have 
no system of checking their finished products, even 
when the matter is left in their hands. 

A good inspector, dealing with large quantities 
of materials, will save his employers many times 
his salary in the course of a year. But, to 
gain the full benefits of inspection, a good man 
An inspector cannot be an 
expert in everything, but he must have a very 
lclear idea of the difference between good and 
| bad work, and must be able to read drawings easily. 








Then an inspector must be firm and able to hold 
his own, but at the same time tactful, and his 
honesty must be above suspicion. 

An inspector with the above qualifications, and 
who is also the equal socially of the managers of 
the works he visits, can do a great deal for the firm 
which employs him, At the commencement of a 
contract he goes through the specification and draw- 
ings and clears up any doubtful points, both with 
his own firm and the contractors. He also informs 
the contractor what kind of work he expects to get 
and what processes are to ‘be employed on the 
various details ; for instance, it is often left to the 
inspector to say whether holes are to be drilled or 
punched ; whether plates are to be sheared or 
planed, rods and bolts solid or welded, &c. When 
the work commences the inspector will test the 
materials and see that no unavoidable delay takes 
place at the rolling-mills, and will then follow 
the work through the contractor’s shops and see 
that the various processes are carried out as 
specified, or as he wishes, and that the finished 
work comes together correctly, is of the proper 
dimensions, and, if necessary, is properly marked 
for re-erection. Besides these duties the inspector 
is often required to verify weights, and to attend 
to packing and shipping marks, and occasionally 
to see the goods actually put on board. 

If he is a tactful man and knows his business, he 
can get the contractor’s manager and foremen to 
agree to his suggestions and requirements with 
very little trouble, and to push his work on as 
quickly as possible, and in the case of any altera- 
tion he acts as a buffer between the buyers and 
the contractors. An inspector of this kind is worth 
a good salary, and if employers have not sufficient 
work to keep a highly-paid man of their own busy, 
it is better for them to employ an outside inde- 
pendent inspector than to keep a poorly-paid man, 
or to send out draughtsmen or others on inspection 
work, as it takes a regular inspector several years 
to tind out the little tricks by which foremen and 
workmen sometimes try to deceive him. 

There are, however, a number of independent 
inspecting engineers who will offer to take inspec- 
tion work at extremely low and insufticient rates. 
They can only do this by employing very young 
and badly-paid men to do their work for them, or 
else by giving half the time to it that they should 
do. It may be taken as an axiom that in the majority 
of cases cheap inspection is worse than no inspection 
at all, as it relieves the contractor from liability 
without giving the buyer a suflicient guarantee that 
the work is properly carried out. There is, of course, 
certain work which can be attended to by an in- 
experienced inspector just as well as by an experi- 
enced one, but, as a general rule, when work 
which has been cheaply inspected turns out satis- 
factorily, it would have been just as satisfactory if 
it had not been inspected at all. 

This brings us to the question of the abuse of 
inspection, about which manufacturers have a great 
deal to say, although it affects the buyers more 
than they are pacts aware. An inspector may be 
very conscientious, bué either through want of tact 
or experience, or both, he may be the cause of end- 
less trouble between buyer and seller. Such a man 
walks into a works as though it belonged to him, 
calls the manager and foremen over the coals for 
the slightest cause, treats them openly as though 
he believes they are deliberately trying to cheat 
him, persists in sticking to the exact letter of the 
specification, and rejects quantities of material 
for little faults which do not matter in the least. 
The result of all this is that he is disliked wher- 
ever he goes, his work is delayed, and people who 
would not do it otherwise try to get the better of 
him in order to get him into trouble. Besides this, 
contractors who have had experience of an inspector 
of this kind make allowance for him in their next 
quotation and ask higher prices. 

Unnecessarily strict and minute inspection is not, 
however, always due to the inspector, as his em- 
ployers may tie him down to the specification, and 
practically refuse to allow him to use his judgment 
at all. Certain consulting engineers are very strict 
in this way, and are so well known that extra prices 
are always charged to cover their inspection. 

Another abuse of the inspection system is to 
send an inspector to see very small quantities of 
material ; we have known many cases in which 
inspectors have travelled long distances to inspect, 
perhaps, 1 cwt. of ordinary quality steel, the cost 





of the inspection coming to two, three, or four 
times the cost of the material. The Government 
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departments are probably the worst offenders in 
this way, the total cost of some of their small orders 
being out of all proportion to the value of the 
material or the use to which it is to be put. Con- 
siderable delay is often caused, also, by having 
these small orders inspected, as the inspector may 
have to wait days before he can visit the works, 
owing to pressure of more important work, and 
favourable opportunities of forwarding the material 
along with other goods are thus mi Moreover, 
if the material has to be tested, the inspector may 
have to pay two visits to the mills, one to select 
and stamp the test-pieces and another to see them 
broken, as the mills cannot always prepare the test- 
bars the same day. 

Then, again, inspectors are sent to examine such 
small items as wood screws, nails, door fittings, and 
other ironmongery. This is a waste of time, as the 
inspector cannot stamp such articles, and has no 
means of telling whether the goods he are 
the same as those received by his employers. The 
best way is to buy ordinary commercial goods of 
this kind on sample, and return them if not satis- 
factory ; this gives the buyer a better hold upon 
the manufacturer than if he sent an inspector. 

There are, of course, other and more serious 
abuses of inspection due to direct or indirect 
bribery of the inspector by the contractors. But 
this evil is not codlinel to inspection work, although 
a dishonest manufacturer has very much better 
opportunities for bribing an inspector than any 
other member of his customer’s staff, having the 
inspector at his own works. Bribery, however, is 
not so common as it used to be, but, unless the 
inspector is of good class and reasonably well paid, 
the risk of collusion may always arise. 

To sum up the whole question : inspection is 
useful and worth while under certain conditions, 
but not under all conditions. It pays well to 
inspect, provided the inspector is a firm and tactful 
man with a good general knowledge of engineering 
and inspection, and with an honest and honourable 
character, and provided also that he has plenty of 
work on big orders and is given a fairly ) an hand 
and allowed to use his judgment in the interpreta- 
tion of a specification. In other words, the inspector 
must be a good one and must have plenty to do, 
and the more costly the work that he inspects the 
more worth while the inspection. 

Inspection, as a general rule, does not pay when 
the reverse of these conditions is the case: when 
the inspector is tactless, of weak character, without 
workshop experience, or badly paid. It does not pay 
to be very strict on small variations from the draw- 
ing or specification which do not affect the quality 
of the work, nor to send an inspector to 
every small order, unless for special material. It 
is also a question whether it pays to inspect cheap 
materials, such as bricks, tiles, earthenware pipes, 
paving, &c. These things are bought in large quan- 
tities, and the inspector usually sees them stacked 
in the maker’s yard. It is impossible for him to 
examine more than a small proportion unless he 
sees the whole order loaded up, which might oblige 
him to be at the works for several days, and would 
add considerably to the cost of the articles. He 
cannot very well mark each item unless he sees 
them loaded up, in which case there is no need to 
mark, and the result is he passes them in bulk, 
which leaves the manufacturer free to load up all 
the defective items not seen by the inspector. 

In the case of materials of this nature it is cer- 
tainly the best way to buy on sample, without 
inspection, and return defective goods. This 
course, however, would not be practicable when 
the material was required for abroad, in which case 
the inspector should see it loaded up. 

Whether a firm should employ their own inspector 
or not depends on whether or not they can keep 
him busy all the time. If they only require to have 
goods inspected occasionally, it is better to employ 
a regular outside inspector than to send out one of 
their own staff, unless he is fully qualified for the 
particular work. A firm has a better hold in some 
ways on its own inspector, but as the outside 
inspector’s living also depends on the satisfactory 
nature of his work, he is not likely to neglect it, 
and a well-established outside man has a wider 
experience of inspection than a man who only works 
for one firm, and experience counts for a great deal 
in inspection. The more works a man visits, and 
the greater variety of materials he inspects, the 
quicker he will be to detect bad work, to suggest 
= and to get orders through satisfac- 
torily. 





THE NEW TURKISH BATTLESHIPS. 


Tue Minister of Marine for the Ottoman Navy, 
Mahmoud Moukhtar Pasha, has been in this 
country for some days, and all the details have 
been settled in connection with the contract with 
a British group of naval constructors for the build- 
ing of the first of the new battleships which Turkey 
is ordering in order that she may take the place to 
which she aspires among naval Powers. In view 
of the protraction of negotiations in Constantinople 
in connection with preceding schemes for the recon- 
struction of the 
due to this young and —— 
courage, pertinacity, and tact 





| 


will be of British design and manufacture. As to 
the armour, here again the provision made is in 
accordance with latest practice and the great ex- 
perience of the designers. The speed provided 
for is 21 krots—a result which is 5 in part to 
the design .f the lines of the ship, and in part to 
the adoption of the latest type of Parsons combined 
impulse and reaction turbines working in series. 
These will give very high efficiency, in association 
with the coal and oil-fired water-tube boilers, not 
only at full power, but at cruising speeds. 

It will thus be seen that the new ship will tend 


urkish navy, great credit is to place the Turkish navy in the front rank, 
Minister for the especially if a realisation of the fighting qualities of 
e has shown in the ship enables the Minister of Marine to induce 


overcoming the difficulties which beset all advocates Parliament to add other ships in order to make upa 
of reform in connection with the Turkish navy. | squadron of homogeneous vessels, as by this means 
One important factor in gaining the support of | only can the fullest success be achieved in main- 
his colleagues and Parliament was his determi- | taining Turkey’s position in the Mediterranean. 
nation to secure the services of the most experi-| Advantage accrues in the interests of peace as 
enced designers and constructors of warships. | British financial and manufacturing assistance helps 
His contentions in this direction were strongly towards a firmer bond of friendship between Great 


supported by the example set by Japan, when | Britain and Turkey, old-time allies. 


they recently placed ar order with a British | 


firm for the most powerful armoured cruiser which | 


could be built, irrespective of financial and other 
considerations. The particulars we have been able 
to procure regarding the design of the Turkish 
batheahips show that, as ships of the line, they 
will be as far in advance of other vessels of this 
class as is the Japanese cruiser in superiority to 
other armoured cruisers. 

In the past foreign governments have sometimes 


experienced difficulty in giving effect to their belief | 


in British superiority in production by placing 
orders in this country, because the financiers assist- 
ing the schemes desired to secure the work for 
their own country. In the case of Turkey, for 
instance, monetary support has hitherto been 
obtained through Paris financiers, or from those in 
other Continental countries. This has had effect in 
determining the selection of the successful tenderers 
for contracts. As a result, British manufacturers 
have not in the past profited to the same extent 
as the terms of their tenders merited. It is there- 
fore gratifying to be able to record that, as a 
result of the founding of the National Bank of 


Turkey by Sir Ernest Cassel, British manufacturing | 


efliciency is recognised more readily than formerly 
in Turkey ; and now, largely through the ability 
of the chairman of the bank in Constantinople, 
Sir Henry Babington Smith, the necessary financial 
support has been secured through British agency. 
There is no need to enforce the importance of such 
aid to British production, because with such 
financial help there is a better chance of the satis- 
factory character of British work having its due 
reward. 

As a matter of fact, the British group experienced 
very strong opposition from some Continental 
countries, solely from extraneous considerations, 
including political influence ; but, so soon as the 
financial difficulty was overcome, there was no dif- 
ference of opinion on the merits of the design. The 
first of the battleships, for which General Mahmoud 
Moukhtar Pasha 
arranging, and a second, which will also shortly be 
laid down by the same group of naval constructors, 
will be vessels excelling anything yet built for the 
British or any foreign fleet. The displacement ton- 
nage is to be about 23,000 tons, and the primary 
armament, which has been recommended by an 
Ordnance Commission under the presidency of 
Commander Hakki Bey, will include ten of the 
largest guns yet installed 
arranged in twin gun-turrets, so that all may 
fire on either broadside, while four can fire ahead 
and four astern. 
usually wide are of training before and abaft 
the beam. A feature of the design, however, is, 
we understand, the great power and admirable 
arrangement of the secondary armament, also 
decided upon by Commander Hakki Bey’s Com- 
mission. These guns are separately of a muzzle 
energy equal to the best yet fitted in any super- 
Dreadnought, and there are sixteen of them. In 


addition, all the guns are in heavily armoured | 


casemates, and are arranged well above the water- 
line, and so that half may fire on each broadside 
with a very considerable arc of training before and 
abaft the beam. Later we hope to give fuller 
details in regard to the novel dis 
casemates, and need only now ad 
also a large 


as now had the credit of | 


The guns, too, have an un- | | 
‘‘Beaumont’s” being a Blériot and Vedrines’ a 


| Morane-Borel, which is generally of the Blériot 
| type, differing in small details. Both had ‘‘ Gnome” 


ition of these | 
that there are| the event, that twenty started from Brooklands, of 


number of machine-guns on the super- whom three retired on the first day’s run of 20 miles. 





in any battleship, | 


Moreover, it 
is now accepted as the wisest policy to anticipate 
improvements in design, as is done in this ship, 
irrespective of the cost which these involve in the 
first instance, as cheaper ships of less efficiency are 
so soon rendered obsoles-ent. 





THE LESSONS OF THE BRITISH 
CIRCUIT AIR RACE. 

In many ways the aeroplane race round Great 
Britain, which occurred last week, is the most 
important event yet held in connection with aerial 
navigation. Up till the end of last summer com- 
petitions were mainly of the circus type on a 
prepared track for the sake of attracting gate- 
money. While these competitions no doubt served 
some useful purpose in the early stages of the 
movement, the tendency was to develop purely 
artificial conditions, with marked influence upon the 
design of machines and the promoters of the new 
manufacturing industry. This type of competition 
fortunately came practically to an end last year 
owing to the fact that it did not excite enough 
public interest to pay 

This year competitions have taken the form of 
cross-country races, and of these that compassing 
the greater part of Britain was in many ways the 
most interesting. Its technical interest was much 
greater than the circuit races on the Continent, 
from the fact that, in the latter, competitors were 
allowed to change or repair their machines to such 
an extent as to make the race no test of relia- 
bility, while the Gordon-Bennet race was too short 
to be of any value. In the British contest there 
were strict limitations as to renewals, some promi- 
nent units of the aeroplanes and motors had to be 
retained to the close, and for purposes of identifi- 
cation were specially marked at the outset. 

In the British race the course was from Brook- 
lands via Hendon, Harrogate, Newcastle, Edin- 
burgh, Stirling, Glasgow, Carlisle, Manchester, 
Bristol, Exeter, Salisbury, and Brighton, finishing 
at Brooklands. A stop had to be made at each of 
the places named, and the taking of a certain 
amount of rest by the competitors during the cir- 
cuit was compulsory. The winner was ‘‘ Beaumont,”’ 
who completed the distance of 1010 miles in 22 hours 
29 minutes flying time, which gives a mean speed of 
about 45 miles an hour. Vedrines was second, taking 
23 hours 38 minutes, and averaging, therefore, just 
under 43 miles an hour. The success of these two 
was so complete as to give a very striking demon- 
stration of the progress which aviation has made 
during the last year. 

The machines of both winners were monoplanes, 


engines, ‘* Beaumont’s ” being of 50 horse-power and 
Vedrines’ of 70 horse-power. Both engines had 
seven cylinders, but the latter, of course, were of 
larger diameter. The extra horse-power, no doubt, 
was the reason for the greater speed shown by 
Vedrines’ machine on several occasions, but there 
was the countervailing fact that ‘‘ Beaumont,” who 
is a captain in the French navy, had superior know- 
ledge of air currents and compass direction. 
Turning now from the successes to the failures, 
it is to be noted that there were thirty entries for 


structure deck. All the ordnance and its machinery | The start for the really serious part of the journey 
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took place from Hendon on Monday, the day’s run 
being to Edinburgh ; only two competitors got there 
in the day, while only five got so far as Harrogate, 
the first control position. Allowance must be made 
for the fact that the attempt to do 180 miles with- 
out a stop was a severe test. The human element 
has to be taken into consideration, as failures were 
often due to this more than to the machines. 

The most fruitful source of failure seems simply 
to have been the difficulty in finding the way, and 
the unsuitability of the chassis for landing and 
starting in a country like Britain. In a few 
cases minor engine troubles also forced a descent. 
The difficulty of finding the way is a purely personal 
problem, and will be overcome by experience and 
a knowledge of the compass. The early morning, 
though the best time to fly for many reasons, is a 
time when many of the features of the country are 
liable to be obscured by mists, and then compass 
direction must be depended upon. Many of the 
competitors who had to land to ask the way, 
or for some other trivial cause, so damaged their 
running chassis that they could not re-start, or 
found re-starting impracticable without their own 
staff of mechanics. It seems necessary that the 
landing chassis should be made suitable for gliding 
on to much rougher ground than is at present 
the case, and that some means should be pro- 
vided for starting the machine without external 
assistance. The first point is probably only a 
matter of providing larger wheels and skids, Xc., 
but the re-starting seems a more difficult question. 
At present the practice is for a staff of mechanics 
to hold the machine stationary while the propeller 
is started and until the engine is going well, when 
they let go, and the machine rises. This is all 
right with competent mechanics, but not with casual 
assistants picked from a crowd or from a farmer's 
staff. What is wanted is some method of making 
the machine stand still until the engine has got up 
speed. Naturally the first means which suggests 
itself is a brake on the wheels, but this would 
probably not be sufticient. Some kind of anchorage 
which could be tripped might, however, be practic- 
able. In many cases a tree, or something of the 
kind, could be found to fix a rope to, and where this 
could not be done possibly pegs could be carried to 
drive into the ground. The standing part and 
anchorage would, of course, have to be left behind, 
but it would be better to carry several spare ones 
and leave them than to have the machine wrecked 
by incompetent assistants. 

Although the first and second machines were both 
monoplanes, it can hardly be said that the race has 
done much to settle the question of the monoplane 
versus the biplane, or, in fact, any of the vexed 
questions of aeroplane construction. In the first 
place, several of the best-known biplanes were not 
represented—e.g., the Farman—and in the second 
place speed alone is by no means the only quality 
desirable in an aeroplane. The racing-type mono- 
plane, with a powerful engine and wings of com- 
paratively short span, and hardly any curvature, is 
no doubt the fastest machine there is at present ; 
but the most important point is not speed, but 
safety, while weight-carrying and many other factors 
must be considered. 

It is interesting to note that the pilot of the 
winning machine is a naval officer, and that the 
personal factor had a great deal to do with his getting 
first place. We have always said that it seemed 
likely that a sailor would do best in an aeroplane, 
the handling being apparently more like that of 
a boat than anything else. It also seems likely 
that a sailor, who is accustomed to find his way 
with very slight indications, and to steer by com- 
pass, would. have less difficulty in doing so in the 
air than most types of landsmen, and this seems to 
have been the case. 

The greatest lesson of all is that the aeroplane 
has now got to a stage when it will have to be 
reckoned with as a serious fighting force, even if 
only for scouting duty, and that it is high time that 
some really serious effort was made to create an 
aerial fleet. 








DETECTING MINERAL OILS IN 
OTHER OILS. 

Since the introduction of oil-sand cores the ques- 
tion of the adulteration of vegetable oils with 
mineral oils has acquired considerable importance 
for the metallurgist. The oil is to bind the sand 
of the core. 
value from this point of view; mineral 


But vegetable oil alone has any 
oils are, 





non-drying and directly deleterious, therefore, 
because with them more fuel and more time is 
| required for baking the cores than with other oils. 
| The resin oils are less objectionable ; but owing 
| to their relatively high price, their use is more 
restricted. The price difference between mineral 
oils and vegetable oils is very large. Iu the research 
which we are about to notice, Mr. Alexander E. 
Outerbridge, Jun., of Messrs. William Sellers and 
Co., Philadelphia, points out that linseed oil, the 
best binding agent for making sand cores, costs 
about a dollar per gallon, while the gallon of 
|mineral oil can be obtained for 3 cents. Oil 
|dealers are thus strongly tempted to dilute 
vegetable oil with mineral oil. e metallurgist 


}can only regard this dilution as an adultera- | 


| tion ; but the compounding of core oils has become 
|@ large business, and nearly all the samples of core 
oils which have come under the notice of Mr. 


resin oils. 


cult except by the subsequent failure of the sand 
cores. Mr. Outerbridge found several samples 
which stood the skin test (evaporation of a few 


tough skin should result) very well; but com- 
plaints came afterwards from the foundry that the 
cores broke in handling. Chemical analysis will 
decide the question; elaborate analyses are neces- 
sary, however, which only the experienced chemist 
can perform, because the different oils resemble 
one another too much. The term ‘‘ mineral” oil is 
a misnomer, justified only because the natural oil 
or petroleum is generally classed with the mineral 
resources of a country. The mineral oils are hydro- 
carbons, of course, which are known in great 
variety. Resin oils contain oxygen, and may be 
more closely related to the mineral oils than to the 
vegetable and animal oils or fats. The latter oils 
and fats are compounds of certain organic acids 
with glycerine and similar organic radicles. Treated 
with alkali these oils and fats are saponified—i.e., 
turned into alkali salts of soapy consistency. Kesin 
oils are slightly saponifiable, mineral oils not at all 
—at least, not so far. By these and other reactions 
the various classes of oils can be distinguished. 
But there has been no really reliable test known 
which would inform the metallurgist that his 
supposed linseed oil contained a small or large per- 
centage of mineral or resin oil. 

The test which Mr. A. E. Outerbridge has worked 
out and which he describes in the Proceedings of 
the American Society for Testing Materials,* is a 
fluorescence test, sufticiently simple for the man 
who has more experience in foundry practice than 
in chemical and physical experiments. That mineral 
oils—but not vegetable oils—display fluorescence 
under ultra-violet radiation, and even under ordi- 
nary illumination, has long been known. Mr. 
Outerbridge himself, in fact, points out that ‘‘ de- 
bloomed ” mineral oils are on the market, oils which 
| have in some way been so treated that they have 
| apparently lost their fluorescence ‘‘bloom.” It is 
rather surprising, therefore, that this property has 
not been utilised for a practical test ; but this 
technical test seems to be new. Crude or 
partly refined mineral oils show a _ greenish 
fluorescence in reflected light, while their true 
colour—yellow, reddish brown, greenish—appears 
in transmitted light. Resin oils behave similarly, 
but their fluorescence is bluish. Vegetable oils 
do not show any fluorescence. Mr. Outerbridge 
observed that the fluorescence of bloom-oils could 
enormously be intensified, and that the percent- 
age of mineral or resin oil in a pure vegetable 





| 


test—i.e., by preparing comparison standards of 
vegetable oils containing definite proportions of the 
other oils. The intensification of the fluorescence 
is best obtained, not with a quartz-mercury arc, of 





instance, but by the aid of an enclosed arc-lamp. 
|Such an arc, Mr. Outerbridge states, burns in a 
partial vacuum, because more air is consumed than 
can gain entrance, and the lamp shows a faint rosy 
‘light in addition to the glowing arc. These rosy 
rays produce intense fluorescence of the oil even in 
daylight, and the presence of 1 per cent. of mineral 
oil in a linseed-oil can easily be detected in this 
way. Mr. Outerbridge, in fact, detected 1 per 
mille of mineral oil, and he emphasises that the 
comparison standard tubes or phials need not be of 


of See vol. xi. of the journal quoted, 1911. 


Outerbridge were mixed with mineral oils or) 


The detection of the adulteration is very difti- | 


drops of the oil in a platinum capsule, when a good | 


oil could be estimated by a kind of calorimeter | 


which everybody would probably think in the first | 


'the same size and contents. In other words, the 
quantity of oil examined, and the dimensions of the 
bottles, do not, according to Mr. Outerbridge, 
affect the colour of the fluorescence, which can 
be observed, for instance, when a thin film 
of the oil is examined between glass plates, though 
the film itself may hardly be visible. Moreover, 
standards prepared with linseed-oil also serve for 
the testing of cotton seed oil, corn-oil, bean-oil, 
&c. China bean-oil and China wood-oil do not 
fluoresce at all, nor does pure lard-oil, while 
mineral lard-oil does fluoresce. The ‘‘de-bloomed ” 
aed all turned fluorescent in the intensified arc- 
ight. 

The subject will require further investigation, 
and as Mr. Outerbridge does not claim any inven- 
tor's rights for his new test, there is no objection to 
such researches. His paper is interesting, but, 
we cannot refrain from adding, hardly of the 
standard of a publication in the proceedings of a 
society for testing materials. Mr. Outerbridge 
gravely quotes the New-Century Dictionary in 
| order to answer the question ‘ which will promptly 
| be asked : * What is fluorescence ?’” and he pro- 
| ceeds to liken the divergent beam of the spectrum 
toa closed fan. That would be acceptable for a daily 
newspaper. But if Mr. Outerbridge’s colleagues 
should really have to consult a dictionary to find out 
what fluorescence signifies — which we do not 
believe, of course—the scanty details of his test 
will be of little use to them. 








INSURANCE AGAINST UNEMPLOY- 
MENT IN FRANCE. 

UNEMPLOYMENT insurance having attained to the 
importance of being incorporated in a Government 
measure in Great Britain, it may be interesting to 
give some account of the attempts which have been 
made abroad to insure against the risks of un- 
employment, and their attendant results. For the 
present it will suffice if we consider the system 
created for this purpose in France, which although 
named ‘‘ insurance,’ does not properly correspond 
with what is usually conveyed by that term. 
Furthermore, insurance against unemployment in 
France is, in a sense, impracticable, for actuarial 
tables of unemployment, corresponding with the 
mortality or accident tables of ordinary insurance, 
do not exist there. 

It is natural that there should be complaint about 
unemployment in a country so full of syndicates 
and trade unions as France. Figures, by no means 
authoritative, are advanced as to the proportion of 
** out-of-works”’ in this or that year, or as to the 
number of unemployed relative to the total popula- 
tion. Such unemployment statistics are, however, 
of doubtful value, more particularly as workmen 
who will not accept particular work, or who are on 
strike, &c., are grouped with those who cannot find 
work. Asa French Socialist Deputy, M. Vaillant, 
recently stated, a considerable amount of unemploy- 
ment always prevails, even in times of commercial 
and industrial prosperity, and the proportion of 
‘* out-of-works”’ often reaches 7, 8, 9, and 10 
per cent. According to this authority, at every 
period of crisis quite a million persons in France 
may be estimated as unemployed, and the un- 
employed may always be counted by hundreds of 
thousands at least. It is true that the French 
Labour Bureau (Office du Travail) under the 
Labour Ministry, publish monthly and annual 
statistics relating to unemployment, but the figures 
given are, for the most part, furnished by the 
workmen’s syndicates. ere is a tendency on 
the part of the latter to exaggerate the propor- 
tion of unemployed ; and, in any case, supposing 
the estimates to be correct, the basis of the 
figures, relatively to the entire population, is very 
small, seeing that the majority of the workers in 
France are not members of the workmen’s syndi- 
cates. In the statistics referred to, information 
emanating from the private or works societies 
is also utilised ; this information is, however, very 
confused and is of scarcely greater value. The 
|census of population affords: some indication of 
|the people who have declared themselves out 
|of work at the time of any particular census ; 
in this way, for example, the figure of 315,000 
persons in 1901 was arrived at. In spite of 
| these figures, much alarm was occasioned in France 
because, according to information supplied by 
the workers’ syndicates, the average of the un- 
employed was estimated, in 1909, at rather over 
| 8 per cent., while the corresponding mean for 1908 
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was estimated at 9.6 per cent. It should be men- 
tioned that these latter averages were based upon 
an aggregate of less than 250,000 individuals, repre- 
senting the syndicate which furnished particulars 
to the Labour Bureau. For the year 1910 the per- 
centage of unemployed, taken in the same way, 
would amount to 6.5 per cent., which, again, con- 
cerns a working pomiions very small indeed in 
comparison with the entire population of France. 
hatever the purely relative worth of these 
statistics, it is quite certain that unemployment 
occasionally makes itself painfully felt in some 
occupations, or at least in the case of certain 
workers. For this reason various means have 
been devised in this, as in some other countries, 
for aiding the unemployed, and at the same time 
for diminishing unemployment, We are now con- 
cerned more especially with that special form of aid 
which has been denominated ‘‘ insurance against 
unemployment ;” but, as explained already, in 
France, in the true sense of the term, this does 
not exist, although the phrase is used. What is 
done takes the form of assistance distributed by | 
the workers’ syndicates or unions and by special | 
associations, in connection with which there is 
nothing corresponding to the premiums of an insur- 
ance or mutual assurance company, or to the in- 
demnities paid to the victims of accident in the 
case of accident insurance. In these so-called 
‘‘insurance” organisations in France, calls are 
certainly made upon the members, but these contri- 
butions are more frequently used for purposes quite 
other than that of assisting the unemployed. The | 
special feature in connection with these associations 
and societies is that, on the one hand, the State, | 
and, on the other hand, the towns, departments, 
and local authorities, aid them by granting subsidies 
which are considerable in amount when compared 
with the absolute value of the contributions of the | 
workmen; the sums available for distribution among | 
the unemployed are thus materially augmented. 
What is the real value of these so-called insur- 
ances against unemployment? The designation 
has been preserved, notwithstanding that it relates 
to a system which has nothing in common with 
insurance properly so called, as itis the title usually 
given, even in cfticial documents, to every organisa- 
tion of funds for the benefit of the unemployed 
(caisses de secowrs) whatever may be their origin. 
In 1902, on the occasion of an inquiry into the 
subject by the Labour Minister of that period (M. 
Millerand), that gentleman dwelt with considerable 
satisfaction upon what, he described as the admir- 
able expansion of insurance against unemployment 
in France. He congratulated the country on the 
fact that it had more than 300 insurance funds 
(caisses d’assurances), comprising 30,000 members 
and receiving over 110,000 francs (44001.) in con- 
tributions. It is easy to show, however, that 
the 30,000 members and the 110,000 francs are 
quite ins‘gnificant when regard is nad to the work- 
ing population of France. The greater part of the 
funds above enumerated belong to a single federa- 
tion of workmen, composed of an aggregation of 
syndicates dependent upon what is called in France 
‘*le Livre,” that is, the printing and allied trades. 
This Federation is the most important workers’ 
federationin France. The greater number, indeed, 
of the funds for ‘‘insurance against unemploy- 
ment” in France, have had no real importance. 
As far back as 1902 it was contended that the 
influence of previous legislation, dating from 1852, 
when it was expressly forbidden to any workers’ 
organisation to distribute out-of-work aid, still 
made itself felt. Obviously, legislation of this sort 
was monstrous, opposed to common prudence, and, 
therefore, to ethics. It was feared then that insur- 
ance against unemployment would facilitate strikes. 
At the present. time the working population of 
France takes the greatest liberties in regard to strikes, 
and there is no longer anything in the way of legis- 
lation to prevent it from practising unemployment | 
insurance or seeking the security of an association, | 
or, at the least, from paying contributions in order | 
subsequently to receive assistance should unemploy- | 
ment occur. In considering the insufficient character | 
of the funds assigned to meet critical periods of | 
unemployment, many people have been led to! 
demand, from the State and the municipalities or | 
departments of France, the allotment of premiums 
of encouragement to the workers’ organisations, so | 
as to induce them to practise what is called ‘‘ un- 
employment insurance.” In 1902, for example, it 
is the fact that beyond the funds under the control 
of ‘‘le Livre,” the lithographers, the hatters, and | 








| influeace—have granted subsidies to the funds for 


/nated by the Government, and in this Council the 
tendencies of the Socialist and Interventionist have 


the moulders, the whole of France did not possess 
more than 110 funds for the various callings into 
which the working population was divided, and 
these 110 funds had distributed in one year less than 
60,000 francs (2400/.) in aid of unemployment. 
Even the federation of ‘‘le Livre,” notwithstand 
ing its exceptional organisation, was, in 1900, only 
hoping to arrange for something definite with regard 
to the matter of unemployment. Indeed, the funds 
of this federation were, so to speak, continually in 
arrear, the resources being utilised to cover the 
sickness risk as well as the risk of unemployment 
proper. Again, in this federation, the number of 
out-of-work days increased from year to year in a 
manner wholly unforeseen. It is easy, therefore, 
to understand that in the case of funds less well 
organised, the likelihood of the regulations being 
sufficiently well devised to avoid the various incon- 
veniences that might arise was remote. In the case 
of the plaster-moulders and moulders of Limoges, 
it is admitted that ovt-of-work benefit may be con- 
tinued for an indefinite period. This isan arrange- 
ment which certainly does not operate as an induce- 
ment to the assured—the workman whose contri- 
butions have formed part of the fund— to seek work. 

Since 1896 certain towns—Dijon and Limoges, 
for example, where socialism has considerable 


the relief of unemployment, and to this we shall 
refer later. As regards State subventions, legis- 
lative provision has been demanded since 1895, and 
between 1895 and 1903 various legislative proposals 
were submitted by deputies with the object of 
instituting a general insurance against unemploy- 
ment, embracing all French workers. These pro- 
posals were never debated. In the end the ques- 
tion was submitted to the Conseil superieur du 
Travail, specially composed of members elected 
either by the employers’ or works’ syndicates or by 
the workmen’s associations, and of members nomi- 


been manifest. Nevertheless, the Council has not 
— in favour of compulsory insurance, but 

as merely requested that the State should step in 
for the purpose of distributing grants to the orga- 
nisations intended to aid workmen out of employ- 
ment. As aconsequence of all this, by the Financial 
Law of April 22, 1905, Parliament decided that a 
preliminary sum of 110,000 francs should be appro- 
priated by the Government to subventions to the 
funds in aid of involuntary idleness. 

According to this law and certain subsequent 
modifications, all the funds which grant aids to 
members who are idle, by reason of failure to get 
work, have a right to State subsidies ; only this 
form of unemployment is considered, to the 
exclusion of all others. Moreover, it does not 
matter whether the assistance to the unemployed 
workman takes the form of relief in a particular 





place or guarantees of travelling expenses, &c. In 
principle, it is essential that the funds applying for 
subsidies should be composed of members occupied 
in the same or a similar trade or calling. These | 
funds should have at least 100 members, but 50 is | 
sufticient if they already receive help from the local 
authorities. This course has been taken in order 
to obviate the differences in the risks of unemploy- | 
ment, and to facilitate the control of the workless | 
men. Nevertheless, in towns of less than 50,000 
inhabitants, local funds which group adherents of 
various trades may receive subventions, provided | 
they have a minimum membership of fifty, and | 
are subsidised by the commune or department. 
Also, grants may be allocated to funds distributing 
travelling expenses, and depending upon unions 
fed by the payments of affiliated associations, on 
condition that the resources of these associations 
have their origin in the contributions of themembers. 
Subventions may also be accorded to syndicate 
funds and to certain philanthropic institutions and 
associations for mutual aid, or to others, but it is 
necessary that the fund soliciting such subven- 
tions should have been in existence six months, 
should guarantee a gratuitous service for finding 
work for men, and should submit its rules to 
the Minister, so that he may become acquainted 
with them. In addition, it is required that 
certain clauses should form part of the rules and 
regulations of the associations seeking and obtain- 
ing the subsidies. Thus the rules should indicate 
quite clearly instances of aid given to the un-| 
employed, the duration of such aid, and the| 
amount collected for assistance during enforced | 


idleness. For the rest, the associations thus sub-| unemployed. During the year 1905 the 


sidised are free to fix the amount of their con- 
tributions and the rate and duration of benefits. 
It is nevertheless prescribed that the members of 
the associations subsidised should have no right to 
benefit until after an affiliation of six months, 
and that they should undertake to accept any 
employment in their particular line which the fund 
might indicate. They must, also, during the 
ordinary hours of work, sign a control register at 
least three times weekly. Each association must 
keep proper account of its expenses, and should 
be able to substantiate in some way its roll of 
membership, as upon this membership its receipts 
are calculated. Further, the subsidies of the State 
may be allocated for benefit not exceeding 2 francs 
per day or sixty days in the year. Any excess of 
this sum or period is disregarded in the calculations 
for allotment of subsidies. To show the large part 
which the subsidies play in the resources of the 
associations, it should be pointed out that it is 
only necessary for the contributions of the active 
members to represent at least one-third of the 
benefit paid to the *‘ out,of-works ;” that is to say, 
the participation demanded from the members con- 
cerned covers only a fraction of the outlay. 

The legislation relative to State subventions in 
favour of the funds for unemployment specified, at 
first, that the maximum rate of these subventions 
should not exceed 16 per cent. of the amount of 
the benefits distributed by the funds to their 
members. It was admitted, however, that this 
proportion might rise to 24 per cent. for funds 
which embraced at least three departments and 
numbered more than 1000 members. That lack of 
enthusiasm for insurance against unemployment, 
or for any fixed provision, by the French workers’ 
syndicates, even when they have the chance of 
receiving aid from the- State, is shown by the 
circumstance that, after three years’ experience, the 
credit of 119,000 francs available was never exceeded 
by the grants distributed. This being so, and as 
there was no wish to exercise economies in relation 
to the credits, it was decided that the rate of sub- 
vention should be increased. 

This rate, it is said, can now be 20 per cent. or 
30 per cent., dependent on the distinction above 
indicated. It should be noted that the 20 per cent. 
to 30 per cent. is only calculated after the subsidies 
given by the communes or departments have been 
deducted ; these do not enter intof{the account in 
estimating the grants which should be given by the 
State. On the other hand, as it was a common 
experience to meet with funds that had no real 
importance, it was determined that the State sub- 
sidies should not be allocated to funds other than 
those which had distributed at least 30 francs in 
the way of benefits during the half-year. This, 
of course, is very little. It would appear, however, 
from certain figures that the organisations for 
insurance against unemployment have made very 
little progress in France in spite of the ample pro- 
vision made in the Budget. It has hardly been 
possible for the State to distribute completely the 
credit of 110,000 francs which is placed at its dis- 
posal. It has been necessary therefore to fix upon 


|a@ maximum rate of benetits which will fully employ 


the available funds. 

It is true that, at the commencement of 1905, 
the number of funds for assurance against unem- 
ployment which desired to benefit by the half- 
yearly allotments of the State was only about 
71. This number had risen gradually to 97 at the 
end of 1907, and to 112 at the end of 1908. 
Again, in the case of certain of the funds, the sub 
sidies have not been fully paid, because the 
organisations did not. conform to the conditions 
laid down and outlined above. In effect, during 


| 1905, only 47 funds, with approximately a mean 


number of members of 33,700, received subsidies. 
In 1909 the number subsidised was 94, with a mean 
number of members approximately 40,000. In 
the first place, the number of ‘‘ out-of-works”’ 
aided by the contributions of the funds themselves, 
and by the subsidies of the State, was 6650, while 
during the year 1909 the corresponding figure was 
7350. These figures indicate a large proportion of 
** out-of-works ” both for 1909 and 1905, But we 
must not be misled with regard to these numbers. 
They are composed, in the case of each fund, by 
the addition of the ‘‘out-of-works ” for both half- 
years, and consequently in many instances the 
same person is counted twice over. The figures given 
really correspond to the total number of cases of 
unemployment—not to that of the actual persons 
nefits 
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paid by the various societies in aid of unemploy- 
ment amounted to 135,000 francs (54001.). The 
State paid nearly 28,000 francs in subsidies, so that 
it may be said that the State grants play an enormous 
part in the provision of out-of-work benefit. In 1909 
for 168,000 francs (67201.) paid in indemnities by 
the same funds, the subsidies exceeded 42,000 francs 
(16801.). The latter figure represents benefit for 
95,000 days of idleness. It is clear, therefore, 
that only a small minority of the workmen have 
taken advantage of the financial sacrifices which 
the State has imposed upon itself. Notwithstand- 
ing this circumstance, it cannot be denied that 
these sacrifices are considerable in relation to the 
personal efforts of the members who contribute to 
the funds for unemployment, since the State grants 
represent more than one-fifth of the aid which the 
funds themselves are in a position to render to their 
members ; in addition to which, the number of 
funds, as well as the insignificant number of 
workers taking part in the associations, show that 
the workmen care little about making any personal 
attempt to guarantee themselves against unemploy- 
ment, even when they are certain of subsidies which 
the generosity of the contributors have made rela- 
tively so important. Again, we cannot be sure that 
the distribution of these subsidies does not leave 
room for fraud, for cases are heard of in which the 
associations have taken steps to secure the State 
grants and to distribute them among their members, 
without having paid to such members the aid which 
should come from their own resources ; and some- 
times, even, the beneficiaries, of this distribution of 
State aid, were not really the unemployed who had 
interests in the association. As a matter of fact, 
since 1905 certain frauds have only been checked 
as the result of accidental detection, and it is likely 
that many others have escaped discovery altogether. 
It must not be forgotten that a large number of 
local funds in aid of unemployment are subsidised 
by the departments or communes. Of these we 
may give a few particulars. In 1910, 8 departments 
and 41 communes, situated among 25 departments, 
drew upon their budgets in order to grant sub- 
sidies and aids to the societies concerned, accord- 
ingly increasing the out-of-work benefit that the 
latter could distribute to their members. These 
subsidies amount to about 114,000 francs (4540I.). 
It may be said that this sum is insignificant, but 
the amount is based upon the general contribu- 
tions, and consequently is demanded for all and 
each of the contributors, while there is no certainty 
that it is distributed to really deserving people. 
Moreover, this sum of 114,000 francs is increased by 
what may be termed charitable contributions in aid 
of unemployment, which the so-called ‘‘ insurance 
against unemployment” associations distribute ; this 
exaggerates still further, in the case of the associa- 
tions concerned, the contrast between this form of 
benefit and ordinaryinsurance. The mode of division 
of the subsidies varies with the district or locality. 
Certain towns have adopted, at least in part, the 
method known as the ‘‘systeme gantois,” practised 
in the townof Ghent. They restrict their aid to an 
increase of that paid by thefunds. In other towns 
the amount of the subsidy is remitted to the fund 
itself, without any express stipulation, and the fund 
has the power to deal with it as it thinks proper. 
Certain towns again augment the contributions paid 
by the members of the fund; while others take as 
a basis for subsidy, the number of members, the 
contributions, and the financial position of the fund. 
In short, if there is any conclusion to be drawn 
from the system instituted in France under this 
réyime of subsidies granted either by the State or 
by the local authorities, it would be simply that the 
encouragement thus afforded appears to have had 
little effect on the. development of out-of-work 
funds. Frequently in the case of municipal or 
departmental subsidies there are not enough funds 
which have either distributed sufficient aid, or, 
having done this, have a sufficient number of mem- 
bers to warrant the grant of the whole of the credits. 
The assumption is therefore that the people in- 
terested voluntarily forego these subsidies because 
the opposite course would involve some personal 
effort by compelling them to pay contributions to 
the fund, and to make some attempt at self-help. 





CASCADE MOTORS. 

ALTHouGH the many excellent qualities of con- 
tinuous-current motors render them, in some cases, 
superior to all other agents for transforming 
electrical into mechanical energy, the simplicity, 








strength, and other special properties of polyphase 
induction motors enable a strong case to be made 
out in favour of these machines, particularly when 
machinery is to be driven at a practically constant 
speed. The ordinary induction motor is essentially 
a constant-speed machine, as, although its speed 
may be varied by means of resistances connected 
through slip-rings to the rotor circuit, the power 
taken from the mains is unaltered for a given 
torque. This means that energy proportional to 
the reduction in speed must be absorbed by the 
resistance, so that this wasteful system of speed 
regulation is only available for short periods. 
There is, however, a method by which induction 
motors may be made to run eftliciently at different 
speeds. It is carried out by coupling two of them 
‘*in cascade.” If the rotor windings of one 
motor be connected to the stator of a second 
exactly similar machine, which is also coupled 
mechanically to the first, the two machines can be 
started up by means of a resistance in connection 
with the rotor of the second machine, and will then 
run at half the normal speed of either, or at the same 
synchronous speed as a motor having twice the 
number of poles of each separate machine. Simi- 
larly, if an eight-pole motor be connected in this 
way to a four-pole motor, the two machines will 
run ‘in cascade” at a speed equal to that of a 
single machine with twelve poles. Since either 
the rotor or the stator of an induction motor may 
produce the rotating magnetic field on which these 
machines depend for their action, it is easy to see 
that instead of connecting the stator of the second 
machine to the rotor of the first, the effect would 
be just the same if the two rotors were connected ; 
the starting resistance would then be inserted in 
the stator circuit of the second machine, and thus 
the use of slip-rings could be avoided. The cascade 
arrangement can be carried a further step by com- 
bining double stator and rotor windings in a single 
machine, but, as usually carried out, this system 
tends to have a comparatively low efficiency, owing 
to large magnetic leakage and copper losses. 

In the spring of 1907, in a paper read before the 
Manchester branch of the Institution of Elec- 
trical Engineers, Mr. L. J. Hunt described a 
special form of winding he had invented, which, 
while producing the double rotating field required 
by the cascade system, greatly reduced the losses 
obtained with two independent windings, and so 
made it possible to retain the advantages of the 
cascade system in a motor having practically the 
same efficiency as that of an ordinary slip-ring 
induction-motor. It will suffice for our purpose 
to say that the rotor windings were such that, 
when acted on by a rotating field having a certain 
number of poles, they produced a secondary field 
with a different number of poles. The windings 
were thus equivalent in effect to two independent 
windings, but they had the very important advan- 
tage that a number of bars could be omitted, since 
the currents in them, due to the two different fields, 
neutralised each other. The omission of these bars 
considerably increased the efticiency, diminished 
the cost of construction, and had other practical 
advantages. The stator windings consisted of two 
sections in parallel in each phase, wound for a 
different number of poles, the numbers being so 
chosen that the fields did not interlink, except 
through the rotor. The sections were directly con- 
nected at certain points, and at intermediate points 
connections were brought out to the starting resist- 
ances. Since no primary difference of potential 
existed between the ends of these connections, the 
currents circulating through them were entirely due 
to the secondary field produced by the rotor. The 
results obtained were thus similar in effect to 
those obtained by employing a starting resist- 
ance in the stator of the second of two cascade- 
connected machines, as suggested above. The 
fact that the starting resistances were connected 
to the stator windings rendered the use of slip- 
rings unnecessary for single-speed motors, and thus 
we had a machine which, while possessing all the 
characteristics of a slip-ring motor, avoided the 
difficulties which may arise from the slip-rings. The 
avoidance of these details is certainly a desideratum 
where motors have to work in dusty places, such as 
mines and quarries. Also the resistance of the 
brushes, leads, &c., in an ordinary machine may be 
of the same order of magnitude as that of the whole 
rotor windings, so that the elimination of this source 
of loss is worth considering. 

Cascade motors are essentially slow-running 


to be entirely dispensed with in some cases, and in 
others considerably simplifies the problem of speed 
reduction. Very low speeds can be obtained with 
resistance in circuit, owing to the even turning 
moment produced by the two fields ; for instance, 
a 50-horse-power motor whose normal speed is 
490 revolutions per minute has been found to run 
steadily at two revolutions per minute while de- 
veloping its maximum torque ; but, of course, con- 
siderable energy is wasted in the resistances when 
running under these conditions. 

If these machines are required to run at more 
than one efficient speed—that is, without waste of 
energy in resistances—a moditied form of rotor 
winding, with slip-rings, is employed; for man 
purposes, however, a short-circuiting device will 
answer the purpose of the slip-rings. The two- 
speed rotor has all its slots filled with bars, and 
the added conductors are arranged with some of 
the others to form a symmetrical winding, the 
ends of which are brought out to slip-rings. When 
these slip-rings are open-circuited, the added bars 
have no effect, and the rotor runs at cascade speed ; 
but when the slip-rings are short-circuited, no 
secondary field is produced by the rotor, and the 
machine runs as an ordinary motor at non-cascade 
speed. By varying the resistance in the rotor- 
circuit speeds between cascade speed and top speed 
can be obtained, while lower speeds can be got by 
means of the stator resistances. If the intermediate 
speeds are not required, the arrangements can be 
somewhat simplified, the stator resistances being 
replaced bya six-pole short-circuiting switch. The 
motor can then be started and run up to top speed 
by means of an ordinary three-phase starter con- 
nected to the slip-rings, the stator switches being 
open. If it be required to run at the lower speed, 
it must be started by means of the rotor resistance 
and the stator switch closed, the rotor switch being 
afterwards returned to the ‘‘off” position. The 
motor can be changed from cascade to top speed, or 
vice versa, without opening the main switch. 

Among the many uses to which a two-speed 
motor can be put may be mentioned the driving of 
mine-ventilating fans, which are often required 
to run at a lower speed during week-ends. For 
this duty, however, a special stator winding has 
been evolved, as, since the torque required to run 
the fan at a lower speed is much less than for 
normal speed, the power-factor of a machine with 
windings of the form usually employed would be 
poor. To overcome this objection, the stator 
winding is provided with three terminals, which, 
when short-circuited, change the effective number 
of conductors, so that the motor works with a 
high power-factor at much less than its normal 
torque. This type of winding is used in all 
cases where the torque is required to fall off 
with the speed. When a machine is required 
to run at three efficient speeds, one of the 
sections of the stator winding is rendered in- 
operative by means of a change - over switch, 
so that only one rotating field is produced, and 
the motor runs at a speed corresponding to the 
number of poles in this field. Nes example, a 
machine having eight-pole and four-pole stator 
windings would run as a twelve-pole machine with 
the rotor open-circuited, and as an eight-pole 
machine with the rotor short-circuited, while by 
means of the change-over switch a speed corre- 
sponding to four poles could be obtained. A large 
number of single-speed and multi-speed motors on 
this principle have been built by the Sandycroft 
Foundry Company, Limited, of Chester, for driving 
pumps, air-compressors, fans, coal-cutters, haulage 
gears, and other machinery. 

The application of the cascade motor to mine 
haulage was due to Mr. Williams-Ellis, who de- 
scribed the system in a paper (to which we are 
indebted for some of the foregoing particulars) 
read before the Association of Mining Electrical 
Engineers. In this paper the author expressed the 
opinion that two-speed motors would be advan- 
tageous for mine winding and hauling work, since 
the losses in the resistances during the period of 
acceleration would be much less with two-speed 
machines than with ordinaryinduction motors, With 
machines of the latter type, if the pull on the rope, 
and therefore the torque, be constant during the 
acceleration of the load, the power input over the 
whole period will also be constant and equal to that 
required to produce the same torque when the 
motor is running at full speed. Since the output 
from the machine is proportional to the speed, the 





machines, and this characteristic permits gearing 





mean power production, neglecting internal losses, 
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&c., will be only one half of the power supplied, so 
that the remaining half of the energy is wasted in 
the resistances. With a two-speed cascade motor, 
under the same conditions, the power input from 
rest up to the intermediate speed is only that 
required to produce the given torque at cascade 
speed, and thus nearly half the energy wasted in a 
single-speed machine can be saved. It has also been 
suggested that this characteristic might be utilised 
to smooth out some of the peaks in the load curve of 
the power-station, an automatic device being em- 
ployed to change to cascade connections, and allow 
the motor to slow down when the load was travel- 
ling up a steep gradient. When the pull on the 
rope had fallen to its normal value, the machine 
would automatically run up again to full speed. 
Cascade motors have certainly several interesting 
and useful properties which seem to render them 
superior to ordinary induction motors for many 
purposes, so that users of polyphase power, in 
mines and quarries especially, may find the special 
characteristics of these machines worthy of further 
investigation. 








NOTES. 
Ltoyp’s Wreck Statistics ror 1910. 

THE annual statistics of vessels totally lost or 
condemned, which are published by Lloyd’s Regis- 
ter, show that during 1910 there was a gross 
reduction of 863 vessels, of 947,690 tons, in the 
effective mercantile marine of the world. Of 
this total, 421 vessels, of 667,440 tons, were 
steamers, and 442, of 280,250 tons, were sailing 
vessels. These figures exclude all vessels of less 
than 100 tons. Of the gross total given above, 
356,154 tons are accounted for by vessels broken 
up or dismantled from causes other than stress 
of weather; and this figure is the largest 
ever reported in the returns. Nearly 304 per 
cent. of the steamers and over 39 per cent. of 
the sailing vessels removed during 1910 are 
accounted for in this way. Of the total tonnage 
reduction owing to this cause, 414 per cent. 
represents vessels belonging to the United King- 
dom. Of the figures relating to vessels classed as 
‘* wrecked,” nearly 53 per cent. of the steamers 
and 49 per cent. of the sailing vessels are accounted 
for by stranding and kindred casualties. If losses 
of this class be taken together with cases of 
abandonment, foundering, and missing vessels, 
the total forms nearly 21 per cent. of the 
steamers and 29 per cent. of the sailing vessels 
actually removed during 1910. Of such losses, 
only twenty-two refer to vessels owned by the 
United Kingdom, which is the lowest figure 
recorded since the statistics have been compiled. 
On actual percentage losses of vessels and tonnage 
owned, the United Kingdom occupies a favourable 
position as compared with other principal maritime 
countries. Of vessels owned—that is, steam and 
sailing vessels together—the percentage lost was 
1.37 ; and of tonnage owned, 1.27. Corresponding 
figures for Germany are 1.79 and 1.02; for the 
United States, 2.62 and 1.82, these figures exclud- 
ing vessels trading on the Great Lakes; for Norway, 
3.54 and 3.37; for the British Colonies, 2.12 and 
1.86 ; for France, 2.12 and 1.10; for Italy, 1.57 
and 1.40; and for Holland, 0.64 and 0.80. 


Roya Sanitary INSTITUTE. 


The Congress of the Royal Sanitary Institute 
met in Belfast on the 28th ult. under the presidency 
of Mr. P. C. Cowan, M. Inst. C.E., Chief Engineer- 
ing Inspector of the Local Government Board for 
Ireland. In his inaugural address, Mr. Cowan drew 
special attention to the change which the Local 

overnment Board of Ireland Act of 1898 made in 
the status of the county surveyors in that country. 
Up till that date the appointments were made on 
the result of examinations, and the salary (a mode- 
rate one) was fixed by Act of Parliament, and could 
neither be reduced nor increased. The incumbent’s 
tenure of office was also secure, since he could be 
dismissed only with the sanction of the central 
authority. By the Act of 1898, though fixity of 
tenure is still secured, the schedule of salaries was 
abolished, and, as a consequence, many appoint- 
ments as county surveyors and assistant county 
surveyors have been made at salaries markedly less 
than was considered reasonable and necessary in the 

t, when the duties were actually easier. Mr. 
owan also expressed the view that the absence of 
statutes to prevent incompetent persons acting as 
engineers and architects is much to be regretted ; 





but on this head there is much room for difference 
of opinion. It is important to safeguard the inte- 
rests of all by ensuring the absolute competency of 
the men appointed, but at the same time it is 
undesirable to enforce limiting conditions which 
would rule out men of great practical experience, 
fitting them for the post, because they might be 
unable to meet the letter of the statute. Quite a 
number of highly successful engineers did not pass 
through the usual course of training of engineers ; 
they were engineers, one might almost say, by 
reason of innate ability or genius. Amongst them, 
for instance, is the late Lord Armstrong, while one 
of our most successful tool-designers and builders 
started life as an artist. In fact, engineering being 
common-sense applied to construction, competency 
is nearly as much a matter of hereditary endowment 
as of technical training. 


Rapip ORDNANCE Work aT ELSwIck. 


The Elswick ordnance department of Sir W. G. 
Armstrong, Whitworth, and Co., Limited, have 
added one more record to the splendid work they 
have done, alike in respect of efticiency and rapidity, 
by putting on board the whole of the gun-mount- 
ings for the ten 13.5-in. guns, as well as the ten 
guns, of His Majesty’s battleship Monarch in three 
days. As is well known, the firm have a fitting- 
out naval yard down the River Tyne, and from 
this yard the Monarch was towed up to the 
150-ton hydraulic crane at Elswick, on Sunday 
afternoon, the 23rd ult., in order that the machi- 
nery of the five barbettes should be put on 
board. The turrets for these barbettes had been 
completed in the ordnance shops at Elswick, 
and stored, when finished, until all five were ready 
for being put in place. On Sunday evening two 
turrets, with their side-armour, were placed in 
position on the turntable within their respec- 
tive barbettes, while the twin guns in the turrets 
were.placed in their slides. On the following 
day another turret, with its pair of guns, was 
similarly lifted on board, and on Tuesday morn- 
ing the remaining two turrets, with their armour, 
were put into position, while on Wednesday 
the four guns for these turrets and the roof 
armour - plate of all the turrets were fitted in 
place. he loads lifted numbered 250, and the 
weights varied from 145 tons to 30 cwt. ; all of 
the work was done by the. one crane. The total 
weight of material lifted in the three days was 
2800 tons. This performance by one crane estab- 
lishes not only its rapidity of work, but range of 
action in respect of load. But credit must be given 
also to the staff, and particularly to Captain Edward 
Lloyd, C.B., the head of the ordnance depart- 
ment, for the remarkable organisation, of which 
the performance is proof. The ship had to be 
moved frequently to bring the respective barbettes 
within the radius of the crane, but, more important 
still, the material in the respective turrets had 
to be placed accurately in position, the armour 
keyed, the guns placed and keyed, and the machi- 
nery put in and secured in working place with 
that precision which is an essential condition in 
all gun-mounting mechanism. 


ELECTROLYTIC CORROSION IN REINFORCED 
CONCRETE. 


The account of experiments presented by C. E. 
Magnusson and G. H. Smith to the meeting of the 
American Institute of Electrical Engineers, which 
assembled at Chicago in the last days of June, 
does not advance the practical aspect: of the problem 
much. The experimenters took cylindrical blocks 
of concrete, 9 in. high and 6 in. in diameter, 
embedded a j-in. steel bar, to one end of which a 
copper wire was soldered, along the axis of the 
block, and left 24 in. of concrete between the lower 
end of the bar and the bottom of the block, which 
was kept in a moist condition for at least thirty 
days before the current of about 100 volts was 
applied. The blocks were placed in fresh water or 
salt water. All the blocks cracked sooner or later, 
and there was little doubt that the cracking was 
due to the increase in the volume of the iron, 
arising from its oxidation or its conversion into a 
salt. This electrolytic oxidation was the primary 
cause of the deterioration of the concrete; it 
was not that the water could gain access to iron 
through some fissures already existing or deve- 
loping for some reason. The dry concrete was 
an insulator. It became a conductor when its 
pores were filled with water or some salt solution, 
and the conductivity was electrolytic. Magnusson 





and Smith placed cubical blocks of concrete (free of 
iron) between electrodes in water and salt solutions ; 
the currents of 0.07 ampere and less did not dete- 
riorate the mechanical properties of the concrete 
noticeably. Thus it must have been the iron in the 
ferro-concrete which caused the trouble. The oxida- 
tion of the iron might be prevented in the laboratory 
by making the iron the cathode ; but that is practi- 
cally out of the question. The electrolyte might be 
kept off by filling the pores of the concrete with 
some non-conducting material ; the experimenters 
tried Sylvester’s process (soap and alum) with little 
success; other cement- proofing materials might 
answer, but they would have to be applied with very 
great care. The authors also attempted to provide 
the iron, before embedding it in the concrete, with 
some protective coating. Zinc proved useless. 
Aluminium paint, prepared either with so-called 
banana oil (amyl acetate) or with some varnish, 
was tried for this purpose; the attempts were 
not more than temporarily successful, and it 
resulted that the value of the coating depended 
essentially upon the durability of the varnish. 
But it was also found that the application 
of insulating varnishes to the iron of ferro- 
concrete greatly reduced the maximum shearing 
strength of the concrete. Under these circum- 
stances it is interesting to note that concrete con- 
taining an aluminium wire, instead of an iron bar, 
did not corrode when the blocks were immersed 
in water or salt solution. A current was observed to 
flow when the circuit was closed, but it dropped to 
0.001 ampere in the course of ten minutes or less, 
and the concrete remained unchanged. This point 
might further be investigated. The experimenters 
suggest trying iron electrolytically coated with 
aluminium. What they say about alternating 
currents (the tests so far mentioned were made 
with direct currents) is in agreement with previous 
observations ; alternating currents will not attack 
ferro-concrete, provided the positive and negative 
wave forms be equal and the heating not excessive. 








Four - Cycte Gas- Enoingk Drivinc GENERATORS: 
ERRATUM.—We regret that in our article on this sub- 
ject, which appeared on page 130 ante, there are two 
errors, both of them in the last paragraph. In the first 
case, in the fifth and sixth lines from the top, there 
appear the words ‘‘four large gas-engme generator 
sets.” This should have been ‘twelve large gas-engine 
generator sets.” A few lines below appears “0.003 
pe of dust.” This should have been ‘‘0.03 gramme 
of dust.” 


THt DanisH State Raitways.—Whilst in several 
countries the State Railways have been doing exceedingly 
well of late, with increasing revenue and surpluses, the 
reverse is the case in Denmark, where the deficit is on 
the increase. A capital of some 14,200,000. is sunk 
in the Danish State Railways, but not only do the rail- 
ways yield no interest on this sum, but there has of late 
years been an actual deficit on the working, as to the 
exact amount of which opinions differ. Due to in- 
creased salaries and a reduction in the revenue, in spite 
of repeatedly increased rates, which increase on passengers’ 
tickets amount to some 50 per cent. during the last 
ten years, the surplus of former years has become a thing 
of the past. Matters have now come to such a point, that 
it has been thought necessary to appointa special committee 
to investigate the matter. Its aim will be apparently a 
double one, to find means of reducing expenditure and ot 
simplifying the working arrangements, which are con- 
sidered unnecessarily complicated and bureaucratic. The 
Danish State Railways have a staff of 14,000 employees, 
that is, rather more than an average of 10 employees, 
all told, per mile of line, which fact tends to illustrate 
its system of working. 


“THe Port oF GRIMSBY AND IMMINGHAM.”—This is the 
title of a publication that has just appeared. It is issued 
annually, and this year contains an account of the two 
ports brought ys date. It has frequently been said by 
pessimists that Grimsby had seen its best days, but the 
prognostications of all these gloomy prophets have been 
upset by the course of events, the prosperity of the place 
having continued to grow steadily ; and since the new 
dock at Immingham was completed the neighbourhood of 
the place has advanced more rapidly than ever. This 
mage f is no doubt largely due to the faith and untiring 
abour of Sir George Doughty, J.P., M.P., who for 
many years has made the well-being of Grimsby one of 
the important considerations of bis life. The publication 
gives an account of all the chief industries of the place, 
with statistics showing the growth of shipping that 
frequents the port; it is very fully illustrated by repro- 
ductions from photographs, and the accounts are given 
in English, French, and German. One special feature 
of the Immingham Vock which must be mentioned as 
being of particular importance is its accessibility from the 
sea at all states of the tide. The pamphlet is published 
by Messrs. W. H. Jackson and Co., 408, Victoria-street, 
Grimsby, the price being 6d. 
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INDUSTRIAL NOTES. 


TuE monthly report of the Associated Iron-Moulders 
of Scotiand for July has come to hand, and contains 
figures relating to the period of six weeks beginning 

ay 20andendi ¢J 4 linclusive. Itis satisfactory to 
note that the membership shows an increase of 36 when 
compared with the last report. When comparison is 
made with the same time twelve months ago, there is 
shown an increase of 77 in the total membership. The 
members at work numbered 5844 in July last, against 
5690 at the same date a year ago, which result shows 
a distinct improvement in trade at the present time. 
During the six weeks alluded to the financial gain to 
the funds has been 376/. 6s. 54d., the net income 
having been 3446/. 17s. 74d., against 30707. lls. 2d. at 
the time of the previous report. The funds of the 
society now stand at 48,983/. 17s. 14d. The outla 
includes the working expenses. Idle benefit too 
778l. 10s. 9d., superannuation benefits 1563/. 7s. 4d., 
and funerals 263/. 6s. 84d. 

During the whole of the half year idle benefit 
took 3232/. 8s. Ojd., or an average of 8s. 7d. per 
member. Superannuation benefit took 6471/. 19s. 10d., 
or a charge of 17s. 2d. on average members. Funeral 
benefit took 1537/. 16s. 2d., or a charge of 4s. ld. on 
average members. Salaries accounted for 697/. 9s. 54d., 
or a charge of 1s. 10}d. on average members; and 
miscellaneous absorbed 2/. 1s. 3d., or a charge of & 
fraction on average members. The total for the six 
months was 12,815/. 2s. 54d. 

Attention is called to the annual report of the Chief 
Inspector of Factories and Workshops regarding acci- 
dents, particularly with regard to the founding trade, in 
which the number of accidents appear to have increased 
to an alarming extent. In this trade the number rose 
from 7451 in 1909 to 8084 in 1910, and fatal accidents 
from 60 to 80, or 33 per cent. In ten years acci- 
dents in foundries caused by machinery rose from 
2629 to 4088, and the ratio of accidents in foundries to 
the number of people employed is the second highest of 
any industry in the country. This matter requires very 
serious consideration, because it appears to be pretty 
certain that the majority of accidents are preventible. 





According to the half-yearly financial statement and 
monthly report of the National Union of Boot and 
Shoe Operatives for July employment at the time the 
report was issued was fair, but it was not so good as a 
month ago. It was, however, better than a year ago. 
Returns from firms employing 63,503 workpeople in 
the week ending June 17 showed a decrease of 4 per 
cent. in the number employed, and of 10 per cent. in 
the amount of wages paid compared with a month ago. 
Compared with a year ago there was an increase of 
0.5 per cent. in the number employed, and of 3.6 per 
cent. in the amount of wages paid. At Leicester em- 
ployment was fair, but not so good as in the previous 
month, but it was better than a year ago. At Northamp- 
ton and Kettering employment was fair and better 
than a year ago. It was slack, however, in the 
case of the army bootmakers. In Bristol the trade 
showed an improvement compared with a year ago, 
and at Leeds it was moderate, but better than a year 
ago. Trade was fair in Scotland and better than a 
month ago, and about the same as last year. The 
balance in hand of the trade department at the end 
of the half year ending December 31, 1910, was 
74,9301. 9s. 1d., and the income in the same depart- 
ment, including interest for the past half-year, has 
been 11,663/.—a decrease on the corresponding half of 
1910 of 135/. 16s. 10d. In the first six months of this 
year the total expenditure of the trade department 
amounted to 10,179/. Os. 5d., against 8,737/. 15s. 7d. 
for the corresponding half of 1910—an increase of 
1441/. 4s. 10d. The funds in hand of this department 
on June 30, 1911, amounted to 76,414/. 18s. 4d.—an 
increase of 1484/. 9s. 3d. during the half-year. 

Inthesick and funeraldepartment the balance inhand 
at the end of the half-year ending December 31, 1910, 
was 15,767/. 16s. 1ld. The income, including interest, 
during the past half-year amounted to 7618/. 10s. 5d., 
which, compared with the corresponding half of 1910, 
shows a decrease of 80/. 18s. 1ld., and the expenditure 
amounted to 7865/. 12s. 8d.—an increase, as compared 
with the first half of 1910, of 171/. 1ls. 7d. The funds 
in hand on June 30, 1911, were 15,520/. 14s. 8d.—a 
decrease during the eae of 2471. 2s. 3d. 

The saving on the half-year was considerably less 
than on either the previous half-year or the correspond- 
ing half-year of 1910, which was caused almost entirel 
by the very heavy expenditure in connection wi 
unemployment, the payment for the out-of-work fund 
being 6457/. 17s. 1d., as against 4835/. 8s. 4d. in 1910. 


The strike which for some time has lysed the 
trade of South Wales and of the city of Cardiff came 
to an end at the close of last week, and work was 
resumed on Friday. The recognition of all the unions 
is included in the settlement, and the employers have 
agreed to meet the men’s representatives at an early 
date. At Newcastle the provisional agreement between 





and the sailors was ratified and approved by the 
Hartlepool Shipowners’ Society. 





On Friday last the International Miners’ Congress 
held its session at the Westminster Palace Hotel, and 
the following resolutions were set down on behalf of 
Belgium and France respectively : (1) This Congress 
is of opinion that the regulation of production is 
desirable, and that, in order to achieve it, it is 
expedient to employ every means at the command of 
the miners’ union, and especially the international 
strike in case of necessity. (2) It is our opinion that 
when a general strike takes place in any aa ap the 
Minses’ Pedesstions of the neighbouring lands should 
limit their production by a fixed abstention from 
work. The Belgian representative pointed out that 
it was the seventeenth time that the question of limi- 
tation of output had been on the agenda at the Inter- 
national Con , but there had never been proper 
discussion. The fact was that when a strike occurred 
in one country the owners in other countries increased 
their output in order to send coal to the strike-affected 
country. War also entered into the question, and it 
would be interesting to know how far it was possible 
to - the output of coal so as to make war im- 
possible. In moving the second resolution, the French 
representative said that recently in the North of 
France, when the mine-owners were approached by 
the miners’ representatives in order to renew existing 
contracts, the former brought forward the objection 
that the North of France was being flooded with 
German coal, and a German syndicate had arranged 
to put all their surplus stock on the French markets, 
and therefore no increase on the regular rate of wages 
could be promised. This, he thought, showed the 
necessity of the Congress being able to establish some 
sort of rule to regulate the output of coal in the different 
mines of Europe. The resolutions were supported 
by the English, German, and Austrian delegates, and 
it was decided to send the matter to the International 
Committee for consideration, with instructions that 
the subject should be placed at the head of the agenda 
at the next Congress. Folidays of a fortnight’s duration 
for miners were advocated, and it was proposed that 
the Congress should be held every two years instead 
of annually, but this last was not adopted. The 
question of universal was discussed, but nothing 
of a really practical nature was decided. 





On Tuesday last about 700 surfacemen and plate- 
layers of the North British Railway Company, at 
Glasgow, handed in their notices to cease work in two 
weeks’ time as a protest against the directors refusing 
2s. weekly advances, and the establishment of an 
eight-hours’ day instead of a ten-hours’ day as at 
present. 





As a result of a meeting of the Miners’ Federation 
of Great Britain at the Westminster Palace Hotel on 
Saturday last, on the question of working in abnormal 
places, a resolution was adopted instructing the officials 
of the Federation to arrange with the coalowners of the 
United Kingdom for a joint meeting to consider the 
question of paying the district minimum rate of wages 
for working in abnormal places, and in case satisfaction 
on the question was not obtained to convene a con- 
ference to decide upon a ballot of all members of the 
Federation to ascertain if they are in favour of ceasing 
work until the district minimum wage is obtained. A 
deputation was appointed to meet the owners. The 

yment for work done in abnormal places has there- 
ore now been made a question that carries with it the 
elements of trouble ahead in the coal trade, for it affects 
the coal industry of the whole kingdom. There is wide 
industrial unrest in the country. It has affected the 
shipping and carrying industries, and appears to be 
spreading to the miners and among a section of the 
Mining ederation, who would like to take extreme 
measures ; but for the time being, at any rate, moderate 
counsels have prevailed. The English and Scottish 
mining districts have lately been visited by emissaries, 
who have advocated a national stoppage, and their 
words have, no doubt, in a great many cases, fallen 
on willing ears. The contention put forward by the 
employers has been that the conditions existing in 
England, Scotland, and Wales are in each case so 
different that no common basis of agreement can be 
arrived at. 





After running its course for some months the strike 
at Tareni Colliery, Swansea Valley, was settled last 
Saturday in an amicable manner, and the men will 
begin work as soon as the workings have been cleared 
and made ready. 


The strike of seamen on the North-East Coast is 
now, it is stated, definitely at an end, the Middles- 
brough Shipowners’ Association having decided to 
accept the same terms for the settlement as the other 
ports on the coast. 








The strikers had twenty-four hours given them in 
which to return to work or be dismissed. 





On Friday last the market place at Gainsborough 
was the scene of a mass meeting of workmen who 
wanted to place their case before the public—a rather 
curious proceeding by the way—and one of the local 
officials of the Boilermakers’ Society said that the men 
had not been locked out, but had been discharged. 
When the men went to receive their wages on the 
previous Wednesday, expecting to be locked out, 
pending a settlement of the dispute, they received a 
paper on which were the words “ paid off,” and con- 
taining the men’s check number. ‘The speaker went 
on to use veiled threats of what would happen if any 
attempt were made to import labour. Picketing was 
organised near the works of Messrs. Marshall, Sons, 
and Co., Limited. The works of this firm were, how- 
ever, closed at the end of last week for the annual 
week’s holiday, so that just at present things will 
probably be quiet. 





In the Openshaw district the labourers employed 
in the engineers’ shops are giving trouble, and the 
strike which began last week promises to spread until 
it affects the whole of the engineering industry in 
Manchester and Salford. This will necessarily affect 
many more men, because idleness will be forced on the 
skilled workers os to the behaviour of the labourers, 
so that it seems likely that some 30,000 men will 
be out of work. The demand the labourers make is 
that the employers shall give them 20s. per week 
asa minimum ; some of them receive now only 17s. 
per week. There is a demand also for an increase 
of 2s. to the wages of men who are classed as ‘ semi- 
skilled.” The strike began without the official con- 
sent of the unions affected. The officials were quite 
aware, however, that the struggle must commence 
soon, because last winter it was decided by the 
workers’ unions to insist on a minimum wage of 20s. 
if trade improved during the summer. They have there- 
fore decided to support the men. The workers in the 
engineering shops of the Great Central Railway Company 
at Gorton and Dunkinfield obtained advances last week, 
and this appears to have precipitated matters. The 
advances resulted in a wage of 2ls. a week for boiler- 
makers, hand drillers, and foundry labourers, and 20s. 
a week for ordinary labourers. Similar increases are also 
demanded by men in other shops, and it is due to this, 
therefore, that the works of Messrs. Crossley Brothers, 
Messrs. Beyer, Peacock, and Co., and the Metropolitan 
Amalgamated Railway Carriage and Engineering 
Works have been thrown idle. About 2000 men are 
actually claiming the advance, but other workers are, 
of course, affected, and unrest seems to be on the 
increase in all the engineering shops of Manchester. 





On Tuesday last many large ships lay idle on the 
Thames, and many mon ms cargoes were left un- 
touched owing to the strike of dockers, and it was 
announced in the evening of that day that the men 
working at the Tilbury Dock had decided to join the 
strike. At that time there were 7000 dockers and 
allied workers on strike. Large quantities of frozen 
meat and butter remained unloaded, and all the dock 
sides were well picketed. It is thought the boats 
of the Nelson Line will be particularly affected, 
because of the imports of frozen meat from Argen- 
tina which they carry. The White Star steamer 
Ionic, which arrived late on Monday evening, with 
35,000 carcases of mutton from New Zealand and 
Australia, could not discharge on Tuesday, and the 
passengers were only able, with the help of the 
clerical staff, to land some of their luggage. The 
situation has been aggravated by the action of 
the clerks of the Nippon Yusen Kaisha Company, 
who have come out in sympathy with the dockers, 
in order that their own grievances may be red 
The dockers state that the masters have not kept their 
word, having promised payment at the rate of 8d. per 
hour, with certain differences in the hours of “call” 
for work. When, however, the men received their 
wages on Tuesday, they were, they say, paid at the 
old rate. It is feared that the whole of the dock 
labourers may become involved. At the time of going 
to press about 12,000 men are out. 

A strike occurred last Friday among the railway 
men at New Holland, on the Great Central Railway, 
which it is feared may develop into something serious 
if not quickly settled. The traffic between Lincoln- 
shire and Hull has already been much dislocated. A 
curious feature of the dispute is that the girls and 
women employed at the Great Central Laundry at 
New Holland are included, and they all left work on 
Tuesday last. The Lancashire and Yorkshire Railway 
Company is also in trouble, for the goods porterage 
staff at the Liverpool North Docks goods station have 
handed in their notices to cease work in a week if their 
demands are not complied with. 








A strike of tramway men commenced at Cairo on 





the North of England Steamship Owners’ Association 





Saturday last, the entire service being suspended. 





According to the Times, nominations will soon be 
invited for candidates for the position of secretary of 
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the Labour Party. The present secretary, Mr. Ramsay 
Macdonald, M.P., who o held his position since the 
formation of the Party eleven years ago, will retire at 
the end of the year, and his successor will be elected 
at the annual conference of the Party, next January. 
There will probably be keen competition for the post, 
but it is thought that Mr. Arthur Henderson, M.P., 
will be nominated if he will allow it, in which case he 
will be almost certain to be elected. 





A committee has been appointed by the Home 
Secretary to inquire into the conditions of employ- 
ment in the amp aj of articles of linen, cotton, and 
similar fabrics, as well as processes of weaving, &c., in 
Belfast and other places in the North of Ireland. The 
hygienic conditions of employment will receive atten- 
tion, as well as the rates of wages, methods of pay- 
ment, &c. Sir Ernest F. G. Hatch is chairman of the 
committee. 





In the Scandinavian labour conflicts matters are 
assuming a serious aspect. The Union of Norwegian 
Employers held an extraordinary meeting on July 28 
Of the 143 delegates summoned to the meeting 129 put 
in an appearance, and by 128 votes to 1 they passed the 
following resolution :—‘‘ This general meeting decides 
that the lock-out shall be eventually extended. The 
central board is authorised to bring about this exten- 
sion in the manner and to the extent which may be 
found expedient.”’ In the meantime representatives for 
the diflerent political parties in the Storthing (the 
Norwegian Parliament) brought forward a proposal 
for the appointment of a committee of seven members, 
which committee is to try and bring about conciliation 
and arbitration in the matter of the great lock-out. 
This proposal was carried unanimously, but consider- 
able = and uncertainty seems to prevail as to how 
the committee is to bring about the desired end. 

The unconciliatory position taken up, more especially 
by the men, meets with much severe criticism, and 
the conflict is in reality a most serious matter for 
important branches of Norway’s industry. The board 
of the Norwegian Iron and Metal Workmen’s Union has 
placed a sum of 50,000 kr. (2777/.) at the disposal of 
men who are willing to emigrate—rather an undesirable 
move from the standpoint of national economy. 

In Sweden a new proposal was brought forward to 
the effect that the conflict should terminate on a 
certain date—for instance, July 31—whilst all points 
in dispute should be made the object of negotiations, 
for each district and each branch, under the auspices 
of the local mediator. Questions not disposed of in 
this manner should be referred to negotiations between 
the respective chief organisations under the auspices of 
the Stockholm mediator. Should these negotiations not 
lead to any agreement, the points at issue were then 
to go to arbitration, the nature of which was to be 
agreed upon. Both sides rejected this proposal, but 
they stated their willingness to enter upon mutual 
negotiations, which were duly commenced, and are 
expected to lead to a compromise. 

In Denmark the employees of two tramway com- 
panies (unless something unforeseen happened, of 
which we do not know at the time of going to press) 
were to go out on strike on August 1. The companies 
say they can go no further than they did in their 
last offer, and they have a number of new hands ready 
to take the place of the men on strike. 








ANGLO-AMERICAN TELEGRAPH ComPANY.—A_ proposed 
agreement of the Anglo-American Telegraph Company, 
Limited, with the Western Union Telegraph Company 
of the United States has been settled in principle and in 
detail, but has not yet been exchanged. The agreement 
provides for a guarantee by the Western Union of 
262,5002. per annum, payable quarterly. This is equiva- 
lent to 3? per cent. per annum upon the ordinary, 6 per 
cent. per annum upon the —— ordinary, and 14 per 
cent. per annum upon the deferred ordinary stocks of the 
Anglo-American Company. The negotiations with the 
Western Union Company have involved the Anglo- 
American Company in expenses amounting roughly to 
3500/. The revenue of the Anglo-American Company in 
the first half of this year showed a decrease of 37,7941. as 
compared with the corresponding six months of 1910. 





Roap ImMPpROVEMENT.—On Monday last a meeting was 
held at the Midland Hotel, Manchester, with the object 
of uniting the road-users of Lancashire and Cheshire. 
Many representatives of societies interested in the im- 
provement of roads attended at the instance of the Roads 
Association of London, a society that has been in exist- 
ence for several years, and represents all classes of road- 
users. It was resolved to establish a centre to cover 
Lancashire and Cheshire, with head-quarters in Man- 
chester, to be known as the Lancashire and Cheshire 
Centre of the Roads Improvement Association. The 
committee of the centre is to be composed of repre- 
sentatives appointed by local road-user bodies, including 
railway companies and other carriers. Officers will be 
appointed by delegates at the next meeting, which was 
fixed for September 26, at 5 p.m,, in the Midland Hotel, 
Manchester. Mr. W. E. Rowcliffe will in the meantime 
act as secretary. 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
May. JUNE. JULY. 





(2385) MAY. JUNE. JULY. 


In the accompanying diagrams each vertical line represents a market day, and each horizontal line 
represents 1s. in the case of tin-plates, hematite, Scotch and Cleveland iron, and 1I. in all other cases. 
The price of quicksilver is per bottle, the contents of which vary in weight from 70 lb. to801b. The metal 
prices are per ton. Heavy steel rails are to Middlesbrough quotations. "Ti 











Lonpon Untversity.—In the Faculty of Engineering at | courses for next session will include a course by Mr. F. 
University College, an entrance scholarship of the value of | Bacon on ‘‘ The Photomicrographic Study of Metals ;” a 
120 guineas, instituted by a Fellow of the Calta, will be | course by Mr. A. R. Low on “‘ The Design and Calcula- 
competed forin September next. Candidates must have | tion of Aeroplanes;” a course by Mr. W. J. Goudie on 
passed the University of London matriculation or an | ‘‘ Steam-Turbines ;” and a course by Mr. H. P. Philpot 
examination accepted in lieu thereof.—The post-graduate | on ‘‘ Some Modern Methods in the Design of Structures.” 
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_ A PETROL-AIR-GAs plant ha 
interest and novelty is illustra 
It is kuown as the ‘‘ County” light, and is 
manufactured by the County Light, Limited, whose 
works are at Guildford-street, York-road, 8. E. 


many points of 
n Figs 1 to 5, 
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before the Society of Engineers, was reviewed on page 
321 of our last volume. Before dealing with some of the 
special features embodied in the plant it will be well to 
refer briefly to its main parts an ratior 
It will be seen from Figs. 1 and 2 that the machine, in 
plant was designed and has been patented by Mr. E. | essence, consists of two bells working in water seals, 
Scott-Snell, whose paper on ‘“ Petrol-Air-Gas,” read jand a lifting gear. The first, and smaller, of the bells 


method of operation. 
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acts as an air-pump, while the latter constitutes the 
gas-holder. Situated alongside the smaller bell is a 
petrol pump G, the barrel of which is fixed to the base- 
plate of the machine, and the plunger of which is 
attached to the bell. In the upper part of the bell there 
is an air-inlet valve T, while inside it there is a fixed 
vertical pipe K, open at the top and projecting above 
the water in the bell. This vertical pipe from the air- 
bell leads through a horizontal header Eto an annular 
passage I’ surrounding a second vertical pipe N in the 
gas-bell. This annular passage communicates with a 
horizontal spiral chamber I, which in Fig. 2 appears in 
cross-section as a comb. The spiral passage is arranged 
so that air coming from the air-bell enters at its centre 
and travels forward in a path of gradually increasing 
radius, until it emerges into the gas-bell through the 
small funnel shown. Gas is taken from the larger 
bell down the centre vertical pipe N, and leaves the 
machine through the cock shown at the left-hand side. 
The petrol-pump G, ee mentioned, communicates 
through a small pipe P with the spiral passage I. 

In order to make the operation of the plant as clear 
as possible a series of small arrows has been added to 
Fig. 2 to indicate the directions of motion of petrol, 
air, and gas respectively. Plain arrows without barbs 








|refer to petrol, barbed arrows to air, and arrows 


terminating in a small circle to gas. The method of 
working is as follows;—Assuming the gas-bell near 
its lower position, as shown in Fig. 2, and gas still 
being drawn from it, there comes a point at which, 
by means of a trip-gear, to be described later, the 
lifting mechanism causes the air-bell to be drawn up 
to the top of its stroke. As this takes place the valve 


| T is pulled open and admits air to the bell, while at 


the same time the petrol-pump G makes an upward 
stroke and draws in a charge of petrol from the tank 
which is situated away from the machine, and to 
which communication is made by the small pipe shown 
at the right-hand side. When the bell has reached 
the top of its stroke the lifting mechanism is released 
and ~ ad the bell to fall, by its own weight, back 
into the position shown in Fig. 2. On the downward 
stroke the air-valve T is closed by the spiral spring 
above it. The falling of the bell drives ‘the 
charge of air through the pipes K and L, up the 
annular passage F and round the spiral chamber I, 
into the gas-holder. At the same time, however, the 
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descent of the pump plunger drives the charge of 
petrol through the small pipe P, and delivers it on to 
the surface of the water in the spiral chamber I. The 
result of this is that as the air travels through this 
chamber it takes up the charge of petrol, and emerges 
from the small funnel as gas. The gas-bell, of course, 
lifts as the charge enters it, and remains in its upper 

ition until some gas is drawn off through the pipe 

, on which it falls gradually until, when the lower 

sition is reached, the trip gear causes the air-bell to 
S lifted again, and a new charge of gas is supplied to 
the bell. ‘This cycle is repeated indefinitely, and the 
frequency of its occurrence depends only on the rate 
at which gas is being used. 

There are one or two features in connection with 
this gas-making part of the apparatus to which atten- 
tion should be directed. In the first place, it will be 
seen that the amount of air and the amount of petrol 
supplied by a single stroke of the smaller bell are 
absolutely constant and definite, and that a charge 
of air always passes over its complementary. charge 
of petrol at the same velocity, so that a gas of 
uniform mixture is supplied, no matter at what rate 
the demand may vary. If only sufticient gas is 
burned to make the small bell operate once a day, its 
proportions will be the same as the gas that would be 
supplied if the machine was ae up to its full 
capacity. This follows because a single stroke admits 
a volume of air fixed by the capacity of the bell, and 
a volume of petrol fixed by the capacity of the pump. 
It should further be noted that there is never more 
liquid petrol in the machine than is represented by 
the capacity of the small supply-pipes and the capacity 
of the pump. The actual petrol-tank is placed some 
distance from the machine and out of doors, so that 
danger from petrol fumes when filling the tank is 
entirely avoided. The petrol-tank is always placed 
below the level of the outlet into the machine, so that 
there is no danger from flooding. There is no float 
feed. The singular simplicity of the design is brought 
out by the fact that, apart from the valves in the 
pump, there is only one valve in the gas-making part of 
the apparatus. This is the valve T, which serves to admit 
air to the small bell while it is lifting. The arrange- 
ment of this valve is ingenious. It will be seen from 
Fig. 2 that the bell is lifted through the medium of 
the shank of the valve, which is accordingly pulled 
open by the weight of the bell itself during lifting. 

hen the bell is at rest in its lower position, the valve 
is kept on its seat | a spiral spring. The weight of 
the bell is about 10 lb. in the smallest machine, so that 
the spring can be made to exert a pressure nearly up 
to this limit. When the valve is closed, however, the 
spring is acting against a pressure of only a few 
ounces, so that there is no difficulty in keeping the 
valve absolutely tight. It is made self-seating to 
eliminate any trouble due to lack of alignment. A 
further point which should be noted is that the tube 
which surrounds the annular passage I’, through which 
the air is delivered to the carburettor, dips into the 
water of the larger drum, and so forms a perfect non- 
return valve, preventing any gas getting back into the 
air-bell. 

The lifting mechanism of the apparatus is interest- 
ing. It will be gathered from Figs. 1 and 2 that it is 
driven only by a falling weight, and that no engine 
is used. The service demanded from the gear is some- 
what unusual, and the conditions have been met in a 
very ingenious way. The falling weight gives a straight 
and continuous pull on to the wire rope supporting it, 
and that pull has to be transformed into the recipro- 
cating motion of the bell, which must take place at 
irregular intervals, depending on the rate at which 
gas is used. Referring to Figs. 1 and 2, it will be 
seen that there is a barrel at the right-hand side of the 
machine. On to this barrel the wire rope carrying 
the weight is wound, and a handle fitted to the spindle 
of the barrel serves to wind up the weight. In Fig. 1 
there is an intermediate shaft shown, which does not 
appear in Fig. 2. This shaft, however, is introduced 
simply to gear down, and does not affect the action of 
the gear, as shown in Fig. 2. 

Referring to Fig. 2, it will be seen that there is a 
chain drive between the barrel and the upper shaft of 
the machine, and that a constant pull is exerted on 
the wire rope wound on the barrel, as shown by the 
arrow. The arrangement of the lifting-gear proper is 
shown in Figs. 3 to 5. The chain from the winding- 
barrel drives on to a chain-wheel a shown at the left- 
hand side of Fig. 5. This chuin-wheel has a free- 
wheel device inside it, and is arranged so that when 
the weight is being wound up it runs free; when, 
however, the weight is running down, the wheel is 
driven by the chain, and in turn drives the sleeve b. 
This sleeve has a spur or catch c attached to it at the 
right-hand end, which can be seen in Figs. 3 to 5, 
while in addition there is a second barrel d which 
runs loose on the sleeve, and round which the chain 
connected to the top of the air-bell is wound. At the 
right-hand side of, and forming part of, this smaller 
barrel there is a flange which is termed by the makers 
the ‘‘ moving factor” of the trip-gear. This flange is 
faced by another, which is fixed and does not rotate, 
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and is called the ‘‘stationary factor.” It is shown at 
ein Figs, 3 to 5. , Each of these two factors carries a 
pawl pivoted near one end, and the arrangement is such 
that one or other of the pawls alternatively engages the 

ur c which is attached to the sleeve b. The method 
of operation will be best understood from Figs. 3 and 4. 
Fig. 3 shows the state of affairs when the bell is being 
lifted. In this case the pawl on the moving factor is 
engaging with the spur, so that the drive from the 
falling weight is transmitted through the chain-wheel 
a, and the sleeve and spur to the smaller barrel by way 
of the pawl, and so lifts the bell. A single revolution 
of the barrel corresponds to one stroke of the bell. 
When the sleeve has rotated round until the spur is 
nearly vertical again, the pawl on the moving factor is 
caught by a projecting pin on the pawl of the stationary 
factor, and is lifted out of contact with the spur. At 
the same time the spur comes in contact with the end 
of the stationary pawl, so that the sleeve is locked and 
the falling weight is unable to rotate the small barrel 
any further. The position of the stationary paw] at this 
point in the cycle is shown in Fig. 4, the moving pawl 
would not, however, be in the position shown in the 
figure, but would be resting above the pin which projects 
from the stationary pawl. When this state has been 
reached the small barrel is no longer driven and is free 
to run back due to the weight of the air-bell hanging 
on it. It accordingly does this and the moving paw] then 
moves back until it occupies a position below the fixed 
one, as shown in Fig. 4. At this stage it would appear 
that the projecting pin on the moving pawl would 
then lift the fixed pawl, so that the = would again 
be released, and coming in contact with the end of the 
moving pawl would drive it round again, so that the 
cycle would be repeated. This repetition of the cycle 
as above actually does take place, but it is delayed 
for a time, depending on the rate at which gas is being 
used. ‘This delay is introduced by the sliding bolt 
shown at the left-hand end of Fig. 5. The bolt is 
attached by a lever mechanism to the gas-bell, as will 
be seen in Fig. 1, so that it rises and falls with the 
bell. In its upper position——i.c., when the bell is full 
—it fouls a projecting arm /f which is carried by the 
left-and end of the sleeve, so that it prevents the 
rotation of the gear, and holds it until sufficient 
gas has been withdrawn from the bell to cause 
the bolt to release the projecting arm. At this 
stage the pawl mechanism before described comes 
into play again, and the air-bell is operated. The 
poe ition of the pawls at tne moment the bolt 
locks the arm /, of course, depends on the relative 
settings of the spurc and the arm /. Matters are 
usually arranged in practice so that the spur has just 
started to drive round the moving tactor a second time 
when the gear is locked by the arm coming in contact 
with the bolt. 

There is an important feature in connection with 
the pawls which, for the sake of simplification, has not 
been mentioned in the above paragraph. As the gear 
is described, it might appear that it would be possible 
for one pawl to bécome accidentally freed from the 
spur c without the other being in the correct position 
to take up the load, with the result that the driving 
weights might crash to the ground and possibly do 
serious damage. Such an occurrence as this has, how- 
ever, been foreseen and prevented in the design, by 
forming each pawl with a projecting pin, which runs in 
each case under the overhanging rim of the opposite 
flange, against which it works. At one part of each 
flange the circular contour of the rim is departed 
from sufficiently to allow the pawl, which is being 
tripped, to rise clear of the spur; at the same time 
the gap is not large enough to allow both pawls (one 
being on top of the other) to rise clear. This arrange- 
ment, which is clearly shown in Figs. 3 and 4, results 
in the movement of each pawl being completely con- 
strained, so that it is im ible totally to free the 
spur at any part of the cycle. 

The only other feature of the gear which requires 
mention is the buffer-arm attached to the stationary 
factor, and which can be seen in Figs. 1 and 5. The 
purpose of this is, of course, to prevent a jar when the 
stationary pawl catches the end of the spur. The 
arrangement will be quite clear from the figures. 
There is a further detail in connection with the air-beli 
which should, however, be dealt with. This is the 
small cock with a weighted lever handle which can be 
seen on the top of the bell in Fig. 1. When the bell is 
lifted, this cock is closed by the weight on its handle; 
but as the bell reaches its lower position, the handle 
catches a projection on the fixed outer casing of the 
bell, so that the cock is opened. The object of this 
arrangement is to give a slightly greater pull on the 
chain attached to the bell at the time the pawls 
trip each other, in order to deal with the increased 
frictiondl resistance. By opening the bell to atmo- 
sphere, the back pressure, due to forcing the air into 

e gas-bell, is eliminated, and the whole of the weight 
of the bell is available for tripping the pawls. is 
device results in a certain loss of air at the bottom of 
the stroke, but as the loss is always the same, and the 
bells are proportioned to allow for it, the composition 
of the resulting gas is not affected. 


It should be said that this machine is designed to 
give a 6 per cent. mixture of petrol and air, which is 
of a non-explosive nature, so that the blowing up of 
the machine is an impossibility. We dealt with this 
question of mixture percentages in the article, already 
referred to, on page 321 of our last volume, so that it is 
not necessary to treat it further in this description. 
We may say that we have had an opportunity of inspect- 
ing various ‘‘ County ” light plants, and that they are 
constructed in a sound engineering way. The drums 
and their casings are made of copper, while tlie internal 
pipework is of brass, and very substantial. The outer 
trame is built up of gas-pipe in a neat and effective 
manner. 








COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

WE give below a list of colonial and foreign engineering 
projects, for some of which tenders are asked. Further 
data concerning them can be obtained from the Com- 
mercial Intelligence Branch, Board of Trade, 73, Basing- 
hall-street, E.C. :— 

Canada; The Board of Trade are in receipt of copies 
of Acts of the Quebec Provincial Legislature, assented to 
on March 24 last, incorporating the following companies :— 
(1) The Montreal Tramways Company, having a capital 
of 20,000,000 dols. (about 4,110,000/. ), with power to acquire 
the noe. electric railway undertakings on the Island 
of Montreal, and to construct tramways in the city of 
Montreal (see Board of Wrade Journal of March 31, 1910, 
pene 611). (2) The Montreal and Northern Colonisation 
ailway Company, having a capital of 5,000,000 dols. 
(about 1,030,000/.), with power to construct a railway from 
Montreal to James Bay. (3) The Montreal and South- 
Western Railway and Power Company, having a capital 
of 2,000,000 dols. (about 411,000/.), with power to con- 
struct a railway from Adirondac Junction to the United 
States boundary on Lake St. Francis, and another line 
from Adirondac Junction to Dundee. (4) The Richmond, 
Magog, and Stanstead Railway Company, having a capital 
of 1,000,000 dols. (about 205,000/.), with power to con- 
struct a railway from Richmond to Stanstead Plain. (5) 
The Roberval and enay Railway Company, having 
a capital of 2,000,000 dols. (about 411,000/.), with power 
to construct a railway from Roberval to Jonquiéres, with 
a branch to St. Bruno. 

Ceylon: The Board of Trade Correspondent at Colombo 
reports that the final estimate for the extension of the 
Colombo-Negombo Railway northwards along the west 
coast of Ceylon to Chilaw has now been approved. The 
length of the extension is about 27 miles, and the cost is 
placed at 3,932,053 rupees (about 262,000/.), of which 
1,852,391 rupees (about 123,500/.) is appropriated for 
expenditure during the current financial year. 

Russia ; H.M. Embassy at St. Petersburg report the 
publication of the following laws :—(1) A law authorising 
the expenditure by the Russian State of a sum not 
exceeding 750,000 roubles (about 79,3007.) on the construc- 
tion of a commercial port at Streliets Bay for the town of 
Sevastopol, and the survey of a branch line to connect 
the proposed port with existing railways. A sum of 
300,000 roubles (about 31,750/.) is to be expended on the 
work during 1911. The final details as to the constructional 
cost of the branch line are to be presented to the Legisla- 
tive Chambers by January 1 to 14, 1912. (2) A law 
authorising the expenditure by the State of a sum not 
exceeding 2,240,000 roubles (about 237,000/.) on the im- 
provement of the port of Reval (see ENGINEERING, page 768, 
vol. xc.) by the reconstruction of the western mole, the 
deepening to 30 ft. of the commercial harbour, and the con- 
struction in this harbour of deep-water wharves. A sum of 
700,000 roubles (about 74, 000/. ) is authorised to be expended 
on this work during 1911. His Majesty’s Commercial 
Attaché for Russia (Mr. H. Cooke) reports that, accordin 
to the Novoe Vremia, of St. Petersburg, the newly-forme 
Russian shipbuilding company, with a capital of 20,000,000 
roubles (about 2,111,000/.), the statutes of which have lately 
been submitted to the Russian Government for authorisa- 
tion, is a sort of combine of six large Russian mechanical, 
metallurgical, and shipbuilding companies. These are 
stated to be able to supply up to 24,000 hands skilled in 
making mechanism an parts, such as turbines, boilers. 
Diesels, armour-plate, &c., for both mercantile and naval 
ship construction. Each of the separate enterprises con- 
cerned will work, it is stated, in its own specialities for 
the new company, delivering all necessary material in the 
rough for final finish at the large shipbuilding works on 
the coast of the Black Sea, formerly belonging to the 
Nikolaieff Works Company, which will be carried on by 
the new company. His Rsjesty's Commercial Attaché 
for Russia also reports that the municipal authorities of 
Warsaw have been authorised to contract a bond loan of 
7,500,000 roubles (about 792,000/.) nominal for the com- 
pletion of a viaduct to the Warsaw town bridge, and for 
continuing the water supply and canalisation works. 

Servia: The Oesterreichischer Zentral-Anzeiger (Vienna) 
of July 23 notifies that tenders will be opened on August 
11, at the offices of the Gemeinde Bel (Kanalisa- 
tionsabteilung), Belgrade, for the carrying out of the 
eighth section of the Belgrade city drainage works. A 
deposit of 100,000 dinar (4000/.) will be required to qualify 
tenders. Plans andspecifications governing the contract 
may be purchased at the above-mentioned address for 
60 dinar (48s.), and the plans relating to the whole scheme 
for 100 dinar (4/.). ‘ 

Italy: The Gazzetta Ufficiale of July 19 notifies that 
tenders will be opened on August 7, at the offices of the 
Direzione Autonoma del Genio Militare per la Regia 
Marina, Taranto, for the construction of submarine dams 
in the Mar Grande at Taranto. The upset price is put 
at 3,000,000 lire (120,000/.). Although the foregoing con- 
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tract will doubtless be awarded to an Italian firm, never- 
theless the carrying out of the work may involve the 
purchase of some materials out of Italy. ; : 
Spain: The Gaceta Oficial of July 20 contains a notice, 
issued by the Ministry of Fomento, granting to the 
Sociedad Andénima Minas de Cala a concession for the 
construction of a railway from the station at Minas del 
Castillo de las Guardas to Minas Pejia del Hierro. The 
rolling-stock required to open the line for traffic will beas 


follows :—Three locomotives, four passenger-coaches, two | h 


brake-vans, and 116 goods and coal-wagons. 

Netherlands: The Nederlandsche Staatscourant of 
July 22 contains a notice, issued by the Ministerie van 
Waterstaat, granting to the Maatschappij voor Lucht- 
vaart, domiciled at the Hague, a concession for the con- 
struction and working of a railway from Doldersche Weg 
station (on the Netherlands Central Railway) to Soester- 


rg: 

Prams : The Journal Officiel (Paris) of July 21 publishes 
a law authorising the Paris city authorities to contract a 
loan of 240,000,000 francs (9,600,000/.) for the Fao of 
completing the Paris Metropolitan Railway. The Diario 
Ofictal of June 1 contains a decree, issued by the Ministry 
of Industry and Public Works, authorising Don Enrique 
Tagle Rodriguez to draw up plans in connection with the 
»uilding of a railway from Peralillo to Parronal. Twenty- 
two months are allowed for the surveying operations. 

Uruguay: H.M. Minister at Montevideo reports that 
tenders are invited by the Departamento Nacional de 
Ingenieros for the construction of a bridge, 585 metres in 
length, across the River Santa Lucia. Tenders will be 
received at the Secretaria del Departamento Nacional 
de Ingenieros, Montevideo, up to 3 p.m., on December 1). 
A deposit of 5000 pesos (about 1064/.) will be required 
with each tender. The sum of 600,000 pesos (about 
127,6602.) has been apportioned for the carrying out of 
the work. Tenders and estimates are to include original 
designs for the bridge to carry railway track, road, and 
footway. A large amount of stone and earthwork will be 
necessary in the construction, as the approaches to the 
bridge are the worn-away banks of the river. British 
manufacturers who propose to tender would do well, says 
H.M. Minister, to get immediately into communication 
with local contractors who could supply them with esti- 
mates for the masonry and earthworks, as individual 
tenders for the superstructure will not be accepted. 

Panama.—With reference to the notice on page 422 
of the Board of Trade Journal of May 25 last, relative 
to the grant to Mr. August Dziuk of a concession for a 
railway from the mouth of the Pinas River (Darien dis- 
trict), on the Pacific, to a point near E] Real de Santa 
Maria, H.M. Minister at Panama now reports that the 
concessionnaire has deposited 10,000 balboas (about 2083. 
with the Government of Panama, and has been grant 
an extension of time, until January next, in which to 
submit the plans for the railway. 

Brazil.—The Diario Official of July 2 publishes decree 
No. 8805, approving alterations in the plans for the con- 
struction of a section, 15 mileslong, of the Goyaz Railway, 
the cost of which is estimated at 3,565,000 milreis (about 
237,000/.). 








Unrtep States Steet Corporation.—The unexecuted 
orders of the United States Steel Corporation represented 
an aggregate at the close of June of 3,361,058 tons. The 
corresponding aggregate at the close of June, 1910, was 
4,257,794 tons ; at the close of June, 1909, 4,057,939 tons ; 
at the close of June, 1908, 3,313,876 tons; at the close of 
June, 1907, 7,603,878 tons; at the close of June, 1906, 
6,809,850 tons ; at the close of June, 1905, 4,829,655 tons ; 
at the close of June, 1904, 4,136,961 tons; and at the 
close of June, 1903, 4,666,578 tons. 





Tue Réppy-FremMeRN Rovutr.—This new proposed con- 
nection between Denmark and Germany is attracting 
increased attention not only in Denmark and Germany, 
but also in Norway and in certain districts of Sweden, 
and it has undoubtedly many advantages, being shorter 
and cheaper than the Trelleborg-Sassnitz route. The 
complete scheme includes, as far as the Danish side is 
concerned, a new direct railway—Copenhagen-Kige, a 
new line Rédby-Saxkibing-Orehoved, in the islands of 
Lolland and Falster, and a bridge across the Storstrém. 
When the route is completed the journey from Copen- 
hagen to Germany can be reduced from 9 hours on the 
Gjedser-Warnemiinde route and 10 hours on the Korsor- 
Kiel route to 54 hours, and the fare from rather more 
than 20 kr. to16kr. The new route will entail a very 
material outlay, but the different works can be done by 
instalments without interfering with the existing traffic. 





THe Importation or Pic Iron into Russia.—The 
Russian regulations regarding the importation of pig iron, 
free of duty, appear to have been misunderstood, being 
taken to mean a general exemption from duty on pig iron, 
but such is not the case. The fact is that the reduction in 
the duty has to be specially fixed in each case, and the 
importer must deposit a sum with the Customs House 
authorities which represents the full amount of duty 
according to the tariff. The importer, further, has to 

roduce a certificate from some iron works that the iron 

as been received by them, and it then rests with the 
Customs House people to refund the amount with which 
the duty is reduced. The object of this law is to regu- 
late the price on pig in the different of the empire, 
the price in Harkow serving as a kind of guide, the prices 
in various parts of the country differing from the Har- 
kow price according to distance and cost of transport. 
Thus it is generally 18 nopeke higher in St. Petersbu: 
and 14 — higher in Moscow. What may be look 
upon as a kind of standard price ie 55 to 57 kopeks per 


pood at Harkow. 





FRANCIS AND TANGENTIAL TURBINES. 
Results of Experiments with Francis Turbines and 
Tangential (Pelton) Turbines.* 

By Professor Dr. Franz PrAsi, of Zurich. 
[Translated from the German. | 


At the Paris Exhibition in 1900 the direction in which 
the development of the design of modern water-turbines 


ad p in the last decade of the preceding century 
was a set forth: the old systems of the Jonval and 
the Girard turbine had almost disappeared ; the Francis 


turbine and the Pelton wheel in the most varied forms of 
construction had stepped into their place, and the variety 
of these forms proved the importance that was attribu 

to these ty 

At the Exhibition it was, indeed, possible to recognise 
the great adaptability of the two types to local require- 
ments, as well as to the demands of the most varied indus- 
tries. As, however, the exhibits were not subject to test, 
a quantitative judgment of the merit of the designs was 
not ible. 

The increase in the manufacture of Francis turbines 
and of Pelton wheels, in comparison with that of the old 
types, is shown in Fig. 1, which was prepared for the 

wiss catalogue of the International Exhibition at Turin, 
1911. Since 1900 both types have developed in the direc- 
tion of increase of horse-power per unit, so that their sizes 
have now reached as Rakes 16,000 horse-power per wheel. 
The Francis turbine is applied with success to falls of from 
1 m. to 150 m. (3.3 ft. to 492 ft.); the Pelton wheel to falls 
Fig./. 
OUTPUT OF THE TURBINE SYSTEMS 
IN RELATIVE VALUES, /N COMPARISON 
WITH THE CAPACITY OF JONVAL 
TURBINES IN 1870. 
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of from 40 m. to 950 m. (131 ft. to 3116 ft.). In this are 


to be noted not only a steady improvement in the details 
of construction of the turbine, but also in the efficiency 
of the automatic governing and the safety mechanism. 
Particularly for modern plants with long supply-pipes and 
conduits ; with their severe specifications of high-standard 
reliability in the safety apparatus, these requirements 
made — claims upon the skill and ability of engineers. 
The result has been, however, a large e of 

in the production of successful designs. 

The members of the Institution of Mesheninal lee 
will have an opportunity of inspecting various hydro- 
electric plants in Switzerland, and of having the details 
of their construction im this special respect explained 
either by the engineers in charge or by representatives of 
the turbine-makers. To the author there falls the agree- 
abie task of presenting some comparative tables of the 
results of tests which have been entrusted to him to carry 
out. He has endeavoured in the tables and diagrams to 
follow such order and sequence as will make clear the 
influence of various arrangements of detail and proportions 
of dimensions. The experiments relate to installations 
which have been carried out at four works. The agree- 
ment of the results demonstrate that a condition of 

rmanence in the development of the design of turbines 
oe been reached, and that we are now near the limit of 
attainable dynamic efficiency and perfection in governing. 
For the sake of concentrating attention upon the matter 
of the analysis, the naming of particular firms has been 
avoided. 

As an introduction to the description of the test results, 
some remarks are needed upon the methods of measure- 
ment employed. 


A.—MEASUREMENT OF FALt. 
(a) Direct Measwrement.—In the case of low-pressure 








* Paper read before the Institution of Mechanical 
Engineers, at the Zurich Meeting, July 26. 








turbines in open wheel-pits, the levels of the water in the 
head and tail-races were read off rs omg | by point-gauges, 
their difference giving the working fall. The gauge- 
ints must be fixed as near the turbine as puniile. 
tach of the two graduated staves slides in a vertical 
guide forming part of a securely fixed wooden frame, and 
the metal points moving with them are brought down 
until they just touch the water surfaces. e zeros of the 
two scales are obtained by applying the points to the two 
water surfaces when they are still with a very small water- 
flow, the level-difference between these having been 
accurately determined by levelling instruments. 

(b) Indirect Measurements.—If the water surfaces be 
inaccessible, a piezometer can often be applied for low- 
pressure turbines, on which readings similar to those above 
mentioned under (a) can be taken. With high-pressure 
turbines having long supply-piping and suction-tube, the 
pressure-fall, or fall from supply to turbine-level, can be 
measured by pressure-gauge, and the discharge or suction 
fall either direct as above or by help of a vacuum-gauge. 
In the case of the Pelton wheel only the pressure-fall 
comes into question. The positions at which the pressure 
and vacuum-gauges should be attached to the supply and 
discharge-pipes are to be as near the turbines as possible, 
and where as uniform as possible a pressure distribution 
reigns over the cross-section of the water-flow. Readin, 
from pressure and vacuum-gauges attached at or close to 
pipe- bends or to the spiral casings of closed turbines are 
inadmissible for this purpose of determining the fall. 


B.—WateER MEASUREMENT. 


In the tests now presented the water consumption was 
measured sometimes by weir and sometimes by rotating 
current-meter. 

(a) Weir Measwrements.—These were in all cases carried 
out with sharp-edged weirs specially built for the tests, 
in some cases arranged with side contraction, and in other 
cases without side contraction. The readings were taken 
with precision needle-gauges with verniers reading to 
fy mm. ($5 in.). The calculations of the quantities 
were made either by the Frese formula, the derivation of 
which is fully described in the Journal of the Vereins 
Deutscher Ingenieure of 1890, or else directly from cali- 
bration curves obtained from rotating current-meters by 
the Hydrometric Bureau of the Swiss Hydrographic 
Department. 

From the following table may be seen to what percentage 
the formula-calculated and the calibration-curve results 
agree :— 


Water Flow, Litres per 
Second. 


Difference, 
Fall over Weir. 
By the Frese By the Calibra- Litres per Per 
Formula. tion Curves. Second. Cent. 
mm. in. litres.| gal. litres. gal. gal. 
93.8 3.693 65 14.3 67 14.7 2/; O04 3.1 
98.1 3.862 70 15.4 72 15.8 2 04 2.9 
104.6 4.118 77 16.9 7 17.4 2 O84 2.6 
119.4 4.701 93 20.5 95 20.9 2 oO.4 11 
132.5 5.217 109 24.0 | lil 24.4 2 a4 0.9 
170.6 6.717 161 35.4 162 35.6 1; ag 0.6 
178.9 7.043 173 38 174 38.3 1, 02 0.6 
216.2 8.512 232 51.0 | 232 51.0 0 00 0.0 
247.4 9.740 285 | 62.7 | 287 63.1 2 0.4 0.7 
273.6 10.772 334 73.56 3836 73.9 2;,04 0.8 
295.0 11.615 376 82.7 | 379 83.4 3) 0.7 0.8 


The weir investigated had a breadth of 1.19 m. (464 in.), 
and had no side-contraction. One notes that the absolute 
difference is nearly constant, and is always of the same 
sign, so that one may conclude that either the formula or 
the current-meter had a constant error. For water con- 
sumptions over 100 litres (22 gallons) per second the 
percentege difference remains under 1 per cent. 

(b) Rotating Current-Meter Measwrements.—These were 
carried out partly by Herr Dr. Epper-Bern, Director of 
the Swiss Hrdoageephie Department, and partly by the 
present author or by other experimenters. The instru- 
ments used came from the workshops of Ott-Kempten, in 
Bavaria, and were from time to time calibra in the 
Calibration Laboratory of the Confederate Hydro- 
metric Bureau. The technical mode of using was in all 
cases that prescribed by the Confederate Hydrometric 
Bureau. 

From one series of tests, in which simultaneous mea- 
surements were taken at two cross-sections, the following 
examples of the degree of accuracy of this mode of 
measurement are obtained :— 





Water Consumption. Difference. 


Cubic Metres per Second Measured 





at Section. . 
Cubic Metres ~ 
per Second. Per Cent. 
I IL 
4.790 4.615 + 0.175 + 3.6 
4.630 4.650 - 0. - 0.5 
4.040 3.960 + 0.080 +17 
3.610 3.680 - 0.070 - 19 
2.600 2.704 ~ 0.104 - 7.5 








Section I. was in the smooth cement-finished part of 
the underground tunnel. Section II. was in the rough 
stone part of the dis channel into the river (Wild. 
bach). With such difference of kind of section, the differ- 
ence between the two sets of measurements are to be 
regarded as small, except in the case of the last. 

Another example of the comparison of simultaneous 
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measurements is to be found in an article by the author, | minute intervals, and often by direct counting with 
i ion Low- | acoustic signals of time intervals. 


entitled ‘‘Comparative Investigations on 


Pressure Turbines,” in the Swiss Bauzeitung, 1905. 


tion 


C.—MEASUREMENT OF Errecrive Horsg-Power. 


In four tests a Prony brake was used and, throughout, | 


TABLE I.—Erriciency or Francis Tursinges tN OPEN WHEEL-PITs. 


E.—REGISTRATION OF SPEED VARIATION WITH CHANGE 


or Loap. 


For this there was used the Horn tachograph. 


page). 
1. In 
| nearly: full load ; but in the other turbines it is found at 
| betweén 70 and 80 per cent. of full load. 


H.—Rest.ts with Francis TURBINES. 
(a) Open Arra .—Tables I., IIIL., IV. (on this 
From Table I. it is seen that :— 
turbine I. the maximum efficienoy is reached at 


TABLE II.—Errictency or Francis TURBINES*IN SprraL WHEEL-CASES. 
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System. 


Single vertical axis 
Single vertical axis 
horizontal} 


Single 
axis 

Double 
axis .. 


| No. of Turbine. 


L& ib 


| tical axis ; 
& Av. 


Ii. 

horizontal 
axis 

Horizontal 

. axis, spiral 


horizontal 


ver- 


4.6 
4.4 
7.0 


10.4 


System. 


Single 
Open 

Single | 
J Double | 


} Single 


— 


Revolutions 
per Minute. 
Full Gate 


100 158.3, 100.0 
100| 260.0' 1000 


128| 434.5 100.0 
160 1250.0 100.0 


«= Per Cent. of Full Load. 
h = Per Cent. Efficiency of the Turbine. 


b. a. b. a. 


88.1 96.8 83.6 52.7 79.4 ..  .. 
61.9 81.9 32.7. 87.2 


82.5) 88.0 87.8 
76.9 84.0 851 


81.3 93.8 84.2 


20 : 40 60 30 
Percentage of Effective Horse Power at Full Gate 


50.8 75.4 


78.5 86.3 40.3 $1.5 Electrically. 


1 
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Measure- 
ment of 
Horse- 

Power. 


No. System. 


a. Ob. 


Mechani- V. |Single horizontal axis 
y VI. Ditto. 
VII. | Double horizontal 
axis 


Ditto. 
Ditto. 


VIL. 
IX. 


— -. wv 2 
, = Percentage of Effective Horse-Power at Full Gate 


Measure- 

ment of 
Horse- 
Power. 


y a = Per Cent. of Full Load. 
b = Per Cent. Efficiency of the Turbine. 


Revolutions 
per Minute 
Effective 


| a. 


76.0) 30.9 #5. 


} Bes aes aoe ERAT ert 
97.0 82.3 82.8 81.7| 56.0 
a a die .. | 68.7, 87.4) 36.6 | 
1000 78.6) 86.6 87.6) 56.0 79.4 | Electri- 


| cally 
| 100.0 2.2) 45.3) 76.% | , 
100.0 2] & 


550 
4000 


- 
_ 
$= 


496 2696 


490 
601 


2620 


3458 


TABLE III.—DIMENSLONS AND TEST RESULTS OF FRANCIS TURBINES. 


Work Done. 


Fall in Metres. 


4.6 | 3.000) 1 


DETAILS OF DESIGN. 


Bast Data. 


Cubic Metres 
per Second. 

| Revolutions 
per Minute. 


wn 

ry 

j ~ 
. an 
|g @ 
= 


Water Flow. 


142/1.25 


RUNNER DIMENSIONS. 


per 


INLET. 


u/C. 


Velocity Coefficient 


Revolutions u 
Fall in Metres. 


Peripheral Speed, 
Velocity Due to 





3 
8 


0.435 


Revolutions 


TEST RESULTS. 


PSRCENTAGE OF FULL Gate 
| Errective H.-P. 


| ed 2 


| 
| 100 90' 80 70' 60 50 40 
Water 


Measure- 
ment. 


METHOD. 


H.-P. 


Measure- 
| ment of 
| Effective 

H.-P. 


Full Load. 


PERCENTAGE EFFICIENCY. 


.5 (87.5 |85.5 |82.2 |78.¢ 
87.2 87.0 84.0 80.5 





Rotating \ Prony 


SB 


} Spinning fl 
1 j 


Electrical 
central 
station 


4.4) 4.940 
6.6 | 6.400 
10.4 |11.26 
42.6 | 1.300 


62.0 | 5.000 


100, 220/1.30 
127) 372/1.30 
172/1250/1.30 | 
428) 550|0.80/ 
400/3200/1.10 
500 2500)0.90 


0.495 
2x 0.325 
0.100 
0.220 


2x 0.0975 


wo 
Pl 


11.35 
14.2 

28.5 | 0.615 
34.8 | 0.67 
34.2 | 0.68 


germ | B/D, 
90 
38 
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60.0 | 4.000, 


87.0 | 2.875 
143.0 | 2.000 


41.2 | 0.60 


500 2500/0.96 | 
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‘ | wheel-case j Double 2x0.110 | 19 
2x0.0400 .. 34.2 
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TABLE IV.—Sketcu CiassiricaTion oF Francis Tursines I. To LX. 


Mia .AIRIZONTAL AXIS, 
OPEN, SINGLE. Z 


VIIT HORIZONTAL AXIS, DOUBLE SPIRAL 
WHEEL-CASE, AS IN TURBINE VII. 
DRAFT TUBE AS IN TURBINES 1& IV. 


IX. HORIZONTAL AXIS, DOUBLE 
SPIRAL WHEEL- CASE. 


I. VERTICAL AXIS, OPEN,SINGLE. MI. VERTICAL AXI9, OPEN, SINGLE 








Vil. HORIZONTAL AXIS, 


V, UT. HORIZONTAL, SINGLE SPIRAL DOUBLE SPIRAL WHEEL-CASE 


WHEEL- CASE. (2361. E.) 


Two Iron Dratt Tubes 


2. All four turbines have an efficiency of over 85 per 
cent. at about 80 per cent. of full load. 

3. Turbine IV. maintains greater uniformity of effi- 
ciency than the other turbines. 

4. The simple turbines If. and III. have similar effi- 
ciency curves, that of III. showing throughout smaller 
efficiency than IT. 

5. Turbine II. has a second maximum efficiency at 

q about 30 per cent. of full load. ; 
A On Table III. (above) the data of the designs are 
given specifying the size of turbine and its rotary speed— 
that is, the values on which are based the calculations of 
the fall, the water consumption, the revolutions per 
minute, and the desired efficiency ; also the wheel dia- 
meter D, the inlet breadth of wheel B, the ratio B/D, 
the peripheral speed u = 7 Dn/60, the theoretical speed 
c = »/2gH, corresponding to the fall H, and finally the 
ratio K. = u/c, which is the characteristic speed-co- 
efficient of the turbine. Along the heading of Table III. 
| arealso given the efficiencies taken from Tables I. and II. 
It is seen from this table that the wheel diameters of 




















(2361.0) 
{ 
Tron 


Dratt Tube Concrete Draft Tube 
-MEASUREMENT OF PRESSURE VARIATION WITH 
CHANGE or Loap. 


This was obtained by means of the instruments above 


with wooden lining to one-half of the peripheral band, with ¥F. 
brake-cheeks round the other half, with worm tightening- 
gear, and with external force applied so as to cause com- 
pressive stress in the band. | mentioned for measurement of the falls. 

In the other tests the effective neways of the Throughout the course of each test the observations 
turbine was transmitted to the generator (dynamo), and were made as far as possible simultaneously, but at the 
there measured electrically, due allowance being made | same time independently. 7 me 
for the previously measured mechanical and electrical | Turbines I. to IV. are nearly equal; but the ratios o 
efficiency of the generator. The electrical measurements | G.—Tue Resvutts or THE TEsts. | width to diameter B/D and also the. speed-coefficients 
were carried out by special electrical experts by help of | The results of the tests I. to IX., inclusive of Francis! Ku are nevertheless different. In respect of this last 
suitable arrangements and instruments. turbines, are collected in Diagrams I. to V. inclusive ; | coefficient, turbine I. is to be classed as * normal dimen- 

those of the tests Nos: X. to XIII. inclusive in —— sioned normal s ;” turbine IV. as “‘normal -dimen- 

D.—MEASUREMENTS OF REVOLUTIONS PER MINUTE. | VJ. and VII., accompanying the tables on this and the sioned high s :” turbine II. as ‘‘extra width normal 

8 


This was effected by mechanical hand-tachometer with | opposite pages. peed ;” and turbine IT as ‘‘extra width high speed.” 
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In co uence of the equality of the diameters in tur- 
bines I. to iv., the results from them are directly com- 
parable, and the comparison yields the following important 
conclusions :— j f ate ; 

In open low-pressure Francis turbines, it is possible, 
even with extra width high-speed machines, to reach a 
maximum effective efficiency of 85 pee cent. with a 
ing of the Fink rotary regulation gates corresponding 
p Ae 80 per cent. of full load ; while with sormel epeed and 
divided inlet passages with axially moved gates still higher 
maximum efficiencies up to 88 per cent. are attainable. 

The appearance of a second efficiency-maximum in tur- 
bine II. appears at first difficult of explanation ; the 
cause, however, is masked by influences arising in connec- 
tion with no-load running with varied gate-opening, and 
the phenomenon proves that in such wheels different 
stream-line forms pane phenomenon which is also 
observed in centrif pumps. 

In the upper oor of sections on Table IV. (on the 
opposite page), the classes of the designs of turbines I. 
to TV. are shown. 


forms are not presented, it is not possible to formi a definite 
judgment upon this point. 

In Table V. (below) are given the results of the tests 
of the governing of Turbines VII. andIX. Here it is to 
be noted that, in the Servo-motors of the automatic-speed 
and pressure-regulator, oil is used as the Servo-motor 
fluid, and each of the two governing plants is worked from 
an oil-pressure central station, in which the oil can be 
brought to a pressure of between 20 and 25 atmospheres. 
Alongside the diagrams of Table V. are placed those 
leading dimensions which are necessary for a criticism 
of the general effectiveness of the regulation, as, for 
example, the fly-wheel mass, the size and — of the 
supply-pipe, &c. It must further be poin out that 
the Servo-motor of the automatic pressure-regulator of 
Turbine VII. is fitted with a governing gear, which is 
brought into action under the influence of a rise of 
pressure in the supply-pipe, caused Ly a sudden decrease 
of load; while in Turbine IX. a similar governing 
mechanism is brought into action by a part of the Servo- 
motor moved by the automatic speed-regulator, and is 





TABLE V.—Resvutts or Tests oF GOVERNING OF TuRBINES VII. anp IX. 
The governing of both turbines is by oil-pressure Servo-motor (relay motor). 


The diagrams show the maximum change of 


with sudden charge or discharge. 


Observations to the left of each vertical 


line represent charge in kilowatts ; those to the right, discharge in kilowatts. 


TURBINE Vil 
Normal 500 Revs per Min 


20 gD 56000 Kgm? 





Head H-60m. y 6 
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2 heavy Fly wheel 
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Kw. Load ae ae 
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Fressure Variation 18% 


use of Speed 





Fly-wheel Moment of Inertia 


Gut off Period 
at 2150 Kw. Load =25§ 


TURBINE 1X 


mal 600 Revs.per Mi 
™ Ee” Fly wheel Moment of Inertia 
tog gl 10500 Kgm? 


Head H-147m. 
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Pressure Variation 10% 



































42 }? 2 
Cut, off Period, lp 5 Leng of Supply LB Length of Supply 
at 00Kw. Load +6 Sec x pe _ m These had no & Pipe =400m 
Ag Drameter- 20m separate Fly-wheel la Diameter -2-0m-18m. 
x 
--------- Partial Load Variation 
(236 F) Total ” ” 
TABLE VI.—Erriciency or Peitton WHEELS. 
aU i naling: 
8 -_—_— ws me. 
S | | —— -——" = ttn 
he ———] = aa 
— 
xu” XI” Nx 
i i fies i 
eed 2 40 30 700 
at} Per e of Effective Horse-Power at Full Gate 
InX the Effective Horse-Power was measured by Prony Brake; in the other cases 
us) t was electrically measured. 
| | | . ary pene a ; ail - ' 
" ‘oly. | Efficient a = per Cent. of Full Load. 
: Number Fall —— | Horse- b = per Cent. Efficiency of the Turbine. 
No. | of in r | Power 
Nozzles. | Metres. Minute | at Full ae a 7 9 a 
| | Gate. a b a b a b a b a b a b 
j | Pn eee ee AT, MNS RO RAT Ee (Re Se Tia) Re 
7 a 90 355 | 326 | 100.0 76.0 | 893 | 79.7 | 86.5 | 81.6 | 71.4 | 83.6 | 39.6 | 84.2 
XL 1 100 180 | 300 |1000 889 | 85.4 | 89.3 72.7 | 87.8 | 56.0 86.0 | 420 87.8 | 24.0 77.0 
XIL. 2 550 376 6050 100.0 88.5 | 899 | 81.0 | 75.8 | 82.8 55.1 83.8 | 27.1 80.5 14.2 | 76.9 
XIIL, 1 850 | 630 3710 100.0 86.2 | 89.4 | 86.9 | 59.2 | 85.2 71.2 85.1 | 46.7 82.9 | 223 | 78.5 | 





| 


(b) Arrangement with Closed Spiral-Wheel Cases.—The 

results of the tests of Turbines V. to LX. are set out on the 
Tables II., IfI., and IV., along with the important 
dimensions of the same arranged in tabular and graphic 
forms. In the lower row of sections on Table 1V. their 
general arrangement and class of design is sketched. 
_ From the diagrams on Table II. it may be seen that also 
in this arrangement the maximum efficiency is reached 
between 80 and 90 per cent. of full load; but the values 
of the efficiency for the same percentage load differ for 
the different turbines of this series much more than in the 
previously-described series. 

_A direct comparison can be made between the Turbines 
V., VI., VIIL, and IX.; their efficiency curves have 
very similar general forms. From the dimension-data 
given on Table ITI. it can be recognised that the values 
of the efficiencies decrease as the ratio of breadth to 
diameter decreases. This comparison shows clearly the 
influence of the greater resistance of the channels of 
smaller flow-surface. Still, the diagrams show here also 
that in this style of turbine efficiencies of 85 per cent. 
and more are attainable. 

The form of the efficiency-curve of Turbine VII. differs 
greatly from those of the other turbines of this series; it 
is, however, similar to that of Turbine III. in the previous 
Series I. toTV. It is to be noted that the correctness of 
the curve is confirmed by the tests of the governing of the 
different units of the installation to which Turbine VII. 
belongs. The eqpnnent difference is probably caused by 
the form of the blades; but as drawings of these blade- 








+ put out of action under the influence of a cataract. | 
The very much less speed variation in Turbine VII. is | 
apparent. The fly-wheel moment of inertia is, however, 
materially greater than that of Turbine IX. This circeum- 
stance, in conjunction with the quicker action of the 
Servo-motor on Turbine VII., which is indicated by its 
cut-off period, is the cause of the smaller variation in 
Turbine VII. In both cases the re-establishment of 
steady normal condition is reached in the time necessary | 
for safe working under maximum-load variation following 
maximum-speed variation. 


J.—Tests or HicH-Pressurgk Toursines. 


Pelton Wheels.—On Table VI. (above) are set out in | 
tabular and graphic form the results of tests of four high- | 
pressure turbines—X. to XIII.—in respect of efficiency; | 
and on Table VII. (above) the results of testa of the 
regulation of the Turbines XII. and XIII. of this series 
are stated. The wheels of these turbines are fitted with 
Pelton blades. The forms of the blades certainly differ 
from the original Pelton shapes, and are constructed as | 
the result of study and experience of individual turbines 
which have been in practical use. This variation is also 
partly apparent in the shapes of the efticiency-curves. 

eé important conclusions to be drawn from these series 
are the following :— 

1. At about 55 per cent. of full load all the four turbines | 
show efficiencies which lie between 84 and 85 per cent. 

2. The most favourable efficiencies vary between 84 and | 
89 per cent, 





|. 3. The efficiency is lower than 80 per cent. only under 
loads which are below 25 to ¢ r cent. of the full load. 
4. These definite results hold within wide limits of 
head and load (90 m. to 850 m. head, and 300 to 6050 
horse-power); and it is to be noted that confirmatory 
results are obtained also from tests of other turbines of 
 Rageodinn th ults of th f th ing of 
ing the results of the tests of the governing 0 
Turbines XI. and XIII., set out upon Table VII., it 
may be noted that both turbines, as also Turbines X. 
and XI., are fitted with the well-known nozzles with 
pointed governing needles. These needle nozzles, due to 
Abner Doble, late the supply of water according to 
the momentary demand for power following simall and 
gradual changes of load, by the movement of the needle 
which takes place under the influence of an automatic 
speed-regulator. ; 
Following sudden changes in the load, very important 
variations of pressure arise in the long supply-pipes which 
accompany this design of turbine. In order to avoid 
these, turbine XII. is furnished with an automatic pres- 





TABLE VII.—Results of Tests of Governing of Turbines 
XII. and XIII. 
Both turbines are governed by oil-pressure Servo-motor. 
Turbine XII. Turbine X111. 


The turbine is fitted with auto- The turbine is fitted with jet 
matic pressure regulation. cut-off gear. 

Normal 375 revs. per minute. Normal 630 revs. per minute. 

Head H = 350 m. Head H = 850 m. 

Fly-wheel moment of inertia Fly-wheel moment of inertia 
g D? = 55,000 sq. kg.-m, g D2 = 13,000 sq. ag 

Max. pressure variation, 1.8 per Max. pressure variation, 3.9 per 
cent. 


cent. 
Length of supply-pipe = 925m. Length of supply pipe = 2130 m. 


















































Diameter = 1.35 m. — 1.05 m. Diameter = 0.5 m. 
16 | 
i [ata 
12 y t-— al —- 
S WA 
Ve 7 — ra 
rs = 
m 
0 000 2000 3000 ~#00 «(0 200 =2000 = 3000 
(esuny Kw. Output Kw Output 


The test with 3000 kw. load is questioned, 


sure-regulator with a Servo-motor similar to that of 
turbine IX., whose regulating mechanism is put into 
activity by the Servo-motor of this speed-regulator. 

In Turbine XITI., the automatic pressure-regulation 
arising through sudden loading takes e in the follow- 
ing manner :—In the first instants following the decrease 
of load, the jet issuing from the nozzle is deflected, by 
the interposition of a shutter inserted between the nozzle 
and the wheel under the influence of an appropriate auto- 
matic regulating mechanism, for the pur of hinder- 
ing the access of the water to the wheel ; through this the 
supply of hydraulic energy to the wheel is diminished, 
while the flow of water from the supply pipe is still not 
decreased ; no sudden rise of pressure in the pipes can 
therefore take place. In the succeeding time-period the 
| shutter is gradually withdrawn again, and the le 
displaced in the nozzle as necessary for the re-establish- 
ment of normal steady condition. The insertion of the 
needle thus follows so slowly that no important increase 
of pressure can arise. 





| Also on Table VII. there are stated the important 
| leading dimension data alongside of the diagrams in the 


same manner ason Table V. The influence of the very 
large fly-wheel mass in Turbine XII. makes itself appa- 
rent here also, along with the smaller variation of —. 
One recognises, however, through comparison of the 
two diagrams upon Table VII. and Table V. that the 
absence of the large fly-wheel mass in Turbine XIII. is 
compensated for by the quickness of the governing action 
operated by the deflection of the jet. 

It should be further mentioned that in all the turbines 
mentioned here the test results obtained give better 
values than those guaranteed by the firms who supplied 
the plant. The results here set forth confirm satisfactorily 
the proposition stated at the beginning of this paper— 
that the design of turbines has almost reached the limit of 
attainable pr rfection. 

In move to efficiency there is not to be expected much 
further advance in the future; the problem of governing 
can still be considered as not yet completely solved, 
since there still appears in view a series of applications 
which will influence the further development of this 
problem. The electrification of railways may be men- 
tioned as one example. But one may well express the 
hope, considering the experience of the results already 
reached, that with the help of the material and intellec- 
tual instruments now available, technical science will be 
able to find a satisfactory solution of these future, and 
perhaps often much more difficult, problems. 





Larce De Lavat Sream-Tursine.—The De Laval 
Steam-Turbine Company, Sweden, has secured the order 
from the Kunda Cement Works, near Reval, Russia, for 
a 3000-horse-power turbine direct-coupled to a three-phase 
generator. This is the largest steam-turbine so far sup- 
plied by the firm to Russia, and the order was obtained 
in the face of keen competition, 
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WORKMEN’S COMPENSATION CASES. 
County Court. 


Effect of Accident on Disease.—The liberal intention of 
the Workmen’s Compensation Act is once more shown 
by the case decided by the Judge of the Workington 
Connie Court, when the widow of David Scott, employed 
by the Workington Iron and Steel Company, was com- 
pensa for his death, the immediate cause of which 
was consumption, from which the deceased had been 
suffering some four months prior to his death on March 6, 
1911. 

On July 20, 1910, Scott had been the victim of an acci- 
dent which cost him the loss of an eye, and involved his 
long treatment at the Carlisle Infirmary, where he ulti- 
mately died of consumption. Up to the time of his death, 
the employers, acknowledging that an accident involved 
them in liability, had paid workmen’s oy agony by 
weekly payments in respect of the loss of the eye; but 
they refused compensation for his death, which did not 
appear to them to be at all connected with the accident. 
This was not unreasonable, but fuller examination of the 
medical evidence proved that the injury to his eye 
materially affected the man’s health and lowered his 
vitality and contributed to the “~~ disease, which was 
the immediate cause of his death. He was a sound and 
healthy man till the date of the accident, and he had no 

redisposition to any disease. The loss of his eye worried 
in and made him liable to consumption when his 
vitality was lowered ; there was thus a direct connection 
between death, disease, and accident. In the Court of 
Appeal the principle of law was laid down that, given 
an’ accident or a disease accelerated or produced by an 
accident, it was not law to say that it did not come within 
the four corners of the Act. 

Compensation by Lump Sum.—Where a workman seems 
to be permanently incapacitated by an accidental injury, 
it is often the Ke pe nen best policy to cut their loss 
after six months by offering to pay a lump sum. It will, 
however, be remembered that the Act of 1906 does not 
contemplate such modes of compensation. It is con- 
ceivable that a workman’s <p bry incapacity may 
be compensation for his injury, but rarely is the lump 
sum offered large enough to compensate the work- 
man. At Weymouth County Court a firm of employers 
had paid wally payments of 17s. a week for severe 
injuries which incapacitated a quarryman, and threatened 
to be lasting, if not permanent. This suggested a volun- 
tary agreement. The Registrar refused to record it, on 
the ground that the sum (175/.) was not adequate. 
Medical evidence was to the effect that the workman 
might yet be capable of suitablelight work. This opinion 
was doubtful, and the County Court Judge upheld the 
Registrar’s refusal to record the agreement. The Work- 
men’s Compensation Act does not release the employers 
unless the lump sum is adequate to secure the workman 
sufficient in a little business to be equal to half-pay oe 
incapacity. It was argued that the quarryman, thoug 
not a business man had a smart wife who might succeed 
in a business which could be bought for 1757. _ 

The Judge refused the employers’ application because 
the injured man would thus be exposed to the risk of the 
wife’s absolute failure to carry on a profitable business, 
and to the risk of starvation by relinquishing the claim 
to compensation. The employers could not, in the cir- 
ri t , be rel d by a voluntary agreement to 
redeem, and the prime | oazuent of half-pay (17s.) was 
ordered to be continued. e lump sum is a danger to 
tp workman, who is tempted to release the employers by 
payment to himself of a sum which an unbusinesslike 
man or woman may regard as wealth, but which the Judge 

reeives is no adequate compensation for life - long 
incapacity. 

Special Power of Judge to Expunge Agreement from 
Register.—An ns Sen was delivered by Judge 
Ruega of the Staffordshire County Court, which raised 
points of great importance to workers in the Potteries 
country who are liable to serious injuries by | poison- 
ing in the course of their work and arising out of it. The 
case is no less of interest to employers and the insur- 
ance companies acting as their agents, for the application 
ved the arent gy ha the eo for = wacom 

ing expun rom the register under a special power 
pened by the County Court Judge. —— to a 
clause in the Workmen’s Compensation Act, it is the law 
that ‘‘ the Judge may, within six months, if a memorandum 
of agreement as to the redemption of a weekly puyment 
by a lump sum or of an agreement as to the amount of 
compensation payable to a person under any legal dis- 
ability or to dependants, has been recorded in the register, 
order that the record be removed on proof to the Judge’s 
satisfaction that the agreement was obtained by fraud or 
undue influence or other improper means, and may make 
such order including an order as to any sum already paid, 
under the agreement, as under the circumstances he may 
think just.” z 

This is a special power which County Court Jud 
can only exercise with very great care, for it enables 
them to remove from the ae of the Court a 
memorandum of agreement which has already been 
recorded, and so been given the same authority as a 
County Court decree. This great care is called for 
because very often money has been had under an agree- 
ment which it would be difficult or perhaps impossible 
to recover from the workman. But, in a proper case, as 
in the present, the Judge may not hesitate to expunge 
the agreement from the register. The facts of this case 
were that a work-girl named, Garner, employed by the 
Richards Tile Company, in September last year, suffered 
severe lead poisoning, contracted in the course of her work, 
and was paid compensation by her employers during Sept- 
ember and October. In October, the Hanley agent of the 
insurance company, acting as agents for the employers, 











wrote to her to call on him. The girl, then certified as 
suffering from lead poisoning, was in bed, and too ill to 
attend. Her mother went in her stead, and explained 
to the agent that it was not possible to say anything as to 
her daughter’s recovery, or what sum would be fair for 
the injured girl to accept as a sufficient sum in redemp- 
tion of the weekly payments. The girl was at this time 
twenty-one years of age. She was entitled under the 
certificate to 26/. a year so y as her incapacity lasted. 
The insurance agent drove a hard bargain for his prin- 
—_ He offered the sum of 25/. in settlement; then he 
offered 50/., and finally 60/. 

This sum of 60/. was accepted by the girl, her mother 
protesting, for, on repeated occasions, the mother had 
refused all offers when interviewing the agent on behalf 
of her daughter, who was too ill to attend. It is 
possible that the girl and her mother had the delusion 
common to working people that three years’ earnings 
was the limit of the sum to which, in this case, the girl 
was entitled to claim (i.¢., 78/.). The judge censured 
the insurance agent’s action, for he must have known 
the employers would be oe ang for payment of the 
girl’s half-pay for every week the incapacity lasted ; 60/. 
was clearly insufficient, and the terms of the agreement 
were vitiated by misunderstanding of the girl’s legal rights. 
The action of the doctor who gave the certificate for 
weekly payment was misunderstood by the girl, who 
imagined that when he said that she might be all right 
again in a year he was s ing in a quasi-judicial capa- 
city, whereas he was giving his opinion at the uest of 
the Insurance Company for a fee, instead of as a disinte- 
rested adviser. The employment of a medical man who 
had been employed in a judicial capacity and afterwards 
in the same case in an interested capacity was likewise 
unfair. The judge, when he heard that the doctor who had 
given the certificate for workmen’s weekly compensation 
was the same who afterwards, to the knowledge of the 
Home Office, made reports of accident once a month to 
the insurance company, strongly rebuked the practice. 
It may be that the decision of Judge Ruegg in the case 
of Garner v. the Richards Tile Company may influence 
the making of new orders by the Home Office under the 
Workmen’s Compensation Act. 

It will be a lesson to the insurance companies that 
the money paid under an agreement which is set 
aside cannot be recoverable from the worker. Of the 
60/. paid to Elizabeth Garner under the ment, only 
102. was left, but as to repayment of that the Judge made 
no order. For the protection alike of the ill-informed 
worker, and in the interest of the employers or their 
insurance companies, such agreements as this ought to 
become impossible without the assistance of the appli- 
cant’s solicitor. The unaided ignorance of the worker, 
which is supposed to handicap the worker’s case more 
often than otherwise, becomes an advantage. 


Scotcn APPEAL. 

Injury Received in a Riot is not an Accident.—A 
labourer, who was injured in the strike riots at Bo’ness 
on May 31, 1910, claimed compensation from his em- 
ployers, Messrs. Denholm and Co., timber merchants 
and shipowners, whose yardmen were on strike. To the 
number of 2000, strikers marched to the yards and 
threatened the imported labourers ; a riot followed, and 
the applicant received injuries about the head, face, and 
arms, which incapacitated him for some weeks. The 
Sheriff Substitute held that the injuries were received by 
accident in the course of his employment, and awarded 
him 12s. 6d. a week for four weeks. 

The Sheriff Substitute stated a case, and the Court of 

jon reversed his decision, and found the appellants, the 
employers, were entitled to expenses. It may be that the 
Sherift Substitute was influenced by certain decisions in 
England and Ireland, and assumed that the injuries were 
received in the course of, and arising out of, the man’s 
employment, and were the effects of an accident. In the 
tch Courts there are no decisions which justify the 
Court in assuming that a violent and criminal assault, or 
a riot, is an accident. . 

The dictum of Lord Macnaghten in the House of 
Lords has decided that the expression ‘“‘ accident” is to be 
used in the ordinary sense as denoting anything unex- 
ner any untoward event which is not anticipated or 

lesigned. The Scotch Courts are not bound by the 
decisions of English or Irish Courts of similar authority. 
Considering that injuries may readily be received by 
innocent men in the course of their employment, as the 
result of strikers’ attacks, it is unfortunate that there is 
no decision of the House of Lords dealing with such a 
case. It is, of course, intolerable that employers should 
have to regard a strike and criminal offences that follow 
it as an accident involving compensation. 

Accident due to Trespass ona Railway as Short Cut.— 
The widow of an overseer on the Forth and Clyde Canal 
cpyecied to the First Division against the decision of 
the Sheriff Substitute in her claim for compensation for 
the death of her husband, who, in the course of his duty, 
walked along the railway to Grahamstown, and was 
killed. The Sheriff Substitute held that the accident 
arose in the course of the deceased’s employment, but did 
not arise out of his employment. A case was stated, and 
the Lord President sieued the decision of the Sheriff 
Substitute. The man was on his employer’s business, and 
the accident happened in the course of his employment. 
But he chose his own course on the railway, where he had 
no business. There was a safer, if longer, way by road. 
That he went a near cut, and exposed himself to the 
needless risk of being run down | a passing engine, was 
not an accident which happened in the course of his 
employment ; for as the accident was not incidental to 
the man’s employment, it was not an accident at all as 
understood within the meaning of the Act, for the man put 
himself in such a position that his death was inevitable, 








CATALOGUES. 


Electrical Supplies.—Messrs. Ward and Goldstone, 
peg Salford, Manchester, have sent us a copy 
of the 1911 edition of their catalogue of accessories for 
electric-light and power installations. The catalogue 
illustrates and states prices for a great variety of switehes, 
circuit-breakers, fuses, instruments, water-tight electric- 
light fittings, conduit fittings and other wiring accessories, 
lamps, fans, insulators, bells, pushes, indicators, and 
other supplies for electrical contractors. One section of 
the catalogue is specially devoted to wires and cables, 
including flexible wires, multiple telephone cables, &c. 
The firm call attention to the fact that they are the actual 
manufacturers of these wires and cables, as well as of al! 
kinds of switches and switch gear. 


Preservation of Masonry.—A pamphlet relating to 
Szerelmey stone liquid—the well-known remedy for damp 
walls and stone decay—has reached us from Messrs. N. 
C. Szerelmey and Co., Rotherhithe New-road, 8S.E. This 
liquid, when applied to the surface of masonry, brick- 
work, &c., fills the interstices between the particles of 
stone and effectually excludes all moisture, to which the 
surface disintegration of masonry is principally due. The 
ordinary stone liquid is colourless and does not alter the 
appearance of the masonry, but modifications in colour 
can be effected by means of tinting paste, which can he 
supplied in any shade. By means of these tinted liquids 
a natural new appearance may be given to old masonry. 
The pamphlet states prices for the liquid and gives 
instructions for its application. Numerous illustrations 
of buildings treated with the material are also included. 


Circutt-Breakers.—Messrs. Morris and Lister, Limited, 
of Carlton Works, Coventry, have sent us a copy of an 
illustrated price-list of eircuit-breakers of the time- 
element type, equally suitable for direct or alternating- 
current circuits up to 600 volts pressure. In these 
breakers, which are of extremely simple construction, 
the main current is caused to traverse two metal strips on 
the switch-arm, and the expansion of these strips, due 
to excessive current, releases a catch and opens the switch, 
which is provided with a carbon break to deal with the 
arc. The price-list gives full particulars, including 
dimensions, of circuit-breakers with fixed or free handles, 
for currents ranging from 15 to 1500 amperes. Single, 
double, and triple-pole switches can be supplied (open, 
protected, or totally enclosed) with any of the usual 
accessories, such as no-voltage, reverse-current, and 
minimum-current releases, and, if desired, a magnetic 
blow-out can be fitted. They can also be arranged so as 
to be adjustable to open at any current between normal 
and 50 per cent. overload. 


Driving Chains.—We have received from the Coventry 
Chain Company, Limited, of Coventry, a copy of their 
latest catalogue of noiseless driving chains and wheels. 
The catalogue explains the principles of these chains, 
points out their many advantages, and gives hints 
relating to their use. Numerous illustrations show the 
chains and their component parts, as well as several of 
their applications. The latter include the driving of 
line-shafting from electric-motors, governor drives, speed- 
reduction boxes for electric-motors, motor-car gear-boxes, 
cam-shaft drives for motor-car engines, &c. Full particu- 
lars are given of chains having pitches varying from 8 mm. 
to 2 in., with central or outside guide-plates ; dimensions 
of machine-cut chain-wheels for use with these chains are 
also included. In order to assist in the design of cam- 
shaft drives, tables are given to show the ji ble distances 
between centres of shafts for 4-in. and 8-in. pitch chains 
to run tight on wheels with a two-to-one ratio. The 
catalogue is extremely well got up, and the information 
it contains will be useful to all interested in chain- 
driving. 

Aeroplanes. — From the Aeronautical Syndicate, 
Limited, Collindale-avenue, West Hendon, N.W., we 
have received a catalogue illustrating and giving full 
particulars of Valkyrie aeroplanes. These machines, 
_ of which was ee My in od issue of — 31 

it, on 410, are of the monoplane type, and have 
a pth yy Pee Tara plane in ious of the main plane. 
One of their special features is the design of the landing 
chassis, the skids of which are exceptionally long, widely 
spaced, and so shaped that the machines can descend 
on to much rougher ground than would be safe with 
other aeroplanes. Three models are made—two single- 
seaters for ordinary speeds and for cross-country 
racing respectively, and a larger machine for carrying 
two passengers in addition to the aviator. Very com 
plete particulars are given as to cost, prices being stated 
for the complete machines, and for all parts separately, 
as well as for miscellaneous supplies, packing, &c. The 
— undertakes all classes of aeronautical work, 
conducts a school of flying, and also gives passenger 
trips ; a scale of charges for these trips is included with 
the catalogue. 





WrreELess TELEGRAPHY ON THE COAST OF THE AKCTIC 
Ocran.—Norway will not be the only country instal- 
ling wireless telegraphy in the Far North ; Russia 1s 
following in her wake, and pro to erect four wireless 
electric stations on the shores of the Arctic Ocean—one, 
it is surmised, on the Murman coast, one at the mouth of 
the Petschora, one in the Island of Vaigatz, just inside 
Nova Zembla, and one in the White Island outside the 
mouth of the Ob. The cost of these four stations, which 
will bring vast areas of the Arctic Ocean within the 
scope of telegraphy, is calculated at some 30,000/. In 
connection with the Norwegian wireless stations at 
Spitzbergen and Hammerfest, these installations should 
prove a great boon to the Arctic trading vessels, —_ 1, 
of course, that they themselves instal wireless telegraphy. 
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THE STRENGTH OF STEELS IN COM- 
POUND STRESS, AND ENDURANCE 
UNDER REPETITION OF STRESS. 

By L. B. Turner, B.A. 
(Continued from page 117.) 
III. ENDURANCE UNDER ALTERNATIONS OF STRESS. 
Previous Work. 

Tue first important experimental work on the 
effect of repetition of stress was carried out by 
Herr A. Wohler, in Berlin, and was published in 
1871. In this research various irons and steels 
were subjected to simple tension, varying at the rate 
of about 60 cycles a —, po pros limits — 
but of o ite sign, unequal of opposite sign, an 
unequal re the same sign. These were produced 
by longitudinal pull, by bending in one plane, and 
by bending in a plane which rotated relatively to 
the specimen. ohler’s very extensive work was 
followed, between.1871 and 1886, by similar experi- 
ments by Spangenberg, Baker, and Bauschinger.* 
There have since been furtherexperiments on endur- 
ance under — stress by Messrs. J. A. Ewing 
and J. C. . Humphrey ;+ O. Reynolds and 
G. H. Smith ;t J. C. Gardener ;§ F. Rogers ;|| 
T. E. Stanton and L. Bairstow.{ In addition to 
these, Dr. Stanton** has made certain varying stress 
experiments in a very novel manner, with regard 
to the strength of rails; but in the only experi- 
ments yet published the action was a combina- 
tion of abrasion with true fatigue, and so does 
not concern the present less purely empirical 
investigation. His machine esses points of 
great interest, and is capable of making true fatigue 
tests. Also Professor J. O. Arnoldtt+ has produced a 
machine to fracture specimens by alternate bending 
far beyond the elastic limits. He makes certain 
claims for his test which are examined in relation 
to the present experiments later in this paper. 

In addition to Woéhler’s tension tests, he pub- 
lished a very few (nine in all) tests in simple shear, 
obtained by twisting the specimens. These are 
best examined along with the author’s similar tests 
on similar material. It seems that these are the 
only experiments on varying stress other than 
simple tension. 

It would be unsuitable here to attempt anything 
like a full description of the researches enumera 
above. The most notable conclusions to be drawn 
from them are very briefly summarised below. 

1. The curve whose ordinates represent the range 
of stress in the material, and whose abscissze show 
the number of repetitions to produce fracture, is 
asymptotic to a horizontal straight line, whose 
ordinate will here be termed the ‘‘ limiting endur- 
ance range,” or, more briefly, the ‘‘ endurance 
range.” In the more recent experiments{{ the 
curve has been found to be almost horizontal at a 
million alternations of stress, so that in making 
endurance tests it is usually unnecessary to proceed 
beyond this number. Wohler’s and the other early 
experiments indicated a greater number of alterna- 
tions before the asymptote was nearly reached. 
The change, as Professor Unwin remarks, is pos- 
sibly due to modern improvement in the quality of 
the material. 

2. The number of repetitions before rupture 
depends, within fairly wide limits, on the range of 
stress, and not on the maximum stress, to which 
the material is subjected.§§ Thus, suppose a steel 
specimen endured half-a-million cycles ranging 
from +8 to —8 tons per square inch, it would also 
endure about half-a-million cycles ranging from 
+10 to —6 tons per square inch. 

3. The limiting endurance range of stress is 





* An excellent account of the early researches is to be 
found in Professor W. Unwin’s “‘The Testing of 
Materials of Construction.” 
_t “The Fracture of Metals under Repeated Alterna- 
tions of Stress.” (Phil. Trans. of the Royal Society, 
200a, 1902.) 


t ‘‘On a Throw-Testing Machine for Reversals of 
Mean Stress.” (Phil. Trans,, 1994, 1902.) 
§ ‘‘ Effects Caused by the Reversal of Stresses in Steel.” 


(Journal of the Iron and Steel Institute, 1905, 1.) 
| ‘Heat Treatment and Fatigue of Steel.” (Same 

volume. ) 

J ‘On the Resistance of Iron and Steel to Reversals 
of Direct Stress.” (Proc. Inst. C.E., 1905-6.) 

** “ A New Fatigue Test for Iron and Steel.” (Journal 
of the Iron and Steel Institute, 1908, 1.) 

tt “The Fracture of Structural Steels under Alter- 
nating Stresses.” (British Association Report, 1904.) 





tt Unwin, Reynolds and Smith, Gardener, Rogers, 
Stanton and Bairstow. 
§§ Unwin, Stanton and Bairstow. 


nearly equal to Bauschinger’s ‘‘ natural ” elastic 
range.* at a bar will break under reversals of 
stress considerably below the ordinarily determined 
elastic limit is explained by Bauschinger in the 
following way. Consider a bar of iron or steel 
overstrained in the testing-machine to just beyond 
its then elastic limit. Such a process several times 
re may raise the elastic limit by a very con- 
siderable amount (as Professor Ewing has since 
more fully demonstrated). But, says Bauschinger 
ov the strength of his experiments, this has been 
done only at the cost of a lowered limit for negative 
tension; the interval between the negative and 
positive limits is unchanged. Most materials have 
already been treated in such a manner as thus arti- 
ficially to modify their elastic limits. A bar of 
iron, for example, by the rolling it has undergone 
in its manufacture, has had its elastic limit for 
longitudinal tension raised. Bauschinger found 
that by a few applications of alternating stress, 
carried each time just beyond the then elastic 
limit, so that the material was repeatedly just over- 
strained, a stationary value of the elastic limit 
was approached. This is what he named the 
‘** natural”’ value, and found to be approximately 
half the range for unlimited reversals. t 

4. Endurance is independent of the speed of 
alternation of stress from 60 to 800 per minute, but 
falls off with increased speed in the region of 2000 
per minute. { 

5. Stoppage of the machine for a few hours or 
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days—the stress remaining steady,§ or being re- 
moved||—does not lengthen the life. Rest does 
not rejuvenate. 

6. Failure finally occurs by the augmentation of 
the slip-bands of Ewing and Rosenhain into cracks. 
In nearly pure iron, the cracks occur in the ferrite 
grains themselves, and not in the cementing 
medium. In steels (hypo-eutectic) they appear in 
the ferrite rather than the pearlite.** e more 
completely these two equilibrium constituents are 
replaced by the solid solution martensite (by 
quenching) the greater is the limiting endurance 
stress. t+ 

EXPERIMENTS BY THE AUTHOR. 

The main purpose of the present experiments is 
to obtain information of endurance under compound 
stress. Except for Wéohler’s nine tests in 1871, 
nothing was known of fatigue under torque. Im- 
portant as the problem is—every live axle, for 
instance, undergoes alternating compound stress— 
the case for strength under compound stress has 
been even more neglected for repeated than for 
steady loads. It was obvious that the experiments 
on static simple tension and simple shear should be 
repeated with varying stress. 

At the same time the elastic limit has received 
attention. Except in the researches of Bauschinger 
and Stanton and Bairstow, no relation between 
endurance and elastic limit has been lo ‘ked for. 
According to Bauschinger’s theory of the ‘‘natural” 
elastic range, an annealed specimen should be in 
the ‘‘natural ” state without being subjected to his 
reversed-stress treatment; so that for annealed 
material the static elastic limit test would alone 
be sufficient to specify the strength under varying 
stress. This is a conclusion of the greatest prac- 
tical importance. Nearly all the tests about to be 
described were made on annealed material, and they 











2190K. 





* Unwin, Stanton and Bairstow. 

+ The relation of the endurance range to the elastic 
limit is discussed more fully in Chapter VIII. 

} Wohler, 60 per minute; Reynolds and Smith, 2000 
per minute ; Stanton and Bairstow, 800 per minute, 
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|; Reynolds and Smith, Stanton and Bairstow. 
| Ewing and Humphrey. 
** Rogers, Stanton and Ritson. 
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therefore embody a direct experimental inquiry into 
its validity. 
Tae MAcuHINE. 

It was decided to make the tests in simple tension 
and simple shear, alternating between equal opposite 
limits. The machine designed for the purpose does 
this by bending and torsion, and is unlike others in 

rinciple, in that it strains the specimens between 

xed limits instead of working to a fixed stress. 
It is the same thing, of course, in the effect on the 
specimen below the elastic limit ; the principle was 
adopted solely because it allowed an extremely 
simple machine to be used. If the stress is obtained 
by the acceleration of a mass attached in some way 
to the specimen,* high and constant speed is neces- 
sary, and the machine becomes very complicated. 
If, on the other hand, the simpler lever mechanism 
of the Wohler machines is adopted, operated from 
the driving mechanism through interposed spring 
tackle, the speed must be very slow to avoid inertia 
forces. 

The single machine takes both specimens simul- 
taneously, the one for torsion and the other for bend- 
ing. One end of each specimen is firmly encastré to 
the frame of the machine, while the other end in the 
one case is twisted back and forth round the axis 
of the specimen, and in the other is forced round 
in a circle whose centre lies on the unstrained axis 
of the specimen. In the diagrammatic representa- 
tion (Fig. 11), the twisting is brought about in the 
specimen by forcing the end A of the lever up and 
down perpendicularly to the plane of the paper, 
and the bending is caused by the rotation of the 
plate B C about the dotted line. 

Fig. 12, page 184, is a photograph of the machine 
when fitted with specimens of steel tube § in. in dia- 
meter, and driven from an overhead counter-shaft in 
the laboratory workshop. A is a lathe-bed carrying 
its ordinary headstock B C is the bending and D 
the torsion specimen. These are each held encastré 
at one end in the cast-iron double bracket E. The 
bending specimen is held gripped in a split conical 
sleeve, which is forced into its seating in the gun- 
metal block F by the nut G. The torsion specimen 
is soldered into the gun-metal ends H, K. L is a 
cast-iron plate screwed on to the nose of the head- 
stock B. M is a tool-steel plate in which is a hole, 
slightly bell-mouthed, and forming a good loose fit 
for the end of the bending specimen. The plate M 
slides in a channel in the face of the plate L, and is 
fixed in any position by the two screws shown. 
N is a gun-metal eccentric frame in which slides a 

hosphor-bronze eccentric sheaf, surrounding a cast- 
iron eccentric. This eccentric is in the form of a 
ring attached to the back of the plate L by the three 
screws whose heads are seen ou the front of the 
plate, and which pass through slots in it. By them 
the eccentric is held to the plate L with any desired 
amount of eccentricity. 

The eccentric frame N forms the end of the oscil- 
lating-lever marked A in Fig. 11. Thus as the 
eccentric makes N move up and down, the torsion 
lever oscillates through an angle determined by the 
eccentricity of the eccentric. The torsion-lever 
turns about tool-steel centres held (on the axis of 
the specimen, as shown in Fig. 11) in the cast-iron 
bracket O. 

The end K of the torsion specimen is held in the 
frame P bolted to the torsion lever. The other end 
is not fixed rigidly to the c .t-iron bracket E; a 
Hooke’s joint of the diaphragm pattern intervenes. 
The diaphragm—a phosphor-bronze disc, with a 
large hole in the middle for increased flexibility — 
is just seen at Q. This universal joint is needed to 
avoid bending moment in the torsion specimen ; 
being of the diaphragm type, there is no backlash. 

The specimens, or rather the gun-metal block F 
and the Hooke’s joint, are fixed t to the bracket E 
by the large nuts R, 8S. (8, for the torsion speci- 
men, is only ts visible.) These nuts screw on to 
lugs (1 in. in diameter) passing through holes (1} in. 
in diameter) in the bracket. The holes are r 
than the lugs to allow adjustment of the fixed ends 
of the 2 pete before the nuts R, S are tightened 
up. This provision is n , since the speci- 
mens may not all be quite straight. aus 
Another view of the machine, fitted with §-in. 
solid specimens, and driven by an electric motor, is 
shown in Fig. 13. 

When specimens are to be fitted to the machine, 
the eccentric, which operates the torsion lever, and 
the plate M, which operates the bending specimen, 
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are set central by the insertion of small pins which 
pass through holes in them into the plate L. For 
the bending specimen, the encastré end is then 
adjusted until the deflecting end (that is to be) is 
central in the hole in the plate M. There is very 
little play here, and centrality can readily be judged 
by the touch and the sound when the specimen 
is tapped with the finger. The nut R is then 
tightened. For the torsion specimen, the end K 
is first fixed in P, after which the Hooke’s joint end 
is fixed. The specimens are then unstressed, and 
would not be deflected if the machine rotated. 








the circuit. is. broken. . Bending. fractures, being 
complete, also break the circuit. When the machine 
was run in the workshop, the cessation of the 
current caused a bell to ring, whereupon au 
attendant stopped the machine. When it was 
driven by a motor, an automatic device (seen in 
Fig. 13) switched off the motor. 

The machine was run at about 250 revolutions 
per minute. Revolutions were indicated by a 
counter fitted to the back end of the headstock. 

Some of the tube specimens were tested when 
the machine was in the workshop. There it was 


free, and then it is screwed back and the three screws 
are _ in and tightened. The specimens are thus 
loaded to produce the required stresses, and the 
machine is set to deflections corresponding to these 
| stresses. When the machine rotates, an alterna- 
ting torque is applied to one specimen, and a 
rotating bending moment to the other ; so pro- 
ducing in every fibre simple alternating shear and 
tension respectively. The eccentric and the plate 
M can each be set out of centre by 1 in. 

The specimens were machined for fracture to 
oceur at a spot near the encastré ends, as described 



































: The manner of loading the specimens is shown in ater. The occurrence of a fracture in either speci-!run for about eight hours per working day. All 
» 
Fie. 13, 
Fiés. 12 anp 13. Macurine ror Makino Tests in Simpte TENSION AND SimpLe SHEAR. 
(The specimens in this view are @-in. the other tests were made with the motor drive. A 


Fig. 14. 
solid rods.) For the bending s 
are loosened, so that oe is free to slide in 
its channel (set vertical), The plate is drawn 
slightly out from its bed, and any desired load is 
applied to it, as shown in the figure. The plate is 
lightly tapped back to its bed in the channel, and 
the screws are tightened. While the plate is being 
tapped back frictional error is abolished. For the 
torsion specimen, the slots in the plate L are set 
vertical, the three screws holding the eccentric are 
loosened, and any desired load is applied to the 
eccentric frame by means of the hook attached. To 
abolish frictional error the three screws are taken 


cimen the screws 





right out, the plate L is unscrewed a little from the 
headstock, so that the torsion lever hangs quite 





men is —— in the following way. Referring | 
again to Fig. 12, the block F is insulated from the | small induction motor, consuming about 250 watts, 
bracket E by two paper washers. An electric} was used, and normally ran all day and night, 
circuit, carrying constantly a small current, includes | except for some three or four hours each morning. 
the breaking section of the bending specimen (from | (This was due to a failure in the electric supply, 
the brass clamp W to the block F), and the two/| which always occurred early in the morning.) 
mercury cups in the wood block U. These cups | 
are bridged by a bent wire carried on the wood THE SPECIMENS. 

arm T, which is lightly clamped to the torsion, The specimens tested in the machine were -in. 
specimen near the breaking section, on the side weldless steel tubes, of thickness 22 B.W.G. 
away from the encastré end. When the torsion | (0.028 in.), and @-in. solid rods of three different 
specimen is whole, the amplitude of motion of the | kinds of steel. 

arm T is insufficient to lift the wire from the; The spot at which fracture was to occur was 
mercury cups; but when fracture (partial) occurs, ground up as shown in Fig. 15. The tubes were 
the amplitude increases, since there is no longer | mounted on mandrels 23 in. long, specially ground 
any considerable torque in the specimen. Thus 'to fit tightly, and had a small amount of material 
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removed. The thickness was estimated from the 
size of the mandrel and the external diameter of 
the groundsection. It was impossible to obtain very 
accurate or uniform thickness in the tubes, but at 
different times four specimens were cut open and 
measured up with a micrometer, to check the accuracy 
and uniformity of the estimated thickness. It was 
found that the thickness round any ground section 
might vary by about 4 per cent. from the mean, 
and that the estimated thickness was greater than 
the true mean thickness by amounts which varied 
about from 0.001 in. to 0.003 in. Consequently 
the tabulated stresses have been calculated from 
thicknesses 0.002 in. less than those estimated 
from the mandrel diameters. © 

The solid specimens were all ground to the same 
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size at the breaking section. A limit-gauge was 
used, and metal was removed until the diameter 
lay between 0.329 in. and 0.331 in. 

In all specimens the ground sections were polished 
with fine emery paper after grinding, for it was 
found that the scratches left by the wheel sensibly 
weakened specimens in torsion. 

The lengths of specimens were varied somewhat 
during the series of tests. Roughly, they were 
made such as to give deflections at the plate L of 
the machine of not less than} in. The free lengths 
were, roughly, as follow :— 


Bending. Torsion. 
f-in. tubes .. 7” 19 in. 8 in. 
g-in rods 14 in. to 15 in. 5 in. to 6 in. 


With regard to the manner of gripping the speci- 
mens, the torsion tubes were soldered into the 
gun-metal ends for a length of 2in. It is rather 
surprising that the solder held throughout a test, 
but close inspection showed that it did. It was 


found, however, that a soldered encastré grip for 
the bending tubes would not do, for the solder soon 
gave way where the tube entered the block. Hence 
the split sleeve grip was substituted. For the solid 
specimens the torsion grips were of tool steel, the 


top and bottom halves having semi-circular grooves 
of the same radius as the specimen. The bending 
specimen was clamped between the upper and lower 
right-angled grooves lined with ened tool 
steel, four slight flats being filed on the specimen 
to bear against the four surfaces. The sketch 
(Fig. 16) will make this clear. 

The deflecting end of the bending specimen was 
turned down to 0.340 in. in diameter to fit into a 
hardened bell-mouth steel bush fitted to the 
plate M. 

The materials* used were :— 

1. The §-in. tube steel, supposed to be similar 
to the 1-in. tubes used in the static experiments. t 

2. The #-in. mild steel, t specially rolled for these 
experiments from a piece cut off a large crank- 
shaft ; ordinarily used for marine shafting and large 
crank-shafts. 

3. The §g-in. tool steel, as ordinarily used for 
making small tools; this, a hyper-eutectic steel, 
was tested as having an extreme carbon content for 
any structural steel. 

4. The 2-in. nickel-steel,§ used where special 
strength is required in ‘‘axles, crank-shafts, motor 
work, &.” The makers state that a large quantity 
of similar material is used in America for bridge- 
building. 

When specimens were annealed, it was always 
done before grinding. Some of the tube-steel 
specimens were used as supplied, and some were 
annealed at 760 deg. Cent. in the same manner as 
the 1-in. tubes of the static tests.|| The mild steel 
had been annealed by the :nakers at 760 deg. Cent., 
allowed to cool in air. The tool-steel specimens 
were heated, several at a time, in the electric fur- 
nace] to 760 deg. Cent. (about 4 minutes), and 
were then rolled in a fire-clay tube till cold. The 
nickel-steel specimens were heated within an iron 
gas pipe in a gas muffle-furnace to 800 deg. Cent. 
(about 12 minutes), and were then allowed to cool 
in air. 

(To be continued.) 
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Der Kautschuk und seine Priifung. By Professor F. W. 
Hinricusen and K. Memmuzr. Leipzig: S. Hirzel. 
[Price 8 marks. ] 

Bors the authors are members of the Royal Material- 

aig = ager at Gross-Lichterfelde, near Berlin, and 
ave for some years been devoting their efforts to 

the perfection of methods of rubber-testing ; several 
of the methods and apparatus mentioned are due 
to them. Considerable progress has been made in 
this field during the last year, thanks mainly to the 
steps taken by the electrical institutions; but 
chemical analyses of rubber cannot yet claim the 
reliability and accuracy of ordi chemical 
analyses. After all, mechanical meses A of testing 
are as important at least as chemical methods ; 
unfortunately, they afford not much more reliable 
information than the chemical analysis as to the 
durability of the materials—the point on which the 
electrical profession lays the greatest stress. 

The octavo volume of 262 es, illustrated by 
62 figures in the text, is divide into three main 
sections, dealing with rubber in general, its origin, 
constitution, and properties, making mention also 
of vulcanisation and technical manufacture, with 
chemical analysis, and with mechanical tests. Owing 
to the manifold character of the rubber industry and 
science, literature concerning rubber is widely dis- 

rsed, and collective reviews of this kind, well 

rought up to date, serve a useful pu 

Optimists look forward to an age of artificial rubber. 

That age will certainly not come as a sudden sur- 

prise, and the authors have probably been wise in 

refraining from dwelling upon these researches. 

Rubber substitutes are only noticed in so far as 





expressed his confident belief that a heavier-than- 
air flying-machine was an im ibility. We have 
now a lady, without any particular scientific train- 
ing, coming forward to explain how the trick is 
done, once again illustrating the folly of prophecy. 
Professor Newcomb wrote something to this effect : 
**T consider the demonstration that no ible 
combination of known substances, known forms of 
machine, and known forms of force, can be united 
in a practicable machine by which men can fly long 
distances through the air, as complete as it is 
possible for the demonstration of any je oem fact 
to be.” He went on to say, by way of driving home 
his profound conviction: ‘‘ Let us discover a 
substance a hundred times as strong as steel, 
and with that some form of force hitherto unsus- 
pected, which will enable us to utilise this ee 
or let us discover some way of reversing the law 
of gravitation, so that matter may be repelled 
from the earth instead of being attracted to it, 
and then, and not till then, we may have a flying- 
machine.” 

‘* There is every reason to believe,” he concluded, 
‘*that mere ingenious advances with our present 
means and forms of force will be as vain in the 
future as they have been in the past.” These are 
bold words, and the author easily refutes them. 
She says, practically, that there has been no dis- 
covery of new forces or material, and that gravita- 
tion exercises the same attraction as ever ; but that 
the problem has been solved by the arrival of a 
commonplace pair of ordinary sail-like arms, driven 
eewald a small high-speed internal-combustion 
engine. The relation between centre of pressure 
and angle of tilt was known, and the stability 
resulting from suitable construction was perfect] 
understood by Newcomb; but what he failed to 
grasp was the swift advance of the internal-combus- 
tion engine. Newcomb did not foresee the i- 
bility of constructing an engine whose weight should 
be something less than 2 kilogrammes per horse- 
power, and he might contend that this advance 
constituted a new form of force. That he and 
others did not foresee the direction improvement 
would take is the more surprising, because the 
efficiency of a gun depends upon the fact that it is 
an internal-combustion engine; and this thought 
has, rr~ in these last days suggested the possi- 
bility of the next improvement taking the form of 
the production of a solid explosive, whose exhaust 
would be entirely gaseous. 

This train of thought, however, leads us too far 
from Miss Bacon, who, by education and descent, 
has easily accommodated herself to aerial locomo- 
tion. Her father taught her to regard the unstable 
fabric of the balloon as a secure support, and the 
transition tothe aeroplane has been for her an easy 
step. It seems but right that she should be the 
first Englishwoman to go aloft in a heavier-than- 
eir machine, and just as right that she, who has 
described so many of her experiences in the clumsy 
drifting balloon, should be among the first to de- 
scribe the sensations that accompany achieved 
flight. It was two years ago, at Rheims, on a 
machine piloted by M. Sommer, and never intended 
to carry a passenger, that Miss Bacon, squeezing 
herself in between the back of the aviator and the 
very warm radiator of the engine, initiated for 
women the new form of locomotion. It was an 
historical moment, and it is well that Miss Bacon 
has preserved the memory of hersensations. When, 





* | indescribable, but delicious beyond words. 


after the slight jolting inseparable from the start, 
there came in its place ‘‘a glorious, buoyant, float- 
|ing sensation without a parallel, and therefore 
I cast 
| one glance below to make sure, but it was needless ; 
|such a sensation could belong to but one thing in 
| the world—flight !” Miss Bacon has made many 
‘flights since, and has noted, with true feminine 
|appreciation, the increasing comfort that time and 


they are used as adulterants. A name index and a | ingenuity have introduced into the aeroplane. The 


subject-matter index are provided. 





How Men Fly. 7 GeErTRUDE Bacon. With fifteen 
black-and-white illustrations and numerous diagrams. 
London : Cassell and Co., Limited. [Price 1s. net. ] 

OnLy a few years ago, Professor Simon Newcomb, 

an authority on whose words the world relied, 
* Analysis, &c., in Appendix IT. : 

+ See ENGINEERING, February 12, 1909, page 204. 
t Kindly presented. by Messrs. Firth and Sons, of 

Sheffield. 

aS eee presented by Sir Robert Hadfield, of Shef- 


| See ENGINEERING. February 12, 1909, page 204. 





‘| See Encinerrine, February 12, 1909, page 204. 





rapture and exhilaration accompanying the motion 


|have not diminished, but the experiences vary. 


In an ascent in which Mr. Gilmour was the accom- 
plished aviator, and when the aneroid, which Miss 
Bacon had been given to hold in order to keep 
her quiet, indicated an elevation of 1000 ft., ‘‘ with- 
out a word of warning, he (Mr. Gilmour) leant 


forward, and shut the engine right off, at the same 


moment tipping down the nose of the machine 


|until I almost slipped from my seat on to the 
|floor, and down we plunged through the sky.” 
| Just for one fraction of a second, I must confess, 


I fairly gasped. Had the young man suddenly been 


seized with homicidal mania? Then, of course, I 
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recollected, and I hope my voice was nonchalant 
and even, as I asked ‘‘Is this vol plané ?” 

These two extracts will serve to show that we 
must not expect anything very technical or scien- 
tific from the genial writer. ‘There are those who 
want to know how to use the correct terms ; how 
to translate the language of the scientific journalist 
and reporter into every-day English, and Miss 
Bacon will be found a sufficient guide. A glossary 
is supplied which may give courage to a lady when 
visiting a flying ground or aviation meeting, and, 
better still, the author is prepared to play the guide, 
pointing out the salient points in which one 
machine differs from another, and make intelligible 
the underlying principles that have guided their 
construction. She will explain, if need be, why a 
kite remains in the air, and what is the effect of 
the string and similar simple problems; but the more 
recondite questions that are not yet solved, and 
in which theory and practice are equally concerned, 
form no part of the plan of this simple guide- 
book. The problem of maintaining equilibrium in 
the air under various conditions, the question of 
stresses to be sustained by the different parts of 
the machine, are not discussed here, and we believe 
the author to be quite indifferent to the controversy 
of the sine versus the sine-squared law. Those 
who have penetrated far into the literature of the 
subject, or those who are capable of attacking the 

re oa for themselves, do not need to go to 
iss Bacon, and it is not for these she writes. But 
the man or woman in the street, who wants to 
gather a little information about this fascinating 
ny will find here as much as he or she can 
ily absorb, and will admit that the information 

is conveyed in a way that can be appreciated. 
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FOUNDRY PLANT AND MACHINERY. 
(For Description, see opposite Page.) 
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Greaan Ratis.—The exports of rails from Germany | 
in the first three months of this year were 139,631 tons ; 
the exports in April were 37, tons ; in May, 51,704 
tons ; and in June, 28,888 tons, making an aggregate for | 
the quarter of 117,995 tons. The te exports for 
the fret half of this year were, accordingly, 257,626 tons. | 
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FOUNDRY: PLANT AND MACHINERY. 
| Fig.aso. ] Fég-481. 
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Fics, 482 anp 483. Macuine with Turn-Over TABLE AND TROLLEY. 
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Fies. 484 To 487. Macnines watch Comptre Hann-Rammine with a MecHANicaL 
Lirt; THE BapiscHe MascHINENFABRIK UND EtsENGIESSERE!I, DurLACH. 


| 
FOUNDRY PLANT AND MACHINERY. 
No. XXX. 
By Josern Horner. 
| THe stripping-plate or draw-through type of 
| machine is indispensable when deep patterns have 
to be moulded from. Many hand-machines of 
simple design are fitted thus, in large as well as 
small dimensions, using a combination of levers, 
| or of levers and gears for the drawing of the pattern 
| through the plate. A few illustrations are selected 
| of non-turn-over-table machines of this kind, built 
|by the Badische Maschinenfabrik und LEisen- 
giesserei, of Durlach. The general design, modified 
in details to suit different classes of patterns, and 
\also patterns in a large range of dimensions, is 
that of a pull-through plate A, Figs. 472 to 475, to 
| which the pattern is attached, and the stripping- 
| plate B, through which it is drawn. The latter 
|1s bolted to the standards of the machine and 
receives the moulding-box. The plate or table 
|A is actuated by means of pinions and racks. 
|The pinion-shaft is operated by a lever in some 
cases, by a hand-wheel in others. A locking 
‘device is used to retain the table A at the correct 
| height during ramming. It consists of a notched 
disc on the rack-shaft, held with a pin or plunger 
dropped directly into a notch, as in Fig. 472, or by 
|a lever with a projecting pin, as in Fig. 474 and in 
| subsequent illustrations. 

The examples shown are representative of the 
utilities of this class of machine, utilising stripping- 
plates. The machine shown in Figs. 472 aa 473 
is used for steam fittings of various kinds, of 
which the valve body shown is typical, being 
| patterns with deep flanges, and box-shaped patterns 
| generally. The machine shown in Figs. 474 and 
475 is for fire-bars, and deep, thin patterns arranged 
|in rows. Pipes, columns, stretchers, cylinders, and 
that class of work are done in machines illustrated 
| by Figs. 476 and 477, to take boxes ranging from 

39 in. to 170 in. in length, and in proportionate 
widths. The radiator-pipe patterns in Figs. 478 
‘and 479 are mounted in two parts. The pull- 
| through plate carries the pattern of the body of the 
pipe only, and this plate is provided with slits to 
embrace the ribs or gills. Another plate carries 
these ribs only, which are drawn through the slits 
| of the pull-through plate. 

| The machine which is moulding radiator bases, 
| Figs. 480 and 481, is one in which, instead of pulling 
| the pattern downwards through a stripping-plate, the 
box is lifted off the pattern by the same mechanism 
of gears and lever as in the other examples. Four 
| pins pass through the eye and lift the box 
| part with its mould. e lengths of these pins are 
| adjusted to suit different depths of lift. Here the 
| patterns are shallow, and their convex sections pro- 
| vide ample taper. 

| Figs. 482 and 483 show a hand-moulding machine 
| with turn-over table and work-carrying trolley. 
The pattern parts are attached to opposite sides of 
the table, which is turned over with worm gear, 
and the box parts are attached to the table by 
means of centering studs. The top part is first 
| filled and rammed, and then the columns which 
sustain the bearings are raised by the hand-wheel 
and worm gears sufficiently high to allow the table 
with its box parts to be turned over, following which 
|the other box part isrammed. The cottars are then 
‘taken out, the table rapped and lifted from the box, 
leaving the latter on the trolley. Afterwards the 
| table is reversed, and a new box part placed on, &c. 
| One group of machines includes a combination 
of hand-ramming and mechanical lifting. One of 
‘these, by the Badische Maschinenfabrik, is shown 
|by Figs. 484 and 485. Its turn-over table and 
| trolley arrangements are in the main similar to 
those in the machine just shown, but the trolley- 
table is lifted and lowered instead of the pattern- 
table. This is done by an hydraulic ram ; if no 
plant is laid down, a hand-pump may be substi- 
tuted. Figs. 486 and 487 show a heavy machine 
of this type suitable for deep work. Other modified 
forms are built, and in the entire series a very 
large range of dimensions is secured, from boxes of 
about 16 in. by 12 in. up to 172 in. in length, and 
in numerous widths and depths. 





| 
| 


| 











Russtan State Raitways.—A special commission has 
been appointed to consider the replacement of 3000 loco- 
motives of no great power upon the Russian State 
Railways. The replacement is to be effected in the 
course of the next ten years, and it is proposed to put 
| 1200 powerful engines of a new type upon the system. 
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ELECTRIC TRACTION IN SWITZERLAND.* 
By E. Huper-Srockar, of Zurich, 
(Continued from page 127.) 


Seebach- Wettingen, Figs. 22 to 28 (No. 9 on Tables IV. 
and V.,t to be given later).—This electric railway was 
not installed or operated for directly commercial purposes. 
It was an experiment, and, as it was technically success- 
ful, a demonstration of a then new method of electric 
operation of railways. The line on which theexperiment 
was made is one which would be electrified among the 
very last, if all things were considered ; it was chosen 
beewuse rh the proximity of one of its ends to the works of 
the M.F.O. 

This experimental plant was removed after having given 
proof of the reason for its installation. Instead of twelve 
months, as fixed by agreement of November 22, 1904, 
between the Federal Railways and the M.F.O, it was in 
regular service for almost one year and a-half, mainly 
because the Federal Railways wanted further time to con- 
sider whether they should purchase the plant, though 
electric traction had no commercial reason to exist on that 

articular section of their system. The experimental plant 
ae since been removed or used for other purposes. The 


Fig.22.SEEBACH-WETTINGEN 
SINGLE-PHASE ELECTRIC LOCOMOTIVE 
500 H.P., 1905 PATTERN. 
(MASCHINENFABRIK OERLIKON.) 
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owners of the plant have been paid for traction duties per- 
formed, and a considerable portion of their expenses in 
excess of receipts from traction has been refunded to them. 

As early as at the beginning of 1902 it was proposed in 
a few quarters to use single-phase alternating current for 
electric traction instead of continuous current or three- 
phase alternating current. In a paper} read before the 
Zurich Society of Engineers and Architects on February 27, 
1902, the author of this paper maintained that the electri- 
fication of the principal railways of Switzerland could 
be carried out best by the adoption of single-phase 
alternating current of a low periodicity of about 15 and of 
a high voltage, neither higher nor much lower than 15,000 
on the contact line. 

In a more general way, and independently of the 
author, Messrs. W. M. Mordey and B. M. Jenkin advo- 
ested single-phase current in a paper read before the 
Institution of Civil Engineers in London almost exactly 
at the same time yrs | 18, 1902). 

In a few words, single-phase current methods overcome 
the principal limitations of continuous and three-phase 
current methods in their application to railway electrifi- 
cation generally, namely that of contact-line voltage with 
continuous and that by complication of contact-line con- 
struction with three-phase current. While the latter 
limitation is evident and simple, the former hides itself 
behind the great cost of plant for contact conductors, 
feeders and converter-station machinery and buildings, 
and behind the great expenses for the operation and 
maintenance of such machinery. Complication does, 
however, not limit three-phase traction directly ; it limits 
indirectly by limiting the voltage applicable to the con- 
tact line, thus acting, though in a much higher region of 
voltage and in a lesser degree, as the low-voltage feature 
of continuous current acts. 

To-day, after these considerations have become almost 
universal convictions in electric-traction engineering 
circles, all this sounds very evident. But it is not very 
long ago that there were no other means of persuadin; 
Governmental and railway authorities to agree wit 
such revolutionary departures as 15,000-vult single-phase 
current for traction, seemingly unsafe in operation 
and dangerous to life, except the experiment on a large 
scale without any claim for reward. That is the reason 
why millions of money have been spent by the manu- 
facturers of electric-railway plant in experiments, and 
this is the reason why the experiment on the Seebach- 
Wettingen section of the Federal Railways was promoted 
and carried out. 

It was done in steps, beginning as early as 1901. First 
the high voltage of 15,000 volts, five times higher than 
the highest heretofore adopted for permanent pu 
of traction (Berlin-Zossen experiment 10.000-volt oc 
phase) was to be shown to be practicable and safe. Next 
came the construction§ of single - phase traction - motors 


_* Paper read before the Institution of Mechanical 

Engineers, at the Zurich Meeting, July 25. 

mR — Schweiz. Bauzeitung, vol. li., Nos. 15, 
%, Li, Ld, 


a b Huber, Schweiz. Bauzeitung, vol. xxxix., Nos. 10, 

SA single-phase electric-motor exactly as was adopted 
for the locomotives Nos. I. and II. was completed and 
tested in the M.F.O. in July, 1904, 








of considerable=power, at that time a problem hardly 
touched. Then the difficult problem of telegraph, and 
more particularly of telephone, disturbance had to be 
selved practically, because in Switzerland a very great 
mileage of telegraphs and telephones go close alongside 
the railways. After that, a regular service of trains on a 
schedule, as is customary with steam railways, had to be 
performed throughout all the seasons of a year. Lastly, 
the electric locomotive, and the single-phase one in parti- 
cular, had to be shown as being powerful, easy of operation, 
and flexible in speed control asa steam-locomotive, that is, 
capable of simply taking the place of the steam-loco- 
motive. 

The result, given by the experimental line Seebach- 
Wettingen, has been very satisfactory. The report of 
the Board of General Managers of the Federal Railways 
reads as follows (translated) :—‘‘ After this year of opera- 
tion it can be said that the system of traction has justified 
its trial, and that the Maschinenfabrik Oerlikon deserves 
high recognition of their work. The experiments carried 
out are of a fundamental character and have much 
furthered the question of electric traction, as has been 
shown by the great interest taken in the experiment 
by railway engineering circles in Switzerland and abroad. 
It is certainly attributable to a great extent to the work 





Fig.23. SINGLE-PHASE 15,000 VOLT, 15 CYCLES. 
LATERAL CONTACT. 
SEEBACH-—WETTINGEN. 
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Fig.25.CONTACT-ROD, RANGE OF POS/ TIONS. 
SEEBACH- WETTINGEN. 
(MASCHINENFABRIK OERLIKON) 











of the Maschinenfabrik Oerlikon, that, during recent 
times, the opinion has gained much ground that ~—_ 
phase alternating current of high tension and low 
periodicity is the obvious form of energy for electric 
traction purposes on normal gauge and principal rail- 
ways.” 

Neither frost nor snow nor thunder-storms have had 
any disturbing influence, and the high voltage has not 
caused any accidents for which it or the electric traction 
proper could be held responsible. The death took place 
of the stoker of a steam-locomotive in Seebach, who had 
climbed the driver’s cabin and touched the contact-line 
with a stoking iron rod, in the same way that a stoker 
had been killed, at a voltage five times smaller, in the 
Simplon Tunnel service. ; 

The power consumption per ton-kilometre was very 
small, hough the locomotives were running on light load 
with the great majority of trains. It amounted to a little 
over 32 watt-hours per ton-kilometre measured at the 
high voltage end of the generating converter station. 
This is the lowest figure ever obtained in Switzerland in 
an all-year service; consequently it must be considered 
that the current was conducted by wires of small cross- 
section, and that the rail bonding was of a description 
otherwise considered inefficient in electric traction 
work. 

The performance and general behaviour of the single- 
phase current locomotive-motors, which were at that 





particular case, the most powerful ones of their kind, 
were as good as those of the best continuous-current 
traction-motors, and became the basis for the design of 
the motors of the locomotive for the Litschberg Railway 
to be described later. 

Though economy in construction of the experimental 
plant was aimed at, as far as seemed compatible with 
the success of the experiment, there were installed 
various types of contact line and special devices for 
safety and control. There were, for instance, line section 
switches for telemechanical operation from the station- 
master’s cabin. Nine kilometres of the contact line were 
of a novel description; contact was made by a 
swivelling about a horizontal axis parallel with, and self- 
pe ga Sa a plane perpendicular to the direction of 
travel. The contact-wire could therefore be placed on 
the top of insulators along the side of the track in a 
height ranging from 4m. to 5 m., or suspended overhead 
about in the usual way or in any intermediate position 
by means of more special devices of suspension or 
su rt. 

is system of a contact line has found permanent 
application on the Locarno-Bignasco (Valle Maggia 
Railway (No. 10 on the tables, to be given later), an 
accounts, among other features inherent to single-phase 





Fig. 24. OVERHEAD CONTACT. CATENARY SUSPENSION. 
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nee largely for the low cost of construction of that 
railway. 

A ictus inherent in this system of contact line is the 
comparatively low level at which the contact-wire must 
be placed to fully realise the advantages. The tendency 
now being to place the contact line high (6 m. to 7 m.) 
above the top of the rails, that system is not likely to be 
capable of a more general application. 


Comprehensive Schedule of Data. 





Locomotives 


= Locomotive 
| I. and II.* IIL. 
Electric equipment by... | M.F.O. . | 8.8.W.! 
Mechanical part by Winterthur | Borsig, Tegel. 
Number of axles, all | | 
driving .. ; | 4 4 (6) 
Arrangement of axles .. 2 bogies | 2 bogies 
Total weight, complete 
tons 42 68 (75) 
Weight of electric equip- | 
ment .. .. tons | 21 | 25 (33) 
Maximum weight on | 
single wheels .. tons | 5.25 6.25 
Length between buffers, | 
metres 9500 13,700 
Dis‘ance between outer 
axles . metres 6300 10,100 
Diameter of driving 
wheels .. metres 1050 | 1100 


Single-phase alternating series, 
voltage con'rol of speeds, 
No. lcontactors , Contactors 
No, 2 controller — 
Voltage of motors os 300 360 
Ratio of transformer vol- 


System of motors 


an 


tage ae sb x 15,000 : 300 15,000 : 350 
Capacity of transformers 
va. 2 x 250 | 2 x 500 
Periodicity of alterna- | 
ting current .. in 15 | 15 
Power of one motor, one 
hour rating h.-p. 250 | 225 


prep ger enclosed, single 
counter crank-| reduction gear, 
shaft below,| spring suspension 
crank-pin attach-| as usual on mo- 
ing middle of con-| tor-cars 


Motor high, single| Motors low, totally 


Mechanical arrangement 





necting rod 
Ratio of gearing .. ee 1: 3.08 1:3.72 
Number of motors pe 
locomotive fa “ 2 4) 
Normal total pull on 
tread ... — 3400 5400 (8100) 
Normal speed per hour 
km. | 40 45 
Maximum speed perhour | | 
km. 60 60 
Contact .. ee .. | ved and bow rod and bow 
Brakes .. oe vet an Pressure air. 


| 
* Commenced running, November 11, 1905, 
In 1906 the S.S.W. joined the M.F.O. in completing 








time not vuly a novel thing in the art, but also, in this 





the experimental plant, in widening the scope of the 
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experiment and in carrying it through. The S.S.W. 

constructed the western portion of the contact line, about | 
12 km. on the catenary system, and added to the two | 
locomotives Nos, I. and II., built by the M.F.O., a third | 
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in the line of contact realised by single-phase traction, 
though these are the chief reasons for the preference now 
being shown for this mode of electric traction. It must, 
however, be pointed out that single-phase motors have 


SEEBACH-WETTINGEN SINGLE-PHASE ELECTRIC LOCO 


250 H.P ISOOO VOLT 1905. B 
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Seebach-Wettingen, as it is that electrification in Switzer- 
land which was contracted for first after the Seebach- Wet- 
tingen experiment, and follows most exactly the general 
lines determined by that. For reasons to be given under 
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locomotive of considerable power. The method of battery 
storage in connection with alternate-current traction was 
practically tried in co-operation with the Accumulatoren- 
fabrik Oerlikon. 

A regular service was performed from December 1, 
1907, for a period of about one year and a-half, with a 
few interruptions, for the purpose of making additions. 
From December 1, 1907, till Meseutiee 30, 1908, there 
have been run approximately 84,000 train-kilometres in 
regular public service. Before December 1, 1907, trial 
runs of different kinds were performed, aggregating over 
18,000 locomotive-kilometres and over 27 millions of ton- 
kilometres. . 

The design and appearance of the locomotives of the 
Seebach-Wettingen electric traction are sufficiently ex- 
plained by the illustrations on this page ; it will only be 
necessary to give the comprehensive schedule of data | 
which will be found in the preceding column. 

Locomotive No. I. was construc as early as 1903. 
With regard to the B.T.B. locomotives, type 1899, 
the combination of high-level motors, geared to a counter- 
crank-shaft below with connecting rods, was not precisely 
novel in electric locomotive design. In the B.T.B. loco- 
motives, however, the gearing formed an integral! part of 
the speed-control devices. 1n the locomotives _ I. and 
II. of Seebach-Wettingen they were adopted to combine 
high-speed motors of medium power (economical and 
cheap) with a low speed of travel, and at the same time 
to relieve the axles from all shocks from masses not 
entirely spring-suspended. The gears of the V-sha 
spiral pattern have behaved wonderfully. By that 
arrangement the mate gr of ies with all wheels 
driving and evenly loaded are combined with those of 
motors accessible and open witain the cabin. This 
arrangement is found again in the type 1910 of locomotive 
No. III. of the B.T.B. 

The Seebach-Wettingen experiment 
ticability of adopting high-voltage low- uency single- 
phase traction on regular railways in general, the qualities 
of the single-phase motor as a traction motor for heavy 
duty, and the perfect flexibility and economy of single- 
phase traction motor-speed control, inherent to it and 
by artificial means. 

One need not waste words about the ideal simplicity 
of construction of, and the ease and safety of, dealing 


roved the prac- 





with economically high voltages and large power effects 


characteristic features, formerly held as a monopoly by 
continuous-current motors, which make them so suitable 
for traction. 

Certainly a one-speed induction motor is more attrac- 


tive to the driver at first sight. It practically relieves 
him from a good deal of attention in maintaining speed, 
and prevents the possibility of making up lost time 
except down-hill; it removes a large part of the respon- 
sibility from the driver on to the central-station atten- 
dant (for keeping voltage), and to the train-master (for 
not coupling on too much load). The one-speed, and to 
a certain extent also the multi-speed, induction motor 
runs faster up-hill and slower on the level, as it might 
safely and economically do. It runs on a hilly line for a 
large portion of the time either too fast or too slow, and 
takes either too much or too little power as is desirable 
for the best shaping of the load diagram at the power- 
station. Admittedly experienced drivers can, if the con- 
ditions are not too adverse, overcome by skill these and 
various other drawbacks of the induction motor to a 
certain extent. It is, however, obvious that a properly- 
designed motor, like the single-phase, rain 4 pm 
ready to accelerate, if desired, even above its so-called 
normal speed, but with an inherent tendency to adjusting 
itself to constant power (by variation in torque inversely 
to variation in speed), must be beneficial to the shape of 
the load-line, and not disadvantageous to the traffic 
uirements as a whole. 

ith cheap power in excess, or with a very great 
number of hght trains running at the same time, the 
operative and economical importance of the flexibility of 
motors is greatly reduced ; but those conditions do not 
obtain on railways in Switzerland. 


electric railways will be treated first. 
(To be continued.) 


Tue Port or Lispavu.—The Russian Govern- 
ment intends to develop Libau—the only Russian 
port on the Baltic which is open almost through- 
out the year—as a commercial port, in which 
respect it has hitherto been greatly neglected, 
the works having been almost exclusively contined 
to naval requirements. The cost is calculated at 
some 5,000,000 roubles (about 520,000/.). The 
building of elevators and other plant will be 
left to private enterprise. 





British TRADE WITH AUSTRALIA.—According 
to the Board of Trade Journal, Mr. C. Hamilton 
Wickes, H.M. Trade Commissioner in Australia, 
who has recently been in this country under 
instructions, is now on his way back to Australia, 
and any inquiries which British firms wish to 
address to him should be sent to his office at 
Equitable Building, Melbourne. The object of Mr. 
Wickes’s visit to the United Kingdom was to visit the 
| principal industrial centres and toafford British manufac- 
| turers an opportunity of consulting him with regard to 
trade conditions and openings in the Commonwealth. 
During his stay Mr. Wickes visited twenty-four chambers 
of commerce and interviewed over 400 firms. * 





THE Late Mr, Wiiuiam Isaac Last.—Many people 
will hear with regret of the death on the 7th inst., at the 
early age of 54, of William Isaac Last, director of the 
Science Museum at South Kensington. He was educated 
privately, and, having a strong mechanical bent, was 
apprenticed in 1873 with Messrs. Hayward Tyler and 
Co., just when they were engaged in introducing some 
new specialities, such as the universal steam-pump. When 
barely 20, Mr. Last won the Senior Whitworth Scholar- 
ship, and, during his three years’ tenure of it, carried off 
two first and one second prize, besides the first prize for 
the whole period. His scholarship was spent at Whit- 
worth’s Openshaw Works, meanwhile attending classes at 
Owens College. He was with the Hull and Barnsley 
Railway for a short time and then went out to Port 
Elizabeth, South Africa ; but quickly realising the limited 
scope of the work there, he came k to England and 
joined the staff of the Brush Company. In 1890 he was 
appointed to the post of keeper for the machinery and 
naval divisions of the South Kensington Museum. Here 
his keen mechanical instinct had full play ; he was instru- 
mental in putting down a ae for showing objects in 
motion by low-pressure air ; he reorganised the collections 
and endowed them with an interest and attractiveness 
hitherto lacking. Mr. Last’s abilities were recognised in 





The railways still to be described in this paper, and 
the majority of electrifications completed recently, or | 
being planned in Switzerland and abroad, are based on | 
single-phase current of high voltage (independent short | 
lines 5000, long lines, lines with heavy traffic, or lines to 
be extended into systems, 10,000 to 15,000 volts), and of 
low periodicity (mostly fifteen on the European continent, | 
twenty-five in England and America). By this the author 
does not mean to say that this is the outcome of the | 
Seebach-Wettingen experiments, but that evidently, now, 


1904, when he was appointed to succeed Major-General 
Festing, F.R.S., as director of the whole museum. It is 
sad to reflect that Mr. Last has been removed from the 
scene of his labours just when there is every prospect of a 
new building worthy of housing the science collections 
being erected. Mr. Last was elected, in 1886, an Associate 
Member of the Institution of Civil Engineers, and was 
frequently to be seen at the meetings. For his paper on 
‘*Setting Out the Curves of Wheel-Teeth,” in 1887, the 
Council awarded him the Watt Medal and the Telford 


the conception of it is sound. | Premium. Mr. Last was of an unassuming disposition, 
The Lotschberg electrification (No. 15 on the Tables | but was a keen engines. of sound judgment, He leaves a 
to be given later) should be considered immediately after widow and three children. 
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INDUSTRIAL NOTES. 

Ox Sunday last it was announced that the London 
dock labourers on strike had, by the arbitration award 
of Sir Albert K. Rollit, gained their point, which was 
an increase to 8d. per hour ordinary time, and to Is. 
per hour overtime. The announcement was formally 
made at & mass meeting of the men held in Trafalgar- 
square on Sunday afternoon. The questions in dispute 
were between the shipowners and the National Trans- 

jort Workers’ Federation, and the arbitration arose 
out of the agreement of July 27 between the Port of 
London authorities and their men, the questions in 
dispute being :—Whether, in view of the increase of 
pay granted by the Port authority and wharfingers, 
there shall, or shall not, be an increase of pay to 

per hour to men at present employed at 7d. per hour, 
and also whether there shall, or shall not, be an 
increase in the rate of overtime pay to ls. per hour 
where such is not paid at present. This to apply only 
to the discharge of vessels engaged in the oversea 
trade, where the operation is carried on by Sew 
or their contractors. The award took effect last 
Monday. : 

Unfortunately, however, this award did not put an 
end to the trouble at the London docks, for 1t was 
made clear by the men’s leaders on Monday that, 
until the claims of other classes belonging to the 
National Transport Workers’ Federation have been 
dealt with, the strike will continue. This intimation 
was very conspicuously announced at the men’s meet- 
ing in Trafalgar-square by a large white banner, on 
which were the words: ‘* No man to return to work 
unless ordered by the Transport Workers’ executive.” 
In consequence of this the London docks are at 
a standstill until the matter is settled. A com- 
plete settlement must, the leaders say, embrace the 
carmen, the lightermen, coal-porters, deal-carriers, 
and a section of the labourers and the engi- 
neering departments. Matters stood thus until 
Tuesday, when there was @ meeting of the men’s 
delegates and the representatives of the employers 
with the Port of London authority. Work was ata 
standstill among the riverside workers on Tuesday, 
and the effect of the strike was already felt in a short- 
ness of sea-borne provisions in London. All work was 
stopped, with the exception of the removal of decaying 
refuse, the maintenance of the main drainage system of 

London, and the supply of fresh water to ships. The 
demand of the lightermen is for a uniform rate of 
pay, for hitherto there have been two rates—one for 
daily men and another for weekly men—and the men 
under the weekly arrangement have been, it is said, 
‘ manipulated ” against the daily men, to the advantage 
of the employers. 

‘here was no particular development of the dock 
strike on Tuesday, but a number of carmen ceased 
work. Nothing definite in the way of a settlement 
was arrived at. The number of carmen who had joined 
the strike up to Tuesday was estimated at 10,000, and 
processions marched during the day from Tower-hill 
to Victoria Docks and the Surrey Commercial Docks, 
committing some outrages on the way. Tuesday’s con- 
ference at the Board of Trade raised some hope 
of a settlement. It was agreed by the owners that if 
the men’s representatives would obtain power to 
settle they would try and arrange matters on 
Wednesday. In the evening of Tuesday the men’s 
representatives obtained this power. In the case 
of the lightermen, however, their representatives 
continued in conference with the masters until 
nearly midnight, and then adjourned till the fol- 
lowing day, as no settlement had been arrived at. 
The spirit of unrest appears to have become chronic 
among the men, and the masters are, not without cause, 
beginning to resent bitterly the unsatisfactory, un- 
straightforward methods of the men. If by those 
methods the masters are driven to take active steps 
towards the adoption of more aggressive measures, 
the men will in the end be the chief sufferers. The 
employers complain that they met those who profess 
to be the Selon in a conference and drew up an 
agreement which was signed by the representatives of 
both parties, to which they say they themselves firmly 
adhere. Although this agreement had been signed by 
the men’s representatives, the men struck. Arbitra- 
tion followed as was arranged in the agreement, 


and the decision went in favour of the men; but/ masters decline to give an advan 
the masters were prepared to abide loyally by | also resist the demand for reco 
the award. In spite of this, however, the dockers | union men to refuse to work with non-union men. 


and stevedores, who are the only men whom the ship- 
owners themselves employ, will 


because other workmen have disputes. No one appears 
to know what the stevedores’ grievances are, Or rogressing, 
whether they even have any. All that is known is | Norway and Sweden ; 
that, in spite of the settlement, the men have not ment is hoped for within a few —_ 
returned to work. Under these circumstances it will | nothing definite has transpired, e 
not be surprising if the masters make other arrange- 


ments quite independently of the malcontents. 


_ Up to the time of going to press there was no 
improvement in the outlook ; on the contrary, the 


with the dockers’ strike, and there is now @ great 
shortage of meat, fruit, fish, eggs, cheese, and ice. 
Conferences with the coal-porters and lightermen took 
place, and were adjourned without settlement; every 
man employed in the London docks was called out ; 
more carmen, to the number of 10,000, joined the 
strike ; some of the Billingsgate fish-porters decided 
to strike, and riotous scenes occu in 7 dis- 
tricts. These were the leading features of the day in 
connection with the strike. 





There appears to be a great deal of unrest on the 
railways in different parts of the country. At Liver- 
pool, at the beginning of this week, the trouble that 
had been brewing for some time developed, and the 
number of strikers reached about 2500, being com- 
posed chiefly of goods and passenger porters, shunters, 
and van-drivers. Beginning with the Lancashire and 
Yorkshire Railway, the strike extended to the London 
and North-Western Railway ; on the latter wor | 
the advice of the men’s leaders has been disregarded, 
and the men came out without giving notice, although 
they are working under an agreement that does not 
expire till 1914. 

The developments of the trouble on Tuesday were 
not serious, although they were calculated to increase 
ublic inconvenience, particularly to business men of 
iverpool. The total number of men out on Tuesday 
was about 4000. Fish and fruit merchants claim to 
have suffered great loss. The Preston men of the 
Lancashire ad Yorkshire Railway Company gave 
forty-eight hours’ notice that it is their intention to 
refuse to handle goods coming from Liverpool. 

At the time of going to press there was no improve- 
ment in the situation. 





There is also trouble again on the North-Kastern 
Railway at Hull, for in order to support the Great 
Central Railway men who are now on strike at New 
Holland, the railway workers at Hull decided not 
to handle goods of the Great Central Railway Com- 
pany, and 250 wagons belonging to that company 
were left unloaded outside the Kingston-street ware- 
house in Hull. A number of men on the Great Western 
Railway suddenly left work last week, but they 
returned on the advice of their leaders, and met on 
Sunday to draw up their demands. Among these 
demands are the abolition of the bonus system, and 
time and a quarter for all time over 60 hours per week, 
and an immediate increase of wages from 1s. to 2s. per 
week. 





In Manchester 20,000 skilled and unskilled workmen 
have been rendered idle by the strike of the engineers’ 
labourers. Among them are many of the employees 
of the Lancashire and Yorkshire Railway Company. 
The strikers who were out a month ago are giving 
trouble. When the dispute previously ended the 
question was the amount to be paid for overtime. On 
this point the masters and men cannot agree, and the 
assistance of the Board of Trade has again been sought. 


On Monday last the National Gas-Engine Company, 
Limited, Ashton-under-Lyne, who employ nearly 
2000 hands, closed their works on account of a strike 
of labourers for a minimum wage of 1/. per week. 





The railway porters and shunters on strike at 
Swansea returned to work on Tuesday last on the 
former terms. 


There now appears to be some hope that the 
weavers’ dispute in Skipton, which has now been on 
for a considerable time, may be settled, for the Board 
of Trade has intervened with a view of arranging an 


, which is the Colne list less 5 per cent. 


or rather is be 
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trouble had spread. On Wednesday it was stated 
that as many as 97,000 men were idle in connection » 


agreement satisfactory to both sides. There are about 

workers idle in the town. The weavers declare 
pa will not withdraw from the demand they have 
made 


in the latter country an agree- 
n Norway 


rospects of a ; ; : 
* cent. nickel. This last grade is largely used for locomo- 
speedy settlement > an Se eee m. tive and car-axles, tl Ngee truck-axies. ieee 
nies have gone out. They have now been formally requiring great strengé ~~ piston-Tods, 
g : / . &c. By varying the carbon and t 
ischarged and ordered to give up their uniforms, &c. 
A number of new hands have been engaged and the] in square or round merchant bars or in 4-in. by 4-in, 


The quarterly report of the General Federation of 
Trade Unions for the quarter ending June 30 last 
has recently appeared, and shows that the following 
societies were affiliated during the quarter :—The 
General Iron Fitters’ Association, the Sett-Makers’ 
Union, and the Spring and Doffing-Plate Makers, 
while the Frost Cog, and Screw-Makers have amalga- 
mated with the Gasworkers, Brick-Makers, and General 
Labourers, Birmingham. The number of disputes 
during the quarter ended June was 157, an the 
number of men involved 2879, or an average of 18.33 
per dispute. There was an excess of income over 
expenditure, the income being 8621/. 3s. 4d., and 
the expenditure 6780/. 12s., leaving 1840/. 11s. 4d. to 
go to the reserve. 





‘‘AVAILABLE HEAT IN STEAM BOILERS.” 
To THE Eprror oF ENGINEERING. 
Sir,—I beg to correct a numerical error in my article 
on ** Available Heat in Steam Boilers,” published in your 
issue of June 
Taking as an example the case of one of Professor A. H. 
Gibson’s experiments, it was stated that the heat required 
to convert the moisture in the air-supply into the condi- 
tion in which it reached the chimney was about 3.4 per 
cent. of the heat value of the fuel. The figure ought to 
have been 0.5 per cent., and the effect on the iler 
em | also about 0.5 per cent. instead of 3.5 per cent. 
as stated. 
Kindly publish this correction. 
Yours sincerely, 
T. B. Morey. 

James Watt Engineering Lxboratories, 

The University, Glasgow, August 1, 1911. 








Coiuirry DEVELOPMENTS.—The New Hucknall Colliery 
Company, Limited, is about to commence © rations 
upon what is believed to be a new large coal-field between 
Cuckney, Warsop, Budby, and Welbeck, and comprisi 
in all about 5000 acres. It is expected that the top ha: 
seam will be reached at a depth of from 600 to 650 yards. 
A branch will have to be constructed to connect the field 
with the Great Central Railway. Sinking operations 
at the Yorkshire Main Colliery, near Doncaster, have 
resulted in the striking of a seam 6 ft. thick at a depth 
of 915 yards. Sinking was commenced rather less than 
two years ago. 





TecuNicaL Museum In Vienna.—In commemoration 
of the sixtieth anniversary of Emperor Francis Joseph’s 
reign, Austrian manufacturers, with the assistance of the 
State and the City of Vienna, have initiated a technical 
museum. The foundation-stone was laid on June 20, 
1909, and the building, which covers an area over 20,000 
——- yards, and which is situated opposite the palace 
of Schoenbrunn, is now nearing completion. This Tech- 
nical Museum is to demonstrate the development of 
industries and crafts in historical succession, also to do 
justice to the technical achievements of the present day, 
and to promote progress in this line by periodical exhibi- 
tions. It is to be a public educational centre, spreading 
the knowledge of the scientific foundations and the 
national economic aims of technical pursuits. A consider- 
able stock of objects has already been secured, as several 
large and valuable State collections, till now dispersed, 
are shortly to be brought together there. Everything 
pertaining to technical labour is acceptable, principally 
tools, machines, pe models, materials, sotheds 
of working, finished articles, as well as plans, designs, 
books, illustrations, and manuscripts. Further particulars 
can be obtained from the office of the Technical Museum, 
Vienna, I. Ebendorferstrasse 6. 





“Y” on Mayurt Sreei.—This steel, which is manu- 
factured by the Pennsylvania Steel Company, U.S.A., 
is a natural alloy chrome-nickel-steel containing 1.2 to 
1.5 per cent. nickel, 0.3 to 0.6 per cent. chromium, phos- 
phorus not over 0.03 per cent., sulphur not over 0.04 per 
cent., manganese from 0.3 to 1.00 per cent. (ordinarily 
about 0.5 per cent. manganese and carbon as required). 
It is manufactured by the open-hearth process, and in 
the natural rolled or forged condition has about 10,000 Ib. 
per sq. in. higher elastic limit, and 8000 lb. to 10,000 Ib. 
= in. higher tensile strength than carbon steel 

aving the same amount of carbon, with the same elonga- 
tion and reduction, or, with the same tensile strength, a 


The dock labourers at Grangemouth again came out a elongation and reduction of area. It can be rolled, 
on strike on Tuesday last. The men demand eightpence |.fo 
per hour for day-work and tenpence per hour for night- 
work, and only union men to be employed. Themen held 
a mass meeting on Monday evening last and determined | ' . es. 
to remain out until their demands were granted. The nickel and the same amount of carbon. “ Y ” steel may be 
ce for day-work, and 
ition of the right of | to » tensile strength of 125,000 1b. per square inch, and 


.d, or pressed into shape as easily as carbon steel, and 
can be as readily shaped into any form. Tests show that 
in the heat-treated condition it gives results practically 
identical with heat-treated nickel-steel of 32 per cent. 


used in any place where carbon-steel is now used, and in 
the natural or heat-treated condition it machines well up 


about 12 per cent. elongation in 2 in. e three most 
widely-used grades of the steel are grade A, which is a 


not return to work| The Scandinavian labour troubles have undergone no | mild steel having from 0.15 to 0.25 per cent. of carbon, 
actual change during the past week. Mediation is|and from 1.2 to 1.5 per cent. nickel; grade B, with 
ing proceeded with, both in| from 0.25 to 0.35 per cent. carbon, and from 1.2 


to 1.5 per cent. nickel; and grade ©, which may 
be used for heavy classes of work, and containing from 
0.35 to 0.43 per cent. carbon, and from 1.2 to 1.5 per 


: r manganese any 
desired grade may be obtained. The steel can be supplied 


billets. 





traffic has been kept up on a limited scale, 
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FOUR-CYLINDER PASSENGER LOCOMOTIVE AT THE TURIN 


EXHIBITION. 


CONSTRUCTED BY THE SOCIETA ITALIANA ERNESTO BREDA, ENGINEERS, MILAN. 

















Fig4. 
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WE give illustrations in Figs. 1 and 2, on Plate 
XXXYV., published this week, and in Figs. 3 and 4, 
on the present page, of the first locomotive of 
the 4-6-2 type built for the Italian State Rail- 
ways. This engine is designated on the system by 
the No. 69,001, and belongs to the class known as 
‘*Gruppo 690.” It has been built by the Societa 
Italiana Ernesto Breda, Milan, and is a development 
of a previous 4-6-0 class (Gruppo 680), being larger 
and more powerful, with the result that a trailing pair 
of wheels cove become necessary. This type of engine 
was first developed in America, the first engine having 
been built in 1886 by the Lehigh Valley Railroad, at 
their Wilkesbarre shops, to the designs of the Strong 
Locomotive Company. We gave a description of this 
engine at the time (see ENGINEERING, vol. xliii., page 
404). Since then, and more especially during the 
remarkable developments of comparatively recent 
years, the type has been widely adopted in America, 


and has also been introduced into many other countries. 

The locomotive, of which we give general sectional 
elevation half plans and cross-sections, is now on exhi- 
We propose in a future issue to give ! 


bition at Turin. 





further illustrations of this engine, and of the tender | 
which accompanies it, and we will therefore reserve | 
our detailed description until that occasion. It will 
suttice to state here that the engine has four cylinders 
450 mm. (17.71 in.) by 680 mm. (26.77 in.) stroke, 
driving-wheels 2030 mm. (6 ft. 8 in.) in diameter, and 
a boiler pressure of 170 lb. per square inch. The 
total heating surface is 210 sq. m. (2260 sq. ft.), in 
addition to which is provided superheater surface to 
the extent of 67 sq. m. (721 sq. ft.). The te area | 
is 3.50 sq. m. (37.67 sq. ft.), and the total weight of 
the engine in working order (exclusive of tender) is 
86 tons, of which 50 tons 4 cwt. are on the driving- 
wheels, and available for adhesion. 
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to the public generally, which is the impression which 
seems to have been conveyed by the previous announce- 
ment of the scheme. It is therefore desirable that 
parents and others should call at the offices of the Institu- 
tion (13, Queen Anne’s Gate, Westminster) by appoint- 
ment, in order to avail themselves of this information. If 
this is not possible, however, advice will be given by letter. 





MancuesteR Suip Canau. — The Manchester Ship 
Canal Company reports that the ship canal revenue for 
the past half-year amounted to 274,419/., and the expendi- 


| ture to 143,936/., leaving a credit balance of 130,483/. In 


the ship canal department there was an increase of 20,916/. 
in the receipts, 7889/. in the expenditure, and 13,027/. in 


| the working profit, compared with the correspondin 


period of last year. The weight of merchandise, importe 
and exported, which paid toll was 177,564 tons greater 


| during the first half of 1910. As the strike at the Man- 


INSTITUTION OF AUTOMOBILE ENGINEERS.—In regard to 
the information which the Institution of Automobile | 
Engineers has collected as to the practice of the various | 
firms in the matter of apprenticeship, the Council wish to 
make it clear that this information, whilst it has been | 
tabulated for convenient reference by the staff of the | 
Institution, is not in such a form that it can be circulated 





chester Docks did not begin until June 28, it bad but 
little effect upon the financial result of the past half-year. 
The net result of the half-year in the Bridgwater depart- 
ment was an increase of 527/. in the working profit. If 
the Bridgwater traffic had not been seriously curtailed by 
the labour troubles at Liverpool during the latter half of 
June, there would have been a larger profit. 
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FOUR-CYLINDER EXPRESS PASSENGER LOCOMOTIVE Uy 


CONSTRUCTED BY THE SOCIET ITALIANA ER 
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RING AND DISC GRINDING-MACHINES. 
CONSTRUCTED BY THE CHURCHILL MACHINE-TOOL COMPANY, LIMITED, ENGINEERS, MANCHESTER. 














Fic. 1. 


WE illustrate on this page two grinding-machines | guard is not shown in the illustration. 


of special interest. They have recently been con- 
structed by the Churchill Machine-Tool Company, 


Limited, at their works at Frederick-road, Pendleton, | 


Manchester. The machines are of somewhat similar 
capacity, and are each adapted for grinding piston- 
rings, dises, dies, and all kinds of annular surfaces, 

ther flat, concave, or convex, but are quite different 
rom each other in construction and method of 
»peration. 

The first machine, illustrated in Fig. 1, differs from 
urdinary types in that the face of the wheel is used to 
grind a surface instead of the edge. The wheel is 
mounted on the end of a vertical spindle, being held 
in a special chuck in view of the high speed at which 
it revolves. Below the wheel the work is held on a 
revolving table, which is made in the form of a 
magnetic chuck, and this table is carried on a slide 
adjustable crosswise, so that the periphery of the 
grinding-wheel can reach its centre. The wheel and 
its spindle are mounted on a heavy bracket which 
slides on the main upright of the machine, and are 
adjustable in a vertical direction. Quick movement 
of this bracket is obtained by means of a hand-wheel 
at the side, as shown, while in addition there is a fine 
adjustment with graduations reading to ;,5) in., 
placed in front of the machine. The revolving table 
carrying the magnetic chuck is made in the form of a 
trough, and has an adjustment of 3 deg. on each side 
of its zero position to allow for grinding clearances on 
saws, milling-cutters, &c. he table has three 
changes of speed to allow for different diameters of 
work, and can be instantly stopped without stopping 
the machine. 

Among the advantages claimed for the machine 
on a large class of work are that it deals equally well 
with hardened as with soft metal, and that by grind- 
ing with the rim of a 12-in. ring-wheel it is possible, 
owing to the large cutting area and the high speed, to 
maintain a rate of working and a class of finish not other- 
wise possible. As it is essential, owing to the large 
area of contact between the wheel and the work, that 
a very adequate flow of water should be available, the 


| 





i; 








vertical spindle is made hollow and 
its upper end is connected to the 
water-pump. The water is thrown 
by centrifugal force between the 
wheel and the work, both keeping 
them cool and washing them clear of 
grit. The revolving table carrying 
the magnetic chuck is furnished with 
a guard which completely surrounds 
the work and prevents water from 
splashing on to the operator. This 
The chuck, 
which is specially designed to allow for wet grinding, 
is energised with direct current at from 100 to 250 
volts. 

The machine in general is built on heavy lines to 
resist vibration, while it is fitted with ball-bearings 
throughout. The wheel spindle is of high carbon steel 
and has a ball-thrust, while its running bearings are 
independent of the driving-pulley, so that they do not 
take the pull of the belt. The bracket carrying the 
wheel is counterbalanced to facilitate movement up 
and down the upright. The machine is capable of 
dealing with work up to 16 in. in diameter. 

The second machine, shown in Fig. 2, is capable of 
dealing with work up to 20 in. in diameter, and is in 
general designed for the same class of work as the 
other. It also is fitted with a magnetic chuck, which 
is frequently convenient for holding a number of small 
articles, such as dies or flat cutters, so that they may 
be operated on in batches. The machine consists of a 
substantial body of box-section, on the top of which 
is a reciprocating slide much on the lines of the ram 
of a shaping-machine. The grinding-wheel, 16 in. in 
diameter, is mounted at the front end of this slide. 
It is provided with a two-speed drive for an overhead 
countershaft. The table, carrying the magnetic chuck, 
is mounted on a knee-slide, and has an up-and-down 
motion on the main body to allow for different heights 
of work and for wear of the wheel. Cutting is, of 
course, varried out by the edge of the wheel. The 
work-table is 20 in. in diameter and revolves on a 
flat surface provided with self-oiling rollers and pro- 
tected from water and grit. It can be supplied without 
the magnetic chuck if desired. It works in a deep pan 
which protects the operator from spray. Three rates 
of revolution are provided, driven from a cone pulley 
at the back of the machine. The table is arranged to 
swivel in order to grind concave and convex rings, an 
adjustment of 10 deg. on each side of the zero 
position being provided. 


The wheel spindle is of hardened steel ground up, | 


and runs in parallel adjustable, self-oiling, dust-proof 
bearings. It has a ball-thrust. The wheel is fitted 
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with a guard to protect the operator in case of 
breakage. The slide is made on heavy lines to ensure 
steady running of the wheel, and works between flat 
and vee surfaces. It traverses to and from the centre 
of the work-table, and has both hand-feed, from the 
wheel shown at the right-hand side in the illustration, 
and also power-feed, with five changes of speed. The 
position of the wheel and the amount of travel are 
controlled by means of adjustable dogs on the side of 
the slide, which operate against the reversing-lever. 
The dogs are adjustable along asteel rack fixed to the 
slide, and their position can be changed while the 
machine is running by simply pressing a thumb-latch, 
In addition to the rack there is a fine screw and thumb- 
nut adjustment for use when grinding up to shoulders. 
The reversing-lever has a spring plunger, which can 
be drawn back when desired, allowing the slide to run 
beyond the reversing points without disturbing the 
adjustment of the dogs. The plunger automatically 
resumes its normal ition when the slide returns. 
By the movement of a handle the slide can be stopped 
at any point of its travel. The arrangement of the 
reversing-lever will be clearly seen in the illustration. 
The knee-slide is supported by a screw, and is fitted 
with ball-thrust bearings, and has a hand-wheel to 
elevate and depress it. The wheel is fitted with a 
graduated disc reading in ;,'y55 in. A vertical lever at 
the front of the machine controls the stopping and 
starting motion of the table by means of friction- 
clutches. A water-tank is carried at the rear of the 
main frame, which is fitted with a vertical centrifugal 
pump. The machine weighs approximately 40 cwt. 





German Coat Exrorts.—Coal was exported from 
Germany in the first half of this year to the extent of 
12,614,952 tons, as compared with 10,963,195 tons in the 
first half of 1910. The countries to which the principal 
exports were made to June 30, this year, were :— Belgium, 
2,206,667 tons ; France, 1,378,480 tons ; Holland, 2,714,015 
tons; Austria and Hungary, 4,585,207 tons; Russia, 
556,051 tons ; and Switzerland, 617,951 tons. 


British Moror-Boat Cius.—On Monday, the 3ist 
ult., the above club held a petrol-consumption race at 
Cowes, the following boats taking part :—Allegro, owned 
by Mr. W. N. McClean ; Tomoye, owned by Mr. F. C. 
Blake ; Mimic, owned by Mr. H. Tate; and Neva, owned 
by Mr. E. F. Kenneth. The Tomoye proved to be the 
| most economical on petrol, and therefore won the hand- 
some silver cup presented by Mr. W. N. McClean. The 
course was a 50-mile one, and the trial was a useful one, 
both from a reliability and a consumption point of view. 
| The actual] quantity of petrol consumed per motor horse- 
fee hour in each case was:—Tomoye, 0.116 eee; 
| fimic, 0.144 gallon; Neva, 0.152 gallon; and Allegro, 





0.153 gallon. 
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COMMERCIAL MOTOR-BOAT FOR CHINA. 


Tue motor-boat which we illustrate on page 196 is 
of the shallow-draught tunnel stern type, her a 
dimensions being 45 ft. long, 10 ft. beam, and 3 ft. 6 in. 
depth. She has been designed by Messrs. R. Wilson 
and Sons, of South Shields, and built by Messrs. 
Banker and Co., of Hong Kong and Wuchow, to the 
order of the British-American Tobacco Company. 

The boat will be run by a Chinese engineer and a 
Chinese captain, carrying in addition two Europeans, 
and will be exclusively used for the sale of cigarettes 
at the various waterside villages on the Chinese 
rivers, her first run being one of 250 miles, and then 
120 miles to the nearest supply base. 

Figs. 1 and 2 show the engines, and Figs. 3 to 5 
the boat. The hull is divided by water-tight bulk- 
heads into four compartments. The hold and engine- 
room ave amidships, and there is a large lazarette 
aft, fuel- tanks and the chain-space being forward. 
The galleys and lavatories are arranged on the main 
deck aft, and the saloon and sleeping accommodation 
on the upper deck. The steering-wheel and telegraph 
are ar es well forward on the upper deck, covered 
by an awning. To obtain all possible deck-space a 
gangway is carried right along the port and starboard 
sides of the vessel. 

The machinery consists of a 6-cylinder Djinn 

troleum engine (Figs. 1 and 2), built by Messrs. 

razil, Straker, and Co., Limited, of Bristol, which 
develops 45 brake horse-power at 800 revolutions per 
minute, and a speed of 12 knots will be obtained when 
oing ‘‘all out.” No petrol is obtainable in the district, 
nut the engine is of the firm’s standard M.E. type, 
and runs entirely upon ordinary petroleum. the 
engine is fitted with cylinders cast in pairs, and the 
bal late has a solid extension carried right aft, on 
which is mounted the reversing-gear, which is also of 
the firm’s own make. As ecto the details generally, 
the ignition is by Bosch high-tension magneto, and a 
battery and coil-ignition as a stand-by, the distributor 
being driven by a vertical spindle at the forward end 
of the engine. The cylinders follow the company’s 
usual practice, being supported on steel columns, which 
method allows all stresses to be taken up by the bed- 
plate. The engine is fitted with bronze pumps for 
a cooling, forced lubrication, and fuel supply ; 
also with a bilge-pump. These pumps are all of the 
plunger type, and are anemia together upon one 
compact pedestal, where they are driven by enclosed 
silent gearing and balanced eccentrics. This keeps the 
arrangement most accessible, and greatly reduces the 
athwartships space taken up. 

The lubrication is forced to every bearing, including 
the cam-shaft bearings, and the pistons are oiled by 
adjustable sight drip-feeds. The oil-pump has a 
pressure-adjusting valve. 

The fuel-pump delivers to a small reservoir which 
feeds the three float-chambers, each pair of cylinders 
having its own vaporising system. There are no 
induction-pipes, as the fuel, on being vaporised, passes 
straight into the cylinders. The fuel supply is 
regulated by an adjustable valve, and the engine is 
controlled on the throttle. The engine is extremely 
flexible and very lively. The system is also note- 
worthy by virtue of the entire smokelessness of the 
exhaust. 

At the aft end is mounted a steel-plate control- 
board, on which are handily arranged the ignition, air, 
and throttle-levers, the sight-drips, and the lubri- 
cating-oil pressure-gauge. ‘The starting-gear shaft is 
carried overhead, so that the engine can be started 
from ahead or aft. 

The reverse gear is of the enclosed differential type, 
and no separate thrust-block is necessary, the arrange- 
ment for taking ahead and astern thrust being com- 
bined in the gear. Accessibility is a prominent feature, 
the connecting-rods and pistons being removable 
through the crank-case doors, whilst a few minutes 
are sufficient to remove the cam-shaft and valve- 
tappets. The valves, of course, are all on the star- 
board side, so that the port side is very free from 
gear. ‘This is standard practice on all Djinn engines. 
A water-cooled exhaust branch connects the exhaust 
outlet, and into this the cooling water is discharged, 
passing thence to the silencer. 

The installation of the engine was carricd out b 
Mr. R. Wilson, Jun., in China. In connection wit 
the Djinn engines generally, business in the company’s 
marine department has developed so rapidly that 
extensions have been carried ont which, with the 
previous marine shops, will enable the output to be 
increased to forty engines per week. New erecting- 
bays and a new test-bay, 100 ft. long, are included 
in the extensions, which were finished in the spring. 








Winynipkc.—Local burdens are increasing at Winnipeg. 
In 1910 the estimated expenditure stood at 2,431,896 
dols. ; for 1911 the estimate is 2,981,034 dols. The esti- 
mated expenditure for 1910 was exceeded by 35,528 dols., 
and this amount has had to be provided for this year. 
It has been necessary this year also to provide for a 
great expansion of the water supply of the city. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, August 3. 
A FURTHER general improvement has taken place in 
the iron and steel industry. This improvement is due 
more to general building requirements than to rail- | 
roads; however, there are several good-sized rail 
orders to report, one of them being an order for 30,000 
tons for the Canadian Pacific. Several orders for 
export have been sent to the mills. More orders are 
expected from Canadian sources. Structural material 
is more active than any other kind. Warehouse and 
loft-building in large cities for merchandise pur- 
s is taking a good deal of material. The Missouri- 
acific has just ordered 6,000,000 dols. worth of 
equipment, including fifty large locomotives, 2000 
all-steel gondola cars, 1000 steel underframe box- 
cars, 500 all-steel flat cars, eighteen composite bag- 
gage cars, and 17 all-steel postal cars, besides a lot 
of other equipment. The Atlantic Ooast line is in the | 
market for 1000 cars, of which 900 will be steel under- 
frame cars. The Burlington is about to order 1000 
dongola cars, 1000 box-cars, and 500 refrigerator cars, 
as well as ten engines of the ‘‘ Mikado” type. The 
steel rails for the Canadian road are being made at 
Gary, Indiana. A general increase in coke production 
is now under way. A good deal of material is also 
going into apartment building in the larger cities. 
The general tone of the market has improved within 
a week. Furnace owners think that their long period 
of depression will soon disappear. Prices continue 
low, and the indications are favourable to buyers for 
the rest of the year. The tin-plate trust is operating to 
75 per cent. of capacity, and the demand for tin-plate 
is gaining. The Republic Iron and Steel Company is 
operating nine of its tenfurnaces. Immense quantities 
of scrap are due to arrive early in September. 








AnGLo-DanisH Peat Inpustry.—The International 
Carbonating Company is about to introduce its process 
for the exploitation of peat deposits in Denmark, having 
made the necessary arrangements with the Aamosen 
Company, a Danish concern which owns the peat deposits 
in Sealand known as Aamosen. The Danish company 
has purchased additional 1930 acres peat deposits at a 
price of some 500 kr. (28/.) per acre, so that an aggregate 
of rather more than 2573 acres are available. Further 
purchases were contemplated, but the owners demanded 
what was considered an exorbitant price. The works 
will soon be taken in hand, and operations are expected 
to commence next summer. 





EXTENSION OF THE ANGLO-F RENCH TELEPHONE SERVICE. 
—A new telephone cable wasa short time ago laid by the 
Post-uftice authorities in the Straits of Dover, which has 
now been connected to land lines from London to Paris, 
the facilities for intercommunication being considerably 
increased thereby, and speech rendered practicable be- 
tween principal towns in the two countries, a thing not 
possible before. In order to determine the extent of the 
increased range, experiments have been carried out by 
English and French officials from a number of provincial 
towns on thisside of the Channel. Up to the time of this 
extension towns north of a line connecting the Mersey and 
the Humber were unable to communicate with Paris, 
whereas now it is found possible to converse with this city 
from Newcastle-on-Tyne, Glasgow, and Edinburgh, and 
triala made trom Aberdeen, involving a circuit of over 900 
miles, have been successful, it being found possible in the 
best conditions of line and apparatus to conduct commer- 
cial speech between the French capital and the northern 
town. By means of these tests the Post-Office engineers 
will be able to determine what other towns in England 
can communicate with Paris, and it is expected that a list 
of such towns will soon be published. he new cable is 
fitted with loading coils, which neutralise the disturbing 
effects on speech transmis: ion introduced by the insulating 
material necessary for such cables. 





InstTiTUTE OF Mertats.—This Institute will hold its 
annual autumn meeting at Newcastle-on-Tyne on Sept- 
ember 20, 21, and 22, under the chairmanship of the Hon. 
Sir Charles A. Parsons, K.C.B., F.R.S., LL.D., for the 
local committee, and Dr. J. T. Dunn, F.I.C., as hon. 
secretary. The meeting will be opened at 10 a.m. on 





Wednesday, September 20, at Armstrong yD when 
the members will be welcomed by the Right Hon. the 
Lord Mayor of the city, Sir W. H. ee pp D.L., 
D.C.L., and the local committee, after which a series of | 
»apers will be read and discussed, Sir Gerard A. Muntz, | 

rt., President, being in the chair. Members will have | 
the opportunity in the afternoon of visiting shipbuilding, 
engineering, metallurgical, and electrical works in the | 
eer A reception of members and their ladies | 
will be held in the evening, after which there will be a 
c mversazione in the Laing Art Gallery, by the invitation 
of the Lord Mayor. The fellowing day papers will be 
read and discussed at a morning session of the Institute, 
and in the afternoon there will be further visits to works. 
The Tyne Commissioners have kindly placed a steamer 
at the disposal of the local committee for September 22, 
on which a trip can be made to the mouth of the river and 
back. The secretary of the Institute, Mr. G. Shaw Scott, 
M.Sc., of Caxton House, Westminster, S.W., informs us 
that would-be members can be elected in time for them to 
take part in all the functions connected with this meeting 
if their applications for membership are in his hands 
before August 15, 


| 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
market was quiet, and the dealings consisted of 2500 tons 
of Cleveland warrants at 46s. 9d. cush and 47s. one month, 
with sellers over at these prices, and at 47s. 6d. three 
months. The afternoon session was quite idle, and 
closing quotations for Cleveland warrants were easier at 
46s. Sid. cash, 46s. 114d. one month, and 47s. 6d. three 
months sellers. The market had a harder tendency on 
Friday morning, but business was contined to 3000 tons 
of Cleveland warrants at 46s. 84d. and 46s. 9d. cash, 
and 46s. 11d. twenty-one days. At the close there were 
sellers at 46s. 9d. cash, 47s. one month, and 47s. 6d. three 
months. In the afternoon there was nothing doing, and 
Cleveland warrants were quoted at 46s. 94d. cash, 47s. 04d. 
one month, and 47s. 64d. three months sellers. On 
Monday the market was closed, being August Bank 
Holiday. When business was resumed on Tuesday morn- 


| ing Cleveland warrants were dull, and 2500 tons were 


done at 46s. 9d. cash and 47s. one month, and closing 
sellers quoted 46s. 9d. cash, 47s. one month, and 47s. 6d. 
three months. In the afternoon the market exhibited a 
harder tendency, but only 1500 tons of Cleveland warrants 
changed hands at 47s. 6d. three months. At the close 
there were sellers at 46s. 94d. cash, 47s. 04d. one month, 
and 47s. 64d. three months. When the market opened 
to-day (Wednesday) the tone was somewhat easier, and 
the dealings were limited to 500 tons of Cleveland warrants 
at 46s. 9d. cash, with sellers over. The other closing prices 
were 47s. one month, and 47s. 6d. three months sellers. 
In the afternoon the market was again dull and quiet, 
and only one lot of Cleveland warrants chan hands at 
46s. 9d. cash, with sellers over. The other closing quota- 
tions were the same as in the morning—namely, 47s one 
month and 47s. 6d. three months sellers. The following 
are the market quotations for makers’ (No. 1) iron :—Clyde, 

6d. ; Calder and Gartsherrie, 61s.; Summerlee, 63s. ; 
Langloan, 63s. 6d.; and Coltness, 82s. 6d. (all shipped at 
pen og’ h Glengarnock (at Ardrossan), 64s.; Shotts (at 
Leith), 62s.; and Carron (at Grangemouth), 63s. 


Sulphate of Ammonia.—A strong tone continues to 
pervade the sulphate-of-ammonia market, and a fairly 
active demand exists. The current price is now quoted 
at 14/. 2s. 6d. per ton for prompt delivery, Glasgow or 
Leith. Shipments from Leith Harbour last week 
amounted to 5517 tons. 

Scotch Steel Trade.—The state of affairs in the Scotch 
steel trade is again reported as very good this week, and 
although some of the plant is still idle, it is not expected 
to be long unemployed. Local consumers of ship and 
boiler-plates are taking delivery of considerable quantities, 
and one encouraging item worth noting is that besides 
some fair inquiries in circulation, makers have booked new 
orders for several respectable lots. Angles, however, are 
in no better demand, and this branch of the industry 
is at present rather disappointing. Light material and 
structural sections are in good request, and the inquiries 
from India for both classes of material show that a fairly 
large business is in prospect. The export inquiry gene- 
rally is said to be very much better, as, besides the prin- 
cipal colonies, Japan, China, and South America, are all 
in the market. Prices are firm and are officially quoted 
without change. 


*Malleable-Iron Trade.—The malleable-iron trade has 
undergone no change since the last report, and business 
continues to be on the improving side. The great heat 
of the past week has been all against working at full 
pressure, but the output is considered very fair. Prices 
are still unchanged. 


Scotch Pig-Iron Trade.—The demand for Scotch pig 
iron has not appreciably increased during the past week, 
but deliveries have been moderately rom The number 
of furnaces in blast was eighty-three, or three more than 
for the corresponding week of last year. Inquiries from 
the South are fewer this week owing to the holidays, but 
a much improved demand is expected from that and other 
sources in the near future. Little change can be reported 
in the hematite position, but there seems to be more 
inclination on the part of users to cover their require- 
ments; but, nevertheless, prices are still a matter of 
arrangement. 


Shipbutlding.—The shipbuilding returns for the month 
of July were, on the aan rather below the average 
month’s output for the year, but in all the districts the 
annual trades’ holidays occur in July. Another factor 
which is still against the industry is the scarcity of suit- 
able labour, and if this obstacle can only be overcome 
there is enough work on the order-books to ensure very 
busy times right on to the end of the year at least. The 
total output from the various yards in Scotland during 
the past month was 24 vessels, of 35,873 tons. The 
di-trict figures were :— 


Vessels, Tons. 

The Clyde... - 18 34,368 
The Forth .. % Be she — _ 

The Tay es as 1 700 

The Dee + ; 5 815 

Total . 24 35,873 


The Clyde output is the second smallest for the year, and 
but for the cruiser New Zealand, launched at Fairfield, 
the figure would have been very poor indeed. The Clyde 
total for the year to date is now 15% vessels, of 344,218 
tons, or nearly 90,000 tons more than for the correspond- 
ing seven months of last year. 


British Foundrymen’s Association.—The eighth annua 
convention of the British Foundrymen’s Association was 
med in the Technical College, Glasgow, yoteeg 
(Tuesday), under the chairmanship of Bailie John King, 
President of the Scottish branch. After a welcome had 
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been extended to the visitors by Bailie Russell, on behalf ; 


of the Corporation of Glasgow, and by ex-Deacon- 
Convener Macdonald, on behalf of his_ colleagues, 
the governors of the Glasgow Technical College, Mr. 
Percy Longmuir, Sheffield, who was again elected 
president of the Association, returned thanks for the 
addresses of welcome. At the close of the presidential 
address, Mr. H. + read a paper on ‘“‘ Special 
Foundry Pig Iron;” Mr. R. Buchanan, Birmingham, 


read one on “Carbon Control in Cast Iron;” and 
Mr. R. R. M’Gowan read one on “Warping 
in Castings.” A lai attendance of delegates was 
present to-day when the second day’s pr ings com- 


menced. The president was in the chair. The papers 
delivered were:—‘‘Art as Expressed in Castings,” 
by Mr. W. F. all; “‘ Metallography as an Aid to 
the Ironfounder,” by Mr. John 8S. G. Primrose, A.G.T.C., 
A 1.M.M., Metallurgical Department, Glasgow Tech- 
nical College; ‘* The Crystallisation of Cast Metals,” by 
Mr. Cecil H. Desch, D.8e., Ph.D. ; and ‘* Notes on the 
Treatment of Steel Castings,” by Professor A. Campion, 
F.LC., Glasgow Technical College. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hull Coal Retwrns.—It is not surprising that the returns 
for the coal traffic at Hull during July should show a 
decrease as compared with last year. The widespread 
unrest in the labour world generally and the shipping dis- 
turbances in particular are the chief contributory causes. 
The total dealt with was 472,624 tons, as against 627,024 
tons in July last year, a drop of some 150,000 tons. On 
the year up to date, which aggregates 3,560,656 tons, there 
is a decrease in comparison with the same period of 1910 
of nearly 360,000 tons. The decline in exports is particu- 
larly large—170,000 tons on 240,395 tons for the month. 
Of this trade the greater proportion was with the Baltic 
ports, and here also was a considerable portion—60,000 
tons—of the decrease. In the output figures the Denaby 
and Cadeby Main Collieries, heading the list, are down on 
the month by about 40,000 tons. 


Rolling-Mills Prosperity.—The prosperous conditions 
under which the rolling-mills and forges have been 
working during the past year are well exemplified in the 
results, just published, of the year’s working of the 
Sheftield Forge and Rolling-Mills Company, ited. 
After paying interest and all other charges, the net profit 
amounts to 15,843/., out of which, with the addition of 
the previous year’s balance, and the allowing of 2000/. for 
depreciation, it is recommended that a dividend of 10 per 
cent., free of income-tax, be paid. In order to meet new 
demands, and increase the effectivéness of their works, 
the company have had extensive additions made to their 
plant, including two new bar-mills, which will be running 
about September. The dividends of this company for 
the previous three years—1908, 1909, and 1910—were, it 
is interesting to note, 6, 74, and 10 per cent. respectively. 


South Yorkshire Coal Trade.—The general activity in 
South Yorkshire industry is largely responsible for the 
improved position of the hard-coal market. Collieries 
have received a considerable influx of orders from manu- 
facturers, and are likely to be busy for several weeks to 
come. The quantities going away for shipment have 
also been woh larger, and particularly is there a good 
call for best qualities. Consequently quotations are firm, 
and in some cases stronger. Pits are cleared of stocks so 
far as first-grade coal is concerned. The call for gas coal 
is increasing, with good shipments. Slacks are still 
firmly held, and difficult to obtain. A pit lads’ strike at 
local collieries has caused some loss of working time. 
Coking smalls are somewhat scarce. Although in the 
house-coal trade the position is little altered this week, 
there are better prospects, due to an increase in stocking 
orders, including better demands from London. There are 
more orders from country stations, and pits are working 
hetter. Not much reduction has yet been effected in stocks. 
In the first-grade qualities, of which collieries are fairly 
well sold, prices show an upward tendency. Otherwise 
there is little change. Very little business was done on 
the Sheffield Exchange at the week-end, and the follow- 
ing are the latest quotations :—Best branch _ hand- 
picked, 13s. to 14s.; Barnsley best Silkstone, lls. to 
12s.; Silkstone, 9s. to 10s.; Derbyshire house, 9s. ; 
large nuts, 7s. 3d. to 9s.; small nuts, 5s. 6d. to 6s. 6d. ; 
Derbyshire brights, 9s. 6d. to 11s. ; washed nuts, 7s. 6d. 
to 8s. 6d.; rough slacks, 5s. 3d. to 7s.; seconds, 4s. to 
5s. ; smalls, 1s. 6d. to 2s. 


Iron and Steecl.—The present year has been prolific in 
holidays, and again, this time with the Bank Holiday 
break, they have had a quietening effect upon trade. 
Although there is not much doing just now in the raw- 
material market, the recent long spell of quietude has 
apparently not been so as it seemed. Some fairly 
steady buying has been done by consumers, and this has 
undoubtedly operated to oe prices firmer, although it 
has not been sufficiently brisk to give an air of special 
activity to the market. East Coast mixed numbers con- 
tinue selling at from 68s. to 70s. New business in common 
irons is not of much moment, but here again prices are 
steady. Lincolnshire makers who have a fair amount of 
contract work in hand are declining to make concessions 
to secure further orders. The improvement in finished iron 
is general, though makers are not satisfied with the prices 
obtained. The bar-mills have had a steady accession of 
orders, and are working practically full time. Thedemand 
for billets is very , giving a favourable indication 
of the progress of the steel trades. Allowing for the slack- 
ness of a holiday season, the general steel trades are really 
very active, and slight fallings off in certain directions are 
not regarded with any seriousness. The armament firms 








gress, not only in battleship orders for the Home and 
oreign Governments, but constructional work of various 
kinds for the large steamship companies. Makers of the 
smaller types of castings and forgings are not quite so 
busy, a fact, however, which they do not attribute to any 
trade depression. There are good prospects before the 
makers of railway rolling-stock, in view of the extensive 
purchasing proposals of one or two companies and the 
estimated requirements of others. Exports keep up very 
well, which means that the large number of | firms 
who supply steel specialities for foreign and colonial 
markets are actively employed. The level of prosperity 
is also being maintained in the numerous lighter trades. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron 1rade.— The pig-iron trade con- 
tinues very quiet, but there is a strong feeling that the 
autumn demand will be heavy. The time is almost at 
hand when buying to meet the needs of the fall of the 
year is usual. That there is confidence in the future is 
emphasised by the fact that sellers of pig iron will not 
entertain forward offers except at higher rates than rule 
for early delivery. No. 3 g.m.b. Cleveland pig iron is 
steady at 47s. f.o.b.; whilst No. 1 is 50s. 6d.; No. 
foundry and No. 4 forge, each 46s. 6d.; and mottled and 
white iron, each 46s —all for early delivery. Sales of 
Nos. 1, 2, and 3 East Coast hematite pig have been made 
at 61s. 3d. and 61s. for early delivery, but it is declared 
that such transactions must have incu a loss, and 
under these circumstances producers are in no great hurry 
to sell, as with the large and increasing consumption 
they Iook for improvement in value in the near future. 
There is little or nothing passing in foreign ore, and 
values are still based on 19s. ex-ship Tees for best Rubio. 
Hematite makers, however, are substituting other ores, 
and there is much less Rubio used than there was a year 
or two ago. Coke is steady, average blast-furnace 
qualities realising 14s. 6d. delivered here. 


Stocks and Shipments of Pig Iron.—A steady decrease 
of stocks of pig iron in the public warrant stores has set 
in, the withdrawals to date this month being at the rate 
of close on 500 tons per working-day. Shipments of pig 
iron to date this month average 4430 tons per working- 
day, as compared with a daily average of 3004 tons to the 
same date last month, and 5638 tons for the correspond- 
ing part of August last year. 


Manufactured Iron and Steel.—Producers of nearly all 
descriptions of manufactured iron and steel have plenty 
of work on hand, and there are a fair number of inquiries 
in the market, so that the position is satisfactory. Ad- 
vances in values of one or two descriptions are anticipated. 
Common iron bars are 7/.; best bars, 7/. 7s. 6d.; best best 
bars, 7/. 15s.; king iron, 5/. 15s.; iron ship-plates, 
61. 10s. to 61. 12s. 6d.; iron ship-angles, 7/. ; iron girder- 
plates, 6/. 17s. 6d.; iron boiler-plates, 7/. 7s. 6d.; iron 
ship-rivets, 7/. 5s.; steel bars, 6/. 5s. ; steel ship-plates, 
6. 15s. ; steel ship-angles, 6/. 7s. 6d. ; steel boiler-plates, 
71. 10s. ; steel strip, 6/. 10s. ; steel hoops, 6/. 12s. 6d.; and 
steel joists, 6/., 7s. 6d. to 6/. 10s.—all less the customary 
24 per cent. discount. Cast-iron columns are 6/. 10s.; 
cast-iron railway chairs, 3/. 12s. 6d.; light iron rails, 
6l. 10s.; heavy steel rails, 5/. 12s. 6d.; and steel railway 
sleepers, 6/. 10s.—all net cash at works. Iron and steel 
galvanised corrugated sheets are 10/. 15s. f.0.b.—less the 
usual 4 per cent. 








Tue Irauian Navy.—The Dreadnought Conte di 
Cavour was launched at La Spezzia on Thursday, 
August 3. The Conte di Cavour has a displacement of 
21,500 tons, and she is 560 ft. 9 in. long by 90 ft. beam. 
Her engines work up to 30,000 horse-power, and she is to 
steam at the rate of 23 knots. She will carry 31 guns. 





TecHNicAL DicTIONARIES IN Six Lanouacrs.—The 
eleventh volume of this interesting series—the Deinhardt- 
Schlomann Series—has now appeared. It deals with the 
metallurgy of iron, and covers the various processes from 
the preparation of the ore down tw the casting, forging, 
and rolling of the metal, including a few pages on the 
practical side of metallography. The book forms a 
welcome addition to the series; it is published in this 
country by Messrs. Constable and Co., Limited, 10, Orange- 
street, Leicester-square, W.(., and its price is 10s. 6d. 
net. 





Tue Panama Canat.—The McClinter-Marshall Con- 
struction Company, Pittsburg, is engaged upon a contract 
for Panama Canal lock-gates. The contract for the ge 
runs into heavy figures—upwards of 1,000,000/. Some 
forty-six pairs, or ninety-two leaves, of mitering lock-gates 
are to be used in the three locks of the canal, and the con- 
tract will absorb 58,000 tons of structural steelwork and 
steel castings. Each leaf will consist of a system of hori- 
zontal girders, vertical end-girders, frames, diaphragms, 
and intercostals forming its skeleton, and of a steel-plate 
sheathing extending from the top to the bottom on both 
sides of the leaf. The leaf will be swung by means of a 
stiff strut fastened to it at the top, and will be worked by 
an electrically-driven engine in the lock-well. A steel 
man-shaft will extend from the top of the air-chamber to 
the top of the leaf, and will have a man-hole at the top. 
In each leaf five transverse vertical frames, built in 
between the horizontal girders, will extend from the 
bottom to the top of the leaf, and these are to be made 
water-tight within the air-chamber. Each frame will 
have a man-hole cut in the web, so that free access can 


in the East End have particularly heavy work in pro- i be had to all parts of the leaf. 





NOTES FROM THE SOUTH-WEST. 


_Cardiff.—Coal-loading operations were resumed more 
vigorously on Tuesday, but work was not in full swing 
until yesterday, when the collieries restarted after the 
holidays. ers have been disinclined to accept fresh 
business for early delivery, and prices have ruled 
firm for all descriptions of large and small. The best 
large steam coal has made 18s. 6d. to 19s. ; secondary 
qualities have ranged between 16s. and 17s. 9d.; best 
bunker smalls between 9s. 9d. and 10s. ; and cargo smalls 
between 7s. 9d. and 8s. 3d. per ton. Household coal has 
shown little change; the t ordinary qualities have 
brought 14s. 6d. to 16s. 6d.; No. 3 Rhondda large has 
made 17s. to 17s. 6d. ; and smalls, 10s. 6d. to 10s. 9d. per 
ton. No. 2 Rhondda large has realised 11s. 9d. to 12s. i. 
and smalls 7s. 6d. to 8s. per ton. Foundry coke has been 
quoted at 18s. to 20s. 6d., and furnace ditto at 16s. to 
17s. per ton. As regards iron ore, Rubio has made 
18s, 6d. to 19s. 6d. per ton, upon a basis of 50 per cent. 
of iron, and charges, including freight, insurance, &c., 
to Cardiff or Newport. 

Dowlais.—All departments of the Dowlais Works have 
been well employed, although business was interrupted 
early this week by the August holidays. The Goat 
Mill has turned out tin bars and a steel rails. The 


4| Big Mill has been principally eng upon light rails 
e oO 


for colliery and other purposes. 
lieries has exceeded oe average. 


Newport (Alexandra) Docks.—Mr. E. M. Underdown, 
K.C. (deputy chairman), presided, in the absence of 
Viscount Tredegar, at the half-yearly meeting of the 
Alexandra (Newport and South ales) Docks and 
Railway Company. A report prepared by the general 
manager as to new works in course of construction, 
sta that the progress of the new lock entrance 
had been exceptionally good. The contractors had 
been fortunately favou with very fine weather; 
the total number of shifts lost being only 434, as 
compa with 77 in the corresponding period of 1910. 
Delay consequent upon the flooding of the works in 
December had proved less serious than was supposed at 
the time. Concrete work had been in progress on the 
west lock wall north and south of monolith ‘‘ A,” in the 
east side wall trench near the middle gate chamber, at 
the outer portion of the lock invert, and on the east wall 
of the outer gate chamber. The building of the quoins 
and levelling culverts of the west outer gate chamber, 
of the east middle gate chamber, and the machinery 
pits at the outer gate chamber, was in hand. 
concrete monolith dam across the outer end of the 
lock was completed up to ground level by the end of 
February, and had since been raised to coping level. The 
building of the west side wall in the inner portion of the 
trench which collapsed in July, 1909, had been practically 
completed. The construction of the lock side wall in 
front of monolith ‘‘A” had been proceeding, the upper 
and lower levelling culverts had been completed, and the 
ayn of the machinery pits above monolith ‘‘ E” was 
in hand. 


Swansea.—The Swansea Town Council is considering 
the purchase of the undertaking of the Swansea Tramways 
Company. On Friday the council made a visit of in- 
spection to the Cray Waterworks. The party’s itinerary 
included the Morriston reservoir, a recent landslip near 
the pipe-line at Ystradgynlais, and afterwards visits to 
Nantyrwyrdd and Cray. Even after the drought the 
great reservoir was found to be only down 12 ft. 


Pontypridd.—The passage of a Merthyr Corporation 
Water Bill before a select committee of the os ot 
Commons has proved a more protracted matter than 
was at first anticipated. The committee decided that 
it would not be necessary to hear counsel on behalf 
of those bodies which opposed the alteration of the Bill in 
the interests of the Pontypridd district. Sir E. Cornwall 
remarked that the committee fully appreciated the 
case of Pontypridd. It was not within the power 
of the committee to extend the powers of the Pontypridd 
Board over the Llin reservoir, or they would have liked 
todo so. They would like to accept Mr. Freeman’s offer 
to pe a supply for the Rhondda for fifty years, 
and to extend the right of the Pontypridd and Rhondda 
Board to construct the reservoir over that period. The 
committee, however, felt that, under all the circum- 
stances, they would not be justified in making any sub- 
stantial alteration in the Bill. This disposed of con- 
tentious matter, and the measure was reported for third 
reading. 

South Wales Coal.—The exports of coal from the five 

rincipal Welsh ports—Cardiff, Newport, Swansea, Port 

albot, and Llanelly—in the first seven months of this 
year were :—Cardiff—foreign, 9,045,496 tons; coastwise, 
1,548,276 tons ; total, 10,593,772 tons. Newport—foreign, 
2,526,995 tons; coastwise, 382,236 tons; total, 2,909,231 
tons. Swansea — foreign, 1,635,878 tons; coastwise, 
155,846 tons; total, 1,791,724 tons. Port Talbot—foreign, 
921,610 tons ; coastwise, 85,428 tons ; total, 1,007,038 tons. 
Llanelly—foreign, 97,164 tons; coastwise, 29,368 tons ; 
total, 126,532 tons. The aggregate shipments for the 
seven months were,* accordingly, 16,428,297 tons. Ship- 
ments from Cardiff, Port Talbot, and Llanelly were 
reduced by the labour troubles of the last few months. 


utput of the col- 








Contracts.—Messrs, Fraser and Chalmers, Limited, 
3, London Wall Buildings, London, E.C., have, we are 
informed, just received an order for two Fraser and 
Chalmers Rateau steam-turbines of the mixed-pressure 
type for direct coupling to turbo-blowers for Messrs. 

lckow, Vaughan, and Co., Middlesbrough, in connection 
with their extensive blast-furnace works. These make, 
in all, twelve turbines supplied to this company. 
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(For Description, see Page 194.) 


SHALLOW-DRAUGHT MOTOR-BOAT FOR CHINA. 
CONSTRUCTED BY MESSRS. BANKER AND CO., HONG KONG, TO THE DESIGNS OF MESSRS. R. WILSON AND SONS, SOUTH SHIELDS. 
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SECTION LOOKING AFT. 


Coat tn Betcium.—The imports of coal into Belgium 
in the first half of this year were 3,696,581 tons, as com- 
pared with 3,025,509 tons in the first half of 1910. In 
these imports German coal figured for 2,071,400 tons, as 
compared with 1,721,860 tons in the first half of 1910; 
French coal for 419,257 tons, as compared with 434,622 
tons ; British coal for 1,019,547 tons, as compared with 
734,823 tons; and Dutch coal for 186,241 tons, as com- 

red with 113,656 tons. The exports of coal from 

Suton in the first half of this year were 2,585,883 tons, 
as compared with 2,318,050 tons in the oye y nd 
period of 1910. France took 2,201,194 tons of Belgian 
|coal in the first half of this year, as compared with 
| 1,854,794 tons; and Germany 133,248 tons, as compared 
, With 153,638 tons. 
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FRIDAY, AUGUST 11, 1911. 


THE RAILWAYS OF THE UNITED 
KINGDOM. 

At this time of year, and especially in such 
weather as that with which we have been favoured 
this summer, the mind turns, almost instinctively, 
to the contemplation of train services—that is, of 
course, except in the case of those who imagine 
that the motor-car provides a manner of transit 
| better suited to their means or desire for luxury. 
The summer train service this year is not one whit 
behind former seasons; rather the contrary, in 
fact. The public appreciation of a lavish provi- 
sion of ‘‘ facilities” in the way of fast long- 
distance non-stop trains has led to the acceleration 
this year of several services, many of which have 
been conveniently arranged by methods which do 
not always involve increased maximum speed, but 
only increased average speed, a reduction of service 
stops, or the use of shorter routes. Judging from 
all accounts, this year should show exceptional 
activity in passenger travel. As a result of the 
favourable season, and the additional traffic due to 
the Coronation events, and the large influx of 
visitors coming to these shores at that time, the 
returns already published show very high figures ; 
and when the statistics for the whole year come to 
be made up ultimately, if the normal holiday travel 
also be favourably affected, as it may naturally be 
expected it will, this year should prove even better 
than its predecessors. 

In order to do this the returns next year will 
have to exceed those of last—the best so far on record 
—which give the number of ngers carried, ex- 
clusive of season-ticket holders, as 1,306,729,000. 
Not only in this respect did 1910 show a satisfactory 
expansion of the business of the railways, but, 
according to the Board of Trade returns, of which 
the complete report has just been issued,* in prac- 
tically all forms of traffic, last year surpassed 
those which preceded it. The principal figures 
from the report are reproduced elsewhere in this 
issue. From them it will be seen that the paid- 
up capital invested in the railways of the United 
Kingdom amounted in 1910 to 1,318,515,0001., 
having increased by slightly more than 4 millions 
sterling on the figures for 1909. The amount of 
authorised capital fell during the year, on account 
of the powers of two lines lapsing, while a third 
company was absorbed by another without any 
increase in authorised capital. 

In the paid-up capital there is, as is well known, 
a sum included which represents nominal additions 
on consolidation, or conversion of stock. This 
amounts to about 15 per cent. of the whole sum, 
forming 184 per cent. of the ‘‘ ordinary ” capital, 
13 per cent. of the ‘‘ preference” and guaranteed 
capital, and 124 per cent. of the debentures and 
loans. The most notable feature of the year was 
a decrease of about one million sterling in the 
paid-up ‘‘ordinary” capital, as a result of the 
transfer of some 2,000,0001. from this class to 
preference capital, on the amalgamation of the three 
systems now forming the London Electric Railway. 
An increase of about 24 millions in loans and 
debentures was partly due to an issue of deben- 
tures by the Great Western Railway. 

As the result of the increased trafic and other 
improvements, the average dividend paid on the 
ordinary capital invested worked out in 1910 to 
3.48 per cent., compared with 3.15 per cent. in the 





| 
Rate of Dividend. | 


Ordinary on Per Cent. 
of Total. 


1906, | 1907. | 1908. | 1909. | 1910. 





dividends are distributed, the adjoining table is 
rather interesting. The great percentage of the 
ordinary capital is represented in this table, the 

rcentages receiving amounts not included therein 

ing insignificant. The sudden drop of 1908 in 
the large dividends when practically all the capital 
receiving in 1907 between 6 and 7 per cent., 
only received between 5 and 6 per cent., was 
| equalised in 1910 by a partial return to former 
conditions. The amount of capital on which no 
dividends are paid alters little year by year; but 
the return of better times is also reflected in the 
change which has occurred with regard to the amount 
of capital on which dividends of 2 to 4 per cent. 
are paid. Last year the greater of this, ,4,th 
of the total capital, received dividends nearer 4 per 
cent. than 2 per cent., whereas for some years 
previously the position had been the reverse of 
this. 

The net earnings out of which these improved 
dividends were paid amounted to 47,356,0001., an 
increase of 2,222,U001., or 4.9 per cent., on the 
year before. This was the net result of an increase 
in both receipts and expenditure. The traffic 
receipts—the highest on record—showed an increase 
of 34 millions sterling, the amount being 114.2 
million pounds, of which 52,759,0001. came from 
passenger traffic, and the remaining 614 millions 
from goods. The passenger traftic was characterised 
by several exceptional features. The chief matter of 
note is the large rise in receipts from ordinary third- 
class traftic, after a considerable falling off in the 
previous year. This rise amounted to 1,277,0001., 
equal to 4 per cent. of the previous year’s total, and, 
apart from the revival of traftic, is to some extent 
due to the compulsory transfer to this class of much 
second-class traftic on the Great Western Railway 
when, to the regret of many of its patrons, that 
class was abolished on the long-distance trains on 
that system. The second-class traflic receipts fell 
during the year by 276,000/., of which most is due, 
according to the report, to this action of the Great 
Western Railway. This conclusion is supported by 
the fact that the average receipts per second-class 
passenger, excluding the short-distance season- 
ticket holders, have in the last two years again 
shown a tendency to decrease. The long-distance 
journeys of this class are being gradually elimi- 
nated, and the receipts per passenger are now 
ld. less than they were in 1908. Between the 
years 1903 and 1908 the receipts per passenger of 
this class had been nearly doubled, and yet the 
long-distance second-class passenger is discouraged. 
The receipts per third-class passenger have not 
changed materially for many years. They stand at 
6.3d., compared with 18.1d. for the second-class 
traveller. The receipts from first-class traflic, and 
also the number of passengers of this class, have 
increased, but the receipts per first-class passenger 
have continued the upward tendency noticeable in 
the last few years, showing that the average length of 
journey is increasing, probably due, partly at least, 
to the fact that it is now customary to travel by 
preference by train for long distances, whereas a 
few years back it was not uncommon to make the 
trip by motor for the expérience. Now the car is 
frequently taken to its destination by the chauffeur 
only, if, indeed, it be not trucked and conveyed 
thither in that manner. This, of course, is not 
intended to imply any decrease in the use of the 
motor-car for ordinary work or for excursions 
crowded intoa short space of time, but refers rather 
to the periodic seasonal migrations from one part 
of the country to the other. 

The number of third-class passengers was, of 
course, swelled, as were the receipts, by the 
transfer of the Great Western Railway’s second- 
class long-distance passengers to this class. Some 
1,720,000 more passengers were accounted for in 
this way, but this is a comparatively small number 
out of the total third-class increase of nearly 44 
million. The increase of these passengers over the 
previous best third-class year (1908) is smaller, 





Nil .. ee ee o. -- 13.9 13.6) 15.4!) 146) 18.7 
Above 2 and under 3 per cent. 26.3 | 289 | 293 380.0) 17.8 
Above 3 and under 4 per cent, 12.5 82 | 115! 118 22.3 
Above 4and under 5 per cent. 6.7) 96 4.5 2.7| 7.7 
Above 5 and under 6 per cent. 11.9 | 10.6 | 26.7 | 27.6 17.4 | 
Above 6 and under7 per cent. 16.3 | 163 0.4 0.3 | 11.2 | 





previous year, while the preference dividend aver- 
aged 3.51 per cent. last year, against 3.46 per cent. | 
in 1909. As showing the manner in which the 
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amounting to about 35 million. In the number of 
second-class season-ticket holders, the change on the 
Great Western Railway alone resulted in a decrease 
to the extent of 3093 out of a total decrease in 
number of 4808. The total number of season-ticket 
holders increased in 1910 by 3.1 per cent., the third- 
class holders increasing in number by 5.5 per cent. 
At the same time the average receipts per holder 
for all classes continue to improve, and the figures 
afford proof of the general tendency that exists to 
get further away from the big towns. 

The receipts from merchandise and minerals in 
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1910 were good—from the former, in fact, the highest 
on record, while the latter were only slightly behind 
the previous best year—1907. The service of the 
railways, as roughly indicated by the train-miles, 
showed an increase of about 1 per cent. in the 
year. The passenger-train mileage increased 1.2 
per cent , while the number of passengers increased 
3.3 per cent., and the receipts 3 per cent. The 
goods traflic shows an even better position. For 
this traffic the train-miles only increased 0.5 per 
cent., while the tonnage handled increased 2.9 per 
cent., and the receipts expanded to 3.4 per cent. 
The goods receipts per train-mile for 1910 are the 
highest that find place in the returns, amounting 
to 95.4d., and compare with 71.06d. of ten years 
previously. This is an increase of 34.3 per cent. 
in a period in which the train-mileage has decreased 
14.2 per cent., though the goods tonnage handled 
has increased 21.1 per cent. This affords as good 
a proof as is procurable of the great advances made 
in the economical handling of goods on British 
railways in recent years. 

In connection with working expenses, which in 
1910 amounted to 76.57 millions, ochan increased 
2 per cent. in the year, the working ratio standing 
at 61.8 per cent. compared with 62.4 per cent. in 
1909, the heaviest increases were due to greater 
expenditure under all the four chief heads: main- 
tenance, locomotive power, repairs and renewals of 
carriages and wagons, and traffic. In maintenance 
of way the expenditure rose from 6.37d. to 6.50d. 
per train-mile, due to heavy expenditure on a few 
systems and a general increase on the part of the 
others. The expenditure per train-mile coming 
under the head of locomotive power was the same 
in 1910 as in 1909—namely, 11.72d., but the repairs 
and renewals of rolling-stock showed a large in- 
crease. The cause of this is difficult to locate, but 
there seems to have been an increase in this class 
of expenditure all round, with the exception of one 
only of the larger lines—the London and North- 
Western. The North-Eastern Railway shows the 
heaviest increase, as it does also the greatest ex- 
penditure on this class of work per train-mile run. 
It spent 8.87d. per train-mile on this work in 1910, 
compared with 7.98d. in 1909, but compared with 
only 3.27d. on the Great Northern Railway in 1910, 
or 3.47d. on the Midland Railway. 

During the year 1910 the extent of the electrically- 
worked lines did not show any increase, but the 
traffic handled necessitated running nearly four 
million more equivalent car-miles than in 1909, 
the Board of Trade units used for traction and 
other purposes on these electrically-operated roads 
increasing by about 16 millions. 





PROGRESS IN AERONAUTICAL 
RESEARCH. 

Ir any idea still lurks at the back of the minds 
of the originators of the unhappy aeronautical 
experiment, known as the British Army Airship 
No. 1, that the exceedingly early termination of 
its career alone robbed them of the opportunity of 
proving its efficiency, such thoughts must now 
tinally be dispelled, we think, if those concerned are 
open to conviction. Although we -* but very 
little store on the value of dirigible balloons for 
any purpose, it is satisfactory to know that some 

ersons, not quite so sceptical as ourselves, are at 
east moving in less unpromising directions than 
did the early military designers, who appear 
to have been quite ignorant of the accumulated 
knowledge, both practical and scientific, on the 
subject of the resistance offered to moving bodies in 
air. The later attempts of the Army aeronautical 
service have resulted in smaller, but much less objec- 
tionable, types of airships than the first. 

Well over two years ago it was pointed out in 
Ev@inBERING that Italy was experimenting with an 
airship which conformed, as knowledge then went, 
to the requirements of least resistance as suggested 
by a consideration of stream-line flow. As far as we 
could discover, that airship then stood nearly alone 
in that this feature had been accorded a prepon- 


derating influence in the design of the gas envelope. | 


The reason why this dirigible formed an exception 
to a fairly general rule was because the matter was 
in the hands of engineers whose scientific know- 
ledge was as great as their practical genius. In no 
other country we believe were airships then con- 
structed without palpable defects from the point of 
view of resistance, though in some instances other 
features of —— ad have rendered this, to some 
extent, inevitable. The shape of the envelope of the 


Army airship No. 1 was about as unfortunately chosen 
asit could be. It was dumpy, with a parallel length 
of body, and blunt ends. Very many years ago it 
could have been predicted that better shapes than 
this might have been found. Giffard’s airship, of 
so long ago as 1852, was its superior in this respect, 
and since that date many dirigibles have been built 
in which the attempt has been made to secure a 
suitable form. For all the influence it had on its 
design, the whole of this experience, together with 
the knowledge derived from, and so well and easily 
demonstrable by, stream-line experiments, might 
have been non-existent when the shape of the first 
official attempt at a dirigible in this country was 
taken in hand. 

Although there has long been sufficient material 
available from analogous work to prevent designers 
going so glaringly astray as then happened, within 
the past year or two the fund of knowledge avail- 
able on the subject, strictly in connection with 
aeronautics, has been considerably augmented, so 
that there is no longer any excuse for the per- 
petration of like blunders, which we trust are now 
things of the past. 

The results obtained in the aerodynamical labo- 
ratory of the Gottingen Model - Testing Institute 
are in course of publication in these columns. 
They are in general agreement with the results of 
tests carried out at the National Physical Labora- 
tory in connection with the work of the Advisory 
Committee for Aeronautics, whose report for the 
year 1910-11 has just been issued.* This report 
is labelled ‘‘ For Official Use.” From past ex- 
periences, the hint conveyed by such a pertinent 
instruction to those most intimately concerned 
with the subjects dealt with would have ap- 
peared necessary, but we are pleased to think that 
with the present organisation such directions are 
superfluous. If there is anything valuable contained 
in the report, it will, we may be assured, be made 
use of by the present Superintendent of the Army 
Aircraft Factory and his staff. 

The report contains a great variety of matter, of 
which some, relating to the shape of airship bodies, 
is of interest, since, however limited their value, if 
public money is to be expended on these contriv- 
ances, it is naturally advantageous that it should be 
spent in the most efficient manner. Various forms 
of body have been tested for resistance by means of 
models 6 in. long and 1 in. in maximum diameter, 
of similar shaped heads, but of different shaped 
tails. The diameters at $-in. intervals are given for 
the three best models in the table herewith :— 


Diameter Model No. 35. | Model No. 34. Model No. 38. 





1 (head) 0 0 0 
aes 0.72 0.72 0.72 
3 0.90 0.90 0.90 
4 0.98 | 0.98 0.98 
5 1.00 | 1.00 1.00 
6 0.96 0.97 0.98 
7 0.92 0.93 0.97 
8 0.83 0.89 0.90 
9 0.72 | 0.77 0.83 
10 0.59 0 66 0.73 
wt 0.43 0.57 0.61 
12 a 0.27 } 0.36 0.46 
13 (tail) 0 0 0 





While the model No. 35 gave the least recorded 
resistance in water, the other two models of which 
particulars are given (Nos. 33 and 34) are both 
practically rather better, as the resistance for the 
same net lift is less. Both these models are slightly 
fuller aft than in No. 35, and the advantage 
appears to be rather in favour of No. 34, which, 
according to the figures of the report, gives the least 
resistance for the same net lift of any of the five 
tested. 

The body forms thus selected were all of fairly 
|suitable shape, according to previous knowledge, 
and the series of tests went rather into the refine- 
ments of the subject than did those of another 
series intended to show by optical methods the 
|theee latter of flow round plates and models. In 





these latter tests, carried out in a small trough, 
3 in. wide by 4 in. deep, three models were tested, 
|one of approximately the shape shown to be best 
‘in the foregoing tests, a second of a much shorter 
| body and blunter tail, and the third of a parallel- 
| shaped body with similarly blunt head and tail. The 
| * ** Aeronautics. Technical Report of the Advisory 
| Committee for Aeronautics for the year 1910-11” (wit 

appendices). Price 6s. Published by H.M. Stationery 
| ce, or Messrs. Wyman and Sons, Limited, Fetter- 
lane, E.C. 
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latter model was somewhat of the form of the British 
Army airship No.1. The photographs accompany- 
ing the report show that with the first model there 
was sluggish flow at the tail, but no true dead water. 
The means adopted of showing this was the intro- 
duction of colouring matter into the water, either 
in filaments or in clouds. When the latter process 
was used, the colouring was, of course, retained 
longer in the water in regions of sluggish move- 
ment than in others. At the same velocity at 
which the fine-tailed model was tested the blunter 
model showed a considerable area of dead water, 
or slow circulation, while the bluntest of all showed 
very pronounced dead water at the tail, formed 
of two circular eddies. This dead-water region 
increased with the velocity, and for the blunt 
model its diameter has been plotted, in the report, 
as a percentage of the diameter of the model, 
against velocities. It appears that it increased 
rapidly at first, from about 40 per cent of the model 
diameter in a flow of 0.15 in. per second, to about 
80 per cent. for the comparatively large range of 
velocity of from 1 in. to 2} in. per second. There 
are also contained in the report some interesting 
photographs of small plates in flowing water which 
plainly show the stream-lines leaving the plate edges. 

Tests were also carried out on airship models 
fitted with stabilising fins at the tail, and these gave 
rather interesting results. Models of the usual 
form, if left free, would turn broadside on to the air 
current. While it is necessary to overcome this 
tendency, it is, on the other hand, disadvantageous 
to have too strong a stabilising effect, as it interferes 
with the manceuvring capabilities of the dirigible. 
The tests were made with a model of small resist- 
ance form, but it was found that even with this type, 
owing to the sluggish flow near the tail, long narrow 
fins do not have the same effect as short fins of greater 
width, owing tothe latterstretching into undisturbed 
currents. Fins extending from the point of maxi- 
mum diameter to the tail, where the same diameter 
over the fins was retained, were also tested, but 
proved to be less efficient than equal area better 
concentrated. The effect of four such taper fins at 
right angles was also investigated, and it was con- 
cluded that the presence of the vertical fins had no 
effect upon the horizontal, and vice versd, except that 
a subsidiary effect arises when the model’s axis is 
not parallel with the line of flow of the current. 
Under these circumstances the wake oscillates from 
side to side of the tail, a phenomena on which it is 
intended to carry out further work. 

Some of the other memoranda published in the 
report have already* been dealt with in these 
columns, such as, for instance, the friction of air in 
pipes, and the tests of the air disturbance in the 
shed at Teddington, in which the whirling table 
isrun. Propeller tests have also been carried out 
in co-operation with Messrs. Vickers, with the 
result that the data obtained, in air, with full- 
sized propellers and with models appear to con- 
form to Froude’s law. Further work on this point 
is being carried out. The report of the tests 
of motors entered for the Alexander prize has 
also been dealt with in these columns. Balloon 
and aeroplane fabrics have received a considerable 
amount of attention, but we must refer readers to 
the report itself for information on these matters, 
which only remotely come within our field. Tests 
being carried out in connection with the Research 
Committee of the Institution of Mechanical Engi- 
neers deal with light alloys, with some of which 
tensile test results of 34 tons per square inch, com 
bined with reasonable ductility, have been re- 
corded. Thealloy known as ‘‘ duralumin ” has also 
been tested, giving 25.7 tons per square inch for 
channel bars, and 30 tons for wires. The investiga- 
tion is being continued to include ageing, &c. 

The work of the Committee is to be extended 
to the carrying out of tests on full-sized aeroplanes, 
this having been rendered possible by arrangement 
with the superintendent of the Army Aircraft 
Factory. 

In a memorandum contributed by Messrs. L. 
Bairstow and H. Booth the dimensional influence 
of square plates normal to an air-current is dis- 
cussed, and the conclusion arrived at that the total 
force, F, ona plate normal to a current of air is given 
approximately by the expression :— 


F = 0.00126 (v 7)? + 0.0000007 (v Z)*, 


where v is the velocity, and | the linear dimension 
of the plate. This formula, Messrs. Bairstow and 





* See ENGINEERING, vol. xci., page 378. 
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Booth conclude, holds good within the limits v/=1, international importance still remains an open 








or vl = 350, the range covered by the experiments | question. The transport and other arrangements 
of Eiffel, Stanton, and Dines, on which it is based. | are inadequate for dealing with really large quan- 
tities. The port of Tuapse,.on the Black Sea, 
| which, as already mentioned, is at no very great 
THE LARGE NAPHTHA-FIELDS AT | distance from Maikop, has been found to be in 
MATKOP. | very primitive and inadequate condition, otherwise 

Tue vast and prolific naphtha-fields at Maikop the laying of a pipe-line to that port would have 
have during the last couple of years attracted wide been the most natural solution ; a railway to Tuapse 
attention. Foreign capital, English and German, | is also being considered, but preference has been 
French and Belgian, as well as Russian, has been | given to a pipe-line to Jekatermodar, a distance of 
largely invested, and the little Cossack village of | some 120 versts (about 75 miles), and from that 
Apscheronskaja, on the road from Maikop to/ place there is about the same distance to the port of 
Tuapse, has all at once sprung into a busy modern | Noworossijk. The fate of at least one large Russian 
town. |naphtha concern, which erected large and costly 








Maikop is a small town in the Kuban district, | 
at about equal distances from the north-eastern | 
shore of the Black Sea and from the Wladikawkas- | 
Rostow Railway. Naphtha was long ago found | 
in the Kuban district, but the earlier efforts to. 
exploit the —s were either insignificant or 
unsuccessful. In August, 1909, however, a bore-| 
hole of the Baku-Black Sea Company, at the | 
Cossack of Schirwanskaja, at a depth of only 
268 ft., suddenly sent forth a fountain of 210 ft. | 
high, which the first day yielded 300,000 to 400,000 
poods of naphtha, and then for a couple of days 
109,000 poods per day. The fountain then caught 
tire, and the force of the rising naphtha was so | 
great that a fortnight was required before the bore- | 
hole could be closed. This occurrence, and other | 
successful borings in the vicinity by the same | 
company and others, demonstrated the presence of 
rich naphtha deposits. The news spread rapidly, | 
and within a short time a number of companies were | 
formed, and all likely and available land was taken 
up ; one English company had a capital of 600,000/., | 
two rather more than 400,000/. each, &c. At first | 
the more prudent Baku firms held back, but by 
degrees they joined in the rush, as did many small 
local people, and within less than a year about 
1000 claims had been registered, sites within a few 
months rising to a hundred times their original 
value. The naphtha-bearing zone is somewhat 
narrow, but about 40 versts (25 miles) long. The 
conditions were admittedly favourable ; the naphtha 
had been reached at a shallow depth, the quality 
was found superior to that of Baku, and the distance 
from the Black Sea port of Tuapse was only some 
90 versts (about 55 miles). 

The first results, however, were entirely dis- 
appointing. A number of companies began opera- 
tions, but borings to a depth of from 630 ft. to 
910 ft. gave no naphtha. The experts were any- 
thing but agreed as to where the focus, so to speak, 
of springs should be found. Some pronounced in 
favour of Schirwanskaja ; others gave the prefer- 
ence to Ssamurskaja, to the south-east of the 
former place ; others, again, held that not Maikop, 
but the Anapa neighbourhood, especially at the 
villages of Wosskressenskaja and Ssuworowo- 
Tscherkassk, was likely to prove most prolific. It 
would seem that between the upper strata, where 
naphtha, as mentioned, had been come upon, and 
the lower strata, where naphtha may be found, there 
is a layer of considerable magnitude, which con- 
tains no naphtha. 

Necessary preparatory work was continued during 
the latter part of last year without any very event- 
ful or hope-inspiring occurrence taking place. Still 
some naphtha was come upon at a depth of 1015 ft. 
on the Apscheron site, at Neftganaja at a depth 
of 476 ft., and at a depth of 1120 ft. in two 
places in considerable quantity, and as a result 
of the work done during the preceding months 
part of the Maikop district was, in the course of 





September, last year, officially declared to contain 
naphtha. In the middle of October, at a depth 


of 240 sash (about 1680 ft ), a fairly prolific spring | 


was come upon, yielding 30,000 poods (about 47 


plant, but whose naphtha yield became exhausted 
in a few years, points to some caution in connection 
with undertakings of this nature. 

Reports from Chadyschinskaja, which was 
expected to prove a second centre similar to 
Schirwanskaja, are also somewhat disappointing, 
and of any really prolific yield there seems but 
scanty prospect, whilst some more promising bor- 
ings have been undertaken to the north of the 
latter place. The production for 1910 of the Maikop 
district is put at :— 


Poods. Tons. 
Andreis 653,400 (10,500) 
Ssaltzkow 572,183 (9,200) 
Pressler i 75,000 (1,200) 





1,300,583 (20,900) 
It is hoped that when the pipe line to Jekaterinodar 
has been in operation for some little time, and 
when the Maikop fountains and pumps have started 
fairly running, more satisfactory figures will be 
forthcoming. 








ATMOSPHERIC INFLUENCES ON 
PHOTOMETRY. 

THE variations of the pressure, humidity, and 
vitiation of the atmosphere influence the luminous 
intensity of flame standards to a not inconsiderable 
extent, and have hence been studied by various 
investigators. Special atmospheric conditions have 
to be created for this purpose, since the variations 
in the ordinary photometer-room are small and 
too much dependent upon one another. A long 
series of very careful observations are required to 
arrive at correction factors for the effects of atmo- 
spheric conditions on photometric flame standards. 
Messrs. W. A. Butterfield, F.I.C., J. S. 
Haldane, M.D., F.R.S., and A. P. Trotter, M. 
Inst. C.E., have contributed an account of recent 
experiments of theirs to the International Photo- 
metric Commission, which met at Zurich in July. 
They have made use of the caisson which the 
late Dr. Ludwig Mond presented to the Lister 
Institute for the study of the caisson disease 
and mountain sickness. This caisson is a boiler, 
7 ft. in diameter, 74 ft. long, built up of @-in. 
and 4-in. plates, with dished ends, and provided 
with a manhole of 24 in. by 15 in. in one end. 
There are four spring-valves and three additional 
valves for controlling the air pressure from inside 
and outside. The pressure is raised by a com- 
pressor driven by a gas-engine. Two benches, for 
the photometers and for air analysis, were placed 
in the caisson, which has telephone communication 
with the outside. One or two of the observers 
were, as a rule, in the caisson during the experi- 
ments, and the flame standard was placed near the 
outlet airway, not to vitiate the air too much. 

The investigation concerned the Harcourt pentane 
10-candle lamp and the Hefner amyl-acetate stan- 
dard. The atmospheric conditions were varied in 
different ways, and the original conditions restored 
at the end of a series, in order to check the experi- 
ments. As regards the air pressure, it is found that 


| the luminosity of the flame increases with increasing 


tons) in the 24 hours. In the absence of sufficient | pressure ; the barometer range of the experiments 
storage accommodation the bore-hole was closed, | was from 450 mm. to 1000 mm. (about 18 in. to 40 in.). 
but opened for a couple of hours in November, it | For the range 700 mm. to 850 mm. the curve for the 
again gave a good yield—20,000 poods (about 320) Harcourt lamp is nearly a straight line. Within 
tons) in two hours. Another fountain, from a| these limits the light varies by 1 per cent. with a 
bore-hole 44 sash (308 ft.) deep, gave a fair yield, | variation of 12.5 mm. in the air pressure ; these 
but was closed up pending the completion of the | figures entirely confirm Mr.C. C. Paterson’s research 
necessary arrangements. of 1906-1907. At lower pressures the luminosity is 

The work of experimental boring is being carried | much more affected. The Hefner lamp also gave a 
on with considerable energy, which is not to be | straight-line curve for the range 700mm. to 850mm., 
wondered at, considering the large capital at stake | but it was less affected by the fluctuation in air pres- 
(of English capital 5,000,000/. or more), but apart | sure, and was about half as sensitive, an increase of 
from the fountain at Schirwanskaja, with its yield | 25mm. being required to produce a change of 1 per 
of 700,000 poods (11,000 tons) during the 24 hours, | cent. in the luminous intensity. At lower pressure, 
the future of the Maikop district as an oil-field of | however, fluctuations in the air pressure again made 











199 
a large difference, four times as large as Liebenthal 








found in 1895. Thus for comparisons made in 
towns like Johannesburg and Mexico, situated on 
plateaus, where the normal barometer keeps in the 
neighbourhood of 600 mm., considerable correc- 
tions would be required. 

Some of the humidity tests were conducted in a 
small room of the Electric Standards Laboratory, 
Whitehall, by specially drying the air or by pass- 
ing steam into it. A change in the temperature 
from 8 deg. up to 20 deg. Cent. did not in itself 
affect the Juminosity ; higher temperatures do not 
appear to have been tried. The luminosity of 
both the Harcourt and the Hefner candles decreased 
by about 1 per cent. for an increase of 0.16 per 
cent. in the aqueous vapour in the air ; or 1 per 
cent. increase of oy. diminished the luminosity 
of the flame standard by 6.25 per cent. These 
values are intermediate between those of Paterson 
(6.6 per cent. for the Harcourt and 6 per cent. for 
the Hefner lamp), and of Liebenthal (5.5 per cent. 
for the Hefner candle). 

The vitiation of the air, which is produced by 
breathing in the room and by the combustion of 
the flame gases, causes a deficiency in the oxygen 
and an excess of carbon dioxide, which affects the 
further burning of the flame and diminishes the 
luminosity. This diminution amounted to 1 per 
cent. for every 0.035 per cent. of carbon dioxide 
above the normal in the case of the Harcourt flame, 
and for every 0.045 per cent. of CO, in the case 
of the Hefner candle. This coefficient holds as 
long as the contents of CO, do not exceed 2 per 
cent. 

The results of the investigations are summarised 
in the following correction formule, in which P, A, C 
express the normal air pressure and —— of 
moisture and of carbon dioxide, while p, a, ¢ indi- 
cate the values observed during the test. The for- 
mula for the actual luminosity I' expressed in terms 
of the luminosity I, under normal conditions, is 
for the Harcourt lamp : 

100 (“—" 4+ ¢> C res) 
0.16 0.035 12.5 /. 
100 


In the case of the Hefner lamp, 0.045 has to be 
substituted for 0.035, and 25.0 for 12.5. 

Messrs. Butterfield, Haldane, and Trotter also 
conducted some experiments on the effects of varia- 
tions in the atmospheric conditions on the light of 
gas and candle flames. These tests show that small 
variations in the atmospheric condition will not 
appreciably affect the results of comparisons between 
Argand and Bray gas-burners and the flame-stan- 
dards mentioned, because the two classes of lamps 
would more or less be influenced in the same way. 
But in comparing electric-lamps with fiame-stan- 
dards, the corrections should be applied. 


T= 








NOTES. 

Mercury-Arc Lamp anv DistiLiing APPaRATus. 

An American scientist, C. Th. Knipp, has con- 
ceived the idea of converting a mercury-arc lamp into 
an apparatus for — distilling mercury. So many 
electricians and physicists have to deal both with 
mercury and with mercury-arc lamps that his appa- 
ratus, which he first described before the New 
Orleans meeting of the American Association for the 
Advancement of Science in 1905, and which he has 
regularly been using for some years, will be of 
interest. He observed that mercury vapours con- 
densed on the cold portions of arc-lamps, and he 
therefore combined a mercury-arec lamp with a 
receiver. The apparatus, as Senctbed in the 
Physikalische Zeitschrift of April 1, 1911, consists 
of two bulbs, from which three vertical tubes project 
downward. The one bulb is the are-lamp, and it 
slopes down to the right ; the other bulb is joined 
to the upper portion of the former bulb, and it 
slopes down to the left. The ends of the first bulb 
form pockets for the mercury electrodes, and each 
of these is connected by a glass tube, 760 mm. in 
barometric height, with a vessel which is charged 
with the mercury to be distilled. The one vessel 
is cylindrical and is provided with an overflow ; 
it is joined to the negative pole of an induc- 
tion apparatus. The other vessel, which is 
joined to the positive terminal and forms the chief 
reservoir for the mercury, is a dish whose large 
surface facilitates the maintenance of a suitable 
mercury level in the electrode pockets of the lamp. 
The mercury vapours pass upward into the second 
bulb, which acts as a receiver ; they condense there, 
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and the mercury flows down the sloping walls of 
the bulb and into the third of the tubes mentioned. 
The upper portion of this tube is capillary, the 
lower portion is wider, and the lower end is bent 
so a> to form a mercury seal. A little below the 
capillary portion a connection to an air-pump 
branches off, which is wanted for starting the 
operations. When the vessels have been charged 
so that the mercury reaches up to the electrode 

kets, the pump is started until the arc is estab- 
ished. Mercury then begins to distil and to trickle 
down the third tube in drops, which continue to 
maintain a vacuum, so that the pump can be cut 
out after about 15 minutes. The distilled mercury 
is said to be very pure. Knipp’s apparatus has a 
lamp bulb, 40 mm. in length, 25 mm. in diameter, 
and a somewhat larger receiver bulb. Worked with 
a current of 1 ampere at 23 volts it yields 1 kg. of 
pure mercury per hour. 


Tue Vevocity or RoéntGen Rays. 


About six years ago Erich Marx made, in the 
Physical Ins‘itute of the University of Leipzig, 
the first experimental determination of the velocity 
of propagation of Réntgen rays. He found that 
Rontgen rays travelled as fast as light rays, which 
had generally been assumed for general reasons. 
The experimental method of Marx was attacked, 
however, by J. Franck and R. Pohl, of Berlin, and 
the complicated character of the apparatus cer- 
tainly justified some doubt. Marx has, there- 
fore, repeated his determinations. The new experi- 
ments, which are described in a long contribution 
to the Annalen der Physik, vol. xxxiii., are based 
upon the same principle; but the apparatus is 
simplified, and the method is modified. The 
result is the same as before. Réntgen rays appear 
to travel with the velocity of light rays, the rate 
being the same within a few per cent. But Franck 
and Pohl again raise objections in vol. xxxiv. of the 
quoted journal, substantially on the same grounds. 
The first method was zero method, depending upon 
the appearance of sparks. The advantage of this 
method was that details of the character of the 
sparks need no more be known than the observer 
sitting in front of a balance need know the direct 
connection between the load applied and the pro- 
duced deflection of the beam; it is sufficient for 
him to see that the beam is deflected. In the new 
experiments a zero method is not used ; the appa- 
ratus is simpler, the arrangements are more lucid, 
and long waves are excluded ; but short waves of 
relatively very high energy are required, and ex- 
treme care is necessary throughout the experiments. 
As in the first determination, two coherent trains 
of waves are made to act upon each other. 
Hertzian waves of considerable rapidity (A/2 = 
66 cm.) are excited, and travel along a Lecher system 
of wires, consisting of two parallel wires with a 
movable bridge-piece. They first strike a Rontgen 
tube, and produce periodical impulses of Réntgen 
rays ; this is the first train of waves. The other train 
is inductively coupled with the first. It travels 
along a wire to an electrode mounted in a vacuum 
bulb ; this electrode will oscillate in synchronism 
with the Réntgen rays, but will lag behind in phase ; 
the phase difference depends upon the position of 
the bridge. The two trains interfere with each 
other, and the interference is observed. Opposite 
the electrode is mounted, within the bulb, a Faraday 
cage containing an electrometer. When the Rontgen 
rays strike the electrode at a moment when their 
potential is negative, a sponvaneous discharge takes 
place ; when the potential happens to be positive, 
no discharge will be observed. Under the actual 
conditions, the current wave observed should have 
two maxima at the distance of 132 cm. When the 
bridge is shifted (the receiver remaining stationary) 
another similar curve will be obtained, also with 
two maxima; but the maxima of the second 
wave will appear to be displaced with regard to the 
maxima of the first curve. This displacement 
Marx finds to be equal to the distances through 
which the bridge has been shiftec. He concludes, 
hence, that the velocity of the Réntgen rays is the 
same as that at which the electric waves travel 
along the Lecher wires, and the velocity of electric 
waves in wires is known to be the same as that of 
light in air. The objection which Franck and Pohl 
repeat is that the observed interference may merely 
be that of waves which travel directly through the 
air with the waves which along the wires. The 


Réntgen rays, they consider, need not enter into 
the phenomenon at all, and it is difficult without a 
very close study of the apparatus and of the ex- 





periments (of which a very large number were con- 
ducted) to arrive at any independent conclusion. 


Tue EvectriricaTIon oF NorweciaN Rai.ways. 


A committee appointed for the purpose of 
looking into, and reporting upon, the question of 
electrification of Norwegian railways has now 
handed in its report. The committee has examined 
the matter of electric traction in various countries, 
and strongly recommends a thorough investigation 
of everything connected with the electrification of 
Norway’s railways, which seems to be favoured by 
several circumstances. Whilst some of the large 
countries had invested immense capitals in the 
construction of railways, and had their railway 
system complete for steam traction before the 
question of electrification arose, Norway’s railway 
system, in spite of spirited railway building for 
several years, is not by a long way complete. The 
electric system can, therefore, be tried on new lines, 
where due regard can be paid to electric traction 
during the planning and the building of the line, with- 
out outlay on an expensive stock of steam-locomo- 
tives, &c. Besides, the less satisfactory financial 
results of the Norwegian railways make it particularly 
desirable to adopt a cheaper system, if such can be 
found, and, finally, Norway has in her many water- 
falls a medium for generating cheap electric energy. 
The question of electric traction is by no means 
one of recent date in Norway, having been dis- 
cussed for some twenty years, yet the Norwegian 
railway authorities have not gone anything like so 
thoroughly into the matter as have several other 
countries. Since 1892, when the purchase of water- 
falls by the State for the electrification of railways 
was first brought forward, the State has acquired 
several large and small waterfalls in different 
parts of the country; but whether these are so 
situated and have such natural conditions that 
they are well suited for the generation of electric 
energy for railway traction, yet remains to be seen, 
and has not, so far, been fully examined into. The 
State railways have prepared some provisional plans 
and calculations for the electrification of a number 
of old and new railways, and the building of an 
electric branch line (the Myrdal-Fretheim line) to 
the Bergen Railway was decided upon in the year 
1908. Last year the Railway Board prepared 
plans and calculations for the electrification of the 
Christiania-Drammen Railway, but beyond this the 
authorities do not appear to have taken any steps 
for the electrification of the country’s railways. Of 
private railways with electric traction there are at 
present in Norway the following lines :—Hafslund- 
Sunnesund (transport), Christiania-Holmenkollen, 
Thamshavn-Liékken, Notodden-Tinoset, and Rollag- 
Staalheim, the last two of which are not yet 
quite ready. The committee holds that Norway, 
instead of being left behind, ought to take the 
lead in the matter of electric railways, and 
recommends a general and thorough investiga- 
tion of the question of the importance of electric 
traction for the Norwegian railways. This investi- 
gation ought to comprise the amount of power 
required and the selection of suitable waterfalls ; 
the financial aspect of electric traction for the 
Norwegian railways; the possibility of fixing a 
uniform electric equipment and system for the 
country’s electric railways, and the possibility of 
joint traffic with the Swedish railways, as well as 
the importance of electric traction for the building 
of new railways as regards track and construction. 
It is recommended that this investigation should 
be left to a committee comprising experts in the 
domain of electricity, electric railway traction, 
hydraulics, and railway construction. 


Tue Specivic Heat or WatTER. 


In the course of their investigation concerning 
the specific heat curves of aqueous solutions, 
Messrs. W. R. Bousfield, M.A., K.C., and W. Eric 
Bousfield, B.A., had to redetermine the specific 
heat of water, and this research involved a redeter- 
mination of the mechanical equivalent of heat in 
terms of mean calorie from 13 deg. to 55 deg. Cent. 
The redetermination of the specific heat of water 
was required, because the previous values of Barnes, 
Regnault and Liidin differ by as much as 1 per 
cent.; their specific heats of water at 80 deg. Cent. 
expressed in terms of the 15 deg. calorie were 
1.0014, 1.0081, 1.0113. Messrs. Bousfield used the 
continuous - flow method. Their thermometers 
could be read to 0.005 deg. Cent., and as an interval 
of 40 deg. Cent. was taken, an error on their part of 
0.01 deg. would not vitiate their results by more than 





1 in 4000. The method, which was communicated 
to the Royal Society in February last, was the 
following. A current of water was passed through 
a Dewar vessel, containing about 3 litres of water, 
and was heated in that vessel; the water entered 
at about 13 deg. Cent. and left at about 55 deg. 
Cent. ; the vessel was immersed in a bath kept at 
the same temperature as the contents of the vessel. 
The electric heater and the electric resistance used 
in series with it for the determination of the 
current with the help of a battery of standard cells 
were of an interesting novel type. Each heater was 
a spiral glass tube of small bore, containing mer- 
cury, and the tube itself served as a thermometer 
bulb, being connected with the thermometer tube 
proper. This type of resistance enabled the ex- 
perimenters, in their opinion, to overcome a difti- 
culty which does not appear to have received due 
consideration in other researches. When a heavy 
current is sent through a standard resistance, the 
observed resistance will depend not only on the 
temperature, but also on the intensity of the 
current, because the passage of the current itself 
appears to induce a state of strain which may 
temporarily alter the resistance. That there is 
such a residual effect—a kind of hysteresis—in 
manganin standards, which persists long after the 
circuit has been broken, has been recognised ; but 
there is also some influence while the current is 
flowing, and this latter effect—the ‘‘ thermoid 
effect”’—is generally disregarded. Messrs. Boustfield 
think that it will be absent in a homogeneous 
liquid like mercury. In making their experi- 
ments with distilled water, Messrs. Bousfield 
heated a weighed bulk of water from 0 deg. Cent. 
up to 80 deg. Cent. by stages which gave the 
mean specific heats over the intervals 0 to 13, 13 to 
27, 27 to 55, and 55 to 80 deg. Cent.; a separate 
inquiry yielded the specitic heat of glass. Taking 
all these determinations a furmula was obtained 
containing the temperature @ in the first, second, 
and third power, and, according to this formula, 
the value of the equivalent of heat at 15 deg. Cent. 
would be J = 4.179. Joule’s J,, was 4.174, that 
of Griffiths was 4.198, and that of Barnes 4.184. 
The new curve agrees best with that of Liidin, who 
used the method of mixtures, and least with that of 
Barnes, who had applied the continuous-flow method 
of the authors, but with platinum thermometry. 
The following table shows the change in the specific 
heat of water with temperature according to Messrs. 
Bousfield :— 





6. J. 6. J. 6. J. 
0 4.209 30 4.175 60 4.203 
5 4.195 35 4.178 65 4.208 
10 4.186 40 4.182 70 4.213 
15 4.179 | 45 4.187 75 4.216 
20 4.176 | 650 4.192 80 4.217 
25 4.174 | 65 4.198 


In this table the minimum of the specific heat lies 
at about 25 deg. Cent. The various observers 
differ also as to the temperature of this minimum. 
Regnault did not find any minimum at all ; Bartoli 
and Stracciati placed it at 20 deg. Cent., Liidin at 
25 deg., Rowland at 30deg., and Barnes at 38 deg. 
Cent. Messrs. Bousfield, as stated already, agree 
with Liidin. 








THE LATE ProressoR WALTHERE SpPRING.—We regret 
to record the death of Dr. Walthére Spring, professor of 
general a at the University of Liége, who died 
on his estate at Tilff, near Liége, last month. He secured 
this appointment after having been professor in Germany, 
where he organised the chemical institute at Leipzig. 
Spring first worked in the fields of organic and minera- 
logical chemistry, but_physical chemistry attracted him 
more in particular. His name became generally known 
about 30 years ago (and was mentioned in our columns 
then and later), when he applied very high compression 
to powdered salts and finely disintegra metals which 
he succeeded in coalescing and welding by the high 
pany a chemical combination also seemed to result. 

ter he turned his attention to colloids, and in this con- 
nection also to the difficult task of preparing solutions 
perfectly free from dust and other contaminations. Such 
solutions may be optically void ; that is to say, they will 
remain dark when illuminated by the Tyndall cone, the 
conical beam given by an arc-lamp and a lens. One of 
the last researches which the veteran scientist brought 
before the Belgian Academy of Sciences last year con- 
cerned this subject. He had found certain salt solutions 
quite clear and void in 1905, when he sealed them up, and 
had found others turbid at that time ; five years later all 
the solutions were found void, and their electrical resist- 
ance appeared to have dec: ; these problems cannot 
be regarded as settled, however. The purification of 
liquids was also of particular importance in his study of 
the colour of the sea water. Physiologists value his work 
on colloids highly. 
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STRESSES PRODUCED BY FORCE FITS. 
By Professor ARTHUR MoRLEY. 


A CORRESPONDENT recently asked the writer what 
should be the thickness of the wall of a cast-iron 
hub pressed by hydraulic power on a large dynamo- 
shaft with given force-fit allowances, in order to 
keep the bursting stress within a given limit; no 
text-book on design appeared to have treated the 
point raised, The reply may be of general interest 
and possibly throw some light on the reasons for 
which the- Engineering Standards Committee 
decided to make no recommendations as to allow- 
ances and tolerances for force, push, and shrink 
fits. When hubs are forced on hollow shafts the 


investigation is that given in text-books for com- 
| 


pound cylinders made by shrinkage. 
For hubs forced on solid shafts, 
Let 
R, = outer radius of hub. 
R,. = inner radius of hub = radius of shaft after 
fitting. 
R, - ~ = thickness of hub-wall. 
2 R. = diameter of shaft. 
radial compressive stress per square inch at 
radius x (= po at x = Ry). 
= hoop tension per square inch at radius 2. 
= Young’s modulus for shaft material, E! = ditto 
for hub material. 


1 = Poisson’s ratio for shaft material, 1 
m mi 


Bo. 


2 


= ditto 


for hub material. 
= excess in original diameter of shaft over that 
of hole in hub. 
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From Lomi’s well-known theory, in a cylinder 
under radial pressure, 


ee ee, 
a 

p=Bea. . . @ 
x 


where A and B are constants. 

If wu = radial displacement of a point distant « 

from the centre, for the solid a shaft, 
Tensile hoop strain = “ = 1 (» — ) 
2 £ ™m 
and 
u = 0 for x = 0, hence B = 0, 
and 
Px = — py = A = pp (a constant). 

(It may be noticed in passing that this differs 
from a shaft with even a pin-hole along its axis, 
in which pz varies from 0 at = 0 to p, atx = R, 
and py varies from — 2p, at x = 0 to — p, at 
# = Ry, a difference analogous to that of a rotatin 
ne iy cylinder with and without a small centra 
10le. 

For the hub, taking f; = maximum tensile stress 


per square inch at « = R,, 


b 
m= Se : . - (3) 
b 
eS +a. . ° - (4) 
Atx =R,, 
b 
Pz = th = Ra 4%. ' : 
Atz = R, : 
b 
z=0=>,,-4. ‘ ; 
P. R:~ * (6) 


At x = R, the total hoop strain (compression of 
shaft + stretch of hub) is 


Po_ Mm 4 fe Po _8 
E mE* Ei tmE D 
or 
m-i. 1 Pr 6 
-_—— + + =. 7 
P2 mE wm (4 m=) D (7) 


And atz= R, 
r=h= pata . ° (8) 
If 8 and f and R, are fixed, (5), (7), and (8) 
determine a, b, and p,, and then (6) gives R,, and 
therefore ¢ required. If f¢ R,, and are fixed, 
then (5), (6), and (8) determine a, b, and p,, and 
(7) gives 8 the allowance required. 
Example.—Cast-iron hub on steel shaft D = 6”, 
D 2 
8 = 0.0015 (or io) fe to be 3000 Ib. per sq. in. 
Take m = 4 = m’, a choice which does not, within 
usual limits, greatly influence the result, and is on 
the safe side. Take E = 2 E! = 30,000,000 lb. 
per sq. in. 
Equation (5) gives 





Po *. - a. 
| . ° g 
| Equation (7) gives 
a 

30 x 106 =«15 x 106 
| Equation (8) gives 


3000 = > +a, 
| 9 


Hence 
Po = 1200 Ib. per sq. in., 
And from (3) || 
R,2 = 21, R, = 4.58, or ¢ = 1.58”. 
Incidentally it may be recorded that the total 
normal pressure on a hub 6 in. internal diameter 


Fig.2. 
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(3000 + *) = -_ = 0.00025. 





a= 900, b= 18,900. 
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and 13 in. long is 6 7 x 13 x 1200]b. = 131 tons, 
and that this hub required 36 tons to force it on the 
shaft, which corresponds to a coefficient of friction 


“ iat = 0.274. To work to such small allowances 


the shaft surface would be ground dead smooth, 
and this coefficient would probably give a fairly 
accurate estimate of the torque which the combina- 
tion would be capable of resisting. 

The general result from equations (5), (6), (7), 
and (8), eliminating a, b, and p,, is 

Sof (143 B\Be-Be, 8) 
D E\\ m wm E'/R2+R2 EV 
or 

3 _ fe ((m-1, 1 E)(1+2k-1, EF) 

Dp SB i( m “a ge )ireseai te) (9) 
where 

—— 
k= D’ 

From this the dimensioning chart (Fig. 1) has 
been plotted with the above values for steel and 
cast iron. The previous example will illustrate its 
use. Taking a force-fit allowance of 475, of shaft 


diameter —i.¢., ‘ = 0.00025—we read on the curve 


Jc = 3000 that k = 0.265—i.c.,t = 6 x 0.265 = 
1.59in. It may also be noticed from the diagram 
that the hub-wall would require to be about 6 in. 
thick (k = 1) to reduce the tension to 2500 lb. 


per square inch. Also, that with an allowance 4 = 


0.000325 (see tangent at k = o), no increase in ¢ is 
sufficient to reduce the hoop stress below 3000 lb. 
per square inch. 

Similar conclusions are obvious from Fig. 2, 
which shows another and more easily plotted form 
of the result (9). Fig. 2 shows very simply the 
variations in maximum stress in a given hub when, 
in additional to the nominal allowances, given 
tolerances (or deviations from nominal allowance) 
are taken into account. From either diagram it is 
evident that in such constructions the stresses 








depend more upon the fit allowance than upon the | 


thickness of metal in the hub, and that the allow- 
ance and tolerance require careful attention. 

It is interesting to speculate as to how many 
wheel-failures may be caused by excessive force- 
fit allowances or key-driving. Above stresses of 
3000 Ib. per square inch the ratio of stress to strain 
(and, therefore, E') in cast iron diminishes some- 
what, and this diminution will to some extent modify 
the foregoing results for larger allowances in fairly 
common use ; but such allowances will be ample to 
carry cast iron not only to the region of dangerous 
stresses, but to actual fracture. Ductile metals may 
relieve themselves by local yielding, but brittle 
ones have no such safeguard. Charts similar to 
Figs. 1 and 2 for steel hubs on steel shafts may 
be plotted from equation (9), which simplifies when 
m = m'and E = E!, 








HIGHER TECHNICAL EDUCATION IN 
SOUTH AFRICA. 
By Prorrssor BouLe, 
HisToricAL SuMMARY. 


In dealing with the question of higher technical 
education in South Africa, reference must necessarily 
be made to the preliminary steps in the movement 
which took place in the Cape Colony. In 1894 the 
Government of the Cape Colony ag upon a general 
scheme for the training of mining engineers, as devi 
by the South African College authorities. 

This scheme provided for two years’ preliminary 
scientific instruction, to be given at the South African 
College, Cape Town, or at any other of the colleges in 
South Africa which chose to offer the necessary equip- 
ment. The third year was to be spent at Kimberley, 
and the fourth year, completing the course, at 
Johannesburg. 

The course commenced in January, 1895, at the 
South African College, after the council of this institu- 
tion had appointed a professor of geology. In July, 
1896, five students were sufficiently advanced to 
proceed to Kimberley. 

The teaching at the School of Mines during the first 
two years of its existence was carried on under con- 
siderable difficulties, but by February, 1899, suit- 
able premises were completed at Kimberley at a cost of 
some 9000/. Of this sum 2000/. was given by the Cape 
Government, 2000/. by the De Beers Company, and 
the remaining 5000/1. was borrowed. Three separate 
buildings were erected: the school itself, with two 
large class-roome, a laboratory, balance, furnace, and 
other rooms ; a boarding-house, with a common room 
and a dining-room for the students ; and a residence 
for the principal. 

The examinations were conducted entirely by the 
University of the Cape of Good Hope, and con- 
sequently the courses of instruction were regulated by 
the University syllabuses. These examinations were 
three in number, known respectively as the First 
Mining, Second Mining, and the Final Mining. The 
First Mining Examination involved two years’ study, 
and had to be passed in order to gain entrance to the 
School of Mines. The great majority of the students 
received their preliminary course of training at the 
South African College, but students were also received 
from the Victoria College, Stellenbosch, St. Andrew’s 
College, Grahamstown, and Maritzburg College, Natal. 
In the earlier years students were admitted to the 
First Mining Examination who had satisfied the 
examiners at matriculation in the three mathematical 
subjects, and in two modern languages, but in and 
after 1903 no candidate was admitted to the examina- 
tion for the first time unless he had ed the Matri- 
culation Examination, or its equivalent. Having 

the three Mining Examinations, a candidate 
then secured the diploma of ‘‘ Mining Engineer.” A 
later provision conferred the degree of B.Sc (Mining 
Engineering) upon those who, in addition, passed an 
examination of the standard of the Intermediate Arts, 
in English or Dutch, or French or German. 

The work carried on at Kimberley was technical in 
character, embracing mining theory and practice, 
metallurgy and assaying, mine surveying, mechanical 
and electrical engineering, drawing, and workshop 
ractice. Every credit must be rendered to the De 
Ses Company for the generous way in which they 
assisted the work of the School of Mines by throwing 
open their mines and workshops to the students, thus 
enabling the theoretical instruction to be closely 
identified with modern practice. 

Owing to unforeseen circumstances it was found that 
the fourth year of the course could not be provided 
for at Johannesburg, as originally intended. The five 
students who were the first to enter the course cer- 
tainly spent their fourth year on the mines of the Rand, 
writing detailed descriptions of the various works and 
operations, but the only theoretical instruction im- 
parted was a short course of lectures delivered during 
the vacation in the council room of the Chamber 





of Mines. Consequently arrangements were made 
whereby both the third and fourth years of the course 
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were carried on at the Kimberley School, the fourth- 
year students devoting six months of the year to prac- 
tical work in various mines at Johannesburg. It was 
at a later date arranged that three months of each of 
the third and fourth years should be spent on the 
Rand, as it was necessary to prepare a careful descrip- 
tion of one of the mines for the University ; but the 
intervention of the war, and the agg. of Kimberley 
ina state of siege, prevented this modified arrange- 
ment from being carried out. Fortunately, owing to 
the previous decision of the Cape University to change 
the date of the examinations from July to December, 
the nine months during which it was found necessary 
to close the School of Mines did not seriously prejudice 
the students. They were debarred, however, from 
pues to Johannesburg, but the difficulty was met 

y the Cape University accepting a description of a 
mine other than one on the Rand. 

Although the South African School of Mines was 
founded at Kimberley, it had all along been felt that, 
but for political reasons, Johannesburg would have 
been chosen, owing to the greater facilities which it 
presented. In July, 1902, an influential committee, 
representing the Witwatersrand Council of Education 
and other bodies, reported on the question of tech- 
nical education, and recommended the establishment 
in Johannesburg of a technical institution which 
should provide courses in all branches of engineering 
in addition to mining. In October of the same year 
a conference was arranged bstween representatives 
of the South African College, the South African 
School of Mines, and this committee. Beyond em- 
phasising the necessity of providing instruction at 
Johannesburg in branches of technical education con- 
nected with mining at the earliest possible date, 
nothing resulted from this conference. In January, 
1903, however, a commission, known as the Tech- 
nical Education Commission, was appointed to con- 
sider what steps should be taken to bring into exist- 
ence an institution for technical education of a 
university character. The Commission in its report 
recommended, amongst other things, that temporary 
premises should be at once acquired to carry on the 
work of a mining course, on a four years’ course, 
and also that general technical and higher education 
should be added. The Commission further recom- 
mended that the Government should set aside Plein- 
square, Johannesburg, to provide space for the estab- 
lishment and growth of a technical institution which, 
in addition to the provision of laboratories and lecture- 
rooms for the use of students, might contain the 
public library as well as museums or art galleries, 
and afford accommodation for the various technical 
societies of the Rand. In August, 1903, an institu- 
tion, under the title of the ‘‘Transvaal Technical 
Institute,” was created by the Lieutenant-Governor, 
and negotiations were entered into with the South 
African School of Mines, Kimberley, which resulted in 
the absorption of that institution, in so far as the 
whole of its third and fourth year mining students were 
transferred to Johannesburg. ‘Temporary premises 
were secured in Kerk-street and on Von Brandis- 
square, and shortly afterwards it was decided that 
the institute should undertake the whole of the four 
years’ courses in mining as well as train students in 
mechanical, electrical, and civil engineering. These 
premises were found to be quite as unsuitable for 
their purpose as those used in the early days of the 
School of Mines, and after the first year a group of 
temporary buildings was erected on Plein-square, 
that site having been acquired by the Council in 


terms of the recommendation of the Technical Educa- | 


tion Commission. 

The foundation-stone of the new permanent buildings 
was laid by Lord Selborne in August, 1907, and the 
opening of the school took place in 1909. In addition 
to the professorships for mining engineering subjects, 
chairs were added in English, Philosophy, Classics, 


Law, and Biology, so that the work embraced most | 


of what was carried on by other university colleges 
in South Africa. 

During 1907 a Commission was appointed by the 
Transvaal Government to consider the question of 


the organisation of higher education. Asa result of | 


the report of this Commission the Government, in 
February, 1908, instituted university classes at 
Pretoria, which, as soon as arrangements could be 


completed, were placed under the control of the | 


Council of the Transvaal University College—as now the 
institute was called, which unti! 1906 possessed the 
name of Transvaal Technical Inetitute—constituting 
the nucleus of the Arts and Science Department as dis- 
tinct from the Department of Applied Science at Johan- 
nesburg. In 1910 the name of the latter was changed 
into South African School of Mines and Technology. 
In the year 1900 the South African College trans- 
ferred the matriculation classes to the South African 


College School, and thus the college began for the | 


first time to confine itself to university work. 

In 1902 the Senate of the South African College sub- 
mitted to the Council a memorandum setting forth in 
detail the pressing needs of the college as regards 
professorships and accommodation, 


The firet step taken was the purchase of additional | 
ground adjoining the college, known under the name | 
of Bertram estates. In connection with this pur- | 
chase and the developments associated with it, an | 
appeal for funds was made to all the friends of the 
college, and in response a sum of 45,000/. was secured. 
In addition to this, the Corporation of the City of 
Cape Town offered to contribute 500/. a year towards 
the establishment of a Chair of Engineering, together 
with an annual sum of 1000/. towards defraying the 
interest and charges on the estate bought. 

The first professor of engineering was appointed in 
1903. The foundation stone of the new engineering 
building was laid in 1904, and the opening of the new 
Engineering School took place in 1905. 

In 1905 the Corporation of the City of Cape Town 
offered to contribute 500/. per annum towards the 
establishment of a Chair of Electrotechnics. The first 
appointment was made at the beginning of 1906. 


Courses or Stupy IN ENGINEERING AT THE 
SoutH AFRIcaN COLLEGE. 

1. Mining Engineering.—Every candidate for admis- 
sion to the mining courses shall have passed the 
matriculation examination of the University of the 
Cape of Good Hope, or the matriculation examina- 
tion without Latin, the latter being replaced by a 
modern language. 

The college gives instructions in the subjects for 
the first and second mining examinations of the Uni- 
versity of the Cape of Good Hope. The complete 
course lasts for four years, of which the latter two 
are spent at Johannesburg, partly at the mines and 


rtly at the South African School of Mines and 
ee: 
The subjects for the first mining examination are :— 


Pure mathematics. Inorganic chemistry. 


Applied mathematics. Elementary geology. 
Physics. Graphics. 
The subjects for the second mining examination are :— 


Mineralogy. 


Pure mathematics. 
Engineering design and draw- 


Applied mathematics. 


Physics. ing. 
Chemistry. Graphics. 
Geology. 


The subjects for the third year are :— 


Metallurgy. Electrotechnics. 

Assaying. Engineering design and draw- 
Surveying. ing. 

Geology and mineralogy. Practice in mines and work- 
Engineering. shops. 


The subjects for the fourth year are :— 
Mining. Metallurgy. 
Mining economics. Engineering. 
Ore-dressing. Electrotechnics. 
Surveying. Practice in mines. 
Assay ing. 


The student who has passed the matriculation 
examination of the University of the Cape of Good 
Hope, with or without Latin, and also the examina- 
tions at the end of the first, second, third and fourth 
years, as held by the university, is granted the degree 
of Bachelor of Science in mining engineering. In 
addition to this, the South African School of Mines 
and Technology grants diplomas to those students 
who have successfully passed the examinations held 
by this institution. 

The courses leading to diplomas at Johannesburg 
are carried out on the sandwich system, under which 
the college work is concentrated into one portion of 
| the year, leaving the remainder for practical work in 
mines or workshops. This system has met with the 
approval of the Transvaal Chamber of Commerce, 
jand the Association of Mine Managers of the 
| Witwatersrand, and the latter body has undertaken 
to co-operate, and to place on the mines for practical 
| training, a certain number of students recommended 
| by the college every year. 

Students who study for the first two years at the 








| South African College must spend at least six weeks 
|of the long vacations in workshops, such as the Salt | 
River Locomotive Works or the college workshop. 

The standards for the various examinations in 
| mining are as follow :— 


First Year. 


7 Marks. 
Subjects. + Minimum 
Maximum. Required. 
a - 
Mathematics ee oa oe . = } 450 112 
Applied mathe- j Written, 250 | 350 87 
matics \ Practical, 100 j 
— Written, 200 on - 
Physics =. =. { DESttoal, «180 } 350 aa 
’ : . f Written, 200 = 
Chemistry ** \ Practical, om} 350 87 
Geology : ot ss we ag 250 62 
Graphics... ne a me < 350 87 
Total... ; ae * 2100 840 
Second Year. 
Mathematics a { ed y nl no} 400 100 
Applied mathema- / First paper, ” 200 
tics {ivone paper, 200 } 400 100 











Marks. — 
Subjects. Maximum. er ry 
f First paper, 125 P 
Physics eer -— 4 400 100 
ractical, 
o f First paper, 125 | 
emistry . | Secon per, 125 400 100 
Practical,” 150 
. First paper, 125) 
Geology and {Secon paper, 125+ 400 100 
mineralogy ( Practical, 150 J 
Ragineosing design f Seale Gates, ey 325 80 
re Drawings. . 75 40 
Graphics oe od os 350 87 
Total ee es a a 2750 1100 
Third Year. 

. A Paper in bi 200 60 
Geology -\ Sie... «.. 100 30 
Metallurgy and As- / Paper “ ne 200 60 

saying Practical .. a. 150 45 
First paper, 200) 400 120 
Principles of mining , Second r, 200) ™ 
pe 
Practical .. i 150 75 
9 " 
Surveying .. {Practical ©) <)100 50 
First paper, 200) ‘ 
Engineering. . ee { Sooowa per, 200 / te 120 
\ Practica = & 150 45 
Engineering design { Paper - a 150 45 
and drawing Drawings .. oi 200 100 

ae tien { Paper on 300 90 

Electrotechnics .. \ Practical |. rt 150 45 

Total .. oa we - vs 2850 1140 
Fourth Year. 

Metallurgy and am { ia es 200 60 

saying Practical .. *. 150 45 

Principles of mining Paper . - 200 60 
Mining economics ee sss ia 200 60 
Ore-dressing ie - ~ 200 60 

— ” “* os 200 60 

Surveying { relat survey - 300 150 

First paper 200 ‘ 
Engineering icons paper, 200 a a 
ctical .. <a 5 5 
Electrotechnics Paper = 33 ~~ red 
ws Practical .. .. 150 45 
Total .. ee “« . 2450 980 


Civit, ELEcTRICAL, AND MECHANICAL ENGINEERING. 

The South African College grants diplomas in engi- 
neering to students who have successfully passed the 
civil, electrical, and mechanical branches according to 
the course selected. 

Every candidate for admission to the full course for 
a diploma shall have passed the preliminary scientific 
examination for engineering, whether or not he has 
attended classes previously at college, or such other 
examination as in the opinion of the Senate is of 
equivalent value. 

A candidate who has passed the intermediate exam- 
ination in arts of the University of the Cape of Good 
Hope, and who has obtained in that examination 
25 per cent. of the marks in each of the following 
subjects—mathematics, chemistry, and applied mathe- 
matics—will be excused the preliminary examination. 

A candidate who has passed the first mining exam- 
ination of the University of the Cape of Good Hope 
will be excused the preliminary examination, but it 
will be necessary for him to pass in English or Dutch, 
or French or German, at the preliminary examination, 
or an equivalent examination, before he is entitled to 
receive the diploma. 

Course of Study.—Students shall be required to 
attend one of the regular three-year courses given, 
provided always that the Senate shall have power to 
exempt students from any part of the course on suffi- 
cient. cause being shown, such exemption being duly 
noted on the diploma. 

Students who have already taken the Engineering 
Diploma of the college may sit the diploma examina- 
tions in another subject in a subsequent year after at 
least one year’s study at the college. 


EXAMINATIONS. 
There will be a special examination at the end of 


|each year. For this examination the marks in every 


subject will be awarded as follows :—One-third for 


| the class-work of the year ; one-third for an examina- 


tion on the year’s work, set by the Professor, with an 
external examiner, who shall not be a teacher at the 
South African College, as Moderator ; one-third for an 
examination set by this external examiner on the year’s 
work, with the Professor as Moderator ; but in the final 
examination in civil engineering, two theses, in addi- 
tion to one written examination, will be set in civil 
engineering, and a trial survey in surveying. In the 
final examination in mechanical engineering, theses 
will be set in machine design and mechanical laboratory 
work ; in the final examination in electrical engineering 
two theses will be set in electrotechnics ; the theses 
in each subject to be set jointly by the professor and 
the external examiner. 

The examinations will be held in the last month of 
the fourth term of the year, except in the case of the 
final examination, when the written examinations will 
be held in September. Where theses are set, the 
subjects will be given out on September 15, and each 


thesis must be handed in not later than November 15, 
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The minimum required to pass in a single subject 
will be :— 

25 per cent. in Pure Mathe- 
matics. 

25 per cent. in Applied Mathe- 
matics. 

25 per cent. in Physics. 

25 per cent. in Spherical 
Trigonometry and Astro- 
nomy. 


40 per cent. in Engineering. 

40 per cent. in Engineering 
Design and Drawing. 

40 per cent. in Graphics. 

40 per cent. in Electro- 
technics. 

40 per cent. in Surveying. 


Failure in a single subject in an examination will 
involve failure in the whole examination. The mini- 
mum aggregate is 40 per cent. 


Honours. 


For Honours the marks of the second and final 
examinations will be added together, and the candidate 
must gain not less than 60 per cent. of the aggregate 


marks. a 
EXEMPTIONS. 


Special exemption is made in the case of students 
who have taken the degree of B.A. in the University 
of the Cape of Good Tes with pure mathematics, 
applied mathematics, and physics as their subjects of 
examination, or who have passed an examination 
accepted by the Senate as equivalent for this purpose ; 
such students are excused the preliminary examina- 
tion, attendance at lectures in the first engineering 
year, and the examination at the end of the first 
engineering year, provided that at, or before, the end 
of the year which counts as their second engineering 
year they pass examinations in subjects which they 
have not taken in the examination for their B.A. 
degree, or in the equivalent examination, and which 
are in the syllabus of the examination at the end of 
the first engineering year. 


THE ConrTROL. 


An engineering committee has been formed, con- 
sisting of all professors teaching engineering subjects, a 
lecturer on mechanical engineering, one professor from 
the literature side of the college, and representa- 
tives of the engineering profession, two of whom are 
nominated by the Corporation of the City of Cape 
Town. 

The duties of this committee are to supervise the 
engineering studies, to arrange for holding examina- 
tions, and to develop the engineering faculty in the 
college. 

This system of control is working admirably. It 
keeps the college in close touch with the profession, 
and enables the professors to place the students after 
they have finished their courses. 

The outside members of the profession sitting on the 
engineering committee for the year 1911 are :— 


Mr. C. Proctor Banham, MI.M.E., M.LE.E., 
Cape Town Docks’ engineer. 

Mr. H. H. Elliott, A.M.I.C.E., chief maintenance 
engineer to the South African Railways. 

Mr. H. Gearing, A.M.I.M.E., partner in Messrs. 
Cunningham and Gearing, rey manufacturers. 

Mr. A. 8. Giles, M. Inst. C.E., M.I.E.E., general 
manager Cape Town Tramways. 

Mr. W. J. Jeffries, engineer of the City of Cape 
Town. 

Mr. F. E. Kanthack, A.M.I.C.E., director of irriga- 
tion for the Union of South Africa. 

Mr. W. A. Legg, M. Inst. C.E.. chief assistant to the 
Director of Irrigation. 

Mr. W. F. Long, A.M.I.E.E., electrical engineer to 
the City of Cape Town. 

Mr. J. N. Sim, technical adviser to the S. A. R. 
Board. 

PracticaL Work. 


All engineering students must spend the greater 
part of the long vacations in engineering works and 
attend regular college workshop classes during the 
session. The work in the college workshop consists 
of manufacturing all kinds of machines. During the 
year 1910 three electric motors were designed and 
completed by the students in addition to various other 
apparatus for testing purposes. During the present 
session a 40-horse-power direct-current machine is in 
hand, besides a number of small motors, dynamus, 
testing apparatus, &c. 

Classes in electric wiring, pattern-making, and 
blacksmithing are held in the evenings during the 
winter, and are attended by nearly all the day students. 
The students taking electrical engineering, after 
having obtained their diplomas, are transferred into 
works in Europe, in order to provide them with a 
thorough practical training, and to acquaint them with 
modern methods and systems of manufacturing. 

No difficulties have been encountered, so far, in 
obtaining suitable facilities for these students. In 
civil engineering the students have mostly found 
billets in Government works as junior assistants; but 
at present there is a scheme being considered by 


the Government, which will oblige civil engineering | Th 


diploma students to pass through a regular two years’ 


in the Irrigation a and partly in the 
Departments of Public Works and Railways. 


PRELIMINARY ENGINEERING EXAMINATION. 

The preliminary engineering examination is the 
entrance examination to the engineering courses held 
at the South African College. 

For this examination a special course has been 
arranged, the subjects for which are as follows :— 


(a) English. (e) Chemistry. 


(6) Mathematics. (f) Physics. 
(c) One modern language. (g) Geometrical and freehand 
(d) El tary hani wing. 





In the examination one paper is set in each subject, 
except in mathematics, for which there are two papers. 
The examiners are the teachers for the different 
subjects, with an external examiner in each subject, 
the latter to have the right to veto the passing of any 
candidate in his subject. The standard required in 
the examination is 25 per cent. in each subject, and 
35 per cent. over all the subjects. 

fore a student can enter for this preliminary 
engineering course he must have passed the matricula- 
tion examination of the University of the Cape of 
Good Hope or its equivalent. The study for an engi- 
neering diploma spreads, therefore, over a period of 
four years, after matriculation. 


Soutu AFrrican ScHoot oF Mings AND TECHNOLOGY, 

The Johannesburg institute provides also regular 
courses in civil, electrical, and mechanical engineering, 
besides those for mining engineers. 

These courses are controlled and managed in the 
same way as mining courses. 

Civil engineering students have not yet passed 
through the institute, a professor of civil engineering 
having only just been appointed. 

Up to the present the majority of students have 
taken mining courses. 

No institutions other than the South African College 
and the South African School of Mines and Technology 
provide higher technical training; but there is one 
town—Pretoria—where trades classes are held during 
the day. Technical evening classes are held in most 
towns of any size. 

In conclusion, I should like to point out that the 
courses of study in electrical and mechanical engineering 
at the South African College have been arranged largely 
with a view of training students as far as possible in 
the design of mechanical and electrical plants, as well as 
in the running and testing of them. This will gradually 
produce a set of engineers acquainted with the manu- 
facturing side of the ng ny | industries, and I hope 
that, when the students have finished their practical 
training in Europe, or elsewhere, some of them will, 
in time, commence manufacturing in South Africa. 
There are, of course, a good many difficulties in the 
way; but the great advance made in this direction 
during the last few years gives rise to hope for more 
extended work. . 





this book for 1911-12 is revised up to May last, and 
contains much valuable matter. Its main object is to 
describe the work of the London government, including 
the way in which this work is carried on and its cost. It is 
unique in its way, because the portion devoted to the public 
authorities and their duties, together with things apper- 
taining to London local life and activity, are more full 
touched upon than in any publication of the same kind. 
Finance has had special attention given to it, London 
local expenditure being naturally a complicated subject. 
In the latter part of the book some important questions 
are dealt with, important because they often cause dis- 
sension between the municipal parties. Among these are 
London Poor Law Reform, London County Council 
Works Department, and Municipal Trading. There are 
also biographies of prominent London citizens, and nine 
portraits, besides maps. The book is published by Messrs. 
George Ailen and Co., Limited, 44 and 45, Rathbone- 
place, London, W., the price being 1s. net. 





Cast Coprrrr.—In spite of many researches and inven- 
tions, sound copper castings of high strength and conduc- 
tivity have been difficult to obtain. The fused copper 
absorbs gases (oxygen), and sets some of these free on cool- 
ing. The blow-holes thus produced spoil the copper ; they 
can be prevented by adding zinc, magnesium, phespheoes, 
and other deoxidisers to the copper; but these substances 
also combine with the copper, and impair its electrical 
conductivity. E. Weintraub and F. A. Kroner, in a 
paper presented to the American Electrochemical Society, 
recommend the addition of boron, which does not combine 
with copper. Boron itself is expensive, though Wein- 
traub has cheapened its manufacture. But the boron 
suboxide, which he discovered during these researches, 
which were carried out at West Lynn, Mass., in the 
laboratory of the General Electric Company, will answer, 
and he olin, in fact, the addition of 1 or 14 per cent. of 
the mixture of magnesium and boric quhedelde toned for 
the preparation of boron suboxide) direct to the copper. 
us a cast copper of conductivity 97.5, or, at any rate, 





of 90 per cent., can be produced—a substitute for forged 


course of prubationership, the time to be spent partly | pper and alloys, 





Tue Lonpon Citizen’s YrAR-Book.—The edition of |§ 


BRITISH RAILWAY RETURNS. 

In the tables below are given the principal figures 
from the recently-issued rd of Trade report on 
British railways, which are referred to on page 197 :— 

Mileage, Capital, dc., of the Railways of the United 
Kingdom. 


Increase (+) or De- 
crease (—) in 1910. 





—— 1910, 1909. —- 7 P “3 

er 

Amount. | Cent. 

miles miles miles 

Mile: - ~ 23,387 23,280 + 107 + 0.5 
Of which, double 

or more .. 2 13,072 12,996 + 7 + 0.6 
Track mileage (in- 

cluding sidings) 54,311 53,972 + 339 + 0.6 








£ £ £ 

Capital . .|1,318,515,000/1,314,407,000 + 4,108,000 + 0.3 
Amount included 

in the foregoing 

which is nominal 

only és ..| 197,124,000; 196,681,000 + 443,000 + 0.2 
Ordinary capital..| 492,080,000) 493,121,000) -1,041,000 - 0.2 
Amount included 

in the foregoin 

which is nomina! 























only o ..| 91,745,000' 91,803,000 + 442,000 + 0.5 
Receipts :— £ g £ 
Passenger traffic 52,769,000, 51,205,000) +1,554,000 + 3.0 
Goods traffic 61,479,000, 59,477,000) +2,002,000 (+ 3.4 
Miscellaneous .. 9,688,000 9,492,000 + 196,000 +21 
Total .. ... 128,926,000) 120,174,000 43,752,000 (+ 3.1 
Working expendi- | | 
ture on ... 76,570,000) 75,038,000! +4-1,532,000 + 2.0 
Net earnings 47,356,000 45,136,000) 4-2,220,0.0 + 4.9 
Proportion of net) per cent. per cent. 
earnin: to 
— _ = 3.59 3.43 + 0.16 
Dividend paid on 
ordinary capital 3.48* 8.15" + 0.33 


"* These percentages are calculated on amounts a little in excess 
of the true totals. 


Passengers Carried, Exclusive of Scason-Ticket Holders. 


Increase (+-) or 











Decrease ( — ). 
—- 1910, 1909, 
2 | Per 
Number. Cent. 
Number of ordi- 
nary passengers 
carried :— j 
First-class 29,788,000 29,416,000 + 372,000 + L38 
Second-class 28,148,000 30,796,000 —- 2,648,000 - 86 
Third-class . 1,248,793,000 1,204,869,000 4+43,924,000 + 3.6 
; Total .. ° 1,306, 729,000 1,265,081,000 +41,648,000 + 3.3 


Receipts from Passengers. 


Receipts from ordi- 
nary and season- 























‘ers :— £ £ 
rst-class 4,957,000 4,778,000 | + 179,000 | + 3.7 
Second-class 3,102,000 3,413,000 | — 811,900 - @1 
Third-class 35,188,000 | 33,759,000 | +1,429,000 + 4.2 
Total .. 43,247,000 | 41,950,000 | + 1,297,000 + 3.1 
Train- Mileage. 
— Passenger; Goods Total (including 
. Trains. Trains. Mixed Trains). 
mill. miles|mill. miles; million miles 
1910 : ..| 266.9 154.6 423.2 
1909 .. --| 263.8 153.8 419.2 
Increase (+) or / mileage. +3.1 +0.8 +4.0 
Decrease ( —) per cent. +1.2 +0.5 +1.0 
Results per Train- Increase (+) or 
Mile. . 1910. 1900. Decrease (— ). 
Receipts :— d, d, | d, 
Passengers .. oe oe 47.38 | 46.56 +0,82 
Goods .. _ in - 95.40 92.76 +2.64 
Passengers and goods... 64.78 63.36 +142 
Expenses per train-mile .. 41.08 | 40.62 +0,46 
Netreceipts .. os -.| 28.70 22.74 +0.96 
Minerals, General Merchandise, &c., Carried. 
| | Increase. 
Year.. 1910, =| 1909. 


| Amount. |Percent 

—_ 

million tons million tons million tons 
405.1 | 395.3 | 9.8 











Minerals conveyed 2.5 
General merchan- | | 

dise conveyed ..| 109.3 104.6 4.7 4.5 

Total.. ..! 5144 | 4909 | 145 29 


Receipts from Goods Traffic. 











Receipts from— £ £ £ 
Minerals ..| 29,200,000 | 28,405,000 804,000 2.8 
General merchan- 
ise ee ..| 80,714,000 29,578,000 1,186000 | 3.8 
Live stock .. 1,556,000 1,494,000 62,000 4.1 
Total .. ..| 61,479,000 | 59,477,000 2,002,000 | 34 
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THE FRITZ ENGINEERING LABORATORY 
OF LEHIGH UNIVERSITY.* 
By Frank P. McKrppen, Professor of Civil 
Engineering, Lehigh University. 


Tuk Fritz Engineering Lohorntors has been presented 


to Lehigh University by Mr. John Fritz, of Bethlehem, 


Pa., to enable the students of that Institution to study 
experimentally various problems connected with the 


materials of construction and hydraulics, There are four 


main sections in the laboratory, as follow :—(1) A general 
testing section, including the testing machinery and a 


small machine-shop ; (2) a room for testing cement ; (3) 
a room for making and storing concrete specimens, such 
as beams and cylinders ; and (4) an hydraulic section. 

The Building.—The laboratory building (see Fig. 1, 
annexed) is of the steel mill building type, 91 ft. wide and 
114 ft. long, with a main centre aisle between two side 
aisles of less height and less width. The steel frame carries 
the roof and travelling-crane only. the side and end brick 
walls being carried on independent foundations. The 
problem tobe solved in planning the building was to secure 
a structure of sufficient height to accommodate a vertical 
screw-testing machine capable of taking a specimen 24 ft. 
long, to secure at least two levels for the hydraulic labora- 
tory, and to have concrete and cement-rooms, which, while 
in close proximity to the main testing-room, could be sepa- 
rated therefrom at any time in order to prevent dust 
from passing into the main room. At the best, cement 
and concrete laboratories are dusty, and should not be 
placed where there are testing-machines. 

As ample light is of prime importance in a testing 
laboratory, numerous windows are provided in the side 
walls, end walls, and in the clerestory, and a skylight 
9 ft. wide and 84 ft. long is placed in the north roof over 
the main aisle. Steel frames with movable sections are 
provided for all side and end-wall windows. The main 
aisle is 49 ft. 2 in. centre to centre of crane columns, and 
this width affords sufficient clearances on the sides of the 
large testing-machine which stands practically in the 
centre of the building. A less width for a vertical 
machine of the size used is not advisable; in fact, the 
larger the proportion of area commanded by the travelling- 
crane the better ; but if side aisles are used, they should 
be at least 20 ft. wide. The section set apart in the east 
end of the building for the hydraulic laboratory occupies, 
in addition to a depressed area, 39 ft. by 54 ft. (10 ft. 
below the main floor level), an elevated platform of the 
same area 10 ft. above that level. A plan is shown in 
Fig. 4, page 205. 

Sufficient floor area has been provided for additional 
equipment, such as a road-materials laboratory, a large 
torsion machine and an impact machine, and after these 
have been installed there will be ample room for future 
growth. Table I. shows the floor areas of the various 
sections. 


TABLE I.—Floor Areas of Sections in Fritz Laboratory. 

















te $4 
p et e 2 3 | 
Section. ani @ e £ 3 3 
L — o 
coe § § & €is 
5 o 3 = ° & 
Floor areas in square feet 6772 840 1320 4212 250 13,394 
Clear height in feet 12 9.5 20 12 
and and 
20 20 


TaBLe Il.—Testing Machines in General Testing 
Section in Fritz Laboratory. 





Speed. 
Inches per : 
Minute. so Speed 
Type of Machine. Capacity. Dow a 0 
‘ower of Motor 
Motor. : 
Maxi-, Mini- 
mum. mum. 
Ib. r. p.m. 
Universal .. 800,000 8 0.05 20 1120 
os = 300,000 3 0.021 7.5 1120 
‘ 100 000 4 | 0.04 3 1700 
50,000 8 | 0.38 2 1120 
s 50,000 3 | 0.38t 2 1120 
50,000 3. «| O.88t 2 1120 
ms 50,000 8 0.05t 2 1120 
a3 ; 50,000 8 0.05tf 2 1120 
Tension and com- 20,000 na Hand 
pression power 
Wire-tester .. : 200,000 P a Do. 
Cold bend... 1.5 in, dia- 4 a 2 1700 
meter bar 
Torsion ‘ ‘ 24,000") .. ‘ Hand- 
power 


* Inch-pounds. t Hand-power also available. 


The General Testing Section.—This division (see Figs. 2 
and 3) contains all testing-machines, except the briquette 
machines, which are in the cement section. It is so arranged 
that classes can be divided into small groups of three or 
four students each, and each group provided with a machine 
with which to conduct tests. Occupying the western portion 
of the main aisle, which is served by the crane, and which 
is connected to the exterior by a doorway 10 ft. wide, this 

neral testing section is well arranged to facilitate the 

andling of large or heavy test specimens ; for example, 
wagons carrying steel or concrete beams or columns to be 
tested are drawn into the building through the large door- 
way and their loads removed by the travelling-crane. 
This crane has a span of 47 ft. 2 in. centre to centre of 


* Paper read before the American Society for the 
Testing of Materials, 


THE FRITZ ENGINEERING LABORATORY. 
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Fig. 1. THe Fritz Lasoratory, 





runway beams, is operated by three direct-current motors, 

and has a safe capacity of 10tons. In planning a labora- 

| tory in which tests on large specimens are to be made it 

|is very important that rapidity and ease of handling 
should receive proper consideration, and a travelling- 
crane is of the greatest importance. 

Equipment in General Testing Section.—Table Il. shows 
this equipment so far as the machines are concerned, and 
there are, of course, a great many accessories which need 
not be mentioned here. 

The 800,000-lb. machine is of the two-screw vertical 
type, capable of testing a column of 24 ft., a tension 
specimen of corresponding length, or a transverse 

| Specimen 10 ft. long or less. The clear distance between 





Fie. 2. 


the screws is 35 in. Although the weighing-table is only 
10 ft. 6 in. long, it is possible to test beams up to 25 ft. or 
30 ft. in length by using extension girders on the weighing- 
table. By means of standard weights, this machine has 
been found to be sensitive to 50 1b. ; that is, 50 lb. produces 
an initial movement of the scale beam at a load of 
20,000 lb., or at a load of 800,0001b., and by means of 
proving-levers its accuracy up to 20,000 lb. has been 
found to be within its range of sensitiveness. 

The 300,000-lb. machine is very sensitive and accurate, 
and its slow speed makes it useful for general testing. 
Its extension arms on the weighing-table are 21 ft. long, 
so that a beam up to practically this length can be easily 
tested under a load not exceeding 300,000 1b. The top 
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surface of the weighing-table and of the extensions is 2 ft. | removable flooring; but this arra t would 
above the main floor, and this height has proved satis-| tate working in a pit when the machine is in use, and, on 
a. At first thought it might appear desirable to | the whole, the position here adopted for the machine is 
have the machine lower, with the extensions and weighing- | the best ah. 

table below the floor level, so that when not in use the} The smaller universal machines are used not only for 
extensions could be covered with steel plates or other | ordinary tension, compression, and‘ shearing tests, but 














also for transverse tests, by placing the test specimen on 
Bethlehem H sections laid on the weighing-tables, the 
H sections thus serving as extensions to the weighing- 
tables. In this manner the problem of giving transverse 
tests to several small sections of students simultaneously 
is solved without having special transverse machines. 

The repair-shop equipment consists of one drill-press, 
one high-speed lathe, two metal-turning lathes, one 
milling-machine, one shaper, one circular saw, one power 
hack-saw, and one grinder. All of these machines are 
belt-driven, the power being furnished by « 74-horse- 
power motor. 

Electric Equi; .—All electricity for lighting the 
building and for driving the testing-machines is two- 
phase 60-cycle alternating-current at 110 and 220 volts 
respectively, and is supplied from the University power- 
station. Direct-current, obtained from a local company, 
is used for the travelling-erane, and for this purpose is to 
be preferred to alternating current, and, except for the 
tendency to spark, the former is better for testing- 
machines, because of better speed-control. However, if 
the gearing on the machines is properly arranged to 
provide for a very slow speed of any 0.05 in. per minute, 
a rapid speed of 8in. per minute and at least one 
intermediate slow speed, the alternating current is 
perfectly satisfactory for ordinary universal machines, 
and in the present instance was the only kind ob- 
tainable from the University station without the use 
of a rotary converter. To drive centrifugal pumps 
for an hydraulic laboratory water supply, direct current 
is much to be preferred, and although a variable- 
speed induction-motor can be obtained, yet the possible 
variations in speed are limited to such a narrow range as 
to prevent that nicety of speed-control obtainable with a 
direct-current motor. With proper gearing, therefore, 
either alternating or direct current can used for ordi- 
nary testing-machines, but direct current should be used 
for hydraulic laboratories and for certain classes of testing- 
machines. The motors, of 20, 7}, and 7} horse-power, 
for driving the 800,000-1b. machine, the 300,000-1b. machine, 
and the tools in the revair-shop respectively, are furnished 
with auto-starters. The motors for the hydraulic section 
have not yet been installed. 

The Cement and Concrete Sections.—The cement-testing 
section occupies a separate room on the main floor level 
and is so planned that twelve students can work at one 
time. e@ equipment of this section consists of well- 
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arranged tables for making cement specimens, the ordi- 
nary storage tanks, : briquette-testing machines, and all 
apparatus necessary for making stan cement tests. 

All concrete specimens, such as beams, cubes, and cylin- 
ders, are prepared in the concrete-room, which covers not 
only the entire area under the cement-room, but also 
extends beyond this area and underneath a portion of the 
main testing-room, to which it is connected by a large 
hatchway, through which the heavy concrete specimens, 
such as beams, can be hoisted into the main testing-room 
with the aid of the travelling-crane. The equipment in the 
concrete section consists of a mixer, the necessary bins for 
sand and stone, and moulds for beams, cylinders, and cubes. 

An important feature in a cement and concrete labora- 
tory is a proper drainage system arranged to prevent 
pipes becoming obstructed by cement or sand. This 
problem has been solved by placing under the concrete- 
room a large concrete sump, into which all drainage must 
flow, and in which there is a partition or weir, over Which 
the water passes, the sand, cement, and other matter 
being caught in the sump, whence it is easily removed. 
This arrangement is satisfactory. The hydraulic section 
is now being equipped. 

This laboratory has béen built and ag ped, under the 
personal —— of Mr. Fritz, by Mr. G. A. Chandler, 
Associate fessor D. Conkling, Mr. S. H. Ingberg, 
and the writer, and is a part of the civil engineering 
department of the University. 





COMMUNICATIONS FROM THE GOTTINGEN 
MODEL-TESTING INSTITUTE.* 
(Continued from page 804 of owr last volume.) 

(4) Brenaviour or BALLoon Boprgs WHEN 
OBLIQUE TO THE ATR CURRENT. 


IF an airship body of the usual form is placed oblique to 
the air current, moments are produced which tend to turn 


FIG. 138. POSITIONS OF THE RESULTANT 


its axis is therefore unstable, unless this instability to 
‘removed by the addition of stabilising surfaces. 


cases 41.8cm. In Figs. 16 and 17 the stabilising surfaces 


are shown. by, dotted lines. They. are, in reality, to be 


present investigation was designed to give information as understood gs. fixed in the plane at right angles to the 


| to the forces acting on the balloon with its axis inclined 
| to the current, and as to the effect of stabilising surfaces. 
| In addition to the information furnished by the investiga- 

tion on the question of stability, numerical values were 
also obtained fer the dynamic lift due to inclination of the 
axis. 

The models examined were the same three for which 
data have been already given in Communication No. 3. 
They were suspended in the same way as the curved 
plates of Communication No, 2 from two balances, by 
means of which the lift could be determined, while a 
third balance ee the resistance in the direction of the | 
current. With the aid of the one movable balance, the 
models could be set at different inclinations to the axis of 
the channel, and this inclination was varied from 0 deg. | 
to 15deg. From the values given by the three balances | 
the magnitude, direction, and position of the resultant | 
wind pressure were calculated. In Figs. 13, 14, and 15, | 
annexed, the positions of the resultants relative to the | 
models are given for the various settings. (The models | 
were only turned to one side out of the direction of the | 
stream ; on the other side the diagrams would, of course, | 
be symmetrical.) The position of the resultant, far in | 
front of the centre of gravity, shows that the air current | 
tends to set the model at right angles tothestream. The | 
| resultant force in its different positions envelops a curve, 
| having a cusp on the axis of the model in its middle posi- | 

tion ; it is readily seen that stability of motion is certainly | 
| obtained if this cusp C lies behind the centre of gravity G, | 
for then the resultants for all positions of the model inter- | 
| sect the axis behind the centre of gravity, and always tend 
to turn the model into the direction of motion. 
On Model ITI. the effect of stabilising surfaces was also 








FORCE FOR MODELS |., Il. Mate & a ame ae. 
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Fig.Jb. POSITIONS OF THE RESULTANT FORCE | / / / / / / / / / > * 


FOR MODEL II. 








Fig.16. POSITIONS OF THE RESULTANT 
FORCE FOR MODEL IT WITH 
STABILISING SURFACES 6-5xI3 CM. 
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the balloon into a position at right angles to the direction 


of motion. The motion of the balloon in the direction of 





* Translated by permission from the Zettschrift fiir 
Flugtechnik (Munich and Berlin; R. Oldenbourg). 


A i ia ? 
lila .17. POSITIONS OF THE 
Mig RESULTANT FORCE FOR 
ati My MODEL Il WITH STABILISING 
VL ETSY: SURFACES 8x15 cm. 





examined. For this purpose it was fitted with two sur- 
faces, each 13 cm. long by 6.5 cm. wide. In a further 
experiment each surface was 16 cm. long by 8 cm. wide. 
The distance of the centre of vity of the two surfaces 
from the centre of gravity (G) of the model was in both 


direction of the resultant force tow 2 
gravity, and even beyond it; the increase of stability is 
thus clearly demonstrated. e improvement in stability 
is still better exhibited by determining the couple about 


plane of the drawing. As the diagrams show, with these 
F 79.18. TURNING-MOMENT COEFFICIENT. 
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surfaces there was very considerable displacement of the 


the centre of 
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he centre of gravity of the model. This couple is most 
conveniaully oad relative to the volume V. is 
may be written :— 
Mag .V; €2, 
” 9g 


See the preceding article in the Zeitschrift fiir Flug- 
pal - L. Prandtl.) In Fig. 18 the pote Kite 4 is 


lotted for the three models against the inclination. 
The curves IIIb and IIIc show the coefficient for 
Model III. when fitted respectively with the smaller 
and larger stabilising surfaces. This figure shows also 
clearly the instability of the model without stabilising 
surfaces and the increase of stability due to the addition 
of such surfaces. cn ae ; : 

The resultant of air resistances, as determined in the 
manner already described, were also resolved into their 
two components in the direction of the stream and at 
right angles to it, corresponding respectively to the head 
resistance to be overcome, R, and to the upward force 
giving dynamic lift L. If these forces are expressed in 


terms of V3 (see the preceding article), then 


maze. vi. 92; Lee. vi... 
. ae iy . g 

The curves for f,and & are given in Figs. 19 and 20. 
The great increase in the lift, in the case of Model ITI., 
in consequence of the addition of stabilising surfaces, is 
specially noticeable. This, of course, is at the same time 
combined with increase in the h resistance. If the 
increase in lift, due to the addition of stabilising surfaces, 
is compared with the lift on those surfaces tae ay 
the same inclination to the current, it is noticeable that 
the increase in the total lift is very much greater than 
that on the stabilising surfaces alone ; it is, in fact, about 
1.6 times as great. 

(To be continued.) 





WORKMEN’S COMPENSATION CASES. 
County Court. 

A Wife is not Necessarily a Dependant.—At Middles- 
brough County Court the widow of John Chapman e 
a claim in respect of her hushand’s death, which occurred 
by accident while in the employment of Messrs. Bolckow, 
Vaughan, and Co. His wages were 1. 12s. 8d. a week. 
His children were all grown up, and the widow claimed 
as the man’s sole dependant. There appeared to be no 
defence till, on behalf of the gues it was proved 
that the widow was not, as a matter of fact, a dependant 
at all. Although the widow was married to the deceased 
for twenty-three years, she was not a dependant at the 
time of his death, having been separated from her husband 
since April, 1910, on the ground that he did not con- 
tribute sufficiently to her maintenance. She was on the 

int of seeking a maintenance order when the man met 

is death by accident. 

The widow claimed to be in straitened circumstances, 
and only occasionally received any contributions from the 
husband. She however, was not living by her husband’s 
earnings, but oo to be dependent on her sons and 
other lodgers. It was denied that she applied for a main- 
tenance order. Further, as she had voluntarily left her 
husband and refused to return to him, and had kept herself 
7 letting lodgings, this might have caused her the denial 
of ‘‘a maintenance order.” Therefore the judge dismissed 
her claim against the employers. The fact of her being a 
workman’s widow did not make her ipso facto a dependant, 
and the fact of dependency had to be proved. In justice to 
the employers, no claim should have been made upon them 
if the widow was voluntarily earning her own living apart 
from her husband. This case differed from that recently 
decided in the House of Lords. The widow, it is true, in 
the House of Lords case, had been living apart from her 
husband for twenty years, and was independent of her 
husband’s earnings, having good wages as a housekeeper. 
Whereas in the Middlesbrough case the widow earned 
only a precarious living, and a she might have 
brought a claim against her husband in his lifetime for 
maintenance, she was too late in applying for it, and at his 
death she had no sort of claim for compensation upon her 
husband’s employers. Her claim was therefore dismissed. 

Is a Knocker-Up a Servant?—A curious claim by a 
knocker-up came before the Preston County Court Judge, 
when the question the judge had to decide was whether, 
as a ‘“‘ knocker-up,” the applicant was an independent 
contractor or a servant. 

‘he man, employed as a brewer, sustained injury by 
accident and received 6s. compensation. At the time of 
the accident he was, in addition to being a brewer, also 
in receipt of weekly earnings as ‘‘ knocker-up ” of some 
160 fellow workmen, and he claimed to add such i 
in estimating compensation. It was, however, held by 
the judge that as a “‘ knocker-up” the man was under no 
contract of service. He was, in fact, an independént con- 
tractor, not a servant. Hedid not come within the defini- 
tion of aworkman. The claim was therefore dismissed. 

Cases like this show unhappily the absurd desire to 
make up a big claim against the employers which work- 
men too often display, as if compensation were always 
due to them on a generous scale, quite apart from the 
justice or equity of the claim, for here there was no con- 
current contract of service. 

The Value of an Eye.—A riveter named Ordish brought 
a claim against the Midland Railway yn in respect 
of compensation for the loss of one eye while in the 
company’s service. The applicant had at work in 
the locomotive department at 1/. 8s. 6d. a week. 

In October he had his left eye removed at the Royal 
Infirmary, and in h last when an out-patient he was 


asked to present himself for work as a riveter. The 


man said he was anxious to work, but he shrank from the 
same employment, which would expose him to the risk 
of —_S remaining eye. At | it was agreed he 
should be paid 18s. a week as light labourer to s the 
sum of compensation to be fixed by the Court at a later 
date. He returned to work on June 1 at a nominal wage 
of 18s., and was paid on an average 17s. 3d. a week owing 
to the works being on short time. He received full com- 
pensation during the time he had been laid up unable to 
work. The company had quite a number of men at work 
as usual in the riveting department who had suffered the 
loss of an eye, but the ae this case was afraid and 
thought it was unreasonable of the company to t him 
to expose himself to the continued risk of total blindness. 
It was not right of the applicant to contend that his other 
work as light labourer at 18s. 6d. a week would reduce 
him permanently to a lower grade of employment, for 
other men having lost one eye had resumed their old 
employment at 32s. a week. There were always other 
light jobs, such as shop clerks and soesieuaen, available 
where wages were 32s. and 25s. a week. e judge was 
of opinion that each case should be decided on its merits, 
and that in this case of permanent partial disablement 
there was no rule as to the amount of compensation to 
awarded. He did not think in this case the risk of the 
man losing his second eye need be taken into account 
very seriously, as it was a emp risk. He thought the 
applicant might return to his old job at his old w 

but if he preferred to avoid the risk, he thought 5s. 3d. a 
week com tion, in addition to the 18s. from a light 
job, would be reasonable. Thus, it may be estimated, 
5s. 3d. a week is the value of an eye. is assumes the 
man will have fixity of tenure in his employment. 


Houses or Lorps. 


The Course of His Employment.—This was an appeal to 
the House of = by R. Evans and Co., Limited, and 
the respondent was the widow of Robert Astley, in the 
appellant’s employment as brakesman on a colliery train 
— of an engine and three trucks. An accident 
hap; when the train was making for the company’s 
shed. The train overtook another train, with an engine 
in front and a brake-van behind, and the two trains 
travelled with buffers touching, but not coupled. The 
appellant’s argument was that Astley clim upon the 
van, or tried to do so, for his own purpose, and that he 
meant to get upon the van, because in a minute or two 
the train would be passing the 
He would save time alighting where the 
points were, and could do so more conveniently by using 
the steps on the brake-van, whereas there were no steps 
on the trucks. The error of judgment in attempting to 
leave the trucks for the brake caused the man’s death. He 
was probably not ae | or taking an undue risk. The 
man was killed by a risk incidental in its nature to the 
master’s work ; a bonf-fide accident happened which was 
incidental to the employment, and therefore the master 
was liable. The Court of Appeal sustained the County 
Court Judge’s finding, the majority of the House of Lords 
agreed with the opinion of the Court oS Sage, and the 
ap} of the colliery masters was dismissed. 
ere seemed some reason in the argument on the 
master’s behalf to say that the deceased was in charge of 
the train and abandoned his duty when he made the 
wrong ry ay oy he ought not to havedone. There was 
a doubt that the accident really arose out of the work- 
man’s employment. This is a subtle distinction, but it 
will be noted that the majority of the judges, including 
the Lord Chancellor, were of opinion that the unfortu- 
nate man ac as he was employed to do, but in the 

Wife's .—A wife’s dependency in very many 
cases that have come before the Court of Appeal has been 
decided in the wife’s favour, even when was not 
actually dependent on her husband’s earnings at the time 
of his death. It wasassumed in cases when the workman 
was living apart from his wife that while the husband 
was alive there was the possibility that the wife might 
return to actual dependency. erefore it had been 
assumed that a wife was always in the eyes of the law a 
dependant, and entitled to compensation for her hus- 
band’s death. 

This familiar poe of law has at last been reversed b 
the decision of the House of Lords, which disagreed wi 
the Court of Appeal in the case of the widow of a miner 
named Keeling, who met his death by accident while in the 
employ of the Monckton Collieries, 
was awarded 263/. 5s. by the County Court Judge, being 
the amount of the deceased’s earnings for the p i 
three years. On aj to the House of Lords the award o' 
the County Court Judge, which had been upheld by the 
Court of Appeal, has now been upset, at last the 
view of practical common-sense has revolutionised an 
important point of the Workmen’s Com tion Act 
as generally administered till now. judgments 
hitherto given in the widow’s favour presumed in most 
cases that the widow, because she the deceased 
workman’s wife, was a dependant, whereas, in point of 
fact, this dependency was, in certain cases, a pure fiction. 
Mrs. ing, in this case, was married in 1881, and was 
the mother of four children. The husband treated her 
cruelly, and she found it impossible to live with him, and 
so in 1888 she left him for ever, pas to her parents, 
resuming her maiden name, and er children with 
her. During the whole of the ten years —— her 
husband’s death, Mrs. Keeling supported herself and her 
children by her —_— as housekeeper to a collier. 

ing the whole time after her separation from her hus- 
band Keeli made no sign of any wish to 
return to live with him, and had never made any eppli- 
cation to him for her support. At the time of 
husband’s death Mrs. Ki was in receipt of 16s. a 
week from the collier, Bradford, and 13s. a week from a 








ponte, which he had to Boo! 
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lodger. On the basis of partial dependency the Count: 
Court Judge awarded her compensation. He held that 
she had never abandoned her legal rights as a wife. 

The House of Lords, whose judgment was delivered by 
Lord Atki said the County Court Judge had not 
explained on what principle he had arrived at the con- 
=— that the res — * the vey of her husband’s 

eath was o' y dependent on his i 

But if the Judge’s conclusion were pho it could 
only be on the ground that there was some presumption 
of law that a wife was, within the meaning of the statute, 
dependent on her husband’s earnings if he was under a 
legal obligation to maintain her. Lord Atkinson, remark- 
ing on the fact that Mrs. Keeling for twenty years after 
her separation from her husband had never received a 
poy towards her maintenance from him, said: “It may 

that in law her husband was bound to maintain her, 
but it is by the discharge of that obligation, and not by 
its mere existence in law, that a husband really maintains 
his wife.” The common-sense, which was the crux of the 
judgment, was expressed by the question, ‘‘ What was the 
pecneery loss sustained by Mrs. Keeling on account of 

er husband’s cessation of power to earn and to maintain 
her? Whatcould be the money value to her of an obliga- 
tion which her husband never acknowledged ?” 

The cellor and the House of Lords agreed 
with Lord Atkinson’s judgment, and the appeal of the 
colliery com ve allowed. Lord Atkinson reviewed 
the cases in the Court of Appeal and in the House of Lords, 
Hodgson v. West Stanley Colliery, and Main Collier 
Company v. Davies, His lordship in conclusion said: ‘It 
by no means follows that though there is no presumption 
that a wife is dependent upon her husband’s earni 
merely because of his +- obligation to maintain her, 
this | obligation is to ignored in deciding on the 
fact of her Me oe 
Thus the fiction of a wife’s legal dependency may in 
future be a The question in awarding a wife com- 
pensation for her husband’s death must be ‘‘ What is 
the widow’s actual loss by reason of the husband’s death ?” 
In such cases as the above it will be nil, and therefore 
there will be no claim as a dependant recognised. 





Tue British CORPORATION FOR THE SURVEY AND 
Reeistry or Surppine.—There has just been published 
by this corporation, whose head offices are at 121, St. 
incent-street, Glasgow, a new issue of their ‘‘ Register- 
k and Rules,” and it carries conviction as to the pro- 
gress of the registry at home and abroad. The extent of 
the ramifications of the corporation is indicated by the 
list of surveyors at colonial and foreign ports, whilé the 
record of ships registered, and of those assigned free- 
boards, continues to lengthen at an increasing rate. Of 
greatest technical interest are the rules, which ex- 
way that broad spirit which is a characteristic of the 
Technical Committee and Chief-Surveyor, Mr. J. Foster- 
King, and to which we referred at length on the occasion 
of the eg anniversary of the formation of the 
corporation (ENGINEERING, vol. xci., page 283). The 
only alterations noticeable in a cursory examination of the 
rules are in details embodying the suggestion of experi- 
ence. All are of practical importance toship-owners, and 
indicate inevenged — — in connection with fore 
peaks and the flat of floor forward, and in adding to the 
thicknesses of the tank > -“~r— at the ends. Some 
of the boiler formule have n simplified, and a begin- 
ning has been made with regard to the requirements of 
foreign countries by printing the requirements of the 
Italian law in connection with the testing of engine cast- 
ings for vessels to be registered in Italy. 





LaRGE AMALGAMATION OF WartTER-Powrr INSTALLA- 
TIONS IN ScaNDINAVIa.—Although the legislatures of 
both Norway and Sweden have foreseen the attempts 
foreign capitalists were likely to make in order to become 
possessed of the immense value, dormant or otherwise, 
which the vast supply of water-power in the two countries 
represents, and have passed measures so as to be able to 
frustrate, or, in any case control, such attempts, en- 
deavours have not infrequently been made by foreign 
syndicates to become more or less directly interested in 

scandinavian water-power. The success of recent elec- 
tric iron-ore smelting experiments has further increased 
this desire for waterf and a large international 
combine is the outcome. Under the style of the Hydraulic 

‘ower and Smelting Corporation, Limited, with a capital 
of 40,000,000 marks (or 2,000,000/.), half in shares and 
half in debentures, three large rman electric firms 
oy Elektricitiits Gesellschaft, the Siemens- 

huckert Company, and the Company for Electric 
Undertakings, rlin), aided, it is understood, by the 
banking-house of Bleichrider, have formed a combine for 
the acquirement of Scandinavian water-power concerns, 
or in such, lish and Scandinavian capital is 
also understood to be interested in the scheme, and the 
plan appears to have emanated from a Swedish and 
a Norwegian gentleman, both interested in hydraulic- 
wer concerns, of which the Norwegian Electric 

etal Company and the Tyssefaldene Company, besides 
the Trollhattan Electrothermical Company, are first on 
the list of the undertakings connected with the large new 
combine. The names of the further concerns to be 
included have not yet transpired. Norwegian 
Hydro-Electric Company and its chief, Mr. 8S. Eyde, are 
outside the amalgamation. The German ives 
vent to expressions of satisfaction at the unity which, in 
spite of keen competition, prevails amongst the leading 
German electric firms when it is a question of im t 
foreign doings ; a unity which also manifests iteelf in the 
—ernen of prices in large transactions, in which respect 
this policy, however, also may have its drawbacks, 





especially in connection with the © consumption. 
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to avoid any probability of leakage, due to panting action, 
the panes tank is not fitted for oil. The amount 
carried in bottom tanks is thus about 630 tons. Two 
deep tanks, one in front of the forward boiler-room and 
the other between the forward and after boiler-rooms, 
are constructed to carry oil ; the capacity of the forward 
tank (extending to the main deck) is 1165 tons, and that 
of the upper main tank, between the upper and main 
decks, is 500 tons, while the lower main tank—i.e., below 


the main deck—contains 1120 tons. There are two oil- | 
settling tanks, built inside the main oil-tank, each of 


130 tons capacity, equivalent to one day’s consumption. 
Heavy oil is always*mixed more or less with water, and 
can only be separated by keeping it perfectly still in the 
settling-tank and allowing more than twelve hours for 
the water to settle down at bottom of the tank, from 
which it can be drained off. Thus the total capacity for 
oil storage is 3675 tons, a quantity sufficient to run the 
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space, to keep the cargo hold clear of any leakage of oil 
from the tank, oil-gutters have been constructed on 
boiler-room sides of tanks, extending from side to side of 
the ship, where oil-valve boxes are placed, and any oil 
leaking from .tank bulkheads or from pipe-joints is 
collected, down with the hose and pum 
overboard at regular intervals of time. There is also an 
| oil-well at each end of the double-bottom oil-tank, to 
— any possibility of oil leaking into ordinary ballast 
tan 


Ventilation of oil-tanks is also very carefully done 
| throughout. The gas emitted from oil is very heavy and 
very difficult to remove by ordinary methods of ventila- 
tion, and as there is no danger of explosion so long as the 
tanks are kept perfectly tight, no ventilator pipes are 
fitted, except small air-pipes serving as exhausts for air 
in filling the tanks. When it is deemed necessary to clear 
the tanks, as in the case of inspection or repairs to be done 





LASSOE -LOWEKIN BURNER FOR ATOMIZING OIL 
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TENYO AND CH/IYO MARU 
BURNER GEAR 


ped This pump can 
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through valve-boxes to the ballast-pump suction and 
delivery . One of the ballast donkey-pumps, 9 in. 
by 12 in. by 10 in., of which there are two, is exclusively 
used for pumping oil, being cross-connected with the 
water-ballast pump, with ‘blind flanges in the middle. 
ift oil from one tank to another, or 
deliver into the settling-tanks ; trim can thus be adjusted 
by oil ballast. 

After carefully considering the different systems of 
| burners, it was concluded that none using steam is 
economical for an ocean liner, as a installation of 
evaporators is needed for making up the deficit of fresh 
water lost by atomising the oil, and fuel consumption is 
far greater than with other systems. Mechanical spray- 
burners are simple in construction, but cannot be worked 
satisfactorily with very heavy oil. Several experiments 
| were made on shore with different kinds of spray-burners, 
using Californian fuel oil, and it was found that the 
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ship for about twenty-seven steaming days at an average 
service speed of 15 knots, or to cover the distance of 
about 10,000 miles. 

The supply of oil fuel is neither so certain nor so 
universal as in the case of coal, and this fact was borne 
in mind when scheming out the oil installation of these 
steamers. Thus deep tanks were so constructed that they 
could be converted with little trouble to carry coal also ; 
all coal-holes and doors for this purpose were temporarily 
covered up with detachable plates securely riveted to the 
bulkhead plating and caulked round. 

Deep tanks and double-bottom tanks are constructed 
according to Lloyd’s requirements for oil-carrying ; seams 
of deck, tank top, and bulkhead plating are all double 
riveted, and the use of red-lead putty or other packing 
materials for securing watertightness avoided as much as 
possible. Rivets connecting frame-gussets to tank-top, 
and also those connecting tank side-bracket to margin- 
plate, are countersunk headed and caulked from inside 
the tank. 

A dry cofferdam is fitted at the front end of the 
forward oil-tank, extending for a -length of one frame 





to the tank, artificial means of sucking air through the 
oil-suction pipes are provided. For this purpose the con- 
nection can be established between one of the boiler-room 
blowers (fitted for supplying air to atomise the oil, as 
will appear later on) and the oil-suction main by means 
of a flexible hose. (See Figs. 10 to12, 210.) Clayton’s 
fire-extinguisher is also made use of in assisting the 
ventilation of deep oil-tanks, and is fitted with branch 
pipes leading down to different depths in the tanks, thus 
enabling the Clayton blower to draw out gas from any 
desired height; only small quantities of gas can thus be 
dealt with. : ’ 
The arrangement of pipes for pumping oil is shown in 
Figs. 1 and 2, 208, and, as can be seen from the plan, 
the tank suctions from each double bottom are led to 
separate valve boxes, one for each side of each tank, 
through which they are connected to t and oil-main 
suction. These valve-boxes are so constructed that one 
tank can never be connected to oil and water-ballast 
main at the same time, thus avoiding any possibility of 
oil and water mixing. There are two oil-mains of 6 in. 














burners are only workable when the oil is highly heated, 
which seemed to ‘be rather objectionable in passenger 
steamers. Attention was then turned to burners using 
compressed air, and among these the Liissoe and Love- 
kin’s was considered suitable for heavy oil, mainly for 
the reason that as it has comparatively holes, the 
tendency to choke is less; further, its adoption of low- 
pressure air for atomising greatly reduces the trouble of 
working the air-compressors. us, after due considera- 
tion, Lassoe’s burners were fitted in the two steamers, 
and their construction and arrangements are as shown in 
Figs. 3 to 9, above. The quantity of atomising air 
and oil can be nicely adjusted y. cocks provided for that 
eed a small steam-pipe is led to each burner from 
the boiler, and this was found to be very useful for blow- 
ing out the — or sega = P 

ere are four duplex pumps for sending fuel oil to 
the burners, two arranged, in duplicate, io each boiler- 
room, and each having dimensions of 4} in. by 6 in. by 
6in. One is quite sufficient to supply oil to six boilers 
in full power. 





diameter, one for each side, and they are again connected 


Fach pump has the following connection ; — 
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Suction from po on Dy 
Suction from cofferdam bilge in stokehold. 
livery to burners. 
Delivery overboard. i 
The suction inlets of the pumps in the settling-tanks 
are provided with steam-heating coils, to increase the 
fluidity of the oil. This was found very useful, ially 
in winter. Strainers are a speren on both the suction 
uw 





and delivery sides of the -pumps ; they are arranged 


TENYO AND CHIYO MARU 
BOILER ROOM ARRANGEMENT 





in duplicate for the purpose of overhauling and cleaning. 
Dellvenr oe from the pumps after leaving the strainers 
are led to the heaters and then form a ring around the 
boilers in each stokehold. In the ring, an_escape-valve 
is provided, and its drain is connected to the suction of 
the fuel-pump. E ; 
Oil-heaters are also made duplicate, and one set is 
placed in each stokehold. They may be connected either 
in series or in parallel, and by this arrangement oil can 
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Fig. 
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Oil Consumption in Relation to Speed and Power.— 
**Chiyo Maru.” 
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Yokohama-Honolulu .. 25 it 16,800 15,21 141.4 | 8940 
’ 


| 
| 


Honolulu-San Francisco 23 5}, 
San Francisco-Honolulu 26 11 . ¥ 
Honolulu-Yokohama .. 25 5 | 16,660 | 15,92 173.3 | 10,150 
Yokohama-Honolulu .. 24 8} 16,050 | 15.18 145.7 8380 
Honolulu-San Francisco 23 2 14,800 | 15.29 132.7 
>an Francisco-Honolulu 27 04) 

Honolulu-Yokohama .. 2) 10; 
Yokohama-Honolulu .. 26 7 
Honolulu-San Francisco 25 4 | 16590 | 15.73 149 5 
San Francisco-Honolulu 26 83) 17,380 15 04 138 5 
Honolulu-Yokohama .. 25 1}, 16,400 14.50 122.4 | 7500 
Yokohama-Honolulu .. 26 0 | 17,150 15.04 140.3 9100 
Honolulu-San Francisco 24 3}, 15,710 _ 15.33 137.0 8480 
San Francisco-Honolulu 27 4}| 18,220 | 16.03 | 120.5 | 8950 
Honolulu-Yokohama .. 26 8}! 17,700) 15.08 | 1475 8960 


Oil Consumption in Relation to Speed and Power.— 
“*Tenyo Maru.” 
Yokohama-Honolulu .. (27 0; 17,950; 17.20 | 183.5 | 14,420 
Honolulu-San Francisco 25 74, 16,00 | 18.25 | 200.5 | 18,300 
San Francisco-Honolulu 26 8} 17,650 | 15.77 | 140.0 | 11,710 
Honolulu-Yokohama .. 25 11 17,000 1638 159.3 | 11,600 
Yokohama-Honolulu .. 27 2} 18,100 16,02 185.0 | 11,400 
Honolulu-San Francisco 26 3} 17,350 15.77 180.7 | 11,610 
San Francisco Honolulu (26 3 7 | g7 
Honolulu-Yokohama .. 25 8} 16,950 16.34 165.6 | 11,460 
Yokohama-Honolulu .. 26 11 , 17,860 1525 145.6 | 9230 
Honolulu-San Francisco 25 3 16,550 15.64 168.3 | 9650 
San Francisco-Honolulu 26 8% 17,700 | 14.86 133.5 8600 
Honolulu-Yokohama .. 26 3}, 
Yokohama-Honolulu .. 26 6) 
Honolulu-San Francisco 25 5 
San Francisco-Honolulu |%7 74; 
Honolulu-Yokohama .. |26 11 | 
Yokohama-Honolulu .. (27 8 | x 1 8900 
Honolulu-San Francisco |26 4 | 17,42! | 15.75 156.3 11,100 
San Francisco-Honolulu (27 3 ) ‘ 87. 
Honolulu-Yokohama .. 25 11}) 
Yokohama-Honolulu .. 26 8}| 17,690 | 15.92 , 160.3 | 10,750 
Honolulu-San Francisco (25 5 7 . 75 
San Francisco-Honolulu |26 2 | 
Honolulu-Yokohama .. |25 3 16,550 | 15.04 138.3 | 8150 
Yokohama-Honolulu .. 25 | 17,080 | 16.10 
Honolulu-San Francisco 24 4}; 16,800 | 15.13 143.0 | 8270 
San Francisco-Honolulu |26 1} 17,210 | 14.69 | 144.0 | 8000 
Honolulu-Yokohama . ./25 16,600 | 14.78 | 118.0 | 8050 
| 
| | 





* The shaft horse-powers in the above table are taken from the 
trial power at the tabulated, corrected for displacement ; 


the correction employed assuming shaft horse-power to vary as 
displacement 4. . 


8850 | the flap-valve provided 
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be easily heated to any degree of temperature. In the 
ting, and remotest from the pump, a small pipe with 
valve is branched and connected to the suction of the 
fuel-pumps. By means of this arrangement heated oil 
can be passed through the whole system of oil pipings 
over and over again before starting the fires, and thus 
suitably-heated oil can be supplied to all the burners, 
and regular firing can be obtained at once. The arrange- 
ment of the fuel-oil pipes is shown in Fig. 10, above. 

The atomising air for burners is supplied by eight 
blowers on t’s system. Two blowers are located in 
each stokehold, and have cross connections between 
them forming the main air duct and reservoir. At 
ordinary sea 8 is only half the number of blowers will 
suffice ; the other four are —_ as spares. The pressure 
of air at the discharge of the blowers is kept at about 
14 lb. per square inch, or 3 in. of mercurial column. 

tter results are always obtained by atomising oil with 
heated air, and, with this end in view, the blowers are 
arranged to take the air from the Howden heater pro- 
vided in the uptake of each boiler. The blowers are also 
made to take cold air from the stokehold directly by opening 
i in the suction-pipe of the blower. 
By this arrangement the temperature of the atomising 
air can be adjusted to suit the quality of oil. From the 
main air-duct lying under the floor 2-in. pipes are led to 
each furnace to supply air to the burners. The arrange- 
ment of air supply is also shown in Figs. 10 to 12. 

In Apri 1908, the Tenyo Maru was put in service, and 


7880 | in the following December the Chiyo Maru. Ever since, 


on both ships, experiments have been conducted with the 
object of reaching the minimum consumption of fuel. | 

e following are the principal results for oil-burning, 
found by experience. : 

1. The — of heating desirable for the oil depends 
on the quality, and, in the best results can be 
obtained by ——- a little below the flash-point. 

2. With Liissoe burners, the oil pressure at the burner 





should not be more than a few pounds above atmospheric 


ressure. It will be sufficient to have the pressure at the 
lelivery of the fuel-pump just capable of ing the 
oil through the pipes. 4 the case of the cos aru 
and Chiyo Maru, the pressure at the delivery of the pumps 
varied from 15 lbs. to 20 lbs. per square inch by gauge. 
It was also found, with the burners, that better soouite 
are obtained by injecting oil into the furnace by the 
pressure of the atomising air rather than by the pressure 
of the oil itself, as in the mechanical spray burners. 

3. The air supply to the furnace from the Howden 
draught-fans —— more delicate adjusting than in 
coal-burning. en the supply of air is deficient, dense 
black smoke is produced, a heap of unburned coke is 
soon formed in the furnace. en the supply is in 
excess, no smoke is visible, but the temperature in the 
furnace is greatly lowered. The most economical firing 
is when very faint smoke is seen rising up through the 
funnel. In such a state of firing, in the case of the Tenyo 
Maru and Chiyo Maru, the air pressure in the furnace was 
found to be about 4in. This pressure is very low as cem- 

with coal fires, where great resistance is encountered 
in passing air through the fire and grate. 

4. Impurities of the oil form ie went objectionable 
feature in burning, and with impure oil the consumption 
becomes enormously increased. When oil contains salts, 
a very obstructive incrustation is formed in the holes of 
the nozzle. This being solid salt, its removal can onl 
be effected by passing reamers through the holes. Wit 
the nozzles choked, atomising mes very much 
reduced, and consequent increase of consumption is 
unavoidable. Thus, when oil is used as fuel, separation 
from impurities is a matter of urgent necessity. The 
separation is most effectively done in settling-tanks, and 
more quickly done by heating the contents by the steam- 
coils therein provided. 

Information with regard to the consumption of fuel in 
the — % will be of interest. The di ms, Fig. 13, 
annexed, show the relation between shaft horse-powers 
of the turbines and consumption of fuel. The consump- 
tion of oil in the Tenyo Maru and Chiyo Maru can be 
read with accuracy by the level gauges provided at the 
front of the settling-tanks. e daily consumptions 
plotted on Fig. 13 were taken from the chief engineer’s log. 

Another curve showing the rate of consumption per 
shaft horse-power per hour is drawn on the same diagram. 
From this curve it can be at once observed that the rate 
of consumption is greatly increased at reduced powers. 
At 18,500 shaft horse-power the consumption of oil is 
about 1.05 lb. per shaft horse-power per hour. This 
figure may be ye ape with the coal cousumption ob- 
served on the tri made by the builders, in which 
case, for the same power, 1.52 lb. of the best Takashima 
coal were requi per shaft horse-power per hour. 
Hence oil consumption in proportion to coal consumption 
is approximately in the ratio of 2:3. 

The above was prepared for the meeting of this Institu- 
tion which was to have been held last year. Since then 
a little more experience has been gained ; this may be 
summarised in the following note :— 

Owing to the uncertainty of supply of fuel oil in Japan 
and China, the owners decided, a short time ago, to burn 
coal at this end of the voyage; the forward battery of 
beilers (six in number) were therefore converted to use 
coal as fuel, while the aft battery, consisting of seven 
boilers, were still to burn oil. As ten boilers are com- 
monly needed in ordinary serviee, the coal and oil- 
burning boilers are used in combination to suit local con- 
ditions of fuel supply. It has been found that the 
consumption in the case of coal-burning is 20 to 22 tons, 
against 14 tons of fuel oil. 








Ancient Iron Furnace DiscoverED IN SWEDEN. 
Professor Odelstjerna has recently been making researches 
at Hedesunda and Pernebo, in Sweden, in order to dis- 
cover ible remains of ancient iron furnaces. The 
result ~ been very satisfactory, such furnaces having 
been found in both places. They were cavities or holes 
set with stone, and having a hard-burnt bottom of clay, 
mixed with slag. This Kind of primitive furnace was 
used for the production of iron earlier in Sweden than 
in any other country. Those found at Hedesunda are 
the largest known, and it has been estimated that they 
were in use more than 2000 years ago. 





DiaMETER OF SMALL Particies AND Stokes’s For- 
MULA.—In a paper presented to the Deutsche Physika- 
lische Gesellschaft (Proceedings. vol. xii., page 1025) in 
Berlin at the end of last year, Max Reinganum examines 
the conditions under which the formula of Stokes holds 

. After giving a résumé of the critiques applied to 

the formula, which is used for estimating the size of 
rticles from the rates of their movements under known 
‘orces, he describes experiments. For way small par- 
ticles, such as the ions of , the formula would not 
appear to be applicable, nor would it be applicable to the 
metallic particles of Ehrenhaft. If the particles can be 
rded as elastic spheres, similar to gas molecules, their 
radii should be proportional to their velocities, and not to 
the square root of the velocity, as Stokes taught. Accord- 
ing to Reinganum the 7 hn the medium should also 
have an influence. In ‘‘ Le ium,” vol. vii., page 345, 
R. A. Millikan suggests another modification of Stokes’s 
law. He produces a cloud of small particles of oil or 
mercury over a condenser of two horizontal plates, and 
lets a few particles fall through a hole in the upper plate. 
When the condenser is discharged and rechi », a 
ingle particle may be observed to fall and to rise again, 
and be watched for many hours; the air is ionised (natu- 
rally or by radioactivity), and when one or more 1008 
join the drop, its electric charge is altered, and its speed 
of ascent (which depends upon the charge) alters step by 





step. 
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COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


WE give below a list of colonial and foreign engineering 
wae for some of which tenders are asked. Further 

rticulars concerning them can be obtained from the 
Boemercial Intelligence Branch, Board of Trade, 73, 
Basinghall-street, E.C.:— _ 

New Zealand : The Imperial Trade Correspondent at 
Dunedin (Mr. W. T. Monkman nee that there is a 
movement at that place for the development of Dunedin 
and the Province of Otago. It is hoped to expedite the 
completion of two or three lines of — the progress 
of a scheme for watering the dry areas, the provision of 
better harbour facilities, &c. , 

Morocco: His Majesty’s Consul-General at Tangier 
(Mr. H. E. White, C.M.G.) reports that tenders are 
invited by the Special Committee of Public Works for 
the construction of a road, 200 metres in length, leading 
from the small lighthouse at Tangier to the Custom House. 
The estimated value of the contract is placed at 75,000 
francs (3000/.); a deposit of 1000 francs ior.) is required 
with each tender, to be increased by the successful 
tenderer to 3000 francs (120/.). Tenders will be received 
by M. le Président du Comité Spécial des Travaux 
Publics, Dar En-Niaba, Tangier, up to 11 a.m. on Sept- 
ember 21. It is to be noted that the contractor must 
elect domicile in the neighbourhood of the works. __ 

Spain: The Gaceta Madrid of July 23 contains a 
notice, issued by the General Directorate of Public Works, 
authorising the Sociedad General de Ferrocarriles Vasco- 
Asturiana to lay railway lines for the purpose of connect- 
ing the Ujo-San Esteban de Pravia Railway with the 
harbour at the last-named place. The Gaceta of July 24 
contains a notice, issued by the General Directorate of 
Public Works, to the effect that an application has been 
lodged by Don José Prast and Garcia Ollalla for a con- 
cession for the construction and working of a secondary 
railway from Vélez Rubio to Almendricos. 

Russia; The Official Messenger of July 21 announces 
that the municipal authorities of Reval have applied for 
power to raise a con of 1,500,000 roubles (about 158,000/.) 
for the carrying out of public works, including water, 
drainage, and electric light works, the building of a 
hospital and barracks, &c. : 

Peru: El Peruano of June 2 notifies that arrange- 
ments are being made for the Amazon Pacific Railway 
Company to proceed with the construction of the Pucalpa 
Railway (see Board of T'rade Journal of November 3, 
1910, page 231). The most difficult section will be from 
Goyllarisquisga to Ambo, as it comprises a gradient of 
over 7000 ft. in 50 miles. It will take three months to 

repare the plans for the first section, Goyllarisquisga to 
alenes, and two years to build this section. 





Iron InpusTRY IN Srperia.—The iron industry of 
Siberia has, so far, attained to no great importance, and 
the exportation of iron does not take place. There are, at 

resent, only three iron works, the railway apparently 
Cooke retarded, instead of advancing, the iron industry, 
the number of iron works having formerly been greater. 
Siberia’s requirements of iron are of fair importance, but 


for some of the large and comparatively well populated O 


districts, the Ural iron works or the tern ports are 
more convenient sources from which to draw the supply, 
the more so as Siberia’s few iron works, with one exce 

tion, are located at a considerable distance from the 
railway, and thus handicapped in the competition. 
Dearth of suitable coke, and shortage of skilled hands, 
are further obstacles in the way of the local industry. 
Formerly, when the means of transport did not allow of 
iron being imported from abroad, the small Siberian iron 
works did fairly well, whereas they now only work part 
of the year. There are a couple of charcoal blast-fur- 
naces, which, however, only have an average production 
of 8 tons of pig iron per twenty-four hours, this product 
being either sold for foundry purposes or used at the 
engineering and rolling works connected with the furnace. 
There is, however, reason to believe that good works could 
be made to pay, provided the position were favourable. 





THe Wortp’s Rattways. — World - wide statistics 
accumulate only slowly, but it is computed that, at the 
close of 1909, there were 625,698 miles of railway in 
operation on the , This total did not include 
street railways and trolley lines. The two Americas 
had between them 319,344 miles of completed railway, 
while Europe and Asia had only 266,704 miles be- 
tween them. Africa had 20,829 miles in o tion, 
and Australasia 18,849 miles. The additions made to 
completed railway in Europe in 1909 amounted to 


2528 miles; in Asia, to 2986 miles; in Africa, to 1789] boards. 


miles; in North America, to 4143 miles; in South 
America, to 1866 milés, and in Australasia, to 882 miles. 
Although North America has obtained a long lead in 
the matter of railways, construction on that continent 
18 now proceeding at a reduced rate. Asia has now 
a by no means unimportant railway network, although 
there is room for great further extensions. Russia 
built, in 1909, 1258 miles of railway in Central Asia. 
In 1909 China had 5277 miles of railway in operation, 
of which 3050 miles had been opened in the four 
years ending with that date. Japan only opened out 
45 miles of new line in 1909. Argentina compri 

more than one-third of the railway mileage of th 
America, having 15,854 miles of completed line in 
operation in 1909. Brazil ranked second, with 13,000 
miles. Cuba and the West Indies (which are included in 
the South American compilation) had 4340 miles of rail- 
ee | the ys mee ye The amount of capital 

in railwa: the w i i 
at 10,390,000 0058 ys @ world in 1909 is computed 





CATALOGUES. 


Electrical Supplies.—We have received from Siemens 
Brothers’ Dynamo Works, Limited, 39, Upper Thames- 
street, E.C., copies of their latest illustrated price-lists 
of supplies for electrical contractors. These lists give 
particulars of ceiling-roses, lamp-holders, switches, wall- | 
plugs and sockets, fuse-boards, insulators, electric heat- | 
Ing-apparatus, &c. 

Electrical Instrwments.—We have received from Messrs. 
Crompton and OCo., Limited, of Salisbury House, London 
Wall, E.C., a small price-list of moving-coil and moving- 
iron ammeters and volt-meters of the pedestal pattern. 
These instruments are in ng | stout iron cases, which 
are gas-tight and water-tight, and are suitable for mount- 
ing direct on ironclad controlling-pillars or angle-iron 
frameworks. 

Semt- Portable Steam- Engines. —Messrs. Ruston, Proctor, 
and Co., Limited, of Lincoln, have sent us a copy of a 
catalogue section dealing with semi-portable and under- 
type steam-engines. This catalogue contains a general 
ne of both types, and also gives iculars 
(including capacities, weights, and principal dimensions) 
of each size. e semi-portables are made with single or 
double simple cylinders, the former up to 46 effective 
horse-power and the latter up to 110 horse-power. 
Compound engines of this type are supplied to work non- 
condensing and condensing for economical loads up to 
77 and 92 effective horse-power respectively. ly | 
compound-undertype engines are listed, the particulars | 
given referring to non-condensing engines up to 135 horse- | 
oo and condensing engines up to 162 horse-power. | 

me information relating to the use of liquid fuel and | 
refuse fuels, such as saw-dust, tan-bark, &c., is also 
included in the catalogue. Special attention is called to 
the durability of these engines, and a case is recorded of 
a portable engine which is still working after having been 
in use for over forty years. 


Sewer Ventilating Lamps. — A pPeetis containing 
numerous testimonials relating to ebb’s system of 
ventilating sewers, mortuaries, &c., has reached us from 
the Webb Lamp Company, Limited, 11, Poultry, E.C. 
In the Webb system, a pipe leading from the sewer is 
taken up inside a lamp-post to a suitably constructed 
lantern, which contains an incandescent gas-burner. The 
are drawn from the sewer by the mt set up 
y the a. and, — highly heated in the lantern, 
are both sterilised and rendered odourless before escap- 
ing into the atmosphere. Besides this duty the lamps 
are also useful for the a of street-lighting, so that 
this system is particularly suitable for use in urban 
districts. The testimonials, which are mostly from 
borough engineers and surveyors, are all of recent 
date, and refer, in several cases, to lamps which have 
done duty for a number of years. Several illustrations 
of lamps in use in different parts of this country and 
abroad, are included in the pamphlet. Some of these 
illustrations show oil-lamps employed instead of gas, in 
places where the latter 1s not available. 


Electrically-Driven Rolling-Mills.—We have received 
from the Electric Construction Company, Limited, of 
Wolverhampton, a mphlet entitled ‘‘ Electrically- 
ted versing lling-Mills,” containing a brief 
illustrated — os yy of an installation constructed by the 
firm and suppl to the Staffordshire works of Messrs. 
Alfred Hickman, Limited. The installation consists of a 
fiy-wheel motor-generator set, comprising one motor, two 
a, and two fly-wheels, each of the latter weighing 

tons. The motor, which is shunt-wound, is driven by 
continuous current at 460 to 500 volts; it is rated at 2000 
horse-power. The two generators supply continuous cur- 
rent to the two mill-motors, which drive, seguectivety, rv 
30-in. cogging-mill, and a 24-in. bar-mill. The bar-mill 
motor, which is directly connected to the rolls, can 
develop 6000 horse-power for periods of 5 seconds six 
times per minute, and will give a maximum output of 
12,000 horse-power for 2 seconds once every hour; the 
cogging-mill motor is somewhat smaller. Both machines 
have an efficiency of 94.5 per cent. at full load, and can 
be fully reversed in 6 seconds. The pamphlet also 
describes the controlling arrangements, safety devices, 
and other details of this interesting and important instal- 
lation, which is claimed to be the largest of its kind in 
this country. 


so ore yom Messrs. Alley and Maclellan, 
Limited, Sentinel Works, Polmadie, Glasgow, we have 
received a copy of the latest edition of their catalogue of 
air-compressors. This catalogue, which is a particular! 
creditable production, contains over 160 pages, wit 
numerous excellent illustrations, bound in paper-covered 
Besides fulfilling the functions of a catalogue, it 
contains much information relating to the production and 
use of com air, so that it will be valuable to all 
interested in this subject. The book first explains the 
factors which go to make the commercial efficiency of air- 
compressors, and then points out the advantages of two- 
stage com: ion. It next fully describes and illustrates 
the special features of the ‘‘ Sentinel” compound inter- | 
cooling compressors, giving prices, dimensions, and ship- 
ping particulars of belt-driven machines having capacities | 
ranging from 35 to 8300 cub. ft. of free air per minute at 
between 50 1b. and 1301b. per square inch. 
imilar particulars are given of compressors driven by 
simple or compound steam-engines, the steam-cylinders 
being arranged vertically above the air-cylinders. Single- 
stage compressors are next dealt with, and full partict 
of steam and belt-driven machines of this class, are given. 
Two are made—one for pomeees ap to 60 lb., and 
the other for pressures up to 30 Ib. e former have 


| accessories, an: 





capacities up to 6600 cub. ft. and the latter up to 
16,600 cub. ft. of free air per minute. The catalogue gives 


| represents the 


particulars of several other ve of compressors and 

f d also deals with t fay tee 
electric motors and gas-engines. e last few pages of 
the book are devoted to useful tables relating to com- 
— work, and illustrations of other articles manu- 
actured by the firm. 


Cask-Making Machs .— We have received from 
Messrs. A. Ransome and , Limited, of Stanley Works, 
Newark-on-Trent, a copy of their very interesting cata- 
logue of cask-making machi . The catalogue, which 
is bound in paper-covered eo contains 128 pages and 
over 120 half-tone engravings and wood-cuts of machin 
for making all kinds of casks, tubs, and barrels for liqui 
or dry goods. All the machines described are desi 
to be operated by labourers and boys, and the firm claims 


that a very large reduction in the cost of labour can be 
| effected by the use of these machines, since the services 
| of skilled coopers are not 


uired for any part of the 
ae nee of manufacture. It has also been in 
esigning these machines to avoid the great waste of 
wi which occurred with some of the earlier coo; 

machines. With the new machines it is stated that the 
wastage is not greater than takes place when skilled 
hand-coopers are employed. The catalogue first deals 
with machinery for the manufacture of staves, illus- 
trating and describing in this section saw - benches, 
cross-cut saws, band-saws, cylindrical saws, backing 


/and hollowing - machines. stave-jointing machines, 


ving and tonguing- machines, steaming- chambers, 
ydtaulic stave-presses, &c. Perhaps the most interest- 
ing machines in this section are those which dress and 
joint the rough-riven staves, which are always of 4 
somewhat irregular shape, and often bent and twisted. 
They must, however, be finished with extreme accuracy, 
and the methods adopted to ensure this, without wasting 
wood, will be of interest to both engineers and coopers. 
Trussing machinery is dealt with in the next section, 
which includes power windlasses for drawing the staves 
together, hydraulic and other power-driven trussing- 
machines and trussing-bells; some of the latter have 
been illustrated and described in our columns recently. 
Other interesting machines illustrated are the chiming, 
crozing, and howelling-machines employed for bevelling 
the ends of casks and forming the groove into which the 
head is fitted. In these machines the cask is held in and 
slowly rotated by a special kind of chuck, and is operated 
on by rapidly-rotating cutters at both ends simultaneously. 
The process, which consists of eight operations, is com- 
pleted during a single revolution of the cask, which, in 
the case of a brewer's hogshead, takes about 30 seconds. 
Other machines for chiming and crozing separate staves 
are also illustrated. One of these is shown combined 
with a printing-machine and drying-oven. This machine, 
which is attended to by two boys, will chime, croze, and 
print about sixty staves per minute, and deliver them 
conditioned ready for trussing. The catalogue also deals 
with machines for manufacturing heads ; “4 
shearing, and riveting - machines ; bung - hole - boring 
machines; branding and printing -machines—in fact, 
everything necessary to equip plants for emputectening 
all kinds of casks in any part of the world is included. 
In addition to its utility as a trade catalogue, this pub- 
lication has a considerable value as a treatise on cask- 
making by machinery, since it not only fully describes 
the machines and the methods of using them, but also 
contains a large amount of general information on the 
subject to which it relates. 





Tue JAPANESE CENTRAL RaiLway.—This has been in 
course of construction for some fifteen years, and has 
recently been opened for traffic over its entire length. 
It is some 225 miles lone, has 95 tunnels, 351 bridges, 
and has entailed an ex iture of 4,300,000/. Connecting 
Tokio, Kioto, and Osaka, the railway is of great strategic 
importance, and will also prove a vast boon to the indus- 
trial development of the country. 





Everrsopy’s Pocket Copr.—A very useful little book 
bearing this title has recently been compiled and pub- 
lished by Messrs. William Clowes and = Limited, 
Sussex House, Fenchurch Buildings, London, E.C., and 
23, Cockspur-street, S.W., which ought to prove per. 
ticularly useful to a large section of the public. e 
primary object of its publication has been to provide 
a safe, efficient, and economical form of general tele- 
graphic correspondence at a popular price and of a size 
ety carried in the pocket. It is compiled on the 
basis of half code-words of five letters each, and any two 
half-words may be joined together and sent as one 

ronounceable ten-letter word on a foreign telegraph 
orm. The compilation of these half-words is strictly in 
accordance with existing regulations, and they differ from 
each other by at least two letters and contain no trans- 

itions of the same two letters in the same a. 
The advantage claimed for this is that any mutilation by 
an tor of one letter, or the transposition of two in 
any half-word is easily detected. There are 27,000 half- 
words in the code, and a phrase or a portion of a phrase 
is indicated by each of , and as many as 20,000 of 
them are said to be pene of combining with each other 
to form one full-word sentence. Therefore, as many as 
four million sentences for one complete code-word can be 
made. It is divided into four parts: a travelling =~] 

i velling by rail and steamship; an ho 
section, giving phrases and sentences relating to hotels ; 
a shipping and fo section; and a banking 
and ial section relating to all general | 

ial business, Opposite each half code-wo 
in each phrase,is the cocresponding half-phrase. Oon- 
sidering the enormous amount.of labour the book 
Pree is remarkably low, being 2s. 6d. only, 
or, in superior binding, 4s. 6d. 
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ELECTRICAL APPARATUS 


20,374/10. G. Hookham, Birmingham. Electricity 
Meters. [2 Figs.) September 1, 1910.—This invention relates 
more especially to permanent magnets of electricity meters. In 
these it is often desirable to have a narrow gap between the pole 
surfaces, and this gap is likely to become altered in width by 
the process of hardening the magnets. In order to adjust 

bseq ly this dist with sufficient accuracy the appli- 
cant makes the magnets with the pole surfaces slightly too 
close together, and then springs them apart and inserts a small 











block or spacing piece of non-magnetic material between the 
pole surfaces or adjacent parts so as to keep them open the 
required distance. The block or spacing piece may be inserted 
at one side or corner so as not to interfere with a brake disc or 
other device which operates in the magnetic field. In the draw- 
ings, A is the steel magnet which, in this case, is forged from 
one piece of steel. BB are the polar portions, and C a block 
of brass inserted at one corner to keep them at the correct distance 
apart. (Accepted May 17, 1911.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


24,686/10. The Firm Robert Bosch, Stuttgart, Ger- 
many. ition ements. [1 Fig.) June 22, 1910. 
The invention relates to interrupters for magneto - electric 
machines for the igaition of the charge of internal-combustion 
engines and is illustrated in the drawing, which shows a vertical 
section through the common axis of the casing a and disc b. The 
contact c! is fixed and generally insulated, and is secured to the 
disc b. A two-armed lever e¢ is pivoted on a pin d on the disc b. 
A leaf spring / prevents the lever from slipping off the pin. One 
arm of the lever ¢ carries the other contact c?, and a spring ¢ fixed 
to the disc b and to the other free arm of the lever e tends to press 
continuously the contacts c! and c? together. When in use, the 





disc } is generally rotated, whilst the casing a is stationary. On 
the outer end of the free arm of the lever is placed a block & of 
ebonite, and on the inner periphery of the casing a there are, for 
example, two cams, » which extend so far into the — of the 
block & that they deflect the lever from the circuit-closing posi- 
tion when the block on rotating strikes against the cams. Accord- 
ng to the present invention, the operative surfaces of the cams 
are all formed as substantially plane surfaces tangential to the 
direction of motion of the lever ia its tions of maximum deflec- 
tion, so that the interrupter lever is more gradually deflected 
than in the usual constructions and the danger of fracture of the 
spring or other parts is avoided, and the deterioration of the con- 
tact surfaces much lessened. (Accepted May 24, 1911.) 


13,896/10. Sir A. T. Dawson and G. T. 
Lendon. Recoil and Running-Out Gear. (2 Figs.) 


Jane 8, 1910.—In recoil and running-out gear of the kind in which 
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the recoil-gear comprises a brake cylinder and the running-out 
gear comprises a com ~air reservoir contai: a floating 


means, according to this invention, com a _ 
uated scale and pointer are provided for indicating the posi ions 


pied by the floating piston in order to enable any leakage of 
the liquid to be readily detected, and fcr this purpose the floating 
piston may be provided with a graduated rod working in eon- 
junction with an index or pointer. A is the brake cylinder and B 
the air-compressor ; these are arranged to project longitudinally 
in front of the air-reservoir C. The piston B! of the compressor 
is in direct contact with the liquid, communication between the 
compressor B and reservoir C being effected by means of a pas- 
sage B2 so that the liquid is always in contact with the floating 
piston Cl, which is arranged in the reservoir C to separate 
the liquid from the air. Parallel to the brake cylinder A is 
arranged the graduated-rod D, which is attached td the floating 
piston C! and passes through a gland D! in the wall of the reser- 
voir ©. The rod is guided in bearings attached to the brake 
cylinder, and one bearing is provided with a projection serving as 
an index or pointer with respect to the graduations on the 
The floating piston C! is limited in its movements by means of 
stops c, cl in the reservoir C, and the linear measurements on the 
rod D are so arranged in relation to the index that the distance 
of the — B | piston C! from the forward or rear stops can be 
ascertained by inspecting the graduations on the rod. If any 
leakage has occurred, the position of the floating piston will vary 
accor a aoe oe ph 4 ting the posi- 
tion of the graduations on the rod D re’ tively to the index. 


(Accepted May 24, 1911.) 
MINING, METALLURGY, AND METAL- 
WORKING. 
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21 /10. W. J. Caulfield, M d y 
[4 Figs.] September 10, 1910.—A stopper for foundry 

ladies used in connection with steel manufacture comprises a 
block A of one piece of fireclay which embraces the end of the 
metal ladle-rod B, and extends upwards to form a protective 
sleeve for the portion of the rod which is immersed in the molten 
metal. A slot or recess C, enlarged at its inner end as at D, is 
formed in the block A to accommodate the end of the ladle-rod B. 








(1038) 


The ladle-rod end is formed with a T-shaped head E, and is 
secured to the block A by rotating the rod B through an angle of 
90 deg., so that the head E engages with the enlarged end B of 
the recess in the block A. The space between the fireclay block 
A and the rod B is packed with sand or other material. The 
portion of the metal rod B extending above the fireclay block A 
may be protected in the usual way by fireclay or like sleeve 
bricks. (Accepted May 31, 1911.) 


MOTOR ROAD VEHICLES. 


at he Albion Motor-Car Company, Limited, 
and T. B. Murray, tstoun. Cooling Arrange- 
ments. [2 Figs.) August 31, 1910.—In a fan and pump unit for 
engine cooling on motor vehicles of the type comprising a spindle 
carrying at one end a fan and at the other end a pump operative 
member, a sleeve embraces and has bearings for the spindle, and 
is carried on, or forms part of, the pump body, which in turn is 
adapted to be secured to the engine cylinder, a driving sleeve 

ulley for a belt being operatively connected to the fan, and em- 
bracing the bearing sleeve. The driving spindle A of the unit is 
carried in ball-bearings in a hollow sleeve C. This hollow sleeve 
C has at its rear a flange C!, by which it is secured to a disc or 
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flange D formed on the ends of webs D! formed er the Pe 
body E. The pump body E has on it a flange E! by which it 
secured to an ing in the cylinder jacket E*, and is provided 
with an intakeG. The pumprotor H is of ordinary form, drawing 
from an axial intake cavity G!, and delivering directly to the 
jacket space. The pump rotor H is ied on the inner end of 
the spindle A, and there is provided a stuffing-box J accessible 
between the webs D! for adjustment or packing. On the ite 
end of the spindle A is a sp’ ae E coverecg So blades of ordinary 
form, and carrying also a cylindrical sleeve L extending laterally 
over the bearing sleeve C, and externally surfaced for a belt, by 
which it, and so the fan-pump unit, is driven from the engine. 
(Accepted May 24, 1911.) 


RAILWAYS AND TRAMWAYS. 


d Limi dH. H. 
19,238/10. Edgar Allen and Co., ee ani 





Gunstone, 
— 16, 1910.—In central buffers and ——- for railway 
vehicles, according to this invention, the means by which the 





coupling link may be held in a horizontal position-in the buffer- 
head, comprise-an internal round-nosed vertical plunger or ram 
having a curved lip placed immediately behind the coupling-pin 
so that the nose of the ram will, by the action of a spring inside 
the ram-box, béar upon the inner end of the coupling-link. Im- 
mediately behind the coupling-pin @ is the internal round-nosed 
ram b which bear's upon the inner.end of the coupling-link ¢. This 
ram is attached to, or connected with, a vertical helical spring d 
which has its abutment in a small recess or spring-box ¢ on the 
top of the buffer-head f. When the link c is uncoupled and with- 
drawn from the bell-mouthed head /f, the flange of this round. 
nosed tam 6 is forced downwards on to the flange /!, so that when 
a link is inserted to be coupled mig it comes in contact first with 
the rounded nose of this ram which is thereby forced upwards and 
when the link has been secured by the coupling-pin the ram 
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presses downwards on the end of the link to prevent it from drop- 
ping and retains it in a horizontal position. Notwithstanding the 
pressure of this round-nosed ram the coupling-link is sometimes, 
in the act of coupling, liable to be forced too far inwards, to obviate 
which there is formed at the bottom of the round-nosed ram ba 
curved lip 61 which forms a stop or abutment against which the 
inner ‘end of the link ¢ comes in contact when forced too far 
inwards, so that, in the event of a shock, the inner end of the link, 
although under the compressing influence of the ram, is offered 
further resistance by this curved lip 6! which will cause the ram 
to rise higher, the spring above the round-nosed ram being pro- 
portionately further compressed and the effect of the shock 
reduced, but on the link ¢ being drawn forward until it is in touch 
with the coupling-pin a the ram } will return to its normal 
— on the top of the link as shown in the drawing. (Accepted 
‘ay 24, 1911.) 


17,049/10. E. Peckham and F.S. Andrews, London. 
Axle Journal-Boxes. [4 Figs.) July 18, 1910.—This inven- 
tion relates to axle journal-boxes having a casing capable of being 
hermetically closed to prevent entrance of dust and escape of the 
lubricant, and, according thereto, the main cover is adapted to be 
firmly secured to the journal-box casing and is provided with an 
opening, a pivoted cover or plate carried by the main cover being 
ahapted to open or close the opening in the main cover, and means 
being provided for locking and firmly holding the pivoted plate in 
its closed position. The usual cover 1 is bolted to the flanged 
opening in the box 2, suitable packing being placed between the 


Fig tg 























joints to make them perfectly tight. A hand-hole 3 is provided in 
the cover through which hole the box may be filled with lubricant 
and packing. A pivoted plate 4 mounted on the cover is adapted 
to be turned on its pivotal point 5 sufficiently to cover or uncover 
the hand-hole ; and to ensure perfect closing of the hole by the 
plate, pressure is brought thereon by means of a spring 6, which 
is 80 mounted as to move with, and impart, constant pressure to 
the plate. Further, toensure that the plate remains in a position 
to cover the hand-hole, the plate is locked in this position by means 
of a latch or self-locking device carried at the opposite end of the 
plate, which latch is adapted to be received in a corresponding 
recess provided in the cover of the box. (Accepted May 24, 1911.) 


MISCELLANEOUS. 
14,702/10. Heenan and Froude, Limited, and W. 
Manchester. Atomising Liquids. (3 Fis.) 


es '. 
June 18, 1910.—This invention relates to apparatus for spraying 
or atomising liquids, and consists essentially of a nozzle or spray 
comprising a amber filled with slag wool or osher fibrous or 
porous material, the chamber being of conical, elliptical, or 
—— shape at the outlet end, and having a small orifice at 
the apex or summit thereof, and into which separate supplies of 
water and air are forced at high and equal pressures. The casing 
A forming the nozzle or spray is preferably made in two parts, 
constructed so that they may be fastened together. The mixing- 
chamber may be of any shape, but the outlet portion is of conical, 





elliptical, reaper l, or other shape, adapted to direct the mixed 
air Tad liquid to the outlet orifice B. orifice B is chamfered 
or contend externally, as shown. The air inlet C and the water 
inlet D are so that the jets of air and liquid impinge 
upon each other in the chamber to assist the atom effect of 
the apparatus. The chamber A is filled with slag wool or other 
fibrous or material E, the outlet orifice B of the spray and 
the air t C being preferably provided with a ——— F of 
wire gauze of very fine mesh. helps to break up 

assists the spraying action, and it also forms a filter and prevents 
through the orifice and clogging the 


particles rt 
nm (Accepted May 17,1911.) 
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FEED-WATER HEATING AND SUPER- 
HEATING ON LOCOMOTIVES.—No. I. 


PRELIMINARY REMARKS ON SUPERHEATING. 


Or the many developments which have taken 
place in locomotive practice in recent years, in 
response to the ever-increasing demands made 
upon the mechanical branch of railway service, 
probably none has been so striking as the rapidity 
with which the employment of superheated steam 
is now spreading. Although its extensive adop- 
tion is but comparatively recent, the application 
of superheating to locomotive work is, of course, 
not new, and the present movement is, in 
reality, a successful revival, rather than an inno- 
vation. In land and marine practice there is no 
longer novelty in the system, and in these direc- 
tions, in which detailed trials are so much more 
easily conducted than in locomotive work, there 
are innumerable well-authenticated tests on record, 
showing superheating to be attended by steam 
and fuel economy, so that it is now-a-days 
broadly accepted as advantageous in principle, 
though it may not always be deemed expedient. 
Owing to the greater difficulty of carrying out 
complete investigations with locomotives, the 
position in the latter case is somewhat less well 
defined, though there seems now to be little reason 
for it remaining so. 

In regard to the two other branches of steam 
engineering as just stated, there have existed for 
many years an abundance of records favourable to 
the system, and in order to focus ideas to some 
extent, brief reference may be made to some of 
these. It is quite beyond the province of the 
present article to give anything approaching a 
complete résumé of the written and spoken opinion 
of leading engineers as to the value of superheat of 
even a moderate degree ; reference will be restricted 
to a few cases only. 

Prominent among this evidence stands the work 
of Bryan Donkin, who, using only 50 deg. Fahr. 
superheat, recorded economies of 15 per cent. and 
more, and who was so convinced of the soundness 
of the principle that, many years ago, he wrote in 
these columns* the following words: ‘*‘ Among the 
final improvement of the land, marine, and loco- 
motive engines, moderate superheating seems to 
be one of the most promising.” Similarly, Willans’s 
experience showed that from 30 deg. to 50 deg. 
Fahr. superheat gave appreciable economy. The 
oft-quoted report in the Bulletin of the Alsatian 
Association of Steam-Users dealt with engines, many 
of which were of 500 and 600 horse-power, employ- 
ing superheat which ranged between 60 deg. and 
120 deg. Fahr., the saving under these conditions 
amounting to from 12 per cent. to over 20 per cent. 

Again, the Proceedings of the leading Institutions 
contain much evidence to a similar effect. 
Patchell’s paper read in 1896, before the Institution 
of Meshnaledl Reahintais and the discussion thereon, 
may be cited for example. On that occasion Pro- 
fessor W. C. Unwin, who had been associated with 
important tests in Alsace, stated that all the large 
tests had proved engines to be more economical with 
superheated steam, and, referring particularly to 
moderate superheat, he added, “a net steam economy 
could be obtained of 15 to 20 per cent. by super- 
heating ; and that with a superheater added to the 
boiler there would be at least as great economy 
of coal.” Professor (now Sir Alexander) Kennedy 
also reported economies of 22 per cent. with 65 deg. 
Fahr. superheat, and many another corroborative 
opinion besides these was also then forthcoming. 
While lamentably disproportionate to the mass 
of evidence which has accumulated on this subject, 
these few references must now suffice, with a final 
uotation from Professor Perry, who sums up the 
situation in saying that “every test yet made of the 
elect of superheating shows that it leads to greatly 
increased economy. From 12 to 20 per cent. increase 
is not uncommon when the superheating has only 
been about 40 to 100 deg. Fahr.” 

The foregoing examples all refer to station- 
ary-engine practice, but similar facts might be 
adduced with regard to marine engineering. It 
does not necessarily follow, of course, that in 
locomotive work the effect should be analogous, 
for, as is well known, some systems, of proved 
value in land and marine service, have altogether 
failed to give a convincing account of themselves, 
commercially, when applied to the locomotive. 


* ENGINEERING, vol. lv., page 418, 


Mr. W. |? 


The reason for this inconsistency has been due, 
sometimes at least, to the great difference in the 
conditions of work to be met, and need not imply 
anything in the way of a breakdown of principle. 
Reflection will show that, in the matter under 
consideration, some of the conditions affecting 
superheating in locomotives are favourable to the 
system, while others are, it must be admitted, some- 
whatadverse. While, in land plants, the economy of 
superheating may sometimes have been found to be 
primarily due to a reduction of the losses in the long 
steam mains between the boiler and engine, in 
others it has been shown thet its value, even with 
only a very few degrees of superheat at the steam- 
chest, is traceable to improved cylinder conditions. 
In the locomotive the steam-pipes are usually short 
and well protected by the hot gases in the smoke- 
box, with the result that, with good design, the 
superheat may easily be carried as far as the steam- 
chest, and utilised consequently at the cylinder. 
It would, therefore, not be illogical to expect some 
measure of economy under these conditions even 
with a low degree of superheat, provided the 
efficiency of steam generation remained good, were 
it not that a factor, whose consideration must. not 
be neglected, tends to offset, or at least obscure, 
the benefits accruing. The irregularity of the 
service to which the locomotive is applied, the 
constant stopping and starting, the variation in 
loading due to weather, grades and other transitory 
causes, have a great influence on the superheating 
effect realised, and the consequent advantages are 
not always so sharply defined as where the working 
conditions are uniform and favourable. It is doubt- 
less largely due to this indefiniteness that there is 
such conflict of opinion as to the value of various 
systems giving different degrees of superheat, a 
point we shall revert to later. 

In making any change from adopted practice it is 
necessary for the engineer to consider a subject in 
a much broader aspect than is sometimes done. 
Cognisance has, in fact, to be taken of all factors 
affecting the proposition as an investment. The 
determination of a point of maximum fuel or water 
economy is of restricted interest to the engineer, 
unless he can combine that knowledge with other 
of a financial nature, which the purely scientific 
man may prefer to leave untouched. The engineer's 
problem does not refer merely to lessened con- 
sumption, but is concerned with over-all improve- 
ment, and it is due to this very fact that so many 
ew, promising developments have proved 
abortive—the position, as an ultimate result, has 
not been bettered by their introduction. It is 
essential, of course, to consider superheating from 
this point, though it is seldom thus discussed, its 
advocates, as a rule, contenting themselves with 
reference to practical records of economy in sup- 
lies, and with the presentation of a few facts 
relating to the theory of superheated steam. 

Such a discussion of the subject lacks convincing 
force, for two reasons. It ignores the important 
commercial factor, and is rendered weak because, of 
necessity, an unbridged gap has to be left between 
pure theory and the service records; for, in this 
matter, theory, unmodified, is misleading and inap- 
plicable to practical conditions. It is, perhaps, 
natural that the greater weight should be given to 
practical results of a tangible nature, such as fuel 
and water economy, for, comparatively, they are 
easy to obtain and to verify. They are arrived at 
directly, and though the methods involved may be 
laborious, they are not burdened with the refine- 
ments needed in tests where the endeavour is made 
to push the inquiry as far as a determination of 
boiler and engine performance. The latter consti- 
tutes a problem of so much more complex a nature 


that its solution has not infrequently been aban- | 


doned, though, at the present time, if advantage 
be taken of general locomotive data, it may be 
carried far enough to lead to conclusions supportin 
those arrived at from experience of systems in actua 
use. It is true that some of the data, of which use 
must be made, have only been procurable on testing 

lants such as that at the Illinois University, 

urdue, or that erected first at St. Louis, and now 
at Altoona on the Pennsylvania Railroad, and for 
this reason, arguments so constructed may still be 
liable to rejection, in some quarters, as of academic 
rather than practical interest. Nevertheless, it 
cannot but afford satisfaction that these data render 
possible deductions in fair accord with results 
attained in actual service. 





we owe the only really detailed information of the 
behaviour of superheated steam in locomotives, 
obtained until the present, on a scale large enough 
for the results to be considered reliable and of 
scientific value. Under the patronage of the 
Carnegie Institute of Washington, tests, commenced 
in 1906 by Dr. W. F. M. Goss, on this plant have 
been extended to embrace investigations on this 
subject, and the work is being continued by 

. Goss’s successor, Professor C. H. Benjamin. 
Reports concerning the earlier tests, issued by 
the Carnegie Institute, are drawn up on the com- 
monly adopted lines, and go, fortunately, into con- 
siderable detail, though it is to be regretted that they 
do not venture on the discussion of the several moot 
points on which, in view of the theories advanced 
in connection with modern steam-engine research, 
further elucidation is so much needed. Recent 
investigations on the steam-engine have, while 
throwing light on many points, concurrently 
directed attention to many still indeterminate 
variables, so that what might have been accepted 
as fact some years ago is now regarded merely as 
the nearest to the truth at present ible ; and in 
view of this it must be admitted the exact location 
of the cause of improvement of superheating still 
remains partly conjectural. 

In the application of superheated steam in 
practice two systems, based on radically different 
principles, have te be considered. In one of these 
systems fuel is specially consumed for the purpose 
of feeding the superheater, this being really 
equivalent to adopting an independently - fired 
superheater. In the other system no fuel is 
specially burnt on account of the superheater, use 
being made simply of the heat available in the waste 
smoke-box gases as they leave the boiler. Both 
these systems are deserving of notice, though the 
prominence given to one has tended recently rather 
to overshadow the value which rightly belongs to 
the other. These two systems have widely different 
influences upon the efficiency of steam generation, 
and, together with this, they introduce still ancther 
complication into the discussion, for with the one 
system the degree of superheat may be chosen within 
a.wide range, while in the other the range is much 
more restricted and the highest superheat possible 
considerably lower. This has a further bearing on 
the question, for it involves other considerations, 
this time concerned with the thermodynamics of the 
engine, in which, within certain limits, the nearer 
conditions can be made comparable to those of an 
engine using a perfect gas, the better. The whole 
problem thus consists in determining for the two 
systems the relative efficiency of steam generation 
and of steam utilisation, combining these two and 
modifying the result by financial considerations in 
order to bring the argument to the stage at which 
it may be of value to the practical railway man, to 
whom, as has already been pointed out, a saving is 
only such when an improved return on capital 
invested is implied. 

It has just been stated that with one of the two 
systems the highest degree of superheat ible is 
a great deal lower than in the other. This is the 
case with the waste-gas superheater, and the dis- 
cussion necessitates at the outset a decision as to 
what may be considered a fair figure to take as the 
superheat obtainable in smoke-box superheaters, 
utilising only the heat in the waste products of 
combustion. In this matter there has often been 
noticeable a proclivity, on the part of advocates of 
other systems, to use figures which can scarcely be 





|20 deg 
|H. H. Vaughan, of the Ca 


said. to do justice to these heaters. For instance, 
Herr R. Garbe, of the Prussian State Railways, and 
an energetic advocate of the Schmidt system, speaks 
of smoke-box superheaters as being little more than 
steam-driers, a» supports this by taking as typical 
of the class a superheater which, a says, gives only 
. to 30 deg. Fahr. superheat. ain, Mr. 
ian Pacific —— 


‘and joint inventor of the Vaughan-Horsey hig 


degree —— takes the limiting temperature 
as ‘‘40 deg. superheat, which is,” he says, ‘I 
believe, the highest that has been claimed for the 
front-end superheater.” Likewise Mr. F. J. Cole, 
of the American Locomotive Company, also the 
inventor of a high-degree superheater ing his 
name, has committed himself to the assertion that 
‘*smoke-box superheaters operating under normal 
smoke-box temperatures produce only about 35 deg. 
to 40 deg. superheat.” tructive criticism based 
on such figures as these may be set aside as partak- 


Reference has just been made to the locomotive-| ing somewhat, ep possibly quite unintention- 
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heaters may have given only these low d of 
superheat, it has been found quite feasible to 
design such an appliance to give temperatures, at 
the steam-chest, equivalent to superheat in the 
neighbourhood of 90 deg. Fahr., calidad on the 
temperature due to boiler pressure. Greater justice 
would therefore be done if a base figure were taken 
about twice as great as those with which critics 
have often been pleased to credit this system. 

The remark of Mr. Coles, just quoted, incidentally 
raises a point on which a word or two is necessary. 
The term ‘‘smoke-box superheater,” although now 
com:nonly applied to appliances utilising only the 
heat in the waste gases of an ordinary boiler, has 
been in the past and is still, to-day, in some con- 
nections, associated with apparatus placed in the 
smoke-box, with which special provision has been 
made to permit gases, at a higher temperature than 
the normal of the waste in a smoke-box, reach- 
ing the superheater. This has been arranged for 
either by means of a special large flue, or by cur- 
tailment of the length of the boiler flues. These 
heaters are neither waste-gas superheaters, nor high- 
degree independent superheaters. They constitute 
an inefficient attempt at compromise between the 
two, and have mostly been abandoned, for they 
possess disadvantages inherent to each class, without 
compensating benefits. The proper smoke-box 
heater is a true waste-gas superheater, which leaves 
the boiler-heating surface efficiency and, conse- 
quently, capacity unimpaired. With these, which 
will be termed hereafter ‘‘ waste-gas superheaters, ” 
in order to avoid confusion, it is possible to obtain a 
degree of superheat of about 90 deg. Fahr. 

It may be as well, before the subject is pursued 
further, to see whether, from facts recorded, the 
expectation of economy with such degrees of super- 
heat, in locomotive work, is warranted. It has been 
already shown that in land and marine practice it 
would almost certuinly follow, but, as has also been 
pointed out, in locomotive practice the position is not 
quite so clear. Though there is plenty of evidence 
on the point, it is in a somewhat chaotic state. This 
unfortunate indefiniteness was reflected in the dis- 
cussion which took place last winter at the Institu- 
tion of Mechanical Engineers on the occasion of 
the reading of Mr. G. Hughes’s paper* entitled 
‘*Compounding and Superheating in Locomotives.” 
On that occasion Mr. G. Churchward, of the Great 
Western Railway, said ‘‘he agreed entirely as to 
the general results of the percentage of saving” 
shown by superheatiug, which Mr. Hughes recorded 
as having been arrived at on the Lancashire and 
Yorkshire Railway. Now on the Lancashire and 
Yorkshire Railway the Schmidt apparatus then 
under discussion gave 270 deg. Fahr. superheat, 
while Mr. Churchward finds it worth while to 
em; ly superheating only to the extent of 100 deg. 
to 120 deg. Fahr. Bearing this in mind, it should 
also be noted that Herr R. Garbe, when arguing 
in favour of the Schmidt system, avers that ‘‘no 
perceptible saving is realised with less than 100 deg. 
superheat,” implying that the process must be 
carried much higher before it proves advan- 
tageous ; while again, in contradistinction to this 
attitude, it may be pointed out that the recent 
acquisition, by the syndicate now controlling most 
of the high-degree super heaters, of the apparatus in 
use on the Great Western Railway, suggests that, 
after all, there is some value in a moderate degree 
of superheat. Such confusivn is greatly to be re- 
gretted. On the one hand, it is not to be expected 
that superheating to 100 deg. and to 270 deg. Fahr. 
will give similar results, when, as in this case, 
both systems are equivalent to the use of inde- 
pendently-fired heaters, On the other hand, Herr 
Garbe’s statement can neither be reconciled with 
the position adopted by Mr. Churchward, nor yet 
with the recent action to which allusion has been 
made, in regard to the moderate degree superheater 
developed on the Great Western Railway by Mr. 
Church ward. 

Incidentally it may be pointed out that the 
Great Western Railway esses one of the very 
few locomotive-testing plants in the world, and 
is thus in a position to carry out careful studies 
on this subject. It, therefore, has at its command 
better means of arriving at definite conclusions 
than are at the command, we believe, of any 
German locomotive engineers. American experience 
on such plants tends to confirm Mr. Churchward’s 
xttitude, that moderate superheating gives appre- 
ciable, and not, as has been held, undiscernible 





* See Enorvennine, vol. lxxxix., pages 357, 396, and 431. 





results. The Carnegie Institute reports sub- 
stantiate this, as do also numerous other reports 
laid at one time and another before the American 
Railway Master Mechanics’ Association. Dr. Goss 
and Professor Benjamin have both reported in this 
sense to this body, which has, characteristically, 
evinced a keen interest in the movement for several 
years. This Association maintains a standing com- 
mittee on superheating, and its proceedings contain, 
in the reports from this body, and in individual 
papers presented, with the discussions thereon, 
what is poovetty the best collection of practical 
data on the subject anywhere to be found. These 
records, covering as they do the early stages of 
development, are most instructive. It is difficult to 
summarise adequately all the information thus 
brought together, but it is only now a question of 
drawing a few broad inferences, and this may 
easily be done. 

In the first place there are to be found many 
records of economy resulting with waste - gas 
heaters giving only 20 deg., 30 deg., and 70 deg. 
Fahr. superheat. There is no reason why the 
correctness of these records should be impugned ; 
they emanate from seurces just as reliable as 
do others relating to higher degrees of superheat. 
In the second place, it is noticeable that many 
systems report that they consider about 100 deg. 
Fahr. as the most desirable degree of superheat. 
This is given in the 1910 report by Mr. Church- 
ward as the best degree, as also by the Atchison, 
Topeka, and Santa Fe Railroad, and the Boston and 
Maine Railroad ; while going back a little further, 
records will be found of coal economy of 19 to 27 
per cent. obtained with about 100 deg. Fahr. super- 
heat on the Lake Shore and Michigan Southern 
Railway, and of 12 to 14 per cent. on the Boston 
and Maine, with an approximately similar degree. 
The results on these two latter systems were 
secured with the earlier Cole superheaters giving 
about 105 deg. to 110 deg. Fahr. superheat. At 
the 1906 Convention of the Association, Mr. Cole 
stated in a paper then read by him that with this 
superheat ‘‘a fuel saving of 17 to 19 per cent. was 
effected,” while with regard to a later type of 
heater, giving 130 deg. Fahr. superheat, he said that 
‘‘with this degree of temperature substantial 
economies in fuel and water have been obtained.”’ 
Savings of 17 to 19 per cent. are, of course, very 
material. The fact that Mr. Cole is now advo- 
cating the higher temperatures, equivalent to 
175 deg. to 250 deg. Fahr. superheat, does not, 
of course, in any way vitiate the accuracy of his 
earlier statement, and it will thus be seen that 
there is considerable weight of evidence in agree- 
ment with experience in land and marine practice 
as summarised above—namely, that etonomies with 
moderate superheat are appreciable, instead of 
‘‘being imperceptible,” as such authorities as Herr 
Garbe, in their enthusiasm for the higher degree, 
contend. 

A third fact is brought out by an examination of 
the American Master Mechanics’ Proceedings, 
principally in connection with the experience of 
superheating on the Canadian Pacific Railway. 
This company has tried several types of super- 
heaters and a variety of degrees of superheat 
running to steam temperatures as high as 700 deg. 
Fahr. In 1906, before the New York Railway 
Club, Mr. H. H. Vaughan, Assistant to the Vice- 
President of the system, said that after experience 
with 160 deg. to 200 deg. Fahr. superheat they had 
the intention of trying higher degrees. More than 
four years subsequently, at the time of the Master 
Mechanics’ Convention last year, however, the lower 
figures remained the standard, and Mr. Vaughan 
said they were then using 150 deg. to 200 deg. 
Fahr. superheat, adding that this was ‘‘what would 
be known in Europe as moderate superheat,” where, 
in connection with the Schmidt system, it is well 
known, temperatures equivalent to 260 and 270 deg. 
Fahr. superheat are recommended. Recently Mr. 
Vaughan has offered in explanation of this difference 
the statement that this was due primarily to the fact 
that the superheater, which they found most prac- 
tical, gave only this degree of superheat, and was 
not a consequence of real or supposed disadvan- 
tages of the higher degrees. This is not, of course, 
7 any means a conclusive argument. The Vaughan- 

orsey and the Schmidt types of superheaters are 
so similar in principle that it is not apparent why 
the Canadian Pacific Railway should not secure 
higher superheat if it thought desirable. It may be 
noted further that the Great Northern Railway 
(U.S.A.), and the Chicago, Rock Island, and Pacific 





Railway also both use 150 deg. to 200 deg. Fahr. 
superheat, and the difference thus apparent between 
Continental and American practice is interesting. 
The fact is that in American smoke-tube super- 
heater practice it has not been the custom to carry 
the heater elements so far back towards the fire- 
box as is done in European practice. There are, 
however, indications of a change in this respect 
in America, and the latest (1911) report by Pro- 
fessor Benjamin on tests at Purdue on a Schmidt 
superheater locomotive has led Mr. Vaughan to 
make, for a second time, the announcement that 
on the Canadian Pacific Railway they intend trying 
rather higher degrees. 

It may incidentally be remarked that Messrs. W. 
Schmidt, of Cassel, were recently given the opportu- 
nity of converting to the high-degree superheating 
system an engine on the Egyptian State Railways, 
and, having a free hand as regards design, installed a 
superheater tm Ayr 200 deg. to 230 deg. Fahr. 
superheat. is last fact must clearly be indicative 
of one of two things: either that great uncertainty 
exists in the minds of the designers as to what 
degree of superheat an installation will, on the 
average, produce, or that the highest degrees are 
only advisable where care both in the handling of the 
engine on the road and in maintenance is assured. 
The skill and care of drivers and the excellence 
of maintenance is not, unfortunately, for inany 
reasons, of a uniformly high degree throughout the 
world. It is unnecessary to dilate on this fact, of 
which the truth will be admitted by all conversant 
with the class of labour procurable in many ccuntries 
abroad, or the traffic conditions obtaining in others. 
There is not any intention of laying stress here upon 
objections to which high-degree superheating may be 
open in this connection, though, without injustice, 
it may be pointed out that Mr. H. H. Vaughan 
has more than once directed attention to this need 
of efficient maintenance. Both before the Master 
Mechanics’ Association in 1907, and before the 
American Society of Mechanical Engineers in 1907, 
Mr. Vaughan pointed out that a number of cases of 
deterioration of high-degree superheater elements 
had occurred, the metal losing all its nature, and 
being capable of being ‘‘ broken in the hand.” Mr. 
Grant Hall, superintendent of motive power, Lines 
West of Fort William, Canadian Pacific Railway, 
likewise referred, at the Master Mechanics’ con- 
vention of 1908, to these failures, which are due to 
inefficient use and maintenance of an essential 
adjunct of the high-degree heater. 

American practice, coupled with the fact that 
considerable reference will later be made to ex- 
perience with an engine converted, under Dr. 
William Schmidt’s direction, from one of the ordinary 
type to one giving 200 deg. to 230 deg. superheat, 
together with the desirability of keeping the dis- 
cussion as broad as possible, and not limiting it 
merely to the practice of certain European countries, 
suggests that the figure of 220 deg. Fahr. superheat 
would not be an unreasonable one to take as satis- 
factory in connection with the high-degree super- 
heating systems. While rather in excess of the 
degree till recently recommended by Mr. Vaughan, 
and used on the Canadian Pacific Railway, it comes 
within the ranges advocated by Mr. F. J. Cole and 
with the Schmidt system, and may therefore be 
considered to be fairly representative. 

Before proceeding further it will be as well to 
point out that sight must not be lost of the fact 
that, in comparisons with ordinary engines using 
saturated steam, some knowledge is necessary of 
the wetness of the steam the latter class uf engines 
consumes. The wetter the steam the more the 
argument will turn in favour of superheating ; but 
since, if the discussion is to be of any real 
value, impartiality is necessary between the several 
systems, a brief discussion of known facts bearing 
on this point is, perhaps, permissible at this stage. 
For long it was the opinion--and the inference 
seemed justified—that a great deal of water passed 
over with the steam in locomotive engines.* What- 
ever may have occurred with the smaller boile:s 
of some years ago, there appears now to be 
ground for thinking that the quality of the steam 

ing out of the boiler is not really so very wet. 

he trials on the St. Louis and the Purdue testing 
plants do not reveal the presence of a great amount 
of water, and Dr. Goss, commenting on the results 
at Purdue, concludes that, when the locomotive Is 





* See, for éxample, Proceedings of the Institution of 
Mechanical Engineers, 1896, discnssiun on ‘‘ Value of the 
Steam-Jacket.’ 
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under steady load, conditions inside the boiler are 
quiet and water is not carried over, and that it is 
only when the regulater adjustment is suddenly 
altered to meet a greater load that the ebullition is 
of a sufficiently violent nature for much water to 
be passed over in the steam. Exceptional con- 
ditions naturally conducive to priming are, of 
course, now eliminated from consideration. It may 
be remarked that, while on a testing plant a fairly 
steady draw-bar pull is maintained, and the regu- 
lator may he in little need of constant adjustment, 
engines so tested are not, as a rule, quite so quiet 
as on the road, with the result that the steam 
bubbles would be quite as readily freed from the 
generating surface as in service, and this factor 
may be ignored, therefore, in connection with the 
St. Louis and Purdue figures. 

The Purdue tests show a remarkable uniformity, 
and seldom reveal the presence of more than 
1 per cent. of water. The St. Louis tests, over 
a wider range of conditions, showed water present 
to the extent of from 0.14 to 5.65 per cent., 
the great majority of the tests showing less than 
2 per cent. The comparatively high wetness in 
a few tests was accounted for by priming due 
directly to the addition of chemicals to the 
water for the purpose of softening it, and these 
particular trials may therefore be more closely 
analogous to service working, in which more or less 
priming is often — from one cause or another, 
than others in which every care was taken to have 
the boiler and water conditions the best possible. 
Apparently it is on the strength of the St. Louis 
tests that Mr. Vaughan and Mr. Cole have assumed, 
in calculations, the presence of 2 per cent. or less 
water in ordinary saturated steam. Confirmatory, 
of the St. Louis and Purdue tests may be cited the 
road trials made last year on the Atchison, Topeka, 
and Santa Fe Railroad, which showed in every case 
less than 2 per cent. of water present in the steam 
at the dome. Professor Hitchcock records about 
2.3 per cent. moisture in road tests. M. G. 
Noltein, in a report to the International Railway 
Congress of 1910, stated that he had known in- 
stances of 2.7 per cent. of water present, but the 

ercentage was more often in his experience below 2. 
The Union Pacific Railway also records 2.74 per cent. 
of water. General opinion seems to incline to 
higher figures, and with average conditions as regards 
water and washing out, &c., it is likely that rather 
more than these amounts is commonly present. 
On the other hand, the figure of 7 per cent., used in 
calculations by Herr Garbe, confessedly, by the 
way, an assumption, seems too high, and, if used asa 
basis, unduly favours superheating. One of the 
latest pronouncements on the subject emanates 
from Mr. G. Hughes, of the Lancashire and York- 
shire Railway, who has recorded the exceptional 
figure of 9 per cent. of water as present in the 
steam.* Such figures may be set aside as scarcely 
typical of normal working, but the amount of 5.5 per 
cent., sometimes selected, appears to be more fairly 





* Proceedings of the Institution of Mechanical Engi- 
neers, 1910, Part I1., page 506. 
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representative of average conditions. In view of all 
the evidence, it appears reasonable to suppose that 
the actual average amount is certainly not more 
than from 4 to 5 per cent., except in cases of dirty 
boilers or other unusually unfavourable conditions, 
and for the present purpose it will suffice to take 
the figure of, say, 4.5 per cent. 

Four conclusions have thus been arrived at— 
viz. :—(1) That the amount of water present in 
saturated steam can be taken, as a rough average 
for the purposes of calculation, as about 4.5 per 
cent. ; (2) that a reasonably representative figure of 
high- degree superheating systems would be an 
average of 220 deg. Fahr. superheat; (3) that 
waste-gas superheaters may be designed to give 
superheat equivalent to 90 deg. Fahr. or there- 
abouts, calculated on boiler pressure ; and (4) that 
appreciable economies coe from superheat in 
the neighbourhood of 100 deg. Fahr. Based on 
these conclusions, it is proposed to trace as far as 
possible the effect of superheating on locomotive 
performance. 





CURTIS TURBINES FOR THE UNITED 
STATES DESTROYERS “STERRETT” 
AND “PERKINS.” 


EXCEEDINGLY satisfactory results have been 
obtained with the torpedo-boat destroyers Perkins 
and Sterrett, constructed for the United States 
Navy by the Fore River Shipbuilding Company, of 
Quincy, Massachusetts. The successful develop- 
ment of a turbine of any type has invariably made 
a heavy demand on the ability and enterprise of 
those responsible, and the Fore River Shipbuilding 
Company are to be congratulated on the exceptional 
resource and ingenuity they have shown in bringing 
the Curtis marine turbine to its present highly satis- 
factory position, as exemplified in the trial results of 
the Perkins and the Sterrett. Each of these boats is 
of 742 tons displacement, and is fitted with Curtis 
turbines driving twin screws, steam being supplied 
from four Yarrow-type boilers, oil fired, and designed 
for a working pressure of 275 lb. per sq. in., the 
total heating surface provided being 18,000 sq. ft. 
A view of the Sterrett is represented in Fig. 1, 
annexed. She measures 289 ft. between perpen- 
diculars, and has a beam (moulded) of 26 ft. 44 in.. 
the mean draught being 8 ft. 4in., and the displace- 
ment 743.5 tons. On the four hours’ full-speed 
trial the Sterrett developed 12,789 horse-power at 
631 revolutions per minute, and attained a speed of 
30.37 knots, the water consumption, inclusive of 
auxiliaries, being 14.85 lb. per shaft horse-power. 
The Perkins was less forced, and had slightly 
different propellers, and she developed 11,668 shaft 
horse- power, attaining a speed of 29.76 knots, with 
a water consumption for all purposes of 14.49 lb 
per shaft horse-power of the main engines. The 
evaporation was 10.42 lb. of water per lb. of oil 
consumed. The vacuum in the condenser averaged 
27 in. in this case, and only 26.6 in. in the case of 
the Sterrett. With a higher vacuum the consump- 
tion would naturally be reduced, but with modern 





destroyers, having oil-fired boilers, the machinery 
at full power is now, in many cases, so forced 
that it is practically impossible to maintain a high 
vacuum on the full-speed trials. The Sterrett’s 
propellers measured 6 ft. 6} in. in diameter by 
| 75 61 in. mean pitch, having a projected area of 
18.21 sq. ft. and a disc area of 33.82 sq. ft., the heli- 
coidal area being 21.06 sq. ft. The uppermost tip 
of the blades was immersed 21.4 in. at load draught. 

At 16.27 knots the turbines developed 1596 shaft 
horse-power, the revolutions being 298.25, and the 
|consumption for all purposes 20.91 Ib.’ per hour 
per shaft horse-power. In this trial the evaporation 
amounted to 11.81 lb. of water per lb. of oil. 
| The total weight of the machinery of the Sterrett 
‘(exclusive of water) was 595,987 lb. Complete 
results for the Perkins are tabulated below. 


| Data from Official Trials. 
| + pnciaiietiianscauacapeaamaladaie salen ts 





16.61 


| Average , 12-hour runs (knots) .. 25.2 29.76 
| Number o nozzles open .. os | | 7 12 
Average revolutions per minute, both | 
| turbines .. .. ..  .. _ ..| 801.15 | 479.72 | 698.50 
| Average steam chest pressure (Ib. abs.)) 258 | 249 246 
ee ie wality .. ..| 0.973! 0.975' 0.978 
es first stage pressure (Ib. abs.)..| 19.23 | 49.65 86.80 
pa sixth 7 pressure (ib. abs.) 2.¢9 7.65 | 
hat vacuum (in.*) .. at -| 2826 | 27.96 27.3 
| Horse-power, both turbines ..| 1544 | 6456 11,668 
Water rate per horse-power per hour 
for all purposes, closed exhaust --| 21.48 15.50 | 14.49 
| * Corrected to 30 in. barometer. 
| In these vessels both turbines are placed in 
the same engine-room, but the starboard is ahead 


|of the port, this being necessary because of their 
| considerable diameter and the limited distance per- 
|missible between the centres of the shafts, and 
other conditions of the design. In a new design 
now building the mean diameter of the blade path 
has been reduced to 63 in., the consequent reduc- 
tion of blade s being compensated for by 
increasing to 18 the number of stages. The smaller 
| diameter makes it possible to fix the turbines side 
| by side, thus reducing materially the length of the 
| machinery-room as well as the total weight of the 
| installation. In constructive details this new pat- 
|tern is, however, substantially the same as in the 
| case of the turbines we are about to describe. 

As will be seen, the results obtained with these 
|have been exceedingly good, and special interest 
| attaches therefore to the details of machinery, which, 
| thanks to the courtesy of the builders, we are able 
to illustrate very fully on Plate XXXVI. and on 
pages 216, 217, and 218. 

Fig. 2, Plate XX XVI., represents a longitudinal 
section through the turbine, which, it will be seen, 
consists of 14 stages, velocity-compounded through- 
out, even in the case of the blading on the drum sec- 
tion of the rotor. The mean diameter of the turbine- 
blade path is, in this case, 72 in., and the length of 
the turbine between centres of bearings is 15 ft. 

Both the ahead and astern turbines are in the 
one casing. The latter, which is of hard, close- 
grained iron, is built up of four poe only, consist- 
ing of an upper and a lower half, each made in two 
parts, bolted together by circumferential flanges, as 
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indicated in Fig. 2. The heads are thus integral 
with the rest of the casing, and they are pro- 
vided with lugs, to which are bolted the brackets 
carrying the main bearings. All the flanged joints 
are scraped to a fit. The turbine thus forms a unit 
free from risk of distortion in erection, and easily 
manufactured in correct alignment throughout. 
The whole of the interior of the casing is machined, 
thus ensuring the easy and accurate fixation of the 
various nozzle plates and stationary bucket segments. 
Feet, for bolting the casing to the foundation plates 
in the ship, are cast on the lower half of the casing, 
and the exhaust branch is at the top, as shown in 
Fig. 2. The main shaft is a high-grade-steel forging, 
bored from end to end, and is carried on two bearings. 
The forward end has thrust-collars turned on it, and 
the thrust-block is integral with the forward bear- 
ing. thus ensuring its correct alignment. 
he ahead rotor comprises six wheels for the 
stages having partial admission, whilst the remain- 
ing eight stages are arranged on a drum as shown. 
The main steam-inlet is shown to the right in 
Fig. 2, and at the top in Fig. 3, and leads into 
a nozzle-box shown separately in Figs. 29, 30, 
and 31, annexed. This box has nineteen nozzles, of 
rectangular section, each of which, as shown in 
Fig. 29, is fitted with an independent shut-off valve. 
By closing several of the nozzles, the output of 
the turbine can be reduced without the loss which 
is involved when the power is controlled solely by 
throttling the steam. These nozzles, as best seen 
in Fig. 32, page 217, are all formed in a single 
bronze casting, which is bolted by machine-screws 
(secured from working loose by having the metal 
caulked into the slots) to a forged and machined 
steel plate, which fits on to machined seats in the 
nozzle-box, and forms the surface on which the 
shut-off valves slide, being scraped to a true surface 
on this face. These nozzles are cut out of the 
solid after casting ; they are slightly divergent ; the 
total throat area of the nineteen provided is 8.892 
sq. in., and the area at discharge is 1.145 times as 
much, As will be seen, no portion of the nozzle 
is parallel, and there is reason for believing that 
the provision of such a parallel element, though 
oma in some patterns of turbines, is unnecessary, 
and possibly pernicious. The centre line of the 
nozzle makes an angle of 20 deg. with the plane 
of the wheel. As the shut-off valves may have 
to stand open for very long periods, provision is 
made for balancing them when open. to this end 
a groove, 4 in. wide by ,; in. deep, is cut in the 
valve-plate, as shown at a, Fig. 29, and the edge of 
the valve, when open, overrides this, permitting 
steam to enter below it, and ease it off. its seat. 
In these nozzles the steam under full-power con- 
ditions is expanded from 246 lb. absolute down 
to 86.80. The theoretical velocity of issue is 
thus about 2080 ft. per second. These first-stage 
nozzles deliver the steam on to a velocity-com- 
ounded wheel, having four rows of moving 
Poshets, the mean speed of which in the full-power 
trial was about 187 ft. per second. 

Attention may be called to the method by which 
the brackets for the nozzle spindles are held in place. 
As indicated in Fig. 30, annexed, each is located 
truly by two steady-pins, and is then held in 

sition by nuts and washers, each of which over- 
aps two adjoining brackets, there being a half-hole 
in the flange of each. 

Details of the blading of this wheel are shown in 
Figs. 17, 18, and 23, Plate XXXVI. The bucket 
angle of the first row at entrance is, it will be seen, 
28 deg., whilst at discharge it is 22 deg. From 
this it follows that the space between the buckets 
is narrower at discharge than at entrance, but 
this is in accord with the fact that the stream of 
fluid as it passes through the bucket tends 
to spread laterally, and consequently becomes 
thinner. It will further be observed that each 
successive bucket is longer than its predecessor. 
This is necessary, because in each bucket the 
fluid, besides thinning, as already mentioned, also 
loses velocity, and thus a greater steam-way is 
required at each successive set of buckets. As a 
consequence, the length of the last bucket is 24 
times the width of the stream of steam as it first 
issues from the nozzle. 

The blades, which are of extruded bronze, are 
all carried on foundation strips, which are illus- 
trated separately in Figs. 10 and 11, Plate XXXVI., 
but the method of mounting will be best under- 
stood on reference to the reproductions from 
photographs of the blading, Figs. 27 and 28, 
annexed, The foundation-rings are strips of steel, 
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DETAILS OF CURTIS MARINE TURBINES. 
THE FORE RIVER SHIPBUILDING COMPANY, QUINCY, MASS., U.S.A, 
(For Description, see Page 215.) 
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milled to a U-shape, and grooved along both sides, 
so that they can be secured in p on the 
wheel-rims by caulking the metal of the latter 
into these ves. As received from the milling- 
machine, the foundation-rings are straight. They 
are punched, as shown in Fig. 10, Plate XXXVI., 
to receive the roots of the blades, which are secured 
by riveting. To enable the rings to be bent to the 
curve of the wheel, they are slotted, as best seen 
in Fig. 10, just referred to, and also in Figs. 27 
and 28, page 216. The outer ends of the buckets 
are provided with shrouding, riveted on, as indicated 
in Fig. 23, Plate XXXVI. The ingenious method 
of assembling and mounting the blades lends itself to 
very rapid manufacture, since the construction of 
the blades and foundation strips can be proceeded 
with at the same time as the rotor and casing are 
being machined. The method of finally fixing in 
place is quick and simple, and experience has shown 
it to be reliable, the shrouded segments being very_ 
strong mechanically and very firmly held in place 
by the caulking. : 

The intermediate or stationary buckets, which 
are interposed between the different rows of moving 
buckets, so as to catch the steam discharged from 
the one row and direct it in a favourable direc- 
tion on to the next, are also mounted on similar 
foundation - rings secured to steel holders, and 
are bolted into place. Doors for inspection pur- 
poses are provided to the rectangular openings 
immediately above these blade segments, and 
through them access can be obtained to the in- 
dividual wheels, without the necessity of lifting 
the whole upper half of the casing. A diaphragm 
(see Figs. 25 and 26, Plate XXX VI.), built up of 
dished boiler-plating, in most cases } in., but for the 
first stage ;5; in. thick, riveted to steel castings at 
the hub, and the periphery, divides off each wheel 
from its successor. At its circumference each of 
these diaphragms has a rib, which engages with a 
slot turned in the casing, and makes, when the 
pressure is on, a practically steam-tight joint. At 
the centre, where the shaft through the hub, 
the diaphragm is provided with a bushing of anti- 
friction metal, as shown to a larger scale in Fig. 24, 
Plate XXXVI. This bushing, it will be seen, is 
turned into a series of serrations, so that if a touch 
occurs between it and the shaft liner there is no 
sensible production of heat. The clearance, when 
hot, between this bush and the shaft liner, is 30 mils 
in the case of the first of these diaphragms, 40 mils 
for the second, 50 mils for the third, and 60 mils for 
the remainder. The diameter at the first diaphragm 
is 168 in. and increases in successive steps of 4 in. 
each up to 17} in. at the last diaphragm. The 
bushings are held at four points only, and it will be 
seen that the part nearest the shaft is considerably 
overhung, thus giving that portion a little elasticity 
in case of the shaft whipping in consequence of a 
sudden change of load. 

The nozzle openings for each stage after the first 
are formed by sections of nickel-steel plates fused 
into cast-iron ribs, as best seen in Fig. 44, page 217. 
These plates are bolted to ribs cast on the main 
turbine casing, as shown in Fig. 2. The bolts used 
in all these cases, it may be observed, are fillister- 
headed machine screws. These have proved amply 
sufficient, as the parts connected are subjected to a 
steady load only,.and do not require to be held 
together with any extraordinary degree of pres- 
sure. The screws are prevented from unscrewing in 
service by simply caulking some of the surrounding 
metal into the slot. 

Sections through the casing showing the ribs to 
which the nozzle-plates are screwed are represented 
in Figs. 40 and 41, page 217. As will be seen from 
the section taken at A A, the opening in the 
casting is bell-mouthed, so as to give the steam an 
easy access to the nozzles, and, as the pressure 
drop in all stages but the first is small, these 
nozzles are not divergent. 

For stages 2, 3, 4, 5, and 6 the wheels carry three 
rows of moving buckets ; their construction is shown 
in detail in Figs. 7, 8 and 9, Plate XXXVI. They 
are built up of tin, boiler-plating, riveted to forged- 
steel rims and hubs. The latter are slotted to take 
a key 1} in. wide, and are turned to a diameter 
1090,im. less than their seats on the shaft, on to 
which they are forced by hydraulic pressure. Each 
hub has further drilled in it four 3-in. holes to take 

colts to pull off the wheel, if in any case it should 
be necessary. Hach wheel is held in its axial 
position by distance-pieces, as best seen in Fig. 2, 


cut in the shaft, and is screwed to the hub of the 
first wheel. 

These distance-pieces are checked from turning 
by the key, which extends beyond the wheel-hubs, 
and fits into a slot cut on the sleeve, as shown at b, 
Fig. 8. The distance-pieces are thick enough to 
mask the keys, so that the outer surface of the 
shaft is thus rendered quite smooth. The sides of 
the wheel are stiffened by eight arms or ribs riveted 
to the hub and slotted into a channel section with 
a view to reducing the weight, as indicated in the 
‘* bastard ” cross-section at a, in Fig. 7. A view of 
the rim to a larger scale is represented in Fig. 9, 
Plate XXXVI., whilst details of the blading will 
be found in Figs. 15 and 16, on the same plate. 
The fixed intermediate rows of blades are secured 
as illustrated in Figs. 38 and 39, 217. 

All the ‘‘ wheel” stages work with partial admis- 
sion, though in the case of the lower pressure stages 
there are nozzles in the lower half of the casing as 
well as inthe upper. In the case of the drum section 
of the turbine, however, the admission is complete. 
A view through the casing in this region is repre- 
sented in Fig. 42, page 217, whilst Fig. 43, below, 
shows to an enlarged scale the method of securing 
in place each nozzle segment, of which eight com- 
plete the circle. These nozzle-blocks are bronze 
castings, and, as shown in Fig. 45, are in the first 
place secured by machine-screws to the forgings, on 
which the fixed blades are mounted, and each unit 
thus formed is then fixed to the casing by set-bolts. 

The holder shown in Fig. 45 is that at the com- 
mencement of the drum section, and, as will be 
seen, it carries the fixed blades for both the 
seventh and the eighth stages. On reference to 
Fig. 2, on Plate XXXVI., it will be seen that 
for the succeeding stages each of these holders 
carries one set of fixed blades only. 

Returning to the nozzle segments, these nozzles 
are formed by casting in division-plates, as shown 
in Fig. 44. Where the edge of the nozzle segment 
is in contiguity with the rotating drum, it is 
serrated, as best seen in Fig. 45. The deep slot 
formed at g is for the purpose of giving a little 
flexibility to the baffle in case of an accidental 
touch. On this drum section of the turbine there 
are, it will be seen, two rows of moving blades per 
stage. In previous drum constructions, as made 
by several European builders of marine turbines, 
this drum section has not been velocity-compounded 
at all, there being but one row of moving blades per 


stage. 
“The construction of the drum is well shown in 
Figs. 4 and 5, Plate XXXVI. It consists of an 
eight-armed steel casting plated at both ends. The 
rim which carries the blading is in three pieces, con- 
nected together by rivets ing through internal 
flanges, as best seen at Fig. 12, Plate XXXVI. 
This drum is secured to the cast-steel spider by 
the end-plates, which are of steel } in. thick, 
riveted to the rim, the arms, and the hub, and 
at the after end this plating has large man- 
holes through it, as indicated by the dotted lines 
in Fig. 5. ‘The forward end of the drum being 
closed in, there is on this drum, when the turbine is 
at work, an end-thrust which balances that of the 
ogre any residual thrust being taken by the 
lock shown to the right in Fig. 2. Details of the 
drum-blading are illustrated in Figs. 13 and 14, 
19 and 20, and 21 and 22, Plate XXXVI. Figs. 19 
to 22 represent the blading for the thirteenth and 
fourteenth stages. These blades are, it will be 
seen, some 9 in. long, and are consequently made 
1 in. wide instead of ? in., as in the case of the 
shorter blades represented in Figs. 13 and 14. 
Details of the main bearings are represented 
in Figs. 46 and 48, page 218. This bearing has 
water-jacketed brasses lined with white metal. It 
is lubricated by oil pumped in through the two 
openings shown in the top half. This oil flows 
both ways through the bearing. That flowing aft is 
caught by an oil-thrower, and drained away through 
the opening shown at the left-hand bottom corner 
of Fig. 46, whilst the oil flowing forward passes 
into a reservoir into which dip the thrust-collars 
on the shaft, as indicated by the dotted lines. 
Cooling-pipes (see Figs. 49, 50, and 51) are pro- 
vided at the bottom of this reservoir. The surplus 
oil is drained off to an oil-cooler, and, after straining, 
is returned to the bearings. Details of the fixed 
thrust-collars are represented in Figs. 53 to 56, 





and the whole rotor is vented from working 
forward by a lock-ring, which enters into a groove 








page 218. These are faced with white metal, 
thoroughly hammered into place. Oil for lubrica- 
tion is forced in through the openings ab 


k and 1, whilst cooling water is circulated through 








the interior of the collars by the pipes shown at 
m and n. 

‘The glands at the end of the casing are packed 
with carbon, the construction of the gland being 
represented in Figs. 57 to62. There are six carbon 
segments of the form shown in Figs. 59 and 60. 
These are pressed into contact with the shaft by 

late springs, as best seen to the right of Fig. 58, 

ing carried by metal-holders, to which the springs 
are riveted as indicated in Figs. 61 and 62. Plate 
springs are alsv used to put an axial thrust on the 
carbons and keep them in contact with their beds. 

The reverse turbine is fitted at the after end of 
the casing, as indicated in Fig. 2. It consists of 
two stages only, each wheel carrying four rows 
of a blades. The range of expansion in each 
stage is therefore large, and the nozzles, as shown 
in Figs. 33 and 34 and Figs. 35 to 37, have a con- 
siderable degree of divergence. Thus the throat 
section at A A (Fig. 36) is 0.675 sq. in., whilst at 
BB, the point of discharge, it is 1. .in. These 
nozzle-plates are bronze castings. e nozzle 
openings are rectangular, and are worked out of the 
solid. Independent shut-off valves are provided to 
the end nozzles in the case of stage 1, thus makin 
it possible to adjust to some extent the tota 
nozzle opening to the steam supply available. 

In different navies the Curtis turbine is now 
installed, or being installed, to an aggregate of some 
hundreds of thousands of horse-power, and it is 
common knowledge that the principle of velocity 
compounding is also being adopted, partially at least, 
by builders of competing types of marine turbine. 
The total shaft horse-power of Curtis turbines built 
and building by the Fore River Shipbuilding Com- 
pany for different navies is, we may add, 286,000. 
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German Coat Imports.—The imports of coal into 
Germany in the first half of this year were 5,245,772 tons, 
as compared with 5,080,680 tons in the first half of 1910, 
British coal was imported into Germany in the first half 
of this year to the extent of 4,531,117 tons, as compared 
with 4,344,139 tons. 
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TWO-STAGE COLLIERY AIR-COMPRESSOR. 
CONSTRUCTED BY MESSRS. ROBEY AND CO., LIMITED, ENGINEERS, LINCOLN. 
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Recent accidents in collieries where electrical |diameter by 42-in. stroke, while the diameter of the | pressure cylinder. The latter has a diameter of 21 in. 
methods of puwer transmission have been installed | low-pressure cylinder is 35 in. As shown in Fig. 6, page| Both air-cylinder& are thoroughly water-jacketed. 
have led toa renewed demand forair-driven machinery, | 221, the admission valves are of the ‘‘ drop” type, and | The engine, as will be seen in Fig. 1, above, is fitted 
for the supply of which powerful compressors are | are fitted with an automatic cut-off gear, under the con- | with a centrifugal governor ; but provision is also made 
needed. On the present and opposite pages we illus-|trol of the governor. The latter, however, merely | by which the supply of steam is automatically adjusted 
trate a compressor built for this service by Messrs. | regulates the position of a cam operating the gear, and | to the pressure of the air in the receiver. The valves 
Robey and Co., Limited, of the Globe Works, Lincoln. |is thus free from all positive work. The exhaust- | for the air-cylinders are shown separately in Figs. 7 
The general arrangement of the compressor in — valves, which are of the gridiron type, are below the | and 8, page 221. 
is well shown by Figs. 1 to5. It consists, it will be seen, | cylinders, and are operated by eccentrics on the side} As will be seen, the inlet and outlet-valves, with 
essentially of a compound cross-connected steam-engine | shaft. The air-cylinders are arranged to complete | their seats, are complete in themselves, and are 
having air-oylinders arranged tandem fashion behind | the compression in two stages, the air from the low-| secured in the cylinder by means of the three lugs 
the steam-cylinders. The engine is designed to work | pressure cylinder being passed through an air-cooler| shown. The time required for examining the valves 1s 
with steam at 160 lb. gauge pressure, and 150 deg. pest er the floor level, as indicated by the dotted | thus reduced to a minimum, because by a special 
superheat. The high-pressure cylinder is 19 in. in! lines in Figs. 2and 3, annexed, before it enters the high- arrangement of seating the joint can be made any 
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number of times without renewal, the contact being 
metallic. The left-hand illustration represents the 
inlet-valve, which is, as far as the valve is concerned, 
interchangeable with the delivery-valve, shown in the 
right-hand illustration, the only difference between 
the two valves being in the easing. It will be seen 
that the valves are multiple-ported, and require there- 
fore only a very small lift, and they are accordingly 
absolutely silent in action and subject to sonstieally 
no wear. 

As shown in Fig. 8, the valves themselves are corru- 
gated in form, and they are made from a special 
quality of mild steel, being accordingly not only 
extremely strong, but very elastic. The valves are 
held in position by means of coiled springs of square 
section, the springs fitting into the flanges on the 
outside and inside edges of the valve (as shown in the 
left-hand illustration in Fig. 7), and being held also 
at the other end by the guide-plate. By this arrange- 
ment the valve is held firmly in position on the valve- 
seat, but is free to move in all directions towards the 
guide-plate, thus rendering lubrication unnecessary. 
It will be seen that by this method all guide-studs or 
other supports which are liable to wear are dispensed 
with, the valves being quite free to seat themselves 
accurately and noiselessly at every stroke. 

The advantages of a valve which has no moving 
parts in frictional contact, and so requiring no lubri- 
cation, are quite obvious, and as the springs used are 
extremely light, and are only required to support the 
valve and hold it against its seat, their life is prac- 
tically unlimited. Valves have been carefully ex- 
amined after a year’s service, and absolutely no signs 
of any wear have been discovered, the condition being 
as perfect as the day the valves started work. 








CURRENT RAILWAY CONSTRUCTION. 


AmonG the more important works in hand in con- 
nection with home railway extension and develop- 
ment, we may state that the great Immingham Dock, 
promoted by the Great Central Railway Company, is 
expected to be ready for the shipment of coal by the 
end of September, the filling of the dock with water 
being now in progress. Hydraulic and electric power 
plants are almost completed ; seven cval-hoists on the 
south quay are also nearly ready for trial-runs, and 
transit-sheds and granary and other buildings are being 
proceeded with. As regards other works which the 
Great Central Railway-Company has in hand, we may 
add that a commencement has been made with the 
construction of a deviation line at Keadby, in connec- 
tion with a new bridge which is to be constructed 
over the Trent. By an arrangement with the local 
authorities it is proposed that this bridge shall also 
have @ carriage-road. A junction with the Lanca- 
shire and Yorkshire system at Ashton-under-Lyne is 
sEprening completion, and it is expected that it 
will be reaay for traffic by the end of October. An 
electric line has been completed between Grimsby 
and Immingham, and the running of tram-cars will be 
shortly commenced. 








The Great Eastern Railway Company is assisting 
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the construction of a light line between Elsenham and 
Thaxted, but has no other works in progress. 

Many of the new works contemplated by the Great 
Northern Railway Company remain in abeyance. In 
connection with sundry alterations at Finsbury Park 
Station, contracts have been entered into fora new down 
platform and a concrete viaduct over the wilk-yard. 
A start has been made with these works. An addi- 
tional track is being laid on the up-side of the main 
line between Corby and Essenden. A contract is in 
hand for the construction of a light line, eight miles 
in length, between Bawtry and Haxey. 

The Great Western Railway, as usual, is pursuing 
an energetic development policy. The construction 
of Swansea district lines continues to make progress, 
and a contract is about to be let for works between 
these lines and the Rhondda and Swansea Bay Railway. 
Increasing traffic in South Wales has rendered it 
necessary for the company to provide additional loop 
lines and refuge sidings at various points on the main 
line, and more particularly in the neighbourhood of 
Port Talbot and Briton Bue. As @ necessary pre- 
liminary for the enlargement of the Newport station, 
a locomotive dépét is to be removed to Maesglas. At 
Birmingham, the Snow Hill Station is being recon- 
structed and enlarged, and a goods dépét is being 
provided at Moor-street Station. Additional accom- 
modation is being provided at Paddington, and the 
accommodation at Newton Abbot and St. David’s 
Station, Exeter, is also being improved. 

The Lancashire and Yorkshire Railway has con- 
structed new fish and coaling stages in ferro-concrete 
at Fleetwood, andadditional sidings have been provided. 
Additional siding accommodation has also m pro- 
vided at Fazakerley Junction, and bridges are in hand 
over Aintree-lane and the Alt. With a view to pro- 
viding additional siding accommodation for coal traffic 
at Bankhall, a contract has been let for widening a 
bridge over the Leeds and Liverpool canal, and a site 
for the proposed sidings is being cleared. A contract 
has been let for a carriage-repairing shop, offices, &c., 
at Meols Cop, Southport. 

In the course of the past half-year the London, 
Brighton, and South Coast Railway Company ex- 
pended 120,664/. in equipping suburban lines for 
electrical working. Additional repairing-shops and 
sidings were proceeded with during the half-year at 
Peckham Rye and Norwood Junction. Some expen- 
diture was also incurred in widening the Bognor branch 
on the Sutton and Cheam section. A service of elec- 
trical trains between Victoria and the Crystal Palace 
has worked satisfactorily. 

The principal work which the London and North- 
Western Railway Company has at present in hand is 
& new relief line between Euston and Watford. 
The greater part of the section between Kensal 
Green tunnel and Harrow (about 64 miles) has 
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|been completed, and progress is being made with 


the laying of the permanent way. Contracts have 
been let for new passenger stations at Harlesden, 
Stonebridge, Wembley, North Wembley, and Kenton, 
and the works have been commenced. A goods yard 
at Kenton has been opened for traffic. At Harrow 
new booking-office buildings on the up-side have been 
brought into use. Upon the section between Harrow, 
Bushey, and Watford (High-street), a distance of 
5 miles, more than half the excavation has been 
removed, and two out of eighteen bridges are finished ; 
eleven other bridges are in course of construction, 
and the arches are being turned fora viaduct over the 
Colne, near Bushey. Nearly the whole of the earth- 
work involved in the widening of the Rickmansworth 
branch has been completed; bridges and retaining-walls 
have reached an advanced stage, and works at High- 
Street Station, Watford, have been proceeded with. 
Platforms, roofing, and waiting-rooms have been nearly 
finished at Watford Junction. Upon the Croxley 
Green branch, 14 miles in length, the earthworks are 
well advanced and bridges have been built. A new 
loop-line, 34 miles long, will be shortly commenced 
at Coventry; the loop will form a connecting link 
between the London and Birmingham section and the 
Nuneaton branch. Additional lines and improved 
accommodation at Lichfield (Trent Valley) have been 
brought into use. The widening of the Trent Valley 
section between Armi and Rugeley, a distance of 
5# miles, is also in hand. Works for a branch to Holy- 
well Town (1} miles) are being proceeded with. 

The London and South-Western Railway Company 
has doubled its lines between St. Denys, Southampton, 
and Fareham, and good progress has also been made 
in widening the railway between Studland - Road 
(Hammersmith) and TurnhamGreen, The re-building 
of the Waterloo Station has now reached the old main 
line, and a portion of the main-line traffic has been 
transferred to the new South Station. The construc- 
tion of the 16-acre open dock at Southampton is now 
so far advanced that the dock was recently used b 
the new White Star liner Olympic, before she left 
Southampton on her first voyage to New York. The 
enlargement of the Trafalgar dry dock to accommo- 
date the Olympic and her sister-ship the Titanic is 
also well in hand. 

The Midland Railway has a deviation in hand at 
Lancaster, and good progress has been made with a 
viaduct over the Lune. The whole of the steel work 
of the viaduct has been commenced, and it is hoped 
that the deviation will be brought into use before the 
end of the autumn. It may be noted that durin 
the past half-year the Midland Railway made specia 
allocations out of revenue to the extent of 120,000/. 
for bridge reconstruction, improved signalling equip- 
ment, and carriage renewals. 

The North-Eastern Railway Company is widen- 
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ing its line between Northallerton and Darlington, ' 
and it is re-modelling its goods-marshalling yard at | mencing at 6 a.m., 7 a.m., or 8 a.m. 
New dock-gates at the entrance to the! 


Newport. 
Steels are almost completed, and as soon as they 
are realy for traffic it is proposed to undertake the 
reconstruction of the north entrance. New coal- 
staithes are being constructed at West Dunston, and 
appliances are being provided for bunkering coal at 
Middlesbrough. The river embankments of a new 
joint dock at Hull have been completed, and part of 
the quay space and storage ground has been ballasted. 
The managing-committee of the South-Eastern and 
London, Chatham, and Dover Railway Companies is 
proceeding with a new harbour station at Dover, and 
@ contract for the foundations has been let to Messrs. 
8. Pearson and Son, Limited. 





INDUSTRIAL NOTES. 

On Monday last active preparations were being 
made throughout the country for a great railway 
strike, and the activity affected both the masters and 
men. It was stated that Saturday would be the day 
on which the strike would actually commence, but 
nothing certain was known. Should this much-talked- 
of general railway strike actually occur, it would 
mean an unprecedented disorganisation to the indus- 
trial life of the country. If the men strike, it will 
be in defiance of the terms of the 1907 settlement, 
but they say that these terms have not been kept by 
the employers. However this may be, the masters 
held a meeting in London on Monday last, at which 
the general managers of all the leading railway com- 
panies in England attended. From what transpired 
then it seems that the companies intend to stand 
firm, and adhere to the terms of the 1907 settlement, 
to resist all demands of the men already out on 
strike, and todismiss immediately any employee guilty 
of insubordination. The companies state that they 
will make no further concessions, and that the men 
must return to work and submit their grievances to the 
conciliation boards. 

Matters came rapidly to a head, and on Wednesday 
it was announced that a general railway strike would 
begin on Thursday morning if the companies did not 
comply with the men’s terms. Important meetings 
held at the Board of Trade on Wednesday brought no 
eae te a postponement of the strike for 24 hours. 

he Government are making military preparations for 
the protection of the railways in case the strike occurs. 
At the time of going to press it is quite impossible to 
say what is going whee ; but the companies appear 
to be confident that they will be quite able to carry 
on, at any rate, a somewhat curtailed service, as the 
Government have guaranteed protection for the men 
at work. The general situation is discussed in our 
leading article on page 229, and negotiations at the 
Board of Trade are proceeding as we go to press. 

The Bristol railway men employed in the goods 
department of the Great Western Railway Company 
resolved on Sunday last to strike for higher pay and 
revision of hours and the abolition of the bonus system. 
They number, including carmen, about 600, employed 
at Bristol, Avonmouth, and Portishead. It will be 
remembered that they ceased work about three weeks 
ago, but were then induced by their officials to resume 
work pending negotiations. Since then these negotia- 
tions have been going on with the management. They 
oppesr, however, to have come to nothing. The em- 
ployees of the we sown Department of the Great 
Eastern Railway Company at Grimsby have also put 
forward a demand for an all-round increase of 4s. per 
week, stating that they will go out on strike if their 
demands are not at once attended to. 





It was with a feeling of relief that the general 
public learned last Saturday morning that the strike, 
which had for more than a week cast a dark shadow 
over London, was declared to be at an end, for 
on the previous day matters had begun to look 
very serious indeed, and it appeared from the general 
aspect of things that the aid of the military might be 
found necessary in order to quell disorder. Happily, 
however, such an alternative was avoided by an agree- 
ment between the masters and men, arrived at on 
Friday under the able guidance of Mr. Askwith. It 
was not before midnight, however, that the final 
decision was made known. The text of the agreement 
between the Association of Master Lightermen and 
Bargeowners and the Amalgamsted Society of Water- 
men, Lightermen, and Watchmen of the River Thames 
is as follows ;—(1) Lightermen.—The day’s work shall 
be any ten consecutive hours, commencing at 6 a.m., 
7a.m.,or8a.m. The day’s pay to be 6s.; overtime 
before 8 p.m. from 4 p.m. to 5 p.m., and 5 p.m. to 
6 p.m. to be paid at the rate of 9d. per hour, and from 
6 p.m. to 7 p.m. and 7 p.m. to 8 p.m. at the rate of Is. 

r hour. Where overtime is incurred it shall 
ollow consecutively from the day’s work. Sunday 
Rey for finishing a night’s job, 6 to 10 a.m., 4s. 

tarting a fresh job on Sunday, 6 to 10 a.m., 6s. 


-_ Sunday, 8s. Commencing work after 12 noon, 


(2) Apprentices: The hours of apprentices will 


‘still idle in London. 





in future be any consecutive ten hours per day, com- 
Overtime for 
apprentices in their 3rd, 4th, and 5th years to be 4d. 
per hour for the 11th and 12th hours, and for those in 
their 6th and 7th years 6d. per hour for the 11th and 
12th hours. A night to begin after 12 hours’ work, or 
at 8 p.m., if that time is reached before the 12 hours 
are completed. (3) Watchmen: The pay to be 5s. per 
ten hours’ day from 7 a.m. to5 p.m. Overtime to be 
id at the rate of 6d. per hour up to 7p.m. (4) 
‘oremen and tug hands (including any member of the 
crew) to do only one joba night in the lighters. (5) 
Meal times: Reasonable time to be allowed for meals, 
but when working in dock or alongside ship or wharf 
the meal times to be the same as at the dock, ship, 
or wharf. 
There were also some other general conditions as to 
the resumption of work, &c. The main points of the 
ment seem to show that the men have secured a 
ten-hour day instead of twelve hours. For the two hours 
thus gained they will have overtime at the rate of 9d. 
r hour, the old overtime of 1s. per hour for the hours 
Coenen 6 p.m. and 8 p.m. being unaltered at present, 
but are to come into force at once at the end of a da 
beginning at 8 p.m. The alteration means, it is esti- 
mated, an improvement of about 25 per cent. or more 
in the wages of the workpeople and a ten-hour day. 
The satisfaction felt on Saturday did not, however, 
last long, for early this week it was found that the 
settlement was not universal. The majority of men 
concerned, of course, returned to work, but on Monday 
as many as 10,000 dockers remained out, and there is 
still widespread discontent. It was said among the 
men that unless their grievances are remedied the 
strike would be renewed. What their grievances are 
is not very clear. It is estimated that at the beginning 
of this week there were about 30,000 men and women 
It appears that there was dis- 
satisfaction that the ls. an hour applies only to over- 
seas shipping, and the employment of non-union men 
is also a grievance. 


Although London appeared at the end of last week 
to have at length found peace, such was not the case 
with Liverpool, and at the time when the former city 
was returning to normal conditions the latter was in 
the throes of very serious rioting, in which great 
numbers of people were injured, and a great deal of 
property was destroyed. t Saturday and Sunday 
saw St. George’s-square, opposite the Lime- street 
Hotel, in a state of turmoil and excitement that was 
only prevented from assuming far worse proportions 
than it did by the presence of large bodies of military 
and police. The shipping situation causes much appre- 
hension, for all sense of discipline seems to have been 
lost by the men. They have disregarded the advice of 
their leaders, and the concessions they recently gained 
from the shipowners only seem to have made them 
think that they will get what they like from the 
employers with a little more pressure. The em- 
ployers have, however, resented this, and at the end 
of last week they threatened to lock out the dockers 
on the following Monday unless the men would abide 
by the terms of agreement made for them. On Sunda 
matters grew worse, and much rioting peo 4 
It seems to have begun at a meeting attended by 
about 100,000 men, and the disorder necessitated 
several baton charges being made by the police. In 
the end the soldiers were called out, and the Riot Act 
was read. On Sunday evening, after large bodies of 
soldiers had been drafted into Lime-street, and after 
renewed efforts of the police, order was at length 
restored, and all the main streets in the heart of the 
city were held by the officers of the law. 

n Monday, however, matters grew worse and a 
complete stoppage of the entire train service in and 
out of Liverpool seemed imminent, in addition to 
which it looked as though the tramway men would 
also join the malcontents. The threatened lock-out 
by the en also came into force, which meant 
that the docks were closed and about 30,000 men 
thrown out of work. As a reply to this the men 
advocated a general strike, which, it is estimated, 
would bring out about 75,000 men. 

Rioting was renewed on Tuesday, and two men 
were killed while taking ~~ in an attack on a prison- 
van guarded by men of the 18th Hussars. The most 
turbulent element appears to be the Irish, but this is 
generally the case in Liverpool. At the time of going 
to press matters do not appear to have improved. 





A circular letter on the subject of intimidation during 
trade disputes was sent by the Home Secretary to the 
chief constables of police forces in England and 
Wales. It calls the attention of the police to the inti- 
midation and molestation of men who are willing to 
work, as defined in Section 7 of the Conspiracy 
and Protection of Property Act, 1875, and in 
sections of the Trade Disputes Act, 1906. It is stated 
that there is an idea abroad that since the pass- 
ing a 7 of oe —— ~~ which 

ve the right of peaceful picketing, police interference 
fe prevented. This, however, the Sealer letter denies, 








and maintains that the enactment in question gives 
no protection to intimidation or to threats of violence, 
and that the duty of the police in dealing with these 
offences has not been in any way affected. It cannot, 
however, be said that the Trade Disputes Act has had 
any discouraging effect on acts of violence in connec- 
tion with strikes, but rather the reverse. 





On Saturday last the Glasgow municipal tramway 
service was completely disorganised owing to a strike 
of motor-men and conductors. The stoppage appears 
to have been very sudden, and to have taken the autho- 
rities by surprise. Withina few hours of the stoppage 
many cars had been wrecked or badly damaged, and 
about twenty men were arrested by the police on 
charges of intimidation and disorder. It was stated 
on Saturday night that there were about 2000 motor- 
men and conductors on strike, leaving 700 either idle 
or on duty. In the evening the management stopped 
the running of all cars, which were taken into the 
sheds. They commenced running again, however, on 
Sunday, but were at once attacked. 

There was more disorder on Monday, although the 
disturbances did not reach the pitch they did on the 
previous day. A large show of force had a salutary 
effect. A service of 300 cars was maintained during 
the day in the principal streets. The strike collapsed 
on Tuesday, and there was a procession of men to the 
Corporation offices with applications to resume work. 
It is said that the strike has cost the Corporation 
nearly 8000/. 





At last it seems as though the strike of the Cambrian 
Coal Trust miners is near its end, after having been 
the cause of much misery and loss during the last nine 
or ten months. This conclusion was arrived at as 
the result of a meeting of the executive council of the 
South Wales Miners’ Federation at Cardiff on Monday 
last, and on the previous Saturday. There were a 
number of irreconcilables at the meeting, who wished to 
make the strike general, as the only means of obtaining 
what they wanted, but a were overwhelmed by a 
large majority in favour of a return to work, for, it 
was said, a continuation of the struggle could only prove 
futile. The men will therefore probably return to 
work as soon as the pits can be got into working order. 
It is now open to the strikers to accept one of two 
settlements that have been offered to them during the 
last twelve months. They originally contended for 
2s. 6d. per ton, but under the first agreement arrived at 
in October last the employers offered a cutting price of 
2s. 1.3d. per ton. By the second agreement, determined 
on May 13 last, the same cutting price was offered, with 
the assurance that the average wages of the men should 
be maintained at the standard prevailing before the 
strike, that there should be no victimisation, and that 
points disputed in the future should be submitted to a 
joint committee of workmen and employers throughout 
the South Wales coalfield. The men will not again 
be given the option of refusing these terms. The 
strike has cost a great deal of money, and it is stated 
that during the first three months of its duration it 
cost the South Wales’ Miners’ Federation nearly 
100,000/. 





According to the Board of Trade Labour Gazette, 
the following was the state of the labour market in 
July :— 

Employment in July was good on the whole, and 
much about the same as in June. None of the prin- 
cipal trades showed any marked change. The engi- 
neering and shipbuilding trades were adversely affected 
in some districts by the —— in the transport 
trades ; and the printing and clothing trades improved 
and declined, respectively, owing to seasonal causes. 
As compared with a year ago, nearly all the prin- 
cipal industries showed an improvement. ‘There was, 
however, a noticeable decline at blast-furnaces and in 
the linen, jute, and lace trades. 

In the 394 trade unions, with a net membership of 
769,043 making returns, 22,116 (or 2.9 per cent.) were 
returned as unemployed at the end of July, 1911, com- 
pared with 3.0 per cent. at the end of June, 1911, and 
3.8 per cent. at the end of July, 1910. 

Returns from firms employing 445,247 workpeople 
in the week ended July 22, 1911, showed an increase 
of 0.9 per cent. in the amount of wages paid compared 
with a month ago, and of 5.4 per cent. compared with 
@ year ago. : 
The changes in the rates of wages, taking effect in 
July, affected 106,400 a who received a net 
increase of 2085/. per week. The principal increases 
affected nearly 49,000 coal-miners in N' orthumberland, 
6000 building trade operatives in the Nottingham and 
G w districts, 15,000 engineers in the Hudders- 
field, Blackburn, and Birmingham districts, and 5000 
iron and steel-workers in South Wales and Monmouth- 
shire. Amongst those whose wages were reduced were 
11,500 ironstone miners and limestone quarrymen in 
Cleveland and Durham, nearly 7000 blast-furnacemen 
in Cleveland and West Cumberland, and 3000 iron- 
puddlers and millmen in the West of Scotland. 

The most important disputes in progress during the 
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month were those involving about 110,000 seamen, 
firemen, dock labourers, and other transport workers 
at various ports of the United Kingdom, 12,000 coal- 
miners in the Rhondda Valley, 4000 pit lads and 
miners near Rotherham, 2400 coal-miners at Man- 
chester, 1400 coal-miners at Wigan, 1400 iron and 
steel-workers at Shetton, 1000 lace-workers at Derby, 
700 boiler- makers and labourers in Lincoln and 
district, 700 rivet-heaters, riveters, &c., at West 
Hartlepool, and 400 flour-millers at York. The 
number of new disputes beginning in July, 1911, was 
66, and the total number of workpeople involved in 
all disputes in progress during the month was 189,108, 
or 72,774 more than in the previous month, and 
175,014 more than in July, 1910. The total number 
of working days lost during the month by these work- 
people amounted to 1,273,300, or 59,200 more than 
in June, 1911, and 1,111,400 more than in July, 1910. 

Further cases dealt with under the Conciliation Act 
during July and the early part of August affected 
coal-workers, lightermen, carters, &c., in London, 
tramwaymen at Leeds, building-trade operatives at 
Bristol, plumbers at Glasgow, shipwrights and joiners 
at Southampton, tube-workers at Landore, and card- 
setting machine tenters at Cleckheaton. Settlements 
were arrived at as regards the coal-workers, &c., in 
London, the tramwaymen at Leeds, building - trade 
operatives at Bristol, and shipwrights and joiners at 
Southampton. Arbitration awards were also made in 
the case of the North of England coachbuilders, and 
matting-weavers in London, 


The quarterly report of the Ship Constructors’ and 
Shipwrights’ Association for April, May, and June 
last shows a remarkable activity in shipbuilding, which 
brought with it an increase in the funds of the society, 
the income for the quarter being 15,183/. 1s. 9d., against 
an expenditure of 8271/. 10s. 54d., showing a net gain 
to the funds of 6911/7. lls. 34d., which brought the 
total reserve funds up to 91,455/. 6s. at the end of 
June. During the quarter there was expended on trade 
or dispute benefit 1037. 9s. 10d. ; on superannuation, 
692/. 3s. 4d. ; on sick and accident benefit, 3706/. 14s. 5d. ; 
and on funeral benefit, 574/. 7s. 6d.; making a total of 
5076/. 15s. ld. During the quarter 596 new members 
joined the society, 539 drew their transfers, and. 497 
replaced them, 68 members died, and 285 lapsed. This 
left a total membership of 22,286 at the end of June. 
The report contains an appreciative notice of Mr. 
Robert Keith, head foreman shipwright at Messrs. 
Harland and Wolff's, Belfast, who had on his shoulders 
much of the responsibility of launching the two White 
Star liners Olympic and Titanic. 





The August report of the United Society of Boiler- 
makers and Iron and Steel Shipbuilders shows ?— a 
steady increase in membership, the total now being 
54,530. The total income for the quarter endin 
June 30 last was 20,165/. 14s. 4d., and the tota 
expenditure during the same time was 9785/. 6s., 
leaving a balance of 10,380/. 8s. 4d 


The Associated Blacksmiths’ and Ironworkers’ 
Society have issued their report for the second quarter 
of the year, from April 8 to July 1, from which we 
gather that the income from all sources was 2186/. 
6s. 84d., and the expenditure showed a decrease of 
412/. 15s. 94d. from that of the previous quarter, and 
of 374/. 7s. 84d. from the corresponding quarter of 
1910. The principal items causing the decrease were 
unemployed benefit and sick benefits. The total expen- 
diture in the quarter amounted to 1636/. 10s. 10d., 
leaving the capital account at 19,5337. 11s. 34d., which 
represents an average of 6/. 3s. 3}d. per member. There 
was a slight increase in the membership for the month 
of July, and the income for the same time was 
515/. 14s. 3d. and the expenditure 550/. Os. 5d. 





The quarterly report of the United Patternmakers’ 
Association shows that there was a gain in the funds 
during the last quarter, the amount of the gain bein 
2704/., which was almost double the gain of the Marc 
quarter, The total income for the quarter ending 
June was 6423/. The total expenditure for the same 
quarter amounted to 3719/. The total expenditure for 
the June quarter was 1163/. less than for the preceding 
quarter, and the total gain for the half-year amounted 
to 4058/., exclusive of taheaent derived from house 
property investments. The prospects of the trade are 


good. 


The monthly report of the Associated Iron-Moulders 
of Scotland for August does not give quite such a 
good report of trade as had been hoped for. The 
net income for the month of July, exclusive of remit- 
tances, was 1534/. 19s. 14d., and the expenditure 
2107/. 4s. 5d. The funds at the time the report 
was made up were 48,461/. lls. 10d., as against 
48,983/. 17s. 14d. at the time of the last report. 








ErratuM.—In the “* Personal” paragraph in the middle 
column of page 166 of our issue of August 4, line 4, for 
“ Frodan” read ‘ “* Frodair.” 


SPANISH RAILWAYS. 


THE improvement recently noted in Spanish railway 
property was maintained last year, and even made 
urther progress during the twelve months. The two 
principal Spanish systems are the Northern of Spain, 
and the Madrid, Saragossa, and Alicante; and the 
revenue of the Northern of Spain expanded last year 
to 5,338,569/., as compared with 5,196,435/. in 1909, 
while the working expenses only increased from 
2,345,965/. to 2,367,6832. The net revenue available 
for interest and dividend, accordingly, advanced last 
year to 3,070,886/., as compared with 2,850,470/. in 
1909. After full provision had been made for all fixed 
charges, the most formidable being interest and 
redemption of obligations, a balance of 500,588/. 
remained available for division upon the ordinary 
shares, and the council of administration was enabled 
to recommend a distribution at the rate of 3/. 16s. per 
cent. perannum. Of a final balance of 108,428/. re- 
maining, after payment of this dividend, 60,000/. was 
carried to a special maintenance reserve fund, leaving 
48,428/. to be carried to the credit of 1911. We have 
shown that the expenses increased last year to the 
extent of 21,718/. orm of 106/. were effected under 
the heading of central administration, 6919/. under 
the heading of pensions, 6217/. under the heading of 
revenue control, and 1162/. under the heading of 
traction and plant. On the other hand, traffic charges 
increased 7857/.; working, properly so-called, 27/.; 
and way and works, 28,238/. The relatively moderate 
increase in last year’s working outgoings was, accord- 
ingly, more than wholly accounted for by increased 
maintenance outlays. The saving of 1162/. under the 
heading of traction and plant was due to lower prices 
current for fuel; the saving would have been more 
considerable but for an increase in the distances run 
by engines and larger outlays for the repair of 
rolling-stock. The increased expenditure under the 
heading of way and works was occasioned by 
liberal renewals of permanent way with a view to 
adapting more fully the company’s lines to the 
circulation of heavier and quicker trains. The 
aggregate distance run by trains last year was 
12,093,864 miles, as compared with 11,958,110 miles 
in 1910. To the increase of 135,754 miles observable 
in the train mileage of last year the main line from 
Madrid to the French frontier contributed 85,704 
miles. The length of line in operation upon the 
system at the close of last year was 23008 miles, as 
compared with a similar mileage at the close of 1909. 
T the total of 23008 miles the main line contributed 
56834 miles; the Santander line, 863 miles; the 
Barcelona line, 1708 miles; the Bilbao line, 1558 miles; 
the Almanza lines, 3274 miles ; the Asturias lines, 4634 
miles ; and sundry other minor lines, 526§ miles. The 
aggregate expenditure made by the company on capital 
account to the close of last year was 42,943,318/., 
as compared with 42,803,974/. at the close of 1909. 
The most satisfactory current feature in the company’s 
affairs is the large saving effected by it in the matter 
of exchange. A considerable proportion of the capital 
being held in France, heavy losses have been incurred 
in former years in the conversion of pesetas into francs 
for the purpose of paying interest and dividends. 
Last year a saving of 41,493/. was effected under this 
head, a fact which shows an encouraging improve- 
ment in Spanish general credit. 
The Madrid, Saragossa, and Alicante Railway had 
raised at the close of last year 39,485,769/. upon capital 
account, as compared with a corresponding aggregate 
of 38,753,491/. at the close of 1909. The expenditure 
made on capital account at the close of 1910 was 


of 1909, showing an increase of 445,042/. In this 
increase tools for the company’s workshops figured for 
241,580/. The expenditure made for rolling-stock last 
year was 71,916/. ; this sum included payments made 
for thirty compound locomotives and tenders, twenty- 
eight 8-wheeled locomotives, and ten tender engines. 
Since the close of 1910 the company has further ordered 
thirty 8-wheeled locomotives to meet the continued 


40,255,292/., as compared with 39,810,250. at the close | *° 


our review is that the commerce and agriculture of 
Spain are showing signs of increasing prosperity. 
Spain, however, requires a further period of political 
repose before she can fully participate in the activities 
of modern industry. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, August 9. 

WITHIN the past ten days ten large blast-furnaces 
in the Pittsburg district have resumed production, 
and  poaer| the current week two furnaces of the Jones 
and Laughlin Company will blow in. Crude steel stock 
is declining, and buyers are making inquiries for fresh 
supplies. This condition promises to strengthen prices 
at a little above the very low level of June and July. 
Pig iron for steel purposes promises to improve in 
demand, and the latest quotations show that makers 
are taking courage to get a little better margin. The 
makers of pig iron in the Southern States are also 
withdrawing the very low quotations of June, and they 
will peobell hold the advance permanently. The 
movementsof ore from the lakes until August 1 amounted 
in round figures to 14,000,000 tons as against 2) ,800,000 
tons in the same period last year. “eThe production 
of coke in the Connellsville region is stationary, and 
makers are endeavouring to prevent increase. The 
manufacturers of merchant bars report this week 
a general improvement in demand, the first that has 
been mentioned for several months. Both merchant bar 
and plate are firmer than they have been for ninety 
days. The plants manufacturing iron pipes are once 
more busy after the usual July dulness. Some Pitts- 
burg mills are working on the largest order for riveted 
pipes ever . Acontract has just been made in 
the Pittburg mills for 14,000 tons of material for locks 
on the Panama Canal. Another contract for 12,000 
tons of structural material has been placed, to be 
furnished for the New York subway. he American 
Bridge Company secured the contract. Large contracts 
for steel plate are being placed in connection with the 
construction of dams in the arid regions of the West 
to further the cause of reclamation. These large con- 
tracts are a source of gratification to steel interests. 








THE EFFICIENCY OF STEAM-TURBINES. 
To THE Eprror oF ENGINEERING. 

Str,—In the discussion of Mr. Zoelly’s paper on 
** Steam-Turbines,” as reprinted in your issue of the 4th 
inst. (page 159), Mr. A. E. L. Chorlton drew a compari- 
son between the efficiency of the simple velocity impulse 
turbine and the combined impulse reaction turbine. The 
remarks Mr. Chorlton made are, however, misleading, 
as he is comparing two efficiency figures calculated on an 
entirely different basis. 

Mr. Zoelly stated in his moe (page 163 of your issue 
of the 4th inst.) that “‘ with a turbine designed with 
entirely simple-velocity stages, it is possible to obtain 
an efficiency of 73 per cent.” From the table of test 
results of the Zoelly steam-turbine (page 162) the highest 
thermal efficiency is 73 per cent. for the 2000-kw. 3000- 
revolutions-per-minute turbine at Helsingfors. This 
efficiency figure is based on a condition of steam behind 
the stop-valve, and is exclusive of the generator losses. 

In his lecture, Mr. Eric Brown, in referring to the com- 
bined impulse reaction engine, stated that ‘‘ the thermal 
efficiency of the whole set was 70 per cent.” I under- 
stand that this efficiency figure is based on the steam con- 
dition in front of the stop-valve and includes all losses 
both of the steam-turbine and the generator. If 5 per 
cent. is allowed for losses in the generator, the thermal 
efficiency of the turbine only d on steam conditions 
in front of the stop-valve would be 73.2 per cent., as com- 
pared with 70.5 per cent., this being the bighest figure 
under the same conditions in Mr. Zoelly’s cable referred 


These figures demonstrate that the efficiency of the 
pure impulse turbine with single-velocity stages is not 
proved to be greater than that of a combined impulse 
reaction turbine, but that the contrary is the case. 

It would be an advantage, when comparing the effi- 
ciencies of steam-turbines, if these were all uced to a 
common basiv, or if it were stated whether the steam 
conditions are in front or behind the stop-valve, and 
whether the generator losses are included. 

It is only on considering figures based on identical con- 





development of traffic. The length of line worked by 
the company last year was 2290 miles, and the revenue 
collec’ for 1910 was 4,678,547/., as compared with 
4,562,397/. in 1909. The working expenses increased 
last year to 1,990,153/., as compared with 1,961,902/. | 
in 1909. The fixed and other charges which had to 
be provided for last year were 1,863,836/., as ——_ 
with 1,903,108/. in 1909. The balance available for 
dividend for 1910 was accordingly 824,557/., as com- 
pared with 697,387/. in 1909, and the dividend upon | 
the share capital was increased to 4 per cent. per| 
annum. As with the Northern of Spain Railway, so | 
with the Madrid, Saragossa, and Alicante Railway, a | 
considerable proportion of the capital is held in| 
France, and, to make remittances to French investors, | 
heavy losses have been sustained in former years on 
exchange account. These losses are being reduced, 
but exchange on remittances still cost the company 
144,650/. in 1910. 





The general conclusion which may be drawn from 


ditions that a useful comparison of the efficiency of rival 
types of steam-turbines can be made. 
Yours ibelly, 
M. G. 8. Swatiow. 
Hartlepool Engine Works, Hartlepool, 
August 14, 1911. 





Sma, Wastes on Rattways.—A somewhat amusing 
but instructive method of drawing their employees’ atten- 
tion to the effect of small wastes is adopted, according’ to 
the Railway and Engineering Review, by the Pere - 
quette Railroad. A table has been drawn up by the com- 
roy showing that for every post stamp needlessly 
used the railway has to haul one ton of freight a distance of 
34 miles to recoup for this waste. For a lead-pencil the 
haul is two miles; a ee 2 miles; 1 lb. waste, 
10} miles ; a lamp chimney, 10} miles; a station broom, 
35 miles; a lantern, 100 miles; track-shovel, 90 miles ; 
100 Ib. of coal, 20 miles; 1 gallon engine oil, 50 miles ; 
1 gallon signal oil, 60 miles; air hose, 225 miles; draw- 
bar knuckle, 300 miles. 
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TESTING-MACHINES. 


CONSTRUCTED BY THE MANNHEIMER MASCHINENFABRIK MOHR AND FEDERHAFF, ENGINEERS, MANNHEIM. 
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We illustrate on this page some novelties in testing- 

machines recently introduced by the Mannheimer 
Maschinenfabrik Mohr and Federhaff, of Mannheim, 
Baden. The firm is well known in this field, and they 
have taken up the construction of machines especially 
adapted to the use of the hydraulic diaphragm gauges 
which we described a few years ago. The idea of the 
hydraulic diaphragm gauge occurred to Cailletet, and 
Emery successfully adopted it for technical measure- 
ments. But the machines did not find favour, and 
there is still a prejudice against them, although Dr. 
Martens, the director of the Prussian Materialpriifungs- 
amt, near Berlin, who may be said to have re-dis- 
covered these gauges, and who has certainly given 
them penstieal fore and proved their utility under 
widely varying conditions, has found the hydraulic 
diaphragms very convenient, reliable, and durable. 
Most of his gauges, which consist essentially of a brass 
diaphragm 0.35 mm. in thickness, covered by a rubber 
disc 1 mm. in thickness, remain fit after 20 million 
operations. That practical engineers have so far made 
little use of them is partly due to the fact that suitable 
outfits were not easily got in the market. The great 
advantage offered by their use is that the recording 
gauge is entirely separated from the test-piece, whose 
fracture does not affect the instrument. 

Messrs. Mohr and Federhaf’ place the hydraulic 
diaphragm gauge either in the upper crosshead of the 
machine (Fig. 1) or in the base of the machine (Fig. 4). 
In the former case the test-piece and its load are sus- 
pended from the crosshead of the machine ; the latter 
arrangement is more convenient for heavy work. 
Testing-machines of this type have been constructed 
for capacities of 50 and 75 tons. The construction of 
the differential gauge will be understood from Fig. 1. 
The piston system b moves with little play within the 
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need not be accurately ground ; it is guided by the 
diaphragm e, which prevents any tilting of the piston; 
the bolt /, which hangs in an adjustable spherical 
bearing, connects the piston with the clamp for the 
test-piece. The hydraulic diaphragm transmits the 
stress over to the recording pressure-gauge. This trans- 
mission might fail for three reasons. In the first 
instance the diaphragm might break ; in that case the 
piston would at once sink, and the zero of the instru- 
ment would be changed; the case is not likely to occur, 
and could not escape notice. Secondly, grit might 
t between the piston and the casing ; the various 
iaphragms will prevent that. The third case is that 
the makes might inadvertently have been allowed to 
approach the limit of its stroke. To obviate this 
trouble a long magnifying pointer has been provided, 
which shows the position of the piston on the front of 





casing a, and comes to rest on the diaphragm c, which 
closes the small hydraulic chamber d. The piston | 





the machine and which would mark any shifting of the 
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zero owing to slight leakage. The adjustment of the 
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The load can be applied 
The last- 
is, on the whole, preferred by 
Messrs. Mohr and Federhaff, and Figs. 2 and 3 illus- 
trate one arrangement of the electric motor and driv- 


zero can easily be effected. 
by hand, by belting, or by electric power. 
mentioned meth 


ing gear. Before referring to this gear, we will, how- 
ever, describe an electrically-driven —— 
of the second type mentioned, in which the diaphragm 
is mounted in the base. ; 
Figs. 4 and 5 show, in plan and elevation. a machine 
of this design, for a capacity of 3 tons. The diving 
gear comprises several ball-bearings and other interest- 
ing features. The shaft of the electro-motor 1s 
coupled with the shaft of the worm g; h is the 
worm-wheel, whose motion is transmitted through 
the ball-bearing j to the machine spindle /; / is 
a holding-down plate, and m a thrust-block ; the 
worm-shaft runs in the gun-metal bushes n, and 
the thrust is taken up by the double-acting ball-bearing 
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LINLEY’S TOOL-REST FOR LATHES. 


CONSTRUCTED BY MESSRS. DARLING AND SELLERS, ENGINEERS, KEIGHLEY. 
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Fig.3. 
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0, which is adjusted with the aid of a hand-wheel ; p 
are ring lubricators. As the spindle turns the lower 
crosshead q is raised or lowered, and this motion is 
transmitted to the upper cross-bar r by the rods. From 
r is suspended the upper clamp ; the lower gripper is 
mounted in the part ¢, which corresponds to the bolt 
J in Fig. 1, and which is forced up by the spiral spring 
u; the latter is controlled by the hand-wheel v. The 
pend previously mentioned can be seen next to », 

ut the magnifying lever arrangement is not shown. 
How reliably such machines operate will be understood 
from the fact that in standardising a 5-ton machine 
the values read off never differed A more than 0.55 
per cent. from the means, and mostly by less than 
4 per cent., except in the very commencement of the 
test, when the load was only kg. The machines, 
we should add, are not onl designed for tensile tests ; 
Professor Bach has adapted them to bending tests, and 
the firm supplies universal testing-machines fitted with 
hydraulic diaphragm gauges. 

Figs. 3 and 4 illustrate, as already mentioned, 
another arrangement of the driving gear for electric 
motors. The motor, its coupling, the worm shaft and 
worm, the ring lubricators and thrust bearing are as 
in the case just described, except that the motor-casing 
is different ; but the spindle is turned by the aid of a 
threaded bushing w and a ball-bearing. 

A very essential part of the equipment, when work- 
ing with hydraulic diaphragm gauges, is the relief- 
valve, illustrated in Fig. 6. In order to protect the 
pressure - gauge, on which the measurements are 
made, the diaphragm-gauge and the pressure-gauge 
must be separated from one another in the moment 
that the test-piece gives way. The valve x will settle 
firmly on its seat when a sudden fluctuation arises in 
the stress; the valve y, which is actuated by the 
crank, allows the liquid. slowly to flow back from the 
gauge to the hydraulic gauge. The spiral spring z at 
once closes the valve y again as soon as the crank is 
let go; otherwise the device might fail owing to inad- 
vertence. Variations in the stresses, which would 
result from the flow of the material when near the 
yield-point, will not make the valve x close; it will 
accommodate itself to these small fluctuations. 

Figs. 7 and 8 show a new universal clamp of Messrs. 
Mohr and Federhaff, so designed and constructed that 
one bore suffices for holding round or prismatic bars, 
which may or may not be provided with shoulders. 
The essential parts are the round sliding-pieces a a 
and the split seat b b, which secures axial suspension, 
the cylindrical parts cc, which are attached to the jaws 
by the aid of the plates dd, the grub screws / /, and 
the wedge-shaped grippers g g. 








LINLEY’S TOOL-REST FOR LATHES. 
AN ingenious and yet singularly simple modification 
of the ordinary lathe slide-rest is illustrated in Figs. 1 
to 3, annexed. The arrangement, which is the inven- 
tion of Mr. Owen Linley, and is being manufactured 
by Messrs. Darling and Sellers, of Keighley, enables 
the dimensions of work being turned to be determined 
at a glance and without the use of measuring instru- 
ments of any kind. As will — be gathered 
from the illustrations, the actual measuring is carried 
out with an indicator fixed just at the back of the 
hand-wheel which controls the in-and-out movement 
|of the tool ; but this indicator differs essentially from 
|apparently corresponding indicators which are fre- 
quently fitted to machine-tools. Normally, indicators 
|of this class have but a qualitative value, but in Mr. 
Linley’s invention the readings are quantitative, and 
it is possible to read offat any time the actual finished 

| diameter of the work which is being turned. 
The value of the arrangement lies in the great 
saving of time that it introduces, and in the fact that 
| it allows a large amount of work to be carried out by 
unskilled labour which normaily requires the service 
|of ajourneyman. It isstated that an ordinary engine- 
lathe converted to this system is able to hold its own 
against a turret-lathe for many classes of tition 
work, while for single jobs it frequently offers the 
advantages of turret-lathe working without the neces- 

sity of any preliminary setting up. 

The essential feature of the arrangement consists 
merely in such arrangement of the tool-holder that 
the cutting edge of the tool is always in the same 

ition relative to the rest, so that it necessarily 
| follows that the indicator can be qualitatively gra- 
|duated. This idea is so simple in iteelf that it is 
| difficult to realise that it is new ; but as the device 
has been accepted by the Patent Office, it may be taken 
| that the arrangement, although sosimple and effective, 
| has not previously been recorded. The method of 
locating the tool is best shown in Fig. 2. Tools of 
uniform thickness are used, so that their cutting 
is always at the same height above the bed of 
| lathe. In addition, the tools are ground in « special 
| holder, so that they are of constant angle on their 
|front edge. The lower part of this front edge fits 
| against a steel stop fixed on the holder, as shown in 
| the figure, and it is obvious that when @ new tool is 
| inserted in the machine it is only necessary to place 
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it agaiust the stop and clamp it to ensure that its 
cutting edge shall be in the correct position, and that 
the diameter of any work turned by it shall be correctly 
shown on the indicator. 

The details of the device will be clearly seen from 
the drawings reproduced in Figs. 2 and 3, and from 
the perspective view (Fig. 1). It should, however, be 
— out that the indicator shown in the outline 

ures is of a geared type, giving a fine reading for 
accurate work, and that for work of smaller diameter a 
simpler indicator, with one scale only, is employed. 
In addition to the diameter indicator, the arrange- 
ment shown in Figs. 2 and 3 is fitted with a 
length-indicator which enables the width of collars 
and stepped parts to be read off directly without 
measurement with a rule. This indicator consists 
merely of a fixed scale, over which a pointer, attached 
to the slide-rest, travels. The arrangement will be 
followed from the figures. Mr. Linley’s appliance has 
been fitted toa number of lathes in various parts of 
the country, and in all cases has shown considerable 
saving over ordinary arrangements owing to the elimi- 
nation of trial cuts, and the setting-up and stopping of 
the machine for measurements ; while in some cases 
boys have been able to take over and carry out, with 
the same speed and satisfaction, work which required 
the services of a skilled turner on an unconverted lathe. 
In conclusion, it should be said that, by means of a 
modification, the system can be applied to large lathes, 
while it is also applicable to boring-mills, facing- 
heads, and chucking-reamers. 








THE LAUBEUF SUBMERSIBLE BOAT. 

In the earlier days of submarine navigation there 
existed only one type of submarine craft—the sub- 
marine proper. Later there appeared the submersible 
boat, which very soon had the larger number of 
adherents. The difference between the two types may 
be briefly defined. he submarine proper is cigar- 
shaped ; it has a low buoyancy when navigating on 
the surface—5 to 15 per cent. only of its total dis- 
placement when completely immersed ; it has one 
single hull, inside which are mounted all its vital 
parts, together with the water-ballast tanks for pro- 
curing immersion. The submersible boats, on the 
other hand, are built on lines very similar to those 
of surface craft, torpedo-boats, and destroyers ; their 
buoyancy is comparatively high, being 20 to 40 per 
cent. of the total displacement ; they have an outer 
hull which extends over the whole or over part only of 
the length of their inner hull, the water - ballast 
tanks being in the space between the two hulls. The 
latter type, being by far the better of the two, has 
prevailed in the French navy, and has been constantly 
improved upon, but singularly enough, it has changed 
its name into that of submarine, sous-marin, a name 
which, though used formerly for the type having less 
buoyancy on the surface, is now generally applied in 
France to all the craft for submarine warfare. In 
this brief article, however, we shall apply the term 
‘*submersible” to the boat designed by Naval Con- 
structor Laubeuf, who was early in the field, and 
who has constantly advocated this type in preference 
to the other less buoyant one. 

We illustrate in Figs. 1 to 6, on page 228, Laubeuf 
submersible boats of French construction. Fig. 1 
shows a submersible boat navigating on the surface, 
Fig. 2 is a longitudinal section, Fig. 3 a plan, Fig. 4 
illustrates a boat during construction, and Fig. 5 a 
boat being launched at Messrs. Schneider and Co’.s 
yard at Chalon-sur-Saéne, while the double-hull 
arrangement is clearly shown in the diagram, Fig. 6. 

From its inception in 1897 the Laubeuf type has been 
improved from time to time ; its seaworthiness and 
success in attack in the course of the mancweuvres carried 
out by the French Navy have repeatedly been proved. 
The Papin, among others, made a cruise of 2200 miles 
from September 21 to October 12, 1909, part of which 
was a run from Rochefort to Oran, a distance of 
1230 miles, which was covered partly in bad weather 
and without putting into any place of call. The high 
degree of porhestlon reached in the construction of this 
type of craft is confirmed by the fact that no accident* 
which can be traced to a fault in design or build has 
occurred so far in actual service to any submersible 
boat, although the boats of this particular class, form- 
ing units of the different fleets, had accomplished, by 
1910, over 14,000 immersions. 

Submersible boats of the latest types on Mr. Lau- 
beuf’s plans have recently been built at Messrs. 
Schneider’s yard at Chalon. The general arrange- 
ment of the various compartments is shown in the 
views, Figs. 2 and 3, which illustrate the Cp type; 
this craft has a displacement of 311 tons on the 
surface, and of 465 tons when completely immersed, 
the buoyancy being, therefore, 154 tons. It has a 





* Theaccident to the Pluviose, which was cut in two by 
a cross-Channel steamer travelling at a speed of about 
20 knots, is one to which all classes of craft are exposed in 
active service. It is comparable to that which occurred 
with the Kambala, a Russian submarine of German con- 
struction. 





surface speed of 15 knots, and an under-water speed 
of 8 knots. The first compartment forward (Figs. 2 
and 3) serves for taking water-ballast, and would act 
for neutralising a collision ; a collision which would 
crush the forward portion of the craft would have no 
influence whatever upon trim and buoyancy. The 
second compartment, which ends forward in a thick 
spherical bulkhead (see Figs. 2 to 4), contains a tor- 
pedo-launching tube, a spare torpedo, and the crew’s 
quarters. In the next compartment aft are the electric 
accumulators ; then follow the central compartment, 
containing the steering-gear, the gear governing immer- 
sion, and the officers’ quarters, with communication to 
the turret ; the engine-room containing the heavy-oil 
motors and auxiliary apparatus ; the room containing 
the electric-motors; and the air-compressor room, which 
serves also as the petty-officers’ cabin. The compart- 
ment right aft is a water-ballast compartment, which 
is outside the thick inner hull. Four disappearing 
torpedo-launching apparatus are mounted on deck, 
where they are thoroughly protected ; they are worked 
by compressed air from inside the boat. The arma- 
ment of the boat, as will be seen, is a heavy one; 
the submersible has always five torpedoes ready for 
launching, plus a spare torpedo. 

The question of habitability has been considered 
from the very simple standpoint according to which 
the power of endurance of a submersible boat depends 
primarily upon the power of endurance of its crew, 
and, therefore, upon the degree of habitability of the 
craft iteelf. When the boat is navigating on the sur- 
face, the men who are not on duty can take up stations 
on deck in exactly the sume conditions which prevail 
in the case of sea-going, surface torpedo-boats, whilst a 
very complete system of ventilation ensures to the 
men on duty inside the boat a minimum of physical 
fatigue. hen the boat is immersed, the volume 
of air available and the means taken for renewal 
are sufficient to enable the men to withstand 
without any trouble a period of under-water service 
lasting over twelve consecutive hours. The habitability 
of the boat is also increased by the fact that the 
electric accumulators are located in a separate com- 
partment, the quarters for the officers and men being 
further rendered as comfortable as is possible in a boat 
of this class. The conditions of safety which result 
from the double hull arrangement and the provision 
of water-ballast outside the inner hull, combined with 
the devices for allowing the compressed air to escape, 
make it possible for the craft to acquire almost in- 
stantaneously a great buoyancy, thus enabling it to 
emerge very rapidly. The valves for operating the 
escape of the compressed air are all placed within sight 
of the officerincommand. Electrically-driven drainage 
pumps which draw simultaneously from the various 
water-ballast compartments can drain these in a very 
short time. The safety devices include safety drop- 
ping weights, lifting tackle, and a telephone buoy. 

For regulating the immersion of a submersible boat 
of the C. type, the officer in command has a set of 
trim-indicators and three pairs of horizontal rudders— 
one forward, one aft, and one in front of the deck- 
house—by which means he is able to maintain the 
depth of immersion selected to within 20 in. The boat 
carries two periscopes, each of which gives a complete 
view of the whole horizon ; they are raised and lowered 
by electric motors. Communications with the mother- 
ship and with a are ensured by means of 
submarine bells. Wireless telegraphy can also be 
resorted to. 

The nautical qualities of the Laubeuf type of sub- 
mersible boats, and the ease with which they are 
operated, have been ef proved in actual service. 
The inventor and the builders, Messrs. Schneider, are 
working towards improving these characteristic fea- 
tures still further. They have also solved two problems 
in this connection—i.e., the one dealing with the 
training of officers and men in the manceuvring of 
submarine boats, and the other with the delivery to 
distant navies. They have installed, in close proximity 
to Toulon Bay, an establishment placed under the 
management of specialists for instructing crews in the 
handling of the craft, the plant containing accommo- 
dation for the men who follow the submarine naviga- 
tion classes, and the necessary shops for the mainten- 
ance and repair of the machinery, and for charging 
electric accumulators. Further, the Chantiers de la 
Gironde, Bordeaux, which work in collaboration with 
the yard at Chalon-sur-Sadne above referred to, have 
at the present time in course of construction a cargo- 
boat provided with a large-capacity hold to receive a 
submersible boat for delivering it to distant navies. 
This on aiygye the Kanguroo, is provided with 
water-ballast compartments; these are filled with 
water to enable the submersible to enter the hold 
reserved for it through a tunnel in direct communica- 
tion with the open sea. 





Wetsh Coat ror Eaypt.—Tenders have been invited 
by the administration of the Egyptian State Railways 
for the supply of 305,000 tons of Welsh colliery-screened 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The pig-iron trade shows 
decided snqeecumane so far as ordinary Cleveland pig 
is concerned, but the hematite branch continues lifeless. 
Brisk buying of all descriptions of pig, however, are 
looked for in the near future, and if labour troubles do 
not hamper the situation, the autumn promises to be 
characterised by considerable activity, for it is under- 
stood that heavy supplies are needed both for home 
use and for shipment There is a large and growing 
local consumption of pig iron. It is gratifying to 
hear, as emphasising confidence in the future, that buyers 
are offering more for forward than for early delivery. 
Values of Cleveland pig are higher than they have 
been for the past four months. Several f.o.b. sales 
of No. 3 g.m.b. Cleveland pig have been recorded at 
47s. 74d., and the general market rate is now 47s. 9d., 
whilst No. 1 has been raised to 51s. 3d., and the other 
qualities have advanced in proportion, No. 4 foundry 
becoming 47s, 3d., No. 4 forge 46s. 9d., and mottled and 
white iron each 46s. 3d.—all for early delivery. Quiet- 
ness still rules in the East Coast hematite branch, but 
hopes are entertained of a change for the better shortly. 
Mixed numbers have again nm sold at 61s. for ve 
delivery, but as a rule sellers do not now name below 
61s. 3d., which is a price below cost of production. Busi- 
ness in foreign ore is still at a standstill. There have 
been inquiries for delivery over periods next year, but 
would-be buyers are not prepa: to pay any more for 
forward than for prompt delivery, and sellers will not 
entertain offers on such terms. Market rates remain 
nominally on the basis of 19s, ex-ship Tees for best Rubio. 
Freights Bilbao-Middlesbrough have been fixed at 4s. 6d. 


Stocks and Shipments of Pig Iron.—The quantity of 
Cleveland pig in the Site warrant stores keeps at about 
600,000 tons. To-night it is just below that figure, and 
since the beginning of the month 769 tons have been with- 
drawn. Shipments of pig are on a very satisfactory scale. 
To date this month they average 3995 tons per working 
day, as compared with a daily average of 2925 tons to the 
same date last month, and 4046 tons for the corresponding 
part of August last year. 


Manufactured Iron and Steel.—Producers of nearly all 
descriptions of manufactured iron and steel give satis- 
factory and encouraging accounts of these industries. 
Works generally are well employed, and not only have 
manufacturers substantial contracts made, but inquiries 
continue on a fairly good scale. Prospects are thus rather 
bright. Common iron bars are 7/.; best bars, 7/. 7s. 6d.: 
best best bars, 7/. 15s.; king iron, 5/. 15s.; iron ship- 
plates, 6/. 10s.; iron ship-angles, 7/.; iron ship-rivets, 
7l. 5s.; iron boiler-plates, 7/. 7s. 6d.; steel bars, 6/. 5s.; 
steel ship-plates, 6/. 15s. ; steel ship-angles, 6/. 7s. 6d. ; 
steel strip, 6/. 10s.; steel hoops, él, 12s. 6d.; and steel 
joists, 62. 7s. 6d. to 6/. 10s.—all less the customary 24 per 
cent. discount. Cast-iron columns are 6/. 10s.; cast-iron 
railway chairs, 3/. 12s. 6d.; light iron rails, 6/. 10s. ; 
heavy steel rails, 5/. 12s. 6d.; and steel railway sleepers, 
62. 10s.—all net cash at works. Iron and steel galvanised 
corrugated sheets, 24 gauge, in bundles, have been advanced 
from 10/. 15s. to 111. 5s. f.o.b.—less the usual 4 per cent. 
This is hardly so big a rise as might have been expected 
after the substantial advance in spelter. 








Tue INsTITUTION OF CiIviL ENGINEERS; STUDENTS 
Paprrs.—The Council of the Institution of Civil Engi- 
neers have made the following awards in respect of 
students’ Ba me read during the session 1910-11 :—The 
** James Forrest” Medal and a Miller Prize to Mr. D. 
Hay, B.Sc. (Birmingham), and Miller Prizes to Messrs. 
D. A. Howell (Bristol), R. Bonner (Bristol), G. F. Walton 
(London), R. G. Parrott ( chester), E. E. Farrant 
(London), A. C. Dean, B.Sc. (Manchester), H. W. Coales 
(Birmingham), A. H. Meade (London), A. C. Swales 
(Leeds), and H. J. F. Gourley, B. Eng. (Manchester). 


THe SpitzBerGEN Coat Derposits.—A steamer from 
Spitzbergen has just returned to Tromsé with news con- 
cerning the progress of coal-mining in that group of 
islands. The American Coal Company’s installations are 
now complete, and, with the exception of seven hours, 
the electric station has supplied current throughout the 
winter for sey: | purposes in the mines, &c., and power 
for the winning of about 30,000 tons of coal. This coal 
has been sold to various steamer and railway concerns, 
and a further output of 20,000 tons is expected to 
obtained this summer. The coal continued to be of 
exceedingly good quality; there has been no labour 
trouble with the men, who are mostly Norwegians, with 
a few Swedes and Finns ; seventy men returned with the 
steamer, but a number of these have renewed their con- 
tract from the autumn. The weather has been ’ 
although the temperature occasionally became exceed- 
ingly low. A Swedish company has also just been 
formed for the purpose of acquiring and exploiting coal 
and other mineral deposits in the island, some very 
influential men being on the board. A Swedish expe- 
dition has been despatched to Spitzbergen in order to 
continue last summer’s preparatory survey and inves- 
tigations and start the working. Swedish explorers have 
repeatedly visited Spitzbergen and made iotesentiog 
discoveries there. It is also announced that English 
engineers and workmen left Tromsé in the beginning of 
J wy for Spitzbergen. The expedition has its own vessel, 
and appears to be well equipped in every respect. Great 
secrecy has been observed as to the object of the expedi- 
tion, only its destination being known. The Spitzbergen 
coal and other mineral deposits are at present attracting 
increased attention. 
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NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was firm in tone, but dealing was confined 
to 6000 tons of Cleveland warrants at 47s. 6d. three months. 
The closing quotations were 46s. 9}d. cash, 47s. 0}d. one | 
month, and 47s. 64d. three months sellers. In the after- 
noon Cleveland warrants were 1d. up, and tons were 
dealt in at 46s. 94d. and 46s. 10d. cash, 46s. 114d. fifteen 
days, and 47s. 74d. three months. Sellers’ closing prices 
were 46s. 10}d. cash, 47s. 14d. one month, and 47s. 74d. 
three months. On Friday morning an upward movement 
commenced, and Cleveland warrants were done at 47s. 
cash, 47s. 34d. one month, and 47s. 9d. three months. 
The turnover amoun to 9000 tons, and at the close 
there were sellers at 47s. 04d. cash, 47s. 34d. one month, 
and 47s. 94d. three months. Buyers of hematite offered 
61s. 9d. cash and 62s. 14d. one month, but sellers quoted 
3d. more in each case. In the afternoon the market was 
again stronger, and 7000 tons of Cleveland warrants 
p seals hands at 47s. 2d. cash, 47s. 3d. six days, 
47s. 4d. and 47s. 44d. one month, and 47s. 11d. three 
months. Closing sellers quoted 47s. 3d. cash, 47s. 6d. 
one month, and three months. On Monday pewaing 
a slightly easier tone prevailed, and 9000 tons of Clevelan 
warrants were put through at 47s. 24d. and 47s. 2d. cash, 
47s. 3d. four days, and 47s. 6d. and 47s. 5d. one month. 
At the close there were sellers at 47s. 24d. cash, 47s. 54d. 
one month, and 47s. 114d. three months. The tone was 
firmer in the afternoon, when 5000 tons of Cleveland 
warrants were done at 47s. 2d. and 47s. 3d. three days, 
47s. 44d. and 47s. 6d. one month, and 47s. lid. and 
48s. three months. Closing prices were 47s. 3d. cash, 
47s. 6d. one month, and 48s. three months sellers. 
Cash hematite was quoted at 62s. 3d. sellers. On 
Tuesday morning Cleveland warrants were again harder, 
and dealing to the extent of 3000 tons was done at 47s. 3d. 
cash, and 48s, three months, with buyers over. Sellers’ 
closing quotations were 47s. 34d. cash, 47s. 64d. one 
month, and 48s. 0}d. three months. In the afternoon 
prices for Cleveland warrants were again firmer, and 3000 
tons were dealt in at 47s. 4d. six days, 47s. 6d. one month, 
and at 48s. and 48s. 1d. three mont At the close there 
were sellers at 47s. 4d. cash, 47s. 7d. one month, and 48s, 14d. 
three months. Buyers of hematite offered 62s. 14d. cash, 
and 62s. 44d. one month, and sellers quoted 44d. moreineach 
case. When the market opened to-day (Wednesday) the tone 
was strong, and Cleveland warrants were about 2d. up in 
price. The turnover amounted to 3500 tons at 47s. 5d. 
and 47s. cash, 47s. 54d. seven days, 47s. 6d. nine 
days, 47s. 84d. one month, and 48s. 2d. t months, and 
closing sellers quoted 47s. 6d. cash, 47s. 9d. one month, 
and 48s. 3d. three months. Hematite—1000 tons—changed 
hands at 62s. 74d. cash, and 62s. 104d. sixteen days, and 
for the month pa sellers quoted 63s., and buyers 
62s. 9d. In the afternoon the market was firmer, 
and 3500 tons of Cleveland warrants were done at 
47s. 6d. cash, and 47s. 9d. one month, and at the close 
sellers quoted 47s. 7d. cash, 47s. 10d. one month, and 
48s. 4d. three months. The following are the market 
quotations for makers’ (No. 1) iron :—Clyde, 61s. ; Calder 
and Gartsherrie, 61s. 6d.; Summerlee, 63s. 6d. ; 
loan 63s. 6d.; and Coltness, 82s. 6d. (all shipped at 
Glasgow) ; Glengarnock (at Ardrossan), 64s.; Shotts (at 
Leith), 62s. 6d. ; and Carron (at Grangemouth), 63s. 


Sulphate of Ammonia.—Business in the sulphate-of- 
ammonia market is still active, and inquiries are good. 
The price is steady and unchanged this week, with sellers 
quoting 14/, 2s. 6d. per ton for prompt delivery, Gl Ww 
or Leith. The amount shipped from Leith Harbour last 
week was 1957 tons. 


Scotch Steel Trade.—The recent improvement in the 
Scotch steel trade continues and makers report an active 
demand for plates, and in one or two cases they cannot 
promise delivery for several weeks ahead. The home 
demand is pa | but it is the export orders, lately 
booked for immediate despatch, which are the main cause 
of the increased activity. Angles are in better request 
and specifications are more plentiful. Orders for goodly 
quantities of thin plates have been booked during the 
past few days, and makers of black and galvanised sheets 
continue very busy. For light and sectional material 
generally the demand is quite satisfactory and prices are 
firmer, and with Canada inquiring for several thousand 
tons of this class of steel the outlookis very bright. 


Scotch Pig-Iron Trade.—The demand for Scotch pig 
iron has been rather better during the week, end a 
fair amount of booking has taken p With local 


consumers taking large deliveries, and the export trade 
increasing, the —- output is being readily absorbed, 
and stocks on hand are decreasing. Inquiries from the 
South are also very fair at the moment. Standard 
foundry iron is the subject of a moderately good demand. 
Hematite is little changed, although a better feeling 
prevails, and deliveries are reported as showing an 
improvement. 

Malleable-Iron Trade.—A ‘slight improvement falls to 
be reported in connection with the malleable-iron trade of 
the West of Scotland, and producers are better employed. 
the current price is still nominally 6/. per ton, less 5 per 
prmerg crown-bars ; but several makers will not sell at 

iat figure. 








CANADIAN TIMBER.—In the Canadian census of 1891 the 
forest area of Canada was estimated at 799,000,000 acres. 
More recent estimates have reduced the area to between 
500,000,000 and 600,000,000 acres, but this includes areas 
of timber which are not at present merchantable, and 
estimates of ian land covered with merchantable 
brought 


timber immediately available have now been 
down to 200,000,000 acres. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Sheffield Firms’ Troubles.—It is difficult to fix any limit 
to the extent of the unrest in the labour world. 
recent annual meeting of Messrs. Samuel Fox and Co., 
Limited, Sheffield, the chairman referred to the unsettled 
state of affairs. Coupling this with the present tenden- 
cies of legislation as exemplified in the Insurance Bill and 
the Coal-Mines Bill, he expressed himself as of the opinion 
that these things would increase the costs of production 
still more and make it almost impossible for English firms 
to compete with other countries. The colliers employed 
by his company were, he regretted to say, on strike, after 
having repudiated an agreement approved by the men’s 
union and the Coalowners’ Association. The inadequacy 
of selling prices compared with the cost of raw materials 
was also dealt with by the chairman, who attributed to 
this the disappointing result of the year’s working. The 
“— had been ter, but the margin between cost 
and selling price had been less, so that there had been a 
reduction in profit. 


South Yorkshire Coal Trade.—The railway strike has 
already interfered considerably with the local coal trade, 
and the normal continuance of Sheffield’s industries very 
much depends upon what may happen in the next few 
days. It is stated that last week’sstrike would tically 
close the works. Dépéts are very short. The present 
market position of steam coal is very good, and pressure 
for delivery is being experienced at collieries. The 
activity has extended, though not in the same proportion, 
to the secondary qualities, and there are far fewer stocks 
of these on hand. In co-wsequence much larger 
are being sent to the ports. Prices have moved in 
sympathy, and are much firmer—in many cases higher. 

here is a freer movement of gas-coals, bigger ship- 
ments, and larger demands from the industrial centres. 
Slacks remain very scarce, but it is expected that the 
Lancashire mill holidays will reduce the demand for a short 
time. Though house-coal continues to show little activity 
at the dépéts and much short time is being worked at the 
pits, improvement is now beginning to be manifested 
and is likely tocontinue. Consumers are laying in stocks, 
and their requirements are expected to increase Larner A 
especially for best qualities. Pits have still considerable 
accumulations, but many of them are working better. 
Prices are little changed, latest "Change quotations being : 
—Best branch hand-picked, 13s. to 14s.; Barnsley best 
Silkstone, lls. to 12s.; Silkstone, 9s. to 10s. ; rby- 
shire house, 9s. ; 5 nuts, 7s. 3d. to 9s.; small nuts, 
5s. 6d. to 6s. 6d.; Derbyshire brights, 9s. 6d. to 11s. ; 
washed nuts, 7s. 6d. to 8s. 6d. ; — slacks, 5s. 3d. to 
7s. ; seconds, 4s. to 5s. ; smalls, 1s. 6d. to 2s. 


Iron and Steel.—Up to the end of last week the infiu- 
ence of the holidays was still felt in the iron and steel 
trades, so that business transactions were on the light 
side. This week the railway strike, which has spread 
from Liverpool to Sheffield, has dislocated traffic. The 
immediate result of this disturbance in the labour world 
has been to cause consumers to tpone ordering mate- 
rial from Sheffield, and to interfere with export business 
from Liverpool. A more serious aspect of the matter, 
however, is in regard to fuel. | 
speedily arrived at, the Sheffield works will find them- 
selves in a very serious position. Business in pig iron 
has been of very small proportions though prices generally 
are firmly held. Only small parcels of hematite have been 
dealt with. Lincolnshire makers are hoping to keep up 

rices over the next few weeks with a view to the better 

usiness which is anticipated in the near future. There 
is a large demand for basic billets. In the heavy trades 
the armament at poe shipbuilding requirements are 
responsible for brisk conditions, and it would be difficult 
to set a limit to the activities of these branches. In the 
ordinary steel trades orders are less numerous, but all 
the indications are of a steadily-growing prosperity, with 
but one drawback, the unsatisfactory prices for many 
finished articles. Also, several firms are extending their 
premises, a further proof of trade expansion. The export 
trade has not been satisfactory recently. Decreases are 
reported in transactions with America, the Colonies, and 
the Far East. A new company, associated with a well- 
known Sheffield concern and a Nottingham engineering 
firm, has just been registered to manufacture tramwa 
‘* lay-outs ” of py steel. These, it is unders f 
will be made in Sheffield and fitted at Nottingham. 
Makers of agricultural implements and parts are well 
e ed, and in the lighter trades, generally, activity is 
wide-spread. ‘—e 


Our Rams Asroap.—The year has not moved on ‘in 
an encouraging fashion in connection with our export 
rail onda, tke cbinenpete in July having been only 30,945 
tons, as com with 43,779 tons in July, 1910, and 
60,259 tons in July, 1909. 








fa 





New Perroreum Fiewtps in TurkesTan.—On behalf 
of the well-known Nobel Company, in Baku, Prof. 
Hjalmar Sjiégren, the Swedish scientist, has recently 
completed a survey of petroleum springs in Turkestan. 
The springs in question cover a vast area, which extends 
as far as the inese frontier and the Pamir plateau. 
Although the result of the investigations has not as yet 
been made public, it is believed that the new springs will 
not, as had perhaps been ee mg in some quarters, 
revolutionise the petroleum market, but they are likely 
to be able to supply the ever increasing requirements 
of large surrounding districts ; China, for instance, is 
becoming a large consumer. The new springs may, 
therefore, indirectly benefit European consumers. Prof. 
Sjogren has apparently not fini his investigations, and 
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NOTES FROM THE SOUTH-WEST. 


Cardiff.—The situation in the steam-coal trade is still 
one of difficulty in consequence of uncertain labour con- 


itions. Prompt supplies are still inadequate to meet 
current requiréments; and until the balance of supply 
and demand has been restored quotations are likely to 
be maintained with firmness. The best large steam coal 
has made 18s. 6d. to 19s. per ton; secondary qualities have 
ranged between 16s. and 18s.; best bunker smalls between 
10s, 3d. and 10s. 9d., and cargo smalls between 8s. 3d. 
and 9s. 3d. per ton. The best ordinary household coal 
has been ing 14s. 6d. to 16s. 6d.; No. 3 Rhondda large 
17s. to 17s. 6d., and smalls, 10s. 6d. to 10s. 9d. per ton. 
No. 2 Rhondda has brought 12s. to 12s. 6d., and 
smalls 7s. to 7s. 6d. per ton. Foundry coke has been 
quoted at 18s. to 20s. 6d., and furnace ditto at 16s. to 
17s. per ton. As regards iron ore, Rubio has realised 
18s, 6d. to 19s. per ton, upon a is of 50 per cent. 
of iron, and charges, including freight, insurance, &c., 
to Cardiff or Newport. 


St. Agnes Lighthouse.—The lantern of St. Agnes light- 
house, on St. Agnes Island, has been extinguished, after 
having been lighted for no less than 230 years. An iron 
tower, 45 ft. high, has been erected on Peninnis Head, 
on the a island, St. Mary’s. From that point 
on Thur night it flashed out the new light, which is 
of 1} iouele duration every 20 seconds. e new light 
is produced by gas through a single mantle specially 
made for the purpose. 


The Drought in Wales.—The wetor-oneaiy question has 
attracted a good deal of attention in South Wales, in 
consequence of the prolo drought. Fortunately, so 
far as Cardiff is concerned, the storage reservoirs at the 
Beacons, Cantreff, Llanisben, and Lisvane were all full 
when the x season commenced, in the middle of May, 
while rainfall which occurred during the latter part of 
June considerably augmented the supply, over 100,000,000 
gallons being added to the quantity in the reservoirs. 
From the end of June until the Ist inst. there was no 
appreciable rainfall, but from that date to the 6th inst., 
thanks to a heavy rainfall in the Taff Fawr Valley, 
the quantity stored was increased by about 40,000,000 
gallons, in addition to which there was a diminution in 
the consumption for the time being. Had it not been for 
those two heavy rainfalls occurring in June and at the 
beginning of jf bnmmy it would have been absolutely 
necessary to restrict the supply within the city and in the 
outside area. Up to the present, however, Cardiff is in 
the fortunate position of not having its water supply cur- 
tailed in any way. The quantity of water now in store 
at the four reservoirs is about 640,000,000 gallons. 


Welsh Coal for Ituly.—The Italian Government has 
been authorised by a special Act of the Italian legislature 
to contract with one or more Italian shipping companies 
for the transport of 700,000 tons of coal annually from 
Welsh to Italian ports for the Italian State Railways and 
the Marine Department. The contract, which will be for 
ten years, dating from July 1, 1912, will carry an annual 
subsidy of 12,000/. from the Italian Treasury. Eight steam- 
colliers are to be built in Italian shipyards, unless their 
rices are more than 7 per cent. higher than the average 
of the estimates of six first-class British shipbuilders. 


More Welsh Coal.—The Graigola seam has been success- 
fully struck at Hill’ Colliery, Clydach, after eighteen 
months’ boring. It hasa thickness of 6 ft., and its dis- 
covery will enable Messrs. Hill to develop a large area of 
unworked coal. 





LuxemBoure Srexi.—The production of steel in the 


Grand Duchy of Luxembourg in the ten years ending 

with 1910 inclusive was as annexed :— 
Year. Tons. Year. Tons. 
1901 257,055 1906 435,285 
1902 . 814,030 1907 444,268 
19038 371,979 1908 460,576 
1904 366,302 1909 535,202 
1905 397,943 1910 598,310 


The value of the roduction of 1901 was 1,226, 462. The 
out-turn of 1910 was valued at 2,998,062/. Finished 
products figured in last year’s output for 376,011 tons. 





Our Locomotive Exports.—The shipments of loco- 
motives from the United Kingdom in July this year 
were upon a somewhat larger scale than in July, 1910, 
the value being 139,002/., as compared with 99,280/. 
When the comparison is extended, however, to July, 
1909, the value of the shipments for that month came out 
|at 205,747. \The improvement which has ° ) 
of late is due}to a better demand for our locomotives in 
British India. The te value of the locomotives 
shipped to July 31 this year was 1,381,944/., as com- 
pared with 1,014,959/. in the corres 


ding of 
1910, and 1,617,658/. in the corresponding Deed of 1900. 


CuRoMIUM STEEL aND Actps.—In the German journal 
Metallurgie P. Monnartz describes arrangements for pre- 
paring alloys of iron and chromium, free from carbon, by 
the thermit process, and also for taking cooling curves 
at temperatures below 1600 deg. Cent. The higher the 
original temperature, the coarser thé resulting crystalline 
structures of the alloys, which are softer than cast iron, 
and which yield pre og oy castin, The FeCr alloys 
are more readily attacked by hydrochloric and sulphuric 
acids than iron itself (which, of course, is not free from 
carbon), but turn — in nitric acid. In the ordinary 
laboratory air and in water they remain bright. The 





presence of combined carbon makes them hard and more 
able to resist acids; molybdenum, titanium, vanadium, 
and tungsten (not manganese) also render the alloys more 
refractory to acids while improving the mechanical 











he expects to proceed again to Turkestan in a short time. 


properties, 
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THE LAUBEUF SUBMERSIBLE BOAT. 
CONSTRUCTED BY MESSRS. SCHNEIDER AND CO., ENGINEERS, CHALON-SUR-SAONE. 
(For Description, see Page 226.) 




















Fic. 1. THe Vessel on THE SURFACE. 
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Fic. 4. Tue Vesset on THE Buitpine Berra. Fic. 5. THe Vesset seine Launcuep. 









Tue Wor.p’s Goip.—The Transvaal contributed in : A Spanish TUNNEL.—A contract is about to be let for 
1910 34} per cent. to the gold production of the world ; the construction of the Tosas Tunnel on the Ripoli and 
Rhodesia 2} per cent., and West Africa ? per cent., Puigcerda Railway. The estimated cost of the tunnel is 
making the total contribution of Africa per cent. 296, 6517. 

The corresponding contribution of Australasia was 144 per 
cent., in which Western Australia figured for 6? per cent. 
The contribution of the United States was per cent. ; 
that of Russia, 7 cent. ; that of Mexico, 5; per cent. ; 
that of C per cent. ; and that of India, 2} per 
cent. Miscellaneous sources of supply made up the small 














SasKATCHEWAN.—A length of 1018 miles of new railway 

is expected to be laid this year in the Province of 

Saskatchewan. To this aggregate the Canadian Northern 

Railway Company will contribute 330 miles, the Grand 

| Trunk Pacific ilway 340 miles, and the Canadian 
| Pacific Railway 348 miles. 
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THE RESPONSIBILITIES OF 
WORKMEN. 


Tue present labour situation owes its gravity 
more, perhaps, to the lack in certain quarters of 
that sense of responsibility which is so essential to 
permanent success in all business relations, than 
to the actual stoppage of work, serious as the 
latter is. The one cause ap to be reaching a 

rmanent phase, while the other is transitory. 

he attitude now assumed by labour is a most 
serious development, which has gained impetus 
within the past three orfour years. While wehave 
no intention for the present of investigating the 
cause—we are now more concerned with effect than 
remedy—there can be no question that the bid for 
popularity by politicians generally, and the ambi- 
tion of the glib-tongued labour agitator in particular, 
have had a demoralising effect upon the less-edu- 
cated and less-skilled workers. ‘(hus in the con- 
structional engineering industries there was great 
laxity in the case of the iron-workers, who are 
skilled so far as their work is concerned, and are 
paid a high wage, largely because of the arduous 
nature of their occupation, but who are not con- 
sidered to be so well educated as, for instance, the 
engine-fitter or the wood-worker. In the same 
way the miner, the dock labourer, and other 
more or less unskilled workers have listened 
more closely to the unscrupulous agitators than 
have others, and have shown a disregard for 
the responsibilities of their position in the pro- 
ducing and distributing industries. There is no 
doubt, too, that some labour agitators, less for- 
tunate so far as place, power, and remuneration 
are concerned than the accredited labour leaders, 
are eager to secure preferment, and they recognise 
that this may be achieved by advocating more 
vigorous measures than are encouraged by the less 
demagogic trade-union leaders. The advice of the 
former, unfortunately, coincides with the inclination 
of the discontented, and, as a result, work has been 
light-heartedly deserted in numerous cases without 
the slightest regard to the interests of the nation as 
a whole. 

The first important deduction from the prevailing 
condition of unrest is that there must be a fuller 
recognition of the value of conciliatory measures 
and a wider appreciation of responsibility on the part 
of workmen in honouring agreements which have 
been made with the assistance and approval of 
their accredited representatives. For several years 
great employers of labour have—in order to obviate 
stoppage of work—striven earnestly to ensure 
mutual conferences as to conditions of employment. 
Agreements have been entered upon instituting 
Practically 
the only real difficulty in carrying out these - 
ments arises from the recalcitrancy of some of the 
men towards their executive councils. This, it will 
be remembered, was the cause of the trouble in 
the shipbuilding trade last year, and it is in a great 
measure the chief operating influence in connection 
with the disputes now going on in connection with 
railway, dock, and other workers. 

The railway difficulty is probably the mostserious, 





29/as it indicates on the part of well-educated and 
»9 | well-remunerated men a lack of discipline which 


is the more deplorable when the importance of 


. | transport to industry and to the life of the people 


is considered. In 1907 an agreement was entered 
into by railway companies and their employees at 
the instigation, and with the assistance, of the Board 
The scheme was regarded at the time 
with great favour, as all questions at issue between 
the parties were to be settled amicably by con- 
ciliation boards. It may. be that, pending a 
satisfactory setting to work of the machinery of 
the scheme—a matter involving many difficulties— 
delays occurred in arriving at a decision on points 





7| at issue ; but this ought never to have been accepted 


as a reason for condemning the scheme, or for 
strikes, especially as the terms of settlement of all 
disputes have been made retrospective to the day 
when the first claim was made by the workmen. It 


244 | isasserted that a difficulty has been the determina- 


tion of some of the companies to negotiate primarily 
with their own men, and not through the unions. 
This attitude is abundantly justified by the fact that, 
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on an ave , only one-fourth of the railway workers 
are withi e unions ; the remaining -fo 


by remaining out of the unions, obviously prefer to 
deal direct with their employers. If they ignored 
this preference, the companies would be acting 
unjustly to non-unionists, who are in a pre- 
SS majority. Moreover, union officials 
ave not always succeeded in ensuring the accept- 
ance by the men of agreements which had been 
settled on their behalf by their representatives. 

This has been exemplified not only in the case 
of some of the railways, but in connection with 
the London dock strike. In this latter instance 
the employers went farther to meet the men's 
claims than strict fairness justified, because it was 
of first importance to obviate the threatened inter- 
ference with the food supply of the Metropolis. 
The agreement was accepted by a vote of the men, 
although the number voting was not great. There 
was general congratulation, and even His Majesty 
sent a telegram expressing gratification. F or a 
time, however, the men refused to return to work, 
being influenced in this by self-appointed leaders. 
¥ollowing upon this, and encouraged by the widely 
expressed yet exaggerated view that London was 
on the verge of starvation qwing to the dockers 
strike, and that the employers were thus at the 
mercy of the workers, men similarly employed in 
other ports put forth extravagant claims and left 
their work, From this stage workmen in many 
industries have thrown aside all sense of responsi- 
bility and have ceased work on any pretext what- 
ever, and in some cases without any cause. 

As a matter of equity, no one can prevent a man 
formulating what he may consider justifiable claims 
in connection with the terms of hisemployment. To 
carry his demands to the serious point of striking is, 
however, not so easily justified. But so long as human 
nature is as it is, such stoppages of work will be in- 
telligible, even if not excusable. In the first place, 
however, ample warning should be given before such 
serious measures are resorted to. In any case the 
breaking of a contract of employment without notice 
should result in penalties upon the worker as well 
as upon the employer. e announcement on 
Tuesday night that the whole of the railway work- 
men embraced in the four railway trade unions 
would come out on strike within 24 hours if certain 
demands which they made were not complied with 
constituted an act which cannot be too strongly 
condemned. It is reasonable to assume that no 
complaints that could be made could possibly justify 
such a short-time ultimatum to the railway com- 
panies. In the case of the Great Western Railway 
dispute men actually left their work without 
any warning, and only formulated their demands 
after leaving their work. In view of the immense 
importance of the railway service and the strict 
legal obligations of the companies to the nation 
such arbitrary action ought to be punishable in 
some form or other, and should certainly involve 
civil responsibilities for damages or losses arising 
from such action. 

The conciliatory scheme — four years ago 
—even if not perfect in all respects—should cer- 
tainly satisfy a great majority of the workers, and 
it should be given a fair trial for the period agreed 
upon. The present sudden ebullition of unrest is 
traceable to recalcitrancy more than to any other 
cause, and it is of vital importance that the rail- 
way companies should insist on the observance of 
the agreement as it stands. Any yielding under 
such conditions as now prevail would only result 
in demands being made from time to time for 
further concessions, and in rendering all agreements 
in trade disputes completely futile. 

It may have been shown by experience that the 
present conciliation scheme has certain defects— 
perfection can hardly be expected in such a mea- 
sure—but, as we have stated, this is no excuse what- 
ever for ignoring it. The proper course would be 
to carefully formulate any objections which may be 
raised to it, on either side, so that these objections 
may be discussed, and, if necessary, arrangements 
be made for amending the scheme at the termina- 
tion of the period to which it applies, or possibly, 
by mutual consent, at an earlier date. 

As a rule employers scrupulously meet the con- 
ditions of such agreements, but in the case of 
workmen they are frequently broken. It will be 
remembered that in the new shipbuilding agree- 
ment penalties may be exacted from the men 
individually for any infringement of its provi- 
sions. That course has had a salutary effect. An 





alternative system is provided in the case of the 
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National Union of Boot and Shoe Operatives. In 
their case the agreement between the employers 
and the union includes a clause providing for 


‘* financial guarantees for duly carrying out the | gi 


provisions of the agreement and existing and future 
awards, decisions of boards, arbitrators, or um- 
pires,” and the sum deposited by the union with 
the trustees for this purpose amounts to 10001. At 
the same time it is provided that ‘‘ if any provision 
of the agreement, or of an award, agreement, or 
decision be broken by any manufacturer or body of 
workmen belonging to the Federation or the National 
Union, and the federation or union fail within 
ten (subsequently reduced by mutual agreement to 
four) days either to induce such member to comply 
with the agreement, decision or award, or to expel 
them from their respective organisations, the fede- 
ration or union shall be deemed to have broken the 
eement, award, or decision.” There is a right 
of claim by either organisation upon the guarantee 
fund ‘‘ for loss sustained if work is not resumed on 
the morning of the fourth working day from the 
date on which the strike or lock-out is notified,” the 
aim being to prevent the continuance of sectional 
strikes unauthorised by the authorities. If those 
breaking agreements, individually or collectively, 
were thus legally subject to penalties, responsibility 
on the part of all concerned would be more fully 
recognised. F 
The second direction in which the present crisis 
indicates the need for amended legislation is in con- 
nection with picketing. Under the Trades Union 
Act of 1875 it was illegal, but the House of Com- 
mons, in its wisdom, incorporated in the Trades 
Disputes Act of 1906 a clause to the effect that 
‘* it shall be lawful for one or more persons acting 
on their own behalf or on behalf of a trade union, 
or of an individual employer or firm, in contempla- 
tion or furtherance of a trade dispute, to attend at 
or near a house or place where a person resides or 
works, or carries on business or happens to be, if 
they so attend merely for the — of peacefully 
obtaining or communicating information, or of 
peacefully persuading any persons to work or 
abstain from working.” This sanction of *‘ peaceful 
icketing ” was severely criticised at the time, as the 
Lestchbane failed to recognise the abnormal condi- 
tions under which picketing is invariably pursued. 
During all strikes passion runs strong, and the 
eagerness of the picket to prevent work carries him 
beyond his legal right, which is simply to obtain or to 
communicate information, or peacefully to persuade 
any person to work or to abstain from work. If 
one working man has the right to strike, the corre- 
sponding right to work as he wills must be conceded 
to another man. That fact is never fully recog- 
nised by the striker, and least of all by the picket. 
What has actually occurred is that the law 
admitting peaceful picketing has become an excuse 
for forcible coercion, which the law was formulated 
to prohibit. It has been pointed out during this 
crisis by the Home Secretary that ‘‘where a 
crowd is so disproportionate in size to what is 
needed for lawful pur as to exclude the 
idea of peaceful persuasion, the Act of 1906 may 
cease to apply.” A crowd is never necessary to 
obtain or to communicate information ; its purpose 
is to intimidate or coerce by a display, if not an 
exercise, of force. The Home Secretary further 
po‘nts out that any person who, to prevent 
another working, uses violence to or intimidates 
him or his wife or children, or injures his property, 
is liable to prosecution ; and the same is the case if 
he follows him from place to place, or follows him, 
with two or more persons, ina disorderly manner. It 
is further pointed out that the right of peaceful per- 
suasion only exists when the worker to be persuaded 
is willing to listen, and that the latter is entitled to 
refuse to hold any communication with the pickets 
if he so desires. If picketing is to be allowed 
to continue—and it is undoubtedly subversive of 
the personal right of the citizen—then each picket 
should be ap — a badge of distinction, and 
be responsible for any i opal act arising out of the 
exercise of his privilege. oreover, the number of 
pickets in any given case should be strictly limited, 
so as to obviate that demonstration of force which 
has had the effect of arousing serious disturbances of 


the peace. 
Infringement of the law of picketing is, as a 


rule, not the result of an act of the moment, nor is 
it even the outcome of sudden passion ; it arises 
as almost a natural sequence from the deliberately- 
planned scheme of campaign formulated by trade 
unions. Unfortunately, too, the authorities have 





lately been remiss in their enforcement of the 
law so far as it is concerned with ‘‘ peaceful” 
picketing. Of these facts many proofs could be 
iven. It is sufficient commentary to recall that 
within the past few days the strikers or the leaders, 
in various towns, showed their approval of coercive 
measures by permitting certain goods to be deli- 
vered to certain clients, and withholding permission 
in other cases. The issue of such permits estab- 
lished the approval of a conspiracy for the prosecu- 
tion of coercive measures which were the incentive, 
and ultimately the direct cause, of violent conduct 
on the = of strikers or others. Again, the fact 
that a Government department—the Post Office— 
even for the delivery of the mails, utilised this 
practice of issue of permits by law-breakers or 
prosecutors of acts of conspiracy, was in itself 
sanction of such violent measures, and a recognition 
of an assumed authority which should have been 
sternly resisted. This acceptance of a serious 
infringement of the common law has been a most 
serious mistake, and it could not have any other 
effect than to encourage other strikers in the same 
evil course. 

Some Members of Parliament profess to deprecate 
the use of violence, saying very truly that violence 
tends to beget violence. It is, however, evident 
that the only violence they deplore is the display 
of force by the authorities to protect citizens in 
the exercise of their legal rights. It was a French 
judge whosupported the abolition of capital punish- 
ment on the condition that ‘‘ Que Messieurs les 
assassins commencent ;” and if strikers and their 
leaders will themselves refrain from violence, they 
have nothing to fear at the hands of the police, 
or, a fortiori, from the military forces of the 
Crown. In labour disputes the duty of the autho- 
rities is, in the first place, to hold the lists and see 
that neither side resorts to violence in the further- 
ance of their ends ; that, we are glad to note, is now 
the avowed and fixed determination of the Govern- 
ment, in the event of a railway or of other strikes. 
Where violence is exercised it must be stamped out 
vigorously. The law must be maintained, and it 
must be made clear—so that even the man of 
inflamed ion may understand—that infringe- 
ment of the law carries as its inevitable sequence 
the punishment of the law, and, further, that the 
man who deserts his post at work for a real or 
imaginary grievance has no claim to reinstatement, 
particularly if this involves the dismissal of those 
who have chosen to continue or to take up work 
during the progress of the dispute. 








THE DISPOSAL OF MINING REFUSE. 

Tue satisfactory disposal of mining refuse is a 
matter frequently hedged about with difticulties, the 
greatest of which probably arise from conflicting in- 
terests. Where a certain district is given over almost 
entirely to mining operations, little or no trouble may 
arise ; but where mining and agriculture are carried 
on over areas not far separated from each other—for 
instance, in the same valley or watershed—the case 
is different. It is then that the conflicting interests 
arise. These interests may not, of course, always 
be confined to mining and agriculture, for where 
manufactures are established on rivers and streams 
below the mines, these also may have to be considered 
in any legislative action that may be found neces- 
sary. In the case where agriculture and mining 
alone are concerned, the charge is frequently, and, 
no doubt, sometimes quite justly, made by farmers 
that the pollution of and silting up of the streams 
which run through their land, brought about by the 
effluentsand tailings from minesabove their property, 
is such as to cause material injury to the cattle that 
drink the water, and damage to the river channels. 
The extent of the damage done is often exaggerated 
on the one side, and the amount of pollution mini- 
mised on the other ; but it is certain that in a great 
many cases the agriculturist has good cause for 
complaint, though it may not always be easy to 
find a remedy. Both mining and agriculture are 
of high importance in any country, but more parti- 
cularly perhaps in a new country that is being 
opened up to settlers, who require as much en- 
couragement as possible. It might be a compara- 
tively easy matter to sacrifice one or the other, 
and to decide that the district should be given over 
either to mining or to agriculture ; but it would not 
be policy, at any rate, in a country needing both 
industries, and in simple justice the rights of both 
must be duly considered. 

A state of things similar to what we have men- 





tioned appears to exist in some parts of Victoria, 
owing to the discharge of mining sludge into the 
rivers and streams of an agricultural district, and it 
is the subject of a report of the Sludge Abatement 
Board contained in a Blue Book recently issued by 
the State Government. The Board has been in 
existence for some time, and has, in the face of many 
difficulties, done some very important work and has 
put a stop to much of the unnecessary pollution of 
streams that was a cause of complaint. Its hands 
have, however, been somewhat tied, and it has 
not always been able to enforce the existing laws 
as promptly as required, for there are some mine- 
owners who seize any chance they may get to evade 
the law where this can possibly be done. There 
are, on the other hand, many mine-owners who, the 
Board admits, show a marked desire to obey the 
law, and the effort is always made by the autho- 
rities to hamper the gold and tin-mining industries 
as little as possible, while at the same time the 
farming interests are protected. During the year 
1909 it was, in some cases, necessary to take legal 
proceedings under the Mines Act against certain 
offenders, while in others arrangements for the 
retention of debris were made without having to 
resort to drastic measures. At Ballarat several pro- 
secutions took place, and fines of 501. were inflicted 
by the police magistrate ; but here in some cases 
a difficulty arose, for an appeal to the Supreme 
Court by the company fined the larges* amount re- 
sulted in the conviction being set aside, it being held 
that the Sludge Abatement Board was a judicial or 
quasi-judicial body, and ‘‘ should, before serving an 
order on any company, party, or individual, give such 
company, party, or individual an opportunity to state 
any objections that it, or he, might have to the 
order it was proposed to issue.” This decision may 
have been quite right in law, but would appear to 
have been very bad policy, for it at once had the 
natural effect of rendering invalid all orders pre- 
viously issued, and a fresh start had to be made by 
issuing draft orders, and inquiries had to be held, 
at which the parties on whom it was intended to 
serve the orders might attend, and have the chance 
of showing why the orders should not be served on 
them, or give reasons why they should be modified. 
The delay caused by this gave an opportunity to 
companies and persons disposed to pollute streams 
a capital opportunity for the improper discharge 
of large quantities of tailings into them between 
the times when the intention to serve the orders 
was known and the times when such service 
was actually made. In one case several thousand 
tons of sand were discharged into a creek during 
such interval, advantage being taken of a heavy 
rainfall atthe time. The necessity of having to give 
the notice referred to obviously militates greatly 
against the efliciency of the work of sludge abate- 
ment, and it would appear to be far more beneficial 
if the offenders against the Act could be brought to 
book at once without the delay we have named 
being required. The decision of the Supreme Court 
Judge has in some cases resulted in much incon- 
venience and injury to settlers down stream, owing 
to the surreptitious discharge of large quantities 
of scum, but it is hoped that the offending mine- 
owners will eventually be brought to justice. 

As previously stated, however, mining opera- 
tions are sometimes falsely accused, some farmers 
at once concluding that when a discoloration of the 
streams takes place it has its origin at the mine, 
apparently forgetting that streams are frequently 
discoloured and polluted by perfectly natural causes, 
such as freshets, which often carry down far more 
material than is ever sent into the stream at one 
time by the mines. Thousands of cubic yards of 
ground may be carried into the river channel from 
roads, neglected banks, &c., and may attract little 
notice. Then, again, the fact that it does not 
really require very much suspended matter to colour 
the waters of a stream is lost sight of, so that the 
colour test is by no means a safe criterion alone. 
Water indignantly likened to ‘‘pea soup” may, 
on careful examination, be found to contain 
only a comparatively low percentage of solids, 
which cannot in fairness be said to cause pollution. 
On the other hand, there may be cases in which a 
similar small quantity of certain solids may be a 
danger or, at any rate, an inconvenience to stock. 
The Parliament of Victoria has therefore decided 
not to abolish mining in the State by insisting on 
complete limpidity, but has been content to allow 
a certain amount of solid matter to be turned into 
the stream, an amount which need not necessarily 
be reached in actual work. A very close watch has, 
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however, to be kept on the mines, for some of the 
owners do not appear to be at all inclined to accept 
the statement of the farmers that their tailings are 
injurious, some of them, indeed, going so far as to 
say that, in certain cases, discharges of sand are 
even beneficial. It is evident, therefore, that a 
strong and entirely independent body, to decide 
between the opposing interests, is the best thing 
for all concerned. 

Of course, the pollution of the rivers and streams 
in question varies enormously from time to time, 
and it is a rather curious fact that the farmers do 
not appear to trouble themselves very much about 
the nature of the pollution, so long as the water is 
not discoloured. In one case that came before the 
Board it was stated that in a part of the Tanjil 
River horses refused to drink of the water, which 
was described as being of the colour and consistency 
of pea soup, but it turned out that the water had 
only been viewed in bulk, and no witness had taken 
the trouble to examine any of it in a tumbler, 
forgetting, apparently, that the amount of sus- 
pended matter that may make a stream look like 
‘pea soup” is, in reality, often quite small. 
Great objection was taken to this water, the sus- 
pended matter in which would, no doubt, soon 
have settled in any vessel containing it. It appears 
that a pump had been erected by the Rosedale 
Council for the use of the inhabitants of the place 
for drinking and other purposes; and this pump 
was down-stream from a bathing place much used 
by the people ; a doctor also had reported that the 
water should be boiled. Yet the country residents 
and the townspeople had no objection to the bathing, 
nor yet to cattle standing in the stream, so long as 
the water was not discoloured. This shows, of 
course, that complaints as to the harmfulness of 
pollutions from the mines have to be received with 
due caution. 

In another case a sample of dirty water taken 
about 20 miles below some mining dredgers was 
produced, and on examination it was found to 
contain not quite 24 grains of solids per gallon. 
At this time it was stated that two dredgers were 
in full swing. In addition to the objections from 
farmers as to actual pollution, many of them 
maintain that they fear the effects of siltation of 
their flats by barren mining silt. Evidence on 
this point is, however, conflicting, such fears not 
being universally entertained. It is, of course, 
quite easy to understand that damage might be 
done in this way, but much of the sludge, &c., 
that is deposited has a distinct agricultural value. 
Analyses made by the chemist for agriculture 
showed that the ground of these flats for 1 ft. or so 
below the surface was rich in plant food, but it was 
not so good below that depth, though there was in 
it a fair percentage of certain of the compounds of 
a good soil. In order to ascertain the value of the 
mining sludge from an agricultural point of view, 
samples of the solidified matter were taken from the 
settling dams and analysed. The result for the top 
foot was good, but not so good for the second foot. 

_Itseems that the worst effluent going into the 
river while the Tanjil Giant Company was in full 
swing contained on analysis 520 grains of solid 
matter per gallon ; the river a mile below the works 
carrying 70 grains, and 51 miles down 2} grains 
per gallon, the appearance in bulk being very 
white. At another time the river 51 miles down 
contained 6? grains. As an indication, however, 
that this amount really indicates little so far as the 
mining is concerned, samples of water taken fow 
days later from the river above the mines showed 
that the solid matter contained amounted to4} grains 
per gallon, which was due to the scouring of the 
surface by heavy rains. The variations in the 
quantity of solid matter carried in these streams 
are very great ; for instanee, on one day the effluent 
water was found to contain 228 grains per gallon, 
and the river above half a grain. The following 
day, 14 miles below the dredgers, the matter held 
in suspension was half a grain per gallon, and at 
8O miles and 51 miles below the results were the 
same, 

_The pollution of water by mines in agricultural 
districts is, however, not the only danger that 
farmers have to fear, as is shown by the report 
before us, for there is another and perhaps greater 
one, which requires careful watching. is is the 


absorption or collection of poisonous matter by the 
soil and vegetation in the vicinity of the mines. 
As proof of this, specimens of soils and herbage 
taken from a chemically affected area near Specimen 
Hill, Bendigo, 


were found to contain considerable | 








quantities of deleterious matter, in one case as much 
as 0.105 per cent. of arsenious oxide being found 
in the soil and 0.158 cent. in the herbage. Such 
an amountas this in herbage would prove poisonous 
to all stock grazing in the locality ; in fact, cattle 
are said to have died from eating such grass. It is 
considered that the dangerous matter had been 
deposited from fumes escaping from the pyrites 
smelting works. 

According to the Mines Act of the State, the 
amount of solid matter that can legally be dis- 
charged into any stream must not exceed 800 grains 
per gallon, and in no case has this amount, so far 
as is known, been . This 800 grains per 
gallon appears, after all, to be a very large quan- 
tity when we consider that stock accustomed to 
clear water will probably reject it until they become 
accustomed to it. Without filtration or clarifica- 
tion it is also unfit for human consumption. 

As a result of their investigations, the Board are 
of opinion that the allowable solids per gallon might 
with advantage be placed at 500 grains, and not 
800. They are clearly of opinion that too much 
attention should not be paid to discoloration of the 
water, as this is known to be caused by very small 
amounts of suspended matter; in fact, if mining 
operations are to be carried on at all, far higher 
amounts of suspended matter than will cause dis- 
coloration must be allowed. It is said, indeed, 
that if discoloration due to 24 grains per gallon, or 
even four times that amount, were forbidden, 
alluvial mining would in many cases be prohibited. 





THE RAILWAY SITUATION. 

Hap this article been written at the immediate 
termination of the railway half-year there would 
have been little to record but a continuance of the 
prosperity which characterised the situation six 
months ago, and which there seemed every reason 
to believe might be expected to continue for some 
months to come, although, as pointed out by Mr. 
Wharton in his address to the shareholders of the 
North-Eastern Railway, there were distinct signs 
that the tide of prosperity had reached its full 
height, and might soon be expected to recede. 
During the concluding weeks of the half-year, he 
said, the steady increase in receipts disappeared, 
and there was also a reduction of the furnaces 
in blast in the district served by his line. The 
North-Eastern Railway, having almost a monopoly 
of transport in a very important industrial area, is 
peculiarly sensitive to trade changes, and thus 
the symptoms alluded to by the chairman are in 
all likelihood precursors to a general slackening 
of the currents of commerce, so that even had not 
new and unexpected disturbances arisen, some 
reduction in the traffic returns during the next six 
months was highly probable. As matters stand 
at the moment of writing, this seems now almost 
inevitable ; but we deal elsewhere in this issue 
with the sudden refusal of labour in the transport 
trades to honourably maintain the contract they 
entered into with the companies four years ago. 
As pointed out elsewhere, the reasons given for 
this throwing over of the Conciliation Board are 
wholly inadequate and unreasonable, and are 
therefore presumably ostensible merely. 

From the statements made by the chairmen at 
the general meetings of the companies, it is obvious 
that the National Insurance Bill will, unless the 
railways are scheduled out of its scope, be highly 
injurious, not only to the shareholders, but to 
many of the employees themselves. As matters 
now stand, railway clerks, as regards invalidity 
insurance, are very much better off under existing 
conditions than they will be under the Act; 
and as regards other classes of railway employee, 
the provident societies established and foes = by 
the companies provide in general greater benefits 
than will be secured under the proposed Act. At 
the same time the latter will hit somewhat hardly 
the most deserving class of railway investor—viz., 
the man who develops the industry of the country 
by taking risks. It is the fashion to sneer at a 
greed for dividends, but the expression is more 
telling than intelligent. The men who take the 
risks, and not the careful investors in debentures, 
mortgages, and corporation stocks, are those to 
which civilisation is indebted for every forward 
step in our interminable conflict with Nature, 
and it is this class on which our present system 
of national finance mainly im its burdens. 


from the ordinary shareholder for rates and taxes 
is more than 50 per cent. of his actual receipts, 
and much the same condition obtains in the case of 
other companies. If the National Insurance Bill 

without serious amendments, a very con- 
siderable additional burden will be placed on the 
shoulders of the ordinary shareholder, equivalent 
in many cases to a decrease of about 4 per cent. on 
his dividend. 

In introducing his Bill, Mr. Lloyd George said 
that the employers’ contribution was intended to be 
a charge on the industry, which, accordingly, 
would ultimately be paid by the consumer. Since, 
however, the railways, in practice if not in theory, 
are prevented from raising rates, they will be 
wholly unable to transfer the charge to shippers. 
It has been suggested that the ordinary share- 
holder might obtain relief from these constantly- 
increasing burdens by the raising of passenger 
fares and such an increase is no doubt feasible. 
Experience shows, however, that in most cases the 
procedure would be highly unprofitable. Capital 
charges are the principal burden on a railway, and 
hence a high ‘‘load-factor” is conducive to large 
net returns. Of course, it is possible to fix fares 
too low, and one of the first reforms made by Sir 
George Gibb, when appvinted to control the District 
Railway, was to raise the average fare from 1.67d. 

r passenger to 1.87d.; but the error of fixing 
‘ares too low is much less common than the reverse, 
as is particularly well shown by the results of 
recent adjustments of fares on the London, 
Brighton, and South Coast Railway and on the 
Great Eastern line. On the latter line, for instance, 
the reduction recently made in the suburban fares 
has increased the receipts in the half-year by over 
26,0001. 

The London and North-Western Railway has 
been able to pay 6 per cent. on its ordinary stock, 
which constitutes a record for the line. Another 
record was also broken, the capital expenditure for 
the year —viz., 344,0371.—being the lowest in the 
history of the company. Most of this has been 
attributable to the Euston to Watford widening. 
Both passenger and goods traffic for the twelve 
months exceeded all previous returns, and on 
Coronation day the Company finished its 5000th 
locomotive. The goods earnings amounted to 
10s. 9.44d. per train-mile, a figure unprecedented on 
this railway, and no doubt largely due to the keen- 
ness shown in cutting down unprofitable mileage, 
since during the half-year one million tons more 
of merchandise were carried on a train-mileage less 
by 40,000. The earnings per passenger train-mile 
were only 4s. 3.69d. The Midland Railway has also 
had a good half-year, but the most interesting 
matter brought forward at their meeting was the 

roposal to take over the London, Tilbury, and 
Southend line. 

The Lancashire and Yorkshire Railway Company 
are able to make the best distribution for a period of 
eleven years, the gross receipts being 95,000/. more 
than in the corresponding half of 1910. The 
number of passengers carried was 31,229,544, being 
an increase of 1,134,423. Of this total about one- 
half is attributable to the electrified lines. This 
fact well shows the ney of the frequent 
service and relatively high speeds which are attain- 
able only with electric traction. The electrification 
of a portion of the Brighton line has had similar 
results, where the whole of the loss to the trams has 
now been made good. From 1904 onwards till the 
electrification of the South London line in 1909 
there was a continuous diminution in the number 
of passengers carried. There has since been a 
rapid increase, which is certain to be accentuated so 
soon as the electrified lines to the Crystal Palace are 
in full working. This is not ble at present, 
since the supply of current available is insufficient, 
but the enlargement of the generating station from 
which the electricity is purchased is being rapidly 

ushed on with, and by the end of the year it 
is hoped that electric traction will be available 
for running the trains between London Bridge and 
the Palace. As matters stand the additional 
receipts from the electrified lines are 30 per cent. 
of the total increase. The statement that the com- 
pany has now recovered its loss to the tramways, 
is, perhaps, not wholly justified. No doubt, to 
some considerable extent, passengers who formerly 
patronised the trams have been attracted back to 
the railways, but the tramway returns make it 
evident that to no small extent the increase in the 





In the case of the London, Brighton, and South 
Coast Railway, for instance, the amount taken | 


receipts has been largely due to the creation of fresh 
traffic, by providing attractive facilities for it, in 
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the shape of frequent and relatively fast services. 
It is, however, interesting to note in this connec- 
tion that the North-Eastern Railway Company, in 
spite of the success which has attended the electri- 
fication of their lines on the north of the Tyne, do 
not consider that it is as yet advisable to adopt 
electric traction on the, Newcastle to South Shields 
line, although the traffic here is very intense. 

A noticeable feature of the railway accounts is 
the poor direct return from the steamboats. Thus 
in the case of the Brighton line, for instance, the 
loss on the steamboats for the half-year was 36441., 
but in spite of this the services are being improved. 
The Newhaven, the latest of the turbine boats in 
the Dieppe service, has a speed of 24 knots, and 
can make the trip in 2? hours, Another, the 
London, will also soon be ready. Both these boats 
are owned in France, but the Brighton Compan 
intend shortly to build another themselves. With 
these high-speed boats and with the completion of 
the Pontoise line, avoiding Rouen, the time from 
London to Paris will be reduced to seven hours, 
or about half an hour less than by the best of the 
existing services by the'short sea route. 

What steps the South-Eastern and Chatham 
Railway combination will take to make good the 
threatened diversion of traflic have not yet been 
announced, with the exception of the decision to 
build a new turbine steamer, in addition to that 
just put in service The provision of these cannot, 

owever, substantially reduce the duration of a 
passage which already lasts but some 60 minutes 
or so, and it is hardly probable that the already 
excellent train service between Calais and Paris 
can be greatly speeded up. Hence, if any im- 
provement is to be affected, it is, as the Americans 
says, ‘‘up to” the railways on this side of the 
Channel, on which the best trains are booked at the 
liberal rating of 1 hour 40 minutes for a distance of 
under 78 miles. Possibly the bridge reconstructions 
referred to at the general meeting may have been 
undertaken with a view to speeding up this service, 
and the proposed straightening of curves at Ton- 
bridge will also be useful in this regard. The 
combined companies, it was announced, have decided 
to concentrate their shops for repairs and construc- 
tion at Ashford, the Battersea works being aban- 
doned. This decision is, of course, in accord with 
precedents for some years past, as company after 
company has been dismantling its branch sho 
and we note that the North-Eastern Railway is 
about to abandon locomotive building at Gateshead 
and execute all such work at Darlington. 

At the Great Northern Company’s meeting the 
chairman announced that about 171,000/. would be 
spent during the next half-year in widenings to the 
main line and in the construction of new lines at 
Finsbury Park and between Corby and Essenden. 
It is also intended to work a light line from Lincoln 
to Skegness, which will shorten the distance 
between the latter resort, and Yorkshire and 
Lancashire, by about 10 miles in distance and one 
hour in time. Several of the Great Northern 
locomotives, we learn, are to be fitted with super- 
heaters as an experiment, and the results will cer- 
tainly be awaited with interest. 

There have been somewhat bitter complaints 
from passengers on the North-Eastern Railway 
against the delays which have arisen from the 
introduction of a more rigid system of ticket 
inspection. That this was n is, however, 
very conclusively shown by the chairman’s state- 
ment that over 30,0001. perannum is collected from 
passengers travelling without tickets or with tickets 
available for a part of the journey only. In view 
of the infrequency with which season-tickets are 
inspected in the London district, it is highly 
probable that frauds are equally prevalent here. 

Unquestionably the most noteworthy feature of 
railway history during the past decade has been 
the gradual rehabilitation of the various under- 

und services. Three years ago the Metropolitan 

ilway had but 18,0001. available for dividend ; 
now the sum is 61,4241. The receipts from pas- 
sengers, goods, and parcels have all increased: To 
facilitate the clearance of the trains from stations 
central doors are being fitted to the electric cars, 
which have hitherto doors at the ends only. 
At Neasden new turbine generators are being 
installed ; one of these is already at work, and is 
showing a substantial economy over the old double- 
flow machine which it replaced. The automatic 
cualing system has now been completed from 

illesden Green to Neasden, and extensive im- 
provements are in progress at Baker-street Station, 





over which it is ultimately intended to erect a large 
hotel. 

In the ease of the District Railway, again, the 
improvement effected has been phenomenal. For 
the first time for twenty-seven years the first 
preference shares have received their full dividend, 
which from the year 1900 to 1909 was stopped 
altogether, whilst at the same time arrears on 
prior stocks were accumulating. The last of the 
arrears on the guaranteed stock will be paid off in 
the next half-year, thus reducing the prior charges 
by 62501. The improvement has been mainly due 
to a judicious expenditure of fresh capital in im- 
proving the services, and this is still being proceeded 
with. Fifty-one new cars were ordered last year, and 
this number is to be further augmented, the money 
necessary being secured by the issue of prior lien 
bonds. The second preference shares still receive no 
return. The widening between Ravenscourt Park 
and Acton is being rapidly completed, and is expected 
to be ready for use in November next. In con- 
junction with the London Electric Railways, the 
company have purchased the Lot’s-road power- 
station. 

The Central London Railway have carried over 
20 million passengers in the half-year, but this was 
a reduction of 658,609 as compared with the cor- 
responding half of 1910. The decreuse is attributed 
to the motor-bus competition. Of these motor- 
buses there is a one-minute service eastwards 
from Lancaster Gate. Twelve months ago 162 
omnibuses passed this point in four hours, but the 
number has now risen to 205, carrying about 5200 
passengers. At certain times of the day eight 
omnibuses going citywards pass the Oxford-street 
Station in one minute, and 240 in the hour, these 
vehicles having a seating capacity of 8160, or about 
one-half of the full capacity of the railway. Prob- 
ably improyed traftic will result from the comple- 
tion of the Liverpool-street extension, which will be 
opened in about six months’ time. 

The pioneer of the tube lines—viz., the City and 
South London—reports a record half-year, carrying 
more passengers than ever and more per train. 
The gross receipts ae rose by 50401., of 
which, however, 18501. was directly attributable to 
the non-recurrent traffic arising from the Corona- 
tion. This line is handicapped by the low com- 
mercial speed of its trains, which is but 13} miles 
per hour, as compared with 17 miles on the other 
tubes, and 20 miles on the electrified portion of 
the London, Brighton, and South Coast Railway. 
The directors have, therefore, sanctioned experi- 
ments, by which it is hoped to reduce by five or 
six minutes the time between termini. 

An agreement to electrify the East London line 
has finally been reached, and as soon as lia- 
mentary sanction is obtained the work will put 
in hand. A service of twelve trains per hour is 

roposed. The current required will be purchased 

m Lot’s-road. 
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ELECTROLYTIC DESTRUCTION OF 
REINFORCED CONCRETE. 

AN interesting contribution to the discussion on 
the electrolytic destruction of reinforced concrete, 
which Messrs. C. E. useon and G. H. Smith 
raised atthe Chicago Convention of the American 
Institute of Electrical Engineers last June, was 
made by Mr. Harry Baker and Professor W. L. 
Upson on behalf of two students of the University 
of Vermont, Messrs. O. J. Olgiati and H. Roberts. 
We dealt with the experiments of Magnusson and 
Smith on page 174 daw issue of August 4, and 
will to-day confine ourselves to the distinctive 
features of the experiments of Olgiati and Roberts. 

These researches deserve attention because elec- 
trodes of iron and of carbon were embedded firmly or 
loosely into the concrete cylinders and tested with 
direct or alternating currents in duplicate experi- 
ments, the circuit comprising blocks of different 
kinds, and further dummy blocks of concrete without 
electrodes. Collapsible iron electrodes, consistin 
of sheet iron, rolled up with filter paper inte 
between the layers, and tubular iron electrodes 
filled with oil, in order to determine the tempera- 
ture rise, were also used. The concrete blocks 
pn yr in water. The thermal electrodes pene- 
trated right through the block of concrete, and the 








| connection with the current lead was made outside 


the block, so that there was only heating, and no elec- 
trolysis through the mass of the concrete. By these 
means it was possible to estimate, in how far mere 
thermal expansion of the iron accounted for the 





cracking of the concrete. For the electrolytic tests 
the current was introduced in a different way. The 
electrode, a piece of iron piping, was either em- 
bedded entirely in the block, the pipe ends being 
plugged, or the one end ‘of the pipe was allowed to 
project, and the other end was brought flush up to 
the surface, which was covered by a layer of pitch. 
Copper rings were pushed over the cylindrica] 
surface of the block, and the insulated leads were 
attached to these copper rings. In the case of the 
completely embedded electrodes the current tra- 
velled from a set of rings through the concrete 
to the iron, and out again through the concrete to 
another copper ring, fixed over the upper portion 
of the block which projected above the water. 
When the electrode itself projected out of the 
block and the water, the second wire was joined 
to the upper end of the electrode, and several 
blocks were, in both cases, coupled in series in this 
way. 

The concrete blocks were made of ironclad 
Portland cement, a sand which does not appear to 
have been particularly suitable, and broken stone. 
The currents, both direct and alternating, were 
either of 0.1 ampere or of greater intensity. When 
the direct weak currents were turned on, some 
material appeared to be washed out of the ferro- 
concrete blocks, gas was liberated, and the surface 
of the block gradually became covered with a rusty 
deposit. The apparent resistance of the concrete 
would rise, until a crack developed after perhaps 
fourteen days, and would then decrease. Weak 
alternating currents produced neither gassing nor 
corrosion. But when the alternating currents were 
raised to 3 amperes, which caused a temperature rise 
in the electrodes to 45 deg. Cent. (113 deg. Fahr.), 
the blocks split in ten hours. The collapsible 
electrodes behaved like the others, except that they 
held out longer under direct currents, apparently 
until the rusting had proceeded so far that further 
expansion was prevented ; strong alternating cur- 
rents did not cause splitting, evidently because, in 
the absence of rusting, the thermal expansion 
remained unimpeded. 

The carbon electrodes burst the blocks under 
direct currents very much like iron electrodes ; 
there was gassing and a thick black mush was forced 
out from the badly-corroded carbon anode ; some 
compounds seemed to have been formed between 
the carbon and the concrete. 

In the case of the loose carbon electrodes a 
decided odour of chlorine was sometimes noticed, 
which was probably due to the salt in the carbon ; 
the carbon was again corroded, but no splitting 
took place, showing that the loosely-embedded 
electrode had room enough to expand during its 
corrosion. Alternating currents did not do auy 
harm to blocks containing carbon electrodes. 

In a final series of tests sets of twenty-two small 
blocks were made up of the four kinds of electrodes, 
tubes, collapsible sheet iron, loose and firm carbons, 
and of dummy blocks ; the blocks were immersed 
for three weeks before testing, then submitted to 
electrolysis, and finally crushed in an Olsen machine, 
two ata time at progressive intervals, in order to 
ascertain whether the weakening of the concrete 
was gradual orsudden. The conclusions may briefly 
be summed up as follows. Mere thermal expansion 
will destroy ferro-concrete, when produced by 
electric currents of high density ; the currents may 
be alternating or direct, and their direction is 
immaterial in the latter case. Such thermal dis- 
ruption may result in a few hours owing to leakage 
of direct or alternating currents. Weak currents, 
insufficient to act thermally, cause corrosion, 
because iron oxide is formed at the anode sur 
face, and penetrates into the concrete at a rate 
depending upon the porosity of the concrete, the 
current intensity, gas pressure, &c.; the oxygen 
seems to be due to the electrolysis of water, aud 
not to be taken up from the concrete. The pro- 

ive corrosion of the iron is not accompanied 
y any gradual reduction in the strength of the 
concrete, but the gas pressure may hasten disrup- 
tion. Disruption will ensue also when the anode is 
not of iron (but of carbon), because oxidation and 
expansion are the chief causes of the trouble. 
ese latter conclusions, which concern carbon 
electrodes, and also the experiments made with 
collapsible sheet iron, have no direct importance 
for the engineer. The engineer wants a concrete 
which is firmly bound up with the iron, such that 
the iron will im its mechanical strength to the 
concrete. Scientifically, however, these experiments 
are valuable, because they demonstrate the correct. 
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ness of the assumption, that it isthe expansion accom- 
panying thermal or electrochemical effects upon the 
core in concrete that has to be guarded against. 
Large leakages of direct or alternating current may 
lead to structural failure within afew hours. Small 
leakages of alternating currents may sometimes be 
disregarded ; yet much depends upon the shape of 
the current waves, as we know from other researches. 
With small leakages of direct currents, an insidious, 
slow undermining of mechanical strength must be 
feared. There is little danger in any case, as long 
as the concrete is kept dry. But moisture finds its 
way into everything, and a sharp look-out should 
be kept for stray electric currents. The electrician 
knows how to maintain an effective electric survey. 
As regards the prevention and the cure of the 
rusting of iron in concrete and in general, the most 
recent researches have not placed new resources 
at the disposal of the engineer. 





THE MANUFACTURE OF DRAWN 
TUNGSTEN FILAMENT LAMPS. 
Exectric lighting, probably more than most 
branches of applied science, has been remarkable 
for the number of radical developments which have 





THe Lamp-EXHAUSTING AND 


from time to time modified its practice and scope. 
The introductions of the carbon-filament lamp, the 
Nernst lamp, the flame arc, the vapour lamp, and 
the metal-filament lamp mark a series of stages in 
its progress which in their basic and far-reaching 
character it would be difficult to parallel in any 
other art. These various introductions have in 
each case modified the whole practice and outlook 
of electric lighting, and, in particular, have greatly 
increased its efficiency. The new forms of lamp 
have, in some cases, naturally introduced new difti- 
culties and problems, but these have usually formed 
but the starting-point for further improvement, 
and the latest development in our list—the metal- 
filament lamp—forms an example of this. These 
lamps possess such superior efficiency as compared 
with the carbon lamps, from which they are a 
development, that on their introduction they met 
with immediate success. None the less the moulded 
filaments from which they were made were extremely 
fragile, and this fact probably hampered their pro- 





gress to some extent, rapid though it was. This | is, of course, to shorten the life of the lamp, as its 
weakness, however, was from the first an object of} career is determined by that of its shortest-lived 
attention to the lamp-makers,and during the last few | member. It should, perhaps, be said that in the 
years great improvements in filaments have taken | older method of manufacture the so-called squirted 
place. These improvements have now culminated | filaments were made up by mixing the tungsten, in 
in one of the important steps characteristic of | the state of powder, with a binder, squirting the 
electric lighting, and a process has now been deve-| mass through adie, and afterwards electrically sub- 
loped by which tungsten can be drawn into wire so | jecting the formed filament to a high temperature, 
that wire filaments can now be made which actually | which vaporised the binder and fused the particles 
are wire, and are no longer built up of particles of | of tungsten together. 
metal fused together. The manufacture of the lamps is divided up into 
The first introduction of the manufacture of | a number of detail processes, each of which is carried 
drawn tungsten filaments into this country has | out by one or more girls, working on a piece-work 
been made by the British Thomson-Houston Com-| basis. As is almost universal in modern factories, 
pany, Limited, which has equipped aseries of shops|the work, beginning at one end of a shop, 
at their Rugby works for this purpose. We had | gradually progresses forward to the other end, 
an opportunity of inspecting these shops on the/| receiving its necessary operations and manipula- 
16th inst., and found them of a very complete and | tions from the successive girls, who each deal with 


drawing the tungsten into wire is a secret one, and 
no details are available for publication ; but we 
propose to describe the various processes which go 
to the making up of the lamps, as they are of a 
very interesting character, and differ in many par- 
ticulars from the practice of other makers. 
Before dealing with the details of manufacture, it 





workmanlike character. The process of actually | one detail or process only, and in such an order that 


the whole progress is continually forward, from the 
raw material at one end to the finished lamp at the 
other. The work, being of a small and delicate 
nature, is well adapted to girl labour, and can for 
most of its processes be carried out while the opera- 
tors are seated at benches. A view of one of the 
shops, showing the exhausting apparatus in the 
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should, however, be said that the drawn tungsten, 
which we had an opportunity of examining, is quite 
remarkably strong, and that at a first trial there 
is difficulty in breaking it with the fingers. Ad- 
vantage is taken of this strength in the design of 
the lainps, as, instead of building the filaments up 





of a number of short lengths of wire, joined to- 
gether at the points of support, as was the method 
when a squirted tilament material was used, the 
filament is now made up of a single length of wire 


foreground, is given in the illustration on this page. 
This view is characteristic of the whole of the shops, 
and gives a good idea of the general conditions under 
which the lamps are manufactured. 

The glass of a finished lamp is made up of three 
originally separate parts, which may be considered 
to be the starting point of iti manufacture. These 
are, firstly, the bulb, which is blown with the seal- 
ing end closed and a wide opening at the end which 


| tinally carries the cap ; secondly, the small flanged 


simply looped round the supporting wires. This| tube which carries the conducting-wires from the 
arrangement has the advantages over the old one that | cap to the filament; and, thirdly, the g!ass support- 
the whole filament is free and capable of adjusting | ing-stem which carries the radial steadying-wires for 
its various parts for equal tension, while, as there! the filament. The third of these parts is moe d 
are no joints, but a single continuous conductor, no | made from lengths of glass rod by a girl who holds 
question arises of one length of filament reaching a| them in a blow-pipe flame and forms the small 
higher temperature than another owing to slightly | swelled-out parts, on to which another girl in a 
shorter length and consequently higher resistance, | later operation fuses the radial steadying-wires. 
which is an always-present possibility with the| Before the. fixing of these wires, however, the 
jointed system. The effect of a length of filament! supporting -stem “is fused to the second glass 
running at a higher temperature than its neighbours part—i.e., the tube which carries the leading-in 
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wires. This process is carried out on afhorizontal 
wheel, attended to by two girls, and arranged with 
some half-dozen supports round its circumference, 
on which the two glass parts can be set. There 
are two blow-pipe flames playing on two of the 
supports at all times, and as the wheel is rotated 
into any one of its six positions which are deter- 
mined by stops, the glass parts carried by it are 
moved into position under the flame in turn. The 
two girls feed the machine with the two indepen- 
dent glass parts, one of them setting the leading-in 
wires in position before the parts reach the flames 
to be fused together, and the other closing the 
glass tube on to the wires, when it is semi-molten, 
and so forming what finally becomes the closed end 
of the lamp. The radial steadying-wires before 
mentioned are fused into the glass supporting-stem 
after the process just described has n carried 
out. ‘ 
The next operation is the winding of the filament 
on to the radial supports and the connecting of it 
up to the leading-iu wires. This is carried out by 
hand, the tungsten wire being supplied to the 
operator on a reel, from which she cuts off a mea- 
sured length, handling it with small pliers, and 
winding it around the supports to form the filament 
of the finished lamp. The leading-in wires are in 
the form of very small copper tubes, and the 
operator who winds the filament connects it to these 
tubes by simply inserting it into their ends and 
closing them with her pliers. No other form of 
connection beyond this mechanical one is used. The 
connecting wires have, of course, a small length— 
about 4 in.—of their length made up of platinum at 
the point where they pass through the glass. The 
fusing of the internal glass stem and tube carrying 
the filament, to the bulb, is carried out on a machine 
fitted with’ blow-pipe flames and corresponding very 
nearly with the machine, previously described, on 
which the stem and tube are fused together ; but 
before this process is carried out, the bulb receives 
a Ss treatment by having an exhausting- 
tube fused to the centre of its spherical closed 
ends. The hole for the reception of this tube is 
a by a small flame impinging on the end of the 
ulb. 

After the assembling of the filaments and their 
holders in the bulbs, the only process, apart from 
the fixing of the caps, is the exhausting of the 
lamps. This is carried out by means of rotary 

umps, the lamps being mounted on machines in 
tches of six at a time. The first exhaustion is 
carried out by a general pump which serves all of 
the machines, the lamps being finally treated by 
further pumps, of which one is fitted for each three 
machines, and which are backed by and exhaust 
into the general pump. The insides of the exhaus- 
tion tubes, which are fused to the bulbs, are painted 
with a solution of red phosphorus, and at the 
moment before the bulbs are sealed up this phos. 
phorus is heated and vapourised so that it carries 
away any injurious last products from the interior 
of the bulbs and leaves an almost perfect vacuum. 
The machines are fitted with heated chambers, and 
the exhausting is partly carried out with the lamps 
ata high temperature. 

The lamps are made alive, and receive a first test 
before leaving the machines ; and in order to ensure 
that the current shall not be put on to them too 
soon, an ingenious induction-coil arrangement is 
fitted which can be connected across the bulbs in 
such a way that if the vacuum is not yet sufficient 
to make it safe to switch on the lamps, a us 
discharge takes place through them which Sirectly 
indicates their state to the operator. 


of the lamps, which is carried out by subjecting 
them to 25 per cent. over-voltage for a quarter of 
an hour. This eliminates all weak and doubtful 
examples. The over-voltage which the lamps will 
stand is remarkable, and we had an opportunity of 
seeing four 115-volt lamps run at 230 volts, and a 
115-volt lamp run at 300 volts, in all cases without 
rupture of the filaments. 





THE TURIN INTERNATIONAL 
EXHIBITION. 

In an article published in April last* we) 
announced the opening of the Turin Exhibition, 
and reviewed briefly the development of Italian 
industries during the last fifty years, since the 
declaration of Italy’s unification. The present’ 


* See ENGINEERING, vol xci., page 556. 





Exhibition was organised with the object of cele- 
brating the unification of the country and demon- 
strating to the world at large the progress made 
by national establishments in the manufacture of 
all classes of products. The Valentino Park, Turin, 
where the exhibition is being held, is an ideal site ; 
it is easily reached from every part of the city ; 
it contains a number of groves affording a most 
welcome shade in the present torrid heat; the 
River Po, flowing through the grounds, gives an 
agreeable freshness ; while the wooded hills to the 
east and south-east form a magnificent setting to 
the whole.. The Exhibition is laid out on both 
banks of the river; on the left bank it extends 
from the Corso Vittorio Emanuele II. and the 
Umberto I. bridge as far as the Cinta Daziaria, and 
on the right bank as far as a suburb called the 
Pilonneto. 

The right bank, commencing from the Umberto I. 
bridge, is covered by a number of separate pavi- 
lions, which contain the displays made by the 
Argentine Republic, by Uruguay, Equador, and 
other South American States; by Brazil, in a sepa- 
rate pavilion; Belgium, France, Germany, the 
United States, Siam, and Servia. These displays 
include a large variety of specimens and exhibits 
representative of the industrial, agricultural and 
mineral products of the several countries, all most 
tastefully arranged. This portion of the exhibi- 
tion will attract its fair share of visitors ; we do not 
propose, however, to deal with it in the present 
article. 

The display made on the left bank of the river, 
commencing at the entrance on the Corso Valen- 
tino, is of greater interest to engineers, since it 
contains the exhibits made by the Royal Italian 
Navy; the building containing Italian, French, 
Swiss, and German electrical exhibits and displays 
relating to professional teaching ; the building con. 
taining machinery in motion, which latter communi- 
cates with the British pavilion ; while further south 
is the Italian Public Works building, leading to the 
heavy metallurgical section and the building con- 
taining the locomotives and railway rolling-stock. 

Among the most attractive exhibits from the 
engineering point of view are those which are con- 
tained in the building covering the machinery in 
motion above pe to. This building adjoins 
the British section; its extreme southern end is 
set apart as a power-station for the production 
of current for general distribution for power and 
lighting throughout the Exhibition, with the 
exception of the Royal Italian Navy pavilion, the 
British Section, the Swiss and French electricity 
displays, and the Pilonneto, which are self-con- 
tained, as we shall show further on. Power-stations 
at exhibitions may be said to afford an excellent 
illustration of the development in engine design and 
construction, as the progress made in this par- 
ticular branch can easily be gauged by a com- 
parison of the prime movers on view at the 
time with those which were shown at previous 
exhibitions. In this respect the Turin Exhibition 
is instructive, inasmuch as it affords, to a greater 
extent even than several other recent Continental 
exhibitions, an indication of the prevailing ideas in 
engineering practice. It contains three heavy-oil 
engines, two steam-turbines, one vertical and one 
horizontal steam-engine, which take the load alter- 
nately. The illustration is very aptly completed by 
the prime movers which make the Italian naval 
pavilion, the British section, and various other 
displays self-contained, as stated above. 





The last | 


process before the fitting of the caps is the ageing | 
|eycle Diesel engine, having four cylinders 535 mm. 


| required pressure of 60 atmospheres (850 lb. 


he largest exhibit in the power-station in the 
Machinery Building is that made by Messrs. Franco 
Tosi, Legnano, who show a 600-horse-power four- 


(21 in) in diameter, with a 770 mm. (30.3 in.) 


stroke, direct coupled to a three-phase 45-ampere 


6400-volt alternator, running at aspeed of 150 revo- 
lutions, built by. the Tecnomasio Italiano Brown, 
Boveri, and Co. In this engine the compressed 
air is supplied by a Reavell air-compressor driven 


|from the Diesel engine-shaft and mounted on an 


extension of the engine-foundation plate. The 
compressor has four cylinders, placed radially round 


| the shaft at angles of 90 deg., two of these cylin- 
| ders being low-pressure, one being a medium pres- 


sure, and the fourth compressing the air up to the 
r 


sq. in.). The air-compressor is water-cooled. The 


| compressed air is delivered to two receivers, one of 
| which comes into play on starting the engine ; they 


are connected to a third, smaller receiver for the fuel 


the governor which acts directly upon it ; the fuel 
suction is effected by a piston operated directly 
from the vertical shaft of the governor by means of 
an eccentric. This piston has a fixed travel; a 
|Second piston, smaller in diameter, operates the 
suction valve, the opening of which is controlled by 
the governor. 

Messrs. Franco Tosi also exhibit a 5000-horse- 
power Brown-Boveri Parsons (Tosi) steam-turbine, 
running at a speed of 1500 revolutions, and coupled 

| to a Ganz three-phase 4200-kw. 6400-volt 50-period 

alternator. The turbine exhausts into a surface 
condenser underground. The same firm show, 
further, a 600 to 800-horse-power horizontal com- 
| pound tandem engine, running at a speed of 125 
| revolutions, direct-coupled to a three-phase 6400- 
| volt 60-ampere alternator, built by the Savigliano 
| Electric Company. The high-pressure cylinder of 
| this engine is 500 mm. (19.7 in.) in diameter ; the 
diameter of the low-pressure cylinder is 850 mm. 
| (33.5 in.). The steam distribution is by double- 
| beat valves on the Lentz principle. The engine 
works condensing, the jet-condensing plant being 
underground, together with that for the turbine. 
| Messrs. Franco Tosi had intended exhibiting also 
|@ 1000-horse-power Diesel engine ; the alternator 
|to be driven by that engine is in place at their 
| stand, but the engine could not be completed in 
time. 

Close to the stand just dealt with the Maschin- 
enbau A.G., vorm. Ph. Swiderski, Leipzig, exhibit 
a 1200-horse-power normal, and 1500-horse-power 
maximum, radial turbine, of the Eyermann type, 
running at a speed of 3000 revolutions, coupled to 
a three-phase 6400-volt 750-kw. 50-period Brown- 
Boveri alternator. The turbine works in conjunc- 
tion with a Westinghouse - Leblanc condenser 
underground. The Swiderski Company also exhibit 
a 500-horse-power vertical steam-engine, with Lentz 
valve distribution ; this is a two-cylinder compound 
engine working condensing and direct-coupled to a 
three-phase alternator, built by the Savigliano 
Electric Company, of similar characteristics to the 
above. 

The Societa Italiana Langen and Wolf show a 500- 
horse-power four-cycle vertical Diesel engine, 
running at a speed of 250 revolutions, coupled to 
a 220 440 volt continuous-current generator con- 
structed by Messrs. Ganz, Budapest. 

The largest Diesel engine in this section, and 
also in the whole Exhibition, is that shown by 
Messrs. Sulzer Brothers, Winterthur. This is a 
vertical four-cylinder two-cycle 1000 to 1200-horse- 
power engine, running at a speed of 150 revolu- 
tions, direct-coupled to a three-phase 6400-volt 
80-ampere 50- period alternator, built by the 
Savigliano Electric Company. We may remark 
that Messrs. Sulzer build on the two-cycle prin- 
ciple all their Diesel engines for powers exceeding 
600 H.P. Thecylinders of the engine exhibited are 
500 mm. (19.7 in.) in diameter, with a 750-mm. 
(295 in.) stroke, each cylinder developing 260 
H.P. A fifth crank works a combined air-pump, 
which supplies the air for scavenging and that for 
the charge. The air-pump supplying the air for the 
charge is a three-stage pump; a separate cylinder 
supplies the air for ethan. pe The oil-fuel supply 
to the cylinders is governed automatically according 
to the load on the engine; the air supply for 
| Scavenging is also governed automatically, and 
| Varies in quantity with the charge. The engine 
‘at the stand in Turin is provided with an electric 
| motor which drives a toothed pinion made to mesh 
| with the gear cut inside the flywheel rim for 
| barring round. The Sulzer set, like the other sets 
—except that of Langen and Wolf above referred 





| to—supplies a 6400-volt three-phase current which, 


with the similar current proceeding from the other 


| engines, is transformed down for power and lighting, 
| at various points which are distributed as required. 
|The lighting throughout the Exhibition, with the 


exception of that of the building containing the 


| Tosi, Sulzer, and other sets, is by three-phase 


current, the lamps being run in series. A part of 


‘the grounds in the neighbourhood of the monu- 


mental bridge across the river and the monumental 
fountain is lighted by lamps in series upon the 
6400-volt circuit. 

The water for cooling the cylinders of the Diesel 
engines in the power-station is taken from the 
town mains. The condensing water for the hori- 
zontal and vertical steam-engines and the steam- 
turbines above referred to is taken from the river, 
and is pum up by a set of pumps located in a 


j injection. The liquid-fuel pump is located close to small building on the river bank. This building 
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contains one set formed of a high-speed, 160 to| With feed-water at 50 deg. Cent. the oil-fuel con- | distinct for a short time—rarely more than a minute 
200 horse-power Sulzer Diesel engine, running at | sumption amounts to about 1 lb. per 13 lb. of water|—though the lamp will continue to burn. The 
evaporated, the steam produced being superheated | greater the excess potential, the more rapid will 
to 300 deg. Cent. In some cases the steam produc- | be the extinction. The spectroscopic examination 


375 revolutions, driving by an elastic coupling a 
Sulzer centrifugal pump having a capacity of 300 


litres (66 gallons) per second, against a head of | tion has reached 14.5 lb. per pound of liquid fuel, | shows that mercury vapours are present. 


When a 


40 m. (130 ft.). There is besides, as a stand-by, | using feed-water at the temperature named. The | magnet is brought near the bulb, the glow becomes 
an electric set consisting of a Brown Boveri| Tosi boiler set, which is coal-fired, is fitted with 


180 - horse - power 500-volt motor supplied by a 
transformer located in the same building, which 
takes the 6400-volt current coming from the 
power-station, the motor driving by an elastic 
coupling a centrifugal pump having a capacity of 
400 litres (88 gallons) per second, against the same 
head of 40m. The two pumps deliver into a reser- 
voir having a capacity of about 750 cub. m. 
(165,000 gallons) placed close to the power-station, 
and from which the various condenser pumps derive 
their supplies. 

The Franco Tosi turbine, as above stated, is con- 
nected to a surface-condenser, and all the condensed 
steam proceeding from the turbine goes to a receiver, 
from which are fed the Tosi steam boilers referred 
to further on. The cooling water proceeding from 
the cylinder jackets of the Sulzer Diesel engine is 
delivered into a tank, from which are fed the Bab- 
cock and Wilcox boilers, also described further on, 
the feed-water being supplied to the boilers at a 
temperature which varies between 30 and 50 deg. 
Cent. 

The Exhibition Committee ensure the liquid fuel 
supply to the Diesel engines in the power-station. 
This fuel is contained in an underground reservoir 
having a capacity of about 90 cub. m. (19,800 gallons) 
located between the Langen and Wolf Diesel set 
and the Babcock and Wilcox steam-boilers. From 
this receiver, each Diesel-engine exhibitor takes 
the oil fuel he needs. Messrs. Sulzer, for example, 
have a tank mounted on brackets supported on the 
columns of the building, above their engine, and 
containing sufficient oil fuel for a 16-hours’ run, 
which tank they fill by means of a small electric 
pump which draws from the underground reservoir. 
From this tank the oil fuel passes down through 
filters to the engine cylinders. Close to their oil- 
fuel tank Messrs. Sulzer have mounted their cooling 
water-tank, from which the water runs down to the 
cylinders and valve-gear. The other Diesel-engine 
exhibitors have a very similar arrangement. 

We may state here that the oil used has a specific 
gravity of at least 0.93, at which minimum it enters 
Italy at a comparatively very low duty in virtue of 
an agreement with Roumania. 

Messrs. Sulzer Brothers draw the air supply for 
their Diesel engine from a vertical pipe which opens 
outside the roof over their stand, and which is 
carried down underground to the engine, the air 
passing, on its way, through a series of air-filters, 
and thence tothe cylinders. The exhaust from the 
four cylinders escapes through a silencer outside 
the roof of the building. The other Diesel engines 
draw their air supply from inside the building, but 
exhaust also outside the roof. 

The switchboard, built by the Savigliano Com- 
pany, is to the rear of Messrs. Franco Tosi’s hori- 
zontal engine; it has seven panels, one for each 
Diesel engine, steam-engine and steam-turbine, all 
the mains, leads, and connections being under 
ground) To the rear of the switchboard are 
mounted four Tosi multi-tubular boilers with super- 
heaters, divided into two sets, their total heating 
surface being 1808 sq. m. (19,375 sq. ft.). One of 
the sets is provided with furnaces for burning coal; 
the other is built for burning oil-fuel, and is fitted 
for this purpose with the Korting furnace and oil- 
spraying device. The oil fuel has the same specific 
gravity as that used in the Diesel engines—0.93 to 
0.95; it is, in fact, taken from the underground 
reservoir above mentioned. It is drawn from the 
reservoir by two steam-pumps. placed directly in 
the rear of the switchboard, one of the pumps 
acting as a stand-by, and is delivered under pressure 
to the pipes, which carry it to the atomiser, flowing 
on its way through a tubular heater with steam 
circulation, in which the oil is raised to a tempera- 
ture approaching that of vaporisation ; the oil is 
heated generally to a temperature of 150 deg. Cent. 
An air chamber is in connection with the device, 
and its capacity is sufficient to secure a regular flow 
for the oil. 

The oil-pipe system ends for each boiler in five 
Spraying devices, which are fitted into the bottom 
part of the front furnace-plate. The oil-fuel supply 


to the boilers is regulated simply by acting upon | 
the steam-valve of the oil-pump; any one of the | 


live spraying devices can also 








the Underfeed Stoker Company’s automatic grate. | through the filament. 


concentrated in the tube of force which passes 


| The suggested explanation 


Both sets are connected to a chimney built up of | does not explain the action of the magnet. Elec- 
steel plate. The boilers are fed by two ‘‘ Duplex ” | trons emanating from the filament in all directions 
umps, built by Messrs. Tosi, and fitted with a| are supposed to ionise the residual mercury vapour, 
eed-water heating device supplied with the exhaust | which would then produce a spectrum ; the magnetic 


steam from the pumps. 


| field should cause the electrons to gather in a helix ; 


There are also two Babcock and Wilcox boiler | but the special experiments made by Houllevigue 


sets, which can work in conjunction with the Tosi|do not conform to this view. 
e installation has a| with a lateral tubular projection, facing the loop 


boilers, or independently. 


He fitted a bulb 


total heating surface of 1148 sq. m. (12,370 sq. ft.), | of the carbon filament, and connected the bulb to a 


and a total superheating surface of 224 
(2410 sq. ft.). 


sq. m.| Gaede pump, by means of which he maintained 
The boilers are fitted with auto-| the air pressure at less than 0.001 mm. of mercury 


matic stokers, which are —— with coal from) for hours; at the entrance to the side tube he 


the coal-stores above the boi 


being ensured by a small bucket-conveyor, which | ment was for a 50-volt circuit. 
The | was 


also removes the ashes in the usual way. 
boilers are fed by two prey ar pumps. 
The power-station in the 


ers, the coal supply | placed a diaphragm 6 mm. in diameter. 
When the voltage - 


The fila- 


radually raised to 80 volts the glow was seen 


|to fill the bulb. Suddenly it would traverse the 


achinery-in-Motion | diaphragm and enter into the tube, in which it 


Building is served by an 18-ton travelling trestle-| would attain a length of 7cm. The length of the 


crane which runs on a track on the floor-level, built 
by the Savigliano Company. There is further a 
15-ton overhead travelling-crane by the same com- 
pany, anda 20-ton one by the Deutsche Maschinen- 
tabrik, which can serve the whole of the building, 
besides the power-station. 


(To be continued.) 








NOTES. 
A Tenston-Metes ror Wire Strays IN 
Fiy1nc-MacuHInEs. 

Rupture of wire stays has been one of the most 
potent causes of fatal disaster to the courageous 
pioneers engaged in solving the problem of aerial 
navigation. he adjustment of such stays is 
always made by skilled mechanics, who to the best 
of their ability equalise the tension in each. 
Experience shows, however, that even with the 
greatest care it is impossible to secure any satisfac- 
tory approximation to a uniform loading of these 
all-important components of a modern aeroplane ; 
and to meet the demand for some more reliable 
method for securing an equalisation of the strain 
on such stays, Captain F. Largier has devised 
a simple tension-meter, which he describes in a 
recent number of Le Génie Civil. The apparatus 
consists essentially of a couple of knife-edges 
mounted on a resonance-box in such fashion that 
the distance between the two edges can be adjusted 
at will. By means of two suspension springs the 
knife-edges are maintained in contact with the wire 
the tension of which is to be measured, and this 
wire is then struck lightly with an ordinary lead- 
pencil so as to throw it into vibration and cause it 
to emit a musical note, which is reinforced by the 
resonance-box. The pitch of the note thus obtained 
may, for practical purposes, be considered as 
depending solely on the distance between the two 
knife-edges and on the stressin the wire. Hence by 
adjusting the distance between the knife-edges until 
the wire vibrates in unison with a standard tuning- 
fork, the actual tension in it may be read from 
scales graduated once for all on the instrument. 
The apparatus in question has been utilised by its 
inventor to measure the tensions in the different 
stays of a French military aeroplane. These had 
been carefully adjusted to the best of the ability of 
the mechanic, but the tension-meter showed that 
actually the stress ranged from a minimum of 6.35 
tons per sq. in. up to a maximum of 15 tons per 
sq. in. Captain Largier considers that there would 
be no difficulty in applying his instrument to 
measure the tension in the stays during actual 
flight, and suggests as one method of doing this 
that the note sounded should be recorded on a 
phonograph, in which case the pitch could be 
determined at leisure. 


RapIATIONS IN THE BuLes or GLow-Lamps, 


In a communication recently presented to the 
Paris Académie des Sciences, L. Houllevigue 
describes some peculiar light effects observed in 
glow-lamps with carbon filaments which will not 
have escaped notice, but which do not appear 
to have been studied before, When a glow-lamp is 
joined to a circuit of excessive potential, a bluish 
glow fills the bulb for a little while after the current 


| luminous column would increase with a rise of 
| temperature and with an improvement in the 
vacuum; when a little air was admitted, the column 
would shorten temporarily, but would become 
| longer again, probably because the air was being 
absorbed by the carbon. When the magnetic 
field was applied to this bulb, it was found 
that the magnet always shortened the length 
of the column; the direction of the field had no 
influence. Experiments with tungsten filaments 
did not show the phenomenon. It would seem to 
us that electrons, though they may ultimately 
suffice to explain gy are not alone con- 
cerned in the glow. ercury vapour as such is 
invisible, unless illuminated by ultra-violet radia- 
tions, which cause it to fluoresce ; the presence 
of air and some other gases interferes with this 
fluorescence, as J. Franck and W. W. Wood have 
demonstrated.* There is always gas retained by 
the filaments, and the nature of the gases may 
change with the filament material. 


ScanpInaviAN Lasour CoNFLIctTs. 


In spite of repeated negotiations, the mediators 
have not yet succeeded in bringing any of the 
Scandinavian labour conflicts toan end. The most 
serious trouble—the Norwegian lock-out, which 
affects some 32,000 men, and which, failing a 
speedy termination, is likely to be extended so as 
to aftect 50,000 men—is causing much bitterness 
on both sides. It seems to be more a question of 
who is to have the upper hand than one simply of 
wages, and both sides are determined not to give in, 
and are well prepared for a protracted conflict. The 
men have strike funds stated to amount to between 
3,000,000 kr. (166, 6001.) and 4,000,000 kr. (222, 2001.), 
and the employers do not seem to expect any peace 
before this fund has been spent. Both sides hold 
that their vital interests are at stake, and as far 
as the employers are concerned the time is con- 
sidered ether a favourable one, inasmuch as trade 
is somewhat dull both in the mining and the cellu- 
lose industry. The lock-out naturally fosters 
Socialistic propaganda, and some of the Socialist 
leaders have been attacking King Haakon in some- 
what unrestrained language, because he wisely 
refrains from interfering. In the meantime the 
mediators continue their endeavours, but the pro- 

sals hitherto brought forward, and the meetings 
held, have proved unsuccessful. In Sweden the 
position has for several weeks been wanting in clear- 
ness ; there has been no lack of proposals and nego- 
tiations, but they have so far led tono agreement. It 
is thought by many that the conflict will gradually 
collapse. The masters rejected the last media- 
tion proposal, whilst the men were disposed to 
acquiesce. Count Hamilton, the Civil Minister, has 
in vain attempted to mediate. In Denmark the 
tramway strike nominally continues, but the men 
admit they have lost, in more ways than one, and 
that they have acted very foolishly. They refused 
the mediation proposal to postpone the strike for a 
week, and did not accept the company’s offer that 
they should return to work on the improved 
terms, which they had refused up to a certain date. 
The result is that the companies have engaged other 





cut off at will. |isswitched on. The phenomenon is only visible or | 





men and that the traffic is gradually being resumed 








* See ENGINEERING, vol. xli., page 730. 


a 


EEE 









































































Se 


ENGINEERING. 


[Aue. 18, rgrt. 





PATTERSON-ALLEN PIPE-FLANGING MACHINE 


ZR 






































/ 
(2098. A) 


to its full extent. The companies have left one 
fifth of the situations free, and for these they are 
willing to re-engage some of the old hands, but on 
less favourable terms ; with regard to this negotia- 
tions are still progressing. The Danish and Nor- 
wegian masters’ organisations have prohibited the 
employment of Swedish labour during the existing 
conflicts, a step which does not affect the locked- 
out Swedish hands, but Swedish labour generally. 





THE LATE MR. RICHARD HOWSON. 
WE regret to have to record the death, at an 


advanced age, of Mr. Richard Howson, well known in| j 


connection with the development of the iron industry 
on the North-East Coast. Mr. Howson was at one 
time or another closely connected with changes in 
practice which have had an important influence on pro- 
duction. He was born at Giggleswick, in Craven, on 
February 3, 1821, and was educated at Giggleswick 
Grammar School, at which his father, the v. John 
Howson, was second master for over forty years. 

At the age of eighteen Richard Howson was appren- 
ticed to Messrs. Nasmyth and Gaskell, at the time 
when James Nasmyth was ate oe the stean- 
hammer, and young Howson spent much of the ensu- 
ing four years in close connection with this work. In 
1843 he was sent out to Sweden on business for the 
firm, taking over, in fact, a large steam-hammer, the 
first to be exported from this country. After the 
completion of the installation of this hammer, Howson 
remained in Sweden for some years, being engaged as 
a draughtsman, mostly in the design and construction 
of cotton-mills. On his return to England, after a 
sojourn abroad of about five years, he fulfilled several 
engagements as a draughtsman, finally becoming 
interested in the development and introduction of the 
vertical type of blowing-engine, which ultimately 
replaced the old-fashioned beam type. During this 
part of his career he worked at the Canal Foundry 
and Engine Works of Messrs. John Stevenson and Co., 
Preston, Lancashire, of which, in 1862, he was 
appointed manager. 

His success in this connection resulted in his appoint- 
ment in 1866, by the late Sir B. Samuelson, to the 
position of constructive engineer and engineering 
manager of the Newport Iron Works, Middlesbrough, 
where he almost entirely reconstructed the plant and 
carried out many extensions. In 1872 Mr. Howson 
started in private practice as a consulting engineer, 
being retained in that —y also by the Newport 
and Ferryhill Works. e travelled a good deal 
abroad, visiting Austria, Italy, France, the United 
States, and Canada, making reports on iron and ste+l 
manufacture in those countries, to Messrs. Samuelson 
and Co. He became interested in mechanical puddling, 
and, working in conjunction first with Mr. Thomas 
and subsequently with Mr. Samuel Godfrey, Mr. 
Howson designed and patented mechanical revolving 

uddling furnaces, of which the last, produced in colla- 
Roatien with Mr. Godfrey, proved itself the best 
machine of this type devised till that time. Owing, 
however, to the development of the Bessemer steel 
process, this type of machine was never widely used. 

Mr. Howson was elected a member of the Institu- 
tion of Civil Engineers in 1888. He was one of the 
original members of the Iron and Steel Institute, and 
took a considerable interest in the work of that body. 
From the time of its foundation to 1896 he read six 
papers before the Institute, besides making other con- 
tributions to its proceedings. His first paper he read at 
the first meeting of the Institute in 1869; it was entitled 
**The Siemens-Martin Process of Manufacturing Cast 
Steel.” In 1872 he read before the Institute a 

per on ‘“ The Rotary Puddling Furnace,” designed 
by himself and Mr. Thomas. His next contribution 
was a paper in 1876 on “ Welding Iron.” In 1877 
he read’a ‘paper bearing the simple title of ‘‘ Weld- 





ing.” Again, in the same year, he read a r on 
«t Mechanical Puddling,” Srantgtive in diner 
of the furnace which he and Mr. Godfrey had pro- 
duced. In 1883 he read a further paper before the 
Institute, on this oceasion under the title of ‘‘ Blast- 
Furnace Economy in Relation to Design.” In 1886-7 
he was president of the Cleveland Institute of Engi- 
neers, when he took for the subject of his most 
interesting address ‘‘ The Conservation of Force, and 
Some of Its Possibilities.” 

With regard to Mr. Howson’s intimate connection 
with attempts to improve the puddling process by 
mechanical means, it may be of interest to note that 
his grandfather, Thomas Howson, was associated in 
business with Henry Cort, the inventor of the puddling 
and rolling processes, and was also related to him by 
marriage. 

Mr. Richard Howson died at Middlesbrough on 
the 2nd inst., having attained, therefore, to the age of 
ninety. 








THE PATTERSON-ALLEN PIPE-FLANGING 
MACHINE. 

WE illustrate above a machine which has been 
designed for the purpose of fixing flanges on the ends 
of pipes by the cold extension process. Its action will 
be clearly understood on reference to our engravings, 
which show the apparatus in longitudinal section in 
Fig. 1, and in end elevation in Fig. 2. Apart from the 
hydraulic cylinder and ram, about which there is 
nothing special, the parts of the machine to which we 
wish particularly to allude are the hollow tapered 
steel die A and the tapered plug B on the end of the 
hydraulic piston-rod. It will be seen, on reference to 
Figs. 3 vo 4, which are enlarged views of the die A, 
that this portion of the machine consists of a number 
of segments, twelve in all, which are arranged in a 
circle and held together by the springs C. The larger 
end of this built-up die is so sha that it forms a 
shoulder, the purpose of which is clearly shown in 
Fig. 1, and at the smaller end beads or ribs D are 
formed, which, when the tapered plug or arbor B is 
forced into the die, expand outwards at right angles 
to the line of thrust of the part B. When used the 
die is placed inside the pipe, E, that requires fixing 
into the flange F, and by means of hydraulic or other 

ressure the arbor B is forced forward, the result 

ing that the segments of the die move outwards, and 
the material of the pipe is squeezed into grooves cut 
in the flange, and remains there in the form of corru- 
gations, making a perfectly tight joint. Several forms 
of flange joints made by this method are shown in 
Figs. 5, 6, and 7, the actual joints of Figs. 6 and 7 being 
shown, to a larger scale, in Figs. 8 and 9 respectively. 

It will be noticed that in Figs. 6 and 7 the pi 
is expanded tightly into the cylindrical portion of the 
flange, but not into the bottom of the grooves ; the 
reason for this is, that with steel and iron pipes it is 
found that a stronger and more permanent joint is 
made when a certain amount of play is allowed in the 
grooves. Fig. 5 represents the type of joint found 
most suitable for pipes made of copper and the other 
more ductile materials. 

Among the advantages belonging to this method of 


r heavy outlay of 36,250,000. Next year two more 
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fixing flanges, it is claimed that it requires no skilled 
labour, and that practically any material, even includ- 
ing cast iron, may be used for the flanges, and that 
tubes and pipes lap or butt-welded can be flanged. The 
machine is expeditious ; the time required for flanging 
does not exceed more than two minutes for any dia- 
meter, and for small pipes up to 3 in. in diameter 
considerably less time is said to be required. Experi- 
ments have shown that one man can finish from 250 
to 300 8-in. flanges per day without any assistance. 
The machine may be used for all diameters from 2 in. 
up to 20 in. by simply changing the dies, which 
operation requires only a few minutes. 

The tightness of the joints made by this machine is, 
we understand, perfect, tests having been carried out 
where several sections of pipes flanged together were, 
twice daily for one week, submitted to a steam test 
of 250 1b. pressure per square inch, the steam being 
superheated to from 700 deg. to 800 deg. Fahr. with- 
out showing any signs of distress or leakage at the 
joints, although the pipes were found to have bulged 
perceptibly under the heat and strain. The same 
sections were also submitted to an hydraulic pressure 
of 3000 lb. per square inch, and at the same time 
vibrated by mechanical means, without in any way 
affecting the joints. Tests were also made with crude 
and refined petroleum, gasolene, and hot tar, under 
various pressures and temperatures, without any signs 
of failure. In this apparatus no accumulator is inter- 
posed between the pressure-pumps and the hydraulic 
cylinder, the pressure being automatically controlled 
by a a” Sage soa to suit the various sizes of flanges 
dealt with. The machine is made by the Patterson- 
Allen Engineering Company, 2, Budge-row, London, 
E.C., who are also the patentees. 








Tue Unirep States Navy.—fhe Atlantic fleet of the 
United States now consists of twenty-one battleships and 
four armoured cruisers. The fleet is the most powerful 
muster of warships ever placed under one command by 
the United States. It has involved the country bo a 

ttle- 
ships—the Wyoming and the Arkansas—now building, 
will be added to the fleet at a further cost of 2,126,368/. 


Dramonps aT HicH TempEraturrs.—Cornelio Doelter, 
who has for some years been working on the electrolytic 
or electronic conductivity of solids, salts, and minerals, 
&c., has determined the conductivity of diamonds between 
880 deg. and 1290 deg. Cent. in an atmosphere of 
hydrogen or of nitrogen. The specimen was a plate 
1 sq. cm. in area and 1 mm. in thickness. The resistance 
was 58 800 ohms at 950 deg. Cent., but fell to 370 vhms 
at 1220 deg.; it rose then to 930 ohms at 1260 deg., and 
decreased once more to 590 ohms at the maximum tem- 
perature applied, 1290 deg. Cent. Somewbat similar 
phenomena had been observed in quartz, and they are 
not suggestive of a really uniform substance ; in the case 
of quartz, some electrolytic effect would, of course, be 
possible. In other experiments Doelter, whose account 
appears in the Vienna Monatshefte der Chemie, heated 
diamonds in hyd , nitrogen. chlorine, and carbon 
dioxide up to 1550 ie Cent., and failed to observe any 
conversion of diamond into graphite; there was some 
brownish-black discoloration, probably a corrosion effect 
leading to the formation of amorphorus carbon, but no 
formation of graphite, which has often been assumed. 











Ave. 18, 1911.) 


ENGINEERING. 


237 





11,000-H.-P. TURBINE; NECAXA POWER-STATION, MEXICO. 


CONSTRUCTED BY MESSRS. ESCHER WYSS AND CO., ENGINEERS, ZURICH. 









Fig.1. 


OIL TANK 








S * ° 
’ i "pe tel ee 4. 
3 . 4 437 . CEP os 



















#8 p. 90 :20% Seg: ogo se ah eae 





In the paper on ‘‘ High-Pressure Water-Power 
Works,” read by Mr. L, Zodel at the Zurich meeting 
of the Institution of Mechanical Engineers, and repro- 
duced on page 239 of this issue, a detailed description 
is given of the hydro-electric power works at Necaxa, 
Mexico. In supplement to the illustrations in the 
paper, reprodu on 239 and 240, we give above 
an elevation and plan and section of the 11,000-horse- 
power turbine which will assist our readers in follow- 
ing Mr. Zodel’s description, particularly of Fig. 4 of his 
memoir, showing the turbo- generator set partly in 
elevation and partly in section. 








NITRO-CELLULOSE POWDER FOR NAVAL | find 
PURP' 


OSES. 

In ENGINEERING of May 20, 1910, vol. Ixxxix., 
page 649, we wrote on the subject of ‘* Nitro-Cellulose 
Powder for Naval Purposes,” indicating the disadvan- 
tages of this type of powder when com with nitro- 
glycerine types of powder for warships. Our article 
was translated into Portuguese and appeared in the 
January number of the Revista Marituma Brazileira. 
The translator, Captain Alvaro Porto, of the Brazilian 





}such a perfect state for thirteen and > 
_stored in sheds on land, and on board ships whose 


Navy, added some interesting information gained 
from experience on the ships of the Brazilian Navy, 
which are of greatinterest, as they establish the fact that 
the brazilian authorities are quite satisfied with nitro- 
lycerine powder, and have adopted what is known as 
GSP, powder, which seems to be a powder of the 
nitro-glycerine type with a somewhat less percentage 
of nitro-glycerine than cordite M.D., and contains also, 
as a stabilising agent, a small percentage of an alkali. 
The alkali seems, so far as can be gathered, to be bi- 
carbonate of soda. Captain Porto’s comments are 
valuable, as the climate of Brazil, especially on the sea 
coast, probably affords as good a practical test of the 
stability of a propellant powder as it is possible to 
anywhere in the wor 
Captain Alvaro Porto’s commentary is as follows :— 
With respect to double-base—i.c., nitro-glycerine- 
nitro-cellulose— powder, no other navy more 
experience in its use than ours, and this has been of the 
greatest credit to this class of smokeless yer espe- 
cially in regard to its great stability. In a climate 
such as ours, very hot in the summer and very unsettled 
in the winter, it is wonderful that cordite can be kept in 
fifteen years, 


magazines are not provided with refrigerators. For 
about eighteen you we have used cordite, without ever 
having had the least trouble with it; we have never given 
it the care demanded in other navies. Cordite has, so far, 
been treated by us just as a black powder, and subject 
always to high and variable temperatures—on land 
between 20 deg. and 34 deg. Cent., and on board to 
38 deg. Cent., sometimes tor months and yesrs con- 
secutively. In spite of these conditions of neglect, which 
have put the cordite to such a severe proof, we have only 
to record one disaster in eighteen years—viz., that of the 
Aquidaban in 1906. This disaster, however, far from 
proving a discredit to the cordite, must be considered by 
experts in explosives, and by those who know how the 
disaster occurred, as a proof of the stability of this 
powder. Under the conditions of the storage of that 
particular lot of powder during eight years, any other, 
especially a single-base powder (to judge by the United 
States regulations for testing nitro-cellulose powder), 
would long before have decomposed, and entered into 
spontaneous combustion. 

When the incidents of the occurrence are examined, I 
am certain that experts will find it almost incredible that 
the stability of that powder should for so long withstand 
such a tremendous tri 
the unfortunate battleship eight months before the 
disaster begpened. For some months I had occasion to 
observe daily that the temperature in the magazine for 
the stern turret, where the disaster happened, was 32 deg. 
Cent. when the ship’s boilers were not in use, and 45 deg. 
Cent. when one or more boilers were being employed. 
The temperature, in this latter event, went so high that 
it was impossible to keep the hand for even a few seconds 
= the power-cases, and during practice firing I was 
obliged tochange the m ine hands every 20 minutes 
to avoid their fainting. Qt less than 9 tons of cordite 
and some 2 tons of black prismatic powder for the 203-mm. 
guns in the stern turret were kept stored in this 
zine for eight years. Not only was the temperature main- 
tained for all that time above 30 deg. Cent. continually, 
but there was also the sharp variations of temperature 
caused by the alternative working of the boilers of the 
vessel, and frequently in the space above the roof of the 
magazine there was a temperature of 52 deg. Cent. 
One boiler was almost always twice a week kept working, 
either for the derricks or for the movement of the turrets. 
These very trying conditions continued, as I have already 
said, for the space of eight years, and under such circum- 
stances it was not puprans Get the cordite stored there 
could stand it no longer. yond the daily observation of 
the temperature in that m ine, which constituted one 
of the greatest worries of the Commander, Serra Pinto, 
there was also under observation, weekly, some of the cor- 
dite kept ina bottle, which I myself had the care of ; it was 
stored under the same conditions as in the powder-cases. 

A short time before leaving the ship, some eight months 
before the disaster occurred, these sticks of cordite 
showed a hard yellowish surface, full of cracks, and 
proving brittle on the slightest bending, whilst the 
material of the cartridge-bags had turned yellowish. 
On opening a box a very strong smell was noticed, caus- 
ing headaches to the crew; in fact, there were all the 
si of powder in a forward stage of decomposition. 
The conditions of the m ine storage continued to be 
the same, and even then he disaster only occurred eight 
months after, showing how slow is the progress of the 
phenomena in this class of powder, which would have 
given time for preventive measures being taken had 
we had a service well organised in cnpeeeen and vigil- 
ance. Already on account of the high temperature 
observed daily, and of the appearance of the cordite 
sticks, I never felt safe in firing with the 203-mm. guns 
with the service charges of cordite, especially as I had 
lately returned from the Armstrong where I 
learned that charges of powder should never be fired at 
a temperature higher than that at which the charges 
had been fixed in the polygon, if it was desired to 
keep the pressure am” An excess of tem ture 
caused, naturally, an increase of pressure, conse- 
quently variations in shooting and a waste of ammuni- 
tion, especially at that time, when ts eeetuaiion of the 
ight - strips could not be automatically altered, and, 
what is still more important,a greater erosion of the 
bore, carrying with it a shortening of the life and accu- 
racy of thegun. For curiosity’s sake I fired three rounds 
from one of the 120-mm. forecastle guns, using, however, 
cordite stored in the forward magazin which were 
cooler, and whose sticks of cordite were of better appear- 
ance. In the second and third rounds I used “crusher 
gauges,” and was surprised to find a pressure of 19.2 and 
and 19,4 tons per square inch, whereas the guns had been 
designed and charges fixed for a normal pressure of 15 tone. 
This excess of pressure could soon have been verified 
without the use of the crusher, for, beyond the violent 
recoils observed, the firing-tube was so damaged that 
the striker and its spring were scored by a st escape 
of gas coming through the head of the tube. Here was 
the natural consequence of packing a smokeless powder 
for such a long time in —— not provided with refri- 
gerators, in high and variable temperatures, although such 

— wae in weg other navies at the time. fied 
‘ore, if this powder (when packed in magazines in which the 
| temperature did not exceed 35 deg. Cent.) were so altered, 
what could be expected in the case of the 203-mm. gun 
using powder from the after magazine? We were court- 
ing @ disaster, as we were abusing the stability of the 
cordite, treating it as if it were a black powder. Of 
course, the disaster came. What it proved, however, was 
not any bad quality of the cordite, but that it is a powder 
that satisfies perfectly the conditions of our climate and 
aleo those ofour Navy. “> P 
It is true that its ballistic qualities sensibly altered 
under the conditions in which it was stored ; but this could 
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not help being so, seeing that that is a pro inherent 
in all modern smokeless powders, and we know that the 
charges were fixed in the Fang at 26 deg. Cent., while 
here they were continually kept at higher temperatures 
than the above. From this it is easy to comprehend the 
excess of ure that the increase of temperature gave, 
and such been observed in all our firing exercises, on 
which occasions we always have suffe damages to 
the firing-locks, split tubes, pierced caps, and violent 
recoils, affecting the mountings, &c. It isa pity, however, 
that until to-day these facts should have been attributed 
to the quality of the explosive material, when we well 
know that the fault was solely due to our bad treatment of 
the cordite, leaving it always lying in high and varying 
temperatures. Let us give the powder a rational treat- 
ment, and let us make the guns always work with a norma] 
pressure, and we shall not experience any more of the 
damage already mentioned. 

To appreciate the meaning of the excess of pressure 
produced by our treatment of the cordite, suffice it to say 
that all our guns are tested in the polygon with five 
rounds, obtaining in two of them a pressure 25 per cent. 
greater than the normal, and on there occasions the 
parts of the breech mechanisms have always functioned 
perfectly, pierced caps and split tubes being of very rare 
occurrence, being observed only in guns known as 
‘thigh velozity guns,” when the test pressure has reached 
from 30 to 32 per cent. above the normal pressure. If, 
however, in Brazil these mechanisms fail, the cause is in 
the bad treatment of the cordite, which, like all other 
smokeless powders, should of necessity be kept at low 
and suitable temperatures—say between 15 deg. and 
20 deg. Cent. Just lately I had occasion to know the 
result of an examination at 135 deg. Cent. of a lot of 
cordite made ten years ago for 240-mm. Be which 
had always been kept stored in a shed where the 
internal temperature was the normal of our climate. The 
analysis demonstrated a beginning of chemical action, and, 
what is still more curious, a great excess of humidity, 
thus presenting the necessary conditions for decomposi- 
tion. In spite of its ten years of age, we could have 
availed ourselves of this lot of powder if we had first, 
by means of crusher-gauges, ascertained the necessary 
alteration in weight of charge to compensate for differ- 
ences in pressure, and if we had dried the powder for a few 
days at constant temperature. Here we have another 
example of cordite ten years old. I think, however, that 
this lot has already existed long enough, and should now 
be destroyed. Its stability has already resisted ten 
years of neglect. If we use this lot of powder in our 
guns, damages to the breech mechanism will occur, 
projectiles will burst prematurely in the bore, and the 
continuous excess of pressure will eventually cause heavy 
erosion. Under such circumstances can we blame the 
powder? We still have in stock other lots made some 
thirteen years ago, and still there is no sign of rank 
decomposition. 

It is clear that all the above facts are not any excuse 
for our not establishing a vigorous system of inspection 
of smokeless powders, and that we must not rely alone 
upon the stability of cordite. Such an inspection 
should be made every three months, however good the 
conditions of storing may be, seeing that decomposi- 
tion of a powder is not only due to high and varyin 
temperatures, but may also depend on the care observ: 
during all the processes of manufacture and the careful 
choice of ingredients. As regards the above, I may cite 
an example of the decomposition of a lot of cordite for the 
240-mm. guns, independent of the conditions of storing, 
which was discovered soon after the disaster to the 
Aquidaban, when all the lots were submitted to an exami- 
nation. 

We have seen that the powder on board the Aquidaban 
resisted eight years’ ill-storage ; we know that that of the 
240-mm. gun is 10 years of age and does not yet show any 
sign of decomposition ; and we have in stock many lots 
12, 13, and even 14 years old, which do not show signs of 
free decomposition. Yet, notwithstanding the above, the 
partioular lot to which I am referring, under the same 
conditions of storage, showed signs of decomposition at 
the end of three years. 

Let us now consider the new C.S.P.,. powder, also a 
double-base powder with about 20 per cent. of nitro- 

lycerine ond i r cent. of bicarbonate of soda. As we 

ave only had this powder for two years in Brazil, I can- 
not give any example of its — over a long period of 
time, but I shall content myself by referrmg to the 
magnificent trials realised in England by experts in such 
an important and difficult subject. It is a cooler powder 
than the M.D., with far greater stability, and it con- 
formed with all the other necessary conditions of proof 
with our 186-mm. guns, which were proved in the polygons 
at Ridsdale and Silloth. Besides this, the ‘‘silver vessel 
test” at 80 deg. Cent. fully confirmed that C.S.P., 
remained in a perfect stable condition during 5120 hours 
ata temperature of 80 deg. Cent. (this was in a ground- 
up state, which makes the test all the more severe). The 
Cs. P., still continues to be stored by us on land under 
the same conditions as cordite, and it is for this reason 
that it will undergo eventually the same treatment, and 
be able, like cordite, to demonstrate its great stability. 
So far our only experience is as follows :—1. For two 

ears some O.S8.P., for the 101-mm. guns of the destroyers 
Para and Pianby has been stored in magazines with canvas 
covering, with the jos a gre equal to that of the 
day ; and the last analysis, taken in October, shows 
that it was found in magnificent condition under the test 
at 135 deg. Cent. 2. A sample of 0.S.P.., placed, from 
February, 1910, to October of the same year, in a 
ine for the 120-mm. ammunition, on board the 


magazine 
Mi Ge where the tem ture was never lower 
than 33 dag. Cunt, was tested, and found in a perfect 
state. 





There are some who consider the O©.S.P., undesir- 
able, because it includes in its composition a small per- 
centage of bicarbonate of sodium. ‘I'here are others who 
admit that the stability of C.S.P.. is good, but that, 
owing to the bicarbonate of sodium, once decomposition 
is started, it goes on so rapidly that there is no time for 
remedial measures to be taken. There are others who 
complain of the ses because it is a powder 
that demands a normal temperature, not exceeding 
21 deg. Cent., for preserving it in good condition. I must 
confess to being somewhat at a loss how to answer these 
ingenious technical quibbles ; and as this article may be 
read by “amateurs,” I will limit myself to pointing out, 
firstly, that all smokeless powders have to be kept at low 
and constant temperatures if it is desired to retain their 
stability and give accuracy of fire; secondly, some C.S.P., 
subjected to the ‘‘silver vessel test” at 80 deg. Cent., 
only showed si of the inning of decomposition 
after a space of 5120 hours. (M.D. cordite stands this 
test for about 1800 hours, Mark I. cordite for about 600 
hours, and nitrocellulose powder for about 150 hours.) 
It is also well to remember that in England the M.D. 
cordite, and formerly Mark I. cordite, is ordered to be 
maintained at the normal temperature, on land and on 
board ship, of about 15 deg. Cent. ; in Germany the powder 
is stored at a temperature not exceeding 20 deg. Cent.; 
whilst in the United States the nitrocellulose powder 
must be kept below 18 deg. Cent. 

In all well-organised navies, especially in the German, 
English, and North-American, when a temperature of 
30 deg. Cent. is registered in a magazine for four weeks, 
and if the normal temperature cannot be then ensured, 
all the powder lying in the magazine is immediately 
disembarked, and subjected toa rigorous examination (vide 
the circular of the English Admiralty of 1901, and regu- 
lations of the American Bureau of Ordnance). If it were 
only the C.S.P.,. that required a normal and constant 
po i mages exceeding 21 deg. Cent., why then should 
all the navies, which, so far, have not adopted this powder, 
use refrigerators, even to the point of not admitting the 
existence of a magazine in a warship not provided with 
artificially-cooled magazines. We should already be 
weary of the continual repetition of evidence demon- 
strating that the alteration of the ballistic conditions of 
a smokeless powder is due to its being stored for months 
in magazines where the temperature is high, or, at 
— rate, superior to that employed in the polygon 
(26 deg. Cent.), and which naturally is responsible for 
the wear of the gun, and for the damage to the parts 
of the breech mechanism, firing-tubes, &c., and even 
responsible for the premature bursting of projectiles in 
the bore. For example, a projectile of forged steel for 
the 305-mm. gun must be accepted in the ballistic test if it 


fulfils certain conditions, one of which 1s that the pressure " 


in the gun must not exceed 19.8 tons per square inch— 
i.¢., not greater than 1.8 tons above the normal pressure 
of 18 tons. On the other hand, a projectile of cast steel 
for the same gun is accepted in the same test, if the 
pressure in the gun does not exceed 19 tons—i.e., 1 ton 
greater than the normal (18 tuns). Thus, if we keep M.D. 
cordite, O.S.P.2, or nitro-cellulose powder, in a magazine 
in which the temperature is maintained for many weeks 
or months above 26 deg. Cent., it is certain we shall get, 
in the gun, a pressure much greater than the normal, and, 
therefore, we shall not have the necessary margin of 
safety with the projectiles. It is a well-known and well- 
observed fact, embodied in a practical formula, that each 
5.6 deg. Cent. above 26 deg. Cent. (the temperature of the 
charges fired in the polygon) produces an increase of 
0.8 tons of pressure in the case of the 305-mm. guns, the 
powder having been only 48 hours under the influence 
of the said temperature. If, however, the powder is not 
stored under suitable conditions, it is easy to imagine the 

ibility of exvesses of | meena and consequently the 
ikelih of serious accidents, I oe that I cannot 
here give the actual measurements of the 305-mm. guns 
after firing five times with charges of M.D. and C.S.P., 
with normal pressures, and the measurement of this gun 
using charges producing a pressure of 1.5 tons above the 
normal. 

However, in the first case the wear at the commencement 
of the rifling reached 0.006 in., and in the second case— 
t.e., with higher pressures—0.039 in., covering a zone of 
about 5.5 calibres. It is also a fact that the accuracy-life 
of a gun is directly dependent on the good condition of 
the powder. 

As regards other faults prematurely attributed to 
C.S.P.9, it is sufficient to refer to the German method of 
testing and the ‘‘silver vessel test” at 80 deg. Cent., 
to enable us to state that they are unfounded. 
up to the present no Brazilian expert has had occasion 
to experiment with this powder for any length of 
time, or to make any serious study of its stability, 
no evidence is forthcoming from this side; but it 
does not seem possible that the Armstrong and 
Chilworth Companies, in the face of their business rela- 
tions with our Government, and of their own reputation 
as gun-makers and manufacturers of powder, would have 
advised us to adopt C.S.P., if it was not a more stable 
and less corrosive and a cooler powder than cordite 
Mark I. and M.D. cordite. If the German method of 
testing inspires confidence; we may quote here the result 
of the examination made, in the Piquete factory, of the 
C.8.P.. powder for the 101-mm. guns of two destroyers, 
packed for —_ two years in a shed, where the internal 
temperature is the same as the external temperature. 


Coloration of the test paper ... 35 minutes 
Appearance of nitrous vapours 
Explosion it a ae 
It is well to add that this powder was a in cartridge- 
as 


in wooden boxes, just ey came from 
d. What would have happened if these cartridges 


5 hours 





had been made from a one-base powder of the nitro- 
cellulose type we may guess by reading the North- 
American (U.S.A.) powder specifications. This does 
not mean that it would be advisable to continue to 
store the C.S.P. packed in wooden boxes not properly 
closed, nor that the charges should be allowed to remain 
uncared for. What we must do, is to give the C.S.P, all the 
care that is demanded by any other modern smokeless 
powder, to acquire confidence in the C.S.P., because it is 
safe, and very stable, and in this way we may profit 
y its many advantages as a cooler powder than the MD. 
cordite, and, finally, to imitate other navies in the manner 
of packing smokeless powder, giving it suitable treat- 
ment, and exercising a rigorous vigilance over it, with the 
idea of guaranteeing the safety of those who live on 
of our warships, and the preservation of our guns, 

as well as in the interests of the public purse. 


Here we can opportunely quote an extract from the 
‘‘ Annual Report of the Chief of the Bureau of 
Ordnance” of 1908, of the United States Navy :— 


There is, undoubtedly, an inherent tendency for nitro- 
cellulose powder to decompose when stored at the high 
temperature frequently found in ships’ magazines. 
While we have no instance of even a minor explosion, 
the Bureau has been put to great expense by having to 
replace powder whieh showed doubtful, if not low, 
stability. A system of magazine refrigeration to keep 
temperatures uniform at from 65 deg. to 70 deg. Fahr. 
(18.3 deg. to 21.1 deg. Cent.) would result in trebling the 
life of powder on board ship. Moreover, magazine cool- 
ing will virtually remove the danger of explosions from 
eotganees combustion, which danger, in the light of 
the Jena, and other disasters, must be recognised, will 
tend to improve the accuracy of firing, through the more 
uniform ballistics obtainable, and its cost will be partly, 
if not wholly, offset by the lesser expense of re-working. 
The general adoption of magazine refrigeration is, there- 
fore, recommended.” 








INCANDESCENT GAS-MANTLES.—The discovery made 
some little time ago that ramie is much more effective 
than cotton for the construction of incandescent gas- 
mantles, because the separate fabric of the yarn employed 
remains fairly wide apart and presents a larger glowing 
surface, has led to an increased lamp efficiency. It is now 
reported, according to the Journal of the Royal Society of 
Arts, that experiments with artificial silk show that the 
fibres of this material maintain their individuality to an 
even greater extent than ramie, and the mantles them- 
selves are said to be much more elastic, supple, and 
durable. The Deutsche Gasgliihlicht Company, of Berlin, 
as m doing a great deal of research work on these 
lines, and it is said that they intend shortly to place a 
new mantle on the market, the essential difference of 
which from ape | types lies in the fact that it is made 
of artificial silk. It is claimed for it that it is specially 
adapted for street lighting, and for all purposes where 
high-pressure gas is employed. 


British TRADE IN Russia.—According to the Board 
of 1'rade Journal the following information is supplied 
in a report from Mr. C. Blakey, British Vice-Consul at 
Kharkov, Russia, and relates to the trade of that district. 
The value of the imports into Russia during 1910 shows a 
continued increase over the preceding three years, which 
is a satisfactory proof of the prosperity of the country 
and its growing importance as a market for British goods. 
But analysis of the statistics shows that the rd/e played 
by the United Kingdom is not so good as would appear 
at first sight. Itis seen that, as compared with Germany, 
the imports from the United Kingdom comprise a greater 
proportion of raw and semi-manufactured material, such 
as salt fish, tallow, coal, and cotton, whilst the imports 
from Germany “a a —— share of machinery and 
finished articles. any British goods might find a sale 
in Russia if the retailer, quite apart from the wholesale 
agent, would takean interest inthem. A feasible way out 
of the difficulty would be, it is said, to open in the larger 
towns retail-shops selling British goods. Amongst the 
goods to be sold in this way might be boots, woollen 
cloths, verse! underwear, linen goods, scents, soaps, 
drugs, Sheffield ware and sporting requisites. Such stores 
exist in Moscow. The United Kingdom can compete 
both .—— and price, and if the trade were properly 
organised, a demand for our goods can be created. The 
Russian market would have done largely without sewing- 
machines, typewriters, cash registers, harvesting ma- 
chinery, patent medicines, &c., if the trade organisations 
had not taught the public the utility of these goods and 
made their purchase convenient. Advertisements will 
not of themselves divert to the United Kingdom a trade 
held by competing firms on the spot. In the heavy engi- 
neering trade, and more particularly in electrical engineer- 
ing, the Germans have shown more enterprise than the 
British. They have branch offices under their own manage- 
ment with experienced engineers at the head, a staff of 
suitable men, and branch factories in Russia to supply 

rts of contracts that cannot profitably be imported. 
They have thus established a reliable trade, while the 
British remain dependent upon the Fane will of their 
agents. In the trade in machine-tools, flour-milling machi- 
nery, agricultural machinery, and portable enginesGerman 
firms have a large share. he trade in electrical machi- 
nery and in semi-portable engines is entirely in their 
hands. In steam-engines they do a good trade and hold 
a high reputation. So it is in other classes of heav 
goods. . Blakey is fully assured that the Briti 
manufacturer could well compete in ayaa but elec- 


ing if he were as well served by a sales 


trical engineering 
department in Russia as is his German rival. 
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COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. ' , 


WE publieh below a list of colonial and foreign engineer- 
ing Ping oe for some of which tenders are asked. 
Further information concerning them can be obtained 
from the Commercial Intelligence Branch, Board of 
Trade, 73, Basinghall-street, London, E.C. :— 

New Zealand ; According to the oes Witness of June 7, 
the engineer-in-chief has recommended the execution of 
the following works at the port of Gisborne :—Break- 
water extension, 60,000/.; mole construction, 40,000/. ; 
dredging, 50,000/.; jetty or wharf construction (including 
railway connection), 20,0002. The scheme is to provide 
accommodation for vessels drawing up to 26 ft. 

Egypt: With reference to the notice on pose 112 of 
our issue of July 21 relative to the East Port Break- 
water at Alexandria, H.M. Consul-General at Alexandria 


(Mr. D. A. Cameron) reports that the municipality | P 


of that place invite tenders for the construction of 
the Kaid Bey branch of the breakwater. Tenders will 
be received by the President of the Municipal Commis- 
sion, Alexandria, up to noon on January 16, 1912. A 
deposit of 8000/.E (about 8209/.) is uired with each 
tender. Particulars and plans may be obtained from the 
Technical Office of the Municipality, Alexandria, on 
deposit of 5/.E (about 5/. 2s. 7d.). The following infor- 
mation is from the 3 by the British Vice-Consul at 
Port Said (Mr. T. D. a on the trade of that dis- 
trict in 1910, which will shortly be issued :—The Govern- 
ment are advancing to the Port Said Municipality funds 
to undertake the long-desired drainage scheme, and it is 
expected that this much-needed work will be begun in 
1912. The —— be —— 150,000/. The contract is 
being ae y private tender. 

Turkey : ncn to the Borsen Zeitung (Berlin) of 
July 29, the Special Commission appoin by the 
Turkish Ministry of Public Works to discuss a compre- 
hensive scheme of railway construction has now sub- 
mitted its report. It is proposed to carry out surveying 
operations for the construction of the following sections 
of railway :—(1) Pristina, Prizrend, Divra, Mat, San 
Giovanni di Medua, with a branch to Scutari in Albania ; 
(2) Monastir, Perlepe-Gradsko, Istib, Kotchana, Bul- 
garian frontier ; (3) Karaferia, Elassona, Greek frontier ; 
(4) Monastir, Resne, Ochrida, Gortcha, Kolonia, Leskovik, 
Janina, Tchamlik ; (5) a branch line from Resné to Divra. 
It is stated that the Uskub, Khalkandele, Gostivar, San 
Giovanni di Medua section has been abandoned by the 
Government owing to technical difficulties. For the con- 
struction of the above-mentioned lines it is proposed to 
raise a loan of 20,000,0002. or 30,000,000/. 

Crete: With reference to the notice on page 339 of our 
last volume, relative to the proposed construction of a light 
railway 75 miles long from Candia to Messara, the British 
Acting-Consul-General at Canea (Mr. E. C. D. Rawlins) 
reports that tenders are invited by the Cretan Government 
for a fifty years’ concession for the construction and work- 
ing of the line. Payment is to be made to the contractor 
in a loan to be issued for an amount sufficient to pay the 
cost of the works. Interest at 4 per cent., and a sinking 
fund by which the amount will pom in 60 years, 
are guaranteed. The customs of Candia are offered as 
security. Tenders will be received by the Commision 
du Pouvoir Exécutif, Canea, up to November 6. A 
“— of 200,000 francs (80001.) is required with each 
tender. 

Netherlands: The Nederlandsche Staatscourant of 
August 2 publishes a decree, issued by the Ministry of 
Waterstaat, declaring the necessity for constructing a 
railway from Metslawier to Anjum. The petition in 
respect of this railway has been submitted by the Noord- 
Friesche Locaalspoorwegmaatschappij. he Staats- 
courant of August 4 publishes the terms of an ment 
entered into between the Ministry of Waterstaat and the 
Eerste Drentsche Stoomtramwegmaatschappij, domiciled 
at Hoogeveen, for the construction of two sections of rail- 
way, one from Hoogeveen to Niew-Amsterdam, and the 
other from Erm to Ter Apel vid Emmen. The under- 
taking will be supported by a system of State and 
Communal subsidies. 

Switzerland: The Feuille Fédérale Suisse of August 2 
publishes a decree granting to the municipal authorities 
of Eriswilan eighty years’ concession for the construction 
and working of a railway from Huttwil to Eriswil, a 
distance of 14 miles. The cost is estimated at 500,000 
francs (20, 55 : 

Russia: The Official Messenger of July 27 publishes the 
text of laws providing certain sums for railway construc- 
tion as follows:—From Kariemsk to Biankino, on the 
Trans-Baikal Railway, 3,059,615 roubles ; constructional 
work on the Amur Railway, 642,365 roubles ; Ekaterin- 
burg to Tiumen, on the Perm Railway, 1,773,490 roubles; 
a section to connect up the Yaroslav-Rubinsk and Uroch- 
Archangel lines, 467,302 roubles; the construction of a 
station at Omsk, 1,714,933 roubles. (Rouble = 2s. 14d.). 

Brazil: The Diario Oficial of July 11 publishes a 
decree (No. 8804) approving the plans submitted by the 
itabapoana Railway Company, for the construction of a 
section of line, ma A 10 miles long, from Antonio Caetano 
to Bom Jesus de Itabapoana. The cost is estimated at 
680,462 milreis (about 45,000/.). The Diario of July 12 
publishes a decree (No. 8815) approving the plans sub- 
mitted by the Sao Paulo-Rio Grande Railway Company 
for the construction of a line, 64 miles long, between 
Jaguariahyva and Colonia Mineira. The cost is estimated 
at 6,035,000 milreis (about 402,000/.). ’ 

Uruguay: The Diario Oficial of June 28 publishes a 
decree authorising the executive authorities to a 
for the carrying out of surveying operations with t 
object of drawing up plans for im yoreng, he rivers 
Olimar, Cebollati, San José, Santa Lucia, Yi, Tacuari, 
Tacuarembé, Arapey, Queguay, and Dayman. A sum of 





will be set aside for the 


200,000 pesos (about 42,5007. 
wo years are allowed for 


above-mentioned purpose. 
preparing the plans, 





HIGH-PRESSURE WATER-POWER WORKS.* 
By L. Zoprt, of Zurich. 
[Translated from the German.] 


In selecting this as the subject of the present paper, it 
is not the intention of the author to lay down rules and 
pote which govern the design and construction of 

igh-pressure water-power works, but rather to review 
the progress made in such-plants in recent years and to 
endeavour to bring forward the relative merits of different 
designs for different seen Keeping this object in 
view, reference will made to a number of modern 
lants, short descriptions of which will become necessary 
in this paper in order that members may be acquainted 
with the particular conditions governing those _. 
although many may be already familiar with the charac- 
teristics of some of them. [Illustrations in the way of 
slides will form an important ; they will show that 
hydro-electric stations, of all things, lend themselves the 
least readily to hard and fast rules; it by no means 
follows that what has shown itself satisfactory in one 
case will be equally satisfactory in another. Engineers 
of every branch will be represented on work of this kind, 
and surveyors, architects, miners, railroad men, besides 





small. A plant with, for example, 100 metres head and 
a very | volume of water, say 20 cub. m. (716 cub. ft.) 
r second, would be considered one of medium head, 
use a closed reaction-turbine having a draught tube 
would be employed ; yet the same head with only 1 cub. m. 
(35 cuh. ft.) per second, would certainly constitute a high- 
ressure plant, for impulse-turbines would be installed. 
igh-pressure plants usually work out considerably 
cheaper than low-pressure for the same power, but a long 
transmission line may so increase the capital outlay on 
the former that a low-pressure station nearer the con- 
sumer is preferable. All such questions must be care- 
fully worked out - the particular —_ = bent. 

A very great advantage igh-pressure 
plants over low-pressure, cad shared to md m extent by 
medium-pressure also, is the readiness with which the 
irregular flow of rivers may be regulated to supply a 
constant-power demand by means of storage reservoirs 
and weirs. With these it becomes ible to utilise the 
whole he ny — of a district and to store the —— 

ur y the power-consumer. us we may sa at 
such storage plants are by far the more weston, pro- 
position. Sto’ however, increases the cost of a 
station very considerably, and the amount of such storage 
must be limited to such capital charges as will be borne 
by the plant as a paying concern. The greater the head 
of water the more rational will a storage reservoir be, 
since the same quantity of accumulated water will repre- 
sent a proportionately larger store of energy. ~ 

Questions of national economy and of political or even 





engineers of the mechanical and electrical professions, 
have to work hand in hand in order to secure the best 
results. In some cases geologists and even weather 
prophets have to be consulted. 

e utilisation of high-pressure water-powers repre- 
sents the latter portion of the wonderful and rapid 
development which has occurred in hydraulic works 
during the last twenty years. This is largely owing to 
the fact that such — are necessarily in mountainous 
districts, and may be at some considerable distance from 
thickly populated centres where a demand exists for 
power, lighting, traction, and industrial work. There- 
fore comparatively low falls were more in use until the 
question of long-distance high-tension electrical trans- 
mission could be looked upon as a sound technical and 
commercial proposition. This has only been satisfactorily 
solved within the last few years. 

At the Frankfort Exhibition of 1891, a power trans- 
mission at Laufen-on-the-Neckar, over the then extra- 
ordinary distance of 175 km. (108 miles), was brought 
into actual use and proved that transmissions over still 
greater distances were equally possible and were only a 
question of time. This laid the foundation stone for 
present-day high-tension electrical transmission. But at 
that time only a couple of hundred horse-power were 
dealt with, and it required much hard work, with in- 
numerable tests and many failures, before the thousands 
or even hundreds of thousands of horse-power could be 
transmitted safely, within the requisite economical limits, 
over distances aay | 200 km. (125 miles). 

It is necessary to divide water-powers into three 
classes—namely, low, medium, and _—_ head. Certainly 
there is no well-defined limit, but for general conve- 
nience we may call low-pressure plants those with a head 
of from 1 to 10 m. (32 8 ft.) or to perhaps 15 m. (49 ft.) ; 
medium-pressure those from 10 to 100 m. (328 ft.); an 
high-pressure those over 100 or 200 m. (656 ft.). The 
water-turbine builder has a much sharper and more 
precise distinction. He calls low-pressure plants those 
in which the turbines are placed in open flumes ; medium- 
pressure those in which the turbine is in clo 
casings (such as pipes, drums, spirals, &c.); and high- 
pressure those in which impulse-wheels are employed. 

It is also possible to classify such plants according to 
the volume of water utilised. Thus with the same head 
a station might be termed medium-pressure or high- 
pressure, according as the discharge utilised was large or 





* Paper read before the Institution of Mechanical 
Engineers, at the Zurich Meeting, July 26. 





strategic importance are often served b: 
stations, besides the immediate interests of the promoters 
of the scheme. This is especially the case in countries 
such as Switzerland, which have no coal or other natural 
fuel, and have to depend on foreign States for their supply ; 


water-power 


hydro-electric stations represent the foundation of t 
industrial security and independence. 

Many large high-pressure stations, with both natural 
and artificial sto reservoirs, have been built within 
the last few years all over the world. Some of these will 
now shortly be brought to the notice of members, refer- 
ence being more particularly made to the pipe-lines and 
conduits carrying the water from the lake or river to the 
turbines. For it is exactly to these pipe-lines that too 
little attention is usually devoted. Many people, and 
not a few engineers, consider that the pipe-line is a 
secondary part of an hydraulic-power plant, so long as 
the thickness of the pipe allows a good factor of safet 
against the pressure, and a continuous line has been laid 
over the ground from the intake to the turbine. Hence 
it is that pipe-lines are often built by engineers who are 
experts in the choice of material and in the manufacture 
of a pipe, but who do not understand the essentially 
important functions which a complete pipe-line, and 
especially a high-pressure pipe-line, has to fulfil. The 
general arrangement, the relative dimensions of different 
parts of the pipe-line, the methods of anchoring and 
placing of fixed points, are all such important factors 
that they can only be properly determined by the turbine- 
builder, because on them depends to a very great extent 
the proper working of the turbine, and hence the success 
of the whole plant. 

Lhe Necaxa Power Works (Figs. 1 to 4).*—The works 
of the original Necaxa power-station of the Mexican 
Light and Power Company have been fully described in 
various technical journals and will no doubt be familiar 
to members. During the last two years, however, very 
great enlargement of the plant has taken place, which is 
of such interest as to justify a description in this paper. 
A short account of the old works will, however, be neces- 
“—> NS to —— ~ aay Suen of the station. 

e Mexican Light and Power Company was founded 
by Dr. Pearson in Montreal, in the com 1902, for the 
purpose of developing the water-power of the Necaxa 
and mene Oe in the State of Hidalgo, and 
of transmitting the power a distance of 150 km. (98 miles) 
to the city of Mexico and to other towns. The magnitude 


* On page 237 further illustrations of the 11,000-horse- 
power turbine are given. 
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HIGH-PRESSURE 


Fic. 2. Intake Screens at TENANGO ResERvoIR, 
ANDsENTRANCE TO TUNNEL AT LAKE Necaxa. 


of the work undertaken by this company may be judged 
by the fact that the share capital interested is 16,000,000 
dols., and that the total funds at its disposal are brought 
up to nearly 30,000,000 dols. by issues of bonds. 

The Necaxa River flows over an extensive plateau of 
the Mexican table-land, and at one part of its course 
descends abruptly in a series of falls for a height of over 
400 m. (1312 ft.) into a op valley. This head is utilised 
for the power-works. e first part of the scheme, 
ich was commenced in 1903, consisted of the construc- 
tion of a earth dam above the falls, to form a storage 
reservoir which supplied the pow mag with water 
for about 50,000 horse-power. This station was in opera- 
tion by the end of 1905, but the final completion of the dam 
was delayed until this year by the collapse of the inner 
face, owing to the thrust of water collected within the 
dam when the reservoir was empty. This accident inter- 
fered with the working of the power-station for some 
time. The maximum height of the dam is 60 m. (197 ft.), 

test length 390 m. (1279 ft.), and the greatest breadt: 

m. (951 ft.) at the base ; it required a total volume of 
1,600,000 cub. m. (2.08 million cub. yards) of material to 
complete. A puddle core was employed and much of the 
material was sluiced into place hydraulically. The 
capacity of the Necaxa reservoir is 45,000,000 cub. m. 
(1590 million cub. ft.). An earth dam was selected as 
the ‘type most suitable for the volcanic nature of a 
country penomeely liable to earthquakes. 

The plan in Fig. (page 239) shows the general lay-out 
of the plant. Two large feeder-pipes of 1.82 m. (6 ft.) 
diameter start from the intake tower, situated in the 
lake beyond the dam, and pass through a tunnel which 
emerges below the dam wall. These two feeders are 
made of riveted pees and are laid, on concrete pedestals, 
ve in cuts an rtly in tunnels, to a receiver-pipe of 
7 m. length and 2.5 m. diameter, under a pressure he 
of 54.2 m. (177.8 ft.). From this receiver the six high- 
pressure pipes descend in a tunne! through the cliff to 
the power-house. Sluice valves are provided at the 
receiver to control each pipe, and air-pipes are laid from 
behind the valves on each high-pressure line up the hill 
at the entrance to the ~— to a height above that 
of the reservoir level, e six pressure lines are laid in 
two el tunnels ; they are composed of welded ‘Pipes 
of 781 mm. (30.7 in.) outside diameter and have a thick- 
ness varying between 10 mm. and 22 mm. (0.39 in. and 
0.87 in.), with a total length of 735 m. (2411 ft.) to the 
turbines. The maximum static head is 432 m. (1417 ft.). 

The turbines were Escher Wyss and Co.’s im - 
wheels designed for a net head of 360 m. to 390 m. (1181 ft. 
to 1279 ft.) to generate 8200 horse-power at 300 revolutions 
per minute. They are arranged with vertical shaf 
which also carry the generator rotors, and are suppor 
by an oil-pressure thrust-bearing. Three-throw oil- 


which 





WATER-POWER WORKS; NECAXA 


STATION, 


MEXICO. 


Fic. 3. S1x 11,000-Horsz-Powrer Tursines IN OPERATION, AND EXCAVATION IN PROGRESS 
FoR Two 16,000-Horsz-Power Unrts. 


Fie. 4, 11,000-Horse-Powrr Tursine aNp GENERATOR. (See also page 237.) 


pumps connected to an air-vessel supply pressure-oil to 
the rings and governors. A pressure-relief valve is 
fitted to each turbine to prevent shocks in the pipe-line. 

Having thus recalled to mind the conditions of the 
original plant at’ Necaxa, the author will proceed to 
describe the extensions, which are now in part completed 
and in part still under construction. 

The company have greatly increased the water avail- 
able by diverting the Texcapa, Tenango, Nexapa, and 
Xaltepuxtla rivers into the Necaxa reservoir by means 
of an extensive system of tunnels through the dividing 
ridges. The catchment area has thus been raised to 
400 square kilometres (154 square miles), and can shortly 
or further = “< by another - a ee 

square miles) by bringing in the large Laxaxalpan 
stream. The additional storage volume required has been 
obtained by the cénstruction of a series of earth dams of 
war great size, forming on each of the streams reservoirs 
with capacities as follow :— 
Texcapa Reservoir ... 18 million cub. m. 
Tenango pa onc =” a 
Nexapa ” | . 
Necaxa my } 43 
(first completed) ed, 


Total ... 119.5 ,, ° 


»» 4220 mil. cub, ft. 
Thus the present storage capacity of the combined 


system is nearly 120,000,000 cub. m. Further schemes 





rovide for an ultimate development of the Los Reyes, 

na, and other reservoirs which would bring up the 

total capacity to over 300 million cub. m., and at the same 
time considerably increase the catchment area. 

As a first step towards the enlargement of the power- 
house plant the company decided to increase the capacity 
of the existing six 8200-horse-power turbines to 11,000 
horse-power each, by fitting new ranners and new nozzles, 
Fig. 4 (eee also page 237). Thiswae successfully carried out, 
and is an interesting case, since the velocity of the water 
in each of the six pipe-lines supplying the six turbines was 
thereby inc to 5.5 m. (18 ft.) per second. This is 
an exceptionally high figure, but was not found to be 
injurious in any way. The capacity of the station thus 
became 66,000 horse-power. : 

The next step was the erection of two new units of 
16,000 horse-power each, built by Escher Wyss and Co. 
They are similar in design to the old machines, and are 
supplied with water Tovugh a@ new pipe-line system 
whi just recently erected. A new low-pres- 
sure feeder-pipe starts from the intake tower in the 
Necaxa reservoir, and joins with another feeder which 
is arranged to draw water directly from the conduit, 
Fig. 2, connecting the Tanango and Necaxa ns. 
Inter-connecting valves are arranged between these 
feeders, as the illustration shows. The new feeder is 
laid, in cutsand tunnels parallel to the first, to a receiver, 
from which the two new pressure pipe-lines descend in 
separate tunnel to the power-house. The two high-pres- 
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6. THe Warter-Tower ror Intake IN CourRsE 
OF CONSTRUCTION. 
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Fic. 7. THe SipHon. 


sure pipes are arranged in four sections of 1160 mm., 
1100 mm., 1075 mm., and 1040 mm. (about 46 in., 43 in., 
42in.. and 41 in.) diameter respectively, having a total 


length of about 680 m. (2230 ft.). @ maximum velocity in 
these pipes is 4.7 m. (15.4 ft.) per second. The new pipe- 
line system is thus almost a completely parallel construc- 
tion with that first built, and is in every way similar, 
though on a considerably larger scale. The capacity of 
the power-station is now 98,000 horse-power. 

Rio de Janeiro Power Plant (Figs. 6 to 9).—The 
power works of the Rio de Janeiro Tramway, Light and 
and Power Company, which now supplies the entire city, 

aving a population of 812,000, with light and power, is 
Situated on the Lages River, at a distance of 80 km. 


(50 miles) from the metropolis. The useful watershed | (8 





Fic. 8. Powrr-Hovuse anp Hien-Pressure Pips-Line. 


average, though irregular, tropical rainfall of 1500 mm. 
(59 in.) a year. e Rio des L pursues a course 
through a tortuous valley, having a very slight fall for a 
great distance, and then suddenly descends in a succession 
of falls and rapids a height of over 300 m. (984 ft.) ina 
distance of only.a few kilometres. This gives a very 
favourable situation for a hydro-electric station combined 
with a storage reservoir. The natural flow of the Riodes 
Lages varied between a minimum of 2 to 24 cub. m. (70 to 
88 cub. ft.) per second, and a maximum of 600 cub. m. 
(21,190 cub. ft.) per second, with an average of 13 cub. m. 
(460 cub. ft.) per second, which is sufficient for 40,000 
horse-power continuously, with a head of 310 m. 
An artificial storage reservoir, with an area of 18.6 sq. km. 
. miles) and mean depth when full of 11.34 m. 


8q 
comprises an area of 500sq. km. (193 sq. miles), all of which | (37.2 ft.), has been formed by building an arched concrete 


lies within 100 km. (62 miles) from the coast, and hasan dam across the narrow valley above the place where the 





rapid fall begins. Granite rock was quarried near the 
site of the dam. Fig. 5, above, illustrates the completion 
of the spillway along the crest of the dam wall, the par- 
ticulars of which are as follow : 


Maximum height of dam 42 metres 
Thickness at base ss ge 
Radius of dam (mean) ie 
Length along crest —  s 
Length of spillway : i 
Elevation dl alive above the 404 —Ci,, 
Volume of concrete in dam 60,000 cub, m. 


(78,470 cub. yd.) 


This lake is the largest artificial reservoir formed by a 
dam wall at present in existence. It has a total volume 
of 222 million cub. m. (7840 million cub. ft.), and a total 
useful volume of 204 million cub, m. (7206 million cub. ft. ) 
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obtained with a maximum variation of water-level of 
19 m., which represents the difference in elevation of the 
water intakes. The length of the lake is 27 km. (17 miles), 
and the total circumference about 220.km. (137 miles), 
owing to the extremely tortuous character of the contours. 
The steep sides of the valley gave an excellent site for 
the dam, which is thus of very economical proportions for 
the water-storage volume obtained. 5 

The power-house is situated at an elevation of 94m. 
(308 ft.), giving a gross maximum head of 310 m. (1015 ft.). 
The loss of head by friction in the feeders is reckoned at 
6.6 per cent., so that the maximum net head at the 
turbines Lecomes 290 m. (952 ft.). The difference in the 
head when the reservoir is full and nearly empty is less 
than 6 per cent. . ; ; 

The water-tower for the intake at the reservoir, seen in 
Fig. 6, is arranged in three levels, each provided with 
screens and gates 9 ft. by 12 ft., so as to draw the water 
from the surface at all levels of the lake. A separate 
intake is arranged for each of the two 8-ft. feeders passing 
from the reservoir, so as to make each half of the system 
perfectly independent, Rees: : 

The pipe-line has a great similarity to that of Necaxa, 
and is made in two sections, consisting of two upper low- 

ressure pipes and of six main high-pressure pipes for the 
ow portion leading to the power-house. Connection is 
made between these sections by means of a receiver-pipe, 
which serves the purpose of a penstock chamber in power 
works, having an open conduit to convey the water to.the 
pipe-lines. is upper system of pipes consists of two 
independent riveted steel feeder-pipes 2435 mm. (8 ft ) in 
diameter, with a total length of 1684 m. (5530 ft.). These 
are an interesting feature, as at Necaxa, in that they replace 
the open flume or conduit, which up to the present has 
been the more usual construction, but would have caused 
considerable difficulty here. The steel feeder-pipes have 
the great advantage that, — under pressure, they 
utilise the full head obtained at all times in the reservoir. 
They are built of plate varying in thickness from 6.4 mm. 
to 16 mm. (} in. to § in.) and are under a maximum 
pressure-h of 56.78 m. (186 ft.). The average fall 
of the pipes varies from 0.15 per cent. to 9 per cent.; 
they pass through three tunnels with lengths of 187 m., 
88 m., and 436 m.; a valley is crossed by means of an in- 
verted siphon 131 m. long and 29 m. deep, shown in Fig. 7, 
page 241. At about half-way between the intake and 
the receiver, at the exit of the third tunnel, each pipe is 
provided with an 8-ft. peed oe 16 m. (52 ft.) high, open 
to the atmosphere, and carried above the spillway level, 
for the purpose of equalising any pressure oscillations due 
to water-hammer. The two feeders each connect to a 
receiver-pipe under a pressure-head of 57 m. at elevation 
347 m., and a second pair of stand-pipes 8 ft. in diameter 


are taken up the side of the hill to the same height as the 
other two, in order to equalise pressure oscillations at 
this point ; they may be seen above the valve-house. A 
valve-house is provided, enclosing the two receiver-pipes 
and containing a 2435-mm. (8-ft.) sluice-valve on each 
feeder, a 1525-mm. (5-ft.) valve between the two feeders, 
and 915-mm. (3-ft.) valves at the top of each pressure- 
pipe leading from the receivers to the power-house. The 
atter valves can be closed by little Pelton-wheel turbines, 
— with water from the receiver and started by 
solenoids actuated from the power-house, so that water 
can be quickly shut off from the 915-mm. (3-ft.) pipes in 
cases of emergency. 

Three lines of high-pressure 915-mm. (3-ft.) pipes start 
from each receiver, and each of the six lines connects to a 
9000-horse-power turbine. A seventh pipe-line of 305mm. 
(1 ft.) diameter passes from both receivers to drive the 
exciter turbine sets. The main high-pressure pipe-lines 
have a thickness of from 10 mm. to 26 mm. (0.4in. to 1.02in.) 
and are 670 m. long; the pipes are lap-welded steel in 
10-m. lengths, with flanged ends held together by loose 
rings. A 150-mm. (6-in.) stand-pi carried above the 
spillway level, is ays on each high-pressure pipe- 
line just behind the sluice-valves next the receiver, so 
that the whole arrangement with the pressure receivers 
approaches the conditions of an open penstock chamber, 
and has been eminently satisfactory. The whole pressure 
system is divided into two completely separate and self- 
contained units, and this provides great safety in operation. 
The velocity of flow in the pipes’is 4.4 m. per second. 

The power-house illustrated in Fig. 8, page 241, is con- 
structed entirely of steel and concrete, and 1s 72 m. long, 
29 m. wide, and 24 m. high ; 2500 tons of steel were used. 

The six turbines are impulse-wheel machines, built by 
Messrs. Escher Wyss and Co., with vertical shaft and four 
needle-nozzles symmetrically arranged round the cast- 
steel wheel-disc, which has an effective diameter of 
2120 mm. (84 in.), and is provided with eighteen cast- 
steel buckets. They are designed for a head of 273 m. to 
290 m. and generate 9000 horse-power at 300 revolutions 
per minute. An oil-pressure thrust-bearing supports the 
turbine and generator rotors, which amount to 40 tons 
dead-weight. These bearings are supplied with pressure- 
oil by three-throw pumps, which also feed the turbine 
governors. A pressure-relief valve is arranged to limit 
rise of pressure in the pipes to 10 per cent. on throwing 
full load off the turbine. Two exciter units of 400 horse- 
power each are provided. 

The generators supply three-phase current at 6000 volts 


to a line voltage of 
Janeiro, the distance being 88.5 km. (55 miles). 





Up to the present time, turbines developing a total of 





and 50 cycles, which 1s stepped up through transformers | 
88,000 for transmission to Rio de | 


54,000 horse-power have been installed, and sanction has 
just been given for a further increase of two units of 
19,000 horse-power each. 


(To be continued. ) 





WIRELESS TELEGRAPHY, Norway - SpirzBERGEN.—The 
wireless telegraph installations in Spitzbergen and along 
the west coast of Norway are now being pr led with, 
and are, partly at least, expected to be ready late in 
the autumn. Te Pron the station in Spitzbergen, there 
will be one in Finmarken, either at Ingii or Hammerfest, 
and one at Bergen. In due course the question of a 
powerful station at Christiania will be considered. 


TuHE INSTITUTE OF MARINE ENGINEERS.—In connection 
with the above Institute, an award of 2/., in books or 
instruments, or towards the payment of class fees, is 
offered to apprentice engineers throughout the kingdom 
for the best essay on the subject, ‘‘ Improvements in 
Workshop Practice in respect to Machinery and Fitting.” 
This is in. addition to the essay competitions promoted 
by the Council of the Institute for different sections of 
membership. The paper must be the sole work of the 
competitor, and is to consist of approximately 2000 
wo It must be signed with a nom de plume (the 
name and address of the writer being also enclosed ina 
sealed envelope, with the nom de plume written on the 
outside), and it must be delivered to the Secretary, In- 
stitute of Marine Engineers, 58, Romford-road, Stratford, 
London, E., not later than September 1. 


MetTaLtic Strrontivm.—According to the Journal of 
the American Chemical Society, metallic strontium can 
be obtained by fusing pure strontium chloride in a hemi- 
spherical iron cathode vessel. This allows a low anode 
current density and avoids overheating. After applying 
a current of 125 amperes and 40 volts for seven hours, 
76 grammes of metal can removed in small lump; 
up to 3 grammes in weight. The metal is removed 
from the mixture by crushing on an iron plate 
and then sifting away the chloride. On analysis it is 
found to contain about 98 per cent. of metallic strontium, 
which is a light metal with a silvery lustre when cut, 
ey becoming yellow, and finally white and non- 
ustrous. It is softer than calcium and can be cut with a 
knife. It alloys with iron, and hydrogen and nitrogen 
unite with the heated metal. The specific gravity is 
2.55, and the specific heat 0.0742, corresponding to an 
atomic heat of 6.5. The iron alloy is rather hard, and 
decommoses water. This alloy contains 23 per cent. of 
strontium. 
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CATALOGUES. 


Wood- Working Machi .—Messrs. Walter Newbold 
and Co., 10, Arthur-street West, London Bridge, E.C., 
have sent us a copy of a mae: mm giving prices and par- 
ticulars of circular-saw benches, band sawing-machines, 
planing and moulding-machines, and several other wood- 
working machine-tools. 


Milling-Machines. — A _well-printed and _ illustrated 
booklet entitled “A Milling-Machine Analysed,” has 
come to hand from Messrs. Alfred Herbert, Limited, of 
Coventry. This booklet deals very eacsongly with the 
design and construction of the firm’s No. 9 and No. 12 
horizontal miiling-machines, illustrating and fully de- 
scribing all their important details, and calling attention 
to their special features. 


Box-Nailing Machines.—Messrs. Matthew Wylie and 
Co., 57, Robertson-street, Glasgow, have sent us a copy 
of an eight-page sectional catalogue of box-nailing and 
cleating - machines. Those illustrated are capable of 
driving from four to twelve nails in a straight line, or by 
means of a side-arm attachment some of the nails may 
driven in a line at right-angles to the other. With this 
attachment the bottoms and lids of boxes may be nailed 
in two operations. The machines can also be fitted with 
a device for clinching the nails when required for nailing 
on battens. 


Gas-Engines.—From Messrs. Russell, Newbery, and 
Co., of Altrincham, near Manchester, we have received 
a catalogue in which particulars are given of a new 
design of vertical gas-engine which they are making. 
The engines are suitable for electric lighting and other 
work. The catalogue gives a general specification of 
the engines, which are made in standard sizes from 12.5 
to 200 brake horse-power. They are suitable for either 
town or suction-gas. 


Reinforced Concrete.—A booklet dealing with reinforced- 
concrete construction, using their special form of rein- 
forcing-bars, has reached us from the Grip Steel-Bar 
Company, Limited, Exchange Buildings, 6, St. Mary’s 
Gate, Manchester. The bars employed are octagonal in 
section, and have wedge shaped projections on four faces, 
the projections being arranged so as to resist a pull in 
either direction. The booklet gives some general notes 
on reinforced-concrete work, including information on 
beam calculations, foundations, columns, and floor slabs. 
Numerous examples of warehouse and other buildings, 
bridges, retaining walls, and other structures using 
“Grip” steel bars as reinforcement are illustrated. 


Nuts for Packing-Glands.—A new form of nut for 
stuffing-box glands has recently been placed on the 
market by Messrs. Princeps and Co., Matilda-street, 
Sheffield. These nuts are fitted with a flanged ring, 
capable of sliding in the nut proper, a spring being p! 
between the two parts. The flanged ring, which bears on 
the gland, slides freely over the stud, so that when the 
put is tightened up, the pressure exerted must be trans- 
mitted by the spring. The object of the device is to pro- 
long the life of the packing material by preventing undue 
pressure from being put on the gland. The nuts can 
used with both fibrous and metallic packings on engines 
and steam-hammers ; they can be fitted without making 
any alterations to the stuffing-box. 


Steam-Traps, Pistons, Metallic Packings, &c.—Messrs. 
Lancaster and Tonge, Limited, of Pendleton, Manchester, 
have lately issued a booklet illustrating and describing 
the various specialities they manufacture for use in steam- 
power plants. The booklet first describes the firm’s well- 
known steam-traps of the float and bucket ty and 
deals with their applications. Particulars are also given 
of steam-dryers of the central-tube type. The next 
section relates to pistons and piston-packings, and, besides 
fully describing the firm’s products, contains some 
useful information on the design of these important 
details. Similar particulars are also given of metallic 
packings, which the firm manufactures in several different 
patterns for the piston-reds and valve-rods of steam- 
engines, &c. The booklet also mentions that the firm 
make all kinds of machine-moulded wheels. 


Weighing-Machines for Conveyors, &c.—Messrs. Samuel 
Denison and Son, Limited, of s, have sent us a copy 
of a booklet relating to the Blake-Denison machine for 
automatically weighing and recording the quantity of 
materials ing over conveyors of any type, either level 
or inclined. The machines are made to deal with loads 
up to 1000 tons per hour, running at speeds up to 600 ft. 
per minute. In addition to recording the aggregate 
tonnage pas:ed over the conveyor, the machines can now 
be provided with a time-tonnage recorder. This device, 
which can be operated electrically at any distance from 
the weigher, yn the time-tonnage record on a paper 
chart, and thus enables the fluctuations in the output 
of the installation to be checked for each shift. The 
pamphlet also illustrates and describes machines for 
weighing slowly-moving railway trucks, and others for 
reegning the loads on aerial railways, ropeways, telpher 
ines, &c. 


_, Steam Motor-Vehicles.—A catalogue describing their 
‘Overseas Special” steam commercial motor-vehicles has 
been issued by the Sheppee Motor Company, Thomas- 
street, York. These vehicles are suitable for the trans- 
pers of goods or passengers, and, as their name implies, 
have been specially designed for use abroad. They are 
intended to carry a load of 2 tons at a speed of 18 to 20 
miles per hour. The engine has two double-acting 
cylinders, with mushroom valves, and is rated at 35 to 40 
horse-power. It is supplied with highly superheated 
Steam from a flash boiler heated by a paraffin burner. 
The exhaust from the engine is condensed and returned 


be| the air pressure. After this has occur 








to the boiler, so that the vehicle can travel very long 
distances without pr rong: the supply of water. 
Another important feature is the high clearance between 
the road and the chassis. This is not less than 18 in. at 
any part. The wheels are of steel, and are fitted with 
solid rubber tyres. Prices are stated for the chassis, and 
for different types of bodies. 


Reinforced Concrete.—We have received from Messrs. 
Edmond Coignet, Limited, 20, Victoria-street, West- 
minster, S.W., a record of reinforced-concrete construc- 
tions carried out on the Coignet system. After giving a 
brief general description of the system, and pointing out 
its advantages, the book gives particulars, with illustra- 
tions reproduced from drawings and photographs, of a 
number of warehouses, factories, business premises, and 
other buildings (large and small) erected by the company, 
or their licensees. in this country and abroad. The next 
section deals with piles, foundations, marine work, &c., 
and contains ticulars of wharves, piers, and other 
structures of this type. A third section is devoted to 
bunkers, silos, water reservoirs, tanks, and pipes, while 
the remainder of the book illustrates examples of road, 


be | railway, and foot-bridges. This publication, which cannot 


fail to prove interesting to engineers, architects, and 
others, clearly shows the adaptability of the Coignet 
system to a very wide range of work. 


Paraffin and Petrol Motors.—A copy of their illustrated 
catalogue of marine and stationary motors has reached us 
from the Parsons Motor Company, Limited, Town Quay, 
Southampton. The catalogue gives full particulars, with 
prices, of engines ranging from 7 to 180 brake horse-power, 
separate ty being made in each size for use with 
paraffin and petrol. Some new sizes are listed in this 
catalogue for the first time. Prices are also stated for 
marine sets, complete with reversing gear, propeller, 
shaft, &c., and instructions are given for installing and 
running these sets. The catalogue also - full parti- 
culars of the Parsons reversing gear, clutch, water-cooled 
silencer, and other accessoriesand spares, each item being 
priced clearly and definitely. Numerous illustrations of 
yachts, fishing-boats, motor-boats, and other vessels fitted 
with Parsons motors are included in the catalogue. The 
firm also manufacture engines for stationary work, and 
prices for these are stated. The illustrations show some of 
the numerous purposes for which these stationary engines 
are employed. 


Water-Ejector for Compressed- Air Mains.—We have 
received from the ‘‘ Ejecta” Valve Company, 110, Cannon- 
street, E C., a circular illustrating and describing a valve 
for automatically epeeting the water which accumulates in 
compressed-air mains. The apparatus consists of a gun- 
metal valve-chamber containing a needle-valve operated 
by a copper float. Above the valve-chamber, and in com- 
munication with it, isa small cylinder containing a piston, 
to which the valve is directly connected. Dry compressed 
air is admitted to the top of this cylinder, and the valve- 
chamber is connected to the mains in such a manner that 
the water which accumulates in the system drains into the 
chamber. When a sufficient quantity has collected the 
valve is lifted by the float, and the water is forced out by 
the pressure 
in the valve-chamber being less than that above the 
piston, the latter descends and closes the valve. The 
apparatus is small in size and simple in principle and 
construetion. It will work under any pressure without 
adjustment, and is said to ensure the delivery of absolutely 
dry air to the machinery. 


Steel Castings from Mild - Steel Scrap.—From the 
Dartium Syndicate, Limited, of 28, Basinghall-street, 
E.C., we have received a copy of a booklet giving com- 
plete working instructions for the production of steel 
castings and tool-steel, in any ordinary brass or iron 
foundry, from mild-steel scrap. According to this pro- 
cess, the steel scrap, together with a varying quantity 
(generally about 10 per eo of a metallic compound 
known as “‘ Dartium,” is pl in a crucible and fused 
as rapidly as possible. The steel is allowed to boil or 
work for a few minutes, after which a small quantity of 
pure metallic aluminium is added, when the metal is 
ready for pouring into the mould. The booklet describes 
the process and deals with the method of makin 
patterns and moulds, as well as with the process o 
annealing the castings. The latter operation, although 
not always necessary, is generally desirable to remove 
strains set up during cooling. For this pur it is 
usually sufficient to raise the casting to a heat and 
allow it to cool slowly ; but when specially soft and ductile 
castings are required, the annealing time varies from one 
to fourteen days. When thoroughly annealed, the cast- 
ings are stated to be quite equal to mild-steel forgings in 
— and ductility. A charge of Is. is made for the 

klet. 


Oil-Engines.—From Messrs. Ruston, Proctor, and Co., 
Limited, of Lincoln, we have received a copy of their 
catalogue, section L, illustrating and describing fixed 
and portable oil-engines for refined or crude petroleum. 
The catalogue gives full particulars, including weights 
and principal dimensions lin English and metric units) 
of fixed engines having outputs ranging from 3 to 92 
brake horse-power when running on refined oil. The oil 
consumption of these engines, using refined Russian 

troleum, varies from 0.93 lb. per brake-horse-power hour 
in the smaller sizes to 0.55 Ib. in the largest sizes. Full 

iculars of standard portable engines from 34 to 25 

ke horse-power are also included. The firm also make 
small portable engines particularly suitable for farmers, 
as well as a special sw type for export to countries 
where transport is difficult and costly. The catalogue 
contains numerous half-tone engravings of fixed and 
portable engines, showing some of the latter Giving 
centrifugal pumps. Illustrations of compressed-air self- 








starters for the stationary engines are also included. 
Another circular dealing with a new type of stationary 
engine, specially desi for use with crude oil, has also 
reached us from this firm. engines, which can be 
operated with any kind of crude or residual oil, are made 
in five sizes, ranging from 20 to 50 brake horse-power. 

Apparatus for Sterilising and Treating Air.—From 
Messrs. W. J. Fraser and Co., Limited, 98, Commercial- 
road East, London, E, we have received a pamphlet 
describing Robertson and Rintoul’s apparatus for steri- 
lising and treating air. The apparatus is used for the 
poatnieiegion, purification of air in hospitals, breweries, 
&c., and also for removing noxious vapours arising from 
manufacturing processes. It consists of a chamber con- 
taining a large number of horizontal rods spaced a few 
inches apart and interlaced with fibrous threads. Over 
these threads runs a liquid, the nature of which varies 
according to the — for which the apparatus is being 
used. Air from a blower enters at the bottom of the 
chamber and passes upwards among the saturated threads, 
on which the organisms are collected and destroyed by 
the liquid. The makers claim that this apparatus, while 
epee an extremely large contact-surface, offers but 
ittle resistance to the passage of the air, and does not 
alter its degree of humidity. Results of tests made on 
a steriliser 1 ft. 6 in. square by 5 ft. high are included in 
the pamphlet. With this apparatus passing 18,000 cub. ft. 
to 20,000 cub ft. of air 7 hour, only one organism 
developed on a Petrie dish exposed to the sterilised air 
for forty-five minutes, whereas, on one exposed for the 
same time to the air before treatment, over 1000 organisms 
were counted. 


Water-Softeners.— Messrs. Ashwell and Nesbit, Limited, 
Barkby-lane, Leicester, have issued a pamphlet relating 
to their *‘ Eradica” process of water purification. The 
plants dealt with are suitable for domestic and industrial 
purposes, One of their most important features is the 
definite measuring and mixing of the crude water and re- 
agents in exact proportions. Several different types are 
illustrated. In one of them the measuring apparatus con- 
sists of a tilting vessel, having a large central compart- 
ment, into which the crude water is delivered, and two 
smaller compartments by the side of, and in connection 
with, the large one. When the tank is full it tips over, 
the water from the large compartment running into the 
reaction tank, while that from the two small compart- 
ments is led to the lime and soda solution tanks re- 
spectively, from which it displaces the proper quantities 
of these solutions. The displaced solutions mix with the 
crude water and run into the reaction tank, from which the 
softened water passes to a filter, whence it is drawn off 
for use. Another type of softener illustrated and de- 
scribed uses dry chemicals in the form of powders, which 
are accurately measured by a device operated by a tilting 
vessel. The catalogue also deals with the utilisation of 
exhaust steam for heating and seftening water required 
for boiler-feed and other purposes, illustrating and describ- 
ing the ‘‘ Nuconomiser” open-type heater for this duty. 


Electric Welding-Machines.—A pane dealing with 
the Prescot electric welding-machines has been issued by 
British Insulated and Helsby Cables, Limited, of Prescot, 
Lancashire. These interesting machines, which were 
fully dealt with in ENGINEERING, vol. lxxxvii, pages 69, 
135, and 208, are intended to replace riveting in the 
manufacture of sheet-iron goods and hollow ware. The 
comprise a step-down transformer, the primary of which 
is supplied with alternating current from the mains. From 
the secondary a heavy current at a low potential is led to 
the welding electrodes, which are constructed of copper 
and are water-cooled. The shape of the electrodes depends 
upon the nature of the work to be done ; in a spot-welding 
machine they are bluntly pointed. The two plates to be 
joined are placed between these electrodes, which are 
then brought down into contact with the plates, so that 
the current passes through the latter and rapidly heats 
them to welding temperature. The electrodes are then 
closed down further, so as slightly to penetrate the surface 
of the heated plates and force them into intimate contact, 
In this way plates ranging in thickness from 28 8. W.G. 
to 7 a or = a connected, t 

mphlet gives full particu with prices, of spot-welding 
a seam-welding machines, both ty being made in 
several different sizes and patterns, all of which are illus- 
trated with examples of work done by them. Tests show- 
ing the great strength of welds made by these machines 
are also illustrated. 








Go.p.—The roe of gold into the United Kingdom 
in May were 4,610,063/., as compared with 3,010,427/. in 
May, 1910, and 2,768,228/. in May, 1909; and in the five 
months ending May 31, this year, 18,011,741/., as com- 
— oe ——_ —e ae and ae 
corresponding periods). e great of our 
oupellee is still derised from South Africa, the seeeipte 
from that quarter in the first five months of the last three 
years having been as follows :— 





Colony. 1911. y 1908. 
£ 
Rhodesia 1,014,650 1,080,172 948,855 
Cape Colony ' 7,690 7.710 13,680 
Natal . ; * 260,629 173,239 141,125 
Transvaal 13,654,806 11,703,420 11,770,677 
Total .. -» 14,987,775 12,064,541 12,878,887 


British India ranks second as regards gold deliveries made 
to the United Kingdom, our receipts from that quarter 
to May 31, this year, having been 973,308/., as compared 
with 1,008,704/. and 970,558. Australian gold supplies 
appear to be continuously declining ; they only amounted, 
to May 31, this year, to 486, 6322., as compared with 
636, 9391. and 799,819/, 
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ELECTRICAL APPARATUS. 


23,314/10. W. J. Poole, Glesgow. Voltage and 
Current Regulation. [1 fig.) October 8, 1910.—Electric 
pressure and current regulators of the electrically-controlled type 
are usually controlled by a relay ee of an electro etic 
device so operating a contact-making device as to cause the latter 
to take up and remain in a predetermined position, while the 
value of the current lated remains normal, and move to other 
determinate positions instantly with change in value of the cur- 
rent being a According to this invention, a subduing or 
damping device is provided, comprising two solenoid coils upon 
one core, one coil being in circuit across the terminals of a con- 
trolling rheostat or the like, or in series with the exciting circuit 
of the generator field, or its exciter field, and the other coii being 
in circuit with a third coil about the magnet of the relay device, 
or about a rised core co-acting with that magnet, with or 
without a spring operating through a device, such as a toggle- 
linkage, to control the movements of the armature of that magnet. 
The electrical subduing device shown consists of two separate 
solenoids A, B, wound on alaminated iron core C, common to both 
coils. One, A, of the coils is connected across the terminals of 
the regulator rheostat D, the — ps which varies the — 
of the current in the fleld-circuit of the generator being controlled 
(or if a separate exciter is used, across the main terminals or the 
rheostat terminals of the exciter). The other coil B is connected 
to a similar coil E wound on the core F, which forms the magnetic 
circuit of the relay, and has a relay coil H connected to the gene- 
rator by conductors G. Now it is evident that the current in A 
will vary with the potential across the terminals of D, and will 
be at a maximum value when all the resistance of the rheostat D 
is cut in, and at a minimum value when all the resistance is cut 
out. But the value of the current strength in A will have no 
effect on the circuit of B, E, and, therefore, no effect on the action 
of the relay, as long as there is no sudden change. Should this 
change occur, however, and occur quickly, there will be a corre- 























sponding increase or decrease of the magnetic flux inC. During 
the period of increase a current will be induced in C and also 
round B and E in a given direction. During the period of decrease 
an induced current will also flow round B and E, but in the oppo- 
site direction. The coils B, E are connected in such a way that 
the flux in F, which is generated by E, always tends to oppose the 
increase or decrease of the normal! flux generated in F by the 
magnetising co'l H of the relay. Now the flux due to E is pro- 
portional to the current strength in B, and this current is in- 
versely proportional to the time rate of flux changes in C set up 
by changes of the current valve in A, and the value of this 
induced current is not proportional to the instantaneous value 
of the current in A, but is inversely proportional to the 
time in which any change in the value of the current strength 
in A takes place. The device therefore is one which only subdues 
the action-of the relay, and therefore of the regulator, when the 
strength of the current controlled by the rheostat of the latter 
tends to change in value too quickly, the degree of subjugation 
being inversely proportional to time taken to bring the change 
into effect. The armature J of the electro-magnet F is, as usual, 
mounted upon a pivot K and has a contact piece co-acting with 
two adjustable contact screws L M in circuit, as usual, with the 
rheostat-operating device (not shown). The mechanical damping 
or subduing device consists of what . mounts to an adjustable 
toggle-link device and is in the form of a flexible band N of steel, 
for example, anchored at one end to the hack of the armature J, 
and at the other end to a shackle 0 on the end of a screw P ad- 
ustable in a bracket R. At about the centre of the length of the 

d N is a stirrup 8, to which is attached one end of a helical 
— Tadjustable in a bracket Y. By adjustment of the screw P 
the modulus of the band N as a le-linkage may be adjusted to 
the ratio of the variation in pull of the magnet F upon the arma- 
ture J, while by the screw the pring f may be adjusted in 
strength to the force exerted by the magnet F upon the armature 


J. (Accepted May 31, 1911.) 
claene re- 


19,517/10, M. 8S. Conner, Salford. 
Receivers. (5 Figs.) August 20, 1910.—In a 
ceiver which employs an electro-magnet instead of a permanent 
magnet for producing the necessary magnetic field, a hollow iron 





case of truncated cone shape, whose smaller end is extended to. 
form a stem B, and whose larger end is outwardly , is fitted 
with Pay by iron — a a wet» which 
serves purpose of ex g the electro-magnet and causing 
the bere E to vibrate means of the undulatory voice 
current flowing in its circuit. e ends of the coil are attached to 
connections F, which pass through the case A to insulated ter- 
minals G, mounted on the stem B. The diaphragm E is supported 
by the outer flange of the case A, and this case 1s placed in a con- 








taining case H, and clamped in ition on the ear-piece J, which 
at the same time clamps the diaphragm to the case A, an insu- 
lating ring being inte if ——_ The magnetic circuit 
from the core to the periphery of the diaphragm is thus through 
a considerable mass of iron, giving a low reluctance. Although 
the case A, as described, is convenient, other shapes may be used, 
and different methods of ting and clamping the diaphragm 
may be —— or the containing case may be dispensed with. 
(Accepted May 31, 1911.) 


7668/11. Allgemeine - Elektricitats Gesellschaft, 
Ber . [2 Figs.) March 26, 1910.—In a potential 
lator for electric generators of the Tirrill type, means, 
according to this invention, are provided whereby the move- 
ments of a relay energised by the exciter potential, and a 
relay energised by the generator potential, are transmitted to the 
movable contact in such a manner that the movement of the 
tact is posed of two Pp ts proportional to the move- 
ments of the two relays. The contact i isa fixed contact, whereas 
the contact h is movable. The lever r which carries the contact h 
lies with the free left end upon the arm of the lever f carrying a 
knife ~ P which arm is set into rapid periodic vibrations 
by the coile, The other end of the lever r is hinged to the rod u 
connected with the core n. 
a weight q¢ for the balancing of the core n. 








The lever / serves as connection with 
The spring g engages 









































(7668) 


with the lever /, and has its other end secured to a fixed point. 
As in the known Tirrill regulator the core n alters the height of 
its position according to the load on the generator. When, for 

ple, the p tial of the generator } assumes less than its 
normal value on account of increased load, then the core n sinks 
down in the coil ¢, and with it the end of the leverr. In this way 
the contact of the contacts / and i, in spite of the left end of the 
lever r being raised by the tractive force of the coil c is retained 
and for so long until the exciter potential increased by the short- 
circuit of the resistance k again establishes the normal generator 
potential. At this moment the core x, in spite of its somewhat 
altered position of height, is again in equilibrium, and the open- 
ing and closing of the contacts A and i is now affected at a some- 
what higher position of the knife—that is to say, at a higher 
tension of the spring g. (Accepted May 31, 1911.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 

21,092/10. W. J. Lloyd, Birmingham. Pistons. 
(2 Figs.) September 10, 1910.—A piston for an internal-combustion 
engine of the type used on motor-cars has the gudgeon-pin, upon 








(210382) 


which the top of the connecting-rod works, suspended from, or 
otherwise attached to, the underside of the piston head, and in 
close proximity thereto through the medi ihanked eyes 








two y 
and snugs. The invention dispenses with the usual two snugs 


which su the gudgeon-pin, and are usually arranged about half 
way up the interior of the piston. The method of mounting the 
connecting-rod in accordance with the invention consists in employ- 
ing two eyes 7, 8, each of the eyes being provided with a screwed 
shank, which is from the underside of the piston through a 
hole in the to the exterior thereof, and is secured by a nut 
screwed on to the projecting end of the shank. The gudgeon-pin 
1 is formed in one with, or is otherwise secured to, one of the 
eyes before the latter is secured to the head of the piston, and 

other end of the gudgeon-pin | is adapted to enter the hole in 
the other eye before the latter is secured to the head of the 
— 8o that there is no possibility of the gudgeon-pin getting 
oose and rocking in the eyes. A bush is secured to the interior 
of the eye of the soquormna. cot to work on the gudgeon-pin. 
Owing to the sn being dispensed with, the interior of the 
piston may be bo: deeper than heretofore and its sides made 
much thinner. (Accepted May 81, 1911.) 


13,050/10. H. Stanbridge, Sheffield. Projectiles. 
(3 Figs.) May 30, 1910.—The copper or other metal bands or 
rings of projectiles are attached in position by placing the base of 
the projectile A in a block B having a recess b! half the width 
of band and of the same diameter or a little smaller. The bottom 
of such recess and the bottom of the groove a! in the projectile 
correspond. The band C is slipped over the projectile and placed 
in the recess b! and a die D having an internal diameter slightly 
larger than the desired finished diameter of the band is p! over 
the projectile and restson the band. The die has a convex lead or 
radius calculated to mount and press inwards the band on the 


die being forced down by a sleeve E piaced over the projectile. 
The sleeve fits the projectile and has a recess for centering 
the die and keeping it true. The die is now forced down until 
it meets the block B and half the band or thereabouts is closed in, 
the die being fast on the band. The head of the ——_ is now 
placed in a cup or block G to centre it and a die H nearly or quite 
the desired finished size of band, is forced down over the half of 
the band projecting, and as the downward = is continued it 
gradually pushes off the die D and Jeaves the band in its place. 
In some cases a final die or dies can be pushed over to further 
decrease the diameter of the band. (Accepted May 31, 1911.) 


HYDRAULIC MACHINERY. 


4836/11. W. J. Frame, Glasgow. Hydraulic Suction 
Ap’ tus. (4 Figs.) December 21, 1910.—Hydraulic jet 
suction apparatus has, according to this invention, an eduction 
tube provided with a series of truncated cones communicating 
with one another, the throats of the truncated cones gradually 
enlarging towards the final outlet. The water, under pressure, 
passes from the tube i through the diaphragm J, and issues as a 
jet of spray which across the space c of the suction chamber 
d into the eduction tube e, which latter has a series of conic 


contractions therein which form truncated cones 1, 2, 3, 4, and 5. 
J is the suction branch of the suction chamber, g is a tube en- 
closing the eduction tube, and A a tubular protecting casing. 
The diaphragm » is made with an orifice therein‘having a sharp 
edge, the surface surrounding the orifice being preferably flat. 
The opening has a parallel wall or part extending for a short 
distance, and then dive The parallel part may be of any 
length, provided it is less than about the least transverse dimen- 
sion of the entrance opening. (Accepted May 31, W11.) 





GxrrMan Evxcrricat Inpustry.—The Germans, it 18 
well known, push their foreign trade in this branch with 
exceeding skill and energy, and with good results. Thus 
the German Oversea Electricity Company, which has a 
capital of 90,000,000 marks, last year had gross pro‘its of 
21,696,656 marks, against 17,631,155 marks for the pre- 
vious year, the net profits being respectively 14,689,043 
marks and 11,332,456 marks, the writings-off for the two 
years being respectively 4,420,795 marks and 2,861,362 
marks, the dividend for both years being 10 per cent. 
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THE STEAM-TURBINE. 


‘ue theory of the Parsons steam-turbine has 
long constituted a problem in applied mathematics 
of considerable difficulty, which has been aggravated 
by the scantiness of reliable data, such as might 
serve not only to check the results of calculation, 
but also to suggest new methods of attack. 

In some regards, indeed, the electric-lighting 
reaction turbine is but badly adapted .for research 
purposes, since, in point of fact, it is generally so 
constituted as to be three or four distinct turbines 
arranged in series, and, though the efficiency of the 
whole set can be determined with much accuracy, 
it has not proved easy to deduce with precision 
the individual efficiency of the several components. 
With marine turbines, however, where the high- 
pressure and the low-pressure turbines drive sepa- 
rate shafts, this source of uncertainty is avoided, 
but, on the other hand, the measurements of power 
being made by torsion-meters are less reliable 
than those effected electrically. Further, the tur- 
bines being supplied with non-superheated steam, 
the initial ‘‘ dryness fraction” is a little doubtful. 
These drawbacks, notwithstanding the trial data of 
marine turbines, certainly seem to throw most light 
on reaction-turbine theory, and the conclusions set 
forth below have, in the main, been based on a 
careful analysis of the results obtained in the trials 
of various battleships and large Atlantic liners. 

In a series of articles which appeared in Enat- 


Then from symmetry it is obvious that air will flow 
over each and every edge of the plate. Next take 
the case of a flat plate such as A B, Fig. 1, exposed 
to an air current the velocity of which is represented 
in magnitude and direction by CD. Then CD 
can be resolved into a component C E parallel to 
the plate, and a component E D perpendicular to 
the plate. The former produces a flow of air solely 
over the trailing edge of the plate, but the normal 
component, it was assumed, would, just as if it 
acted alone, produce a flow over every edge, and so 
far as the production of velocity in the direction 
CE was concerned, this ‘‘ normal component was 
destroyed.” Hence, whatever the angle 6 (see Fig. 1), 
it was held that some portion of the air would escape 
over the leading edge just as it would were actual 
gases theoretically perfect fluids. Experiments made 
with fairly large values of @ confirmed this theoretic 
conclusion, but Professor Rateau found that when 6 
was less than about 25 deg. none of the flow took 
place over the edge A. It is perhaps only fair to 
experimenters in aeronautics, such as Sir Hiram 








theless, large, as Professor Rateau has shown in his 
experiments, described in ENnGingERING, Decem- 
ber 10, 1909, page 804. His figures have been 
confirmed by Dr. Briling, in a series of experiments 
originally a in the Zeitschrift des Vereines 
Deutscher Ingenieure, and of which a short account 
was given in our issue of April 29, 1910, page 552. 

The fact thus established, that the true bucket iess* 
is nearly independent of the bucket speed, greatly 
simplifies the theory of the compound reaction 
steam turbine, and enables its rational design to 
be reduced to a few simple formule the co- 
efficients for which can be read direct from certain 
curves calculated once for all. 

It will probably be more satisfactory to many of 
our readers if we give these formule at once and 
explain their application before giving a description 
of the long and somewhat tedious investigations 
by which they have been derived, and of the experi- 
mental data from which the coefficients involved in 
the complete theory have been determined. 

As is well known, the blades of a Parsons turbine 
of the standard type are divided into a series of 
groups, in each of which all the blades are identical 
in height and form. From group to group the 
blade heights increase in a geometric ratio, which 
very commonly is <2, or 1.41, whilst in other cases 


it is V2, or 1.26. Less frequently the ratio in ques- 
tion has been made equal to the V4, or 1.587. In 





practice the nearest even 4 in. is taken for the 






































Fig. 2, REACTION STEAM TURBINE: Flow of Wet Steam through Group of 





[Pigd. — hem TURBINE.— Flow of Superheated Steam through 
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NEERING during the autumn of 1906 a method of 
treating the compound reaction turbine was ex- 
plained, which, whilst correct in principle, was 
cumbrous to apply, and, further, in the then 
dearth of experimental data, the values of certain 
important coefticients had to be assumed. More- 
over, in developing this method reliance was placed 
on the then accepted theory of ‘‘ loss by hydraulic 
shock.” This introduced what has since been 
proved to be a needless complication, as recent 
experiments have shown that this theory is largely 
erroneous and almost wholly inapplicable to turbine 
practice. 

The first indication of this fact ap ed on 
analysing, about three years ago, the results of some 
very carefully conducted experiments, in which a 
series of impulse wheels, having different bucket 
auvles, were tested under identical conditions and 
through wide ranges of speed. From the efficiency 
realised, after correction for wheel friction, it was 
possible to deduce the loss by bucket friction. 
According to the accepted theory this should have 
heen least when the tangent to the bucket curve 
at entrance was parallel to the flow, of the 
steam, taken relatively to the moving bucket. 
Actually, however, it turned out that, in certain 
cases, the loss by bucket friction was, under this 
condition, considerably higher than when the wheel 
was run more slowly. A ial explanation of 
this result was afforded by Professor Rateau’s ex- 
penments on the pressure of air on inclined planes, 
of which a description a red in ENGINEERING, 
September 17, 1909, The accepted theory of 
hydraulic shock has, it will be sobiesivaneliy bens 
based on the following considerations :—Suppose a 
flat plate to stand at right angles to an air current. 


Maxim, to state that this conclusion had been 
previously reached by them. 

Following these experiments by Professor Rateau, 
an article, published in the Zeitschrift des Vereines 
Deutscher Ingeniewre on September 11, 1909, by 
Professor Donat Banki, of Budapest, described 
some experiments made with apparatus specially 
designed to test the importance of hydraulic shock. 
This consisted of a pair of horizontal discs, between 
which could be clamped two straight radial guides, 
the angle between which was adjustable. A glass 
window was provided in one of the discs, through 
which the flow could be observed. Water under 
pressure issued from a cack, in a direction parallel 
to one guide, and flowing along it, was diverted by 
the other. The fluid thus met this movable guide 
under conditions which, according t6'the previously- 
accepted theory, would lead, in turbine practice, to 
a large loss of its kineticenergy. Actually, however, 
the loss proved to be very small, even when the 
angle between the guides was as little as 90 deg. 
Of course, in this experiment it has to be observed 
that the fixed guide prevented any flow of the 
water save in the intended direction, and nothing 
analogous to this is provided in turbine practice. 
On the other hand, however, the effective angle 
between the first element of a turbine bucket and 
the fluid actuating it never approaches 90 deg. in 
ordinary turbine practice, and Banki’s experi- 
ments may thus be taken as confirming those of 
Rateau, and also the conclusions reached from an 
analysis of the turbine tests already mentioned. 
One is thus led to the conclusion that the ordinary 
theory of loss by hydraulic shock is inapplicable 
when considering the losses of energy in turbine 





buckets. In impulse-wheels these losses are, never- 


blade height. If, for instance, the blade height 
in group 1 is { in., then the second group will 
have my height of § in. x 1.41 = 1.25 in. 
nearly, whilst the blade height in the third group 
will be § x (1.41)? = 1}? im., and so on. Simi- 
larly, if the common ratio had been ‘V2 instead of 
1.41 the blade height in the second group would be 
& x 1.259 = 0.98, say lin. In the third group it 
would be % x (1.259)? = 12 in. nearly, whilst in 
the fourth group it would be § x 2 = 1ljin. A com- 
plete turbine commonly consists of twelve groups 
when the blade-height ratio is /2 to 1, and of 
fifteen groups when this ratio is V2 to 1. 

The number of rows of blades per group is kept 
constant, and within each group it is the standard 
practice to set the blades so that the least distance 
between two adjacent blades is one-third the pitch.t 
It has been accordingly usual to assume that the 
actual area available for flow is one-third the area of 
the annulus between the drum and the casing. 
This would correspond to angle of discharge equal 
to 19 deg. 27 min. Actual measurement of the 
direction of discharge, by a method of which parti- 
culars will be given later, gives, however, a slightly 
different result. 

Experiment confirms theory in showing that 
the fiow fills the full annulus, and that no deduc- 
tion must be made for the space occupied by the 
blades. One other result has, moreover, been estab- 
lished by actual experiment—viz., that the leakage 





* The efficiency of the wheel, of course, diminishes 
rapidly as the speed falls to nearly zero, but the loss of 
energy is then mainly loss by ‘carry over.” 

+ fn one important marine installation this fraction 





has been made equal to }, but no advantage has resulted 
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over the blade-tips cuts straight across, and is not 
be nega deflected by the main flow through the 
blades. In other words, the direction of the leak- 
age flow is axial. 

Premising the foregoing, it may be stated 
that if p,) denotes the absolute pressure* in 
pounds per square inch of the steam as it flows 
into a group of a compound-reaction turbine, and 
V, the corresponding actual specific volume of 
the steam in cubic feet per pound, whilst p, and 
V,, denote the same quantities on discharge from the 


group, then the fundamental equation in reaction- 

turbine design may be written— 

Po Volog a 1 
ey (1) 
Here v, denotes the ‘‘ nominal” velocity of flow 

of the steam into the group taken in feet per second ; 


Po, and N the total number of rows 


%™%=R 


x the ratio 


Ps 
of blades in the group, both fixed and moving. R 
and p» are two coefficients which vary both with x 
and with 8, the latter being the ratio of blade 


speed to steam speed at entrance; that is, 6 = : , 


0 
where s is the blade speed in feet per second. The 
values of R and» can be read direct from the curves 
reproduced in Figs. 2 and 3, the former being used 
in the case of wet, and the other in the case of 
superheated, steam. As will appear later, the form 
of equation (1) is based on theory, whilst the values 
of the coefficients are determined by comparison 
with actual test data. 

By the ‘‘nominal” velocity of the steam at entrance 
is meant the velocity with which the steam would 
flow through the first row of blades did no expansion 
take place within these blades. Thus, if 2 be the 
actual area in square feet available for flow, and w 
the weight of steam passed per second, v, is defined 
by the relation 
w Vo 
“7 
From a mathematical standpoint it is convenient 
to consider vy as the velocity of discharge of the 
steam from an imaginary row of blades anterior to 
row No. 1. It is also convenient to call v the 
velocity of the steam at entrance. 

Experiment shows that with a blade height ratio 
equal to ,/2, that « for the first group has the value 
1.41, whilst with a blade height ratio equal to 4/2, « 
has the value 1.29. Again, s is very often about 
0 5 wv, or, in other cases, 0.6 1). It is not often much 
loss than 0.4, save when marine turbines are run- 
ning at low powers. 

Putting 


% = 


5 = 0.4, and p = 1.41, 
we get, taking R and » from Fig. 2, 


Po Vo 
N + 0.60" 


0 = 47.08 4/ Vo 
N + 0.38" 


= 0.4, and p = 1.29. 


UM = 52.92 


and 


where 


Similarly for 
= 0.5, and p = 1.41, 
we have 
Vv 
9 = 51.38 Zs 
3 Vs + 0.03 
whilst with 
6 = 0.5, and x = 1.29, 
we get 
ty =45.714/ Po Vo_, 
J N + 0.31 
Similarly putting 
6 = 0.6, and x = 1.41, 


vy = 50.10 V x 
s 


6 = 0.6; z = 1.29, 


gives 

Po Vo 

+ 0.46 
whilst 


leads to 


I 5 Po Vo 
Vp = 44.58 Vx + 0.98 

As a matter of experience, as will be shown by 
trial data taken from several tests of turbines, the 
ratio of the initial pressure at entrance to a group 
to the pressure on discharge from the same group 
is nearly constant for a Parsons turbine designed 


* It is convenient to denote pressures in pounds per 
a inch by p, and pressures in pounds per square foot 
ry . 


with the blade heights increasing in geometric ratio 
from group to group. In fact, the pressure de- 
creases in very nearly the same ratio as the blade 
heights increase, and this circumstance makes it 
ible to employ numerical tables for rapidly 
xing the general dimensions and steam consump- 
tion of a Parsons turbine of the ordinary type. 
A table of this kind is given below, and is based 
on a value for p, V,) = 455, which is a fair mean 
for present-day boiler practice. Thus, with steam 
at lb. absolute the product py Vy is 458, whilst 
with p, = 150 we get p, V, = 451. 
TaBLe I. 





X% = “ae = velocity of steam at entrance to group. 


p (Both 


_ Po _ Pressure at Entrance 


Po Pressure at Entrance 
r= ceca attr tent ocmarctctetionn = <i 


Py Pressureat Discharge) Py Pressure at Discharge 
2= 1.41. 


= 0.5. 
= 0.6. | 


2) 

v0 
v% 
% 
% 


Total Number of Rows in Grou 


Fixed and Moving). 


Blade Speed 
Blade Speed 
Blade Speed 


_ Blade Speed _ 0.4 


_ Blade Speed 


N= 


“© 


per sec. 
608.2 


é 


o 


per sec. ft. p. sec ft. 
528.6 517.1 
440.0 

285.5 

347.2 

318.5 

295.9 

277.5 

262.1 

249.1 

237.8 

227.9 

219.2 

211.4 

204.4 

198.0 

192.2 


186.9 


6 


“« 

tt. per sec, |ft. p. sec/ft. per sec. ft. 
482.1 469.7 | 459.7 
379.4 
330.5 
296.6 
27L.4 


398.8 | 
847.7 | 
312.3 | 
285.9 
25.2 
218.4 
234.5 
222.6 
212.5 
203.5 
195.6 
188.3 
182.3 
176.6 
171.4 
166 


241.5 
| 227.9 | 
| 216.4 
| 206.4 | 

197.8 

190.1 

183.2 | 

177.1 

171.6 

166.5 


161.8 177.8 





The table shows, for example, that if there are 
24 rows of blades in a group, and the pressure in 
front is 1.41 times the pressure on discharge from 
the group, then v the velocity of the steam at 
entrance is 222.2 ft. per second if the blade speed 
is half the steam speed, and 217.0 ft. per second if 
6. on the other hand, is raised to the value 0.6. 


If the ratio ”° is 1.29 instead of 1.41, then the 
Ds 


Ps 
velocity v, for the same group of 24 blades will be 
197.8 ft. per second for 6 = 0.5, and 193.0 ft. per 
second if 6 = 0.6. 

If the value of p V were constant from end to end 
of the turbine, a second group of 24 blades, with 
the same velocity at entrance as before, would for 
the case first taken again reduce the pressure in the 
ratio of 1 to 1.41, so that two groups, of 24 blades 
each, would, in the conditions stated, halve the pres- 
sure. Actually, of course, the product p V is not 
constant, but diminishes as the expansion proceeds, 
according tu a law which may be expressed, with 
sufficient accuracy, as p VY = constant, where y has 
a value greaterthan unity In the Parsons turbine, 
however, this reduction of the product p V, due to 
the expansion of the steam, is, in some cases, par- 
tially compensated for by the fact that a less 
weight of steam passes through the blading at the 
high-pressure end of the turbine, since the leakage 
at the high-pressure dummy is greater than at the 
intermediate dummy, and this again is greater than 
the leakage loss at the low-pressure dummy. 


(To be continued.) 








New York State Barce Canat.—From the most 

recently issued report by the State engineer and surveyor 

| of the State of New York it appears that of the contract 

| work, amounting to 14,518,030/., there was completed up 

| to July 1 last work valued at 6,232,700/., and that the 
portion done in June represented a sum of 288,8961. 


_ Cement IN Russta.—Owing to the increased activity 
| in the building trades throughout the Russian Empire 
there has sprung up a considerable demand for cement, 
| and there is some difficulty in obtaining the necessary 
supplies. In spite of the shortness of the supplies in 
most places, there are, however, large stocks in certain 
| localities, but the agents in many cases are simply holding 
them back, with the natural sequence of higher prices. 
This policy is being publicly denounced. The production 
(and the consumption) is very small, amounting to 
ay — per inhabitant, against Germany’s half-barrel 
per : 


| 
| 





THE STRENGTH OF STEELS IN COM. 
POUND STRESS, AND ENDURANCE 
UNDER REPETITLON OF STRESS. 

By L. B. Turner, B.A. 
(Continued from page 185.) 
Tuse-SteeL Resvtts. 

Speci interest was felt. in the experiments on 
the tube steel, owing to the static tests which hia 
been made on the 1-in. tubes of the material. It 
seems, however, that such tubes are not satisfactory 
as specimens in experimentai work of this nature. 
We have seen that the l-in. tubes did not give 
very uniform results (thus necessitating a large 
number of tests); after they had been used, othi1z 
batches of 1-in. tube were obtained, and were found 
to vary astonishingly in their elastic limit pro- 
perties; the gin. tubes show similar lack of 
uniformity.* - Their behaviour in the annealed 
condition is rather more satisfactory than when 
not annealed. 

Static tests in pull and torque were made on the 
unground body of the specimen, after it had been 
used in the alternating machine. 

Fig. 17, page 247, shows the endurance curves 
for the unannealed specimens, and Fig. 18 for the 
annealed. The ordinates are the extrewe values of 
the alternating stress (simple shear or simple ten- 
sion) reached at the breaking section ; the abscisse 
are the revolutions to fracture,t or, if the specimen 
was removed unfractured (shown so :—Q—>), the 
revolutions till the removal. The stresses are cal- 
culated on the assumption that the material remains 
elastic while the load is being applied ; they, there- 
fore, are not the true stresses in the highly- 
stressed, quickly-breaking specimens. 

Table IV. contains the elastic limit and endurance 
results for the tubes. 

TABLE IV.—Tube Steel (Lb. per Sq. In.). 


Simple Tension. Simple Shear. 


Endurance 
Stress. 


Elastic 
Liwit. 


Endurance 
Stress. 
33,000 
29,000 


Elastic 
Limit. 





16,000 
16,000 


29,500 
17,000 


50,000 
31,000 


Not annealed 
Annealed 


In the annealed specimens, the limiting endur- 
ance stress is only slightly less than the elastic 
limit, for both tension and shear. This in accord- 
ance with the Bauschinger theory. The shear 
theory is not far from accurate for both static 
stress and alternating stress. These are results 
which would be of immense importance if the tests 
from which they are obtained were more uniform. 
Fortunately the other materials tested were of 
more reliable quality. 


5. Mitp-Sreet Resutrs (Fie. 19). 


The mild steel gave results very similar to those 
of the tube steel. But the material was admirably 
uniform, both in its behaviour under static and 
under alternating stress. The smoothness with 
which the points lie about the endurance curves is 
a testimony at once to the good quality of the steel, 
and to the satisfactory working of the alternating 
machine. The high stresses to which the tension 
tests are carried are for the purpose of the Arnold 
test, discussed later. 

TaBLeE V.—Mild Steel. 
Lb. per Sq. In. 
42,300 
40,000 


Simple tension : 

Elastic limit. . 

Endurance stress .. 
Simple shear : 

Elastic limit. . ee 24,000 

Endurance stress .. es es ee - 22,000 

This steel is considerably stronger in static 

simple shear than the shear theory would indicate. 
It is interesting to see that its behaviour under 
alternating stress is very similar ; in each distribu- 
tion the endurance stress is slightly lower than the 
corresponding elastic limit, being such as to make 
the shears rather closer for the alternating than 
for the static stress. 


Toot-STeEL Resvutts (Fic. 20). 


The tool steel showed itself much less uniform 
than the mild steel, and behaved very differently 
under the alternating stresses. 

* These tubes even varied in diameter and thickness, 
a fault very little evident in the 1-in. tu : 

+ In comparing these with other experiments, it should 


be remembered that one revolution equals two reversals 
of stress. 
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TaBLeE VI.—Tool Steel. 


Simple Tension : 
Elastic limit. . es fr a = = 67,000 
Endurance stress .. : ¢e x 3 50,000 
Simple Shear: 
Elastic limit. . mn és a a 38,400 
Endurance stress .. 38,000 


Although such a high carbon steel (1.25 per cent. ), 
containing, therefore, structurally free cementite 
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the elastic limit. Consequently, for the alter- 
nating stress, the shears are so far unequal that the 
maximum tension hypothesis would be- closer than 
that of equal shears. The great discrepancy 
between the endurance and the elastic limit simple 
tensions is in contradiction, of course, to the 
Bauschinger theory as applied to this material. 

The only previous tests in repeated compound 
stress—viz., Wohler's nine torsion-tests — were 
made on material probably very similar to our tool- 
steel. It was called ‘‘ Krupp’s cast-steel axles,” 
and had an ultimate strength varying in five tests 
between 41.8 and 49 tons per sq. in.; the mean 
figure is equal to 102,000 lb. per sq. in. The 
ultimate strength of the present tool steel was 
107,000 lb. per sq. in. Wohler’s results for this 
material are given in Table VII. :— 

Taste VII.—(Wohler).* Krupp’s Cast-Steel Acles. 

Endurance Stresses. 
Pounds per Square Inch. 
Max. Stress. Min. Stress. 


Simple Tension .. ee . { So'o00 - 30,000 
Simple Shear c= - 23, 600 


* From Unw a, page 350. 


Lb. per Sq. In. 





For alternations between equal opposite stresses, |to see what effect the annealing produced. The 
| Wohler’s figures are thus: 30,000 and 23,500 ;| dotted curves in Fig. 21 show that annealing dis- 
and the author’s for tool steel, 50,000 and 38,000. | tinctly, though not very greatly, lowered the 
The ratio is almost the same for the two materials. endurance stresses. 
As Wohler’s was in all probability a hyper-eutectic | elastic limit was somewhat raised, and the yield- 
crucible steel, this result is very interesting. Two) point lowered, by annealing ; 


steels of the same class in carbon-content, although | coinciding in the annealed specimens. 


| unequal in endurance strength, yet fracture accord- | 
and no structurally free ferrite, the shears at elastic | ing to the same critical stress distribution. It is 

limit were slightly more equal in the two stress- | Tegrettable that no comparison of elastic limits can 

distributions than was the case for the mild steel, 
consisting of ferrite and pearlite. But whereas, 
for the mild steel the strengths to endure alter 
nating stress are but little different from the elastic 
limits in static stress, the tool steel is remarkably 
weak to resist alternating tension ; while in shear, 
on the other hand, its endurance stress is equal to 


, be made. 
NickeL-STeet Resutts (Fic. 21). 


This material, as an example of the numerous 
‘*fancy” steels introduced for structural use in 
recent years, is an important inclusion in the 
series of tests. Its uniformity was satisfactory, | 
although not so striking as that of the mild steel.*! theory of elastic limit, as a rough working rule for 
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TaBLE VIII.—Nickel Steel. 


Lb. Per Sq. In 
Simple Tension : 
lastic limit. . ie - - i “ 81,200 
Edurance stress .. ‘ * 59,000 
Simple Shear : 
Elastic limit. . 7 * in 40,800 
Endurance stress ‘ 35,000 


Here the shear theory is accurate for the static | _“ 


tests, but the endurance stresses drop below the 
elastic limits, and, as with the tool-steel, consider- 
ably more in simple tension than in simple shear. 


A few tests were made on the bar ‘as rolled,” | — 


* Repeated stress experiments generally, from the 
nature of fatigue, are apt to give points on the endurance 
curve which do not lie very evenly about the mean curve. 


As the same effect would be — by experimental | 


imperfections of machine and method, it is pleasing to 
lig! t upon some materials, in the course of the research, 
which, although treated in the same manner as the rest, 
yet yield results of good uniformity. The mild steel is 
such material, as far as regards the machine. The 
nickel steel endurance curves tend to show that the 
annealing process was satisfactorily uniform ; for although 
annealing did affect its behaviour, and although it isa 
material susceptible to heat-treatment, the points for the 
annealed specimens lie very fairly evenly about the 
curves. 


Cotiectep Resutts. 


In Table IX., various figures for the materials 
| tested in the alternating machine have been col- 


lected together for purposes of comparisun. 


Comparison of rows 1 and 3 shows that in all the 
steels the elastic limit shear in simple shear never 
exceeded the elastic limit shear in simple tension 
by more than about 14 per cent. So that the shear 
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purposes of design, would not be a very bad one. 
ow 11 shows that the elastic limit in simple shear 
is a tolerably good index of the limiting endurance 
stress for simple shear; row 10 shows that for 
simple tension the equality is not well maintained, 
the tool and nickel-steels being particularly weak 
(in comparison with their elastic limits) to withstand 
alternations of simple tension. Consequently com- 
parison of Rows 2 and 4 shows larger variation in 
the maximum shears for the endurance stress than 
for the elastic limit. If we except the tool-steel, 
however, the endurance shear in simple shear never 
exeeds the endurance shear in simple tension by 
more than about 17 per cent. (the nickel steel being 
responsible for the largeness of this figure). 
TaBLe [X.—Units: Inch, Pound. 





Kinds of Steel. 
Kind of Test. 
i nave) Mild. Tool. | Nickel. 
Simple tension : | BAT BAR 6 om 
1 |Elastic limit .. --| 81,000 42,200 67,700 | 81,200 


2 |Endurance stress --| 29,000 40,000 50,000 59,000 
. | a 

Simple shear:— | 

3 Elasticlimit .. --| 17,000 24,400 38,400 4,800 




















4 Endurance stress. 16,000 22,000 38,000 35,000 
5 |Ex10 — a 2.62 2.91 3.01 2.89 
6 |Cx10 ° ; 1.16 1.18 1.15 1.15 
Testing machine : 
7 Ultimate strength . 55,200 61,400 | 107,000 108,000 
8 Elongation on 8 in. p.c 24 29 9 14 
9 Contraction of area ,, 65 69 39 36 
Endurance stress 
Elastic limit 
10 |Tension .. , . 0.89 0.95 0.74 0.73 


11 Shear = 0.93 0.90 0.99 0 86 





Endurance stress __ 
Ultimate strength 


12 Tension .. 0.52 0.65 | 0.47 0.55 
For the two ordinary low-carbon structural steels, 
the shear criterion would provide the engineer with 
a sound working rule for static and for varying 
loads ; the greatest safe range of stress being taken 
equal to the static elastic range of the material. 
For the other two steels, the shear theory would be 
good enough as regards the static loads, but would 
lead to dangerously high varying tension or unneces- 
sarily low varying shear. 





Similar experiments made on a variety of ordinary 


In the testing-machine the 


the two points 
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mild steels would probably show similar results to 
those obtained with the two such steels here tested. 
If this were so, the Bauschinger theory and the shear 
theory would be demonstrated to be ap roximately 
true for this class of steel. The double obscurity 
wherein the designer now gropes would give way to 
an understanding enabling him, for the first time, 
to attempt the rational design of a crank-shaft. 


Tue ARNOLD Test. 


At the British Association meeting in 1904, 
Professor J. O. Arnold described a machine designed 
to make alternating bending tests of a novel kind. 
The specimens are in the form of %-in. square rods. 
One end is firmly encastré, while the other is bent 
backwards and forwards through a constant distance 
in one plane until the specimen breaks. The bend- 
ing force is applied by an oscillating plate A, 
through a hole in which the free end of the specimen 
B passes (Fig. 22). This end 
of the specimen—4 in. from 
the fixed end-—is deflected 





Fic. 26. 








(213! 0) 


to ,) in. or ? in. on each side, thereby much over- | 
straining the specimen, which breaks after a very | 
few thousands of alternations. 

It is asserted that the number of alternations | 
before fracture is a measure of the capacity of the 
material to withstana fatigue; and Professor 
Arnold makes the astonishing and unsupported 
claim :—‘* This method of testing—which practi- 
cally carries out the almost impracticable Wohler 
test in one or two minutes—. . .” 

More recently the test has been advanced in 
ENGINEERING.* 

In the writer's experiments with alternating 
tension, it was easy to extend the tests to investi- 
gate this claim. This has been done with the mild 
and nickel-steels. 

Both these materials underwent complete plastic 
yield at the elastic limit, and the specimens in the 
alternating machine were of the same size. Con- 
sequently the amount of overstrain in each specimen 
is proportional to that part of the applied bending 
moment which is in excess of the bending moment 
just producing limit of elasticity. Now in Arnold’s 
machine practically the whole of the deflection 


* J. O. Arnold, ‘* Factors of Safety in Marine Engi- 
neering,” ENGINEERING, vol. lxxxv., pages 565, and 


corresponds to overstrain ; hence his method is to, fracture have sometimes been adduced. For ex. 
apply equal overstrain to the different materials. If, | ample, a characteristic form of fracture of mild stec] 
therefore, two specimens are tested in the writer’s stretched to destruction in the testing-machine is 
machine, being given equal amounts of plastic the truncated cone (Fig. 24), indicating, it is urged, 
bending moment (i.e., bending moment in excess of that breakdown occurs over the plane of maximui 
that just producing elastic limit), the ratio of revo-| shear. The validity of such a contention is highly 
lutions in the two cases is claimed to be a measure | doubtful, even if it refer only to the ultimate 
of the relative endurance strengths. |strength, and to apply it to the problem of the 
In Fig. 23, A, A are curves relating applied bend- | elastic limit is quite illegitimate. 
ing moment with revolutions to fracture. B, Bare| But with fracture by fatigue the case is very 
the same curves, with the ordinates reduced by the | different. Here the stress may never have ex- 
respective elastic limit bending moments for the | ceeded the (primitive) elastic limit, and it is well 
two materials. known that, even when the stress variation has not 


Fig. 23 
THE ARNOLD JEST. 
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To justify the claim for the Arnold test, the 
abscisse of the intersections of a horizontal line | 
with the two curves B, B would have to be in 
the ratio of the limiting endurance stresses—(viz., 
Nickel — 59,000 

Mild 40,000 
this could only be so for one such horizontal line ; 
showing that with these materials the results 
claimed could only be obtained by using one par- 
ticular amplitude of deflection of the specimens in | surface of severance is an entirely relevant factor 
the machine. No special care seems to have been | jn the investigation of the stress distribution which 
exercised in choosing this amplitude, and different | produced the breakdown. Furthermore, if the 
values have been used in different experiments. | surface of fracture is clearly defined, we have 

The test may very likely give useful information, |therein a short cut towards establishing or dis- 
but it does not supply that of the Wéhler test— | proving our hypothesis. Suppose, for example, 
viz., the limiting endurance stress. 'we are testing the shear theory, and we find in a 
|single specimen that the fracture occurred in a 
plane of maximum shear ; at once we have a piece 

As evidence for and against particular hypotheses of evidence complete in itself. There is no neces- 
of elastic breakdown, the inclinations of surfaces of sity to compare fractures under various kinds of 


). With the present curves, 


involved change of sign, the fracture is always of 
an entirely brittle nature. The dimensions of the 
specimen are the same before and after the fracture 
has occurred. In failure by fatigue, therefore, the 
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stress distribution. The single test on the single | broken edges showed"a marked tendency to incline 
specimen shows that the fracture took place by | to the axis of the tube. D (Fig. 28) is a photo- 
reason of the greatest shear. | graph of a strip P Q R S cut from a broken speci- 
In the present experiments various typical photo- | men (Fig. 32). 
graphs of the fractured surfaces were taken, and} The inclination of the edge PQ is not the same 
these we will proceed to consider.* | all along, but suffers a sudden change from inwards 
: 7 K wre . m to outwards. D is the outside surface PQRS of 
Tuse-Sreet (Fies. 25 to 31, A—G, Pace 248). | the strip, and E (Fig. 29) is the inside surface 
The failure of the tubes under alternating torque| P'Q'R'S. The two corners P P' and Q' Q of the 
was invariably by the occurrence of one or more | strip are shown in magnified side view in F and G 
longitudinal cracks, which, in the course of a few (Figs. 30 and 31), so that the slopes may be mea- 
more alternations, split at the ends into forked sured. They are about 54 deg. and 45 deg. The 

















Fic. 47. 


branches. This is shown in A and B (Figs. 25/ mean of these—48.5 deg.—corresponds to a shear 
and 26). © (Fig. 27) shows the effect of allowing | only about 1 per cent. less than the maximum (at 
the machine to continue to run, and is of no/} 45 deg.). 
evidential interest. The vital point is the manner| Thus examination of the form of fracture of the 
in which the fracture begins ; after it has begun|tube specimens confirms the result obtained by 
the stress distribution is unknown, Here, then, | comparison of stretches—viz., that the shear theory 
the fracture always chooses a plane of maximum | is closely followed. 
ae The direction of the crack shows this very Mitp Steet (Fias. 33 To 35, A—C). 

ely ; for the value of the shear only falls to The torsion fractures of the mild steel (solid) 











the two pieces of a specimen in which the sever- 
ance was completed ; it shows the ridge formation 
corresponding to the branched cracks on the sur- 
face. The longitudinal cracks on the surface are 
seen to be the intersections of the surface with 
fracture planes containing the axis and a radius. 

The bending specimens broke across more or less 
plane surfaces normal to the axis. A group of 
three is shown in C (Fig. 35). A slight lip forma- 
tion was sometimes observable at the edges. 

The stress results and the torsion fractures are 
concordant in support of the approximate truth of 





Fie. 42. 














Fia. 45. 





Fic. 48. 


the shear theory ; but the bending fractures are 
not obviously in agreement. Rather does it seem 
at first sight that they would support the maximum 
tension theory, seeing that the surface of sepsra- 
tion is approximately one over which the tension ix 


\a maximum andthe shear zero. But we must bear 


40 per cent. of the maxi a ple incli é . y : : it i inant 
much as 9 deg. to + ang om A aed pam - specimens were similar to those of the tubes. There | in mind that, as remarked before, it is the incipient 
=: 8 : < as this unimportant difference: that whereas in | stage of fracture which concerns us—i.e., the 


w 


In the bendi Mei SEL - : “ 
pleted ath iy one yg apes A yal the tubes usually only one—hardly ever more than | manner in which the fracture begins at the surface ; 
a : ®, ane © | two—longitudinal cracks appeared, here several and it may be that the inequality of distribution of 


: * The specimens appear white in some of the photo- , an 
graphs, because a thin layer of whitewash was sometimes | (Fig. 33) shows 
*pplied in order better to show up the cracks. torsion fracture. B (Fig. 34) shows the ends of 





leracks were distributed round the specimen. A | stress across the section will mask the significance of 
the surface cracks of a typical | the fracture. For suppose that when the tension of 


the fibre through P(t iy. 36) isa maximum, it begins 
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to give way. Ifthe shear theory applies, severance 
occurs across a plane at 45 deg. to the axis, and of 
all such planes symmetry would indicate one whose 
trace on the paper is PQ. At the next instant, if 
P still supports its share of the bending moment, 
it is the turn of a neighbouring fibre P' to suffer 
the greatest tension, and for this there is a plane 
P! (! situated with regard to P'! as PQ is to P. 
And so the shear theory would give us a weakening 
of the material, a preparation for fracture, near the 
outside of the specimen, over a conical surface, as 
in Fig. 37. ; 

But now suppose the fibre at P actually gives 
way. There is then something of the nature of a 
tearing action, such as is experienced in the beam 
at the point A in Fig. 38. And we do not suppose, 
on the strength of the shear hypothesis, that the 
beam would fracture along the plane A B. 

Owing then, to this tearing action, we may not 
say that a fracture perpendicular to the axis is 
evidence for the maximum-tension theory; on the 
other hand, a tendency towards a lip formation 
at the edges points away from this theory. 

The significance of the torsion fractures is not 
depreciated in the same manner, if only for the 
reason that here the surface crack is itself sufticient 
indication of the plane of fracture. Nor are the 
tube-bending fractures so subject to this criticism ; 
for in them the stress is almost uniform from 
outside to inside, and the fracture is likely to be a 
true fatigue failure rather than a tear. 


Toot Street (Fies. 39 tro 45, A—G). 


Here also the torsion fracture nearly always 
showed the significant longitudinal cracks, usually 
one or twoin number. Aftera crack had appeared, 
the final severance tended to take place across one 
plane, instead of several, as in the mild steel. 
Examples are given in A—F (Figs. 39 to 44). 
Sometimes, as illustrated by E and F (Figs. 43 
and 44), it was not possible to detect any initial 
longitudinal failure ; but that such may be present, 
though very little evident, is shown in B (Fig. 40). 
G (Fig. 45) is a torsion fracture of a specimen which 
had undergone severe overstrain before being put 
into the alternating machine, and which finally 
broke with 125,000 revolutions at a nominal shear 
of 32,000 lb. per square inch. It is included only 
as a freak case. 

The bending specimens gave uninteresting frac- 
tures similar to those of the mild steel. 


NICKEL-STEEL (Fics. 46 To 48, A—C), 

This material gave fractures closely resembling 
those of the mild steel. The torsion specimens 
showed rather more peaked and rugged ends, and 
the bending specimens exhibited more pronounced 
lip formation at the edges (Figs. 46 to 48). 

Reviewing the evidence from the form of fracture, 
we see that the shear theory is supported by torsion 
and bending specimens of the tube steel, and by 
torsion specimens of all the other steels. The tool 
steel was the only one in which some torsion speci- 
mens showed no sign of fracture by shear; and it 
is noteworthy that this steel is the only one for 
which the maximum endurance shears in simple 
tension and in simple shear are very unequal. 
(See Table IX.) 

(To be continued.) 








THE TURIN INTERNATIONAL 
EXHIBITION. 
(Continued from page 235.) 

In the article which appeared in our last number 
we described the power-station for the production 
of current for general distribution, located at 
one end of the building which also contains the 
machinery in motion. This building commanicates, 
by a colonnade gallery to the rear of the Prince 
Amadeus statue, with the Electricity, Switzerland, 
and Professional Teaching Pavilion. In this last- 
named pavilion the exhibits illustrating profes- 
sional teaching are all arranged in a gallery which 
runs round the four sides. The ground floor 
is occupied by Swiss mechanical and electrical 
exhibits, and by machinery displays shown by 
various European countries. The portion of the 
ground floor on which are the Swiss mechanical 
exhibits is supplied with alternating current for 
power and lighting by two engine sets. One 
of these is by the Schweizerische Locomotiv-und 
Maschinenfabrik, Winterthur ; this is a 150-horse- 
power, three-cylinder, vertical, four-cycle ‘* Winter- 
thur” Diesel engine, running at a speed of 190 





revolutions, direct coupled to a 500-volt, 145- 
ampere, three-phase, fifty-period Alioth alternator. 
The oil fuel is stored outside the building; the 
quantity required for a period of activity of the 
engine is contained in a tank above the stand, 
the oil fuel running down to the engine through 
filters. The cooling water taken from the town mains 
flows back to the river. A switchboard in close 
proximity provides the necessary connections. We 
may add here, in passing, that the stand of the 
Winterthur Works also contains a horizontal 50- 
horse-power Diesel engine running empty at 200 
revolutions; a 5-horse-power heavy-oil engine, 
in which ignition is effected in the usual way, by 
a bell which is heated before the engine is started, 
the fuel ensuring its remaining hot while the engine 
is running ; this engine drives a centrifugal pump for 
illustrating its working at the Exhibition. The 
stand further contains a four-cylinder vertical 250- 
horse-power gas-engine, for a speed of 250 revolu- 
tions ; and a 25-horse-power horizontal gas-engine, 
neither of them shown running. 

Opposite this is the stand of Messrs. Bichtold 
and Co., Steckborn, containing a three-cylinder 
vertical four-cycle 150-horse-power engine, running 
at a speed of 190 revolutions, and driving by a belt, 
at a speed of 750 revolutions, a Meidinger 24(-volt 
240-ampere 50-period alternator. This engine runs 
alternately with that of the Winterthur Works 
above mentioned—day on, day off. The oil-fuel 
supply takes place also from an overhead tank 
and through filters ; the stand has its own switch- 
board. 

The current throughout this Swiss Section is 
distributed for power at 500 volts, and for lighting 
at 240 volts; according as either of the two 
engines is running, part of its current supply is 
transformed up or down. 

Messrs. Biachtold also show, at a standstill, a 
55-horse-power 200 - revolution horizontal gas- 
engine, with its suction gas-producer ; also a small 
6-horse-power 250-revolution vertical petrol-engine. 

The building with which we are now dealing also 
contains a Boulte Larbodiére and Co. self-contained 
set, formed of the boiler, engine, and dynamo. The 
engine develops 180 horse-power at a speed of 420 
revolutions. The steam pressure at the slide- 
valves is 14 kg. per sq. cm. (199 lb. per sq. in.). 
The steam consumption—temperature of the steam, 
320 deg. Cent.—is stated to be 4.6 kg. (10.138 lb.) 
per horse-power hour. The boiler has a grate area 
of 0.90 sq. m. (9.68 sq. ft.), and a heating surface 
of 32 sq. m. (344 sq. ft.) ; its normal steam produc- 
tion at 320 deg. Cent. is given as 700 kg. (1540 lb.) 
om hour. The engine drives a continuous-current 

bour dynamo which supplies a 220-volt current 
for the power required in the French Section on 
the ground floor of the building. 

Another interesting prime mover is that ex- 
hibited by Messrs. Paolo, Kind, and Co., Turin, 
in the Naval Pavilion. This important pavilion 
contains a magnificent display of large and small 
calibre naval guns, ship’s models, models of cabins 
and general naval material made by the Royal 
Italian Navy. The building is lighted by a 100- 
effective-horse-power heavy-oil, internal-combus- 
tion, directly reversible marine motor, designed and 
built by Messrs. Kind. This motor runs at a speed 
of 375 revolutions. It has four cylinders 180 mm. 
(7.08 in.) in diameter, with a 250 mm. (9.84 in.) 
stroke. The engine has a total weight of 3000 kg. 
(6600 1b.), including the flywheel, air vessels, 
silencer, and fittings. It measures in height above 
the floor level 1.57 m. (5 ft 2 in.), and 2.77 m. 
(9 ft. 2 in.) in length outside bearings. Its fuel 
consumption is given as 250 grammes (0.55 lb.) per 
effective horse-power hour. When the engine is 
running under its normal load, it can be reversed 
in 3 seconds. All speed changes, reversing, stop- 

ing, &c., are effected by acting on one single 
nd-wheel. The engine is direct coupled at one end 
to a continuous-current dynamo. On the other it 
drives a shaft which runs outside the pavilion wall 
into a concrete tank, the shaft being fitted at the 
end inside the tank with a propeller, by means of 
which the rapid reversibility of the engine is clearly 
illustrated. 

The British Section, as already stated, is self- 
contained. The current it requires for power and 
lighting is generated by Messrs. R. Hornsby and 
Sons, Limited, and by the Campbell Gas-Engine 
Company, Limited. Messrs. Hornsby have put 
down for this purpose two horizontal suction-gas 
engines of 100 horse-power each, fitted with the 
new Hornsby variable governor, and driving each 





by belting a 275-ampere 220-volt continuous-current 
dynamo built by the Lancashire Dynamo Company. 
The engines are started by a small petrol-motor. 
The Hornsby gas - producers are outside the 
pavilion. 

Messrs. Hornsby’s engines run alternately with 
those on a neighbouring stand, exhibited by the 
Campbell Gas-Engine Company, Limited. This 
company have put down for supplying light and 
power to the section a 120-horse-power horizonta! 
suction-gas engine driving an 80-kw. ‘‘ Phcenix ” 
dynamo by a laminated leather belt. They have also 
a vertical four-cylinder 150-horse-power gas-engine 
direct coupled to a 100-kw. ‘‘ Phoenix” dynamo ; 
and a vertical four-cylinder 290-horse-power gas- 
engine direct coupled to a 190-kw. *‘ Pheenix ” 
dynamo. These engines are driven from a suction- 
gas plant located in proximity outside the pavilion, 
designed for working with inferior fuel, such as 
anthracite peas and coke breeze. The Campbell Gas- 
Engine Company’s starting set consists of one of 
their 64-horse-power lampless oil-engines, direct 
coupled to an air-compressor, which delivers air at 
a pressure of 200 lb. per square inch into a steel 
receiver ; compressed air is taken from this receiver 
for starting the engines. 

Both the Hornsby and the Campbell Company’s 
electric sets are connected to a switchboard put 
down by Messrs. A. Reyrolle and Co., there being 
a panel for each of the two firms. 

Apart from the above engines, the Campbell 
Gas-Engine Company exhibit close by a 12-horse- 
power portable oil-engine of their latest ‘‘lampless” 
type ; a 16-horse-power stationary engine also of 
their ‘‘ lampless” type ; and a 35-horse-power high- 
compression crude-oil engine. 

The portion of the Exhibition at the extreme 
southern end, at a place called the Pilonetto, is 
lighted by a 100 to 140-horse-power oil-engine, 
designed and built by the Fiat Company, and 
direct coupled to a continuous-current dynamo. 
This is located in a room, which was to contain also 
a 1000-horse-power engine of the same type, also 
by the Fiat Company ; this latter engine, however, 
could not be completed in time. 

The above is a brief description of the installa- 
tions exhibited, which serve as prime movers for a 
large variety of machines and for current supply 
for lighting purposes. 

Apart from these, there are several engines which 
run empty for demonstration purposes. We have 
already referred to a few of the latter when review- 
ing the engines running for current supply. Among 
the others forming individual exhibits, we may, in 
the first place, mention the Humphrey pump, 
exhibited at work in the Machinery Hall, build- 
ing. This pump was built by the Tecnomasio 
Italiano Brown Boveri, to plans supplied by the 
Pump and Power Company, Limited, London. 
It is an improved four-stroke cycle pump, and was 
designed to deliver 8600 gallons per minute when 
working with producer gas of only 110 B.Th.U. 
per cubic foot. For the purposes of the Exhi- 
bition the pump is being run on illuminating gas, 
and is giving an output of over 11,000 gallons per 
minute, equal to. 16,000,000 gallons per day. The 
height of lift is made variable by means of an 
adjustable weir, over which the water pumped 
flows in a cascade into an artificial rock-work pool, 
from whence the water is returned to be pumped 
over and over again. The width of the weir is 
3 metres (9 ft. 10 in.), and the enormous quantity 
of falling water makes a very fine display, so that 
there is always a crowd of interested spectators 
round the exhibit. 

The pump differs chiefly from the one exhibited 
at Brussels last year (see ENGINEERING, vol. xc., 
page 124) in that the water-valves are placed in the 
vertical portion of the pump just below the com- 
bustion-chamber, also the play-pipe is much shorter ; 
in fact, the horizontal part of the pipe which con- 
nects the bend at the base of the pump to the bend 
at the bottom of the water-tower is only 25 ft. 6 in. 
long. The whole arrangement is therefore very 
compact. The explosion-chamber is 3 ft. 9 in. in 
diameter, and 5 ft. high. It is fitted with an 
improved arrangement of exhaust, admission, and 
seavenging-valves. The play-pipe is just under 
3 ft. in diameter, and the pump is intended to run 
at about 13 complete cycles per minute. 

One of the chief uses to which it is intended to 
put this type of pump in Italy is for land drainage 
work, and a demonstration was recently given at 
the stand before Signor Pasini and other well- 
known engineers for land-drainage plants A two 
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day's test was made with the object of showing 
whether long and hard leaves, such as are usually 
carried by the water in drainage canals, would 
affect the working of the pump. The test was fully 
successful and gave complete satisfaction to the 
gentlemen present ; the large quantity of leaves fed 
into the suction-tank did not in the least affect the 
working of the pump. 

The Tecnomasio Italiano Brown Boveri have 
acquired the sole licence to manufacture Humphrey 

umps and compressors in Italy, and their works at 
Milan are able to cope with any size of installation 
of this type likely to be required. 

Another interesting display in the machinery 
building is that made by the Societé Anonima 
Italiana Koerting, Sestri Ponente, who show a 
7.5-horse-power, valveless two-cycle petrol-engine, 
the speed of which is 450 revolutions. It has a 
cylinder 178 mm. (7 in.) in diameter and a 190-mm. 
(7 5-in.) stroke. They also exhibit a four-cycle, 
heavy-oil, 6-horse-power engine at a speed of 325 
revolutions, with hot-tube ignition ; the cylinder 
is 175 mm. (6.9 in.) in diameter, with a stroke of 
280 mm. (11 in.). They show further a 40-horse 
power producer-gas engine, fitted with the Koerting 
valve for maintaining the mixture constant. A 
special feature of their stand is a 75 horse-power, 
eight-cylinder, petrol-engine, weighing 200 kg. 
(440 lb.) for a dirigible balloon’ The most 
interesting engine of the Italian Koerting Com- 
pany’s display is a 70-horse-power, heavy-oil, 
four-cycle, horizontal engine, of the Diesel type, 
which is shown coupled by belting to a water-pump. 
It runs at a speed of 190 revolutions ; its cylinder 
is 345 mm. (13.6 in.) in diameter, with a 680-mm. 
(26.8-in.) stroke. The fuel consumption amounts 
to 190 grammes (6.7 oz.) per horse-power hour, 
when running normally under full load. The 
company claim the following advantages for this 
engine above those of what we may call the pure 
Diesel type. A chamber in which the fuel-pump 
delivers the oil fuel is in constant communication 
with the interior of the cylinder, the air injections 
taking place only at the moment of ignition. In 
this way the fuel-pump has only to overcome the 
pressure existing in the cylinder, and as it delivers 
oil in the chamber at the moment when the piston is 
on the suction stroke, it runs against the atmosphere 
pressure alone, instead of against a pressure of 50 
atmospheres (710 lb. per sq. in.), as in the other 
engines. The company have further done away with 
the needle-valve which is met with in the engines of 
the pure Diesel type ; the needle-valve has to with- 
stand the 50 atmosphere pressure, and to remain in 
contact with the cylinder and with the high tem- 
peratures that rule inside it; in the engine under 
notice, the valve is at a distance from the cylinder, 
the oil-fuel chamber being between them. The 
engine at the Turin Exhibition runs most smoothly 
and with great regularity. The pump to which it 
is coupled delivers at normal speed 17 litres (3.7 
gallons) per second ata pressure of 11 atmospheres 
(against a head of 385 ft.). 

In the same building, and close to the Franco 
Tosi power-station, the Maschinenfabrik Augsburg- 
Nurnberg display several units. These include a 
stationary single-acting 100-horse-power Diesel 
engine of the Vogel M.A.N. system, and a Niirn- 
berg 300-horse-power heavy oil marine engine. 
The former is a vertical engine which works on the 
four-cycle principle, and has a speed of 215 revolu- 
tions. It drives by belt transmission a con- 
tinuous current dynamo. Its fuel consumption is 
“ae as 195 grammes (6.88 oz.) per horse-power 

10ur. 

The 300-horse-power marine engine is designed for 
driving the propeller shaft direct ; it has six cylinders 
and runs single-acting on the two-cycle principle. Its 
speed is 300 revolutions ; this speed can be reduced 
to below 100 revolutions. Reversing is by com- 
pressed air and takes but a few seconds from full 
speed ahead to full speed astern. The trunk of the 
pistons is enlarged at the lower end, to form a second 
piston which works in an air-cylinder and supplies 
the air needed for scavenging out the spent charge ; 
the arrangement also acts as a guide, the cross-head 
pin being in the lower end of the piston. The 
engine-frame carries on each side a longitudinal 
receiver which extends along the six cylinders ; these 
receivers act as inlet and discharge-chambers for 


Scavenging. The exhaust taking place through ports | 


and being governed by the piston, each cylinder has 
only a fuel, a a and a starting-valve. 
The cam-shaft lies above the cylinders. The 


engine is reversed by a hand-lever. For stopping, | 


the lever is placed in its central position ; 
when it is worked to the right or to the left, 
it leads to an automatic starting of the engine 
for ahead or astern running. The same lever also 
serves to regulate the oil fuel supply, and to vary 
thereby the work of the engine. The fuel pumps 
are in @ casing at the front end of the engine frame. 
The engine is provided with forced lubrication. 





The company guarantee a maximum oil-fuel con- 
hour. The engine exhibited weig 


power ; the castings are almost exclusively of cast | 
iron, 

Close to this stand, the Dinglersche Maschinen- | 
fabrik A.-G., Zweibriicken, exhibit, a 30-effective- 
horse-power horizontal crude-oil engine, having a 
cylinder 290 mm. (11.42 in.) in diameter, with a 
stroke of 450 mm. (17.72 in.), and running at a 
speed of 210 revolutions. They also have, adjoin- 
ing this, a small horizontal steam-engine, the 
cylinder of which is 225 mm. (8.86 in.) in diameter, 
for a stroke of 350 mm. (13.78 in.), running at a 
speed of 225 revolutions, and developing 38 to 60 
effective horse-power when taking steam at a 
pressure of 9 atmospheres (1281b. per sq. in.) at 
the inlet-valve. Also a two-stage air-compressor, 
having cylinders 360 mm. and 450 mm. (14.17 in. 
and 17.72 in.) in diameter, for a 400-mm. (15.75-in.) 
stroke, and a speed of 150 revolutions ; it has a 
capacity of 550 cub. m. (19,420 cub. ft.) of free air 
per hour. The Dingler engines in question run 
most smoothly. 

On the opposite side the Siichsische Maschinen- 
fabrik vorm Rich. Hartmann A.-G., Chemnitz, 
have put down a 200-horse-power horizontal steam- 
engine on the Van den Kerchove pattern, which 
drives several machine-tools which they exhibit in 
the same stand. 

(To be continued.) 
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A Dictionary of Electrical Engineering. Edited by 
H. M. Hopart, B.Sc., M. Inst. C.E., M.LE.E., 
M. Am. L.E.E. Two vols. London: The Gresham 
Publishing Company. [Price 35s. net. ] 
THe compilation of a dictio of electrical, or 
any other sort of engineering obviously presents 
some difficulties. If the book sets out to be a 
dictionary, itis in no way to its credit if it finishes 
by becoming an encyclopsedia ; while, at the same 
time, if it restricts itself too closly to bald and 
brief definitions, it is likely to be of little value 
either to those acquainted with its subject, or 
those ignorant of it. Mr. Hobart, in his two 
volumes, has avoided either of these extremes, and 
the general scheme of his dictionary is probably as 
workmanlike and useful a compromise as it is 
possible to get. In general the definitions 
given are brief, but, where necessary, there has 
been no hesitation in dealing with matters in 
articles of a page or two. As examples, the 
reference ‘‘ battery cut-out” has been disposed 
of in a few lines, as what is practically a mere 
definition is sufficient in this case to explain the 
meaning of the term. On the other hand, the 
matter dealing with ‘‘primary battery” runs to 
two pages. This is quite reasonable, as while it 
would, no doubt, be quite possible to dispose of the 
reference with a brief detinition, it is doubtful if 
such a definition would be of the slightest use to 
anyone likely to look it up. This balance and 
sense of proportion seem to be well preserved 
throughout the volumes. 
There is no difficulty in finding inconsistencies in 
a work of this class, which, from its very nature, is 
more or less of a compromise throughout, and we 
have no wish to raise trivial points. A matter 
affecting the system of the work, and which 
is likely to force itself to the notice of those 











who use it to any extent, should, however, be 
noticed. The reference under ‘‘ primary battery,” 





which we have already referred to, illustrates 
it. Under this reference there appear sub-| 
headings dealing with special cases of batteries, 
such as the Bunsen, Grove, &c. This appears 
a reasonable system of arrangement and the one 
that, on the whole, is likely to be most useful to 
users of the work. It is not adhered to consistently, 
however, and even in the reference we are dealing 
with there is no description of the Daniell battery, 
but only a reference to the description of it which 
appears elsewhere under the heading ‘‘ cell.” There 
is no obvious reason why, if any particular cases of 


batteries are going to be described under the general 
heading, all should not be so treated, and the 
double arrangement is likely to lead to loss of time. 
Another example of the same sort occurs in con- 
nection with the entry ‘‘ speed-indicator or tacho- 
meter.” Electrical instruments of this class are 
described under the general heading, but in addi- 
tion there are separate articles dealing with liquid 
tachometer and vibration tachometer. It should 


sumption of 220 grammes (7.76 oz.) “ang horse-power | be said that this inconsistency is not likely to debar 
s, inclusive of|a user from finding any entry he requires in the 
accessories and fittings, 50 kg. (110 lb.) per horse-| dictionary, as the system of cross-references is 


really admirable. None the less, it is not clear why 
the inconsistency has been introduced. 

In the preparation of the work Mr. Hobart has 
had the assistance of a number of experts in diffe- 
rent branches of electrical practice, and the various 
definitions and articles are clearly and well written. 
The line illustrations scattered throughout the books 
are well chosen, and assist greatly in the under- 
standing of the various matters dealt with. There 
are, however, a number of process-block plates 
whose purpose is not clear. Many of them illus- 
trate the interior of generating-stations and cognate 
— and it is not obvious that they are pro- 
perly in place in a dictionary, or that they add to 
the value of the work in any way. The volumes 
are well printed and bound, and should form very 
useful works of reference for all interested in elec- 
trical matters. 
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HIGH-PRESSURE WATER-POWER WORKS.* 
By L. Zopkt, of Zurich. 
[Translated from the German.] 
(Concluded from page 242.) 

Tyssedalen Station (Figs. 10 and 11).t—Power works 
of very special interest have been recently erected in 
Norway, and of these one will be mentioned by reason of 
the difficult work carried out on the pipe-line. This is 
the power-plant at Tyssedalen, near Odda, in the 
Hardanger Fjord on the west coast, where 33,600 horse- 
power are now utilised, and transmitted to carbide, 
cyanamide, and other factories at Odda, a distance of 
avdout 6 km. 

The source of power is the Tysse River, on which is the 
famous Skj oiatiden, one of Norway’s most beautiful 
waterfalls. low this fall is the Ringedals Lake, which 
provides an ideal natural storage reservoir for the power 
works at an elevation of 435m. (1426 ft.) above, and at 
3.5 km. (2.17 miles) distant from the fjord, at whose edge 
the power-house is situated. This lake has an area of 5.5 
sq. km. (2.22 square miles), and has now been tapped by a 
regulating tunnel of 6 sq. m. (64.5 sq. ft.) area at a depth 


The sill of the overflow of the penstock is at elevation 
413 m. (1353 ft.), and the maximum possible water-level 
due to the head in the tunnel is 415 m. (1360 ft.). 

Two pipe-lines of 1600 mm. (63 in.) diameter connect 
with this penstock chamber through a short tunnel, and 
are fitted with sluice-valves of 1200 mm. (47 in.) diameter 
placed in a valve-house at the exit. Flap valves are also 
arranged over the end of the pipes in the chamber in such 
a way that the chains which hold them open may be 
released by electric current from the power-house, in case 
of accident to any part of the plant. The intake would 
then be closed immediately by shutting the flap. The 
usual air-pipes are fitted to prevent the formation of a 
vacuum on emptying the pipe-line. : 

The two pipe-lines already installed are arranged in 
three sections of 1200 mm., 1100 mm., and 950 mm. (47 in., 
434 in., and 37} in.) diameter respectively, and have a 
thickness varying between 7 mm. and 23 mm. (,% in. and 
Zin.). The total length is 720 m. (2360 ft.). ‘Chey are 
made of ——_ and double-riveted pipes. The illustrations 
show the difficult character of the erection of this pipe- 
line, the ditficulties being further increased by the 
necessity of carrying out a large part of the work during 





the winter months, the erection period being between 





The distributing pipes and the branch pipes for the 
exciter-turbines are laid along the power-house. The 
two pipe-lines each feed three Escher Wyss impuise- 
pa ly turbines of 4800 horse-power maximum output, 
running at 375 revolutions per minute, with a net head 
of 384 m. (1260 ft.), and a seventh machine is held in 
reserve. These are machines with horizontal shafts and 
a single-needle nozzle; they are provided with pressure. 
relief valves for relieving pressure oscillations in the 
pipe-line. The generators work in parallel directly on to 
the 12,000-volt transmission line of 6 km. length to 
Odda. 

The whole station was built in the very short period of 
slightly over two years from the end of 1905 to March 
1908. 


An enlargement of this station is now being made, and 
a third pipe-line with three zones of 1550 mm., 1400 mm., 
and 1250 mm. (61 in., 55 in., and 49 in.) diameter is being 
erected to supply two turbines of 13,500 horse-power each. 
There was a question whether these new units should be 
arranged with horizontal or with vertical shafts, but the 
present-day preference for the former prevailed, and they 
were ordered with the horizontal arrangement. The in- 
crease in power of each unit from 4800 to 13,500 horse- 
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of 16.5 m. (52 ft.) below the normal level ; by this means 
a useful storage capacity of about 80 million cub. m. 
(2825 million cub. ft.) has been obtained by allowing the 
level to be drained to this depth during the winter months, 
when the flow of the river is ata minimum. A dam has 
also been constructed to raise the water-level by 13.5 m. 
(44.5 ft.) toa maximum elevation of 448.5 m. (1470 ft.), 
and the useful storage volume is thus 170 million cub. m. 
(6000 million cub. ft.). The catchment area of 378 sq. km. 
(146 sq. miles) is sufficient, with the ample rainfall in 
this mountainous district, to give about 100,000 horse- 
wer. 

The regulating tunnel from the Ringedals Lake dis- 
cha into the little Vetle Lake, immediately below, 
which forms a second small regulating basin on the river, 
whose level is adjusted by a needle dam. A tunnel of 
3410 m. (11,200 ft.) length starts from this lake and 
through the mountain to the peustock chamber, from which 
the pipe line leads down tothe power-house. This tunnel 
is driven through granite for she whole of its length, the 
work having been carried on simultaneously from thirteen 
adit levels, and completed within two years. The rock 
was left rough inside the tunnel, the cross-section being 
nowhere less than 9.5 sq. m. (102 sq. pe 

The penstock chamber is cut out of the solid rock to a 
depth of about 15 m. (49.3 ft.), and the tunnel emerges 
into the bottom of this at an elevation of 397.5 m. (1303 ft. ). 


* Paper read before the Institution of Mechanical 
Engineers, Zurich Meeting, July 26. 
+ This station was fully illustrated and described in 
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August and March. 
ropes over the face of the rocks, and the pipes reach an 
inclination of 55 deg. to the horizontal, as seen in 
Fig. 11, above. The pipes were secured by means of 
H-girders let into the cliff at the steepest part, and by 
massive masonry anchorage blucks built into the rock 
at convenient puints, and reinforced with steel hars 
and tie-rods to hold the pipes perfectly rigid. Fig. 10, 
above, shows clearly one of these anchorages, and the 
method of hauling the pipes up a steep portion of 
the mountain. 

Straight portions of the pipe-line on less steep grad‘ents 
are supported by masonry pe:'estals with a bearing uf vil- 
soaked paper, to facilitate small |. ngitudinal movements 
due to expansion and contraction, which is taken up by 
expansion stuffing-box joints, placed at the top of straight 
sections of the line. A valve is fitted at the bottom of 
each pipe-line with a safety-plate so arranged as to 
break in case the pressure in the pipes should rise above 
50 per cent. in excess of the nornial. In such case the 
sluice-valve behind the safety-plate could be slowly closed 
by hand, or the flap-valves over the pipe-line end in 
the penstock chamber could be instantly closed and the 
pipe allowed to empty itself of water, when a new safety- 
plate would be fitted and the line refilled. This safety- 
plate has been fitted to many high-pressure pipe-lines, 
and is a surer means of safeguarding the pipes in care of 
unforeseen disturbances than the spring safety-valve some- 
times employed, although it causes ter inconvenience 
if it should come into action. he pipe-line water 
velocity in the lower portion is 4.7 m. (15.4 ft.) per 
second, 





TyYSSEDALEN Station ; Portion oF Pipe-Line. 


All workmen had to be slung with | power clearly illustrates the tendency towards large units 


characteristic of modern turbine development. A better 
efficiency is thereby secured, and the cost per borse-power 
installed is also diminished :— 


Thus this station has now 
7 x 4,800 = 33,600 h.-p. installed. 
2 x 13,500 = 27,000 h.-p. being erected. 
giving a generating total of 60,600 h.-p. 
and exciters ots : 400 ,, 


or a grand total of . 61,000 


” 


The plans for the enlargement of the station include 
seven new sets of 13,500 horse-power each, of which the 
two now being built are but the first instalment. When 
these are finally erected, the station will have a capacity 
of over 125,000 horse-power, and the generating-room 
will be 150 metres long. ‘ 

Brusio Power Works (Figs. 12 to 16).—A typical high 
pressure power-station in Switzerland is that of the Kraft- 
werk Brusio Company, which utilises the water-power of 
the Poschiavino river in the Poschiavo Valley in the 
Canton Grisons, on the south side of the Alpine Chain 
between the Bernina Pass and the Italian frontier near 
Tirano. About 55,000 horse-power are developed, the 
— part of which is transmitted to the industrial 

istricts of Northern Italy over a transmission line of 
150 km. (93 miles) length. The total head available 1s 
about 1000 m. (3280 ft.), and this is used in two stages. 
The upper lies between the Lago Bianco on the Bernina 
Pass and the di Poschiavo, giving an effective head 
of 600 m. (1970 ft,) for the Robbia station ; and the lower 
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is between the Poschiavo Lake and the Italian frontier at 
Campo Cologno, where the head obtained is about 420 m. 
(1375 ft.). The lower station was built first, and will be 
first referred to here. wt 

The Campo Cologno Station.—The minimum average 
volume of water available from the Poschiavino river has 
been found to be7.5 cub. m. (264 cub. ft.) per second during 
a run of 12 hours, and this quantity is equalised by the 
Lake of Poschiavo, which acts asa natural storage basin 
of 2. sq. km. (1.25 square miles) area. A variation in level 
of 8.4 m. (275 ft.) is allowed by the concession, and this 
is obtained partly by tapping the lake below its normal 
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water is always available for starting up the turbines ; 
superfluous water to waste down an overflow 
situated in the tunnel. This penstock-chamber is pro- 
vided with screens over the .~ and with means 
for periodically cleaning them. lap-valves are fitted 
over the ends of the pipes, and are supported when open 
by a chain connected to a hand-winch in such a way that 
it can be released by a solenoid actuated from the 
power-house in the same way as at Tyssedalen station, 
and the valve allowed to fall over the end of the pipe in 
cases of emergency. A small hand-valve is fitted for filling 
the pipe-line, and the main flap-valve can then be raised 
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Fic. 12. Brvusro Station ; Penstock CuamBer AND Vatve-House at Top or Prer-Line. 

















Fic. 13. Brusto Station ; Lower Vatve-Hovse. 


level, and partly og setins the level with sluices built by the winch-gear. At a little distance below the pen- 
i 


across the outlet. Ss gives aregulating volume of about 
15,000,000 cub. m. (530,000,000 cub. ft.). The elevation 
of the lake is between 956 m. and 964.4 m. (3160 ft.), and 
is about 435 m. (1428 ft.) above the power-house. The 
intake from the lake is effected by means of a siphon 
leading into the shaft from which the tunnel starts. The 





| 


stock a valve-house is built, containing sluice-valves which 
are able absolutely to close any pipe-line, and have the 
usual air-pi immediately behind them reaching to 
above the spillway level. _ 

The five pressure pipe-lines now erected have a length 
of 981 m. from the valve-house to anchorage No. X., or, 


tunnel has a length of 6250 m., with a gradient of 1 : 500, | including the distributing Pipes, have a maximum length 
and leads the water into the penstock-chamber (Fig. 12, | of 1124 m., and consist of three zones of different dia- 
above), excavated out of the rock, and from which the| meters. The upper section is of riveted steel pipes 
five pipe-lines descend to the power-house ; a sixth, shown | 870 mm. (34 in.) in diameter, while the middle and 


on the illustrations, is provided for. The cham 


is of | lower sections, seen in Fig. 15, 
such a depth that the tunnel remains full for a distance of | welded steel plate of 830 mm. and 790 ) 
1} km. when the plant is mot working, so that sufficient 31 in.) diameter respectively. The thickness varies from 


256, are of lap- 
mm. (32.5 in. and 





6 mm. to 23 mm., and the length of each pipe is 12 m. 
In straight sections the pipes were nt bedded on 
masonry pedestals, while very heavy reinforced concrete 
pw mg were provided at all angle points, one of 
these (No. X.) near the power-house having a total 
weight of 3300 tons. 

Each pipe is arranged to feed at least two main 
turbines, and the velocity of the water in the lower 
section is normally 3.36 m. per second ; the loss of head 
by friction is about 14 m. or nearly 3} per cent. Expan- 
sion joints are arranged at the top of each straight 
portion of pipe-line. 

Adjoining the power-house is a valve-house, Fig. 13, 
on this page, containing a main throttle-valve on each 
pipe-line operated by gearing from the floor above; by-pass 
valves are provided, and drain-valves behind the throttle- 
valves for the purpose of emptying the water from the 
entire pipe-line system into the tail-race in case of 
stoppage of the plant. 

he different pipe-lines have been connected together by 
means of branches to a common communication pipe laid 
transversely beneath them, and in front of the throttle- 
valves in the power-house. This pipe serves to equalise 
the flow in the main pipe-lines, and at present feeds the 
distributing-pipe to the end two turbines of the power- 
house, since the sixth and last pipe-line is not yet erected. 
This is a convenient arrangement for connecting the 
various pipe-lines of.a plant together in a case when they 
would be otherwise quite separated. At the end of this 
eross-pipe on the side towards the river, a valve with the 
usual safety-plate has been fitted, so as to break, should 
the pressure in the pipe-line system accidentally rise above 
50 per cent. excess of the normal. A sluice-valve has 
been inserted behind this valve so that the opening may 
be closed by hand, in case the plate should break, and 
in order to prevent undue waste of water. 

Each pipe connects up to two main turbines. The 
exciters have an independent distributing pipe connected 
to three of the pipe-lines; they can be run off any of 
these at will. A plan of the arrangement of the power- 
house is shown in Fig. 140n the next page. 

Twelve main turbines are installed in the power-house, 
which is situated close to the Poschiavino River. The 
are Escher Wyss impulse tangential machines fitted with 
horizontal shaft and single needle-nozzle, with the excep- 
tion of two Girard turbines which are now out of date, 
and will shortly be replaced by the tangential type. Ten 
turbines are of 3500 horse-power, and two, which were 

ut in ata later date, of 4600 horse-power, all designed 

or 400-metre head and 375 revolutions per minute. Four 
exciters, of 250{horse-power each, bring up the total power 
to 45,000 horse-power. Fig. 16, on page 256, illustrates 
the main turbines. Below the needle-nozzle in this figure 
may be seen the pressure relief-valve fitted to each 
machine. All the machines are directly coupled to the 
three-phase > which run in _— at 7000 volts 
tension and 50 periods per second. Most of this power 
is transmitted at 7000 volts across the Italian frontier to 
the transformer station of the Compagnia Tombarda, 
500 yards distant, and there stepped up with oil-cooled 
transformers to a tension of 50,000 volts for the long- 
distance transmission system to the sub-station at 
Lomazzo, which supplies Como and the neighbourhood 
of Milan. A small portion of the power is used locally 
for the Bernina Railway and for power and lighting 
purposes in the Poschiavo Valley. uring the daytime 
the whole station is under full load, but only a small part 
of it is kept running at night. 

Very shortly after the completion of the Brusio Station, 
the demand for power grew so rapidly that the company 
was obliged to erect a second station to utilise the upper 
portion of the head to be obtained in the Poschiavo 
Valley. On the summit of the Bernina Pass are two lakes, 
known as the Lago Bianco and Li Nero, while on the 
west side of the valley the Cavagliasca stream descends 
from the glaciers of the Piz Palii. The Lago Bianco 
has an elévation of 2230 m. (7330 ft.), that is, 1260 m. 
(4135 ft.) above the mae. Poschiavo. The waters 
of the Cavagliasca have been impounded for the Robbia 
power-station, and the Bianco, which discharges 
into it, has been dammed up so as to act as a storage- 
reservoir over winter months when the stream is frozen. 
Thus it was possible to obtain a head cf 600 m. 
(1970 ft.) at the power-station, which is situated above 
the village of Poschiavo, and to ensure sufficient water to 
generate about 7000 horse-power. Three turbines of 
3500 horse-power are therefore intended for the station, 
of which two are now installed and one is on order. The 
net head is 580 m. (1900 ft.), and the machines work at 
500 revolutions per minute driving generators which are 
run in parallel with those of the Brusio plant. A single 
pipe-line of 600 mm. (23.5 in.) diameter supplies the 
turbines, and the velocity of flow with 7000 horse-power 
running is 4 m. per second. 

The turbines of this plant are fitted with the new 
deflecting nozzle operated by an oil-pressure governor. 
Similar machines are installed at the Adamello Hydro- 
Electric Power-Station, which is a plant of exceptional 
interest. 

The Siagne Station, Figs. 17 and 18, page 257.—The 
River Siagne rises in the Alpes Maritimes province of 
South-Eastern France to the north of Cannes, and is used, 
by reason of its clear spring water, to supply the town 
with drinking water from an intake near the village of St. 
Césaire. The power-station is situated immediately 
above this intake, and utilises a fall of about 348 m. 
(1142 ft.) of the Siagne. The water is taken from a weir 
on the upper reaches of the river by a conduit and tunnel 
to a balancing reservoir above the power-house, partly 
blasted out of the rock and partly formed by a large 
retaining wall. The Siagne discharges an av: volume 
of about 3 cub. m. (105 cub. ft.) per second at the intake 
weir, and thus, with the fall of 348 m. (1142 ft.), provides 
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an absolute output of 14,000 horse-hower. The Com- | 
pagnie de |’Energie Electrique du Littorale Méditer- 
ranéen has developed this power by means of five units of 
2000 kw. maximum each, of which one is held as a reserve. 
The Saigne power-station provides a specially interest- 
ing and most instructive case of high-pressure pipe-lines, 
and has demonstrated in a most drastic manner what the 
consequences of incorrect design can be. The original 
pipe-line had to be abandoned after a few months’ 
running on account of unsatisfactory working of the 
plant, and an entirely new pipe-line had to be built on 
totally different principles, in spite of the fact that the 
chief dimensions of the pipes were perfectly correct and 
po pl sufficient for the conditions of head and discharge, 
and moreover were not altered in the second pipe-line. 
Two parallel pipss were provided, each 900 mm. 
(35.4 int Hemet, built of single pipes about 6 m. long 
of riveted plate of from 4 mm. to 25 mm. thickness, 
the individual pipes being riveted together in situ. The 
pipes rested on masonry pedestals and closely followed 
the surface of the ground, so that the pipe-line consisted 
of a large number of inclines and angles in every 
direction. Fig. 17, on page 257, — show how the 
two pipe-lines were brought down to the power-house. 
About 40 m. vertically above the latter they formed a 
kind of distributing-pipe from which the connecting-pipes 
branched off to the turbines, Above this distributing- 
pipe the pipe-lines rose at a very steep angle, in places 





almost vertically, to a point 90 m. below the intake. 
From this point they turned to the left, and led for a con- 
siderable distance at a very slight gradient to the pen- 
stock chamber. 

The principal faults in the arrangement of this line 
were as follows :— 

(1) Too great a length of the upper portion, under low 
pressure, with pipes of small Pe lh whereby a con- 
tinual working or respirating phenomenon became appa- 
rent in this part of the pipe-line. 

(2) Insufficient fixing cr anchoring of the pipes in the 
lower portion of the line, and a most curious position of 
the See are in which very harmful vibration, 
combined with displacement of the pipes, could take 
place on sudden variations of water woleaity or shocks in 
the pipe-line ; this might easily lead to a burst, especially 
in the case of riveted pipes. 

(3) Unsuitable dimensions of the connecting-pipes be- 
tween the distributor and the turbines, with their length 
too great and their diameter too small, resulting in con- 
siderable accentuation of the pressure variations. 

Each pipe-line formed one single rigid piece from top to 
bottom, and no provision was made for expansion and 
contraction, such as the insertion of expansion joints. 
Expansion due to temperature changes in an exposed 
pipe-line is, however, unavoidable, and if no arrange- 
ments are made to allow of longitudinal motion, then 
additional stresses will be set up in the pipe walls that 
will be difficult to foresee, and will cause resultant stresses 
which may under certain conditions have a fatal effect. 

It must be mentioned here that French engineers in 
general build pipe-lines on this principle—that is, without 
expansion joints—and that a large number of such high- 

ressure ae et are now in continuous operation in 

rance. is design must nevertheless be characterised 
as irrational, especially in view of the demands made at 





the present day on the pipe-line of a central station with 
continually and rapidly changing water velocities, 


Shortly after starting up the works a burst occurred 
about the middle of one of the pipe-lines, probably owing 
to some such sudden variation in the pipe velocity. A 
longitudinal riveted joint was torn open for a length of 
2 m., and the water suddenly streamed with such velocity 
from the gap that a large part of the upper section of the 
pipe was completely flattened by the vacuum which was 
produced, in spite of large air-pipes at the penstock- 
chamber. feeaeetive investigation led to the final 
decision to replace the entire existing pipe-lines by others 
over a quite different route. 

The new line has been in continuous operation since 
the spring of 1908. It consists of two parallel pipe-lines 
of almost the same dimensions as the old, but differs 
therefrom in that it passes straight down the side of 
the mountain from the penstock-chamber to a point 
about 30 m. to 40 m. above the power-house, when it 
turns round and passes towards the latter through a 
tunnel. 

The upper part of the pipe-line was made as short and 
as steep as posible, and the lower arranged longer in 
proportion. The whole line is divided into six straight 
sections; the angle points between them are formed into 
main anchorages (fixed points) of solid concrete masonry 
into which the pipe bends are rigidly bedded. An expan- 
sion joint is oe ten’ below each fixed point. The inter- 
mediate concrete pedestals supporting the pipe-line are 
laid at a uniform distance of 7.90 m. apart. 





operated electrically from the power-house by means of a 
solenoid. This automatic hydraulic valve can be set to 
close at any desired maximum discharge of water ; if for 
any reason the discharge exceeds the limit, the intake 
opening closes at once. 

The whole erection of the new pipe-line was finished 
in six months. The result, as compared withthe old pipe- 
line was as expected. The extraordinary surges and 
resonance effects of the pressure shocks, especially the 
visible movement and trembling of the pipes, completely 
disappeared. No disturbance or irregularity could be 
observed.in the pipe-line, even with severe and sudden 
load variations during running. 

The five 2000-kw. (max.) machines installed in the 
power-house run at 375 revolutions per minute. The 
turbines are Escher Wyss and Co.’s impulse wheels, of 
2800 horse-power maximum output, having each one 
regulating needle-nozzle. They are fitted with automatic 
speed-regulators and pressure-relief valves, both operated 
by the pipe-line water, which is exceptionally clean and 
could therefore well be used. The rigid coupling which 
connects turbine and generator is arranged as a fly-wheel 
to increase the rather small fiy-wheel effect of the 
generators, in view of the exceedingly close governing 
guarantees required. 

The Siagne power-station is used as one of the hydro 
electric plants which feed the high-tension sy.tem 


| supplying power to Nice and Cannes. 

















18, on page 257, is a view of the lower part of the | 


Fig. 
sino tin’ near to the tunnel entrance, showing two 
fixed-point amenen. The upper of these anchorages 
has the pipes completely grouted in, the lower is treated 
as an intermediate fixed point on account of its short 
distance from the upper, and the pipes are only bolted 
down to the concrete foundation. The next main fixed 
— below the preceding, and at the same time the 
ast on the line, is situated in the tunnel which emerges 
at the power-house. This main anchorage takes up the 
whole thrust of the pipe-lines, and the horizontal con- 
tinuation of the latter, which extends along the power- 
house wall to feed the turbines, has free ends. 

Quite short conical pipes of 400 mm. to 500 mm. (157 in. 
to 19} in.) diameter connect each main pipe to the five 
turbines, and are fitted with sluice-valves so that the latter 
may be run separately from either pipe-line. In normal 
running the two pipe-lines are thus connected together, 
and pressure variations due to any one generating unit 
distribute themselves over the cross-section of both 
pipes; they can also be isolated at any time when 
required, or either pipe-line may be shut down and all 
the turbines kept running on one onl 

Tn fact the station was run at first 
line alone without difficulty, while the second was 


ions one new pipe- 
being 
erected, the object in doing so being to minimise the 
time during which the plant was kept idle after the 
accident to the old line. 


These pipe-lines were also riveted together in situ, the 
upper portion, up to 13 mm. (4 in.) thickness, — of 
riv pipe, and the remainder of pipes lap-welded by 
the water-gas process. The total length of the pipe-line 
is 876 m. (2870 ft.) composed of three sizes of pipes of 


950 mm., 900 mm., and 850 mm. (374 in., 354 in., and 334 in.) | 
The thickness varies between | 


diameter respectively. 
7 mm. and 22 mm. 


Each pipe is fitted at the penstock-chamber with an 


automatic hydraulic stop-valve, also arranged to be 


Fig. 14. Pian anp Section or Brusto Power-StaTIon. 


Conclusion.—The water-carrying system of a high- 
pressure hydraulic-power scheme consists of two parts: 
the low-pressure part to cover most of the horizontal 
distance between the lake or river intake and the power- 
house, and the high-pressure part to give the operating 
head for the station. The high-pressure pipe-line repre- 
‘sents one of the most costly items of the plant, and is 
therefore made as short as possible by taking the low- 
pressure conduit to the nearest advantageous point above 
the power-house, There are two main types of this 
conduit : that in which water flows under pressure and 
that with water flowing freely in an open flume. Both 
these types have been illustrated in this paper. The 
former may be further sub-divided into :—(1) the pressure- 
tunnel arrangement leading to a —. penstock-chamber, 
as in the case of the Tyssedalen and Brusio installations ; 
and (2) the low-pressure feeder-pipe arrangement con- 
necting to a receiver with a stand-pipe, as at Necaxa and 
Rio de Janeiro. Both of these systems allow of the total 
head available at any time in the reservoir to be utilised, 
even with large variations in water-level. 

The type of conduit with open flume cannot, however, 
utilise any head in the reservoir, and this must be lost. 
In the case of a long conduit, a balancing reservoir must 
also be constructed to provide for any sudden increase in 
the load, since the open flume will not draw a greater 
volume of water to supply a greater demand, as happens 
automatically with the pressure conduit. This case 1s 
illustrated in the Siagne power-station. Another example 
is the well-known Kinlochleven plant of the British 
Aluminium Company in Scotland. The choice of the 
arrangement of conduit most suitable for a power scheme 





depends entirely on the — conditions of the works, 
oalne rule can be laid down. : 
The best proof of the great interest now taken in water- 
wer development works by mechanical and all engineers 
ies in the list of visits to large modern hydro-electric 
stations given in the programme to be followed by the 
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members of this Institution, which is honouring Switzer- 
land with its summer meeting this year. _ ; 
Members of the Institution of Mechanical Engineers 
are indeed the representatives par excellence of steam and 
steam-power. ater-power, the “white coal” of the 
mountains, will hardly be of much importance in their 
own country, compared with that all-powerful ‘ Black 
Queen of energy” of which they have in abundance ; but 
it may indeed play a very great part in the development 


of the resources of the vast Colonial Possessions included | 


the British Empire. 





“STRESSES PRODUCED BY FORCE-FITS.” 
To THE Eprror oF ENGINEERING. 

Srr,—Having read Professor Morley’s ‘‘ Stresses Pro- 
duced by Force-Fits” in your issue of August 11, I beg 
to mention that his statement that the subject does not 
appear to have been treated before is not quite correct. 
The whole question was thoroughly sifted in an article on 
gun-building written by me, and published in your paper 
of November 26, 1909, on page 709, Figs. 33 and 38. Any 
existing relationships between “force-fit” (shrinkage), 
maximum tensile stress on hub, compressive stress in 
shaft, normal pressure ps, different moduli of elasticity, 


and Poisson’s ratio 1 were then examined by means 


m 
of graphical procedure,'a method which generally appeals 
more to the engineer than calculation. 
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| Messrs. Bairstow and Booth in the Aeronautical Com- 
| mittee’s report for 1910-11. The memorandum deals with 
the effect of dimensions and speed on the air resistance 
of ee plates. As this is a subject in which I am 
greatly interested, I beg to submit the following remarks 
upon the memorandum :— ' 

The latter proposes the following approximate for- 


mule :— 
F = v? 2 "0.00126 + 0.0000007 v 7], 


where F is the total force on a square plate ef side / feet, 
moving normally to its surface at a ve — of v feet per 
second. This formula may be put in another form—viz., 


k= —F_ = 0.00126 + 0.000007 v2, 
ee 


where k is the coefficient of resistance. 

It will be noticed from the formula for k that if v is 
constant, k increases in value with increase in /—a result 
strictly in accordance with experimental results. On the 
other hand, if 7 is constant, the formula shows that k 
increases with v—a result not in accord with experimental 
results. Dr. Stanton’s experiments on square plates of 
1.77-in., 1.33-in., and 0.886-in. sides show a steady de- 
crease in k as the speed increases. His results for a plate 
of 0.443-in. side are irregular, which is probably due to 
the fact that errors in observation are relatively greater 
for such a small plate. So far as I remember, Dr. 











Stanton’s experiments on large square plates of 5-ft. and 
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Fie. 1.—Assume thickness ¢ of C.I. hub to be 2 in., draw shaft and hub diameters to any convenient scale :—Join AB, cutting 
arc Dro B at C. Join CD, cutting AG at point E. (This point E is same point as that marked “hk” in Fig. 1 of A. Brem- 
berg’s article on page 567 of ENGINEERING, October 29, 1909.) From A set off AF = unity, representing a normal pressure of 
1000 Ib. acting between shaft and hub. Join FE, and produce cutting line KH at K. Project F to fi 


AF a Se ae 
- Set off LM = = 30, and MN = +7 Gop = 15 to 


GL=po/m, and as m = 4 in this case, then GL = po/4 = 


any convenient scale, and to same scale set off MO = diameter of shaft (6 in.). Through N and O draw PN and ROS parallel 


to KH. Project K to Pon PN. Join PM and HM, cutting 


RS is equal to thousandths of an inch in the “ force fit” which would produce a normal pressure AF of 10001b. Through 


any point T on line AG produced draw TW liel to KH. 


15 AF. Join KU and produce, cutting GT produced at V. Join VW and produce, cutting KH or KH produced at X. 
Then GX represents, to same scale as AF, the maximum tensile stress of hub due to “‘ force fit ” of 0.0015 in.—i.e., a stress 
_ of 2900 Ib. per sq. in., which shows that thickness of wall must be reduced to obtain stress of 3000 Ib. per sq. in. 
Fie, 2.— Reduce thickness of wall to 1.8 in. Proceeding as directed in Fig. 1, GX now shows a tensile stress of 2950 Ib,, which 
indicates that wall should be further reduced to about 1.6 in. 
Fie. 3.—Reduce thickness of wall to 1.6 in. Proceedin — as per Fig. 1, GX now shows tensile stress of 2995 lb. per sq. in., 
tion gives ext. rad. of hub = 3in. +- 1.6 in. = 4.6 in., against 4.58 


and therefore the problem is solved. Graphical solu 
as calculated. 


N.B.—If Poisson's ratio should be different for the two materials, the P2 would be added to the extreme left of KG, and the pe 
. , ae “e 
deducted from extreme right of GH ; Point M would be on line AV produced, and the rest of the procedure would remain 


unaltered. 


The problem given in Professor Morley’s article is :— 
“To find the outside radius of a cast-iron hub forced on a 
steel shaft 6 in. in diameter. against a force-fit allowance 
of 0.0015.” Maximum tensile stress on hub to be 3000 Ib. 
per square inch; modulus of elasticity—C.I. hub— 
15,000,000 Ib. per sq. in., and shaft 30,000,000 Ib. per sq. 
in. Poisson’s ratio = }. 

According to Professor Morley, the maximum tensile 
R,? + R2? 
R;? - R2 
P2 = normal pressure between shaft and hub, 
R, = outer radius of hub, and 
R,. = inner radius of hub. 


The graphical treatment of the above problem, worked 
out according to Figs. 33 and 38, in the article of Novem- 
ber, 1909, is enclosed herewith. Yours truly, 

A. BREMBERG 
(of Messrs. Wa. BkarpMoRE AND Co., Ltd., Glasgow). 
Parkhead Forge Rolling Mills and Steel Works, 
Glasgow, August 17, 1911. 


stress on hub = py x . in which 





“PROGRESS IN AERONAUTICAL 
RESEARCH.” 
. To THe Eprror or ENGINEERING. 
_ S1k,—In the final paragraph of an article on “ Progress 


in Aeronautical Research,” appearing in your issue of 
August 11, » reference is made to # memorandum by 
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online KH. Set off 


1,000,000 
RS at R and S respectively. Then the number of units (AF) in 
From T set off TU = RS, and TW = force fit of 1.5 thousandths 


10-ft. side show k to be practically constant for the speeds 
of wind observed, and from the appearance of his plotted 
results there seems to be an indication of a decrease in k 
at the highest speeds. Dines’s experiments on a plate 
12in. square give k = 0.00167 at 21 miles an hour, and 
0.00135 at 40 milesan hour. Finally, Eiffel’s experiments, 
which are referred to later, show generally that k dimin- 
ishes as the velocity of each particular plate is increased. 

Your article states that the pro ormula is based on 
the results obtained by Stanton, Dines, and Eiffel, but on 
looking up the memorandum I find it is based principally 
upon Eiffel’s experiments with falling plates. 

There are one or two objections to this mode of oe 
ment, but the most serious objection is that the plates 
were not — at constant velocity, but with an acceler- 
ation, which, for the smaller plates throughout and for 
larger plates for the earlier portion of their descent, was 
nearly equal to the acceleration due to gravity—viz., 32.2 
foot-seconds per second. 

The memorandum states that the effect of acceleration 
is small, but the reasons for this statement are not given. 
In another part of the memorandum it is stated that if the 
volume of air accelerated with the awe is taken as 27%, 
the corrected results agree more closely with the pro- 
posed formula. 

So far as I am aware, systematic experiments on the 
accelerated motion of plates in air have not yet been carried 


volume of water accelerated with the plate is about 127°, and 
that this volume increases with the velocity. This increase 
with es appears to be borne out by Eden’s experi- 
ments on oon models in water (pages 48 to 51 of the 
Report), in which the dead water behind model C in- 
creased very —— with the velocity. Again, the 
Aeronautical port, 1909-10, page 178, states that 
Riabouchinsky, experimenting with an apparatus formed 
of two leaves which opened and shut with accelerated 
motion, found k = 0.885 (metric units), inst 0.682 for 
uniform motion. Finally, Eiffel, in his k, ‘* Resist- 
ance de |’Air,” page 2, gives to scale the stream-lines 
around a square plate of 50-cm. edge moving with a 
velocity of from 10 to 15 metres per second. The volume 
of “‘dead air” at the back of the plate (which is only a 
part of the total volume of air which is accelerated with 
the plate) is considerably in excess of 2 /°. 

In view of the above results, one is forced to the conclu- 
sion that the etfect of acceleration on resistance is treated 
far too lightly in the memorandum, and is probably such 
as to render the basis of the proposed formula totally 
unreliable. 

But even if the effect of acceleration is small, as the 
memorandum sup the question remains whether the 
results obtained by Eiffel with his falling apparatus are 
precise enough to deduce a formula of this sort. I believe 
they are not. 

iffel’s method of experiment is now well known. An 
apparatus carrying the plate fell along a vertical wire, 
the only vertical forces acting on the apparatus being the 
weight, the pressure on the experimental plate, and the 
resistance of the supporting apparatus. For the same 
speed the latter may be taken as constant whatever the 
size of plate. The velocities for each plate were taken 
after falls of 20, 40, 60, 80, and 95 metres—the latter being 
90 metres for the largest plate—and from the circum- 
stances of the experiments one might logically expect that 
for the same fall the velocity of the plates would gradually 
decrease as the size inc , 

Only one experiment was made with the smallest plate 
(7s Square metre), and four out of the five velocities re- 
corded are appreciably less than for the next size of plate 
(4 square metre). The velocity at 95 metres fall is mani- 
festly incorrect. A comparison of the times taken in 
falling the various heights shows that this smallest plate 
took appreciably longer to fall than the 4 and } square 
metre plates. The results for this plate are therefore 
unreliable. The memorandum states that “‘ Fiffel’s obser- 
vations for the largest plate (1 square metre) are not so 
numerous as for the other plates, and less weight there- 
fore attaches to them.” ese observations were more 
numerous than for the smallest plate, but a comparison 
of the results obtained in the two experiments for this 
plate leads one to the same conclusion as the memorandum. 

hree experiments were made with the plate of area 
} square metre, and the three results for each particular 
all differ by from 8 to 16 per cent. Two experiments 
were made with the plate of area 4 square metre, and 
these show a closer agreement, the largest difference 
being 8 per cent. Three experiments with the } square 
metre plate also fairly well, the greatest difference 
being 6 per cent., but even for this plate the three results 
for 95 metres fall ap) incorrect when compared with 
circular and rectangular plates of the same area. ; 
careful examination of Eiffel’s detailed results for 
square plates forces one to the conclusion that they are 
not sufficiently precise to form the basis of such a formula 
as is pro . This is quite apart from the effect of 
acceleration, of which there is little information. That 
available is totally opposed to the assumptions in the 
memorandum. 

It is interesting to note on page 54 of the Report that 
the results of experiments on a model and full-sized screw 
show that the law of similarity (Froude’s law) holds good. 
This has long been recognised for ship propellers. The 
writer believes that the same law will be found to be true 
for square plates moving normally to their surfaces. 

I am afraid, Sir, this letter will take up much of your 
valuable space ; but my excuse must be that the subject 
treated is one which is becoming increasingly important 
in connection with aeronautical research. 

I remain, Sir, yours faithfully, 
A. W. Jouns, R.C.N.C. 
104, Huron-road, Upper Tooting, London, 8. W., 
August 17, 1911. 





THE EFFICIENCY OF STEAM-TURBINES., 
To THE EpiTor oF ENGINEERING. 

Sir,—I observe in your issue of the 18th inst. a letter 
from Mr. M. G. 8. Swallow, of Hartlepool, _ saperding 
some remarks I made on Mr. Zoelly’s paper, before 
the Institution of Mechanical Engineers at the meeting 
at Zurich. 

I am afraid Mr. Swallow’s letter leaves me with the 
feeling that he has endeavoured to explain away the 
efficiency of the compound turbine, as given by Mr. Eric 
Brown at his lantern lecture, being less than the straight 
impulse-turbine as given by Mr. Zoelly. 

hough I had the pleasure of listening to Mr. Brown, 
I was not aware that he included in his thermal efficiency 
that of the dynamo. It would be a most unusual thing 
to do so. Mr. Zoelly, in his paper, did not limit the 
maximum efficiency of the impulse-machine to 73 per cent., 
but stated that more than that can be ubtained. 

The use of compound velocity-wheels is open to all 
makers, for it is known that they are a cheaper construc- 
tion. That they are also less efficient must be well recog- 
nised by Mr. Zoelly, for he has resisted all attempts to 
lower the efficiency of his turbine by their introduction. 
Yours truly, 





out. Beaufoy’s results with square plates of 21-in. side, 
moving through water at 2 ft. per second, show that the | 


Aan E. L. Croruton, 
Salfuerd Iron Works, Manchester, August 22, 1911, 
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INDUSTRIAL NOTES. 


Art the end of last week the railway traffic of the 


country was much disorganised, but the disorganisation 
varied greatly on different railways and in different 


localities, some of the companies having comparatively | 
little trouble in continuing their train service, while | 


others had to alter their time-tables very largely. The 
estimate of the number of railwaymen on strike ranged 
from 200,000 to 230,000, the former being vebabty 
the more correct estimate of the two. In many 
parts of the country trains were held up, more par- 
ticularly in the North, and with the exception of the 
London and South-Western Railway all lines appear 
to have been affected. There was also a considerable 
amount of dislocation on the Underground and Metro- 
politan Railways. All of the principal London stations 
were guarded by the military, while large bodies of 
troops were despatched to various unsettled parts of the 
country, the total number being, it is estimated, about 
50,000. Inthe Midlands and Wales signal-boxes were 
seized and trains stoned; indeed, acts of violence were 
reported from all over the country. It was announced on 
Friday, in the House of Commons, by Mr. Lloyd George, 
that Parliament would sit the following Tuesday, 
instead of being adjourned till October 28. The shortage 
of supplies due to the strike was seriously felt even at 
the end of last week, and it is sta that in the 
Middlesbrough district the furnaces at the ironworks 
had to be damped down owing to the — of fuel. 
It is also stated that the German shipping lines have 
reaped a rich harvest owing to the strike in Liverpool, 
and the Kaiserin Auguste Victoria left Southampton 
on Friday last for New York with every berth occupied, 
the last berth being, it is said, sold for 170 guineas. 
In London there was threatened a shortage in the milk 
supply, and a great many children are said to have 
died of dysentery. 

Considering the aspect of things on Saturday last, 
the men having broken the agreement of 1907, and 
estranged the public by their refusal of the Govern- 
ment offer of an inquiry by a Royal Commission into 
their alleged grievances, the strike was foredoomed 
to early failure. Few people, however, expected 
such a sudden collapse as took place late on 
Saturday night, and was announced all over the 
country on Sunday. When, on Monday, more was 
known as to the lines on which peace was said to have 
been secured, the first feeling of thankfulness gave 

lace to one of fear that the great fight had only 
teow delayed. In the northern parts of the country 
the men wanted no settlement such as had been 
arranged, and preferred to fight to the bitter end. 

The terms of the settlement arrived at on Saturday 
and signed by the Board of Trade were (1) The strike 
to be terminated forthwith, and the men’s leaders to 
use their best endeavours to induce the men to return 
to work at once ; (2) All the men involved in the pre- 
sent dispute, either by strike or lock-out, including 
casuals, who present themselves for work within a 
reasonable time to be reinstated by the companies 
at the earliest practicable moment, and no one to be 
subjected to proceedings for breach of contract or 
otherwise penalised ; (3) the Conciliation Board to 
be convened for the purpose of settling forthwith the 
questions at present in dispute so far as they are 
within the scope of such Boards, provided notice of 
such questions be given not later than fourteen days 
from the date of this agreement. If the Sectional 
Boards fail to arrive at a settlement, the Central Board 
to meet at once. Any decision arrived at to be retro- 
spective, as from the date of this agreement. It is 

reed that for the purpose of this and the following 
clause ‘‘rates of wages” includes remuneration, 
whether by time or piece; (4) steps to be taken 
forthwith to effect a settlement of the questions now 
in dispute between the compsnies and classes of their 
employees not included within the Conciliation Scheme 
of 1907 by means of conferences between representa- 
tives of the companies and representatives of the em- 
ployees who are themselves employed by the same 
company, and, failing ae y arbitration, to be 
arranged mutually or by the Board of Trade. The 
above to be a temporary arrangement pending the 
report of the Commission as to the best means of 
settling disputes ; (5) Both parties to give every assist- 
ance to the Special Commission of Inquiry, the im- 
mediate appointment of which the Government have 
announced ; (6) Any question which may arise as to 
the interpretation of this agreement is to be referred 
to the Board of Trade. 

The Government have given an assurance to the 
railway companies that they will propose to Parlia- 
ment next session legislation providing that an in- 
crease in the cost of labour due to the improved con- 
ditions for the staff would be a valid justification of 
a reasonable general increase of ch within the 
legal maxima, if challenged, under the Act of 1894. 


The names of the members of the Royal Commission 
appointed to inquire into the working of the railway 
conciliation scheme, which was agreed to by the rail- 
way companies and the representatives of the unions, 








HIGH-PRESSURE WATER-POWER WORKS. 
(For Description, see Page 252.) 
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Fic, 16. Generatine Tursines ; Brusto Station. 


were announced by Mr. Asquith in the House of | Ellis, secretary of the Mining Association of Great 
Commons on Tuesday last. They are the following :| Britain and the Federated Coal-Owners’ Association ; 
—The Right Hon. Sir David Harrel, K.C B., K.C.V.O.| Mr. Arthur Henderson, M.P., member for Barnard 
(Chairman), who was Permanent Under Secretary for | Castle division of Durham since 1903, and chairman 
Ireland, 1893-1902, and who is a member of the Board of the Labour Party in the House of Commons 190S- 
of Trade Court of Arbitration ; Sir Thomas Ratcliffe | 1910; Mr. Charles Gabriel Beale, of the firm of Beale 
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and Co., of London, solicitors to the Midland Railway 
Company; and Mr. John Burnett, chief Labour corre- 
spondent to the Board of Trade 1893-1907, secretary 
to the Labour Commission 1891-1894, and formerly 
general secretary of the Amalgamated Society of 
Engineers 1875-1886. The secretary will be Mr. J. J. 
Wills, of the Labour Department of the Board of 
Trade. 





While the agreement was being drawn up in 
London, rioting and disturbances continued in the 
provinces, being attended in Wales with loss of life. 
At Llanelly the soldiers were compelled to fire on the 
crowd, killing twomen. Fresh disturbances followed, 
and the mob set fire to the goods-shed and also some 
trucks. Some cylinders of explosives, stored in one of 
the trucks, blew up and killed seven persons, besides 
injuring many others. 

The strikers in Manchester rejected the London 
agreement, considering that they had been betrayed. 
At a meeting held at the Grand Theatre on Sunda 
afternoon a resolution put to the men, recommend- 
ing them to accept the agreement, was rejected by an 
overwhelming majority. On the North-Eastern Rail- 
way also many men resolved not to return to work, 
although the strike had been officially settled. The 
men of Newcastle resolved that an eight-hour day and 
4s. per week advance, and a minimum wage of 22s. 
per week, should be included in the terms of settle- 
ment. The case of the North-Eastern Railway 
was not included in Saturday’s settlement, as the 
men of that company were not parties to the con- 
ference. The general manager stated on Sunday that 
as their men left work without any grievances, 
the company were not allowing them to resume 
work except as might be required, and the whole situa- 
tion would be laid before the board. There appears to 
be a recalcitrant spirit among all the men on the North- 
Eastern Railway, and on Monday the men refused to 
return to work. The directors met at York and 
decided to reinstate the men on the terms of Saturday’s 
agreement, subject to the conditions that the men 
should return to duty at once and work amicably with 
non-unionists. The men, however, were not disposed 
to accept this decision, and referred the matter to the 
National Executive. At Newcastle, Tyne Dock, and 
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Hull the men also decided to remain out. Some 
rioting has occurred in Darlington. 

Late on Tuesday night a report came from York 
that the dispute had been settled, and that the execu- 
tive had advised the men to return to work. This was 
the outcome of an interview between Mr. Butterworth, 
the general manager, and the representatives of the men. 





In Liverpool chaos still reigned at the end of last 
week. There is great suffering among the poor, as 
the price of food has again advanced. On Friday 
night the city was in semi-darkness, on account of the 
failure of the electric supply, the men from the power- 
station having become affected. The streets were, 
however, relighted when the trams were stopped, and 
the station was afterwards worked largely by amateurs. 
On Sunday night it was stated that after a full meeting 
of the strike committee it had been decided that the 
transport workers, other than railway passenger service 
men, must not resume work pending further negotia- 
tions. 

On Monday it seemed as though matters were now 
settling down, for with the return of the rail- 
way men to work it was announced that the dockers’ 
strike was ended. There was in the evening, how- 
ever, another deadlock, because the tramway com- 
mittee refused to reinstate 250 strikers, on account of 
which the strike committee ordered the dockers, 
carters, &c., to remain out. The Home Secretary was 
requested by the Lord Mayor not to relax the aiitery 
and naval protection which had been afforded the 
port. The Lord Mayor also suggested that legislation 
was needed in order to deal with picketing and intimi- 
dation during strikes —rather a useless hint to a 
Government that has done so much to strengthen the 
pickets’ hands by the passing of the Trades Disputes’ 
Act. What makes the matter complicated is that the 
non-union men who remained loyal outnumber the 
union men, and threaten to come out if the strikers 
are taken back, while the railway men say that they 
will commence another strike if the union men are 
not reinstated. 

On Wednesday afternoon, Mr. Tom Mann (chair- 
man of the Strike Committee), Mr. Cotter, (secretary 








of the Stewards’ Union), Mr. Bromley (organising 





Fic. 18. ANCHORAGES ON THE NEw Prrs-Line. 










secretary of the Associated Locomotive Engineers 
and Firemen’s Union), left London for Liverpool in 
order to start another national strike if the 250 tram- 
waymen who went out on strike are not reinstated. 
Up to the time of going to press the result of their 
visit is not known. 





On Friday last it was announced for the second 
time that the dock dispute was ended, and we can now 
only hope that a satisfactory settlement has really 
been arrived at. The mutual arrangement between 
the contending parties appears to have been due to a 
conference held at the ees Office, under the chair- 
manship of Mr. John Burns, President of the Local 
Government Board, who accepted the office of arbi- 
trator on certain points that may arise in the working. 
The settlement states that it is to be final, and that 
no fresh points are to be raised after the signature. 
The following are the main points of the agreement : 
The settlement is to be on the lines of the agreement 
of July 27, and the subsequent award of Sir A. 
Rollit, except as expressly modified. Questions 
affecting stevedores are to be dealt with under the 
existing award. Men employed for discharging 
vessels on the over-sea trade are to be engaged 
outside the docks, and questions arising on this 
point are to be referred to Mr. John Burns, or an 
arbitrator appointed by the President of the Local 
Government Board for the time being. (The Port of 
London Authority, however, are not affected by this 
clause.) T rt workers will not ja that 
either foremen or tally-clerks shal] be members of their 
federation. It is acknowledged that some little fric- 
tion may be experienced in getting to work, but it is 
not likely that any serious trouble will arise. 





The miners of the Rhondda Valley are again restive, 
and occupied themselves on Monday last at Porth b 
passing the following resolution:—‘‘ That we call 
upon the South Wales Federation Executive Council 
to ask the Miners’ Federation of Great Britain Com- 
mittee to take immediate action to establish a minimum 
wage for all persons employed at the collieries, and, 
failing this, we call upon them to take immediate 
action to secure a minimum wage for working in 





abnormal places.” The object of the Rhondda men 
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is to get a general stoppage of the collieries 
in Great Britain, and if they cannot effect this, then a 
complete stoppage of the collieries in Wales. They 
were promised that, at the conference of the Miners’ 
Federation of Great Britain to be held in October, 
the following motion would be discussed :—‘‘ That a 
general stoppage be declared throughout the Federation 
area for the purpose of securing for all colliery work- 
men a definite guaranteed wage.” It is thought that 
the men of the Rhondda Valley, who number about 
12,000, may take drastic action. The feeling among 
the men appears to be that it is only by following the 
action of the seamen and railwaymen that they can 
nye to have what they want. 

here has been a renewal of serious rioting in Wales 
this week, the mining valleys of Monmouthshire, Ebbw 
Vale, Rhymney, and Tredegar being principally 
affected, and looting was carried out on a large scale. 
There were also lively scenes in Darlington on the 
North-Eastern Railway, and men in o——- of wagons 
ee with goods were violently assaulted by gangs of 
ruffians, 


The Amalgamated Association of Tramway and 
Vehicle Workers .have issued to the ‘people of 
London” a *‘ manifesto” detailing the grievances of 
the London County Council tramway workers, and 
demanding a meeting of the Highways Committee and 
Conciliation Board for the consideration of these. It 
is stated that the inaction of the committee has 
brought the men “to the end of constitutional 
action ;” but no threat is made. A little patience 
will influence public sympathy. 





FOUR-CYLINDER PASSENGER LOCOMO- 
TIVE; ITALIAN STATE RAILWAYS. 
In our issue of the 11th inst. we gave* a two-page 
engraving (Plate XX XV.) and other illustrations of a 
new class of engines built recently by the Societa 
Italiana Ernesto Breda, of Milan, for the Italian State 
Railways. These illustrations comprised a longitudinal 
sectional elevation, half plans and cross-sections, and 
details of the cylinder and valve gear of this type of 
engine. These drawings we now gyn by another 
two-page engraving (Plate XXXVII.) and other illus- 
trations on page 260. The following are the chief 
particulars of this locomotive and its tender :— 
Engine : 
Diameter of the four cylinders... 450 mm. (17.71in.) 
Stroke + “a vi j (26.77 ., ) 
Diameter of driving-wheels (6 ft. 8 in.) 
gie-wheels ... 1090 et et 
ie trailing-wheels ... 1360 ,, (4,, 54,, ) 
Working pressure ie ... 12 kg. per sq. cm. 
(170 lb. per sq. in.) 
, 3.50 sq. m. 
(37.67 sq. ft.) 
j . ( 172sq. ft.) 


ae le ie 
-. 2030 , 


” ” 


Grate area 


Heating surface, fire-box 
tubes ... = (2088 
on total 
Superheating surface 
Weight, empty 


i 78,800 kg. 
(77 tons 11 cwt.) 
51,000 


51, kg. 
(50 tons 4 cwt.) 
7,300 kg. (86 tons) 


on driving- wheels 


in in working order 
Tender : 
Diameter of the eight wheels ... 1095 mm. (3 ft. 7 in.) 
Water capacity ... oe ...20 cub. m.(4400 galls. ) 
3 vat eg 8 tons 
‘.. 21,600 kg. (21 tons) 
49,600 kg. 
(48 tons 16 cwt.) 


Fue mu sas 
Weight, empty ... ad 
in working order 


Engine and Tender : 
Total length 04 a: ... 22,275 mm. (73 ft.) 
»» weight in working order... 136,900 kg. 
(134 tons 16 cwt.) 

A characteristic of this new ‘‘ Pacific” locomotive of 
the Italian State Railways is the form of the grate, 
which is of two different: widths, the front end being 
made narrower than the after end (see Fig. 2, Plate 
XXXYV.), to enable the front portion of the fire-box 
to fit between the wheels of the rear coupled axle, 
while the after part, of greater width, extends over 
the trailing-wheels. This form of grate, but with 
a somewhat different method of connecting the two 
widths, had already been used by the Paris-Orleans 
Railways, and also = the South of France Railways. 
It was applied to the Belgian State Railway loco- 
motives of type 12 (2-4-2 Columbia), the first of 
which was shown at the Antwerp Exhibition in 1894. 
This grate was designed by Belpaire, who, in 1884, 
— it first to a locomotive of type 6 for the 
Belgian State Railways. We gave an illustrated 
description of the locomotive No. 12 of the Belgian 
State Railways at the time (see ENGINEERING, 
vol. lviii., es 293 and 321), 

As for the other details, the locomotive we illus- 
trate is built on the standards of the Italian State 
Railway ; it is fitted with a Schmidt steam-super- 
heater, and with a feed-water purifier of the Galedort 





* See page 192 ante, 


|system. The boiler tubes are smooth, there being 
2 having a diameter of 125 mm. and 133 mm. (4.9 in. 
| and 5.2 in.), and 155 having a diameter of 47 mm. and 
| 52 mm. (1.8 in. and 2in.). The distance between the 
tube-plates is 5.8 m. (19 ft.). The boiler shell has an 
average diameter of 1.68 m. (5 ft. 6 in.) ; the centre of 
the boiler is 2.87 m. (9 ft. 5 in.) above the rail level. 
The theoretic draw-bar pull is 13,060 kg. (28,784 lb.) 
maximum. The locomotive is provided with the follow- 
ing accessory apparatus :— A quick-acting Westinghouse 
compressed-air brake ; a steam heating apparatus on 
| the Haag system, for the train ; a Zara throttle, with 
balanced valve ; a Flaman speed-recorder ; a Leach 
sand-box ; a Coale safety-valve; a Michalk lubricator ; 
and a Gilsdorf feed-water strainer. Figs. 13 to 16, on 
page 260, show respectively the leading bogie, the 
trailing Bissell track, and two views of the cylinders 
and valve-chests. 

The tender is with two trucks, of a type adapted 
for high speeds, imported into Italy from America 
with the locomotives ‘“‘F. 8. Gruppo 666” and 
‘*Gruppo 720.” Its design is clearly shown by Figs. 9 
to 12, on Plate XX XVII. 

At the Turin Exhibition the locomotive is shown at 
the head of the ‘‘ modern train” which is exhibited by 
the Italian State Railways. It was built by the Breda 
Company in six and a half months only. 








THE LATE MR. F. H. MOLLETT. 

WE regret to record the death, on the 20th inst., 
at his residence at Surbiton, of Mr. Frederick Herbert 
Mollett, who was known to a wide circle of engineers 
from his connections with eminent firms of consulting 
engineers and contractors. 

r. Mollett was born in 1846, and had reached the 
age of sixty-five in May last. After a general 
sluntien he was articled, during the years 1865 
to 1868, to Mr. Turner, M. Inst. C.E., 
engineer to the London, Chatham, and Dover and 
allied railways, which were then in course of 
construction, remaining afterwards with him, as 
assistant, until Mr. Turner’s retirement in 1870. For 
the next two years he was occupied in preparing 
parliamentary plans, working surveys, and details of 
various tramway schemes, including schemes for 
London and Dublin, water works, and drainage, &c. 
This variety of work he carried out for Mr. 
Hennell, M. Inst. C.E., Mr. J. Kincaid, M. Inst. C.E., 
and Mr. J. Newton. Subsequently he was employed 
by Mr. Thomas to superintend the preparation of 
parliamentary plans for the Cornwall Minerals Railway, 
and he was afterwards in charge, as resident engineer, 
of the construction works in the Fowey district 
of this line. This occupied his attention until 1875, 
when he was engaged under Mr. (afterwards Sir) Wm. 
Shelford, M. Inst. C.E., as chief assistant, in making 
the working surveys, and designing works, &c., on the 
Louth and East t Railway. His work for Mr. 


)| Shelford also included parliamentary work in con- 


nection with other tramway and railway schemes. 
During the years 1877-79 Mr. Mollett practised on his 
own account, being connected during part of that time 
with the parliamentary work, and subsequently with 
the construction, of a short railway in Wales. In 1879 
he returned to Mr. Shelford as chief assistant, and was 
engaged on the preparation of the re and 
working plans for the Hull and Barnsley Railway. 
Subsequently he superintended the preparation of the 
contract drawings, &c., for this line, and acted as 
superintendent of the construction works and of later 
extensions. 

In 1887 Mr. Mollett joined the staff of Messrs. Sir 
John Hawkshaw, Son, and Hayter (now Messrs. 
Hawkshaw and Dobson), as resident engineer, under Mr. 
Dobson, on the Buenos Aires new harbour works, for 
which that firm were consulting engineers. He subse- 
quently joined Messrs. C. H. Walker and Co., Limited, 
who were the contractors for that work, and continued 
with them until the spring of this year, as advising 
engineer. During this period the firm have been 
engaged on many ae contracts, as, for instance, the 
Southern Dock for the Buenos Aires Great Southern 
Railway, the Bermuda Breakwater for the British 
Government, Rio Harbour improvements, and the 
Transandine Summit Tunnel, &c. He was elected 
an associate member of the Institution of Civil 
Engineers in 1872, and was transferred to the class 
of members in 1887. 








THE LATE MR. W. HODGSON. 
Tuer death is announced as having occurred, on the 
| 20th inst., of Mr. William Hodgson, M. Inst. C.E., 
| who was connected with a good deal of construction 
work on English railways. 

Mr. Hodgson was born in 1851, and in 1874 was 
articled to Mr. J. T. Crossley, M. Inst. C.E., remainin 
with him until 1877. During part of that time he ac 
as assistant resident engineer on the work in connection 
with the construction of the Nottingham and Melton 
Railway of the Midland Company. In 1879 he acted as 
assistant resident engineer for the work at the Poplar 

, Dock of the Midland Railway, being engaged in the 








design and construction of this work, and also of work 
connected with St. Pancras, until the end of 1880. At 
the close of that year he acted as resident engineer 
on the construction work for the Tottenham and 
Hampstead north curve on the Midland, under Mr. J, 
Underwood. In 1883 he became resident engineer on 
the Market Harborough new line and works for the 
Midland Railway, including alterations on the London 
and North-Western Railway. He became an associate 
member of the Institution of Civil Engineers in 1878, 
and a full member in 1886. 





NOTES FROM THE NORTH. 
Grascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was firm, and 7000 tons of Cleveland 
warrants changed hands at 47s. 5d. and 47s. 54d. cash, 
47s. = ¢ and 47s. 10d. one month, and 48s. 3d. and 
48s. 4d. three months. Closing sellers quoted 47s. 74d. 
cash, 47s. 104d. one month, and 48s. 44d. three vod og 
Hematite gg yf to 2000 tons was done at 63s. 74d. 
three months. In the afternoon the market was the turn 
easier, and 2000 tons of Cleveland warrants were done at 
47s. 64d. cash and 47s. 94d. one month, and at the close 
there were sellers at 47s. 7d. cash, 47s. 10d. one 
month, and 48s. 4d. three months. Hematite—2000 tons— 
changed hands at 63s. 2d. and 63s. 24d. one month, with 
buyers over at the latter figure. On Friday morning 
Cleveland warrants were steady, and the business 
amounted to 3000 tons at 47s. 64d. cash, with buyers 
over, and sellers at 47s. 7d. For the other ition 
sellers quoted 47s. 10d. one month and 48s. 4d. three 
months. Hematite was stronger, and 1000 tons were 
done at 63s. 3d. one month, with buyers over. The after- 
noon session was quiet, and dealings were limited to 
1000 tons of Cleveland warrants at 47s. 94d. one 
month. Closing sellers quoted 47s. 7d. cash, 47s. 10d. 
one month, and 48s. 4d. three months. On Monday 
morning the market was quiet, and 2000 tons of 
Cleveland warrants were done at 47s. 9d. cash, 48s. 
one month, and 48s. 14d. October 6. Sellers’ closin 
prices were 47s. 84d. cash, 47s. 114d. one month, an 
48s. 54d. three months. Hematite was quoted at 63s. 3d. 
cash sellers with buyers at 63s. 3d. one month. In the 
afternoon Cleveland warrants were weak, and the turn- 
over consisted of only 1500 tons at 47s. 7d. cash and 
47s. 94d. one month. Closing prices were 47s. 7d. cash, 
47s. 10d. one month, and 48s. 4d. three months. Hematite 
was steady with sellers at 63s. 6d. one month. On 
Tuesday morning a better tone prevailed, and Cleveland 
warrants were put through at 47s. 74d. cash, and 
47s. 10d. one month, with sellers over at 47s. 74d. cash, 
47s. 10}d. one month, and 48s. a three months. The 
turnover was only 1500 tons. Sellers of hematite quoted 
63s. cash. The afternoon session was dull and quiet, and 
dealing was confined to 500 tons of Cleveland warrants at 
47s. 7d. cash, with sellers over. For the other positions 
there were sellers at 47s. 10d. one month, and 48s. 4d. 
three months. Hematite was quoted by sellers at 
62s. 104d. cash and 63s. 9d. three months. When the 
market opened to-day (Wednesday) the tone was dull, 
and Cleveland warrants were 1d. down. The turnover 
amounted to 5000 tons at 47s. 6d., 47s. 44d., and 47s. 5d. 
cash, and 47s. 54d. nine days, and at the closing the prices 
were 47s. 6d. cash, 47s. 9d. one month, and 48s. 3d. three 
months sellers, buyers offering 1d. less. Sellers of hema- 
tite quoted 62s. 104d. cash. In the afternoon the market 
was quite idle, and no dealing was recorded. Sellers’ 
closing quotations for Cleveland warrants were 47s. 7d. 
cash, 47s. 10d. one month, and 48s. 4d. three months. 
The following are the market tw for makers’ 
(No. 1) iron:—Clyde, 61s. 6d.; Calder, 61s. 6d.; Gart- 
sherrie, 62s.; Summerlee, 64s.; Langloan, 63s.; and Colt- 
ness, 82s. 6d. (all shipped at G w); Glengarnock (at 
Ardrossan), 64s.; Shotts (at Leith), 63s.; and Carron (at 
Grangemouth), 63s. 6d. 

Sulphate of Ammonia.—A fairly steady tone still pre- 
vails in the sulphate of ammonia market, and the price 
to-day is quoted without change at 14/. 2s. 6d. per ton for 
won t delivery, Glasgow or Leith. The amount shipped 

rom Leith Harbour last week was 2325 tons. 


Scotch Steel Trade.—A healthy tone prevails in the 
Scotch steel trade this week, and makers are all busy. 
The probability of having to shut down plant owing to 
the trouble with the railway men is now practically past, 
and raw material is now coming freely to hand. Speciti- 
cations for ship-plates forhome consumption are plentiful, 
while the demand from South America, India, and Japan 
is also extremely good. Some orders for boiler-plates 
have just been secured, and angles and sectional steel 
makers report an increased business. No falling-off has 
taken place in the demand for black and galvanised sheets 
and producers are exceedingly a while the prices for 
the former are up by about 12s. 6d. per ton. For struc- 
tural steel a g rices all round are 
firm. 

Mallcable-Iron Trade.—The malleable-iron makers in 
the West of Scotland report that business is rather better 
this week, but supplies of raw material are not coming to 
hand as freely as they require owing to the strike at the 
docks. The prospects are better and prices are the turn 
higher than was recently reported. 


Scotch Pig-Iron Trade.—The demand for the ordinary 
qualities of Scotch pig-iron still continues, princi ly on 
home account, with a fair inquiry for export. Foundry 
iron is also in request, and good deliveries are going 
through. Hematite has taken a turn for the better, and 
quite a lot of booking has been done at from 64s. to 64s. 64. 
per ton, with buyers for forward lots over at these quota- 
tions. 


inquiry prevails. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Effects of the Strike.—Since last Wednesday the condi- 
tion of the Sheffield industries has been bad. At the 
week-end many works were shut down, and large depart- 
ments in others had to cease work, all on account of 
a shortage of fuel. Had the railway strike lasted much 
longer local trade would have been brought to an absolute 
standstill. The head of one of the firms which 
was compelled to close down communicated with the 
Prime Minister, the Home Office, and the Board of 
Trade, pointing out that men willing to work were unable 
to do so on account of the strike, and posted up a notice 
at the works to similar effect. 


South Yorkshire Coul Trade.—The good influences 
which during the past few weeks have had such a bene- 
ficial effect upon the steam-coal trade still obtain. 
Demands both for shipment and industrial consumption 
have been large, and tonnages —a brought up 
to a level which will compare satisfactorily with those 
recorded last year at the same time. Prices are stronger, 
and coal-owners are expecting the shipping season to 
close well. The pressure of orders for gas-coal has been 
considerable both on home and export account. The 
house-coal market has been rather quiet, but a more lively 
demand from London is reported, resulting in a reduc- 
tion of stocks. With the end of the heat-wave, and the 
drawing-in of the summer season, business is expected to be 
active in the immediate future. The strike caused almost 
acessation of business on the local Exchange at the week- 
end, and prices remained unaltered. They are:—Best 
branch hand-picked, 13s. to 14s.; Barnsley best Silk- 
stone, lls. to 12s.; Silkstone, 9s. to 10s.; Derbyshire 
house, 9s. ; large nuts, 7s. 3d. to 9s.; small nuts, 5s. 6d. 
to 6s. 6d. ; Derbyshire brights, 9s. 6d. to 11s. ; washed 
nuts, 7s. 6d. to 8s. 6d.; rough slacks, 5s. 3d. to 7s.; 
seconds, 4s. 3d. to 5s. 3d.; and smalls, 2s. to 3s. 


Tron and Steel.—The Sheffield industries, in a meta- 
phorical sense, are beginning to breathe again. The 
railway strike was a sort of hand at their throat ; without 
fuel and raw materials to consume, production had to 
cease. With something like a normal flow of supplies 
they may be expected quickly to be in full swing again. 
Speaking generally there is abundance of work, and orders 
held over and deliveries suspended are likely to result in 
extreme pressure for some time. The raw material 
market kept very firm throughout the trouble, and hema- 
tite producers, though officially quoting recent prices, are 
asking more for forward deliveries. Billets are firm and 
bars are in about the same position, the South Yorkshire 
Bar Iron Association having decided at their last meeting 
to maintain the 6/. 15s. figure. Since business transactions 
during last week were so small the general industrial 
position in Sheffield is about the same. It is obvious that 
the majority of firms will have suffered financially, particu- 
larly in regard to foreign orders, which may quite con- 
ceivably have been diverted on account of unsettled 
industrial conditions here. The strike was particularly 
unfortunate in that this year, contrary to the usual 
experience, the month of August has found the Sheffield 
manufacturers with pretty full order-books. At this time 
in an ordinary year a week’s stoppage would not have 
been of nearly somuch moment. From the employers’ 
view solely it might have been profitable to have closed 
departments rather than have kept machinery running 
for an inadequate amount of work. 





Tue Royat Sanirary Institvte.—This Institute 
announce a series of lectures and demonstrations for 
sanitary officers; of lectures to assist school teachers and 
other students entering for the examinations in hygiene 
in its bearing on school life, and for women health visitors 
and school nurses ; and of lectures for candidates prepar- 
ing for the examination for inspectors of meat and other 
f These lectures commence in September and 
October next, and further data concerning them can be 
obtained from Mr. E. White Wallis, secretary of the 
Sanitary Institute, 90, Buckin cham Palace-road. 8S. W. 





Goops Train Brake Tests.—Tests of continuous 
goods train brakes were made on July 10 and 11 on the 
Orléans Railway between Vierzon and ~~ by the 
Engineer-in-Chief Sabouret, in the presence of the Comité 
de Y Exploitation Technique des Chemins de Fer. The 
trains were: One of twenty-eight carriages, total weight 
350 tons, on an incline of 25 : 1000 ; one of sixty carriages, 
total weight 830 tons, on an incline of 15 : 1000 ; one of 
eighty carriages of 1130 tons weight, on an incline of 
5:1000. The results were very satisfactory, although 
the speeds were raised to 50 km. and 55 km. per hour. 
One train was run down an incline of 25 : 1000, 600 metres 
in length, without putting on counter steam, the usual 
French practice. the experiments have been described 
in Le Génie Civil. Goods train braking has seldom been 
applied in Europe so far on trains of more than forty 
carriages, although it is common practice in the United 
States. The reason is that the American .coupling prac- 
tically makes the whole train a continuous whole, which 
is gradually brought tc a standstill without violent 
knocking of the carriages against one another. In order 
to avoid these shocks, the locomotive and tender and 
the front part of the train could, in the French experi- 
ments, be braked independently of the rear; this was 
achieved with the aid of a double valve at about one- 
fifth the train-length. The front part is first put under a 
slight brake pressure; the remainder of the train is 
then braked; when the train is very long a second 
double valve is provided. The experiments were con- 
ducted with brakes of the Westinghouse, Wenger, 
Lipowski, and Knord types, all of which could easily be 


fixed on goods carriages. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mrpp.esBroucH, Wednesday. 

The Cleveland Iron Trade.—What with the annual 
local holidays, and the unfortunate railway strike, the 
Exchange here might almost as well have been closed 
this week, for very few traders have put in an appear- 
ance, and business has been practically at a standstill. 
Now that the serious labour trouble is over, however, 
very considerable activity is confidently looked for. 
Most of the blast-furnaces have had to be damped down, 
owing to difficulty in obtaining adequate supplies of coke 
and limestone, due to the railway stop Some forty 
furnaces have been damped or put on Plank blast, but they 
will quickly be put into operation again. Values of pig iron 
are strong. No. 3 g.m.b. Cleveland is fully 47s. 9d. f.o.b., 
whilst No. 1 is firm at 51s. 3d.; No. 4 foundry, 47s. 3d. ; 
No. 4 forge, 46s. 9d. ; and mottled and white iron, each 
46s. 3d.—all for early delivery, higher rates being asked 
on forward account. A rather better account is given of 
East Coast hematite pig iron, and consumers are under- 
stood to be in need of supplies, so that buying at an early 
date is anticipated. Mixed numbers are said to 
obtainable from some second hands at 61s., but makers, 
as a rule, will not quote below 61s. 3d., and some pro- 
ducers are inclined to hold out for a higher figure, 
declaring that the foregoing quotations are unremunera- 
tive. There isstill no business ing in foreign ore, and 
market rates remain nensinaliy based on 19s. ex-ship Tees 
for best Rubio. Coke prices have been very high for 
immediate delivery, owing to scarcity due to difficulty of 
transit owing to the railway strike, but affairs are rapidly 
becoming normal again. For delivery over the last 
quarter of the year, ave’ blast-furnace coke has been 
sold rather freely at 14s. 6d. 


Stocks and Shipments ot Pig Iron.—Stocks of pig iron 
show little alteration. To date this month 725 tons of 
Cleveland pig have been taken from the warrant stores, 
where the stock remains about 600,000 tons. Stores in 
makers’ yards are stationary. Shipments of pig are on 
an excellent scale; up to to-night they reached this month 
73,139 tons, as compared with 60,924 tons to the same 
date last month, and 70,722 tons for the corresponding 
part of August last year. 


Manufactured Iron and Steel.—Manufactured iron and 
steel works are cl , as is usual during the local race 
week, and consequently these two important branches of 
the staple industry have not been inconvenienced by the 
disastrous railway strike. (Quotations all round are firm. 
Common iron bars are 7/.; best bars, 7/. 7s. 6d.; best 
best bars, 7/. 15s.; packing iron, 5/. 15s.; iron ship- 
plates, 6/. 10s.; iron ship-angles, 7/.; iron ship-rivets, 
7l. 5s. ; iron girder-plates, 6/. 17s. 6d.; iron boiler-plates, 
71. 7s. 6d.; steel bars, 61. 5s.; steel ship-plates, 6/. 15s. ; 
steel ship-angles, 6/. 7s. 6d. ; steel strip, 6/. 10s.; steel 
hoops, 6/. 12s. 6d.; and steel joists, 6/. 7s. 6d. to 62. 10s. 
—all less the customary 24 per cent. discount. Cast-iron 
columns are 6/. 10s.; cast-iron railway chairs, 3/. 12s. 6d.; 
light iron rails, 6/. 10s.; heavy steel rails, 5/. 12s. 6d.; 
and steel railway sleepers, 6/. 10s.—all net at works. 
Galvanised corrugated sheets are 111. 5s. f.o.b.—less the 
usual 4 per cent. 








MONUMENT TO THE LATE J. Avucustin NorManp.—A 
statue of the late J. Augustin Normand was unveiled on 
Sunday last, the 20th inst., on the Place du Vieux Marché, 
Havre, in the presence of a large concourse of local autho- 
rities and personal friends. M. Normand passed away on 
December 11, 1906, and in the obituary notice which we 
gave at the time (see ENGINEERING, vol. lxxxii., page 806) 
we refe both to the work which he had carried out 
and to his charming qualities and unvarying courtesy. 
The fact that his native town has raised a statue to his 
memory less than five years after his death, affords a proof 
that the value and geniality of the man are fully appre- 
ciated. British naval architects were represented at the 
ceremony by Sir William H. White, K.C.B., Mr. 8. W. 
Barnaby, and Mr. John Gravell. 





JAPANESE Rarttways.—The following information, 
sent us by the Commercial Intelligence Branch, Board of 
Trade, is from the report by the British Acting Com- 
mercial Attaché for Japan on the trade of that country in 
1910, which will shortly be issued :—In last year’s report 
attention was drawn to the boom in schemes for light 
railways and lighting companies. The number of new 
proposals for undertakings of these descriptions and 
extensions of existing ones has increased during 1910. 
In August a light railway law was put in force. The 
object of this law is to enforce proper control over the 
promotion of schemes for constructing light railways, 
and also to encourage the construction of such lines 
in order to connect minor centres of trade and production 
with the existing lines of railway. The nationalisation of 
the railways has had the effect of checking private enter- 
prise in this direction, while the State is unable to spare 
funds sufficient to meet the demands for railway extension. 
Consequently it is hoped that this law will attract private 
capital to the construction of light railways. A more 
powerful fillip to this industry was given by the news of 
the Government’s intention to introduce into the Diet 
during the 1911 session a Bill for granting subsidies to light 
railways. This Bill was by the Diet. The date 
of its coming into force is not yet fixed. It should 
be repeated here that, on account of the financial standin 
of some of these undertakings, it is advisable for Britis 
merchants to do business with them only through firms or 
representatives in Japan, as the latter are in a position to 
ascertain whether contracts can safely be accepted. 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—Work has been generally, but not quite com- 
pletely, resumed at the docks. Many collieries have been 
unable, however, to resume operations, in consequence of 
an absence of empty wagons. Under these circumstances 
coal prices have ruled firm for both large and small. The 
best large steam coal has made 19s. to 19s. 6d. per ton; 
secondary qualities have ranged from 16s. 6d. to 18s. 6d. 
per ton ; best bunker smalls from 10s. 9d. to 11s. per ton ; 
and cargo smalls from 8s. 9d. to 9s. 6d. per ton. The 
best ordinary household coal has been quoted at 14s. 6d. 
to 16s. 6d. per ton ; No. 3 Rhondda large has made 17s. to 


17s. 6d. per ton, and smalls, 10s. 6d. to 10s. 9d. per ton. 
No. 2 Rhondda large has been quoted at 12s. 3d. to 
12s. 6d. per ton, and smalls, 8s. to 8s. 6d. per ton. 


Foundry coke has brought 18s. to 20s. 6d. per ton, and 
furnace ditto, 16s. to 17s. per ton. As regards iron ore, 
Rubio has realised 18s. 6d. to 19s. per ton, upo i 
of 50 per cent. of iron, and charges, including freight, 
insurance, &c., to Cardiff or Newport. 


Newport Bridge.—The re-building of Newport Bridge 
was discussed at considerable length at a special meeting 
of the Town Council on Tuesday. Mr. Alderman Can- 
ning, in bringing up a report of a joint committee on the 
matter, recommending that a new bridge 60 ft. wide be 
built of ferro-concrete (with the alternative of parapets in 
Cornish granite), and that engineers be invi to submit 
designs and estimates, dealt with the question of the 
stability of ferro-concrete. He said he had had some 
experience as engineer to the Newport Gas Company of 
that material, having laid long floors in the retort-house 
carrying a weight of 300 lb. per sq.ft. In the four 
years of the life of those floors there was no deflection or 
vibration at all. The fact that the Government was the 
largest user of ferro-concrete was also asignificant point. 
After a long discussion, it was agreed that, with a view to 
giving additional time for the preparation of designs, 
the Council should abandon the idea of going to Parlia- 
ment next session. The time for sending in designs and 
estimates was extended to mber 30 next, and a Bill 
will be promoted in the following session of Parliament. 
Subject to this extension of time, the scheme was ap- 
proved. 


Gloucester Wagon Company.—The report of the directors 
of the Gloucester Railway Carriage and Wagon Com- 
ny, Limited, states that the revenue from wagon rents 
as been well maintained ; but that, owing to unprece- 
dented competition, a loss on the manufacture of rolling- 
stock has occurred. The directors accordingly regret 
that they are unable to recommend any further dividend 
for the past year. They propose to take 10,000/. from 
the reserve fund ; and after deducting the loss, to carry 
2134/. forward to next year’s account. The usual charges 
for depreciation of land, buildings, machinery, and 
wagons, amounting to 11,464/., have been provided for. 
The directors report that there is now a great improve- 
ment in trade ; there are orders upon the books at re- 
munerative prices, and they look forward with confidence 
to satisfactory results in the coming year. The company 
now repairs and maintains 24,572 wagons, including those 
belonging to it. 

New Slip at Pembroke.—Messrs. Relf and Sons, Ply- 
mouth, who have been entrusted with a contract for a 
patent slip for — -¢ at Pembroke Dockyard, have 
commenced work. The original estimated cost of the 
slip was 14,000/., which was, however, increased to 
22,0002. last year, 5001. being expended on surveys and 
other preliminary work. Messrs. Relf’s tender was 
17,6951. About 13,5001. is to be expended during the 
current financial year. 


The Ebbw Vale.—A remarkable state of affairs exists at 
the works of the Ebbw Vale Steel, Iron, and Coal 
Company, Limited. The 4 aleges that it is 
impossible for it to compete in bars and billets against 
German and American terms, and that the foreign pro- 
ducers are determined to undersell the company by at 
least 5s. per ton in any case. On the other hand, other 
causes are all to be at the root of a stoppage of work, 
by which nearly 4000 workmen have been thrown idle. 








ILLumINATING Gas FROM SEWERAGE.—According to a 

ragraph in La Technique Moderne the Municipality of 
3riinn, Austria, have decided to filter the town sewerage 
and to distil the solid residue for obtaining illuminating 
gas. Analyses made at different iods from 1906 to 
1909 show that at Briinn 1 cub. m. (220 gallons) of sewer- 
age yields on an average 1666.4 grammes (3.7 Ib.) of solid 
residue. The yield in gas of the latter amounts to 
23.8 cub. m. (840 cub. ft.) per 100 kg. (220 1b.) of solid 
residue ; the gas has a calorific value at least equal to 
that of coal-gas, and gives a better light than the latter. 





Etecrric Power ror Buroos, Srpain.—The bydro- 
electric power-transmission plant for the supply of 
electricity for the town and district of Burgos, in Spain, 
from the River Ebro, was opened last March. A com- 
— - El Porvenir de Bu ”—was established in 
1906, and at present two turbines, each of 600 horse- 
power, are being driven by the water of the Ebro River ; 
the feeding-conduit has a length of 2 miles, and crosses 
the Ebro once. The turbines are of the Francis type 
with horizontal shafts and spiral casing, rovided with a 
servo-motor, an oil-pump, and a FF maces pendulum 

tor. They run at 600 revolutions, and were built by 
the E.A.G., late Kolben and Co, Three-p! currents 
are ees at 3300 volts and 50 periods. Current, at 
30,000 volts, is transmitted to Burgos, more than 30 miles 
distant, where the tension is again reduced to 5000 volts, 
and at the distributing stations to 120 volts, 
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FRIDAY, AUGUST 25, 1911. 


THE RAILWAY STRIKE; ITS CON- 
SEQUENCES AND LESSONS. 

Tue short-lived strike of the railway workers, 
with its attendant series of outrages, has already 
had great effect, and is destined to have still more 
influence in the future. We do not refer so much 
to the meeting of representatives of the railway 
companies and of the men’s unions, whereby a truce 
was arranged : such conferences between contending 
parties are helpful, even if not always effective, in 
the settlement of disputes. Nor do we even regard 
as of first consequence the appointment of the Com- 
mission of Inquiry to investigate the working of the 
Railway Conciliationand Arbitration Scheme of 1907, 
and to report what changes, if any, are desirable, 
with a view to the prompt and satisfactory settlement 
of such differences as may arise. This commendable 
step, with its potentialities for ensuring permanent 
agreement, could have been brought about without 
a cessation of work. The greatest direct consequence, 
and the one which may have far-reaching results, is 
that public opinion has been awakened and educated 
as to the methods of trade unionism, the barbarism 
of strikes, the tyranny of picketing, and the general 
resulting loss, in a way which is impossible with 
strikes in any other industry. Employers have 
often fought at great expense for the mainten- 
ance of principles of equity, for the honourable 
fulfilment of agreements come to by accredited 
representatives of employers and men, and against 
internal dissension within unions. Such strikes, 
too, have been attended with similar tyrannical 
and outrageous behaviour by pickets and strikers 
generally as has characterised recent disputes. But 
these industrial conflicts have not touched the social 
life of the people—they have not been so widely and 
intimately prejudicial to the interests of the indi- 
vidual ; and thus the great mass of the people have 
not been brought in direct contact with trade-union 
methods, or with the growth of that spirit of revolt 
against all the foundations and fabric of social life, 
with its common rights, responsibilities, and rewards 
—a revolt which is so foreign to the British nation 
that the names of syndicalism and sabotage by 
which it is designated have had to be imported. 

It has been recognised by the public generally 
that the strike was tyrannical, and that those 
responsible completely disregarded the interests of 
the people ; that, however, can be said of nearly 
all strikes. In this instance only twenty-four hours 
were given to the railway companies to consider and 
concede demands which were not clearly enunciated. 
That within two days an arrangement was effected 
under which the men returned to work proves con- 
clusively that had adequate time been given there 
would have been no need whatever for work to cease. 
We admit that several circumstances may indirectly 
have conduced to the acceptance of the arrange- 
ment by the men’s representatives. There was 
not that complete paralysis of the nation through 
the entire stoppage of railway traftic which the 
union leaders anticipated. This was not due to any 
lack of effort on the part of those leaders. The 
response by the men did not meet expectations. 
The railways succeeded in maintaining a moderately 
good general service. The public showed commend- 
able patience, and even assisted the railway com- 
panies in many ways—a fact which proved that the 
strikers had alienated sympathy. Even the ‘‘ bears” 
on the Stock Exchange were unable to foster an 


;| alarmist selling of railway stock. The members of 


the Government, and especially the Home Secretary, 
showed unprecedented decision and firmness in the 
employment of troops to maintain order. As it 
was there was a widespread tendency to lawlessness 
and outrage, and there was general satisfaction 
when the terms of a truce were arranged. 

To call the arrangement a ‘‘ settlement ”’ is a mis- 


268 | nomer, and the claim of the men’s representatives 


that it is a great victory is only understandable when 
it is remembered that trade leaders and agitators 
have to maintain their popularity with their men by 
subterfuge in thought and extravagance in language. 
They ‘‘saved their face” by being able to say that 
the railway companies had at last met the repre- 
This, however, 
does not mean that the unions are to be recognised 
under the Conciliation and Arbitration Scheme of 
1907. That is matter for arrangement by the Com- 





mission of Inquiry. As the unions had called a strike, 
the Government induced the railway companies’ 
representatives to meet these unions, and certain 
arrangements were made for the withdrawal of the 
strike order. At the same time it was arranged 
that steps were to be taken for the convening of 
conciliation boards to settle pending disputes, 
decisions to be retrospective, and, further, that 
disputes with men not included within the concilia- 
tion scheme should be considered by conferences 
between representatives of the company and ‘‘repre- 
sentatives of their employees who are themselves 
employed by the same company,” and, failing agree- 
ment, by arbitration to be arranged mutually or by 
the Board of Trade. 

There is here no indication of recognition of the 
unions by the employers, and when the subject 
comes before the Commission of Inquiry, there are 
possibilities of trouble. The only railway which 
recognises the unions in the way now demanded in 
the case of all companies—viz., the North-Eastern 
Railway—has had more trouble in connection with 
their conciliation scheme than all the others, and 
last week’s strike was in their case protracted long 
after its cessation on other lines. Their trattic 
receipts for last week showed a decrease of 50,0001. 
when compared with the corresponding week last 
year, notwithstanding general trade expansion now. 
The more persistent and intensified friction thus 
experienced where trade unions are recognised can- 
not be regarded as a mere coincidence, and certainly 
does not support the claims of the trade unionists 
that trouble would cease on the other lines were 
the union delegates to conduct negotiations instead 
of the representatives of the workers of each re- 
— railway. There is the significant fact, too, 
that not one-fourth of the railway workers are 
members of the union. 

The clause in the terms of truce which caused 
the greatest trouble and awakened and educated 
public opinion most was that in reference to 
the re-instatement in work of men who had come 
out on strike. It was agreed that the men should 
be reinstated by the companies ‘‘ at the earliest 
practicable moment,” and that no one was to be 
**subjected to proceedings for breach of contract, 
or otherwise penalised.” We have always con- 
tended that if there be a right to strike, there 
is a right to work, and similarly, if the striker is 
not to be penalised, no more should the man who 
continues in work. If a man, by continuing at 
work and refusing to strike, wins promotion, is he 
to be robbed of that advantage when the striker 
chooses to return? This is one of those phases of 
trade-union tyranny to which we are glad that 
— attention has been so pay directed. 

he public have praised the loyalty of the men in 
remaining at work, and have raised subscriptions 
to acknowledge this loyalty. The companies, too, 
have granted bonuses. But a grave injustice would 
be done if any man who has proved his reliability 
by continuing at work does not profit permanently 
by remaining in the position to which he was 
promoted, provided his efticiency is not in ques- 
tion. Reliability is an essential characteristic in 
all affairs of life; and in none more so than in 
railway service. As an example, there is the 
case of an engine-driver and fireman who backed a 
locomotive on to a Continental train in a London 
station, and, before striking, waited until all 
was ready for the train to depart. The guard’s 
signal for beginning the journey was met by the 
driver and fireman leaving the locomotive; and 
yet, according to trade-union methods, such men 
are to be welcomed back to their former posts the 
moment they elect to return to duty, while the 
loyal men ae have stepped into the breach are to 
be penalised by being denied the promotion they 
have won by devotion and loyalty. It is important 
to note that the agreement stipulates for reinstate- 
ment at ‘‘the earliest practicable moment,” which 
surely means when there is a vacancy. This is but 
fair to all concerned. Any other course would be 
a strong incentive to break agreements illegally. 
If men strike without due notice they ought to 
bear the — of their acts, and it is to be 
regretted that the law has not been enforced against 
such infringement of agreements in some salutary 
cases in order to establish the existence and the 
justice of such legal provisions as to relations of 
employer and employed. 

The strike should put an end to the view that 
there can be ‘“‘ peaceful picketing.” In the House 
of Commons on Tuesday last, Mr. Lloyd George, 
who was largely responsible for the passing of the 
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Trades Disputes Act of 1906, under which peaceful 
picketing was legalised, described the procedure of 
‘peaceful persuasion” during the railway strike. 
At Llanelly, last Saturday, a train arrived at the 
Union Bridge. ‘‘ A large number of persons had 
ee py one to watch the proceedings; some of the 
most ing men immediately jumped on the 
foot-plate of the engine, and a fierce struggle 
ensued, the driver was badly hurt, blood oozed 
from his head, bricks were thrown, and the 
officer went and tried to persuade the strikers to 
refrain from further disturbance ; he shook hands 
with them, and while thus engaged bricks and 
stones were thrown.” After this narration of facts, 
Mr. George asked: ‘‘ Where is the peaceful 
character of these proceedings?” This peaceful 
picketing was the prelude to the tragedy during 
which so many were killed andinjured. Again, Mr. 
Winston Churchill, who was also an advocate 
of the Bill in 1906, stated that, even in the forty- 
eight hours during which the strike lasted, ‘‘ riots 
occurred in four or five places, and minor riots 
occurred in twenty or more places. There were 
six or more attacks on railway stations, and a very 
great many on signal-boxes all along the line. I 
need not enlarge on the peril of driving people out 
of the signal-boxes at a time when even a few trains 
were running. There were nine attempts to damage 
the permanent-way, of which we have a record at 

resent, or to wreck trains, or to tamper with points. 

here were a great number of cases—almost innu- 
merable—of attempts to stop trains and to stone 
them. I do not suppose the — of this country 
realise that those are a class of offences that the law 
says are punishable with penal servitude up to penal 
servitude for life. There were many cases of tele- 
graph and signal wires being cut, there were in 
several places gross instances of incendiarism, 
and in two cases in South Wales, at any rate, 
of wholesale looting by persons previously with 
good records. That is an amazing feature in the 
recent disturbances.” We make nocomment on the 
laxity which permits the — in these outrages 
to escape being sent to penal servitude or otherwise 
suitably punished. It cannot be accepted that 
these outrages were not part of the plan of campaign 
of the unions responsible for the strike. The labour 
leaders in the House of Commons—Mr. Ramsay 
Macdonald, Mr. Keir Hardie, and others—played 
the contemptible part of actually condemning the 
Government for interfering with the course of the 
strike proceedings and for employing troops to 
safeguard the nation from such outrages. 

A policeman on his beat or a soldier on sentry 
duty can be no menace to the peace-abiding citizen. 
A striker who intended to obey the law could not be 
incensed by the employment of troops to protect 
property. The real objection to the Sevan 
measure was the fear—or rather the certainty—that 
the prevention of intimidation to the men willing to 
work, and of the destruction of property whereby 
the railway companies and the public were to be 
terrorised, would defeat the aim of the strikers. 
And what was this aim? It was to paralyse the 
nation, to stop all passenger traffic at a season 
when a great proportion of the population 
were from home on holiday, and prevent their 
returning, to stop food supplies, and to preclude 
factories from obtaining the materials essential to 
the maintenance of their industries. As Mr. 
Winston Churchill put it in the House of Commons 
on Tuesday, “Had the strike proceeded for a 
week on the lines appsrently intended there must 
have been practically a total cessation of industry. 
Every one would have been thrown out of work. 
Every mill, every mine, every factory must have 
been closed. The wages for the household would 
have ceased. Had the stoppage continued for a 
fortnight it is, I think, almost certain that in a great 
many places to a total lack of employment would 
have been added absolute starvation.” Speak- 
ing of the great industrial «rea comprised between 
Liverpool, Newcastle, Hull, and Birmingham Mr. 
Churchill went on to say :—‘‘ In that great quadri- 
lateral which, I suppose, must contain anything 
between fifteen and twenty millions of persons, 
intelligent, hard-working people, who have raised 
our industries to the Taeiveat of the world’s 
affairs, it is practically certain that a con- 
tinuance of the railway strike would have produced 
a swift and certain degeneration of all the means, 
of all the structure, social and economic, on which 
the life of the people depends. If it had not been 
interrupted it would have hurled the whole of that 
great community into an abyss of horror which no 





man can dare to contemplate.” Had “ ful 
icketing ” been enniined | this result might have 
n achieved, but the Government which legalised 
it prevented it by the force of military. Even so, 
the troops were at times hindered because the 
magistrate, being a trade unionist, was intimi- 
dated, and afraid to read the Riot Act. Here also 
is a reason for amendment of the law. Should not 
the commandant of the troops in such a case have 
power to read the Riot Act and take action ? 

The use of the military was imperative. It should 
not be lost sight of that before this ‘‘ one of the 
most menacing industrial strikes with which this 
country has ever been confronted,” to quote Mr. 
George, serious breaches of the law occurred at 
Liverpool and elsewhere, where the labour unrest 
originated. It was necessary to maintain the rail- 
way transit of food supplies, and thus the railways 
had to be protected. e Government would have 
been guilty of treason had they waited until the mis- 
chief had been done. It was a case in which 
the necessity for preventive measures was most 
urgent. If the rioting was the work of hooligans, 
why did the Labour leaders in the House of 
Commons on Tuesday protest so unpatriotically 
against the use of military on the plea that it was 
taking sides against the strikers. The attitude of 
such Members is not even justified by the fact that 
their election to the House last year was valiantly 
supported by those members of the Government 
whom they now condemn. They now learn the 
lesson that a Minister of the Crown may take a 
different view on the election platform from that 
necessary to the fulfilment of his oath of office to 
his Sovereign, however reprehensible such incon- 
sistency may be. ‘‘ The Government,” to quote 
the Home Secretary, ‘‘took sides only with the 
public ; we could not look on impartially and allow 
their vital interests to be affected ; we became, and 
must always become in such circumstances, active 
partisans of the food supply.” 

This and other promises for the future are satis- 
factory in view of the fact that the ‘‘settlement” 
for the present only means that parties to the 
dispute, *‘ without abandoning their intentions,” to 
quote the Premier, ‘‘ have agreed to the immediate 
investigation of the case by an impartial tribunal.” 
There may be fervent hope, but there cannot be 
any certainty, that a lasting peace will result from 
the deliberations of the Commission of Inquiry, to 
the composition of which we refer in our ‘‘ Indus- 
trial Notes.” We have no intention of entering 
into any consideration of the claims of the men. 
These have not yet been formulated. The con- 
ciliation scheme needs modification, since it is, 
like much of our recent legislation, most hasty and 
immature in its provisions and machinery for 
application. Before the Commission of Inquiry 
the facts will be elucidated, and we are sure that 
many ludicrously exaggerated statements by the 
men will be corrected. Misconceptions of the 
situation will also be explained. e doubt not 
that the railway companies will accept every sugges- 
tion of the Commissien which is at all reasonable, 
but there must be some surety that such conditions 
as are accepted by employers and workers will be 
faithfully fulfilled, and this guarantee must be 
associated with penalties in some form or other as 
indicated in our leading article in last week’s issue. 

The solution of the difficulties to be dealt with 
is simplified so far as the Commission is concerned, 
by the promise of the Government to propose in 
Parliament next session legislation providing that 
an increase in the cost of labour due to the improve- 
ment of the conditions for the staff will be a valid 
justification for a reasonable general increase of 
charges within the legal maxima, if challenged, 
under the Act of 1894. But this promise raises 
very important issues. Increased freight rates must 
augment the cost of production, and to this extent 
must increase the difficulties of our manufacturers 
in competing in foreign markets. Any such handi- 
cap must thus certainly add to the number of 
unemployed workers. But, as has been proved in 
many ways, the labour leader’s business is to agitate, 
and not to promote industrial prosperity, a task of 
which he knows little and apparently cares less. 





SEISMOGRAPHIC DETERMINATION OF 
THE VIBRATIONS OF RAILWAY- 
BRIDGE PIERS. 

Tue Bulletin of the Imperial Earthquake Investi- 

gation Committee of Japan, dated Tokyo, June, 

1911, contains a detailed account of some vibration 





measurements which Professor F. Omori, well 
known in the field of seismography, conducted on 
two railway-bridges of a new line which connects 
Kyoto with the naval port of Maizuru. The two 
bridges, the Shichima-gawa and the Takaya-gawa 
(which we will designate as the S bridge and the 
T bridge), are both near the town of Ayabe, and 
the tests were made in July, 1910, previous to 
the opening of the line. Trains consisting of two 
tender engines (sometimes one engine only) and 
two empty wagons were sent up and down this 
line at speeds ranging from 34 to 23 miles per hour. 
Each of the engines weighed, in working order, 
78 tons. In some tests a train of the two engines, 
one brake-van (10.4 tons) and eight wagons, seven 
of which were loaded with 20 tons of rails each, 
was also run over the bridge. The report abounds 
in figures concerning velocities, periods, and ampli- 
tudes of the vibrations ; but Professor Omori does 
not enter into the dynamics of the problems at all. 

Both the bridge structures comprise heavy 
trusses supported by high masonry piers resting on 
firm soil. The tallest pier of the T bridge has a 
height of 824 ft. and supports the fixed end of a 
200-ft. deck truss, to which is attached one end of 
a 70-ft. plate-girder. The tallest pier of the S 
bridge has a height of 82) ft. ; it supports the 
roller ends of two 200-ft. deck trusses, to which 
40-ft. plate-girders are attached. The depth of a 
truss is 28 ft. The T bridge truss weighs 155 tons, 
the girder weighs 27} tons; the S bridge truss 
weighs 183 tons, and each girder 9} tons. The 
measurement of the pier motion was made with the 
portable horizontal vibration-recorder, which Pro- 
fessor Omori had used in previous tests on two 
piers only 20ft. and 30 ft. in height, but requiring 
well sinkings to depths of 65 ft. and 95 ft. in un- 
reliable soil. The two horizontal pendulums register 
with a magnification of 30 in ink on white paper. 
By transverse component of the pier vibration 
Professor Omori understands, in the customary 
terminology, the vibration in a direction normal to 
the pier plane—namely, parallel to the length of 
the bridge—and by longitudinal component the 
vibration in a direction parallel to the pier plane— 
namely, normal to the length of the bridge. The 
natural periods of the heavy masses of the vibra- 
tion-recorder were from 2 to 3 seconds, much 
longer than the natural periods of the pier. 
Another instrument recorded the horizontal and 
vertical oscillations of the trusses. 

The T bridge has a total length of 350 ft., and 
consists of one 200-ft. deck truss and three 70-ft. 
plate-girders. The truss in question rests on the 
tallest pier, as mentioned, and on the other (Kyoto) 
end onan abutment 46 ft. in height. The horizontal 
vibration-recorder was set up on the top of the tall 
pier, which has at that level a section of 7 ft. by 
24 ft., widening downwards to 173 ft. by 304 ft. 
The single rail-track is on the top of the truss, and 
thus 28 ft. above the pier top, and the horizontal 
and vertical vibration-recorder was placed on the 
track-level in the middle of the truss. Twenty 
experimental runs were made. In the vertical 
vibrations of the truss three principal periods 
t, = 0.19 second, ft, = 0.26 second, t¢, = 0.40 
second, could be distinguished, when the two engines 
and wagons were running, and only two principal 
periods of 0.25second and 0.36 second with oneengine 
and two wagons. These figures express means ; 
the 0.40 second period was the most frequent and 
pronounced. The amplitudes of the vertical vibra- 
tions seemed to increase with the velocity of the 
train, up to 6.3 mm. ; still greater amplitudes would 
probably have been obtained with long goods 
trains, which have an accumulative effect on the 
vertical component. 

On the top of the pier vibrations in the horizontal 
components were distinctly registered when one or 
two men were running over the truss ; the longitu- 
dinal movement lasted in the latter case 30 seconds, 
but its amplitude was smaller than that of the trans- 
verse component, which rose to 0.063 mm. When 
one engine was sent slowly over the truss track, the 
movements of the two components set in almost at 
the same moment, and lasted 96 (transverse) and 111 
seconds (longitudinal). The maximum transverse 
movement of a little more than 1 mm. was observed 
with up trains to Kyoto at speeds of 9 and 23 miles 
per hour in vibration periods of about 0.33 second 
and 0.40 second. The greatest longitudinal vibra- 
tions hardly exceeded half a millimetre; the 
respective periods were 0.18 second and 0.25 
second, and the speeds of the down trains in this 
case 7 and 15 miles per hour. The ratio of maxi- 

















Aus. 25, 1911.] 


ENGINEERING. 





263 








mum transverse to longitudinal movement varied 
between land 4. This ratio would depend upon 
the vertical vibrations of the bridge truss. For, 
if we imagine the points A, O, B, P to be in a 
straight line, and a source of disturbance to be at 
Oon A B, then P would describe two movements, 
first backward and forward in resonance with O, 
and, secondly, in a line at right angles to O P at 
a period of about half that of O. The movement of 
a truss or girder would be maximum in the middle 
of the truss; it would vanish towards the ex- 
tremities, and would be communicated to the 
adjacent piers as a horizontal movement in a 
direction normal to the pier-faces. These assump- 
tions were also confirmed by Professor Omori by 
measuring the movements of the ground caused by 
a gas-engine. 

The brake effects on the pier were remarkable, 
even when the train (as a rule of one engine and 
two wagons) was stopped at low initial velocity, 
not exceeding 6 miles per hour. At the moment 
when the engine was brought to rest a sudden 
displacement (a one-sided jerk) in the transverse 
component was recorded which was often much 
more striking than the vibration during the 
running of the train; the curves of the longi- 
tudinal component in most cases did not indicate 
the braking and stopping moment at all. The 
transverse component showed an average first dis- 
placement of 0.32 mm., measured in the one direc- 
tion of the ordinate only (and therefore equivalent 
to a vibration of duuble that magnitude), and a 
second somewhat smaller movement more of a vibra- 
tory character, of mean amplitude 0.42 (measured 
in both directions of the ordinate). If a heavy 
train had been stopped on the bridge while running 
at high speed, the pier might have failed. The 
direction of the first displacement of the brake effect 
was always the opposite to that in which the train 
was running. Thus trains passing over a bridge 
seem to push the spans and piers along with 
them through a small range, and to cause the pier 
to bound back when the engine is brought to a 
standstill. The mean period of the brake vibra- 
tions was about 0.32 second, equal to the vibration 
supposed to characterise the proper oscillations of 
the pier. It is interesting to note that Sir Benjamin 
Baker, many years ago, pointed out, with special 
regard to the old Tay Bridge, that some railway 
piers might prove too slender transversely and 
might fail when trains were stopped on them. 

The diagrams of the pier motion further indicated 
that the pointer of the transverse component was 
deflected from its zero position during the passage 
of a train over the truss of 200 ft., and that this 
deflection attained its maximum when the train 
was at the middle of the truss. The longitudinal 
component did not show any such effect. This 
movement Professor Omori ascribes to the tilting 
of the top surface of the pier on which the recorder 
was mounted. The inclination of this surface was 
calculated at 11.5 seconds of arc, with a single 
engine passing over the truss. 

The second bridge, the Shichimi-gawa, also 
single track, has a total length of 629 ft., and con- 
sists of four plate-girders each 40 ft. in length, two 
trusses each of 200 ft. length, and one plate-girder, 
supported by two abutments and six piers. The 
two trusses rest with their roller ends on the eighth 
tallest pier, 82 ft. in height; the total height 
from foundations to track is 114} ft.; the girders 
are joined to the other truss ends. The instrument 
was mounted on the top of this pier. Fifteen 
experiments were made, including seven stopping 
tests, mostly with the heavy train mentioned above. 
The pier is, as in the case of the other bridge, 
about twice as wide as thick ; but the ratio of the 
maximum transverse to the maximum longitudinal 
movement varied only from 0.47 to 1.36 ; the pier 
thus moved 1.4 more in the longitudinal than in 
the transverse component, and behaved abnormally. 
The pier is for some reason very rigid in the trans- 
verse direction, and the effects on the pier of 





rent subsoils, but there is no mention of borings. 
He concludes that the case of the Takaya-gawa is 
typical also of cases in which the river-bed is made 
up of a soft, muddy stratum of great thickness, 
and in which the piers are always shaky, notwith- 
standing the considerable depths to which the wells 
are sunk. Such a pier would move both with its 
own natural period and with the period of the 
vertical motion of the truss which it supports. The 
Shichimi-gawa, on the other hand, is an example 
of exceptionally small transverse pier motion, 
which is not affected by the vertical vibration of 
the trusses, and hardly affected by the stopping of 
the train. 

The periods of the observed transverse and 
longitudinal vibrations, Professor Omori con- 
tinues, were about 0.2 and 0.4 second, and thus 
much shorter than the periods of destructive 
earthquakes, which would be 1 or 1.5 seconds, 
With regard to earthquakes, the piers would 
hence be ‘‘short columns,” liable to fractured 
at their base, while high brick chimneys would be 
‘*tall columns,” with natural periods longer than 
the seismic periods, and liable to break at about 
two-thirds their height. Since further the longi- 
tudinal components were by no means insignificant 
in the case of the two piers under consideration, 
the piers themselves might be cracked in directions 
parallel to the bridge axis, and at right angles to 
it, by destructive earthquakes. 








THE BRITISH ASSOCIATION MEETING. 
Next Wednesday, August 30, the British Associa- 
tion will assemble at Portsmouth, on its first visit 
to this town and naval port. Considering that 
almost all the important towns of the United 
Kingdom have entertained the British Association, 
and that the other ports on the south coast 
have not refrained from offering hospitality to the 
scientists, the reticence of Portsmouth might 
excite comment. Various reasons may be assigned 
for it. In the first instance, preliminary negotia- 
tions may be opened, but sometimes will not pro- 
ceed very far, because dates and other circum- 
stances will not fit. Then Portsmouth is neither 
conspicuous as a seat of learning nor as a manu- 
facturing centre, and its commanding position 
as a naval port does not particularly qualify 
it to welcome an Association which, though 
British in name, is renowned for the generous 
hospitality which it tenders to scientists from 
all parts of the globe. For some reason or 
other the meetings on the south coast have not 
attracted large gatherings, moreover. The first 
Plymouth meeting of 1841 was attended by 981 
persons, the second, of 1877, by 1229 members of 
all classes. At the first Southampton meeting of 
1846 only 857 members entered their names, and 
at the second meeting of 1882 the attendance 
numbered 1253. The Dover meeting of 1899 
attracted 1409 members, comprising a fair con- 
tingent from Boulogne, where the French sister 
association was assembled at the same time. The 
Brighton meeting of 1872, attended by 2533 
members, stands out among the rather small meet- 
ings mentioned, which, it must be remembered, did 
not mark any periodical want of popularity of the 
Association ; for the preceding and succeeding 
meetings attracted more members in each case. 

It is not easy to say why Brighton should have 
proved a more popular meeting place than the other 
towns of the South. Things may have been dif- 
ferent thirty years ago. But learning, industry, 
scenery, and historical associations did not distin- 
guish Brighton in particular, and it is accidental 
features that account for a great deal in such 
cases. Portsmouth, it may be assumed, will 
not follow the Brighton lead, but will have to be 
satisfied with a moderate attendance, such as most 
meetings have seen of late. People are gradually 
becoming a little tired of conventions and large 
meetings, which involve very hard work to the 


stopping a train were slight, the maximum vibra-| organisers, and often bring little satisfaction to 
tions amounting to 0.11 mm. only, although the them, especially in scientific respects. What is good 


heavy eight-wagon trains were stopped at velocities 
up to 16.4 miles per hour. The bulletin is illus- 
trated by diagrams of the curves ; but there are 


none referring to these heavy trains on the S bridge. | members, are duly grumbled at. 


and satisfactory is accepted as a matter of course, 


and any shortcomings in the arrangements, caused 


in many cases by the indecision or unpunctuality of 
There is, it will 


The just-mentioned features and Professor be acknowledged, no longer a need for a general 


Omori’s conclusions do not appear quite in harmony 
with his introduction. He first stated that there 
was no well-sinking, because the river-beds were 
hard, and there is no explanation of the different 
behaviour of the two piers ; we may think of diffe- 


| association for the advancement of science in the 
| sense of eighty years ago, when the British Associa- 
| tion was inaugurated at York. Yet the Association 


continues to maintain its unique position as the 
body which affords the best opportunity for inter- 








course and exchange of ideas between scientists of 
all classes, The astounding development of the 
many various domains of research has, in fact, 
accentuated the importance of an association which 
aims at counteracting the dangers of specialisation ; 
and it is a fortunate feature that the British Asso- 
ciation has always been in a position to invite dis- 
tinguished scientists from abroad. In order to 
prevent scientists working in different fields from 
drifting apart and from following too exclusively 
their own tracks, the Association encourages joint 
meetings and discussions, though it has had to 
increase the number of its sections in the course of 
time. 

Sir William Ramsay is the President Elect. It 
may be presumed, therefore, that radioactivity 
and the nature of the elements will be touched upon 
in his address. Three or four years ago Sir William 
startled the scientific world and the meeting at 
Dublin by describing alleged transmutations of 
elements under the influence of radium emanation. 
Those experiments were repeated and not confirmed 
by others, who suggested various possible sources 
of error, and some further information on those 
features is certainly desirable. 

We gave an outline of the programme of Sec- 
tion G, Engineering, in our issue of July 21. We 
will merely say now that aeronautics, oil-engines 
for marine propulsion, superheated-steam engines, 
and suction-gas plant, as well as radiotelegraphy, 
will be Seomnel, while papers will be on 
tramway-rail corrugation, electrical ship-driving 
and steering, and on other subjects. Professor 
J. H. Biles will preside over Section G. 

Part of the proceedings of Section A, Mathe- 
matical and Physical Science, will be in common 
with Section G. The presidency of Professor H. H. 
Turner will encourage astronomers to present com- 
munications, and Mr. A. S. Eddington will open a 
discussion on stellar distribution and movement. 
Another discussion, on the principle of relativity, 
will be opened by Mr. E. Cunningham. Professor 
Petterson will speak on great boundary waves and 
other tidal phenomena; Professor Vegard, of 
Christiania, on aurore ; Professor A. Watson on 
sound waves, and Professor Bragg on the corpus- 
cular.nature of radiation. 

The Chemical Section, B, in which Professor 
J. Walker will take the chair, will discuss the part 
played by enzymes in the economy of plants and 
animals in joint meetings with Section K, Botany, 
and with Agriculture (so far a sub-section of E). 
This discussion is to be opened by Dr. Frankland 
E. Armstrong. Another discussion on colloids and 
absorption phenomena, to be opened by Professor 
Feundlich, will deal with subjects of which the tech- 
nical importance is now becoming understood ; Pro- 
fessor Trouton will refer to absorption in Section A. 
The discussion on indicators will also concern allied 
subjects. Of miscellaneous papers offered we 
mention communications by Fodheane Barus on the 
diffusion of gases through water, by Mr. P. V. 
Bevan on absorption spectra of metallic vapours, 
by Professors W. H. Perkin and W. J. Pope on 
optically active systems not containing any 
asymmetric atom, and Dr. W. Lewis on the com- 
pressibility of mercury. Reports on electric steel 
furnaces and insolubility are to be presented by 
Professor McWilliam and Dr. J. V. Eyre. 

On the programme of Section C, Geology, in 
which Mr. A. Harker will preside, we notice a 
joint discussion with Section E, Geography, on 
sub-oceanic river-valleys around the British Isles. 
Colonel C. 8S. Close will be President of the Geo- 
graphical Section, which is also going to discuss 
the airmen’s requirements in connection with 
—_ by Captain Bertram Dickson and others. 

n Section F, nomic Science and Statistics, the 
President, the Hon. W. Pember Reeves, will raise 
the subject of land taxation, while Mr. Waxweiler, 
of the Institut Solvay, at Brussels, will discourse 
on variation of wages; Mr. W. J. Hinton will 
speak on the merchant service. 

Sections D, Zoology, President, Professor D’ Arcy 
Thompson; H, Anthropology, President, Dr. 
W. H. R. Rivers ; I, Physiology, President, Pro- 
fessor J. McDonald; K, Botany, President, Pro- 
fessor E. E. Weiss ; and the Sub-Section K, Agri- 


culture, Chairman, Mr. W. Bateson, will, perhaps, 
be all the more interesting to the engineer, because 
discussions like that on totemism (Section H) take 
him away from his professional cares ; but we shall 
not be able to notice their proceedings. 
Portsmouth has a population o 
cording to the latest census. 
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the borough has returned two Members of Par- 
liament. Sixty years ago the borough only 
occupied a small portion of the island of Portsea, 
and that portion was enclosed in walls and gates, 
through which it was difficult to gain access after 
sunset. Thirty years ago the boundaries were 
enlarged, and they include now Southsea, as well 
as the arsenal and dockyards. So far as ible 
special facilities will be offered to members for 
visiting the dockyards, the gunnery school on 
Whale Island, and the Vernon, the ship for torpedo 
and radiotelegraphy instruction. The Tle of Wight 
and the New Forest are near by—and also near to 
London—and in spite of this circumstance and 
of the absence of industrial works, members will 
probably regret not to have more time at their 
disposal to visit things worth seeing, while also 
attending the sections. 

The reception-room will be in the Connaught 
Drill Hall. Sir William Ramsay’s presidential 
address and the evening discourses—by br. Leonard 
Hill, on the physiology of submarine work, and by 
Professor A. C. Seward, on links with the past in 
the plant world—will be delivered in the Town 
Hall ; and three of the sections, comprising A and 
G, will meet in the Municipal College. These three 
buildings are close to one another, and also close 
to the town railway-station. The chemists will 
have rather a long journey from the reception- 
room to their meeting-hall, which will be a secon- 
dary school near Fratton Station. 

Next week we shall begin our report on the 
meeting and the sectional proceedings, noticing the 
President’s address and the proceedings of Section G 
in the first instance. 








THE ROYAL ENGINEERS OF THE 
TERRITORIAL FORCE. 

THE importance of the engineer services to the 
efficiency and well-being of an army in the field 
can hardly be over-estimated. Modern inventions 
and methods of warfare all tend to magnify the 
réle assigned to the engineer. The more science is 
brought to bear upon, and adapted to, the service of 
war, the greater is the part played hy the technical 
corps of an army. it is, however, often not 
thoroughly appreciated how all the specialised 
branches of the army, artillery, engineers, medical 
corps, and even cavalry, are designed and used 
really in the service of infantry, *‘the pith and 
strength of battle.” The infantry is the arm which 
has ultimately to decide the conflict, and to fight 
and win or lose battles. The raison d’étre of the 
other branches of the Service is to cover, protect, 
and assist the infantry when and where required, 
and to enable it to maintain the position taken up, 
or, if necessary, to perform similar duties during a 
retirement. 

Each arm—cavalry, artillery, and infantry—has 
a power peculiar to itself, yet is dependent to a 
greater or less extent upon the co-operation of 
the other arms. They all require and rely on the 
assistance of the Royal Engineers, whether in the 
arrangements for camps and bivouacs, building and 
demolition of bridges, communications, provision of 
entrenchments and fortifications, to name a few of 
the duties devolving upon the engineer corps. 

General Sir John French, G.C.B., Inspector- 
General of the Forces, in the course of his address 
to the cadets at his recent official inspection of the 
Royal Military Academy at Woolwich, especially 
emphasised the increasing importance and greater 
necessity of the services of a highly-skilled corps of 
Royal Engineers, under modern practice and con- 
ditions of war. The British Army at present is 
allotted a smaller proportion of engineers than is 
the case in many of the great foreign armies. 
During the South African and Manchurian cam- 
paigns the necessity of highly-trained and eflicient 
engineer services was more marked and realised 
than ever before. Whilst the great principles of 
war remain, as always, immutable, modern weapons 
and conditions have revolutionised the practice ; 
and consequently the art of the engineer, and, 
indeed, of all the so-called scientific or technical 
services, is called upon to an extent not previously 
contemplated. The Territorial Army is an integral 
part of the Empire's defences, as our military forces 
are now organised. We desire to direct the atten- 
tion and interest of engineers in civil life to the 
Royal Engineers of the Territorial Force. 

The organisation of the Territorial Force is that of 
an army intended for war. It provides for fourteen 
divisions, with the proper number of corps and army 





troops. A division at full strength consists roughly 
of 20,000 officers and men. To each division is 
allotted its quota of Royal Engineers, in accordance 
with the establishment, known as the Divisional 
Engineers, consisting of two field companies and a 
telegraph company. In addition to the Divisional 
Engineers, whose headquarters are situated in 
various parts of the country, there are wireless, 
cable, and air-line telegraph companies. These 
latter may be said to be divided into five groups— 
one group in each of the London, Northern (Leeds), 
Scottish (Glasgow), Southern (Birmingham), and 
Western (Liverpool) commands. There is a balloon 
company, with headquarters in London, and a 


railway battalion at Crewe. The force further | pa 


includes fortress engineers, and works and electric 
light companies, situated in different parts, and 
electrical engineers in London. 

In the monthly army list, published by authority, 
and obtainable through any bookseller, price 1s. 6d., 
will be found a complete list of the various Royal 
Engineer units of the Territorial Force, with the 
addresses of the various headquarters and names 
of officers serving. It will be seen that a complete 
organisation has been worked out and established, 
and that opportunities exist for engineers to assist 
in the defence of the country by serving in the 
Territorial Army, and particularly in the Royal 
Engineers branch of that force. 

Now it seems clear that officers of the Royal 
Engineers in the Territorial Force ought to be 
engineers in civil life, apart from any military train- 
ing, or at least ought to have had a sound engi- 
neering training. _The regular Royal Engineer 
officers are the most highly-trained and carefully 
selected of all the officers of the army. We under- 
stand that in the Territorial Royal Engineers large 
numbers of the commissioned ranks are without 
any engineering training, or experience, in civil 
life, obtained directly from following some branch 
of engineering or any of the allied vocations. 

We realise the difficulty there is in obtaining a full 
supply of suitable candidates for commissions in all 
branches of the Territorial Force. We admire the 
energy and patriotic spirit of those who, having no 
connection with engineering, hold commissions in 
the Territorial Royal Engineers. Under present 
circumstances, no doubt, without them the force 
could not have been raised. In our opinion, how- 
ever, it is a sine qud non that if the Territorial 
Engineers are to approach and maintain the re- 
quired standard of efticiency they should be ofticered 
by men with engineering training in civil life. In 
some few instances we believe commanding officers 
of engineers insist on some engineering or allied 
qualification on the part of candidates they recom- 
mend for commissions under their command. 
This course, instead of being the exception, ought 
to be the rule. An ample supply of men with 
the necessary qualifications is available ; nobody 
can seriously dispute this. Anyone sufticiently 
interested may, by application, obtain a very good 
knowledge from the manual of military engineering 
and certain drill-books, and up to a certain point 
may make himself a good officer. But he is not 
ne | cannot pretend to be either an engineer or an 
engineer officer in the proper sense. It would be 
easy to enlarge at length on the subject and point 
out many reasons why Territorial Royal Engineer 
officers ought, from every point of view, to have had 
some training and experience to fit them for their 
duties other than that obtainable on the Stock 
Exchange, in a lawyer's office, or other spheres of 
life totally removed from anything connected with 
engineering, buildings, or alliedemployments. We 
have not, however, space to do more than draw 
the attention of engineers to the matter. Most 
men have friends in the Territorial Force, and it is 
a simple matter, for anyone who will take the 
trouble, to find out full particulars. 

The question of expense is sometimes a difficulty, 
but it is often exaggerated. The pay and allow- 
ances received when in camp will more than cover 
the annual expense incurred. On first joining 
probably an expenditure of 201. to 251. will provide 
all that is necessary in the way of uniform, &c., 
at any rate, for the first few years of service. After, 
say, a couple of years or so, a few extra pounds 
may be expended to make the kit more complete. 
The old extravagant methods and notions that 
existed in many volunteer regiments, and the 
constant drain on the pockets of officers in subscrip- 
tions to various regimental institutions, suppers, 
&c., are things of the past. Of course, a few 
regiments still exist in which it is somewhat 


expensive to hold a commission, but they are 
decidedly few, and even in these expenses have 
been reduced from what they were in volunteer 
days. Much useful information to anybody think- 
ing of applying for a commission in the Territorial 
Royal Engineers, or any other branch of the force, 
is contained in the Regulations for the Territorial 
Force and for County Associations, 1910, obtainable 
for 6d. from any bookseller. Conditions of service, 
particulars as to pay, training, necessary uniform, 
with much other information, together with a copy 
of the Territorial and Reserve Forces Act, 1907, 
are included in this official publication. 

Any candidate for a commission can obtain any 
rticulars he may wish for from the secretary of 
his County Association, or from the adjutant of a 
local corps. A man who is thinking of applying for 
a commission will probably know some officer who 
will advise him, or tell him, how to set about it. 
In the event of his not knowing any Territorial 
officers, he should make an appointment to see the 
Secretary of the County Association, or the adju- 
tant of the corps or regiment in which he wishes 
to apply for a commission. The adjutant will give 
any information, and explain the regulations and 
conditions of service, and arrange for an interview 
with the colonel or officer commanding. If the 
latter, after making inquiries about the candidate, 
considers him suitable, he will, when a vacancy 
occurs, recommend him for a commission, which, 
in the ordinary course, he will then receive. 

No member of the Territorial Force can be com- 
pelled to serve, unless he volunteers to do so, out- 
side the United Kingdom of Great Britain and 
Ireland. He must attend the minimum number of 
drills per annum laid down, which, in the Royal 
Engineers, is forty-five before the end of the first 
year of service, and fifteen in subsequent years, and 
he must also go into camp with his unit once a 
year for not less than eight days, and not more than 
fifteen days. If, however, some real and bond- 
Jide reason arises why he cannot attend camp, the 
officer commanding can, in his discretion, grant leave 
of absence, and this is never in practice unreasonably 
withheld. During camp training all ranks receive 
Army rates of pay and allowances. A second lieu- 
tenant Royal Engineers draws 15s. 1d., increased to 
17s. 1d. when he has passed for promotion to lieu- 
tenant; a lieutenant, 18s. 4d.; and a captain, 
ll. 5s. 84d. a day ; but to be eligible to draw pay 
and allowances the minimum number of drills for 
each year must have been completed before going 
tocamp. A drill consists of one hour’s instruction, 
and any number of drills up to three may be per- 
formed in one day. 

Before promotion to the rank of captain, the 
officer must attend a course of one month's duration 
at the School of Military Engineering at Chatham. 
This course may, however, if necessary, be spread 
over two years, a fortnight being taken at a 
time. Travelling expenses to and from Chatham 
are paid, and the officer receives the rate of pay 
and allowances, at Army rates, of his rank whilst 
attending the school of instruction. Further, if 
he passes a satisfactory examination at the termi- 
nation of the course, an outfit allowance of 20l. (in 
addition to pay, &c.) is granted, which goes a long 
way to meet the expenses incurred in buying uni- 
form immediataly upon receiving his commission. 

In the event of great national emergency, and 
after the Army Reserve has been called to the 
colours, the King may issue a proclamation em- 
bodying the whole or part of the Territorial Army. 
In this event those called upon would be obliged to 
respond or be treated as deserters. The proclama- 
tion would not take effect if both Houses of Parlia- 
ment presented a petition praying that the force 
should not be called up. 

Arrangements are made whereby an officer who 
has temporarily to change his place of residence can 
be attached to a local corps for the performance of 
the necessary drills, or in the event of the change 
being permanent, can, when a vacancy occurs, 
exchange into another corps, provided the various 
commanding officers concerned approve the transfer. 
In the event of an officer having to go abroad, and 
wishing not to relinquish his commission, he may 
be seconded for four years from the termination of 
his first year’s absence, if recommended by his 
commanding officer. If residing in a British 
Colony, or in Egypt, the officer may, on being 
recommended, be attached to a regular or local corps, 
for not more than two years in succession, for the 





purpose of carrying out any portion of his annual 
training. All officers of the Territorial Force are 
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interested in and enjoy the work. Many are very 
keen and efficient, and devote much time to their 
military duties and education. The attendance 
required by the regulations is not enough to make 
a good or useful officer. The great majority do far 
more than the minimum laid down. These men find 
they can do it and choose to do it, and it is there- 
fore difficult to believe that, with few exceptions, 
others cannot do likewise. Instead of a shortage 
of officers, there ought to be a list of candidates 
waiting for commissions in the Territorial Force, 
and particularly in the engineer branch. All ranks 
of the Territorial Army are, under the Act of 1907 
constituting the force, exempt from jury service. 








THE UNIPOLAR DYNAMO 
MERCURY CONTACTS. 

THE advance of the steam-turbine has drawn 
attention to the unipolar dynamo. The direct- 
current dynamo in itself is acknowledged to be a 
very perfect machine. But direct-current dynamos 
require very careful and somewhat expensive de- 
sign if they are to be run at steam-turbine speeds, 
and hence the recent endeavours to construct a 
high-speed dynamo which may directly be coupled 
with a steam-turbine, and which will yield direct 
currents without necessitating any commutating 
devices. Those endeavours have, indeed, not ceased 
since Faraday, in 1831, made a disc of copper spin 
between the poles of a horse-shoe magnet. The 
magnetic flux through the disc, parallel to its axis, 
set up an electromotive force between the central 
portion of the dise and its circumference, and when 
one brush was made to bear against the axis and 
another against the circumference, a current was 
obtained. Faraday himself improved his machine, 
and many scientists followed in his footsteps. They 
all, however, confined themselves to laboratory 
apparatus, until George Forbes, in 1884, devised 
real unipolar dynamos. 

As the electromotive forces which such machines 
will generate are in essence low, high speeds are 
necessary, and with the speed, the mechanical diffi- 
culties to be overcome, increase. Difticulties are 
caused notably by the axial thrust, to which the discs 
or drums become exposed when the magnetic field 
does not remain rigorously symmetrical, and by the 
sliding contacts between the brushes or other de- 
vices and the rotating parts. The new contribution 
to these problems which we wish to notice in this 
article concerns a unipolar dynamo of the Laval 
turbine type fitted with mercury sliding contacts. 
The research was conducted by Boris Ugrimoff, of 
Moscow, now lecturer on electrotechnics at the 
Moscow Technical High School, when working 
under Professor E. Arnold at the Technical High 
School of Karlsruhe for the purpose of taking his 
degree, and his doctor dissertation was published by 
Julius Springer last year. 

This dissertation is interesting in two respects. 
Dr. Ugrimoff first gives an able review of the many, 
often ingenious, unipolar dynamos which have been 
proposed and constructed, and then proceeds to his 
own researches. A few of these suggestions dealt 
with have assumed practical shape, and it may 
be news to some of our readers that the General 
Electric Company of Schenectady has, since 1905, 
been building the unipolar generators of Jakob 
Noegerath, yielding up to 2000 kilowatts. The 
Noegerath drum is of the cage type, the circum- 
ference being set with rods or bars of copper which 
are joined to slip-rings at both their ends; the 
brushes rest on the slip-rings. With circum- 
ferential speeds of 125 metres per second the wear 
of the metal brushes and rings is heavy. This has 
been brought out in the discussions of the American 
Institute of Electrical Engineers. The losses due to 
friction first increase, and finally decrease again when 
the speed is raised ; the apparent contact resistance 
diminishes when the current density is raised, as 
K. Arnold, himself the originator of a unipolar 
dynamo, demonstrated long ago. The Noegerath 
dynamos can bear temporary heavy overloads and 
short circuits as well as had been expected. But 
there seem to be eddy current and _ hysteresis 
tosses, which C. P. Steinmetz, Elihu Thomson, 
Wait, and others have attempted to overcome 
by other designs. Wait went back to a disc 
armature, which he provided with spiral grooves. 
Esnault-Pelterie attempted to rotate the brushes 
as well as the rotor. Seidener proposed, in 
1904, to fix two discs of the Laval turbine type 
on the shaft of a turbine in such a way as to 
balance the axial thrust by the opposing fields —an 


AND 





old idea, of course, which had occurred to George 
Forbes previously. But the turbine-wheel dynamo 
was a novelty, though Beringer had a peculiar idea, 
which reminds one of the steam-turbine in a dif- 
ferent manner. He meant to keep a liquid con- 
ductor in rapid spiral circulation within a magnetic 
field by the aid of turbine steam. 

The liquid conductor, mercury, and the Laval 
disc are the essential features of Ugrimoff’s re- 
searches. He uses the mercury as a sliding con- 
tact, however. This is not original, of course, as 
Ugrimoff was aware. But when he first attempted 
to let a steel disc cut at high speed through a ring 
trough filled with mercury, which the centrifugal 
force was to hold in the trough, the mercury was 
jerked out and evaporated. He therefore made a 
steel disc having an annular furrow on the one 
side of its rim, as if the rim had been bent over 
all round the rim on the one side. Mercury 
was poured into this furrow after the disc had been 
set spinning, so that it filled the annular trough, 
and knives were dipped into this trough. The first 
knives were mere blades ; but they oscillated, and 
the hatchet shape was adopted for the knife. The 
disc had a diameter of 520 mm. (20.4 in.), and in 
later experiments of 620 mm. and 700mm. (24.4 in. 
and 27.6 in.), and with speeds of 3050 revolutions 
per minute the spirting and evaporation of the 
mercury, and the mercury waste, again became 
very troublesome. Furrows of different depth and 
width were tried, and oil was poured over the mer- 
cury; but the oil formed a mercury emulsion, which 
was saponified and burnt at higher speeds. Then 
water-cooling was resorted to, the drops of water 
being introduced first just in the rear of the 
knife, and then an inch or so in front of it. A 
very good cooling was obtained; for the tempera- 
ture of the emulsion which collected in the casing 
of the disc, and which was passed through a 
filter in order to regain the mercury, did not 
exceed 29 deg. Cent. at a speed of 4630 revolutions 
per minute. 

The shapes of the trough and of the knife are 
matters of importance, as the detailed account of 
the many experiments shows. The approved blade 
is a piece of steel like a hatchet, bounded by three 
arcs and fastened to a holder. The front edge is 
sharpened to a wedge, and the lower edge was first 
sharpened in the same way ; it was found, how- 
ever, that it was better to make the body of the 
blade fairly thick, and to provide it with a shoulder 
near the lower rim, so that only the thinner portion 
of the knife, itself of uniform thickness again, would 
really dip into the mercury when at rest. During 
the movement the mercury would creep up the 
knife, up to the shoulder and above it, and a corre- 
sponding furrow would be left in the mercury, 
bounded by thin walls of mercury which the air 
currents would atomise. This arrangement best 
overcame the troubles, when the mercury trough 
had a depth of 25 mm. (wheel diameter 700 mm. ), 
and the knife dipped into the mercury to a 
depth of 2 mm., leaving 1 mm. or 1.5 mm. lateral 
clearance between the knife surfaces and the walls 
of the trough, which had a width of 5mm. ‘This 
clearance should be small; the knife thickness was 
3.75 mm. in its body (thinner knives caused more 
loss of mercury), and only 1 mm. or less in the lower 
portion below the shoulder. With these dimen- 
sions the mercury wave set up by the knife did not 
rise to a height exceeding 20mm. At speeds of 
5000 revolutions per minute the air temperature 
within the casing did net exceed 35 deg. Cent. 
(95deg. Fahr.), while the temperature in the filter 
would rise a few degrees higher. 

One section of the dissertation deals with the 
hydrodynamics of the cooled mercury contacts. 
During these experiments currents of 70 amperes 
and less were passed through the knife-contact, and 
on special tests the intensity of these currents was 
raised to 400 amperes for half an hour. It is 
rather surprising that the mercury temperature in 
the filter and the air temperature in the casing 
did not rise above 32 deg. Cent. during part of 
these experiments, and not above 43 deg. and 
37 deg. Cent. (109.4 deg. and 99 deg. Fahr.) as 
extremes, nor the (estimated) contact resistance to 
more than 0.03 ohm; the casing, which was built 
up of cardboard and cotton, may have favoured a 
good natural ventilation. 

We need not describe in great detail the dynamo 
which Ugrimoff cgnstructed at Moscow after these 
researches, because it hardly represents the solu- 
tion of the problem. The machine was designed 
to give about 80 kw. at 40 volts and 8000 reyolu- 





tions per minute ; owing to various reasons these 
aims were not quite realised, though the designer 
did not spare expense nor preliminary tests of 
various kinds. It must be said, however, that it 
is difficult to ascertain the dimensions and chief 
data in spite of the many tables and curves of his 
dissertation. The disc is of steel containing 0.52 
per cent. of carbon, 2.88 per cent. of nickel, and 
2.82 per cent. of chromium, supplied by Messrs. 
Krupp, and dynamically balanced by the Maschi- 
nenbauanstalt Humboldt; magnetic tests of the 
steel were made with a Koepsel apparatus, and 
mechanical tests conducted at Charlottenburg. 
Neither the diameter of the disc (presumably 700 
mm.), nor its weight are stated ; the belt pulley had 
a diameter of 80 mm., and the belt speed was 
sometimes 36 m. per second ; the maximum dynamo 
speed reached 7225 revolutions per minute. Both 
sides of the rim are provided with annular mercury 
troughs, the two troughs being oddly enough not 
of quite the same dimensions, for the sake of 
further experiments ; perhaps the hydrodynamic 
investigation mentioned was not a when the 
disc was ordered. The disc turns about its hori- 
zontal axis between the two (unequal) halves of the 
stator, which practically consists of two blocks of 
steel bolted together. The blocks have the appear- 
ance of massive dished ends of a boiler. 

The rotor turns in the plane of the junction of 
the two blocks, which does not appear recommend- 
able, and between the two annular field-coils, which 
are on the rotor side protected by a brass cover and 
rubber packing against the moisture and mercury 
vapour which might penetrate into them from the 
trough. The mercury and water-pipes and knife- 
holders are next to these brass plates. Those parts 
of the stator which serve as peleahess are solid toa 
depth of 7 mm., and then perforated radially in 
various planes in order to stop the reaction magnetic 
flux. Although the author had much to say on the 
difficulties of the axial thrust, he first attempted to 
dispense with an automatic balancing device, after 
having balanced the rotor at 7225 revolutions, and 
he hoped to adjust the position of the axis while at 
rest. This answered for one month, when one of 
the coils failed, while the coils were coupled in 
parallel. No serious damage appears to have been 
done. But the author adopted a thrust-bearing 
with bushes split into an upper and a lower half, 
coupled in such a way that the two bushes would 
tend to move in opposite directions. The core of 
this bearing, which is on one side only of the rotor, 
is water-cooled. Some bismuth coils were also 
wound on the shaft to effect a balance ; the resist- 
ance of bismuth varies with the intensity of the 
magnetic field in which it is placed. These means 
and the provisions for lubricating and cooling the 
two bearings (not counting the one thrust-bearing) 
appear to have given satisfaction. In the dynamo 
the temperature rose to 51 deg. Cent., and in the 
thrust-bearing to 55 deg. Cent. at the maximum 
speed of 7225 revolutions per minute. 

Direct efficiency tests were not made, but the 
various losses were estimated at different speeds, 
and a maximum efficiency of 81 per cent. was 
deduced at full output—75 kw. the armature reac- 
tion is described as negligible. The author claims 
that he has constructed a unipolar generator which 
would feed metallic filament lamps, which may 
directly be coupled with a steam-turbine, and 
which is more simple and less expensive than a 
direct-current dynamo. The sliding mercury con- 
tact and the cooling device continued to answer 
when the mercury was being cut ata linear speed 
of 270 metres per second. He admits, however, 
that four knives were needed at full load, and that 
a knife did not hold out longer than 10 or 15 hours 
at the outside. He adds that the knives are quite 
cheap, and can be replaced while the machine 1s in 
motion, which is a bold statement. He contem- 

lates building a double machine with two discs. 
hat would obviously offer advantages. 








ABRASIVES FOR DIFFERENT 
CLASSES OF WORK. 

Tuer: is little doubt that the wonderful accuracy 
of many modern machines of precision, as we know 
them, would at any rate have been exceedingly 
difficult of attainment, if not practically impossible, 
but for the various processes of grinding now in 
vogue. The demand for high-class finish and minute 
limits of error have stimulated in a marked degree 
experimental research, in order to discover the best 
materials to use in grinding operations. The variety 
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of abrasives now employed makes a knowledge of 
the different purposes for which they are suitable 
necessary, and a careful — of their nature very 
important ; for one kind, well suited to operations 
on certain materials, may be quite inapplicable to 
others. It is because of this varying adaptability 
that emery, which for a long time was almost the 
only abrasive known, proved very inefficient when 
the modern steel alloys came into use. 

In a paper read early this year by Mr. George N. 
Joppson before the Society of Automobile Engi- 
neers at New York City, some interesting particulars 
are given on this point, and serve to show that 
great care is often required in order to select the 
best abrasive for certain classes of work, not only 
as regards its cutting properties, but also the ease 
with which it lends itself to proper bonding. Not 
only has the size and hardness of the grains to 
be considered, but also their temper or toughness. 
Emery is a natural abrasive with a percentage of 
about 67 of aluminium oxide, about 15 per cent. 
ferric oxide, and 8 per cent. of magnetic iron. Like 
emery, corundum is also a natural abrasive, but its 
quantity appears to be limited, and it also lacks 
uniformity. Where good, however, it is efficient on 
soft and heat-treated steels. It has a percentage 
of about 91 of aluminium oxide. Among artificial 
abrasives that known as alundum may perhaps be 

laced at the head. It is a product of the electric 
urnace, is made from bauxite, a hydrate of alumina, 
and it contains a high percentage of crystalline 
aluminium oxide. It is by many engineers considered 
the most efficient abrasive on steel, and its quality 
is well under control. It contains 91.25 per cent. 
of aluminium oxide, 2.5 per cent. of ferric oxide, 
1.75 per cent. of silica, 4.35 per cent. of titanium 
oxide, 0.25 per cent. of calcium oxide, and 1.25 per 
cent. of magnetic iron. There is, however, a 
— alundum made, which may be considered 
the most efficient known material for grinding all 
kinds of specially hard and tough steel. It contains 
a very high percentage of aluminium oxide, this 
being as much as 99.17 per cent. The other consti- 
tuents are ferric oxide, 0.65 per cent.; magnetic 
iron, 0.15 per cent.; and silica, 0.16 per cent. 
Materials such as hardened tool-steels require an 
abrasive which is hard enough to penetrate the 
surface ground, and tough enough to remove the 
chips without breaking off or dulling too quickly, 
and such qualifications appear to be possessed in 
a marked degree by alundum. 

Following this material comes carbide of silicon, 
or what is commonly known as carborundum, the 
great chemical differences between the two abrasives 
being that, whereas in alundum the percentage of 
aluminium oxide is very high, in carborundum it is 
very low, silicon forming the greatest constituent of 
this material. The actual chemical constituents of 
the carborundum are : silicon, 67.5 per cent. ; com- 
bined carbon, 28.57 per cent ; aluminium oxide, 0.85 
per cent. ; ferric oxide, 2.06 per cent. ; silica, 1.08 per 
cent. ; titanium oxide, 0.13 per cent. ; and free 
carbon, 0.44 percent, It is, as is well known, made 
in the electric furnace from coke and sand, and is 
the hardest abrasive in use. It is found particu- 
larly suitable on cast iron, chilled iron, and brass. 
A finished surface may generally be obtained by its 
use, but in cases where a high finish is required it 
may be employed for the roughing operation, and the 
finish added by an aluminous wheel. Carborundum 
wheels have, however, the drawback in some cases 
that the diamonds used for truing them wear 
rapidly, and Mr. Jeppson gives an instance in which 
an alundum wheel and a carborundum wheel had 
25 cuts of ;gy5 in. taken off each of them with 
the same diamond, and after careful weighing, the 
ratio of wear on the diamond was alundum 1 to 
carborundum 44. 

Coming to the subject of bond, which is a very 
important one, many things have to be considered. 
Not only is the function of the bond to hold the 

ticles of the wheel together, and to give a proper 
actor of safety at its specified speed, but it must be 
possible to vary its tensile strength to suit the work 
it has to do. If the bond is such that it retains 
the cutting particles so long that they become 
dulled, the wheel will not have a high efficiency, 
whereas if the bond be not strong enough to hold 
the cutting particles, they may be pulled out 
before the proper amount of work has been done. 
For different classes of work also the bond will 
depend on the speed, the area of the wheel on 
the work, the vibration of the wheel spindle, or of 
the work, &c. The different kinds of bondin pro- 
cesses generally used are the vitrified, the silicate, 


the elastic and rubber processes, and each of 
these has its proper field. The vitrified bond is 
made of fused clay, can be made in a greater range 
of hardness than any other, and is not affected by 
heat or cold. It gives more clearance between the 
particles than any other, because it does not com- 
pletely fill the voids between the grains, and is 
suitable for all kinds of grinding except where the 
wheel is not thick enough to withstand side pressure, 
as it lacks elasticity. As regards moisture, the 
silicate bond is not so stable as the one to which we 
have just referred ; it allows less clearance between 
the grains, and has a range of hardness below that 
of the vitrified bond in the harder grades. It also 
lacks elasticity, and is not suitable for very thin 
wheels. It is composed of clay fluxed by silicates of 
soda at low temperatures. The third bond that we 
have mentioned completely fills the voids between 
the grains, being composed of shellac and other 
gums. It has, however, a limited range of grades, 
but has a high tensile strength and elasticity, and 
can be used where very thin wheels are required. 
The rubber or vulcanite bond is similar in nature to 
the one just mentioned, and its uses also are some- 
what limited. 

The conclusions arrived at appear to be that the 
abrasives emery, corundum fe alundum, in which 
crystalline aluminium oxide is the cutting con- 
stituent, are superior to carbide of silicon on 
metals of high tensile strength, such as alloy steels, 
high and low carbon steel and wrought iron, while 
metals such as cast and chilled iron are best 
ground with carborundum wheels. The fact that 
carborundum, which is harder than emery, ecorun- 
dum, and alundum, should be less efficient on steel 
has puzzled many people, but the reason is that 
the property of toughness is lacking in carborundum, 
or, in other words, when grinding steel the property 
of which is high tensile strength, the cutting 
tooth is broken off close to the bond, and the 
grinding has then to be done on a surface largely 
composed of bond, and the wheel glazes fore 4 
Carefully prepared curves show a rapid rise in 
the horse-power required at the beginning of a 
test of both carborundum and emery wheels, the 
test-piece being 0.25 carbon steel 2 in. in dia- 
meter and 24 in. long; though with the emery- 
wheel the rise was not nearly so much as with the 
other abrasive. Although the emery loses its 
cutting teeth, it does not seem to do so to the same 
extent as the carborundum wheel, and not so much 
that the bond is reached. A curve plotted from 
tests with an alundum wheel is more consistent, 
as the properties of toughness and hardness in this 
material are so combined as to make it the most 
efficient abrasive for steel that we at present have. 
Our knowledge of abrasives is, however, by no means 
complete, and the importance of grinding having 
reached the position it now has, it is very likely 
that we shall see considerable advances made in the 
near future. 





NOTES. 


THe END oF THE SCANDINAVIAN LABOUR 
ConFLICTs. 


Tue Norwegian labour conflict, quite contrary to 
general expectation, may now be looked upon as 
ended, inasmuch as the two mediators, M. Hal- 
vorsen, one of the Presidents of the Norwegian 
Parliament, and Pastor A. Eriksen, have suc- 
ceeded in bringing about an agreement between 
the two sides, or rather their representatives. 
The agreement has to be accepted finally by 
masters and men, which it is expected will be done. 
On the news being announced from the chair in the 
Storthing, the members showed their appreciation of 
the result by rising. King Haakon sent the two 
mediators a letter of thanks for the satisfactory result 
of their labours. The lock-out commenced on 
July 8, with 15,000 men, and on July 15 it was 
extended, and then comprised 32,000 men, who 
consequently have been out of work for more than 
six weeks. So far the men’s organisations have paid 
out 1,330,000 kr. (73,888/.), and the wages lost 
represent an aggregate of about three times that 
amount; the loss to the men is thus at least 
4,500,000 kr. (250,000/.). The negotiations have 
been carried on with much secrecy, nor has any- 
thing so far been made public about the nature 
of the agreement, which affects workers in mines, 
electric stations and the Christiania nail factories. 
One of the points—minimum wages in the mining 
industry—is understood to be referred to arbi- 








tration. Negotiations are still pending in the 


cellulose, -wood-pulp, and paper industries, where 
the tariffs expired on August 20. In Sweden the 
lock-out has dwindled down to some 6000 men, and 
the masters appear to be acting independently of 
their associations, carrying on work with organised 
as well as unorganised workers. In Denmark the 
cause of the tramwaymen has been completely lost, 
the old employees have been beaten, and situations 
and the right to pensions, &c., have been lost by 
all, with the exception of, perhaps, some 10 per 
cent., whom the company has consented to take 
back on reduced terms. It is difficult to point 
to a more telling example of what harm foolish 
and irresponsible leaders may bring upon misled 
employees. 


INSURANCE AGAINST STRIKES. 


The question of insurance against strikes, or losses 
caused by strikes, has for some time been attracting 
considerable attention in various countries, and the 
occurrences of the past few weeks are likely further 
to increase the interest in such insurance. The under- 
writers at Lloyds have done a very considerable 
business during the past ten days: but no general 
system of strike insurance has been organised. The 
subject is being prepared and investigated by com- 
mittees and experts in different countries, but 
Finland was first in the field to begin this branch 
of insurance in a rational manner. The Finnish 
employers have formed a company to carry on 
this form of insurance, with the object of pro- 
tecting its members against losses caused by 
total or partial cessation of labour, whether the 
cause be strike or lock-out. The insurance can 
be effected in two ways, (a) for a sum fixed 
by the amount of the ordinary working expenses, 
and 6 per cent. interest per annum upon the value 
of stocks of raw material, of half-finished, and, in 
some cases, of finished goods, or (b) 6 per cent. of 
the calculated annual value of production. Ordi- 
nary working expenses comprise the expenses 
necessary for the working of the concern, salaries 
to the directors, office clerks,. technical staff, and 
other permanently engaged workers, besides the 
keep of horses, rent of premises, &c., further 
premiums for fire and other kinds of insurance, 
and, finally, rates and taxes. The compensation is 
calculated in accordance with the actual expendi- 
ture entailed during the period work is stopped. 
When stoppages of work extend over three days, 
members affected by the stoppages are entitled to 
compensation, provided that their attitude in the 
dispute has been sanctioned. The compensation is as 
follows :—When the insurance is effected according 
to the first of the above-mentioned methods, com- 
pensation at total stoppage of work is paid upon 
the amount of the insured sum proportionate to the 
duration of the stoppage. At partial stoppage of 
work compensation is paid in proportion to the 
extent and nature of the stoppage. When the 
insurance is effected under the second method com- 
pensation is paid equal to such a portion of the 
insured amount as is represented by the reduced 
value of production. The company’s members pay 
an pec. premium which is a calculated percentage 
of the insured amount and a guarantee is paid on 
joining which amounts. to twice the amount of the 
premium. Additional guarantee obligations may 
arise under certain conditions, and the members are 
responsible for the obligations of the company up 
to the extent of these amounts. 


ELECTROLYTIC CoppER FREE FROM ARSENIC. 


An interesting research on the electrolytic depo- 
sition of copper from impure sulphates containing 
arsenic and antimony is published in a doctor dis- 
sertation, recently presented by a Chinese student, 
Ching Yu Weng, to the Columbia University of 
New York. Arsenic and antimony are common 
impurities in sulphate lyes ; both these metals are 
eo agg with the copper, which they render 

rittle, and they favour tree-formation. In his 
investigation Weng makes use of ordinary impure 
sulphate, sometimescontaining considerable amounts 
of the two metals, and of this solution and various 
‘‘addition agents,” substances added in order to 

revent the deposition of the arsenic and antimony. 

‘aking, in the first instance, the ordinary electro- 
lyte, Weng noticed that the copper began to become 
distinctly contaminated with arsenic and antimony 
when the arsenic content of the bath reached 1.5 per 
cent. When, however, the As content was 6 per cent., 
the arsenic itself acted as preventive addition, pro- 
vided that the bath was heated to 50 or 60 deg. Cent. ; 








when the bath temperature was 40 deg. Cent. or less, 
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it required the presence of at least 8 per cent. of 
arsenic in the bath to secure the preventive effect. 
The peculiar phenomenon may be due to a hydro- 
lysis of the arsenic sulphate in the bath, subject to 
certain temperature and concentration conditions; 
the hydrolysis would yield arsenious acid (which 


would not travel to the cathode, and would thus not | G 


be deposited) and sulphuric acid. As regards inor- 
ganic addition agents, common salt (NaCl) acted 
best, hydrochloric acid was also fair, sodium sul- 
phate less so, aluminium sulphate improved the 
deposit slightly, aluminium chloride proved less 
advantageous. In this effect, again, temperature 
and arsenic concentration had their influences. Of 
organic compounds, gelatine and tannin had a 
decidedly beneficial effect, as they have in many 
electrolytic baths, though the gelatine at the begin- 
ning of the electrolysis seemed to favour the 
formation of small fern-like growths. Peptones 
were distinctly injurious. By far the best results 
were obtained with the addition of both common 
salt and gelatine, about 0.0L or 0.02 per cent. of 
each of them. Some of the observations which we 
have noticed are not novel, of course, but the 
recognition of the peculiar behaviour of arsenic, to 
act as its own preventive at certain concentra- 
tions and temperatures, is probably new, though a 
good deal of what the chemists discover in refineries 
is not published. The research does not really 
explain some of the observations. Professor E. F. 
Kern, under whom Weng conducted his investiga- 
tion, is inclined to ascribe the beneficial effect of 
the inorganic salts to their metallic ions and to 
their reducing action. But one does not see on 
these grounds why sodium chloride is so much more 
effective than the sulphate, and the action of the 
organic compounds remains obscure, in spite of 
the many varied researches on this subject. The 
colloidal nature of these compounds is certainly 
essential, but that recognition does not explain the 
phenomena. 








PrersoNAL.—Messrs. Trollope and Sons and Colis and 
Sons, Limited, of London, have an engineering 
department to their organisation for the design and con- 
struction of structures in reinforced concrete and steel- 
work. _The offices of this department are at 5, Coleman- 
street, E.C.—The Hayes (Universal) Printing Machinery, 
Limited, Works-road, Letchworth, Herts, have taken 
over, a8 a going concern, the business hitherto carried on 
by Messrs, Hayes, Reynolds, and Co., at the Hall Works, 
Stratton-road, Shirley, Southampton. The Southampton 
works have been removed to Letchworth. 


Contracts.—The Yorkshire Boiler Company, Limited, 
Leeds, have received an order from the Full and Barnsley 
Ruiilway Company for two of their Yorkshire boilers 
17 ft. long by 6 ft. 6 in. in diameter, for a total 
guarant hourly evaporation of 10,000lb. They are 
also at present completing an installation of two of their 
24-ft. by 7-ft. 6-in. boilers for the Edinburgh Ropery and 
Sailcloth Company, Limited, Leith, the guaranteed 
hourly evaporation of the two being nearly 20,000 Ib. The 
company are also fixing a Yorkshire boiler 18 ft. by 8 ft. 
for the Kendal Corporation Electricity Works. This 
boiler will give an evaporation of between 7000 Ib. and 
8000 lb. of water per hour. 





Moror-’Buszs 1n Paris.—In a recent communication 
to the proceedings of the Société des Ingenieurs Civils, 
M. Marriage states that when the horse "buses in Paris 
are finally eliminated, the city will be served daily by 800 
motor vehicles, with 240 more in reserve. The daily 
capacity will be 50 per cent. more than with the horse 
buses, which had sufficient se.ting capacity to transport 
128 millions of passengers perannum. The largest garage 
is at Clichy, and can accommodate 128 vehicles, seventeen 
over pits. The daily consumption of petrol at each garage 
ranges from 4 to 8 tons. It is stored in tanks under the 
pressure of an inert gas and there are pipes to the points 
of supply. This arrangement enables the tanks on the 
vehicles to be filled very rapidly. 


IRON AND Steet Instirure: Irauian Mretinc.—We 
are informed that his Majesty King Victor Emanuel has 
graciously consented to become the patron of the reception 
committee which has been formed by the Associazione 
fra gli Industriali Metallurgici Italiani in connection with 
the arrangements for the October meeting of the Iron and 
Steel Institute in Italy. His Excellency G. Giolitti is 
acting as the president of the committee, which includes 
the Marquis di San Giuliano, Secretary of State for 
Foreign Affairs; Professor Nitti, Secretary of State for 
Agriculture, Trade, and Commerce ; Signor E. Sacchi, 
Secretary of State for Public Works ; Sir Rennell Rodd, 
the British Ambassador at the Italian Court; and the 
mayors and members of the municipal councils and 
the members of Chambers of Commerce, universities, and 
technical associations in each city to be visited. The 
arrangements for the meeting, which promises to be one 
of exceptional interest, are being carried out under the 
superintendence of Mr. G. E. Falck, president of the 


above-mentioned Associazione, with the assistance of Mr. 
A, mena secretary, and Dr. L. Gaddi, technical 
secretary, 





BOILER EXPLOSION AT NORTH LOPHAM. 


A FORMAL investigation under the Boiler Explosions 
Act, 1882, has been conducted by the Board of Trade, at 
the Corn Hall, Diss, with regard to the cause and circum- 
stances of an explosion which occurred on December 23, 

arm, North Lopham, owned by Mr. 
aes The Commissioners were Mr. A. A. 
Hudson, K.C., barrister-at-law (presiding), and Mr. G. 
Fullerton Bell, consulting engineer. The inquiry was 
~ ! on behalf of the Board of Trade by Mr. George 
U. Vaux. 

Mr. Vaux, in opening the pocenedines, stated that the 
parties to the investigation were Mr. William Womack, 
coachbuilder, and owner of the exploded boiler; Mr. 
George Wm. Gale, farmer, and Mr. Ambrose Stevens, 
traction-engine owner, North Lopham, all of whom were 
legally represented. The makers of the boiler, the ex- 
plosion of which, Mr. Vaux said, formed the subject of 
that inquiry, had not been traced, but its construction 
was attributed to a firm called Woods and Co., of Stow- 
market. This company was reconstructed in 1907, when 
all the papers and documents were destroyed, and none 
of the members of the old firm were now carrying on the 
business. The boiler, which was a small one of the ver: 
tical type, was believed to be at least 13 years old, one of 
the fittings bearing the date 1898. It included a glass- 
water gauge, a safety-valve capable of registering up to 
70 lb. on the square inch, and a steam-pressure gauge of 
Schaffer’s make, graded up to 120 lb. About i2 re 
ago the boiler was bought from Messrs. Woods and Co. 
by Mr. J. B. Marchant, a farmer, who used it for five 
or six years, up to about 1905, when he retired from busi- 
ness. It was then sold to Mr. Robert Baldwin, farmer 
and dealer, of Diss, and had been worked, or looked after, 
by his son, Mr. George Baldwin. In January, 1908, 
leakage appeared to have started, and the boiler, along 
with the engine, was sent to Messrs. E. Youngs and Co., 
Diss, for repairs. That firm tested the fire-box by 
hammering it, and found that it was getting thin and 
needed repairs. New tubes were fitted and other work 
done, including the renewal of four studs in the fire-box, 
after which the boiler was tested » to 120 on ae += 
inch by hydraulic pressure. The firm ap to have 
warned Mr. George Baldwin that the fire-box was getting 
thin, and he replied that it was proposed to use the boiler 
only at a low pressure, and principally for preparing food 
for cattle. In September, 1909, one of the tubes was 
expanded by Messrs. Youngs, and about that time Mr. 
George Baldwin went to Australia, where he was now 
living. After his departure his father, Mr. Robert 
Baldwin, attended to the boiler until his death, in 
June, 1910. His property was sold by auction in Sept- 
ember, 1910, and the boiler, with an engine, was 
‘knocked down” to Mr. Hayward, the landlord of the 
ag Tree Inn, Eye, for the sum of five guineas. 
Mr. Hayward subsequently sold both boiler and engine 
for 82. 10s. to Mr. Ambrose Stevens, a traction-engine 
owner, who, in his turn, resold them to Mr. William 
Womack, coach-builder, for 101. There was no war- 
ranty or stipulation as to the working pressure. The 
boiler was then conveyed by Mr. Gale to his farm at 
North Lopham, as Mr. Womack was not ready to use it 
and, therefore, lent it to Mr. Gale on the understanding 
that he should have it when wanted. It was cleaned out, 
connected with the engine, and was then used for grind- 
ing corn and cutting chaff. The spring-balance safety- 
valve was set to blow off at a pressure of 501b. on the 
square inch. It did not appear that any proper examina- 
tion or test of the boiler had been made before it was set 
to work. Steam had been got up on four or five occasions, 
and again on the morning of December 23, when the 
boiler exploded, the explosion being of a very violent 
character. The fire-box ruptured, an opening being 
formed measuring 2lin. by 14in., through which the 
contents of the boiler rushed, with the result that the 
boiler was lifted from its seat, and thrown over on to its 
side. A portion of the barn was blown down, and the 
roof displaced by a falling chimney. Mr. Gale, Mr. 
Stevens, and the latter’s engine-driver—a man named 
Maiden—were all in the barn at the time. Maiden was 
somewhat scalded, but the others escaped injury. It was 
stated that Maiden had no business on the premises, but 
was merely an onlooker. 

Mr. Vaux concluded his lengthy statement by saying 
that an engineer-surveyor from the Board of Trade, who 
had examined the boiler after the explosion, found it in a 
very wasted condition, the p'ates of the fire-box along the 
line of fracture being considerably reduced in places by 
corrosion, and no thicker than a knife-edge. 

Mr. Vaux then called a number of witnesses. 

Mr. John Marchant, of Southholt Park, Eye, retired 
farmer, said that he bought the boiler from Mr. Woods, 
of Stowmarket, twelve years ago, and for five years used 
it for chaff-cutting and grinding, -but never worked it at 
more than 50 lb. pressure. Mr. Woods wrote him that 
it was equal to new, and would work easily at 501lb. In 
October, 1905, witness sold the boiler to Mr. Robert 
Baldwin. 

Mr. Thomas Stockings, foreman in the ar < 
Messrs. Woods and Co., Stowmarket, said he had D 
connected with the old firm for forty years. The papers 
of the old company were destroyed, but he could say that 
the boiler was not made by Messrs. Woods, and the 

resent firm did not make or sell the type of boiler which 

exploded. 

Mr. William Baldwin, farmer, Palgrave, stated that the 
boiler was used on his late father’s farm for preparing 
cattle food. 

Mr. John Base, engineer, and manager of the engineer- 
ing department of Messrs. E. Youngs and Co., Diss, 
de to the boiler being repaired by his firm in 1908, 





when they found the fire-box very thin, and the attention 








of Mr. George Baldwin was called to its weak condition. 
They advi him to have a new fire-box put in, but he 
did not consent, and they warned him that it would be 
unsafe to use it at a working pressure. The boiler was 
tested by hydraulic pressure to 100 lb., but witness did 
not consider that a test of hydraulic pressure was worth 
much without the hammer test. 

Mr. Clement Gaze, auctioneer, Diss, deposed to selling 
the boiler, with an engine, at the sale by auction of the 
late Mr. Robert Baldwin's effects. The boiler and engine 
were then running, and more than fifty persons were 
present at the sale. 

The Commissioner remarked that the engine was sold 
as in working condition, and it looked as if the 
boiler had been thrown in. 

Mr. Gaze replied that when the boiler was sold steam 
had been got up, and it was running, but he could not 
tell the pressure at which it was then working, though 
60 lb. was mentioned. 

Mr. Vaux said if a man saw a boiler working at a certain 
pressure at the time it was sold, he was entitled to think 
it would work at the same pressure for some months, at 
any rate. It was only fair to Mr. Stevens, who would 
be called, to try and get outside evidence as to the exact 
pressure at which the boiler was worked at the sale. 

Mr. Edward Hayward, landlord of the Cherry Tree 
Inn, Eye, stated that he bought the boiler and engine at 
the sale, and afterwards sold them, with a chaff-cutter, 
to Mr. Stevens for 8/. 103. He gave 6/. 17s. for the 
things. 

Another witness, a man named John Howlett, said 
that when employed by the late John Baldwin, he was in 
the habit of working the engine and boiler. The safety- 
valve used to blow-off at 80 The boiler was running 
up to within a week or so of the sale, and also on the day 
of the sale. He had worked it many times at 70 lb., and 
was quite satisfied. Noone had told bim what pressure 
to work at, and he went by his own ideas. He ran it the 
day of the sale, and it was watched by a. large number 
of persons who entered the building where it was sold. 
Some ple asked him if it was “‘all right,” and he 
replied that he was not afraid to drive it any time. He 
had had a knowledge of boilers and engines since the 
year 1870, but he had not been apprenticed to the engi- 


neering trade. 

Mr. Soom Gale, farmer, North Lopham, said he had 
seen the boiler at work on the late Mr. Baldwin’s 

remises, and after it was removed to his farm he used it 
or grinding purposes. He had a knowledge of boilers, 
and, many years ago, attended to one which was examined 
periodically. When the boiler was brought to his pre- 
mises he consulted, as a friend, Mr. Ambrose Stevens, an 
engine-driver and owner, of North Lopham, as to the 
boiler and its fitness for his work, &c., and Stevens 
offered to attend to it and fix it up for witness. The 
morning the boiler burst the safety-valve was set at 60 Ib., 
but when he came to the barn, about half-past eleven, he 
screwed it back to 50 Ib., a he thought they 
did not require all the steam. The explosion occu at 
12.15, and, shortly before, he had looked at the gauge and 
saw that it registered 47 lb. pressure. 

Mr. Ambrose Stevens, to whom the last witness specially 
referred, was subjected to a long and searching examina- 
tion as to his association with the boiler. e was, he 
said, about two yards from the boiler when it burst, but 
escaped unhurt. He wasan owner and driver of traction 
engines, and had had to do with engines for forty-five 
years. In 1882 he owned an engine and thrashin 
machine himself. He did not insure his boilers, an 
unless they needed repair they were never examined. 
Personally he never examined a boiler, although he had 
had eight or nine, and he never knew any one else who 
had his boilers examined. Witness did not sell the 
boiler to Mr. Womack, but merely bought it for him, and 
the 303. he made on the transaction he did not look 
upon as profit, but for taking the boiler down and putting 
it up again. With regard to his connection with the 
boiler, witness said he saw the boiler at Mr. Baldwin’s 
sale, and as there were no cracks, and all seemed right, 
he was satisfied with it. It had previously been tested 
by hydraulic pressure up to 120 lb., and therefore he 
thought it was good enough. The pressure required for 
the work to be done on Mr. Gale’s farm would be about 
60 lb., and he believed that the boiler would be quite safe 
at 70 lb. or 80 lb., at which pressure he heard it had been 
working. He set the valve at 50 lb., or, perhaps, 55 Ib., 
and when the boiler had been working a few days he 
never saw the gauge at more than 60 Ib., and then the 
valve was blowing off. On the 4 of the explosion the 
valve was blowing at 30 Ib. to 40 Ib., and shortly before 
the boiler burst the gauge was showing something like 
40 1b. He had not told Mr. Gale that the boiler was safe 
for 60 lb. pressure. 

The President asked witness if he knew that Mr. Gale 
and Mr. Womack relied upon his judgment as an engi- 
neer. Witness, in reply, said he was not an engineer, 
but was known as a “‘handy man.” He admitted that 
the parties named were relying on his experience with 
boilers and engines. 

The President asked whether witness knew that the 
boiler had been repaired. Witness replied that he had 
been told that new tubes had been inserted, and that 
they practically ‘‘ patched up the old wreck,” or some- 
thing of that sort, and ‘‘made as good a job as they 
could.” 

The President: After this explosion, did you not think 
that it was necessary to examine and test the boiler in 
some way ? 

Witness replied that he did not think of it. 

The President: Are you prepared to drive an old 
wreck ? 

Witness: Not if I know it. The boiler had been 
repaired after they said it was a wreck, 
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The President : What induced you to set the boiler to 
work after that expression had been used to you? 

Witness: I thought the boiler was sound. 

Mr. Base here remarked that he did not remember 
making any such statement to Mr. Stevens as had been 
quoted before the explosion occurred. 

Mr. Stevens replied that the conversation took place 
when he went to Diss after the auction to remove the 
boiler. He knew of no boilers in the district which were 
periodically subjected to examination and test. 

Mr. Henry Voss, engineer-surveyor to the Board of 
Trade, handed in a report and sketches of the boiler, 
which he had, he said, examined after the explosion. 
There were the usual fittings, including a safety-valve 
loaded with a lever and Salter spring-balance capable of 
registering up to 70 lb. on the square inch. The explo- 
sion was of a very violent character. The fire-box 
ruptured, leaving an opening measuring about 21 in. 
horizontally by 14 in. vertically, through which the con- 
tents of the boiler rushed. The reaction caused the 
boiler to be lifted from its seat and to make a half re- 
volution on its axis. The boiler, generally, was in a very 
wasted condition, and the fire-box was so badly deterio- 
rated that there was no doubt that had it been examined 
by any competent authority the boiler would not have 
been allowed to work, and the explosion would have 
been averted. At the line of fracture the fire-box was 
not more than a knife-edge in thickness. 

This concluded the examination of witnesses, and Mr. 
Vaux then addressed the Court and submitted a list of 
questions on which he asked for judgment. 

The Court then adjourned to the following day, and, 
on resuming, the President inquired the price of a second- 
hand vertical boiler like the one with respect to which 
they were inguiring. Mr. replied between 30/. and 
40/. if the boiler were in good condition ; and Mr. Vaux 
mentioned the sum of 25/. 

The President then very fully and carefully reviewed 
the evidence, and proceeded to deliver the judgment of 
the Court. He said the evidence disclosed a most extra- 
ordinary story, for it showed most utter recklessness and 
negligence in the management of boilers. On September 
27 the boiler and engine were put up for sale, and steam 

was got up without any regard to the strength of the 
boiler. The place where it stood was crowded with 
people, and if an explosion had taken place, it must have 
caused the death of many persons, besides injuring others. 
It wae now known that the boiler thus put up for sale 
was worthless for any pressure, and the inquiry had 
shown that it had been — 7 an engineer to be a 
‘** wreck,” which had been patched up. Dealing with the 
various sales and re-sales of the boiler, the President 
»inted out that the witness Womack had admitted that 

1e knew nothing about boilers, and depended upon what 
he supposed was the knowledge possessed by the witness 
Stevens, who had had experience with traction engines, 
but had small knowledge of boilers, and whose evidence 
as to his own boilers was remarkable. He said he never 
had them examined except when they needed repair, and 
that he never knew anyone who did have his boilers 
examined. This, then, was the man on whom Mr. 
Womack relied. Other persons were concerned in the 
matter who knew nothing about boilers. Mr. Stevens 
had been told by Mr. Base that the boiler was a “‘ wreck,” 
and patched up, and one would have thought that, having 
had that opinion from an engineer, he would have been 
rticularly cautious in dealing with the boiler, and the 
Court could not help thinking that he had some doubts 
as to its soundness, because when it was got to work he 
shifted the weight on the safety-valve about from time to 
time, according to what the boiler had to do. It was 
fairly clear that when the explosion occurred the valve 
had been set at 60 lb. by Mr. Stevens, which, after 
what Mr. Base had told him, was a most reckless 
proceeding. The explosion was due to severe cor- 
rosion, the plate of the fire-box being only ; in. thick, 
and on the line of fracture the thickness was that of 
a knife-edge merely. As to the question of responsi- 
bility, which the Board of Trade had submitted for 
the judgment of the Court, it wasclear that Mr. Womack 
was not responsible for anything which had taken place; he 
had no knowledge of boilers, but was guided by the advice 
of Mr. Stevens, and he lent the boiler to Mr. Gale, who 
also was acting upon Mr. Stevens’ advice. With regard 
to Mr. Stevens, the President said, he was fairly respon- 
sible for the explosion, for, although he had been told 
the boiler was a wreck, he never submitted it to any 
proper examination or test. With regard to Mr. Gale, 
the Court did not think he was altogether free from 
blame, for no one was free from blame who worked a 
second-hand boiler without having had a proper examina- 
tion made of it. The Court, however, were not able to 
form any definite opinion as to the extent of his respon- 
sibility. He and Mr. Stevens were apparently close 
friends, and seemed to have worked boilers and engines 
together. Mr. Gale knew what Mr. Stevens had learned 
about the boiler, but his responsibility was not very great. 
He had had some knowledge of boilers, and he must or 
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ELECTRICALLY-DRIVEN BLOOM-SHEARS. 
CONSTRUCTED BY THE STAHLWERK OEKING A.-G., DUSSELDORF-LIERENFELD. 








Tue Stahlwerk Oeking A.-G., of Diisseldorf- 
Lierenfeld, have recently made and supplied to several 
Continental firms electrically-driven bloom shears of 
the type we illustrate above. The machine shown in 
this view is capable of cutting blooms 5.9 in. by 7.5 in., 
while a similar machine is built for cutting blooms of 
6.5 in. square, cold, or 10} in. square, hot. The shearing 
pressure of this machine is equal to 45 kilos. per 
sq. mm., and exerts a total force of 1300 tons. 

The slide is balanced by carefully set springs, which 
ensure smooth working and absence of shock. The 
blades make twelve strokes per minute. The slide is 
also arranged with adjustable guides, so that wear can 
be taken. The machine is driven direct by 90-horse- 
power electric-motor through a raw-hide pinion. To 
protect the motor against shock a patent elastic 
‘** Bamag ” clutch is provided. The machine has a 
height of 14.76 ft., and covers a floor space of 14.75 ft. 
by 16.14 ft., its total weight being about 55 tons. 
Two flywheels are fitted, of a weight of 3 tons each, 
keyed to a shaft of forged nickel steel, the shaft run- 
ning in gun-metal bearings with ring lubricators. The 
large spur-wheel has a diameter of 10.17 ft., and a 
weight of 6 tons, and the cam-shaft has a weight of 
about 24 tons, with a diameter of 18 in. The body of 
the machine, the slide, the slide-cover, as well as all 
gear-wheels, are made of bést open-hearth cast steel. 
All gear-wheels are cut from the solid ; the shafts and 
pinions are made of best forged steel. 

A holding-down attachment is placed in front of the 
blades, which can easily be raised or lowered to ensure 


| @ flat cut and to preserve the blades. The adjustable 


stop (length gauge) is solidly connected with the 
machine, and allows of very rapid working. The stop 





ought to have known that he should have had this boiler 
thoroughly examined. | 

In conclusion, the President said that the judgment | 
of the Court was that Mr. Stevens was seriously to blame | 
and must pay to the Board of Trade the sum of 20/. 
towards the costs and expenses of the inquiry. No order | 
would be made against Mr. Gale. 

The President further remarked that Messrs. Youngs 


can easily be turned over out of the way if not required 
for the particular work in hand. 
In front of the blades is a set of electrically-driven 














done automatically when the slide reaches the highest 
position. This construction avoids the risk of making 
a false cut, and is safe for the workman, besides allow- 
ing him the free use of both hands; if desired, how- 
ever, the work may be continuous. 








ARTIFICIAL RESERVOIRS AND THE DrouGut.—The great 
value of large artificial water-basins, closed by dams, has 
been demonstrated during the recent long droughts. The 
valley of the Roer, or Rur—on the left bank of the Rhine, 
not to be confounded with the Westphalian Ruhr, on the 
right bank of the Rhine—had been suffering severely from 
droughts, as well as from floods. There are now nime big 
dams in this district, the largest of which, the Urft Dam, 
we described in our volume Ixxxiv., on page 740. The 
drought of this summer was as severe over there as here ; 
but there has been no serious trouble, thanks to the arti- 
ficial reservoirs, and the experience of this summer will 
strengthen the supporters of further schemes for the 
creation of large basins. 





THE INsT:TUTION OF MiINnING ENGINEERS.—The twenty- 
second annual general meeting of the members of the 
Institution of Mining Engineers will be held at Cardiff, 
on Wednesday, September 13, 1911, at 10.30 a.m., in the 
Lecture Theatre of the South Wales Institute of Engi- 
neers, Park-place. The members will be welcomed to 
the city by the Lord Mayor of Cardiff, and the President 
of the South Wales Institute of Engineers. The members 
and visitors will dine together on Wednesday, Sept- 
ember 13, at the invitation of the South Wales Institute 
of Engineers; and on Thursday, September 14, at the 
invitation of the Monmouthshire and South Wales Coal- 
owners’ Association. Arrangements have been made for 
visits to places of interest, to works and collieries, and 
for other excursions, on September 13, 14, and 15. The 
following papers will be read, or taken as read, at the 
meeting on September 13 :—(1) ‘‘ The Reduction, Control, 
and Collection of Coal-Dust in Mines,” by Mr. Sam 
Mavor. (2) ‘‘A Rope-Driven Coal Cutter,” by Mr. 





live rollers (not shown on this illustration) which auto- 


matically bring the blooms to the blades. These | 
rollers are built into a self-contained carriage, the | 


| frame of which is made of cast steel. This ieee 


and Co., who had called Mr. Baldwin’s attention to the | ™”* 0" Fails, and can be removed if not wanted. 


unsafe condition of the boiler when it was repaired, should 
have done something to prevent its being worked, to the 


td r of a number of le who were attending Pin” clutch, which gives way should blooms of dimen- 
tape > ae Young’s Soduinaer sions exceeding the capacity of the tool be put through 


the auction sale. Mr. Base, 


stated that this occurred three years ago, and the boiler the blades 


had been in the hands of other engineers since that time. coupling, operated by a hand-lever, 


strain, the age pen is fitted with a safety ‘‘shear- | trivances Designed to Prevent Overwinding, with some 


Instances of their Failure,” by Mr. W. H. Pickering and 
Mr. Granville Poole, H.M. Inspectors of Mines. (d) ‘*The 
lutch | Otto-Hilgenstock Direct-Recovery Process and its Appli- 
but the stopping is cation,” by Mr. Ernest Bury. 


In order to prevent damage to the machine by over- | 


The starting is effected by a clutch | 





William Maurice. The following papers, which have 
already appeared in the Transactions, will be open for 
discussion :—(a) ‘‘A Flame-Test for the Estimation_of 
Oxygen and Black-Damp in Naked-Light Mines,” by Dr. 


J. S. Haldane, F.R.S. (b) ‘An Experiment on the 


Effect of Reversing a Main Air-Current,” by Mr. James 
Bain and Dr. J. 8. Haldane, F.R.S. (c) ‘* Notes on Con- 
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A sTOKER of the underfeed type has recently been 
introduced by Messrs. B. R. wland and Co., 
Limited, of Reddish. The design is such that it can 
be applied to existing boilers with the minimum of 
fitting and without the necessity of drilling holes in 
the boiler-plates. Moving parts are reduced to the 
smallest number, and provision is made for the reduc- 
tion of friction and the ready access to the grate for 
cleaning and repairs, &c. 

Reference to the illustrations annexed, which show 
the stoker arranged for firing a Lancashire boiler, will 
make the construction clear. Fig. 1 is a longitudinal 
section through one grate, Fig. 2 a plan of one flue, 
whilst Figs. 3 and 4 are respectively an end elevation 
and a section through the grate. 

The drive is effected through a worm gear mounted 
in a dust-proof casing carried on the front plate of the 
stoker, power being transmitted by a belt pulley. A 
clutch is arranged on this pulley, so that the stoker can 
be thrown out of gear as desired. 

The worm-wheel drives a dise-crank, the pin of which 
engages in the slotted end of the rocking-lever a ; this 
lever oscillates round the fulcrum b, carried on the front 
plate of the stokers, as shown in Fig. 2. Two pins ¢, 
fixed in the lever, engage with lugs d on the feed-rams, 
and so give the necessary motion for forcing the coal 
to the grate. 

An arrangement is provided whereby the amount 
of travel given to the ram may be varied. This is 
clearly shown in Figs. 1 and 2. A screwed spindle e, 
fixed in the driving lug of the ram, is provided with 
a sleeve-nut fitted with a hand-wheel and locking-nut, 
which nut engages with a hinge-piece /, carried on the 
ram. The driving-pin c, on the rocking lever, which 
gives motion to the ram, engages with the lug on the 
inward stroke, and with the hinge-piece on the out- 
ward stroke ; thus, by travelling the hand-wheel out- 
wards, a lost motion is given, enabling the stroke of 
the ram to be adjusted from 4 in. to Oin., according to 
requirements. 

he rams are of simple design, as will be seen from 
the illustrations, and in order to reduce friction they 
work on cast-iron balls, which run on adjustable paths. 
The coal, which is fed into the hopper on the front of 
the stoker, is carried forward in the trough by the 








reciprocating action of the ram, and flows over on to 
the sloping bars of the grates, and it is claimed that a 
very even distribution of the fire is obtained. Two 
air-ducts g, shown in Fig. 4, are formed one on each side 
of the trough, into which air is led through the valve- 
boxes h, placed at the front of the boiler. The tops 
of the air-ducts are formed by the fire-grates, which are 
so arranged that part of the air passes between them 
through spaces j at the top of the trough, as indicated 
"y arrows, these spaces el oe a series of tuyeres. 

he remainder of the air, of course, passes through 
the grates, which are formed of thin bars closely set. 
A hollow casting m, shown in Figs. 1 and 2, is fixed 
inside the door; this is in communication with the 
air-ducts, and a series of holes supply above the fire 
air, heated in its passage through the casting, thus 
tending to prevent the formation of smoke. 

In order to facilitate the cleaning of the grate, the 
hopper is made to swing clear of the front on the 
hin arm 7, while to allow for the unequal ex- 
pansion of the hopper and furnace front, this arm is 
mounted on a spri: g 0, which prevents undue strains 
being set up. On each side of the grate, inspection 
and raking-doors p are fitted. Ashes finding their way 
through the grate into the air-ducts can be removed 
through the doors r provided in the air-valve boxes, and 
shown in Figs. 1 and 3; using the upper door, the 
ashes are raked forward, and the air-valve s being 
closed, they fall through the lower door. Coal-dust or 
ash, finding its way past the lower edge of the rams, 
falls through holes, f-rmed in the bottom plates of the 
troughs, to the space beneath, which space, being open 
at the front, enables this dust to be swept out. Since, 
however, the vertical position of the ram can be 
readily adjusted by means of the plates upon which 
the balls carrying the ram run, and to which refer- 
ence is made above, it is found that a very small 
amount of coal finds its way past the bottom of the 
ram. 

This stoker, to which the makers have given the 
name ‘‘ Climax,” is manufactured under Mr. W. R. 
Wills’s patents, and has much to commend it in the 
simplicity of its desi From independent inquiries 
we have made it would appear that the working of the 
stoker is very satisfactory, even when using a very 








UNDERFEED STOKER. 
R. ROWLAND AND CO., LIMITED, ENGINEERS, REDDISH. 









































small coal of low grade (about 4-in. mesh with 17 per 
cent. of ash); and the cost of repairs, — to the 


simpli ity of construction, is remarkably smal 








ELECTRIC TRACTION IN SWITZERLAND.* 
By E. Huper-Srockar, of Zurich. 
(Continued from page 190.) 


Seethalbahn (No. 12 on Tables IV. and V.t+).—As is seen 
from Tables IV. and V., this railway is of an exceptional 
character, as it appears really to be a normal-gauge street 
railway of considerable length, and traffic of both kinds. 

The electrification at present completed is an actual 
one with regard to the steam operation, having reach d 
an age of thirty-seven years. The very fact of so large a 
portion of the track being laid on public roads and the 
main street of a number of villages has, apart from the 
heavy grades of a section more recently added, brought 
about the abolition of steam in favour of electricity. 
Steam traction could not keep pace with the development 
of the districts traversed, and appeared to be incapable 
of securing to the railway that share of through traftic to 
which it can be considered entitled with regard to its 
terminating in a centre like Luzern at the one end, and 
at Wildegg, a station of the main line Brugg-Olten 
(Ziirich-Bern) at the other end. 

In fact, the Seethalbahn is a regular normal-gauge rail- 
way with agreat length constructed on large public roads, 
which are used chiefly for agricultural trafic. It must 
therefore be considered in this paper, quite apart from 
the particular interest it presents, as a normal-gauge 
single-phase alternate-current electrification of consider- 
able magnitude. The electric plant for the entire electrifi- 
cation is by B.B.C. 

Power is obtained from the power-station at Beznau, of 
the Beznau-Lintschwerk, by transmission of, to begin 
with, 1000 to 2000 horsepower in the shape of three- 

hase current of 8000-volt tension and a periodicity of 50. 
n one sub-station at Beinwil, not far from the middle of 
the line, this three-phase current is converted by machinery 








* Paper read before the Institution of Mechanical 
Engineers, at the Zurich Meeting, July 25. 

+ We complete Tables IV. and V. on pages 270 and 
271, the first parts of each having been published with 
the first section of the paper on page 127 ante. The 
whole of Table VI., giving further details of the railways, 
is given on page 272 of this issue, 
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into single-phase current of 5000-volt tension and a 
periodicity of 25, fed directly into the ove: head contact 
line without any intermediate transformer sub stations. 
The contact-line is 5.500 to 6.000 m. above the rails on 
sections private to the railway company and 7.000 m. on 
public roadways. 
According to the programme of the electrification there 


apart from a little electric shunting-engine at Hochdorf 
| station. It is, however, evident that at any time a 
service of locomotives and heavier trains can be organised 
| by the addition of electric locomotives without chang- 
| ing the nature of the operation of the railway. 

| With the data on hand the author is able to give the 
| following description of the motor-cars and their equip- 
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will be run, in both directions together, twenty passenger 
trains of 67 tons (stopping at way-side stations) and 74 tons 
(faster), besides four freight trains of 162 tons total weight. 
On sections on public roads the speed of passenger trains 
will be 35, on private tracks 45, and on the maximum grade 
of 3.7 per cent. 24to31 km. per hour. The speed of freight 
trains will be 35 km. throughout, except on the maximum 
grade, where it will be 17 km. to 20 km. per hour. All 
trains are moved by one motor-car each. Multiple-unit 
control is, however, provided, and heavier trains thus 
made practicable. 

As trains of more considerable weight are not ex- 





pected, electric locomotives have not appeared desirable 
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power required by the trains, even near the extremities 
of the line, is too small to cause inadmissible losses in 
the contact-line. Therefore sectionising of line, trans- 
former sub-stations, and intermediate high-tension distri- 
bution were not necessary. If, however, instead of three- 
phase current, single-phase current of proper periodicity 
had been obtainable from the works at Beznau, it is 
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TABLE IV.—Princrpat EvecrricaALty-OpeRATED RAILWAYS IN SWITZERLAND. 


(Continued from pe 127 ante.) 








| £ |e@ |% ($93 - | 
ue. | ’ a a (| & ae £5) Electric | 
at Railway, Name & Ms re | § ics Bl Current, Type of | Motor Names of 
Crder and Short Name ey sa & se Ee 4 Periodicity, | Contact | Vehicles. Observations. Original 
7 (if any). SE —£@ | oe |S S| Contact | Line. Contractors. 
$3 8 Sex &S es) Voltage. | 
oa | B- is & SaeR | | 


- 
% 
- 
_ 
g 
3 
~ 
— 
ge 
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| 

| 

9 |Seebach- Wet- | 
tingen 

(Figs. 22 to 28) 

| | 


10 ‘Locarno- 


Bignasco | 20 cycles | 
| 5000 
11 _ Bellinzona- 1907 | 


Mesocco 


} 
| 
| 
| 
| 





1907 | 1907 |1.000 27.1 'Single-phase Overhead, 


19.4 Single-phase Overhead, Locomotives First high - voltage M.F.O. 

| 15 cycles | bow and | 
| 15,000 
| 


single-phase normal- Siemens- 





| rod gauge, regular rail- Schuckert 
| | way electrification. 
| Experimental. 

Motor-cars First narrow - gauge M.F.O. 


single-phase railway 


| (trailing) 
in Switzerland 


1907 | 1.000 31.3 | Continuous Overhead,| Motor-cars First section of pro-|Rieter and Co. 
1500 


railway over) Completed by 
the Bernhardin Pass.) M.F.O. 
First high - voltage 
| continuous - current 
traction in Switzer- 


bow | (trailing) 


* 


| | | lan 
12 | Seethalbahn. | 1883to| 1910  1.435/| 54.2 (|Single-phase|Overhead,| Motor-cars First permanent B.B.C. 
1906 | | 33.6 on! 25 cycles bow _— (trailing) | single-phase normal- 
| | public 5000 | | gauge electrification 
roads | | in Switzerland | 
13 | Martigny- | 1910 | 1910 | 1.435 20 = |Single-phase Overhead,| Motor-cars [New normal - gauge B.B.C. 
| Orsiéres. | | 16 cycles bow (trailing) aaa electric 
(Figs. 29 to 32) | | 8000 ilway 
14 |Berninabahn ..| 1908 to 1908 to | 1.000 67 Continuous | Overhead, Motor-cars Prominent represen- Alioth 
| 1911 1911 9.8 on 1200 | bow | (trailing) tative of a narrow- 
| public gauge through line 
| across the high 


| roads | 
| 


mountains 


| 
| | | } 
15 _ -Frutigen.| 1901 1910 to | 1.435 13.4 Single-phase Overhead,) Locomo- Sectionof the Litsch- M.F.O., S.S.W., 
.L.8. Li | 1911 | A. E.G. 


Stsch- 
| berg.* | 15,000 


16 (Rhitische Bahn.| 1903to 1912 1.000) 12.6 Single-phase 10,000 
49.1 15 cycles Overhead, tives 


Upper Engadin| 1904 pre- 
section* sumed 10,000 
Lower Engadin| 1912 1912 | | 
section. Rh. B.*| presumed | | 
| | 


j | 
} 





15 cycles bow | tives 


berg Tunnel route. 
| motor-cars| Preparation of its 
| (trailing) | electric traction ; the 
| most important one} 
in Switzerland at 
present 
Locomo- First narrow - gauge M.F.O., 8.S.W., 
single-phase electri-| B.B.C., A.E.G., 
bow | fication ; powerful) Alioth 
| single-phase locomo- 
| tives on  narrow- 
| | | gauge. In course of 
| | construction 
' 





* The illustrations and description of the Litschberg, Engadine, and St. Gotthard form the concluding portion of the paper, 


and will be published in a future issue. 


ments—eight passenger, two freight; the figures are 
approximate :— 


Total weight of motor-ca 42 to 45 tons 
Number of axles... oad 4 (in two bogies) 
Number of motors ... ... 4, single reduction, enclosed, 
usual spring suspension 
... B.B.C., single-phase, with 
voltage control of speed 
(multiple unit plan) 
1 to 3.68 (passenger), 1 to 
4.85 (freight motor-cars) 
4) 


System of motors 


Ratio of gearing 


Periodicity of current 


Voltage on contact-line 5500 to 5000 
Voltage of motors ... is 200 
Number of transformers o 

board car A 


2 
100 horse-power 
400 horse-power 


Power of one motor... 

Total power on board . 

Electric lighting and heat- 
ing (voltage 100) ... on 


The electric service of the Seethalbahn may be con- 
sidered representative of the local and suburban service of 
principal railways, which, while operating trains of any 
weight for ne: istance traffic with powerful locomotives, 
organise their local and less heavy suburban traffic with | 
motor-car trains or even single motor-cars of the type | 
similar to that of the Seethalbahn. The voltage of 5000 | 
on the contact-line would, according to present knowledge, | 
not be adopted in the case of a railway of greater length, | 

ibly prospective only, but a voltage of 10,000 to 15,000. 
n the case of the Seethalbahn, the adoption of 5500 to 
5000 volts for the contact-line was economical, and con- 


Brakes, pressure-air 





certain that this current would have been conducted to 
two or three transformer sub-stations on the railway line. 
These two or three transformer sub-stations would have 
been a most satisfactory proposition in many respects, 
cheaper in_cost of plant and operation than the one 
station at Beinwil with converting machinery ; but this 
was excluded by the nature of the current obtainable. _ 
This observation will call attention to the desirability 
of the generation of electric alternating current specially 
for traction pur and of the unification of periodicity. 
Differences in the voltage of different power-stations do 
not signify, as they cin always be dealt with by means 
of trausformers at an advantage, all things being con- 
sidered. But radical differences of periodicity cannot be 
overcome except in ‘an expensive way. 
Martigny-Orsiéres,* Figs. 29 to 33 (No. 13 on tables). 
This railway is, as a whole, similar to the Seethalbahn 
as far as the general conditions are concerned. It is 
specially interesting for various reasons. The contact- 
line voltage has been settled at 8000 volt», a value not 
very likely to become the standard. The periodicity, 
however, has been fixed at 15, the standard accepted in 
Switzerland for future electrification. The Martigny- 
Orsiéres Railway. branching off at Martigny from the 
Federal Railways’ main line Lausanne-Simplon-Italy, 
was requested by the authorities to adopt a current of a 
periodicity compatible with that of electric traction on 
lines probably coming in operative connection with it in 
the near future—namely, the Simplon Tunnel and the 
Litsehberg services, both having adopted a periodi- 


city of 15. While small differences in periodicity do not 


- See Huldschéner, Schweiz. Bauzeitung, vol. lvii., 


venient at the same time, for particular reasons. The | Nos. 16, 17 
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prevent transition of locomotive vehicles from lines of 
the one on to lines of the other ss: “yp discre- 
pancies make it impracticable. ven a large difference 
in contact-line voltage, though, of course, very incon- 
venient, can always be dealt with ina suitable manner. 

This railway is interesting from the fact that single- 
phase current has been adopted after careful investiga- 
tion into the merits, in the particular case, of continuous 
current of 2400 volts, a voltage still in excess of that on 
the Bellinzona-Mesocco (No. 11 on the tables). Then it 
is extremely interesting on account of the system of 
motor-speed control as applied to traction. 

It has, with reference to the Seebach-Wettingen ex- 
periment, been explained that, unlike multi-speed three- 
phase current motors, single-phase current motors permit 
of speed adjustment with — freedom. The means 
adopted for this control of speed possess the inherent 
feature of a step-like action, though by virtue of the 
number and pitch of the steps these are hardly felt as 
such within the range of speeds usual in driving. 

In the case of the Martign -Orsiéres Railway the speed- 
control is an absolutely ual one, free from the feature 
of steps. It is performed according to the Deri system 
of alternate-current motors as perfected by B.B.C., the 


9O0H.P SINGLE-PHASE ELECTRIC 


TRACTION MOTOR, DERI SYSTEM. 
MARTIGNY-ORSIERES. (BROWN, BOVERI.) 
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makers of the entire electric equipment of this railway. 
lhe operation of speed-control is effected by shifting the 
brushes on the commutators of the motors, and is, there- 
fore, as far as the means external to the motors are con- 
cerned, purely mechanical. Instead of controller switch- 
contacts and a certain number of connecting electric 
conductors, there is, with this novel type of locomotive- 
control, a system of spindles, shafts, bearings, bevel or 
other gears for transmitting motion by hand-power from 
either of the two drivers’ cabins to the several motors on 
the car. In the case of four enclosed motors being lodged 
in two bogie-trucks below the car-body, this mechanical 
device of speed-control will require considerable skill on 
the part of the designer, and probably considerable 
attention in service. In the case of locomotives with 
high-level motors, open and accessible at any time, even 
when travelling, and rigidly mounted in the frame of the 
vehicle, the device cannot possibly give rise to mechanical 
troubles. Whether this system of speed-control, as a 
Whole, will prove satistactory, in general or under special 
conditions, experience has still to teach. 

_The contact line is overhead, of substantial character, 
of the catenary type on stations. The contact is made 
by pantagraph-bows. Electric current is obtained from 
th power-plant of the Société d’Electrochimie in Mar- 
tigny-Croix. It is generated by a hydro-electric set 
specially for the purpose. 

The data published on the motor-cars (non-electrical 
part by Schlieren), their equipment and the weight and 
Speed of trains are as follows :— 





TABI.E V.—Cuaracter AnD Cost or ConsTrucTION oF Raritway, Rouiine-Srock, Trarric, OPERATION, 
(Continued from page 127 ante.) 




























9. mai @. 12, 13. 14. 15. 16. 17. 
Létechberg. es For Comparison. 
é } es ee ——— 
| 7) si @. 2» | | &e | | 
m | » & : eo >@ | le 3a 
| i | : ; a " ¥ -i883TS | * 
Year, 1909. FE: 33 Se 4 &f : d Spies- a - 33 = | St. Gott- ae sa 
Ss |$8| 24 3 S EES e Frutigen. | (Building) Poe % hard, 1908, megs 
| ’ 
a* a) aA z qo" a | av=s| 
Gauge, in metres 1.435 | 1,000) 1.000 1.435 1.435 1.000 1.435 1,435 1.000, 1.435 | 1.435 
ae? - } | 272.5 1 2626 con- 
ngth, in ilo- | ° ° an G P o eo) | structed | structed 
me Mel) me [ars | 15 | 642 19.2 60.6 134 | 6.1 | 62.33 || 21:2 ope | SOT ope 
| ‘| va rated 
Length on public | 
roads es “ 33.6 - | — -- 
Minimum radius of 
curves, metres 300 | 100; 80 160 180 50 300. | 300 =| —ls«100 280 300; 
Level sections, per) 15 approxi-| 29.94 24.6 7.19 17.3 ap- | 3.0 ap- 13.6 8.3 35.8 20.48 26.97 
cent. of total | mate | proximate | proximate | | 
Grade maximum, %.) 12 | 33 | 60 37 $5 OC 70 15.5 | 27 25.0 25-27 26 
Grade, average of 4 approxi- | 13.64 | 29.29 14.55 27.4 40.6 12.9 23.2(ex- | 14.35 11.76 8.49 
sections notlevel,%.| mate | } cluding | 
| | } large | 
| | | | | tunnel) | | 
Lowest point, metres) | | 
a.s. 1 ee es] 391 217 | 231 357 469 429 631 68i | 1290 205 277} 
Highest poiet } 
metres a.s.1. aad 459 | 441 | 769 651 904 2256 781 | 1944 1880 1153 1010} 
A te up and 92 262 | 620 731 435 ap- 2391 150 1030 ap- | 574 | 2563 16,565 
down in metres of| proximate |proximate | 
height 
Kilometres above above | 94 15.9 31.2 14.6 ap- 58.8 8.7 1/25 %. and | 98.6 539.5 
10 %, 1} 4%, :1L1 | proximate jmore, 12.4 
| | (north) 
Kilometres above) Above 6 %.:| 0.9 6.9 9.9 9.9 ap- | 58 8 (27.0 | 20%, and | 62 %, jabove 20%, 6.1 
4 - --| 7.4 | proximate} with jmore, 23.0) :3.64 | : 67.1 
| | 70%) | (south) | 
Weight of rail in| | 
kilogrammes per 
metre os a 36 | 20.7 25.0 ee 36.0 36.0-42.0 /23.5-27.0| 36-51 26.0-51.0 
Number of electric 3 ee . {14 (steam)) (1911) 2 | } 169 /1178 steam 
locomotives 25.0-36.0 | 4 electric 
| before 
electrifi- | 
Number of motor- | | cation | 
cars... oe ool - 3 | 6 | (1911) 10) 15 (1911) 3 | 1 steam 
Number of ordinary) | | 
cars.. mt val _ | 18 2% | 108 | 59 ss.) = 2100 17,805 
Average number of 16 13.74) 12.86 | 18.88 se 13 (1911 20 43.63 33.47} 
trains over whole! | (24 after | 24 | | (upper | 
line | | electrifi- | approxi- | | Section 
| | cation) mate) | 30) 
Average number of) 84 approxi- | 5.28 7.385 | 10.51 (1910) 11.07 | 32.01 30.721 
axles per train mate in1908t | | | 
Trains, kilometres} = 
run, 1 = ce 140 | 150 379 ii Se 1,449 81,547} 
Passengers carried, F 
1= 1000 .. we 188 229 786 274 211 | re) 1,051 76,285 
Tons of all kinds of| 4 
freight, 1 = 1900. .| 13 9 132 < 12 a7 | 8 | 472 12,108} 
Thousand Franes| .. = i 
per Kilometre: S ps ¥ - 
Cost of purchase off = 85 | § rs i s 
land . ..| eee 6 | 6 14 a 23 | 8 | ¥ 67 48} 
Cost of electric line) §> = Ww | = : a , (400 ap- 
equipment $25 : oe z | & $ proximate 
| Sas 2 2 | |; & Simplon 
| =f A | £ | ° | T 1 
— | sea. A Ss) ‘unnel) 
Cost of buildings and) “= z e § | 3 
station machinery) 23, 35 9| 16 1% €| p< 19 | 78 453 
Cost of construction) £3 3s} § E - | g 
complete .. ..| BRS 77 77 105 $ 5 232 S| | 3 810 316 
Cost ofrolling-stock, 5 g 2 = 3 ¢ =| | 8 
locomotive and & - } s Fs 5 | & 
other i oe ae | 9 16 | 8 & z 26 ‘f es 95 66} 
Cost of railway com- ° g 
plete a s 2% | 136 2 273 = 1,083 426} 
Total amount | 2673 | 3125 7365 S| ¢ 296,823 | 1,023,089} 
Total operating ex- 3! 5 
penses... a 96 103 644 150 3 | 6,124 99,757 
Total receipts from a] 
traffic ws - | 136 143 732 8.48688 254 «| | 8,510 158,745} 


* Excluding Branig, but including St. Gotthard. + 60 to 200 tons without locomotive. 


Passenger. Freight. 
Number of motor-cars__.... 2 
Capacity ‘ ... 40 seats, bag- 10 tons load 
com- and 16 seats 
partment 


Total weight of car com- 
lete, not loaded _.-- 40 tons (appr.) 34 tons (appr. ) 

eight of electric equip- 

ment a rai am 17.8 tons 
Number of axles, all driving 4 (in two bogies) 
Distance between axles in 

bogie oe wae i 2.500 m. 
Diameter of wheels... 1.150 ,, 
Number of motors per car... 4 
Power of one motor (one 

hour rating) va nk 
Normal speed of motor | 
Periodicity of alternating 


90 horse-power _ 
450 revolutions per minute 


current vs i 15 
Voltage on contact line 8000 
Ratio of transformers on 
board car ... ; a 8000 : 500 
Capacity of transformers on 
board car 2 x 130 kva. 
Motor voltage %s : 500 P 
Mechanical arrangement ... Single-reduction gear, spring 
suspension as usual 
Gear ratio ~ Ste 1:3.2 
Contact as ‘a ve Pantagraph-bow 
Height of contact 5.500 m. to6.000 m. ; 7.000m.on 
stations; 4.800 m. in tunnels 
Brakes... Westinghouse 





































| 
| 


t Excluding St. Gotthard and Brinig. 


Passenger. Freight. 
Weight of train - .. 66 tons 126 tons 
SS) of train, km. per hour 30 to 42 15 to 35 
Number of trains (expected) . 


(To be continued.) 








| in both directions... 


Locomotive MANUFACTURE IN GERMANY.—The large 
German locomotive manufacturers are complaining about 
| the effect of the reduced orders from the Prussian railway 
department. In spite of a sufficiency of foreign orders 
| prices have receded considerably, a fact which has affected 
the dividends for last year in more cases than one, although 
| the sharebolders still ohtain very substantial dividends. 
The exceptional results of the record year of 1908 rather 
| overshadow the present, but things are now distinctly 
| better than during 1909 and 1910, at least as far as several 
| works are concerned, but there seems to be a general 
| complaint that the home demand fluctuates too much, 
| which naturally causes a good deal of inconvenience. The 
| home demand for locomotives steadily increased from 
| the year 1905 to and through the year 1908, when a reaction 
| set in, as will be seen from the appended table, which 
shows the aggregate sums expended by German railways 
on new locomotives during the years in question. 


| Year. Marks. 

1905 66,100,000 

| 1906 76,900,000 
1907. 115,900 _000 
1908 124,200,000 
1909 112, 100,000 
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}, ‘ 
FOREIGN ENGINEERING PROJECTS. ELECTRIC TRACTION IN SWITZERLAND. 
WE give below a series of foreign engineering projects. 
For several of these tenders are ask Further data (See Page 269.) 
concerning same can be obtained from the Commercial P . 
Intelligence Branch, Board of Trade, 73, Basinghall- |TABLE VI.—Exxcrnic System, Typ or Contact, Locomorivk VEHICLES AND TRacTION-MoTor Equipment, 
pon Official Mi bit mn ConsuMPTION OF POWER. ; 
Ussia : e a essenger si at a Bill, ; “had i 
designed to encourage Russian shipbuilding, has been a weapuntyecte gr eps teen m7 a t No. 1¢ \ 
drawn up by the Ministry of Trade and Commerce, and . Nori zE.— motor-cars are bogie-cars wi jour ax es except No. 1 (two ax es). 
submitted to the Council of Ministers. The principal l x 
feature of the Bill consists in the granting of subsidies to 1. 2. 5. 6. 7. 10. 11. 14. 
Russian shipyards, the terms to be arranged in accord- SS 
ance with the ruling prices for shipsin Russia and abroad. 2 Stansstad- Gruyére | 
Russia (Siberia) : Phe Official Messenger also notifies | Orbe- | as Chemins de | Montreux- rane rae | Bellinz 
that the municipal authorities of Verkhneudinsk have | Chavor- | (Rack Loco- | “Per Rlec- | Oberland | Ghareiary | shgumnen, Mesoceo | Bernina. 
decided to arrange for surveying operations in connecti:r | may. | Omitted). triques. |  Bernois. ’ < ‘ a 
with the building of a railway from Verkhneudinsk to jue 
Kiakhta (Siberia). The projected line will have a length | Kindefcurrent for} Uon- | Three - phase Continuous Continuous | Continuous Single-phase} Continuous | Continuous 
of 133 miles, and will pass through the most populous | propulsion tinuous | alternating | alternating 
and most fertile district of the Trans-Baikal province. Voltage of contact) 500-550 |750, pee 750 750 to 1000 750 | 0L0 1500 1000 
Spain: The Gaceta de Madrid contains a notice issued | line : city : ee 
by the Ministry of Fomento, nting to the Sociedad yn oy kind) = =1 Three (one die Five with con-| One (power- |One (power-/T wo (on e/Four _ con- 
Anénima Theria Concesionaria de Bilbao a concession for o feeding (sub)- power station (converting) verting machi- station) station) power, one| verter sub 
: ° : ° stations | andtwostatic| nery, one with | convertersta-| stations 
the construction and working of an electric railway from | transfor mer | accumulator tion) 
Porrifio to Vigo. The following information is from the | sub-stations) | battery J | 
report by the British Vice-Consul at San Sebastian on | Kind of current} Three - phase|Three - phase Three-phase al-| Continuous |Single-phase|Continuous|Three-phase 
the trade of that district in 1910, which will shortly be generated in alternating alternating | ternating | | alternating! 1500 volt 3-| alternating 
issued :—There are several new railway. projects in con- | POWer station — alter. 
templation. One or two groups of British financiers have | voltage oa power| 5800, | 8000, | 8000, Direct supply! 5000, {10,000 volts 50]23,0u0 volts 
applied for concessions, but, so far as can be ascertained. | |ine periodicity 33) periodicity 50| periodicity 50 | from power-| periodicity | cycles | 50 oycles 
nothing of » definite nature has been arrived at. From } | station 20 
the point of view of the isolation of certain regions, the | Name and import.) Obermatt, Montbovon Montbovon and/Vernayaz, 5000|Pontebrolla,|Cebbia (Me-| Brusio, 
want of railway communication is very much felt; but, | @"ce of power-| about 900' and Roment) Romont, ~ to 8000 h.-p.| 3000 h.-p.| socco), 1000) 50,000 h.-p. 
i : A oe eee * | station h.-p.  for| 6000-8000h.-p. 8000 h.-p. for} power distri-| power and| to 1500 h.-p.| for general 
on the other hand, taking into consideration the gene - iP | eer | ; 
: : + | general power| for genera), general power) bution and) light of Lo-| railway and} power dis- 
rally sparse population, the question arises whether distribution) power distri- distribution electro - che-| carno and| other power | tribution 
railways, unless subsidised by the State, would be paying for Luzern yution mical | district | | (till Milan) 
concerns. There is reason for thinking that if many of | Type of contact,! Sliding |Two part bow, Bow, overhead Bow, overhead|Third rail, top|Rod, over-|Bow, overhead|Bow, over- 
the regions now without railway communication possessed | contact line, and) trolley, | two overhead) wive(in places wire (in places| contact, pro-| head wire) ordinary | head ordi- 
these facilities, the country would be far more prosperous | Supports overhead | wires insu-| 2) ordinary) 2) ordinary tected (bow,| lateral to) types nary types 
and the number of emigrants annually leaving the country a on types | types — © wee | 
would materially diminish. Number of driving- % 7 Two the | Light | Heavy . 4 ae 4 4 
Brazil: The British Vice-Consul at Rio Grande do axles of motor- same bogie cars4| cars 4 
Sul reports that tenders are invited by the municipal | cars 
authorities of Polotas for a forty years’ concession for | Total weight of ll 14 22.5 | 27.6 34.5 29.7 | 31.3 28.1 
the supply of electric power and light and the estab- ose eons — — | 
lishment and working of electric tramwaye in the town. Weight of electric] 2.5 ap- . Light cars 8.3 8.8 11 approxi- |10.5 approxi- 11.15 '9.0 approxi- 
Tenders will be received by Senhor Luiz M. da S.| equipment (tons) |proximat: | mate mate | oe 
Pennafiel, Secretario, Intendencia Municipal, Pelotas,|Qar-length be-|  .. 13.700 | 13.700—14.000 17.810 16.000 | 16.100 | 13.910 
up to 1 p.m. on November 14. A deposit of 5060] tween _ buffers! 
milreis (about 330/.) is required with each tender, to! (metres) | 
be increased by the fx Prove = tenderer to 25,000 milreix Distance between) 10.400 10.300 12.300 10.000 11.500 10.000 
(about se. ). The Diario na ong gett. decrees, as —_ ol | | 
follows :—No. 8826, approving the plans and estimate of | pj teal 8 5 10.500 : ’ ; 
12,026,000 milreis —— one ge af o ag 3 a —— of ogre ota 500 6.560 7.600 | 9.600 8.000 
of a section, 140 miles long, of the Goyaz Railway. | (metres) 
No. 8827, approving the plans and estimate of 9,827,000 | Distance between) No bogies | 1.900 1.8CO—1.900 1.800 2.500 | 2.000 | 2.000 
milreis (about 655,000/.) for the construction of another a i bogie! 
section, about 100 miles long, of the same railway. No. 8828, |  iameter of wheels | 0.850 0.850 0.958 0.860 0.350 | 0.850 
hy ge the plans for building a railway from Uberaba | (metres) 
to S. Pedro de Alcantara, a distance of 140 miles, the cost | ~ystem of traction) Con- | Three - phase Contin uous-|C ont inuous Contin uous Single-phase|/Continuous|Continucus 
of which is estimated at 12,077,000 milreis (about 805,000/.); | motors (all single} tinuous- | induction,| current series,| current series,| current series,| series, volt-| series, voltage| series, volt- 
this also forms part of the Goyaz Railway system. reduction) } current | rheostatic| voltage ot voltage of each) geared to ad-| age control of one motor) age of mo- 
Peru: El Peruano (Lima) notifies that the United | series | control each motor) motor 750 | hesion and to| motor volt-| 750(old), 1500) tors 1000 
States concessionaires for the completion of the railway | hoes Sn eS | om 
from Huancayo to Ayacucho have arranged to proceed at | Gear ratio... oo 4 2 | 1to4.87 | 1to4.8tolto| 1010.05 | 1t05.15 1to4.3 | 104.5 
once with surveying operations. | 4.6 
Chili; H.M. Consul-General at Mp con ag reports that, | One hourrating of} 30-35 | 40 45 75 65 40 65 75 
according to the press, tenders will shortly be invited by | one motor (h.-p.) s ‘ | = ‘ : ke 
the Chilian Government for the construction of about —. Peay on} §=60-70 | 80 180 300 270 160 260 300 
5 thoy An miles) of railway between Valparaiso and | vormal total pull 1400 2400 | 12,000 1400 2600 3400 
/ . on tread (kg.) on rack rai 
Normal ie ov} 12-20 |20 (rack sec-| 27-34 27-34 6.5 on 200%, 25-30 25 18 on 70 
Tue Betatan Coat Market.—The Moniteur Indus- Gon. eae we nn A ad | Sen eR, grade 
triel states that during the first six months of the current crease by con-| | 
year Belgium exported 2,585,883 tons of coal, and im- : trol 
ported 3,696,581, the excess of imports over exports being | Maximum speed re . ; 
therefore 1,110,698 tons. Germany supplied to Belgium B ane per hour) .. sd : be PRR 2 Oe: NO LO Oo aga 
* ; . . = S\at)m of brakes bu Vacuum and| Pressure air |’ressure air/Pressure air/Hardy and 
during the period under consideration 2,071,400 tons, as (automatic) pr nicer sallahesieie | aaesto 
against 1,721,860 during the first six months of 1910. The {Light cars 40 48) | Py : 
figures for the same periods were, for England, 1,019,547, | Number of seats.. { | Heavy cars 33-66] } | 44 52 43 
as against 734,823; for France, 419,257, as against 454,622; | Weight of trains | 
and for Holland, 187,241, as against 113,656. The) (tons) .. oo! Usually 26 | |, 46-85 7. |. 35-45 _ 65 | 45 (toilet) 
total Belgian exports for the first six months of the Observation On Rng em Trains of double Mixed ra trans- ye om gtd reig h . 
t year were 2,585,883 tons of coal, 251,983 tons | section loco-| | this weight,| sionandrack-) former on) tracte ny motor -cars 
current y " 4 “he | motives with | composed of} gear, without) board of Rieter and) 12.5 tons 
of coke, and 501,187 tons of briquettes. France pur- | two motors | two motor-cars| clutch device! car, ratio Co. 
chased 2,201,194 tons of coal, 196,729 tons of coke, and | of 75 h.-p.| | and trailer (no| operated in| (variable) 
119,769 tons of briquettes. each | —a. con-| motion 5 00 : 200 
—_—— trol ining-car 
ReTIREMENT OF Mr. H. A. Ivarr.—It is officially | : ; accommodation ; : ; 
announced that Mr. H. A. Ivatt, locomotive ougusi ba a Bg Geneva B.B.C. Alioth Alioth, M.F.O. PR gy - M.F.O. M.F.O. Alioth 
tendent of the Great Northern Railway, is to retire at | ment . 4 Arata he 
the end of next month. Mr. Ivatt has reached the age of | Sub-contractor for) ? For rack loco- ? Neuhausen (For motor-) Augsburg- Ringhoffer of Neuhausen 
sixty, and has, we regret to say, not been in the enjoy-| cars motives, Win- | | trucks, Win-) Nirnberg | Prag 
ment of robust health for some time. He su ed the Consumption of| ? Ly a |124 includin | sia i 58 including|51, measured 
seers na - - | i734, ’ | inc : 
late Mr. Patrick ree sl yt pe swan on on and his queuny twetb-ben.| | November 21, losses of md | all losses 7 at power sub- 
tenure of office on the Great orthern system has resulted per ton-kilometre) 1906 ; all year | stations | station, ex-| 
in many striking developmen‘s in the mechanical depart- average prob- ae 
ment. Mr. Ivatt is an old Crewe man, having served his ably lower | losses in con- 
time, after leaving Liverpool Cotlege, under Mr. Rams- verting ma- 
bottom and Mr. F. W. Webb. After remaining on the chinery 
London and North-Western for some years, in 1882 he . _ 
went to Inchicore, on the Great Southern and Western 
Railway of Ireland, as assistant locomotive superin-| Ovkx Coat ABroap —The exports of coal from the| with 1,687,231 tons, and 1,749,948 tons. The aggregate 
tendent and works manager. In 1886 he was appointed | United Kingdom in July were 4,874,558 tons, increased | exports of coal to July 31, this year, were 36,373,517 tons, 
i as compared with 35,281,787 tons in the corresponding 


locomotive superintendent to the company, remaining | by the addition of coke and patent fuel to 5,091,436 tons. 
there until his transfer to Doncaster. He has been a | The exports for July, 1910, were 5,458,390 tons, increased 
Member of Council of the Institution of Mechanical | by a corresponding addition to 5,647,223 tons; and for 
Engineers for some years, and he is also a member of the | July, 1909, 5,658,499 tons, increased by a corresponding 
Institution of Civil = 2 = He will be succeeded at | addition to 5,860,822 tons. A considerable decline 
Doncaster by Mr. H. M. be ges carriage and wagon | occurred, accordingly, in last month’s shipments. The 

the Lancashire and | quantity of coal shipped in July for the use of steamers 
in foreign trade was 1,531,395 tons, as compared 


superintendent, and formerly o 
ilway 


Yorkshire Company. | 


period of 1910, and 36,080,190 tons in the corres ponding 
period of 1909. These totals were increased by the addi 
tion of coke and patent fuel to 37,899,821 tons, 36,671,6) 
tons, and 37,557,595 tons respectively, while in the same 
periods coal was shipped for the use of steamers engaged 
in foreign trade to the te extent of 11,090,042 tons, 
11,016,691 tons, and 11, 941 tons respectively. 
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COMMUNICATIONS FROM THEGOTTINGEN 
MODEL-TESTING INSTITUTE.* 
(Continued from page 207.) 

(5) Errect OF THE AspEcT RaTIO ON THE WIND 
PressURE FOR CurvED P.LaTes. RESISTANCE OF 
Wires.t 

In communication No. 2¢ the results obtained for the lift 

and drift of curved plates at different angles of inclina- 

tion were given. The plates employed all had the ratio 
1:40f depth to breadth. The present communication 
deals with the influence of the aspect ratio on the wind 
pressures. The tests were made on eight plates of as nearly 
as possible the same curvature and of equal depth in the 





cient ¢. for the different 
of inclination a. As be 
formula :— 


pinto is plotted against the angle 
ore, ¢. is the coefficient in the 


, 7 
Lift = §.; surface, > 
Fig. 23 shows the variation in the corresponding resist- 
ance coefficient &. with a. 

The square plate, 20 cm. by 20 cm., shows the pecu- 
liarity that, in the region from 39 deg. to 43 deg., two 
completely different stable conditions of motion can 
obtain, one of which gives rise to forces 80 to 90 per cent. 
greater than theother. This peculiar behaviour has been 
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.= 0, and the lift coefficients for 


the plates of infinite breadth thus determined. From the 
values so found the curve for the plate of infinite breadth 
has been indicated in Fig: 22. 

In Fig. 25 the ratio of lift to drift is plotted against the 
angle a. To form an idea of the way in which the 
resultant is directed relative to the plate, the curve cot a 
has also been plotted. The values of > would fall on this 
curve if the resultants were exactly perpendicular to the 
plate, as, for example, would be the case for the flat plate 
without friction. 

Resistance of Wircs.—Since the plates in the channel 


straight lines up to 




























































































































































































direction of the stream (Fig. 21). The breadth perpendi- ¥ ths, Sn ea cn os ag lp pean mf are suspended from wires, it is necessary to determine 
cular to the direction of the wind varied between 20 cm. | 0:26 the resistance of the suspension separately, so that this 
and 105cm. The plates were made Ts sheet tin may be deducted. For this pur the resistance of 
2.6 mm. in thickness, the curvature being produced by =—— “ 4 ordinary bright metal wires or tu (that is, of bodies 
hand to agree as nearly as possible with that ‘of a tem- ees -@ -0am——~-—~0 of cylindrical form) was determined in a wind strikin 
plate. The mean curvature of the individual plates varied (2i53.M) 4 them at right angles. The experiments were made with 
Fig.22. “LiF Tr" in TERMS OF ANGLE OF INCLINATION. . 
° RESISTANCE IN TERMS OF ANGLE 
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finally from 1.48 cm. to 1.53 em. From Figs. 4 and 5 in| already noted in the case of the flat, square plate (Com- 25 forms of 0.01 to 40mm. in diameter. The result 
communication No. 2 it will be seen that a difference of | munication No. 1). The line in the figure connecting | obtained was that the coefficient y for wires under 1 mm. 


0.05 cm. in the curvature for a sagitta of 1.5 cm. makes very 
little difference. The two plates which come nearest in 
their curvature to those here considered are the plates with 
f= 1.42cm. and f=1.65cem. For these the curvature 
difference is 0.23 cm., and the corresp nding difference in 
lift is from 5 per cent. to 8 per cent. It may therefore be 
anticipated, for thé plates now to be considered, with a 
maximum difference in the sagittz of 0.05 cm.—that this, 
0.05 cm. will not’make a difference of more than 1 or 2 
per cent. in the wind pressures. Neglecting these small 
differences, we may therefore say that all the eight plates 
had the same curvature. The exact measurements of the 
plates examined were :— 


cm. cm, cm. cm. cm. cm. cm, cm. 
Depth a 20 20 20 20 20 20 20 2 
Breadth b 20 30 40 #%55 70 80 9 105 
Sagitte 1.48 1.48 1.50 1.52 149 153 1.51 1.51 


The curves were ares of circles ; the edges fore and aft 
were rounded off to semi-circles. The plates were sus- 
pended in the manner previously indicated. The increase 
of pressure ¥ 
ments, as in all the preceding experimentson plates, 2.6mm. 
of water, which, for \ = 1.2 kg. cub. m., corresponds 
to a velocity of 6.5 m. per pte at In Fig. 22 the coeffi- 


2 
due to the velocity was, in these experi- 





_.” Translated by permission from the Zeitschrift fiir 
Flugtechnik (Munich and Berlin : R. Oldenbourg). 

| Zeitschrift fiir Flugtechnik, August 13, 1910. 

+ See ENGINEERING, vol. xci., page $04. 


the two branches of the curve, as before, does not corre- 
spond to any measured values. The corresponding 
resistance curve in Fig. 23 is only given up to 32 deg. 
At 43 deg. the resistance reaches its maximum value of 
0 67. = the same angle belongs a second smaller value 
oe = 0% 9. 

To show more clearly the influence of the form of the 
plate, in Fig. 24 ¢: is plotted, for a series of values of the 
inclination a, against the ratio of the sid+s of the plate 


“. In accordance with a suggestion made by Professor 
Prandtl, this furnishes a means of deducing the value of 
& for the plate of infinite breadth. If the breadth 6 
of the plate is so great in comparison with the depth a 
that the two regions of reduced lift due to the end con- 
ditions no longer affect each other, the decrease in lift at 
the two ends can be allowed for by supposing the breadth 
b to be reduced by an amount proportional to the depth a. 
The lift coefficient ¢ can then be expressed in terms of 
fx in the following way :— 


f= fe 2% 
=e (1 -" *), 


In this formula \ is a factor whose magnitude can be 
determined from the results of the experiments. If ¢ be 


plotted as a function of 4 we get astraight line. The 





curves in Fig. 24 have accordingly been continued in 





in diameter was 0.53, and over 1 mm. in diameter about 
0.48 for a velocity pressure, ye, of 5.5 mm. of water. 
g 


More accurate measurements on this point will be made. 
(To be continued.) 








AMERICAN ENGINEERING Socixtizs.—During the five 
years ending with June, 1911, inclusive, the American 
Institute of Electrical Engineers increased its member- 
ship by 3524; the American Society of Civil Engineers 
by 2407 ; the American Institute of Mining Engineers, 
by 314; and the American Society of Mechanical Engi- 
neers, by 970. The present membership is :—American 
Institute of Electricel Engineers, 7118 ; American Society 
of Civil Engineers, 5976 ; American Institute of Minin 
Engineers, 4200; and American Institute of Mechanica 
Engineers, 3899. 





Tur Westincuousr InTerest.~-Mr. E. M. Herr has 
been elected president of the Westinghouse Electric and 
Manufacturing Company. Mr. Herr, who is fifty-one 
years of age, has had considerable railway experience, 
and between 1895 and 1898 he became superintendent of 
motive power upon the Chicago and North-Western and 
the Northern Pacific Railroads successively. In 1899 he 
was appointed general manager of the Westinghouse 





Air-Brake Company, and he held that post until 1905, 
| when he was elected first vice-president of the Westing. 
| house Electric and Manufacturing Company. 
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CATALOGUES. 


Locomotives.—Circulars illustrating and giving par- 
ticulars of goods and passenger locomotives they have 
recently built have reached us from the Hannover che 
Maschinenbau A.-G., formerly Georg LEgestorff, of 
Hannover-Linden, Germany. The som are printed 
in English, French, German, and Russian. 

Switch-Gear for Mines.—We have to acknowledge receipt 
of a special publication issued by the British Westing- 
house Electric and Manufacturing Company, Limited, of 
Trafford Park, Manchester, entitled “ Riectricity in 
Mines.” This publication contains a reprint of the Report 
of the Departmental Committee on the Use of Electricity 
in Mines, and also illustrates and describes numerous 
examples of Westinghouse switch-gear and instruments 
specially designed for use in mines and collieries. 


Electric Generating Sets.—Messrs. Fyfe, Wilson, and 
Co., 145, Bath-street, Glasgow, have issued a price-list 
of ‘‘ Kelvin” electric generating sets, suitable for country- 
house lighting, &c. Prices and full particulars are given 
of standard sets capable of lighting 50 to 300 metallic 
filament lamps of 16 candle-power. These sets include 
a ‘“‘Kelvin” vertical engine arran to use petrol or 
paraffin as fuel, a shunt-wound dynamo, switchboard, 
storage battery, and various accessories. Particulars are 
also given of portable sets. 


High-Specd Lathes.—Messrs. Thomas Ryder and Son, 
of Turner Bridge Iron Works, Bolton, have sent us a 
copy of their catalogue of Ryder high-speed lathes. 
The catalogue gives a general specification and full par- 
ticulars of screw-cutting lathes in five sizes, ranging from 
64-in. to 16-in. centres. Each size is made with either 
an all-geared or cone-driven headstock. Particulars are 
also given of an all-geared hollow - spindle lathe with 
ll-in. centres, a 10-in. shafting lathe, and an 18-in. 
treble-geared break-lathe. Two lathes for machining the 
crank-shafts of motor-car enginesare also fully dealt with. 


Primary Cells and Batteries.—We have received from 
the India-Rubber, Gutta-Percha, and Telegraph Works 
Company, Limited, Silvertown, London, E., a copy of 
an illustrated price-list of galvanic batteries. The list 
deals with Leclanché, bichromate, Bunsen, Grove, 
Daniell, and other ad of cells, in many different 
patterns and sizes. e Silvertown Bleeck-Love cell is 
also dealt with. This cell having the remarkably high 
electromotive force of 2.7 volts, with an internal resist- 
ance of “_ 0.15 ohm, is suitable for many pur for 
which small accumulators are generally employed. 


Pneumatic Tyres for Motor-Cars.—A catalogue of 
‘*Camel” tyres for motor-cars has reached us from Messrs. 
F. Reddaway and Co., Limited, of Pendleton, Lancashire. 
These tyres are made in four distinct patterns—steel- 
studded, three-ribbed, grooved and plain—and thecatalogue 
states prices for various sizes in each pattern. Some useful 
notes on the care of tyres have also been included in order 
to assist motorists to obtain the maximum mileage from 
them. The notes are practical and concise, and cannot 
fail to increase the useful life of the tyres if the instruc- 
tions given be followed out. 

Petrol and Paraffin-Engines.—A price-list of small 

trol and paraffin-engines has been issued by Messrs. 

Perkin and Co., Limited, Junction Engine Works, 
Whitehall-road, Leeds. The list gives particulars of 
slow-speed vertical engines, in six sizes, giving from 14 to 
10 horse-power on petrol ; high-speed engines of the same 
type are listed for outputs ranging from 3 to 17 horse- 
power. Particulars are also included of small vertical 
and horizontal engines for gas and petrol, giving 4 to 
2} horse-power when using the latter fuel. Electric- 
lighting sets, pumps, and portable engines for farm-work 
and irrigation, are also dealt with in this list. 


High-Speed Lathes.—From Messrs. Dean, Smith, and 
Frace (1908), erm + mete a niet a 
nicel t-up ca e of high-s athes, to the design 
and PA eet ten a which the firm devote their cies 
energies. The catalogue gives full particulars of screw- 
cutting lathes in seven sizes, ranging from 64 in. to 28 in. 
centres, of which the three smallest sizes are made either 
with solid or hollow spindles. Particulars are also given 
of all-geared lathes with 64 in., 84 in., 104 in., and 12 in. 
centres, the first two sizes having hollow spindles. The 
catalogue also deals with surfacing and boring lathes, 
railway-wheel turning lathes, capstan lathes, and various 
accessories, illustrating and giving brief general parti- 
culars of each. 

Ball-Bearings for Machine-Tools.—A circular recently 
issued by the Hoffmann Manufacturing Company, 
Limited, of Chelmsford, Essex, deals with the applica- 
tion of their ball-bearings to machine-tools. The circular 
points out that the increased speeds of spindles, and other 
rotating parts, due to the introduction of high-speed 
steel, has rendered the lubrication of plain bearings more 
difficult, so that costly delays, due to the seizing of bear- 
ings, are becoming more common. _ The firm recommend 
the employment of their pes ait a as a remedy for 
this, and also claim that a considerable saving in drivi 
power is effected by their use. “he accuracy and gene 
efficiency of the machines are also stated to be mcreased 
by the use of ball-bearings. Several examples of tools, 
by different well-known makers, fitted with Hoffmann 
ball-bearings, are illustrated in the circular. 

Stair-Treads.—We have received from the Safety-Tread 
Syndicate, Limited, 15, Barbican, E.C., a pamphlet 
relating to a new form of non-slipping stair-tread the 
have recently introduced. This t is an lequevel 
form of Mason’s well-known steel and lead treads, from 
which it differs only by having the ve between the 
lead strips filled in with carborundum cement. The 
carborundum is held in place by countersunk slotted holes 





cut through the steel base at the bottoms of the grooves. 
This form of tread has the advantage that the grains o' 
carborundum worn away from their original position, 
beeome imbedded in the soft lead where they continue to 
he usefu'. It is also pointed out that the grooves exist- 
ing in the earlier putterns of treads formed a receptac'e 
for dust and dirt, so that the latest pattern, without the 
grooves, is more desirable from a hygienic point of view. 


Damp Course.—A pamphlet recently issued by Mr. 
Alex. G. Lee, 14, John-street, Bedfurd-row, W.C., deals 
with his asphalted sheet-lead damp course, which con- 
s sts of a single sheet of lead foil sandwiched between 
tw. layers of specially prepared fibrous.asphalte sheeting 
The material is prime yn rolls of a suitable width for all 
wall thicknesse; up to 39 in. Some qualities are supplied 
with oiled paper bands inserted along the edges between 
the lead and asphalte sheets, so that the layers can easily 
be pulled apart to make i lap joints for covering 
large flat surfaces. The pamphlet points out that lead, 
owing to its imperishable nature, forms a suitable damp 
course, and illustrates, as an example of its durability, 
parts of the lead anchor of an ancient Greek ship. 
Although these were submerged for nearly two thousand 
years, the inscription is still legible. 

Electrical Water-Level Signalling Apparatus.—Messrs. 
Siemens Brothers and Co., Limited, of Caxton House, 
Westminster, S.W., have sent us a catalogue giving parti- 
culars of apparatus specially designed for indicating the 
water-levels of reservoirs, wells, &c., at distant points. 
The apparatus consists of a transmitter operated by a 
float, and an indicator which can be situa at any dis- 
tance from the transmitter. The indicator, which is, of 
course, in electrical connection with the transmitter, con- 
sists of a circular dial over which moves a pointer con- 
trolled by the transmitter. If desired a single transmitter 
can be used to operate two or more indicators. Several 
different patterns of indicators are listed (with and with- 
out warning bells) to indicate differences of level up to a 
total of 20 ft., in steps of 2in. They can, however, be 
supplied to indicate by 1-in. or 4-in. steps. If required, 
recording apparatus can be combined with the indicator. 
The catalogue also gives full rticulars of accessor 
apparatus such as iron pillar-boxes, telephones, bell- 
switches, cells, &c. 

Steam Fittings, Heating and Ventilating Apparatus, dc. 
—We have received from the British Steam Specialities, 
Limited, of Leicester, a copy of their very useful cata- 
logue of steam specialities, heating and _ ventilati 
apparatus, &c. ‘The catalogue is bound in cloth, an 
contains some 300 pages, with very numerous illustrations 
and several useful tables. It is divided into four sections, 
the first of which deals with such articles as reducing- 
valves, steam and grease separators, steam-traps, a 
water heaters, pumps, and pump-governors. In the 
second section particulars are given of valves and cocks, 
pressure-gauges, water-gauges, safety-valves, thermo- 
meters, lubricators, fire-service fittings, radiator fittings, 
&c. Section three includes all classes of fittings and tools 
used in connection with piping installations ; while the 
last section, which is devoted to heating and ventilating 
apparatus, gives full particulars of radiators, boilers, fans, 
ventilating tings, &c. Prices are stated for all the 
articles — 


Measuring-Gauges.—The Imperial Motor Industries, 
Limited, of 15, Oastle-street t, Oxford-street, W., 
who are the sole 7“ for the Riebe-Kugellager und 
Werkzeug-Fabrik, G.m.b.H., Weissensee, Berlin, have 
sent us a copy of a leaflet relating to ball measuring- 
gauges. The leaflet states prices of male and ring gauges 
in sizes ranging from 5 mm. to60mm. The male gauges 
consist of specially manufactured and selected steel balls 
mounted on handles. Prices are also stated for special 
point gauges composed of a number of balls enclosed in 
steel tubes, the ends of which are partially closed over, 
so as to retain the balls in position, while allowing the 
end balls to project sufficiently to form the contact 
surfaces. They are listed in sizes varying in steps of 
5 mm. from 55 mm. to 200 mm. ; intermediate sizes can 
also be supplied. It is claimed that these gauges combine 
the qualities of cheapness and accuracy, and also that the 
spherical contact surfaces formed by the balls render 
the measurements independent of the ition of the 


gouge. Wear is also stated to be very slight, since the 
Is are mounted so that they rotate slightly each time 
istributed over 


the gauge is used, and thus the wear is 
the whole surface of the balls. 


Steam-Turbines.—We have received from the British 
Westinghouse Electric and Manufacturing Company, 
Limited, of Trafford Park, Manchester, a copy of their 
steam-turbine catalogue. - The construction oF these tur- 
bines, which are of the Rateau impulse type, is fully 
described and illustrated. The catalogue is divided into 
sections dealing with high-pressure, low-pressure, mixed- 
pressure, back-pressure, and reducing turbines. One of 
the high-pressure type was fully described in our issue of 
January 13 last, on 40. The back-pressure and 
reducing turbines are intended to produce a supply of 
electrical energy or other power, and at the same time 
to provide a considerable quantity of steam at a few 
ge above atmospheric pressure for heating purposes. 

he turbine is supplied with high-pressure steam, which, 
after doing work in the turbine, is exhausted into the 
heating mains at the required pressure. If all the steam 
utilised by the turbine for power production is not 
required for heating pu the surplus is used in the 
low-pressure part of the turbine and exhausted to a con- 
denser. The catalogue includes the results of official 
tests of Westinghouse turbines, and also contains a list of 
installations, many of which are illustrated. 


Atlas Resilient Road-Wheels, Limited, 37, Cross-street, 


f | trated catal 





| 35,523 tons. American production 
Wheels for Motor Vehicles.—We have received from | 


Manchester, a copy of the English edition of their illus. 
alogue of cast-steel wheels for commercial 
motor vehicles of all descriptions. Among those dealt 
with are light wheels for taximeter cabs, ‘* Samsonian ” 
re-ilient wheels for motor-omnibuses and ‘“ Herculean ” 
wheels for heavy motor - wagons. The ‘Samsonian’ 
wheels are of the detachable hub type. The rim 
and spokes are cast in one piece, with a centra! 
chamber of conical shape, into which a hardwood centre 
is fitted. The cast-steel hub is held in position by this 
hardwood centre, which gives the wheel a certain amount 
of resiliency. In the ‘‘ Herculean” wheels the hub, 
spokes, and rim are in one casting. Wooden felloes are 
titted into the rim, which is of channel section, and a 
steel tyre is shrunk on to the felloes. Besides rendering 
the wheel resilient, the wooden felloes serve to keep the 
tyre tight by compensating for the expansion which takes 
place in the tyre, due to the constant hammering on the 
road. The catalogue is also being printed in the French, 
German, Spanish, Italian, and Danish languages, for the 
convenience of foreign clients. 


Stcel Sections, Springs, Wire, d&c. — From Messrs. 
Samuel Fox and Co., Limited, of Stocksbridge Works, 
near Sheffield, we have received a copy of a section-book 
they have issued recently. The book, which is a very 
creditable production, being well printed and bound in 
limp leather covers, gives particulars of the firm’s works 
and productions, with numerous illustrations. Steel is 
made by the Bessemer, Siemens-Martin, and crucible 
omen is supplied in the form of ingots, slabs, 

looms, billets, and rolled sections. The latter include 
rounds, flats, squares, hexagonal and octagonal bars, 
rails, chain sections, and many other special shapes. In 
addition to these tool-steel and spring-steel are supplied, 
the latter in a great variety of special sections of which 
particulars are given. The firm also manufacture 
railway-wheel tyres, axles, and springs of all kinds, as 
well as bright, cold-rolled steel strips for the manufacture 
of pens, saws, razor-blades, watch and clock springs, 
measuring tapes, &c. Wire - drawing forms another 
important branch of the company’s business. They 
supply circular, flat, and special sections for all purposes, 
from winding guns to the manufacture of sewing-needles 
They also manufacture umbrella frames and tubes, their 
‘* Paragon ” frames having maintained a high reputation 
for many years. 

Automatic Stokers.—From the British Niclausse Boiler 
Company, Limited, Caxton House, Westminster, S.W., 
we have received a small booklet illustrating and describ- 
ing the Niclausse automatic stoker. In this stoker the 
grate is made up of a number of bearers, each composed 
of two flat steel on, about 8 ft. long, bolted together 
at the ends, and provided with distance-pieces, so that a 
FS) , about 1 in. in width, is left between the plates. 

hese bearers carry a number of cast-iron fire-bars with 
stepped faces about 6 in. wide, and having tangs which 
fit into the space between the steel plates. Each pair of 
bearer-plates, with its set of fire-bars, forms a complete 
element of the grate, which is made up of a suitable 
number of these elements placed side by side and slightly 
inclined. Each element rests at both ends on small 
rollers, and receives a longitudinal reciprocating motion 
from a rotating cam-shaft situated in front of the boiler. 
The cams on this shaft are arranged so that the motion 
of the elements proceeds from one side of the grate to the 
other, and at short intervals all of them are moved simul- 
taneously. The fuel, which is fed from a hopper in front of 
the boiler, travels, by the movement of the bars, over three 
zones into which the grate is divided. The first of these 
is practically a dead-plate, where the fuel is coked by 

iation before passing into the second zone, in which 
the greater part is consumed. The third zone is a dead- 
plate from which the ashes and clinkers fall into the pit 
after they have given up practically all their heat. Among 
the special advantages claimed for this stoker are :—That 
it can be used with any type of boiler; that it can be 
adjusted to suit various classes of fuels, giving perfect 
combustion without smoke or waste ; and that the grate 
is entirely independent of the rest of the boiler, and, 
being provided with flanged wheels, can be removed in 
a few minutes to give easy access to the boiler or the grate. 








THe Copper Market.—In their mid-monthly report 
dated the 16th inst., Messrs. James Lewis and Son state 
that standard copper advanced from 56/. 2s. 6d. for cash on 
the Ist inst. to 56. 16s. 3d. on the 14th, three months’ 
prompt realising 57/. 11s. 3d. There wasa reaction on the 
15th to 562. 7s. 6d. cash and on the 16th to 56/. on a renewal 
of labour troubles; the close was firmer at 56/. 5s. cash and 
571. three months. The exceptionally favourable American 
statistics advised on the 8th inst. showing adecrease in the 

roduction of 5529 tons, and in the stocks of 8792 tons, there 

ing, however, a decrease in the home consumption of 
2086 tons, exports having increased 1527 tons—made but 
little impression on the market, being neutralised by the 
serious labour troubles and excessive heat interfering with 
consumption in this country and on the Continent, and 
also by the heavy fall in American securities. Refined 
copper had been in but moderate request, but the demand 
for sulphate for early delivery continued good and manu- 
facturers were busy replenishing their depleted stocks. 
Over 1000 tons of Chili bars had been shipped from 
here to Italy for conversion into sulphate of copper. 
American shipments for the fortnight were advised as 
11,356 tons. American and European stocks showed a 
decrease cn August 1, of 5834 tons as com with 
January 1, and of 36,625 tons as compared with August 1 
last year. European on yn terre — np ea a _ 
so far b tons and exports by 7 ms—together 
A nay = ad increased for the 
past seven months 979 tons, and consumption had de- 
creased 22,013 tous, but exports had increased 38,763 tons. 
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FEED-WATER HEATING AND SUPER- 
HEATING ON LOCOMOTIVES.—No. II. 


THe EFFiciency oF GENERATION OF 
SuPERHEATED Stream. 


In a previous article,* in which we dealt with 
several preliminary considerations relating to super- 
heating, notice was drawn to the fact.that the 
subject might fitly be divided into two parts, dealing 
respectively with steam generation and steam 
utilisation. Naturally, matters affecting steam 
generation claim first attention. 

As previously stated, superheating may be con- 
ducted on two radically different cn Rev = One 
of these systems involves making use of waste 
products only, and the apparatus employed con- 
stitutes an economiser in the proper sense of the 
word, putting to useful service heat which would 
otherwise go to waste. The introduction of a waste- 
gas superheater into the smoke-box need in no way 
affect the boiler itself. It neither diminishes the 
boiler water-heating surface, nor the evaporative 
capacity and efficiency of that heating surface. It is 
analogous to a heater placed in the flue of a stationary 
boiler, the boiler performance proper—i.e., the 
steam production up to the point of saturation, or 
normal wetness—being thereby unaltered. The 
advantage of this type of heater lies in the fact 
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YY. Consequently, while the area outside A BC D 
is full of hot gases, the space inside is filled with gas 
at a much lower temperature. Disregarding the loss 
by radiation to the outside through the smoke-box 
plating, which may be, and sometimes is, hindered 
by lagging, it is clear that there is continually pro- 
ceeding inside the smoke-box a wasteful flow of 
heat to the atmosphere across the diaphragms 
ABCD. This flow will be greatest between the 
part BC, where the temperature head is greatest ; 
and though at the worst the loss may not be 
very large compared with others in a steam-engine, 
it is clear that here is a possibility for improvement 
in design. This leakage should be kept as small as 
possible, and the gases encouraged to give up their 
heat to useful surface only. 

Again, there are practical difficulties with this 
type of heater in the way of taking advantage of 
the full length of the path of the waste gases. On 
the one hand, the spaces outside A B and C D must 
not be choked with tubes, and, on the other, the 
space inside the diaphragms cannot conveniently 
be put to use. The effectiveness of the heater is 
thus not satisfactory, because heat not taken out 
of the gases in order to satisfy the first condition, 
is by the second compulsorily wasted. Another 
reported disadvantage of this class of heater is that 
the smoke-box fills with cinders, which are prevented 
from getting far away from the smoke-box tube-plate. 





conclusion that, except under the most favourable 
|conditions, which do not obtain in smoke-box 
| heaters, the value of the constant would then be 
somewhat greater than the figure used in connec- 
|tion with locomotive boiler-flues. For similar 
| efficiency, therefore, m must be rather smaller for 
superheater work than for boiler work, for equal 
flue lengths. In other words, the proportion of 
length to diameter for superheater tubes should be 
somewhat greater than for boiler-tubes, while the 
expression also shows that the shorter the length | 
| the greater will be the effect of any change in the 
| value of m., 

| Instead of exercising extreme care, however, in 
| this direction, there has actually been a tendency of 
designers to move in the reverse sense. Smoke-box 
superheaters have even been introduced in which 
the same sized tubes are used as in the boiler, 
though, of course, of much reduced length. The 
efficiency of such heaters cannot be otherwise than 
low, much lower, in fact, than if the same propor- 
tions of length to diameter, as in the boiler, had 
been retained, and still less than it would be if 
this ratio had been somewhat further e rated. 
The result is a cumbersome | pn giving a low 
degree of superheat, susceptible of great improve- 
ment. The Lancashire and Yorkshire Railway 
| once erred in this direction, but the apparatus was 
| not unnaturally ultimately abandoned. The Atchi- 
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that, without additional expenditure of fuel, the 
total heat in the steam generated is increased, and 
g heat utilised i. improved. 


th -all rti een 
e over-all proportion o a 


This evidently leads to the expectation that any 
reasonable degree of superheat thus produced will 
show economy. So great has been the influence 
of this impression on design that, in many cases, it 
seems to have been thought sufficient merely to 
place in the smoke-box sets of curved pipes joining 
headers, passing steam through them, and deflecting 
the waste gases so as to pass over them. 
Diagrammatically such a heater is shown in hori- 
zontal section in Fig. 1, herewith, which is typical 
only, representing no particular design. The 
superheater pipes are disposed on either side of the 
smoke-box, and steam passes in succession through 
groups of them. Sheet-iron diaphragms A BC D 
cause the gases to follow the paths shown by the 
arrows. A circle shows the position of the blast, 
above which is the chimney out of which all 8 
have to . The chimney is denoted by the dotted 
circle, This diagram is instructive in many ways. 
It shows, for instance, that it is, in the first place, 
possible, with such a heater, for the to retain 
to the last much of their heat reat ae the pipes 
are of small size and very well arranged) and to 
escape to the atmosphere without imparting all 
that is possible to the heater. In some heaters of 
this type the gases are, in fact, allowed almost 
unobstructed e through, instead of being 
induced to give up their heat by meeting with con- 
tinual obstruction, as they would with staggered 
tubes, when the gas streams would be constantly 
in process of being broken up. In the second place, 
it is evident that if the waste gases have really 
done what is ex of them, and have given up 
a fair amount of thei heat to the heater pipes, then 
the temperature at X will be much greater than at 








Design may effect a reasonable compromise 
between these various factors, but a change in type 
presents a much more rational way out of these 
difficulties. By splitting up the gases and passing 
them through tu of suitable proportion the 
transfer of heat to useful service may be encouraged 
to the greatest extent ible, assuming, of 
course, the selection of tu of the best dimen- 
sions. Gases passing through an infinitely long 
tube of finite diameter would, after a definite 
distance, have been reduced to a temperature 
practically equal to that of the fluid surrounding 
the tube. Assuming conditions not to vary, they 
would, if passed through an infinitely short tube (a 
ring), suffer no diminution of temperature, while 
if the tube were only comparatively short, but of 
large diameter, it is quite conceivable that the 
molecules in the core of the gas stream might not 
have time to come in contact with the tube side 
before being swept out at the end. There are, 
therefore, certain proportions to be satisfied in order 
to arrive at good results. This has always been 
recognised in the case of boiler tubes, whose effi- 
ciency is fairly given, according to Professor Perry, 


by the equation e = —__, where eis the efficiency, 
hm+l 


l the length of the tube, m the hydraulic mean 

depth (_*_ 
perimeter / 

on the circulation. If the circulation and flue length 

remain constant, this expression indicates that the 

flue efficiency will be greater when the value of 


) and h a constant dependent 


area __ig small than when it is large, a condi- 
rimeter 
tion satisfied with the smaller sizes of tubes. 


Where the circulation is less good and the heat 
transmission lower, the constant h is larger and the 
efficiency is lower. With a suitable constant the 
formula may evidently serve the case of a tubular 





* See page 213 ante, 


son, Topeka, and Santa Fe Railway still work on 
this ineorrect principle. 

If due care be taken in proportioning in design, 
as has been previously stated, a waste-gas heater 
may be produced which, though of comparatively 
small dimensions, will give 90 deg. Fahr. or so 
superheat at the steam-chest, calculated on boiler 
pressure. The style of heater with which this 
may be accomplished is shown in Fig. 2, which 
depicts diagrammatically a form of smoke-box 
heater introduced by Mr. F. H. Trevithick, 
M. Inst. C.E., on the Egyptian State Railways. 
The figure is self-explanatory, the heater consisting 
of a drum, filled with tubes, suspended in the upper 
part of the smoke-box. The path of the gases under 
and around the heater is indicated by arrows, and 
the chimney is again shown by a dotted circle. This 
heater is a contrast in many ways to the type shown 


in Fig. 1. Init the cannot escape to the atmo- 
—— without parting with a t proportion of 
their heat, unless the size of tube has been badl 


chosen. Within certain limits, that size can be suc 

as will give the best results for the length of the 
heater, and the volume of gas to be dealt with 
may thus be split up into a number of streams 
of the niost effective size for the length chosen. 
Again, the surface across which heat may uselessly 
leak away to the atmosphere is reduced in this 
design to a minimum—viz., to the area of the dia- 
phragm a bc connecting the end of the superheater 
to the chimney. All.other surface exposed to the 
hot gases is useful area. The ideal of reducing the 
temperature of the waste gases before leaving the 
heater to that of the surrounding steam is imprac- 
ticable in any case, but it is eminently desirable to 
et as near to the ideal as ible, and the most 
favourable conditions should, therefore, be care- 
fully selected. 

It is now necessary for the moment to turn 
to the consideration of a few points connected 





superheater, and experience would lead to the 


with the high-degree superheater systems. It 
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has been stated that this type of superheater is 
virtually equivalent to an apparatus independently 
fired. A moment’s reflection suffices for convic- 
tion on this point. These heaters are usually 
arranged within the barrel, in boiler tubes of 
specially large diameter provided for the purpose. 
It is not a matter of great difficulty to conceive of the 
conditions of gas flow in these larger tubes, as prac- 
tically the equivalent of several independent streams 
tiowing side by side, and each transmitting heat to 
a different surface, one to the containing surface of 
the larger tube, and one to each length of the super- 
heater elements. The conception is facilitated, 
perhaps, by considering an infinitely short length, 
equivalent to a cross-section, and picturing in the 
gas space thus exposed areas in which the molecules 
would tend naturally to impart their heat most 
readily to one surface or the other. The areas thus 
marked out would form the momentary boundary 
limits of the several streams. With the idea carried 
but one step further, the interior tubes and their 
streams can, in imagination, be removed and accom- 
modated in a separate insulated apparatus, leaving 
the stream flowing past the water-heating surface 
untouched. Thus it is clear that the gases passing 
through the smoke tube containing the heater 
elements may be apportioned, when dealing with 
averages,-to the respective surfaces, according to 
their relative efficiencies, in spite of the actual 
mingling of the streams in practice. The actual 
disposition of the heater elements in smoke-tubes 
within the barrel is accordingly merely incidental. 
It simply affords a convenient method of utilising 
simultaneously, and without additional complication, 
heat produced at one grate, under induced draught, 
for two purposes—viz., both the boiler and heater. 

In the case of new engines, the proportions of 
design may be chosen to give, within limits, what- 
ever may be thought to be a desirable output 
according to the work to be performed. The real 
effect of the introduction of a high-degree super- 
heater becomes, however, most clearly manifest if 
the conversion of an existing boiler be considered. 
With the grate area unaltered and the volume of 
gas unchanged, the total heat has then to be divided 
suitably between the water heating and the super- 
heater surfaces. This can only be accomplished by 
reducing the normal water-heating surface and re- 
placing it, sometimes only in part, by steam-heating 
surface. If this reduction is not properly brought 
about, an insufficient amount of gas will flow to the 
superheater elements, and the resultant degree of 
superheat will be low. Actual cases of failure due 
solely to insufficient supply of hot gas are on record. 
For instance, M. G. Noltein reports that he had 
found it necessary to place ferrules in the ordinary 
water-heating tubes, in order to get enough gas to 
give a reasonable degree of superheat, to pass to 
the large tubes containing the heater elements. 
At the same time he allowed scale to form on the 
outside of the large tubes, so that the transfer of 
the heat to the water through these should be im- 
peded, and the gases kept hotter, to the benefit 
of the superheater elements. Such expedients are, 
of course, altogether undesirable, and may be 
avoided by the adoption of proportions which will 
give the distribution required. The effect of the 
changes due to the introduction of this form of 
superheater will now be considered. 

Sawee an ordinary locomotive boiler to have 
an output of, say, « lb. of wet steam per unit of 
time. Then at a pressure, for instance, of 160 lb. 
per square inch, the steam produced, containing 
4.5 per cent. of water (the figure arrived at in the 
previous article), would occupy (0.955 x x 2.6) 
cubic feet, neglecting the volume of the water 
present. This is equal to a volume of 2.483 x 
cub. ft. In passing through a waste-gas super- 
heater the water in suspension is evaporated, and 
the temperature of the whole mass raised, say, to 
80 deg. Fahr. superheat, which is well below the 
limit possible in practice with a good heater. The 


pressure being constant, tke volume is thus in- | 
creased to 2.96 x cub. ft. by the introduction of the | 


waste-gas heater in the smoke-box. 

In connection with ordinary locomotive boilers 
investigations have shown that there is ground for 
the belief that, as an average figure, about 35 per 
cent. of the total evaporation may be taken as 
being accomplished in the immediate surround- 
ings of the fire-box, about 65 per cent. coming 
from the tube-heating surface.* In the intro- 


x See, for instance, calculations, baced on the St. 
Louis and Altoona Tests, by Mr. Lawford H. Fry. 
ENGINEERING, vol, Ixxxvii., pages 237, 307, et seq. 





duction of the high - degree superheater, the 
latter is reduced to some extent in making room 
for the large tubes which accommodate the super- 
heater elements. The amount of the reduction 
necessary is placed by Herr Garbe at from 25 to 
30 per cent. of the total tube surface. In actual 
practice the reduction of tube water-heating sur- 
face seldom approaches the higher of these figures, 
though cases of it doing so, and even exceeding it, 
are not unknown. The lower figure of 25 per cent. 
will therefore be taken, and it should also be 
remarked that instances are not lacking of the 
alteration brought about not always reaching this 
amount. This reduction curtails the evaporative 
capacity of the barrel portion of this boiler, compared 
with that of the same portion of an ordinary boiler. 
The output, in fact, for the barrel of the superheater 
boiler would be [0.65 — (0.25 x 0.65)] x, or0.4875 x lb. 
compared with 0.65% 1b. of the saturated boiler- 
barrel. Added to this is the 0.35 x lb. unaltered from 
the box, making for the complete boiler of the 
superheater engine 0.8375 x lb. evaporated. If the 
degree of superheat be taken as 220 deg. Fahr., this 
amount of steam would have a volume equivalent, 
at 160 lb. pressure, to (0.8375 x 3.516) x cub. ft., 
or approximately 2.945. cub. ft. There is not then 
much difference between the volumetric output pos- 
sible with the high and the moderate-degree systems. 
If the reduction of heating surface in the high-degree 
system is not so considerable as is taken above, that 
system may have a very slight advantage, but it will 
only be to a very insignificant amount. 

The example illustrates a fundamental difference 
between the waste-gas and the so-called smoke- 
tube superheaters. If existing boilers be taken 
and converted, in one case the heater increases the 
existing capacity directly, while in the other the 
capacity is first curtailed, after which this reduction 
is more than amended, though with reduced total 
heating surface. In the result, the volumetric output 
is practically the same, for what is lost in the high- 
degree type, in evaporative capacity, is made up for 
subsequently by heat added. This is one of the 
reasons why, if smoke-tube heaters be adopted, it is 
advisable to aim for a high degree of superheat, for 
the value of the compensating effect is dependent 
upon this. The same effect is not realised in all 
heaters. It is greatest for the double-loop type, of 
which the Schmidt pattern is the best example. In 
this type each superheater-element pipe runs, froma 
header in the smoke-box, back towards the fire-box, 
then forward again, and back once more, finally re- 
turning to the smoke-bex end. This is in distinction 
from the single-loop type of superheater in which 
each tube element runs once from the smoke-box 
header towards the fire-box and back again, although 
each smoke-tube may contain two or more tubes. 
In the latter type the loops are, so to speak, in 
parallel, while in the former they are in series. In 
the earlier Cole Field-tube type of superheater, and 
the single-loop type in use on the Great Western 
Railway, superheat of about 100 deg. Fahr. to 
120 deg. only is obtained, and the value of the 
compensation this provides is, of course, much 
less than in the double-loop types, giving, in 
cases, up to 270 deg. Fahr. superheat. The latter 
figure would result in a volumetric output for the 
high -superheat generator greater than for the 
example chosen with 220 deg., and rather greater 
than the output of the generator-set embodying 
a waste-gas superheater, giving 80 deg. Fahr. 
superheat ; but, on the other hand, the waste-gas 
superheater-generator set, giving 80 deg. Fahr. 
superheat, is greatly superior to the smoke-tube 
heater-generator giving only 100 deg. or 120 deg. 
Fahr. superheat, for with this type of super- 
heater, while the water-heating suiface suffers 
curtailment to an extent practically equal to that 
needed by the double-loopsystem, there is only subse- 
quent volumetric reparation on a much lower scale. 
The fallacy of considering the degree of superheat 
alone an index of the utility of superheating is thus 
—— for of two superheater boilers, giving values 
of superheat differing, perhaps, by more than 
40 deg. Fahr., so far as generative output is con- 
cerned the advantage is incontestably with that 
giving the lower superheat. 


gas superheater has no effect on the evaporative 
power of the water-heating surface of the boiler, 


| 





- heat utilised . \ . : : 

(<™ _ ee) is considerably increased. The 
extent of this improvement may easily be found. 
By way of example, the same conditions may be 
used as above—viz., 160 lb. pressure (taken for 
simplicity as 175 lb. absolute), 4.5 per cent. mois- 
ture in the steam, and feed-water at 60 deg. Fahr. 
Taking 1195 9 units as the total heat in the steam 
from 32 deg. Fahr. at this pressure, and 28.08 
units as the heat in the water at 60 deg. Fahr. 
above 32 deg. Fahr., the heat required to generate 
1 lb. of such steam is 1195.9—28.08 = 1167.82 
B.Th.U. The heat required to raise 1 lb. of water 
from 32 deg. Fahr. to 370.8 deg. Fahr., the tem- 
perature equivalent to 175 lb. absolute, is 343.2 
B.Th.U.; or with feed at 60 deg. Fahr. each 
pound of moisture contained in the steam receives 
343.2 —28.08=315.12 units. The heat required, 
therefore, to produce 1 lb. of wet steam under the 
above conditions would be: 


(0.955 a x 1167.82) + (0.045 2 x 315.12) = 1129.45 x 
B.Th. U. 


In superheating, the moisture has first to be 
evaporated. This would require 0.045 x (1195.9 — 
343.2) = 38.37 x B.Th.U., which must be added to 
the heat required for superheating from dry satu- 
rated steam. If the total heat of steam super- 
heated to 80 deg. Fahr., at 175 lb. absolute, be 
taken as 1243 B.Th.U. from 32 deg. Fahr., then 
the conversion of the wet steam into steam super- 
heated 80 deg. requires, under the above condi- 
tions, (1243 — 1195.9) + 38.37 x units = 85.47 « 
B.Th.U., which amount is added by the use of the 
waste-gas superheater. 

Of the total heat supplied per pound of steam 
produced, 1214.9 B.Th.U. are therefore taken up 
in the waste-gas heater-generator, and 1129.45 
in the case of the saturated-steam boiler. If the 
heat utilised ) 


heatincoal fired 
of 65 per cent., the former will consequently gene- 
rate at an efficiency of 69.9176 per cent., or, say, 
69.92. It has been already pointed out that the 
presence of a large amount of water in the saturated 
steam used as the basis of comparison, makes the 
improvement due to the introduction of super- 
heating all the greater. If, in this case, the 
saturated steam were dry instead of containing 
4.5 per cent. moisture, only 47.1 a B.Th.U. would 
be added by the superheater, and the combined 
efficiency would then drop to 67.62 per cent. 

It is to be noticed that with the waste-gas heater 
the amount of heating surface of the superheater 
and its efficiency are matters of which the gene- 
rator efticiency is independent. The comparatively 
low efficiency of transmission of the heater sur- 
face is a matter of no moment, except from the 
influence it has on weight, resulting in the necessity 
of providing proportionately larger surfaces. The 
efficiency of transmission has, however, an influ- 
ence on the combination of a smoke-tube super- 
heater and boiler. A simple calculation will 
show, taking figures from actual practice, that the 
amount of heat transmitted on the average per 
unit of surface through steam-backed superheater 
surface is only half as great as that transmitted 
to the water in the boiler. The engines on 
the Lancashire and Yorkshire Railway apparently 
average this amount, while the tests at Purdue 
have shown various values, ranging from a figure 
of 0.34 to 0.53, under different conditions and 
with different heaters. Though the efficiency is 
commonly reported in this way, to doso is not quite 
fair to the superheater, owing to the large propor- 
tion of the boiler work performed just round the fire- 
box, and accuracy requires a rather more detailed 
examination of what actually occurs. 

Still retaining the same conditions as used in 
the example above, if the evaporative capacity of a 
saturated-steam boiler be denoted by y lb. of wet 
steam per unit of time or surface, the heat trans- 
mission through the surface provided in the barrel 
will be equivalent to (1129.45 x 0.65 y) = 734.14 1 
B.Th.U. In the corresponding high-degree super- 
heater boiler, the barrel water-heating surface is 


latter works, say, at an efficiency ( 


reduced, and the heat transmitted by it will only 

The ultimate value of the several generating; amount to 0.75 x 734.14 y, or 550.6 y B.Th.U. 
systems is affected by the relative efficiency of heat | The total heat in steam at 175 lb. absolute super- 
transmission of the water-heating, and steam-heat-| heated to 220 deg. Fahr. may be taken as 1313.95 
ing, surface. While a properly proportioned waste- | units, from 32 deg. Fahr. In superheating to this 


degree 38.37 units have again to be added per 1 lb 
to evaporate the moisture, after which (1313.9 


by reason of the lowered temperature of the waste | 1195.9) = 118.05 units must be added per pound to 
gases the over-all efficiency of steam production | superheat the whole to 220 deg. Fahr., making 4 
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total of 156.42 B.Th.U. The service performed, 
therefore, by a superheater giving 220 deg. Fahr. 
— in connection with the generator of 
reduced water surface in the barrel is 

+ 0:35] x 156.42 y B.Th.U. = 
5 x 156.42 y B.Th.U. 

This will be found to work out to practically 131 y 
B.Th.U. 

To obtain a value of the relative average efficiency 
of the water and steam tube heating surface it is 
necessary to know the relative size of the generating 
areas. Herr Garbe recommends that the proportion 
of superheater surface to total tube surface should be 
as much as 1 : 3, for by no means the highest degree 
of superheat often used. In practice, however, 
rather different proportions obtain. In one case 
giving a high degree of superheat the ratio of super- 
heater surface to tube-water heating surface works 
out as 1:3.72; while in another, giving a much 
lower degree, it is found to be 1: 4.65. In a third, 
giving superheat closely similar to the figure taken 
in the example, it is 1:4.2. This figure therefore 
represents a mean for several cases and is suited to 
the present purpose. 

Compared then with the heat transmission 
through the boiler tubes of the high-degree gene- 
rator, the superheater would transmit, for equal sur- 
face (131 x 4.2) y, or 550.2 y B.Th.U. The efficiency 
of transmission is therefore practically the same 
for the superheater elements and the water-tube 
surface under these conditions, and it is therefore 
also similar for the barrel portions of the saturated 
steam boiler and the high-degree superheater boiler. 
With all conditions unchanged, except the heating 
surface in the barrel, and this reduced, the volume 
of gas supplied per square foot would be greater in 
the smoke-tube superheater boiler than in the 
saturated-steam boiler, and, even with the efficiency 
undiminished, the smoke-box temperatures might 
therefore be higher, as it is sometimes considered 
they are. In the high-degree superheater boiler, 
since the barrel-heating surface is reduced, the 
very efticient fire-box surface plays thus a pro- 
portionately greater part in the total work per- 
formed, and the average transmission per unit of 
surface is improved. In the saturated - steam 
boiler there would be, in ordinary European prac- 
tice, 10 sq. ft. of tube-heating surface in the barrel 
to 1 sq. ft. in the fire-box. If 0.35 of the total 
evaporation is performed in the neighbourhood of 
the fire-box, and 0.65 by the tubes, the fire-box 
evaporates 5.4 times the amount of water evapo- 
rated by the tube surface per unit of area. The 
average evaporation per unit of area for the whole 
boiler would therefore be denoted by the ex- 
5.4 + 10 


11 

1.40; that is, the average transmission for the 
whole boiler is equal to the average transmission 
apy the tube water-heating surface multiplied 
y 1.40. 

In the superheater boiler, giving 220 deg. Fahr. 
superheat, the tube water-heating surface is reduced 
25 per cent., and the fire-box surface : tube water 
surface ::1:7.5. The transmission through the 
tube water-heating surface and the fire-box remains 
as before, in the proportion of 1:5.4. Superheater 
surface replaces part of the removed water-heating 
tube surface, there being 1 unit of superheater 
surface to 4.2 units of water-heating tube surface. 
The fire-box surface therefore bears the relation to 


the total tube surface of 1 : [7 5 + rab that is, to 


9.285, instead of 1 : 10, as in the saturated boiler. 
The average transmission per unit of area for this 
5.4 + 9.285 _ 14.685 


10.285 10.285 
1.4278, compared with the 1.40 already found for 
the saturated-steam boiler. If the latter figure 
represents a boiler efficiency of 65 per cent., a 
superheater boiler giving 220 deg. Fahr. superheat, 
of equal total surface, well proportioned, would 
thus apparently have an efficiency of 66.29 per cent. 
It must naturally be understood that the propor- 
tionate surfaces involved in the above investigation 
are all supposed to be made use of in a manner 
conforming to good average practice. Otherwise, 
of course, calculations involving areas only would 
be of little or no value. 

Practical corroboratiun of this conclusion is not 
easy. Several authorities contend that superheater 


{(0.65 x 0.75) 
0.837 


pression , which gives the relative figure 


generator is therefore 


boilers are superior in efficiency to the saturated- 
steam generators. The Purdue tests have led Dr. 


then used, the combined boiler and superheater of 
one was not less efficient than the saturated-steam 
boiler of the other, when worked at the same power, 
while ‘‘the face value of the data shows its effti- 
ciency to be higher by 4 per cent.” Slight varia- 
tions in the conditions of the various Purdue tests 
preclude any more definite conclusion being arrived 
at without study at greater length than is here 
possible 

It would naturally be expected that in the case 
of the —— elements and large tubes the 
gases on their arrival at the smoke-box would be of 
somewhat higher temperature than the normal, 


surface fed the temperature difference between the 


in the case of the ordinary boiler tube. The average 
tem 
be slightly raised, compared with that in the smoke- 
box of the saturated engine. This impression is 
supported by records taken in connection with 
various trials, including, as far as can be gathered, 
those carried out at Purdue. There is, however, 
also testimony in a contrary sense. Among other 
authorities for this stands M. G. Noltein, who 
quotes a case coming under his notice in which the 
gases issuing from the large smoke-tubes were 
found to be even lower in temperature than those 
leaving the ordinary water-heating tubes, and 
that only on making arrangements to ensure 
the passage of a greater volume of to the large 
tubes was the temperature raised, the efficiency of 
generation coincidently showing improvement. It 
is possible that the explanation of this divergence of 
records lies in the fact that actually different bases 
of comparison have been taken. In the case of a 
superheater boiler of reduced surface, compared 
with the original saturated-steam boiler of larger 
surface, the smoke-box temperature for equal rates 
of firing would be, it may be supposed, increased, 
for reasons already indicated, while for boilers of 
equal surface, properly disposed, it would be reduced. 

With good design the average efficiency of the 
—— surface may equal the average of the 
tube water-heating surface, though this average 
does not at all compare with the average for the 
fire-box surface. To obtain this result the speed 
of the steam through the elements must be kept 
high, and the superheater surface must also be so 
arranged that a fair proportion of it is brought 
comparatively near the fire-box. Provision is made 
in both these directions in the Schmidt design, 
with which high temperatures are secured despite 
that, for a very large part of the superheater 
surface, the transmission is exceedingly low. The 


if only because of the fact that for much of the | 


the type now under consideration being in the 
superheater surface provided, and the superheat 
obtained. From a number of single-loop super- 
heater engines it is concluded that for 120 deg. 
Fahr. superheat, as an approximate average, 1 sq. ft. 
|of superheater surface is provided for every 5.4 
| sq. ft. of tube water-heating surface. As before, 
| the heat transmitted through the latter surface is 
550.6 y B.Th.U., but now, since the total heat of 
steam superheated to 120 deg. Fahr. is 1263.9 units 
above 32 deg. Fahr., the service performed by the 
superheater is denoted by the expression 

0.8375 yw [(1263.9 - 1195.9) + 02045 (1195.9 

B.Th.U. = 89.1 B.Th.U. 
For equal surface, therefore, this superheater 


343.2)] 


transmitting and the absorbing fluids is smaller than | transmits 481 y B.Th.U. compared with 550.6 y 
|B.Th.U. transferred through the water - backed 
rature for the whole smoke-box would thus | 


tube surface. The superheater surface has thus an 
efficiency only 87.3 per cent. that of the latter, 
while the average efficiency of the whole barrel 
portion of the boiler is given by 

(100 x 5.4) + (87.3 x 1) 

64x10 

that of a saturated steam-boiler barrel of equal 
total tube surface. The relative transmission 
of the fire - box surface and the tube water- 
heating surface is, as before, 5.4:1, but the 
fire- box surface now compares with the total 


tube surface as 1 :[ ao ~ 2.5) + ios ] oras 1:8.9. 


= 98 per cent. 


The average combined transmission for the boiler 
is thus denoted by (1 * 5-4) . = x 0.98) which, 
reduced, gives the relative figure of 1.422 compared 
with the 1.428 of the generator producing steam 
superheated to 220 deg. Fahr. The figure for the 
average transmission for the 120 deg. Fahr. super- 
heat boiler would thus correspond with an efticiency 
of 66 per cent. if the heating surface were well 
arranged. The total transmission for the original, 
and converted, boilers, is denoted by the following 
relative figures: — 154, for the saturated-steam 
boiler ; 142, for the 120 deg. Fahr. smoke-tube 
superheater boiler ; and 147, for the 220 deg. Fahr. 
smoke-tube superheater boiler. For the reduc- 
tions in the two latter types compensation in other 
directions is forthcoming, as already explained. 
The following approximate efficiencies have thus 
been arrived at as possible with suitable disposi- 
tion of heating surface :—For the saturated steam 
boiler 65 per cent.; for the 80 deg. Fahr. super- 
heat waste-gas heater boiler 69.92 per cent.; for 
the 120 deg. Fahr. superheat smoke-tube super- 
heater boiler 66 per cent., and for the 220 deg. 





high efficiency of comparatively short lengths of 
the superheater surface will be realised, although 
it is not possible to reduce the rate of absorption 
to figures, when it is considered that in only 
two limbs of each element does the steam flow 
in a direction favourable to absorption — i.e, 
in a direction contrary to that of the gas—-while, 
again, in only two limbs is the temperature 
head considerable for any great part of the area 
exposed. The transmission at the end of the contra- 
flow limbs must be considerable, especially in the 
case of the first. It would also be high at the com- 
mencement of the second limb, but there the 
direction of flow is unfavourable, and the rate of 
transmission must fall rapidly. It is quite erroneous | 
to imply, as is frequently done, that the added 
heat in superheated steam is easily obtained 
because the specific heat of steam is low. That the 
transmission is so good is principally due to the 
high velocity of the steam over the surface. Of 
course, the low specific heat improves the position, 
but it is well known that, with low velocities, the 
transmission of heat to steam is very inefticient, for 
reasons which it is not necessary to enter into 
here. It then falls far below the transmission 
through water-backed surface, and to point to the 
specific heat of steam as essentially a favourable 
ra in superheating is quite illogical. 

This conclusion is supported by the results ob- 
tained with the single-loop superheaters, in which, 
the loops being in parallel, the steam velocity is a 
great deal lower than in the Schmidt and other 
double-loop types, in which the arrangement is | 
virtually equivalent to loops in series. With the 
single-loop heaters the same arrangements have to_ 
be made in the barrel, and the ordinary tube-| 
heating surface replaced in part by large tubes, as 
in the double-loop superheater boiler. The tube 
evaporative surface is thus curtailed to the extent 








Goss to conclude that, in the case of the locomotives 


of about 25 per cent., as before, the difference in | 





66.3 


Fahr. superheat smoke-tube superheater boiler 
ae cent. These figures are plotted against 
superheat in the diagram, Fig. 3, which enforces 


Fig-3.EFFICIENCIES OF COMBINED BOILERS & SUPERHEATERS 
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the assertion that it is absurd to discuss economies 
in terms of superheat alone, without making distince- 
tion asto the systems used. If the wetness of the 
steam generated in the ordinary boiler be really 
less than 4.5 per cent., in all cases the efficiency 
of the superheaters would be less than that shown. 
On the other hand, if the wetness be taken as ° 
4.5 per cent., an increase of efliciency is obtainable 
with the waste-gas heater-boiler if the steam be 
just dried and no more. The figure thus found is 
at A, at 67.6 per cent. From this point the im- 
provement runs up to B at 69.92 per cent. for 
80 deg. Fahr. superheat. At some point not far 
beyond this, probably in the neighbourhood of 
100 deg. Fahr., no higher superheat is possible 
with the waste-gas heater on locomotives, though 
higher claims have sometimes been made, 
and no further improvement in economy is 

ible by these means. If, to secure advantages 
in other directions, still higher superheat is 
desirable, resort has to be made to the smoke-tube 
mee The possible generator efficiency therefore 
falls, The points C at 66 per cent., and D at 
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66.3 per cent., represent efficiencies on this system 
based on proportions taken from practice. With 
corresponding velocities and areas, the line joining 
these two points prolonged, suggests that with a 
superheater just sufticient to give dry steam the 
efficiency would be 55.62 per cent., and that with 
one giving 100 deg. Fahr. superheat it would be 
about 65.92. Though placing no great weight on 
the position of points so found, attention may 
incidentally be drawn to the fact that with the 
superheat often used in European practice (270 deg. 
Fahr.) the efficiency of generation might be raised 
to 66.44 per cent., as indicated by the line C D 
prolonged. The line X Y shows the limit at which 
the change of system, and consequent loss of 
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boiler efficiency, becomes inevitable. The points | facts that Professor Benjamin, experimenting at | first 80 or 100 deg. of superheat does not make the 
‘and D unfortunately represent heaters in which Purdue with asmoke-tube heater giving only 80 deg. | same proportional decrease in the coal consumption 
oth surface and steam velocity were different, so superheat, has arrived at the conclusion* that “‘the as does the second 80 or 100 deg. superheat.” 
that, though the points themselves are based on _ i ae ir This statement has been frequently appealed to 
actual practice, others on the line passing through, , Statins ak tn hainn Wiles Senet conclusive argument in favour of high-degree 


them are of restricted value : Pare heati posed to od degree 
. .__, Mechanics’ Association, 1910, and repeated and enlarged | SUperheating as op ® Bee > 
It is probably partly, at least, due to the foregoing en in Ficheaier Dexdeniate latest (1911) ee. _ | Actually it affords no proof whatever, for the above 
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calculations show that itis manifestly improper to 
expect a boiler arranged for one degree of super- 
heat to be equally efticient when a superheater 
giving much less than that amount is inserted in it, 
and for this reason:—The smoke-tubes are un- 
altered, though fed with the same amount of gas in 
both cases, but less heat is absorbed in one case than 
in the other, and there must be therefore greater 
loss to the smoke-box. It may be imagined that the 
difference would be absorbed by the water surface, 
but in the Cole superheater experimented on at 
Purdue this can hardly have been so. In this case 
the superheater pipes were merely shortened, leaving 
the vdlatities unchanged, but, at the fire-box end, 
greater lengths of unoccupied smoke-tube. If, for 
the ordinary boiler-tube, the ratio of length to dia- 
meter, or, in other words, the ratio of gas supplied 
to the surface exposed, is about correct, evidently 
the area thus represented by the lengths so ex- 
posed is su plied with an excessive amount of 
gas, and, judged by this standard, the efticiency of 
this part of the water-heating surface is relatively 
lowered. The surface would not utilise the heat 
pees over it properly, so that, though the actual 

eat transferred might be somewhat greater, this 
would not afford compensation to an extent equal 
to the loss of ordinary tube surface. In view of 
these various factors, it appears reasonable to con- 
clude that when widely different degrees of super- 
heat are sought, the best results may be obtained 
by re-arranging the whole interior of the boiler, 
and not by simply adjusting the superheater tube 
lengths to give the desired degree. 

It is thus manifest that the boiler efficiencies are, 
in all probability, different in the case of smoke- 
tube superheater locomotives generating and using 
steam of different degrees of superheat. It is, of 
course, known that the engine efficiencies under 
parallel conditions would be different. There are, 
therefore, two variables introduced, which would be 
quite sufficient to explain the point, in connection 
with this system of direct superheating, to which 
Professor Benjamin’s remark, quoted above, refers. 

The further fact, however, which Fig. 3 makes 
clear is ignored in the work at Purdue, and is 
always kept in the background by advocates of 
high-degree superheating. The superior efficiency 
of the waste-gas heater-boiler producing steam 
superheated to 80 deg. or 90 deg. Fahr. gives that 
system of superheating, when combined with the 
engine, a great advantage over any smoke-tube 
sup2rheater system giving the same and even, within 
certain limits, higher degrees of superheat. Pro- 
fessor Benjamin’s conclusion, of which so much is 
made by one school, is therefore not fair to mode- 
rate superheating as it may be applied to loco- 
motives. It totally ignores the chief feature of 
the most efficient moderate-degree superheaters, 
and, on the whole, it appears that the purpose of 
the Purdue tests would have been better served if 
an altogether separately-fired independent super- 
heater, quite apart from the boiler, had been used 
for them. 

The waste-gas heater-generator plant therefore 
possesses a great advantage as regards coal con- 
sumption, and, other things being equal, loss in 
this direction has to be recouped in the engine 
before the high-degree system can lay claim to 
superiority. It has been shown that as between 
the high-degree and the best moderate-degree 
systems there is very little to choose as regards 
volumetric output. Between these two systems, 
therefore, arguments based on the specific volume 
of steam at different temperatures may, for all prac- 
tical purposes, be eliminated. 

Only if it becomes a question of considering the 
maximum capacity of different types of superheater 
generators does the question of volume become 
involved in a manner not taken into account in the 
method which will subsequently be adopted in the 
investigation of the engine performance. An exami- 
nation as to the relative value, for equal service 
performed, of highly or moderately superheated 
steam, resolves itself into one concerned with the 
efficiency of generation already dealt with, and with 
the benefits secured in the engine as a result of the 
added heat in the steam, together, of course, with 
the usual financial aspect of the case. 

It is, perhaps, unnecessary to remark that the 
difficulty present in all investigations of locomotive 
performance affects this problem as it does others. 
Che wide variety of conditions which the locomotive 
is called upon to satisfy in service renders general 
analysis dependent upon the selection of fair aver- 
ages. Itis well known that the superheat produced 


under various conditions of work is very different, |from the pattern. The first-named machine, in 
the tendency being for it to be higher in both systems | which the pattern is lifted out of the mould, is 
as the consumption and draught increases. In this, | generally to he preferred to the second. In the 
as in other matters, average figures have had to be first the machine can be built lower, because the 
found ; and with widely different results obtained | movement for delivery is upward, and the trolley- 
with one engine under various conditions of work, | track is on the floor. In the second the trolley- 
and the difficulty of reconciling records from | track must be lower than the floor if the machine 
numerous sources, this has proved no easy matter.|is not to be too high for comfortable working. 
The figures taken are believed to be justified, as | With deepening of foundations cost of installation 
they have been arrived at from a consideration of | increases. 
the reported results obtained with engines actually) A machine in which the sand is rammed, and 
in use, though, since they are averages, no par-|the pattern is lifted from the mould by hydraulic 
ticular class may have the exact proportions here | power, is shown in Figs 493 and 494, page 279. The 
employed. In our next article the subject of engine | turn-over table or plate A has its trunnions carried 
performance and that of the combined generator in the heads of two rams B, B, enclosed by the end 
and engine will be dealt with. standards. Their lower ends are enclosed in 
| cylinders C, C, to which the same pressure pipe D 
FOUNDRY PLANT AND MACHINERY. '8 connected, so that both act in unison on the 
No. XXXI opening of the supply-valve E. But to ensure an 
: yh even lift, each ram is connected by levers to a 
By JoszrH Horner. | horizontal shaft F. The compression of the sand is 
A peste of machine constructed by the London | effected by a large central ram G. The advantage 
Emery Works Company, of Tottenham, London, | of dividing the work of ramming and of withdrawal 
N., and illustrated on page 278, is a general type | between distinct rams is that the machine need not 
around which modifications are made to suit different be so high as when one plunger serves the double 
kinds of castings. It is shown in Figs. 488 and 489} purpose of raising and compression, and water is 
as a hand-machine simply, without mechanical pres- | saved, less being used for withdrawing the pattern 
sure, but in some other forms it includes the latter, | than for ramming. The manufacturers call atten- 
and also hydraulic pattern withdrawal arrange-| tion to the fact that the machine combines the 
ments. The general construction of the machine in | advantages of a hand-moulding-machine with those 








its simplest form is as follows :— 

Two tubular standards A, A, carried on a base, 
each enclose a flat-threaded spindle, the top of which 
is formed into bearings to receive the trunnions of | 
the turn-over table B, on which the box parts are | 
rammed. The racks are moved vertically through | 
toothed gears enclosed in the casings seen at C, U, | 
and connected by means of a horizontal shaft D, so | 
that they work in unison by the movement of the | 
long hand-lever E. This lever is adjustable to five 
different angular positions by bolt-holes in the plate 
a to suit different amounts of lift. The moving 
mass is counterweighted. The chains to which the 
counterweights are attached lead off from pulleys, 
one on each end of the gear-shaft D, and over 
pulleys above carried each in a light bracket. 

The box part, secured by the screw-dogs seen, is 
rammed by hand on its own pattern-plate or frame 
on the side of the turn-over table which happens to 
be uppermost. It is then turned over and lowered 
by the lever E and racks on to the trolley F. The 
box part is then detached from the pattern-plate, 
and the pattern lifted out of the mould by the 
lever movement, and the box ran away on the 
trolley on which itis resting. In the small machines 
the pattern-plate is turned over by hand, but in the 
large ones by means of a hand-wheel operating 
worm gear. With this exception the smaller and 
larger machines of this design are practically 
identical. The largest of the small series of 
machines takes boxes up to 43 in. by 20 in., the 
smallest of the larger series, boxes measuring 34 in. 
by 16 in., and the largest boxes 72 in. by 32 in. 
The photograph reproduced in Fig. 490 shows 
one of these machines carrying the patterns for 
tramway axle-boxes. Fig. 491 » Beet a a number 
of pattern-plates as used on these machines for 
making ring self-oiling bearings. 

This design, the moulds still being hand-rammed, 
is built in much larger capacities to utilise hydraulic 
power for the delivery. Two of these main designs 
are constructed. For long boxes, and narrow and 
deep moulds ranging from 10 in. to 314 in. depth 
of the half box, the pattern is lifted off its mould, 
the latter remaining on the trolley. For shorter 
boxes, but nearly or quite square and not of very | 
great depth, say from 8 in. to 12 in., the box and 
the trolley which carries it is lowered from the 
pattern by one central ram. | 

Fig. 492 shows one of the first-mentioned type of 
machine, which lifts the pattern out of the mould | 
by two side rams, with a pattern mounted for 
making bearing-end shields for motors, with the 
two parts of the mould and a casting. In use the 
machine is set into foundations, so that the turn- 
over table is conveniently placed for ramming 
purposes. 

In the other design—that in which the trolley 
and box are lowered from the pattern—the turn- 
over table occupies an unvarying height, and has its 
trunnion-bearings in the tops of the end standards. 
Fixed in the foundations is an hydraulic cylinder, 
the ram of which carries the table on which the | 
moulding-box is received after ramming and turning 
over. The lowering of the ram delivers the box 








of a machine worked by hydraulic pressure. It is 
a hand-moulding-machine type fitted with a press, 
and the first can be readily converted into the 
combined machine. 

The presser-head H in this design does not swing, 
but is carried by trolley-wheels along tracks formed 
by the lower flanges of rolled joists. The framing 
of the head is constructed of channel sections, 
and timber blocking is attached to its lower face to 
compress the sand within the loose sand-frame J. 
The head can therefore be ran back out of the way 
to permit of placing boxes on the table or removing 
them with ease. The open-frame design of the 
press standards permits of passing a crane-hook, 
beam, and slings between them, seen at K, for 
placing boxes on the table. The diagram, Fig. 495, 
shows the jib-crane in plan relatively to the machine 
which it serves. The table A is turned over by the 
worm-gears L, Fig. 493. When it has been lifted 
as stated, by its rams, the bottom box is ran away 
on the tracks M, M. The photograph reproduced in 
Fig. 496 shows the machine in use, carrying the 
pattern for a motor base, with a mould part in the 
foreground and the trolley immediately behind with 
the other part of the mould. Fig. 497 illustrates 
pattern-plates for making a thrashing - machine 
wheel moulded on one of these machines. 

The interchangeable pattern-frame and moulding- 
box used on this machine are shown in separate 
views in Figs. 498 to 501. They are used largely 
for the plaster pattern-plate system in making 
small castings. 





THE DISTRIBUTION OF STRESS IN 
PLATES HAVING DISCONTINUITIES, 
AND SOME PROBLEMS CONNECTED 
WITH Ir. 

By Dr. K. Suyentro, Assistant Professor to the 
Department of Naval Architecture, Tokio Im- 
perial University, Japan. 

Mary investigations as to the distribution of stress 

in plates having discontinuities have been made by 

various naval architects, and their attention was 
again’ called to the matter by Professor Coker, 
who read a paper on a related subject before the 
spring meeting of the Institution of Naval Archi- 


So far as I am aware, the subject in question has 


hitherto been treated experimentally only, and it 


seems that nobody has ever solved it mathematic- 


ally. Therefore it naturally follows that, in spite of 


the many exhaustive experiments made, the com- 


| parative accuracy, and even the validity of the 


experimental methods themselves, is still sub judi. 

The present paper is intended to show analytic- 
ally how stress is distributed in plates pierced with 
a circular hole, and at the same time to consider 
briefly the validity of the experimental method, in 50 
far as it may be judged from the results obtained 
analytically. 

1. MatHematicaL So.vTion. 

The present investigation is limited to the case 

of a tension strap with a rivet-hole—i.e., of an 
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elastic plate pierced with a circular hole subjected to 
uniform parallel normal edge tractions in the plane 
of the plate. 

In the equations in this paper the following nota- 
tion is used :— 


Two Dimensional Polar Co-Ordinates. 

P = the radial normal stress—i.e., the stress com- 
ponent, in the direction of the radius, across 
the circumferential area. 

Q = the transversal nor.nal stress—i.e., the stress 
component across the radial area in the 
direction of the tangent to a circle 

R = the shearing stress along the radial or trans- 
versal plane. 

u and v = the radial and transversal displacements of a 
point respectively. 


= = the radial strain. 


a 
faide + “ = the transversal strain. 
r r 
e=%%4144 _2& J the shearing strain along 
adr radé r 


the radius and transversely. 


w= Paro (r v) - ‘ “I = the rotation. 
A =i:< (u r) + sj \ = the dilatation. 


E = Young’s modulus. 
o = Poisson’s ratio, 

wu = The rigidity. 

r= _ Se. 
1-o-2¢0? 

Now let a rectangular thin elastic plate (thick- 
ness 2t) pierced with a circular hole (2a in diameter) 
in its centre be subjected to edge tractions (T per 
unit area) in its plane, normal to the sides A D and 
BC, and let the size of the plate be supposed to 
be taken as very large compared 


| and 
du 1 


de Se dz, &c. 


t du 

aa dr 

Now imagine a circle concentric with the hole 
(Fig. 1). If the diameter (2 r') of this circle is 
very large as compared with that (2 a) of the hole, 
the displacement of points in the circumference of 
the supposed circle will not be influenced by the 
presence of the hole. Therefore 


w=} (1+ 0) P8008 20 + 4 (1 - o) i. 


v i; (1 + o) r' sin 20 
provided r' is sufficiently large as compared with a. 
From these equations we have 


a=la-e) 
E (1a) 
2w=0 


which hold at points remote from the pierced hole. 
Moreover, as there is no surface force applied on 

the periphery of the hole, 
Wie =NA 


r=a 


The equations (1), (14), and (2) are boundary 
conditions, which must be satisfied by the equa- 
tions of stresses and strains to be found. 

It is well known that both A and @ are harmonic 
functions which are connected by the displacement 
equation of equilibrium. 





By the nature of the problem, in that it treats of 






























































: : 3 : - 
with the diameter of the hole Fig.2. DisTRIBUTION OF STRESSES IN THE 
(Fig. 1). 8 TRANSVERSE SECTION THROUGH 
Then this is a problem of plane a THE CENTRE OF HOLE. 
stress, and not of per strain, so 
that the plate will not only be 3 2 
strained in its plane, but also in 8 
the direction of the normal to the ‘3 
R el ai 
plane. S : tudinal Stress Q 
S 
Fig./. y 
A | B 
oa Tw * Strass P 
/ a o; 
- ots - w a 4 1 ——— hers ~ a 
™ 4 a 4 
i (agar ng 0 DE F G a re: 
Of some vcall }.—§ a} 2 g 
es \ [Fete fe Transverse Sectici. 
ae a — Shows Stress obtained ty calculaticm. 
D (2391.4) Cc (2391-8) ona . found +. experunen’ 
Taste I. 
Al = 126 Ib. per sq. in. 2 = 174.5 1b, per sq. in. 
Marked Distance Longitu- Transverse Longitudinal | Transverse Proportional Proportional Theoretical Theoretical 
Points from dinal Strain Strain tress } Stress Longitudinal Transverse Longitu- | Transverse 
(see Fig.). Centre. (e). (f). =A'(e+f)+2mel=A'(e+f)+2uf Stresses. Stresses. dinalStress| Stress. 
in. Ib. per sq. in. | tb. per sq. in. 
A 0.375 0.307 — 0.127 76.2 | 0 52 2.93 0.020 3 00 0 
R 0.437 0.206 0.075 52.4 3.42 2.02 0.132 2.20 0.284 
c 0. 0.169 - 0.051 44.2 5.97 1.70 0 230 1.75 0.375 
D 0.563 0 150 - 0.041 39.9 6.58 1.54 0.253 1.52 0.369 
E 0.750 0.108 — 0.033 28.3 3.69 1.09 0.142 1.22 0.282 
F 1.000 0.102 - 0.036 26.1 2.08 1.00 0.078 1.10 0.181 
G 1.500 0.102 - 0.087 26.0 1.79 | 100 (taken 0.069 1.04 0.089 
| as unit) 
H 2.000 0.102 ~ 0.033 26 5 2.83 1.02 0.109 1.02 0.051 
I 2.750 0.102 ~ 0.081 26.7 3.53 1.08 0 136 1.01 0.029 


By applying the method of ‘‘ generalised plane 
stress,”* such a problem can be solved, as if it were 
one of plane strain, provided that the elastic con- 
stant A is replaced by a new constant A!, and ordi- 
nary stress and strain are replaced by ‘‘ mean stress 
and strain.” Thus the‘equations in this case are :— 
1dR 


1d Q 
LA a * = 0 
aoe Oe cas r a _ 
1 ld ions o 
54 Rr) + pv = 0 | equilibrium. 
du 


P=NA+2uq7 


" du 
Q=(M + 2u)A - 205" 


R= - 2nw + 2n 5" 


Stress-strain equations 


dA d 

(+ 2h) r o- -— 2p 79 =? | Displacement 
1 dA dw oaSiitetom 

’ 1 dA 7 equilibrium 

(+ 2u) > og + 24a, of 

in which 
2ru 1 f¢ 
M= yy y9n P= a1 [Pas de. 


7 Love’s “* Mathematical Theory of Elasticity” (Second 





Edition), pages 135 and 205. 





the space outside a hole, and from the form of the 
boundary conditions (1) and (14), and also from the 
form of the displacement equation of equilibrium, 
we are led to assume that, 


1 1 





A=? (1-c) + 1a Leos, 
E M+2u #2 
Then 
2w=- l A! sin28. 
- 
Thus 
_ d éei .. 3% 
a= { punt | = [fl-e)+ 
A 
320 3 
N42y po | (3) 
~ljfdy py 44l-_1 A ginog 
2w = : lay" r) aos = sin 2 


These equations and the boundary conditions (1) 
and (2) suggest that 


eens” 
v = o(r)sin2@ 


(4) 


where f and ¢ are functions of r only, and k, and k, 
are constants. 


Substituting these in equations (3), and remem- 
bering that the resulting equations hold for all 
values of 6, we obtain 


T X+2yn 


a iae< as 
ky _ i; o), or = T wen + 2n) (5) 


and a pair of simultaneous differential equations :— 


r+er4@Sangg= A! 
dr M+2ur 
o+rt?Pe ae a -Al 
dr ar 


Solving these simultaneous differential equations, 
and applying the resulting integrals and also the 
value of k, (5) to the assumed equations of dis- 
placement (4), we have 


u =(- kyr -—3 al + ks 5.) 00820+ 4 E(1—o)r+iy i 
ar rs E r 

ee eee ee 

a = (tr tt Se 1 thy 2) sin 26, 


in which k, and k, are integrating constants. 
Comparing these with the boundary conditions 

given in (1), we have 

= 


4 


ky= - 4 5 (1 + 0), oF = - 

Again, with boundary conditions (2), and on sub- 
stituting ordinary elastic constants in place of A', 
we obtain :— 


a2 
= 7,7: 
_ _ 4a%(A + w) 
A= 3A +246 T. 
a ee, a‘ 
kk = Ta z. 


Thus we can find all the constants involved in 
the equations for u and v. 

From the values of u and v thus found we can 
easily deduce the value of the required component 
strains :-— 


= 1 2( +4) a? 3 at ~ \ 
e=(f-aretan a dy gs) T 00820 4 
2 otss. 28 
4u(3AX +24) 44 
= 1 r a? 3 at ‘ . 
jy (- 5+ aise or Gu et) Toms 204 (6) 
T_A+2u ,T@ 
4 w(3A + Ze) a or re 
a 5 1@ 3 =) , 
e = ( > A+ op 4 T sin 26 





Substituting these in the stress-strain equation, 
we obtain the required component stresses as 


follows :— 
= (1 ao ) (1 ~4 
= ) (1 +3 


(1 + 
af «afr. 
(1+2 vo) - 3) sin 26 


7 
°F 
T 


-< 
~ 


a2 


r 


a? a‘ 


Q= 


bo} be} 


) cos 2 6 


T 

R Ss = 2 
As might be anticipated, the radial normal stress 
(P) and the shearing stress (R) have not much 


angertene. 

‘he important one is the transversal normal 
stress (Q); and its maximum value is 

3 


Q = 3 T at the points r = a, 0= 5 or 7" 
Thus, on the periphery of the hole where it is cut 
by the central transverse section, there occurs a 
tensile stress, the intensity of which is three times 
that of the mean tensile stress. 

The distribution of the stress on the transverse 
section through the centre of hole is given by the 
relation 


— 7 fe a. . at 
Longitudinal stress Q = » (2 + at+3 si) 
3 a at 
, > > 
Transverse stress P = » T (S - 1) 


The distribution of stress worked out from these 
equations is shown in the diagram (Fig. 2), in 
which T is taken as unity, and the diameter of the 
hole as # in. 

The diagram shows that the longitudinal stress 
tends very rapidly to its mean value; even where 
r = l}in. —i.e., at the point at a distance of twice 
the diameter—the stress is about 1.0372 the mean. 
Therefore, the assumption made above, that the 
plate is of an infinite extension, is not absolutely 





necessary, and consequently the equations found 
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are applicable without significant error even in case 
of rivet-holes closely pitched. 


2. EXPERIMENTAL D&TERMINATION WITH AN 
Inp1a-Russer Mope.. 


For the purpose of verification the author made 
an experimental determination by means of an 
india-rubber model. 

In making such an experiment it must not be 
assumed that homogeneous materials would be 
strained in the same way when subjected to the same 
kind of forces (such an assumption is often made 
erroneously). As pointed out by Sir Gabriel Stokes, * 
and also by Mr. Michell, + that physical quantity, 
the similarity of which holds with two different 
materials, is stress, and not strain. This may be 
seen at once from the fact that in the equations (7) 
no elastic constants occur, while they are contained 
in the equations (6). 

In view of this, the author made the following 
three operations :— 

(a) Found the elastic constants of the india- 
rubber used as the model. 

(b) Measured the longitudinal and transverse 
strains from the photographs of the model in the 
loaded and unloaded states. 

(c) Calculated the stress by the stress-strain 
equation. 

The dimensions of the india-rubber model used 
were as follow :— 

Length 

Breadth 
Thickness _... 
Diameter of hole 
Load applied... 

The measurements taken along the transverse 
section through the centre of the hole, and the 
results of the calculation, are shown in Table I., page 
281. For the sake of comparison the theoretical 
values are also given. They are, moreover, shown 
graphically in Fig. 2. 

he india-rubber used in the author’s experiment, 
as might be anticipated with thi’ kind of material, 
had not perfect elastic properties, the stress-strain 
relation being 


nearly 2 ft. 
5.985 in. 
Se 0.154 in. 
... 0.751 in, = 2 in. 
: 20.1 Ib. 


stress -- 3.6 lb. per sq. in. 
strain 
and Poisson’s ratio ranged from 0,466 to 0.357, 
for the stresses from 6.77 lb. per square inch to 
109.6 lb. per square inch, Therefore, neglecting 
the small deviation in Yoang’s modulus and takin 
the mean of Poisson’s ratios, the author assum 
the values of A! and 2, as shown at the top of the 
table. It will be observed in the table that the 
transverse strains are negative, whereas the corre- 
sponding stress is tensile. This fact shows that if 
strains in one direction only were compared, the 
conclusions reached would be very erroneous. 


218 lb. per sq. in. = 


, 


3. Lines or DispLaceMENT, Lines oF PRINCIPAL 
Srress, aND StrREAM-LINEs. 
The false assumption that the stress-lines in a 
strip subjected to end tractions would be similar to 
the stream-lines of a fluid obtained with a similarly 
shaped specimen fed at the ends, has been made by 
some experimenters. 
In the course of a controversy in ENGINEERING 
last year, this assumption was disproved, and it was 
pointed out that, in order that the direction of 
stream-lines may coincide with that of stress-lines, 
another relation is necessary between the displace- 
ments—viz., 
u2= vf(y) - v 

in addition to the conditions 
du , dv_ 0 
dx dy 
dv du_ 
da dy 

Now the latter conditions are those for irrota- 
tional and solenoidal strain—i.e., pure shearing 
strain, which cannot be expected to arise in cases 

ike this. 

As will be seen from the result of the solution 
arrived at by the author, 

-~ T A+2e _ A+2u Ta*cos2d 
2u(BrAX( +24) w(3A+2y) r? 
w= _AtH 4T asin 20 
(8A + 2p) r ; 
Thus, neither the dilatation nor the rotation 


0. 





. Philosophical Magazine, Series v., vol. xxxii. ; 
+ London Mathematical Society’s Proceedings, vol. 


Xxxi. 





MACHINE FOR CUTTING GEAR PATTERNS. 
CONSTRUCTED BY MESSRS. A. RANSOME AND CO., LIMITED, NEWARK. 








vanishes. Hence even the fundamcntal conditions | 
assumed in the stream-line analogue are not fulfilled. | 

Moreover, some engineers seem to believe that | 
the relative closeness of stress-lines would be the | 
direct and quantitative indication of the stress 
intensity. The values of the principal stresses, of 
course, can be found if the lines of principal stress 
are completely determined. But their closeness is 
not the quantitative indication of the stress. This 
can easily be shown as follows : — 

The stress equations of equilibrium referred to 
the lines of principal stress as curvilinear co-ordi- 


nates are :— 
Ni \ 
— i+ New, =O 
dé (5 ) et 


hy he 
d (Ne ee 
ale) + N, w, = 0, 
where N, and N, are principal stresses in the 
directions of the tangents to the £ and 7 curves 
respectively ; @; and @, are the curvatures of & 


and 7 curves respectively, 
dt\2, (dé\? 
h,? = s 
' (a) . (ay) 


@ (dn\? , (/d\2 
ho? = 
: ( 4 . (a ”) 
If the closeness of one set of stress-lines (say &) 
indicates the stress, the é tube of stress must 


transmit constant tension or compression, in which 


d 


hy hg 


d (N, 





y=u (* é )sia 6. 
r 


Therefore the closeness of W at the points in 
the periphery of the cylinder where it is cut by 
the transverse section through the centre of the 


cylinder is 
| u (1 + . )sin @ 
re 
2 


(ar ) 


dr 
0 
and the same at an infinite distance is 


(3 ) == oes 


=2u 


us 


6 


re os 

Thus the closeness at the above-mentioned point 
is twice the average closeness, whereas the maxi- 
mum longitudinal stress at the same point as found 
by a mathematical solution is thrice the mean 
tensile stress. 








MACHINE FOR CUTTING GEAR PATTERNS. 

WE illustrate in the view above a machine which 
has been designed by Messrs. A. Ransome and Co., 
Limited, Stanley Works, Newark-on-Trent, and is 
built by them for cutting teeth on the patterns of spur 
or bevel-wheels of any diameter up to.6 ft., and of any 
pitch. The same machine can also be used for turning 
the wheel patterns before cutting the teeth. The 
}mandrel runs in long adjustable gun-metal bearings, 
and is fitted, as shown in the view, with a four-speed 
cone, which comes into play when the machine is used 





ee (X)=« 


Ne. wr = 0. 

Hence, in order to fulfil the supposed condition, 
either N, or the curvature of the ~ curves must 
vanish. Thus, only in the case in which the other 
principal stress vanishes, or where the stress-line is 
straight, is the assumption valid. 

Lastly, however theoretically absurd it may be, 
it will be interesting to make a comparison of the 
two results—namely, the result arrived at under 
the assumption that the stress-lines and stream- 
lines would be coincident and that their closeness 
indicates the stress, and that obtained by the mathe- 
matical solution. 

For flow in a plane of an infinite extent, having 
a circular oglinher perpendicular to the plane, the 
stream function is 


dé \hy 


and then we have 


as a lathe. Double-thrust ball-bearings take up the 
end play of the spindle. 
| A dividing apparatus fixed to the headstock is pro- 
vided for accurately cutting the teeth ; it can be 
| adjusted for teeth of all numbers up to 50, and in some 
cases up to 312. There is no difficulty in fitting the 
machine with dividing-plates for other numbers of 
pepe The dividing apparatus, which is thrown out 
of when the machine is used as a lathe, consists 
| of @ worm-wheel 17 in. in diameter, driven by a worm 
| with dividing-plate for the required number of teeth. 
The plate is made with concentric circles, each circle 
| having differently spaced holes, there being provided 
an adjustable stop for accurately measuring the exact 
|number of holes required for the various numbers of 
| teeth. , 
| The teeth are cut by means of a spindle running in 
| ball-bearings, fitted with a steel cutter-holder, and 
| driven by a light belt from the overhead countershaft. 
The spindle is supported on a carriage having a vertical 
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adjustment for setting the cutter exactly central with 
the wheel, and a fine screw adjustment for setting to 
the exact depth of tooth. The carriage is traversed 
by means of a rack and pinion operated by a hand- 
wheel. The apparatus is also made with a swivelling 
motion for cutting bevel or mitre-wheels ; it can be 
easily adjusted on the bed to suit wheels of various 
dimensions. 





PRECISION MIXING VALVE FOR LARGE 
GAS-ENGINES. 

On this page we illustrate an arrangement of gas and 
air-valves for large gas-engines which has recently been 
introduced by the British High-Power Gas-Engine Com- 
pany, of 3, London Wall Buildings, E.C. The engine is 
governed by cutting off the gas supply at a later or 
earlier period of the stroke in accordance with the load 
on theengine. With this plan of governing it is usual 
to have the gas and air-valves arranged side by side and 
operated by separate gears. In the new arrangement, 
illustrated in Figs. 1 and 2, the main valve is shown 
at A, with the gas-valve above it at B. This second 
valve is an easy sliding fit on the main valve spindle, 
and is pressed up against its seat by the spring indi- 
cated at C. Just above the valve B its hollow spindle 
is enlarged to form a plunger D fitting into a dashpot, 
which serves to deaden the return of the valve to 
its seat. A small non-return inlet valve, not shown 
in the figure, is provided in the cover of the dashpot. 
The valve B is opened by the descent of the main 
spindle, which carries with it a piston E, fitting into a 
second dashpot, which is also cast in one with B. The 
piston E, as already stated, is carried down with the 
main valve A when the latter opens. It is not, however, 
rigidly coupled to the spindle of the latter, but its posi- 
tion relatively to the sameis alterable by the governor, 
which rotates a sleeve F which is screwed internally 
with right and left-handed threads. If the governor 
moves this sleeve in one —_ the plunger E is lowered 
relatively to the main spindle A, and consequently the 
yas-valve Bis opened earlier. A contrary rotation raises 
E relatively to the spindle A ; the gas-valve opens, there- 
fore, later. The gear which operates the valves is 
shown in Fig. 2, and consists of an eccentric and a rock- 
ing lever. Such an eccentric gives a slow opening to 
any form of drop-valve, but in this case it is the main 
valve A which alone is operated direct by the eccen- 
tric. The gas-valve, on the contrary, is carried down 
with the latter after the latter has already made part 
of its travel and acquired a considerable velocity. In 
consequence the valve B always opens very rapidly. 

_ The arrangement of the one valve above the other, 
instead of side by side, reduces greatly the clearance 
space in which gas may lodge. 

It has further to be astel that the gas-valve with 
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the arrangement described has in all cases its maxi- 
mum opening, about the same time as the engine 
piston has its maximum velocity. This is well shown 
by Fig. 3, which shows the travel of the gas and main 
valve for all points of the piston stroke. The main 
inlet-valve has a constant lift, and at full load the 
gas-valve begins to open when the piston has acquired 
about two-thirds of its maximum velocity. The valve 
closes again just before the piston reaches the end of 
its stroke. At half-load the gas-valve both opens 
later and closes earlier, and similarly at still lower 
loads. With the corresponding arrangement of gas- 
valves controlled by the governor in use on some other 
types of engine, the opening of the gas-valve always 


commences at the same point of the stroke, but closes | 


earlier as the load falls. At light loads, therefore, 
the piston is moving but slowly the whole time the 
gas-valve is open, and thus the suction in the gas is so 
small that the charge drawn in is likely to be affected 
by trivial chan in the gas ssure or the like. 
Since the gas-valve is loose on the main valve stem, 
each can be kept tight independently of the other. 
Both valves are accessible for inspection and cleaning, 
by lifting the casing H, and this operation does not 
necessitate the disconnection of the adjustable parts. 
The sleeve having the right-and-left-handed thread 
has its weight compensated by a counter - balance 
keyed on the governor-shaft. The load on the latter 
is therefore always small, and very regular running is 
secured. 

The makers of the engine, Messrs. Fraser and 
Chalmers, Limited, of Erith, have largely based their 
designs on the Nuremberg type, but, as explained 
above, have modified the gas and inlet-valve arrange- 
ments. Changes have also been introduced into the 
lines of the engine-framing, so that the heavy stresses 
are taken by straight instead of curved members. 
We may further add the piston faces are curved 





instead of flat. This plan has the advantage of giving 
the maximum of resistance against stresses, peak. sn 
either by the pressure of the exploding gases, or by 
the expansion of the piston by heat, together with a 
complete freedom from casting strains. The piston is, 
of course, water-cooled internally, a flexible pi 
system being used for the supply, thus avoiding the 
use of glands and stuffing-boxes. 








THE JAPANESE Navy.—A fifth large basin bas been 
commenced at Yokosuka; it is to be completed by 1914, 
and it will be capable of receiving vessels with a dis- 
placement of 30,000 tons. Electric cranes have been 
supplied to the Yokosuka, Kure, and Sasebo ar:enals. 





Contracts.—We are informed that amongst other con- 
tracts which Messrs. Escher Wyss and Co., hydraulic 
engineers, of Zurich, Switzerland (London office: 109, 
Victoria-street, Westminster), have secured are an order 
from the Rio de Janeiro Light and Power Company jor 
two 19,000-horse-power tangential wheels, the largest 
of their kind, to work under a head of 950 ft. This 
latter contract comprises also delivery of Messrs. 
Escher Wyss and Co.’s patent oil-pressure governors, as 
well as the two tage complete with valves, &c. 
Further orders have Leen received from the Tata Hydro 
Electric Power Company, Bombay, for four 13,200-horse- 
power and two 1000-horse-power high-pressure turbines 
designed for a head of 1680 a and from the Fuji Cotton 
Mill, Japan, for four 3000-horse-power and one 100-horse- 
power turbines designed for a head of 280ft. These 
orders also include delivery of the necessary number of, 
Messrs. Escher Wyss and Co.’s governors. Orders have 
| been coming in steadily from Japan, Canada, and other 
| countries, and the total output of water-turbines ordered 
from Messrs. Escher Wyss and Co.’s in the course of this 
month exceeds 130,000 horse-power. 

Tue Late Mr. Hartixey Moruersoie.—The death is 
announced of Mr. Hartley Mothersole, formerly joint 
secretary of the Shipbuilding Employers’ Federation, 
Newcastle, at the age of 42. Mr. Hartley Brinkley 
Newton Mothersole was’ educated at Trinity College, 
Cambridge, where he obtained a third class in Part I. of 
the Law Tripos in 1890, and a second class in Part II. in 
the following year. He afterwards took the LL.M. 
degree, and was called to the Bar at the Inner Temple in 
1893. He practised for some years on the South-Eastern 
Circuit, and served as secretary of the Home Office 
Departmental Committee on the Procedure of Royal 
Commissions and of the Royal Commission on Trade 
Disputes and Trade Combinations. In 1909 he was 
appointed joint secretary of the Shipbuilding Employers’ 
Federation, Newcastle, and of the North-Fast Coast 
Shipbuilding and Engineering Association. This posi- 
tion he resigned in the following year. As joint secretary 
with Mr. T. Biggart of the former body, Mr. Mothersole 
took a prominent part in the negotiations which passed 
between the employers and the men during the boiler- 
makers’ dispute last year. 
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INDUSTRIAL NOTES. 


By theend of last week the country had apparentl 
settled down to its normal condition, at any rate wit 
the exception of South Wales, which was still in a 
state more or less of disorder. The lawlessness there 
seemed to have degenerated into brutal treatment of 
Jewish traders, in spite of the presence of large bodies 
of infantry, cavalry, and police. The numerous strikes 
of transport workers which have been in unpleasant 
evidence since the middle of June can, however, really 
be said to have ended when the Liverpool tramway 
difficulty was overcome. This took place on Thursda 
in last week, the uniformed men who had struc 
being reinstated by the general manager of the tram- 
ways in accordance with the decision arrived at on 
that day, and all the transport workers resumed their 
labours with the exception of 30,000 dockers who had 
been locked out. The case of these men was, however, 
put right during the afternoon, when the shipowners 
decided to allow the men to resume work at seven 
o'clock on the following morning, on the condition 
that all the men went in. One thing, among others, 
brought prominently forward during the late strikes 
was that so-called peaceful picketing should in future 
be prohibited by law, and it is particularly desirable 
that this part of the Trades Disputes Act should be 
repealed. Under the present condition of things there 
evidently can be no such thing as peaceful picketing, 
and any attempt to recognise it must lead to trouble in 
the future. Very strong feeling has been expressed on 
the subject in various parts of the country, and the 
Associated Chambers of Commerce have started a move- 
ment to have picketing prohibited and the Trades 
Disputes Act generally amended. 


Rene wed trouble appears likely on the Great Eastern 
Railway, owing to complaints that certain grades of 
men are not being reinstated in the positions which 
they held before the strike. It is claimed by the 
railway company, however, that they are loyally 
carrying out the terms of the settlement of the men’s 
leaders. The joint executive committee of the rail- 
way trade unions have the matter in hand, and the 
representatives of the Board of Trade have offered 
their services to aid in getting the matter settled. 


On Friday last a special meeting of the Highways 
Committee of the London County Council was held 
to consider the demands of the men employed in the 
County Council’s tramway service. The result was an 
interview with the representatives of the Amalga- 
mated Association of Tramway and Vehicle Workers, 
which ended in a better understanding between the 
contending parties. Thus all danger of a strike is 
removed, at any rate for the present. It was also 
agreed that conciliation board should be called, on or 
before October 9, if the men desire it. The Conference 
was of a private nature, but it is understood that the 
concessions demanded by the men were well received. 
They were as follow :—The minimum wage for adult 
labourers to be 30s. per week. Rates of pay to be 
5s. per day on entering the service and for the first 
four months, 5s. 6d. per day for the second four 
months, 6s. per day after eight months, and 6s, 6d. 
per day after twelve months. Hours of labour to be 
eight per day, or fort; my hours per week. Rates 
of pay for all public holidays to be time and a 
half, with the exception of Christmas day, which shall 
be paid at the rate of double time, or in lieu 
thereof three days’ holiday per man per annum. All 
men called upon to work upon their recognised weekly 
rest-day to be paid at the rate of time and a quarter. 
All overtime—that is to say, all time worked over 
schedule time (as per time-board)—-to be paid for at 
the rate of time and a quarter. All men promoted 
to positions as inspectors, &c., whilst on probation, to 
be paid at the rate of 7s. per day, the period of pro- 
bation not to exceed oae month. A court of appeal 
to be established to deal with cases of dismissal from 
the service of the Council. 

Although peace was practically arranged by the 
middle of last week, a conference was held on Satur- 
day between the leading officers of the London tram- 
way system and a deputation from the men, at which 
the following matters were discussed :—Stoppages for 
lost tickets, spread-over time, deferred pay, payment 
for dental examination and treatment, and suspensions 
from work. A future conference will be devoted to 
the discussion of the ticket system. On this point it 
is contended that the continued increase in the num 
of tickets and the system of transfer tickets is so 
complicated that the men are not able to do their 
work properly. It appears that matters of detail are 
being arranged in a satisfactory manner. 


At the Royal Commission to inquire into the work- 
ing of the Railway Conciliation Act, which met on 
Monday last, the first evidence to be heard was that 
of the men, and it was left to trade unions to prove 
their case against the Conciliation Boards. It is 
thought that this evidence will occupy some weeks, 
after which the case for the companies will be taken. 


ber | A resolution in favour of a minimum w 





It is expected that the Commission will be able to| 
present their report at the end of Uctober, or soon 
after Parliament has reassembled. 


The actual terms of the agreement of the London 
dock dispute, the settlement of which was announced 
last week, are the following:—(a) The day’s work 
shall be any consecutive twelvehours. (+) The week’s | 
work shall be sixdays. (c) For lightermen the week’s | 
Bay shall be 48s., with ls. an hour overtime after a| 

ay of twelve hours. Any lighterman called for work | 
between 4 a.m. on Sunday and 4 a.m. on the following 
day shall be paid 9s. for the shift or part of a shift. | 
(d) For tug captains and tug foremen an increase at | 
the rate of 10 per cent. upon the existing wages shall | 
be paid. Overtime shall be paid for at the rate of | 
ls, 1d. per hour. Any tug captain or tug foreman | 
called for work between 4 a.m. on Sunday and 4 a.m. | 
on the following Monday shall be paid 9s. 6d. for the 
shift or part of a shift. (e) The rate of pay to those 
roadsmen now receiving 5s. a day shall be increased to 
6s. for a day of twelve hours. (/f) The usual public | 
holidays to be paid for. (g) Travelling expenses actually 
incurred to be paid. (h) Where absolutely necessary, 
two consecutive shifts may be worked, but these must 
be followed by two consecutive shifts off. (i) Any ques- 
tion arising as to the interpretation of this agreement 
shall be referred to the Board of Trade for decision. 


On Saturday last the Liverpool Docks began to 
present their usual appearance, as there was a general 
resumption of work. At seven o’clock in the morn- 
ing large crowds waited at each dock for the gates to 
be opened, but although as many men were engaged 
as were required, many had to be turned away 
owing to the congested state of the sheds and quays, 
whiek made it impossible to proceed with the discharg- 
ing of some of the vessels. At some of the docks only 
four gangs were required where usually eight would 
have mn commana It was not expec that the 
full number of men would be needed for three or four 
days. There was a similar state of congestion at the 
railway stations. At some of the stations the conges- 
tion was so great that at 10 o’clock on Saturda 
morning it was decided to close down, althoug 
eniiealie of wagons and other vehicles were waiting. 
In coal-trimming much excellent work appears to have 
been done by clerks, so much so, in fact, as to win the 
admiration not only of the soldiers who guarded the 
ships on which the work was done, but also of the 
strikers themselves. 


Trafalgar-square was the scene last Saturday after- 
noon of a demonstration against what the labour 
leaders are pleased to call ‘‘ the unwarrantable exten- 
sion of military authority and the unconstitutional 
imposition of martial law by the arbitrary ukase of 
the Home Secretary.” The ineptitude of such high- 
flown language is, of course, perfectly clear to the 
average normally-minded mean; but, unfortunately, 
the strike agitators have not normal minds, and either 
will not or cannot see the absurdity of their position. 
The military have only been used to protect life and 
property, and had they not been so used it is not 
— to think what would have been the result, 
or there is little doubt that an orgie of outrage and 
disorder would have swept over the whole country. 
To say that the appearance of the soldiers made 
matters worse is to display a foolishness of mind 
which would be amusing if the result had not been 
sometimes grave mischief. No peaceable, law-abiding 
person objects to soldiers and police protecting property 
in times of disorder and riot. It is those who do not 
want their lawless practices interfered with who hate 
the military. The soldiers were, during the recent 
strikes, the means of saving the situation, and the 
Home Secretary is to be commended on his prompt- 
ness in ping the true situation, and deserves the 
thanks of all law-abiding citizens. 


It is intended, at the annual conference of the 
Miners’ Federation of Great Britain, to be held at 
Southport in the first week of October next, that the 
Lancashire and Cheshire Federation will propose a 
resolution in favour of demanding a uniform wage for 
miners, to be secured by means of a general strike if 
necessary. What the outcome of this may be remains 
to be seen. The Lancashire and Cheshire miners are 
strong, their numbers amounting to about 100,000. 
i i e was, of 
course, passed two years ago, but it was then rather 
looked upon as mere talk. It is now thought, how- 
ever, that at any rate the Lancashire and Cheshire 
miners are in earnest, and it is regarded as probable 
that, if they do what is threatened, the Welsh 
miners and those of Northumberland, Durham, and 
Scotland would support them. As to the wages, | 
as much as 7s. a a has been hinted at, whereas | 
the Scottish miners are, it is said, inclined to demand | 
8s. aday. The wage at present earned by thousands 
of miners is not more than 5s. a day. The coalowners | 
state that they have been so hard. hit by the Eight- | 





Hours Act that they cannot 
cularly in view of what the National Insurance Bil! 
threatens them with in the near future. In South 
Wales at the present time a certain section of the 
miners are doing their best to bring about a general 
strike, and a conference is to be held at Cardiff 
to-morrow in order to discuss the subject. In the 
Midland coalfields trouble is expected soon to arise 
over the employment of non-unionists ; at one pit in the 
Derbyshire and Nottinghamshire coalfields the men 
are reported to have received the permission of their 
union to give a fourteen days’ strike notice unless 
the employment of non-union men ceases. The 
movement appears also to be spreading through 
this and other coalfields. It is said that several of 
the large companies are already declining to employ 
non-union men. If this is silly the case, it shows 
an amount of trade-union tyranny which cannot be too 
strongly condemned—a tyranny to which the masters 
will surely regret giving way. 


ive any increase, parti- 


The Grangemouth dockers are still on strike, having 


| rejected an offer of 74d. per hour from the shipowners. 


The men say they are determined to remain on strike 
until they obtain 8d. and 10d. per hour for day and 
night work respectively. 


Some very interesting ee were given in a 
letter to the Vimes of the 29th ult., from Mr. A. 
Kaye, Butterworth relating to the North-Eastern 
Ra:lway Company and the trade unions. We gather 
from this that for some years past the North- 
Eastern Railway Company have, in accordance with 
the usual practice of the employers in the North, 
recognised trade unions, which in their case has 
mainly applied to the Amalgamated Society of Rail- 
way Servants, as they have a much larger member- 
ship amongst railwaymen on the line than any other 
union. By their rules, if any question arises between 
a railway company and its men which negotiation fails 
to settle, the society has first to make an offer of 
arbitration. Upon refusal of this, a ballot of members is 
taken to decide whether a strike shall be entered 
upon. Should the ballot favour a strike, the notices 
of intention to cease work are handed in to the 
company, the length of notice being determined by 
the terms of the employment. Dispute, negotiation, 
arbitration, ballot, strike notices, and cessation of 
work are therefore provided for in the rules of the 
society. In face of this the Amalgamated Society 
men struck during the late trouble, their actions being 
thus compared with their rules :— 


Rules of the Amalgamated How far Observed towards the 
Society of Railway North-Eastern Railway 
Servants. Company. 
. Dispute. Entirely disregarded. 
. Negotiation. Ditto 
. Offer of arbitration. Ditto 
Ballot. Ditto 
Ditto 
Yes, after 24 hours’ ultimatum, 
which did not apply to the 
North-Eastern Railway. 


5. Strike notice. 
. Cessation of work. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, August 23. 

Arter several months of comparative dulness the 
demand for machinery business has began to pick up, 
and large orders for shop equipment have been placed 
for prompt execution. Several systems are now 
making up their estimates as to what kind of equip- 
ment would best answer their purpose. In this regard 
Western railway systems are in the lead in the equip- 
ment of shops. Some shops have been recently con- 
structed, and are located at points in the Far West 
which have not heretofore been thought of as shop 
locations. Within a few days large orders for 
structural material have been placed ; among them 
may be noted 6000 tons taken by the Carnegie 
Company for the new naval colliers. The plac- 
ing of contracts for 4000 steel cars by the Erie 
Railroad has resulted in sending very large orders 
to the steel mills for plates. The Panama Canal 
Commission have placed supplementary orders for 
steel plates and castings amounting to 14,000 tons. 
Besides this the Bethlehem Steel Company has secured 
an order for 6500 tons of rails for the Panama Canal. 
After a long delay the material for the two Pittsburg 
bridges has been ordered to be made by the mills 
represented by the American Bridge Company. A 
sky-scraper building is to be erected in Pittsburg, 
twent on stories high, which will call for 7000 tons. 
The Westinghouse Electric Company and the General 
Electric Company will use 4000 tons of material for 
new shops at Pittsburg and Erie, Pa. New hotels are 
to be built at Cleveland, Ohio, which will take 6500 
tons. Japan has ordered rails amounting to 4100 tons, 
and Mexican contracts amount to 7500 tons. Good- 
sized orders have also come from Cuba. The Southern 
Railway Company has ordered 5000 tons of open-hearth 
rails, which will be made at Johnstown, Pa. The 
Frisco system on the Pacific Coast has ordered 4500 
tons. 
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ELECTRIC TRACTION IN SWITZERLAND.* 
By E. Huser-Srockakr, of Zurich. 
(Concluded from page 271.) 


Litschberg.t—(Figs. 34 and 35, 286.) (No. 15 on 
tables.){—Some explanation must given to prevent 
confusion of the different names of the railway used with 
reference to the particular line to be described. 

The Berner-Alpenbahn, officially called Bern-Liétsch- 
berg-Simplon, or B.L.S., is a limited company with a 
share capital of about 44, and a consolida debt of 
about 30, millions of francs (in 1909). This company is 
constructing a normal-gauge double-track railway, which 
will be the most direct access to the Simplon, and, con- 
sequently, to Italy from the north-western part of Swit- 
zerland and those more central districts that gravitate 
towards Bern and the Bernese lake district. It will be 
of prime importance to international nger and freight 
traffic, as it considerably shortens the distance of travel 
between important p! For all traffic passing Biel, 
the reduction in distance from Milan is 54 km., and for 
all traffic passing through Bern it is 74km., or about 
12.6 and 18 per cent. respectively, of the distance at 

resent. ‘ 

The new railway is noted for its tunnel across the 
northern main range of the high Alps. This tunnel, 
noteworthy of the short time taken for its piercing, is 





Frutigen, was undertaken as an experiment, and, in case 
of success, as a pre tion of the means for the electric 
traction on the whole line from Sues to Brigue, 73.7 km. 
in all. The electrification of the Spiez-Fru line was 
completed near the end of 1910, and exclusive electric 
° tion has since comm: . Thesuccess of this 
electrification has been such that it will be extended to 
the whole line and on the same system. For this reason 
the Spiez-Frutigen electrification deserves special con- 
sideration as the first section of a main railway, fur- 
nishing ‘in certain respects exactly the problem of the 
St. Gothard electrification—namely, long and heavy 
of 2.7 per cent., and heavy trains requiring 2000 horse- 
power and more. 

The load put on the power-stations will be of a similar 
character to that of the St. Gothard Railway, with 
reference to which some remarks will be made later. In 

to the Litschberg, more definite figures have not 
et been published, and will not be so until the traffic 
as —- a definite and steady nature and volume. 
Nevertheless, the een | ——, with reference 
to the Létschberg, is in a sound way of solution, by virtue 
of the controlling interest of the State of Bern, both in 
the B.L.S. and in the Bernische Kraftwerke A.G., who 
earry on hydraulic-power development and electric-power 
supply in the Canton of Bern on a very large scale and 
in & pi 1ve spirit. 
The electric current for the present service on the 


TABLE VII.—Generat Data or THE Moror-Cars AND LOCOMOTIVES FOR THE BERN-LOTSCHBERG- 
Srwpton Rariway. 


No. 15. Bern-Létschberg- 
Simplon. and Schlieren. 

.- Two in one bogie (later on a 

--| Two in one bogie (later on none 


Number of axles, driving. . 
Number of axles, other .. 
Arrangement of axles 
Total weight ° 52 tons approximate 
64 seats, toilet, electric light 
and heat 
30 tons (later on 52 tons) 
21 tons approximate 


Total weight on drivers .. eal 
Weight of electric equipment .. 





Motor-Cars (3) by 8.8. W. | 2000-H.-P. Locomotive (1) by 


.| Two bogies with two axles each |Two bogies with three axles each 
| 


1600-H.-P. Locomotive 
A.E.G. and Krauss an 


by 
M.F.O. and Winterthur. . 





6 4 
2 
Two half-locomotives each with 
two driving and one adjustable 
pony asle. 


90 tons 96 tons 


90 tons, equally distributed 
44 to 


68 tons, 25 tons on pony axles 
ns 49 tons 
9.8 tons, 5.5 tons 


= of one motor, one trans- 3.8 tons, 4 tons 14 tons 
ormer 
Length between buffers .. os 20.300 | 15.020 15.750 
Distance between outer wheels. .| 14.800 10.700 12.450 
— between outer axles of 2.500 4.050 5.300 
« | | 

Diameter of wheels, driving ..| 1.1000 | 1.350 1,270 
Diameter of wheels, other 1.100 (later on none) | None 0.850 
System of motors and speed- Series, auxiliary poles, speed- | Series, auxiliary poles, voltage- | repulsion voltage speed-control 

control | control by contactors control by contactors by contactors 
Transformers on car Two of 450 k.v.a. | Two of 1000 k.v.a. ; ratio, _ 

| 15,000 : 420 

Voltage of motors .. o% ™ es | 420-0 - 
— S one motor (one hour 230 horse-power 1000 horse-power 800 horse-power 

ratin; 
Number of motors on vehicle Two (later on four) 2 
Mechanical arrang t.. .-|Enclosed motor, spring sus-|Motor rigid in spring-supported)Motor rigid in sipempernd 

bogie-truck, high, open, main frame, high, open, con- 


With Four Motors. 


Normal total pull on tread 5000 kilogs. 
Normal total pull on hook - 3900 _~=C«,,, 
Maximum total pull on tread .. 7400 ~,, 


Maximum total pull on hook 

Normal speed of vehicle .. 

Normal weight of train for 
normal speed with motor-car| 
or locomotive 


6300 ,, 
45 km. per hour 
240 tons on 15.5 7%, ; 160 tons 
on 27 %, with four motors 


70 km. per hour 
Acceleration ee 





14,536 m. (9 miles) long; that is to say, only 463 metres 
shorter than the St. Gothard Tunnel. The new railway, 
still in course of construction, and opened probably 
within about two years from now, has a length of 
60.4 km. between Frutigen and Brigue, and will resemble 
the St. Gothard Railway a good deal in general character. 
The smoke from steam-locomotives would, as it does on 
the St. Gothard, interfere with the comfort of travellers 
and inconvenience the operation. Electric traction has 
therefore been, from the very beginning, a sine qud non 
with the B.L.S. Company. 

The access to the northern end of the new railway from 
the system of main lines is a railway from Spiez, on the 
Lake of Thun, to Frutigen, 13.4 km. long, and operated 
by steam since 1901. This railway will be, or has already 
been, absorbed, and has been equipped electrically by the 
preggo 8 — ——. ee trac- 
ion wi igh voltage (15,000) and low uency (15) 
was adopted, and a a the end of 1908 orders were 
placed ne i ee ete yy of 1600 ee 

wer (Fig. 37, and Fig. 53, page 287), wit 
M.F.O. and 8.8. fy jointly for three passenger motor-cars 
of 450 to 900 horse-power each, one locomotive, of 2000 
horse-power, and the equipment of the line. The three 
motor-car equipments have made by 8.8. W., the cars 
by Schlieren (Figs. 38 to 43, Plate XXXVIII.), the 
large locomotive by M.F.O., its mechanical part by 
Winterthur (Fig. 36, 286, rr. 44 and 45, 290, 
and Figs. 46 to 52, P XXXVIII.). The ical 
part of the A.E.G.’s locomotive is by Krauss and Co., 
of Munich. 

The electrification of this short line of access, Spiez- 





* Paper read before the Institution of Mechanical 
Engineers, at the Zurich Meeting, July 25. 

t See Zollinger, Schweiz. Bauzeitwng, lv., Nos. 25, 26. 

+ See Tables IV: and V., pages 270 and 271 ante. 
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nected by almost perpendicular 
below, connecting-rods rods to counter - crankshaft, 
connecting-rods horizontal 
13,000 kilogs. coefficient of _ 
adhesion 1 : 6.8 
10,000 kil 
16,000 kilogs. coefficient of 
adhesion 1 : 5.3 
18,000 kilogs. 
42 km. per hour 


8,000 kilogs. 
13,500 ,, 


40 km. per hour 





500 tons on 15.5 %,; 310 
tons on 27 %, 
70 km. per hour 
0.05 m. per second per second 


400 tons on 15%, ; 250 tons 
on 27 %. 
75 km. per hour 


Spiez-Frutigen line is supplied from the above-mentioned 
power company’s works near Spiez,* called Kanderwerk, 
which supplies current to the B.T.B. (No. 3).t In the 
Kanderwerk (also called Electricitiitswerk Spiez) there 
are, for the special purpose of the Spiez-Frutigen electric 
traction, two hydro-electric sets of horse-power each, 
generating single-phase alternating current at a voltage 
of 15,000 and a periodicity of 15; that is to say, a current 
which .o no further transformation nor conversion 
to suit directly the motor-cars and locomotive equip- 
ments. The power-supply from the Kanderwerk is tem- 
porary. The Bernische Kraftwerke have started the 
operation of a new Per at Kandergrund, a place 
situate near the B.L.S. Railway, not far from its centre 
of maximum power demand for traction on the northern 
slope. There are already working two sets of 4000 horse- 
power each for general power distribution in connectian 
with the other power-stations of the Bernische Kraft- 
werke A.G., at Spiez (aggregating about 20,000 horse- 
power), and at Hagneck (aggregating about 8000 horse- 
power). In the future, however, the supply of power 
to the northern slope of the B.L.S. will be from the 
power-station at Kandergrund, while the southern slo 
will be supplied from another (private) company’s works 
on the Rivers Rhone or Lonza. aol 

A more detailed description of the works in Spiez, 
which have utilised the power of two different rivers (the 
Kander and the Simme, the water of the latter being 
conducted in an aqueduct across the valley of the former), 
and have ins water-power sto in an artificial 
lake above Spiez, must be left to the discussion. ; 

overhead contact-line of the Spiez-Frutigen line is 

of most substantial design, all supports being of steel. 

* See Thut, Schweiz. Bauzeitung, lii., Nos. 11, 12, 13, 
16, 17, 18, 20. 

+ See Tables IV. and V., page 127 ante. 





The devices for yr Be the supply of current to the 
individual sections of line or railway stations, the 
devices for protection from lightning (playing, after all, 
according to experience, a rather harmless réle), and the 
electrical instruments for measuring or supervision pur- 
poses, are very complete and nicely housed in a style that 
may appear luxurious in comparison with most other 
electric railways in general, but is in reality only up to 
the general standard of installation on main railways. 


The equipment of the line is the outcome of a ovenenly 
u to-date judgment of things on the part of the B. 
ilway Company and their consulting engineer. The 


motor-cars and locomotives are well represented by illus- 
trations and plates. * 

The general data of the motor-cars and locomotives are 
found in Table VII. The brakes of all vehicles are of 
the Westinghouse type. 

The contacts are of the poy 
capable of self-adjustment from 4. 
height. (See Fig. 44, page 290.) 

The large gears of the 2000-horse-power locomotive are 
novel as to power transmitted. They are of the N spiral 
type, made by Messrs. Citréen and Co., of Paris. The 

itch circle diameters are 1453 mm. and 447 mm. (see 

ig. 46, Plate XXXVIII.). They are automatically 
machine-cut, and run without noise and vibration. They 
engage with each other with surfaces much in excess of 
those of any other type of gear-wheels, and run at a 
circumferential speed of 22m. per second. The maxi- 
mum surface pressure on the teeth is 260 kg. per sq. om. 

The B.L.S. locomotive of the M.F.O. is near the limit, 
where the use of ring affords a decided advan 
over connecting-rods direct from the motor. Thus the 
gearing does away with all reciprocatin ts within 
the cabin of the locomotive, and makes balancing easy. 
For low-speed locomotives, especially freight engines, 
with a large pull on the draw-bar, and comparatively 
little horse-power, the ing is of decided advanta; 
in many respects, and is likely to become commonly 
adopted. The locomotive built by the A.E.G. for the 
B.L.S. is of a design novel in electric traction on Swiss 
railways. It has the motors placed high in the cabin, and 
cranks on the motor-shafts, from which motion is trans- 
mitted to the horizontal connecting-rods of the driving- 
wheel axles by means of a system of intermediate connect- 
ing-rods reciprocating upand down. The geared and the 
gearless type of locomotives will Fe pe! have each a 
more or less distinctly defined field of application of its 
own. There will be a field accessible to both types, where 
the one as well as the other represent more or less a com- 
promise. Practical experience alone can determine which 
type will be the more advantageous to adopt in each 
individual case of duty to be performed. The question 
of gears is more or less a question of electric-traction 
motors proper, and cannot be discussed except by 
going into the very details of their design, and not 
without considering certain particular features of the 
different systems of motors regarding their adaptability 
to high or low speeds. It may only be said here 
that, in general, with low speed, and more particularly 
with powerful low-speed locomotives, the adoption of 
gears permits of a more satisfactory design, construction, 
and operation, while, with all high-speed locomotives, 
the elimination of gears is either more advan us or 
otherwise desirable. The locomotives of the B.L.S. are 
neither of high nor low speed. Their maximum power 
is, however, developed on the up-grades at speeds 
decidedly low, while the higher speeds occur on the 
down slopes with no load, and on the gentle slopes 
or levels only with less than full load on the motors. 
It will be highly interesting and important to compare 
the two radically different types of locomotives on the 
B.L.S., where there are reasons for existence of each. 
The B.L.S. Railway Company and their consulting engi- 
neer are to be congratulated on their not having failed 
to cause this comparison to be made. The transformers 
on the vehicles were so arranged as to permit of working 
at half contact-line voltage, if, for one reason or another, 
15,000 would have proved impracticable. In fact, at the 
time when all trains were steam-driven and the electric 
vehicles were being run for experimental some 
flashing over from smoky insulators in the Hondrich 
Tunnel (1604 metres long) just behind Spiez was observed, 
and a periodical cleaning of the insulators was made. 
Since steam traction has disappeared, no such trouble 
has been experienced, and it is expected, as the smoke 
nuisance will not exist on the new line, that the contact- 
line voltage will not require any reduction. At any rate, 
the B.L.S. electrification may be looked — as arailway 
which will, within a short time, conclusively prove whether 
single-phase, high-voltage, low-periodicity electric trac- 
tion is the right method for the operation of a ne 

Engadin, Rhiitische Bahn (No. 16 on tables). is 
railway is quite of the character of a —— railway, 
and is likely to be one of the most efficient and up-to- 
date narrow-gauge railways on the Continent. The first 
section of the Rhiitische nm was opened in 1889. The 
company operates to-day about 217 km. of line, all in the 
Kanton Granbiindten, and is constructing at the present 
time a new line from Bevers in the Upper Engadin to 
Schuls in the Lower Engadin, about 49 km. long. 

This new line, together with the sections already exist- 
ing ia the Upper Engadin, will be operated by electricity. 
Single-phase alternating-current of a periodicity of 15and 
a vol of 10,000 has toe chosen. voltage of only 
10,000 is justified by the smaller power effects coouerens 
on @ narrow-gauge railway and by the difficulty whic 
might have been encountered in placing the contact wires 
in the restricted free space of the numerous and lengthy 
narrow-gauge tunn 
The contact line will be overhead, and the contacts of 


pattern, and are 
m. to 7.050 m. 





* See Stix, Schweiz. Bauzeitung, \vii., 6 and 7, 
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the pantograph bow type. After the description which 
has already been given, it is superfluous to go into 
generalties of plant. It is intended to work exclusively 
on the locomotive-train plan, which is the plan of opera- 
tion of the remainder of the Rhiitische Bahn. The orders 
for three locomotives of 600 horse-power each, for eight of 
300 horse-power each, and for the pel ge ong have 
been placed by the Rhiitische Bahn with the following 
firms :—A.E.G., Alioth, B.B.C., M.F.O., and 8.8, W. 
There will be, at least as far as the electric equipment 
is concerned, to begin with, three different patterns of 
each of the two different types of locomotives. As far as 


has been and is still being done by a society with the 
title ‘‘ Schweizerische Studiencommission fiir Elec- 
trischen Bahnbetrieb.” It was founded on the initiative 
of Dr. E. Tissot, and under the auspices of the Society of 
the Electricians of Switzerland. It was constituted and 
commenced work in 1904. Railways, electricity works, 
manufacturing firms, and science are represented on this 
Commission. The p idency has been held from the 

inning by Mr. I. Flury, member of the oO 
General rs of the Federal Railways, and the 
office of general secretary by Professor Dr. W. Wyssling, 


St. Gothard Railway.(See Table V., No. 17, 
page 271 ante.) : . 

After having arrived at the conclusions herein set forth 
by practice in Switzerland, the Studiencommission made 
different comparative projects with special reference to 
the St. Gothard Railway as a railway, which, before al] 
others in Switzerland, appears to be ready for electrifica- 
tion. For more t 100 km. it goes through country 


f | with tens of thousands of hydraulic horse-power doing 


nothing but embellish the landscape, while the locomo- 
tives with their smoke detract from its beauty. The 








under whose superintendence the lengthy investigations 


traffic on the St. Gothard line has developed so as to have 
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GEOGRAPHICAL SITUAFION. BERN-LOTSCHBERG-S/IMPLON 


Scales : Lengths 1: 400 000, He.ghts 7: 20, 000. 


Fig.36. 


BL S. 2000HP, 15000-VOLT SINGLE-PHASE 
ELECTRIC LOCOMOTIVE. 
({MASCHINENFABRIK OERLIKON) 








DORF 








FEA a 
ye a SCHWYZ 
~ 


> 
pS 





beAST? 


i<--2,25-- 





¥ 
73T 


BLS.LE 


Fig.37 





-*<-160--*K---2, 60 -- 
E tema ot 14,70 
1ST 157 

Scale 1: 200 
OOHP,/IS000-VOLT SINGLE-PHASE 


v 


ELECTRIC LOCOMOTIVE 
(ALLEGEMEINE ELECTRICITATS GESELLSCHAFT.) 


























wr 


| 


wean. er 


v7T 


and systematic work of a 
number of sub-commissions 
and collaborators went on in 
r order. 
To-day it is easy to state 








the author is informed, all these locomotives will have 
motors placed in the cabin above the axles geared to 
counter crank-shafts, the cranks of which are connected 
with the cranks of the driving-axles by connecting-rods, 
the details being arranged in any of the numerous ways 
possible. As these locomotives have not yet 
delivered, the author has not thought it desirable to 
represent them by drawings in the paper. 

Lhe Schweizerische Studiencommusston fiir Electrischen 
Bahnbetrieb.—This paper would be incomplete if it did 
not consider, in addition to the electric railways working 
or building, the work, more scientific than practical, done 
for years in Switzerland, with a view to elucidating the 
general railway electrification question under Swiss con- 
ditions, to determine by investigation the merits of the 
several systems, the cost of plant and of operation, and 
to make a fer ¢ mparison between steam and electricity 
for definite lines or groups of lines, Work of this kind 


the principal conclusions of 
the Studiencommissicn as to systems of electric traction, 
and more particularly as to unified periodicity of the 
alternating current for electric traction on the railways 
mentioned in this paper, which is more or less identical 
with the scope of the work of that Commission. These 


been | conclusions are exhibited in their essence and in practice 


in the series of railways described, beginning with the 
Seebach-Wettingen experimental line of the t, and 
ending with the Engadin line of the Rhiitische Bahn, now 
in course of construction. 

It is, of course, difficult to estimate the value of, and 
the influence on the events that are to be attributed to 
the work of the Studiencommission. It is, however, 


aaa ag of interests in competition with each 
other in business has acted beneficially, so as to make 
the question of system less one of competition and more 
one of general scientific and common practical interest. 





certain that the collaboration in the Commission of | 


| 8u 
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-- 2,88 --->K--785 5 i 
reached the limits of steam operation. There is a con- 
tinuous and permanent demand for more powerful 
engines for dealing, on the long and heavy grades, with 
a tonnage comparable with that of the busiest flat- 
country main railways. ‘he railway, with a length of 
274 km. (1704 miles), presents the ee of electrifi- 
cation in a still more general way than does the Létsch- 
berg ; firstly, because there the creation of the power- 
stations forms part of the problem; and, secondly, 
because the more or less level sections north and south 
of the steep slopes require high speeds. Moreover, the 
St. Gothard electrification is of an unusual size and 
responsibility. ; eo ; 

| The Studiencommission has, in addition to certain 
| alternative suggestions, prepared two complete projects 
| with great care and attention, as if they were tendering 
‘for a contract. The first project, called *‘* 1904,” has 
been prepared for the sole purpose of a fair and com- 
plete comparison of actual steam traction with a hypo- 
thetical electric traction under known precise conditions 


of traffic. The second j 


ect, called ‘‘ Future,” pre- 
a traffic considerably in excess of the traffic of 


1907, which holds the record up to now, at the same time 
adopting speeds and accelerations more or less in excess 
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of those accepted for the hypothetical electric traction 
of ‘* 1904.” 

The author does not think that it should have been 
necessary to ask permission for giving details of those 
projects. He thinks it sufficient to make a few indica- 


tions, some of which have been published by the Schweizer- | 


ische Studien Commission,* which will be sufficient to give 

an idea of what would have been uired in 1904 and | 
what is expected in the “‘ future” of electric traction on | 
the St. Gothard Railway. Of the figures that follow, 

those in parentheses refer to the “‘future.” The speeds 

of express trains are from 85 (90) km. per hour on the 

level to 40 (50) km. on 1 in 40 grades. The speeds of 

passenger trains are 55 (75) km. to 26 (50) km., and those 

of freight trains 38 (45) km. to 18 (35) km. 

The starting horse-power is limited to 1.25 times the | 
normal horse-power on 1 in 40 grade ; acceleration as such 
is, however, limited to 0.15 (0.20) m/s/s with express, to 
0.15 (0.30) m/s/s with passenger. and to 0.10 (0.10) m/s/s 
with freight trains. The weights of the trains will not 
increase much in the future because of the car couplings 
(all increase in traffic to be met with faster and more 


i ; rel 


| machinery, plant, maintenance, and operation. 


| 


Water- 
storage was resorted to exclusively for providing for 
"ama loads, because it was indispensable in providing 
or the seasonal variations of fresh-water supply in rela- 
tion to the seasonal variations of traffic. While the 
storage for the latter purposes requires large reservoirs, 
storage for the former purposes requires reservoirs com- 
paratively small. In the case of the St. Gothard, the 
power-station at Ambri-Piotta, with the Lake Ritom as 
a storage basin with 36,000,000 cub. m. on a level more 
than 800m. above, will provide for the seasonal variations 
and other la: 
while small ins in the other power-station (power- 
stations) will deal with the peak loads local in their 
particular district of supply. 

The total cost of new plant, new rolling-stock and 
accessories, alterations on telegraphs, telephones, and 
signals, supervision, interest ‘coer construction, all 
complete, will amount to about 44 (67) millions of francs.* 





| the Litse 
| future; and a still more important one, that of the 
| St. Gothard Railway, is well prepared by the investi- 


the tunnels, of which there are more than 46 km. in all, 
the reduced corrosion of rails in tunnels, the less rapid 
deterioration of the carriage outfits, the elimination of 
the feed-water nuisance in winter, the cost of coal more 
probably increasing than decreasing, and many other 
things not expressed in figures, are of considerable prac- 
tical importance, and will, if those estimates appear 
satisfactory, cause electrification to conie earlier. 
Conclusion.— Railway electrification has made, and is 
making, noteworthy rather than rapid progress in Switzer- 
land. As regards system, single-phase current of low 


variations not of a simple peak character, | periodicity (15) and high-contact line voltage, varying 


from 5000 to 15,000 according to circumstances, is being 

sanctioned by experience and by authority. 
An a oe electrification of a new principal line, 
berg, is about to be carried out in the immediate 


gations of the Schweizerische Studien Commission fiir 


These figures give an idea of the magnitude of this | Electrischen Bahnbetrieb and by the Federal Railways’ 
electrification, which is expected before long. The Federal | purchase of water-powers along the line. 


Railways have, a few years ago, acquired ample water- 








Fic, 53. 


Railway electrification and electric traction on a large 





1600-Horse-Power 15,000-Voit Stnete-Paase Exvecrric Locomotive ; ConstRUCTED BY THE ALLGEMEINE ELEcTRICITATS- 


GESELLSCHAFT, BERLIN, AND Messrs. Krauss, Munion. 


frequent trains); they were in 1904 (maximum in paren- 
theses) actually (first figures): with express traims on 
most sections 200 to 220 (280 to 350) tons, with passenger 
trains 120 to 180 (240 to 350), with freight trains on the 
main line 350 to 380 (500), and on other sections 270 
to 350 (330 to 370) tons, all exclusive of locomotives. In 
fact, freight-trains being moved by two eight-wheelers at 
the head and one at the rear are a usual appearance on 
the slopes. There will be required about 19 (21) motor- 
cars of 200 to 500 (400 to 1100) horse-power, about 9 (15) 
fast locomotives of 1800 (2200) horse-power, and about 
37 (38) locomotives of 800 (1500) horse-power. 

Electric single-phase alternating current, of a periodicity 
of 15 and of a voltage of 15,000 for the supply to sections 
immediately adjacent, and of perhaps three times as much 
for transmission to transformer sub-stations supplying the 
sections remote from the power-station, is adopted. There 
will be 2 (3) power-stations required, the most important 
one situated a little below Airolo, near Ambri-Piotta 
station, having the Lake Ritom, into which other lakes 
drain, as an enormous water-power storage basin. The 
pow required for traction is considerable, and the load- 

ine has enormous peaks. The total power develo on 
the tread of the locomotive vehicles on the whole line 
(“‘future” figures in parentheses) will amount to about 
14,000 (22,000) horse-power maximum and about 5000 
(10,000) on the average. On individual sections the pro- 
portion of maximum and average is, however, less favour- 
able. There will be required from the hydraulic turbines 
27,000 (46,000) horse-power maximum. There will be 
installed in 2 (3) power-stations hydro-electric machinery 
of about 50,000 (95,000) horse-power, including stand-by. 
It is expected under “future” conditions to tap even- 
tually about 26,000,000 cub. m of water from the Lake 
Ritom, ey eye of course, leaving but 6,000,000 cub. m. 
in it, and thus lowering its surface more than 30 m.—a 
procedure which is of no material inconvenience in the 
case of a mountain lake with precipitous shores. In the 
case of the St. Gothard, the Studien Commission has 
investigated into the application of accumulator batteries 
for storing power locally, independently of the site of the 
water-power stations, and for providing for the local peak 
loads. It has, however, heen found uneconomical, on 
account of a highly increased expenditure for sub-station 


* Mitteilungen der Schw. Stud. Com. fiir Electr. Bahn- 
betricb, edited by Professor Dr. W. Wyssling ; Rascher, 
and Co., Zurich, 1906-1908, 








powers in five places along the line, which amount to 
considerably more than what will be uired by any 
electric traction to come on the St. Gothard not too 
dangerously crowded. The author prefers not to give in 
detail the comparative figures of the cost of operation 
per unit. 

In the hypothetical case of ‘‘ 1904,” where electricity 
does not show to advantage on account of the small traffic 
to keep the plant busy, the cost per ton-kilometre of 
train-weight, exclusive of locomotive weight—that is to 
say, the decisive comparative figure—is exactly equal for 
steam and electric traction, if scrapping of useless steam 
locomotives is not considered ; if it 1s, the cost of electric 
traction is not quite 3.5 per cent. in excess. On account 
of the greater weight of steam-locomotives, steam traction 
appears to be notably cheaper, if measured by ton-kilo- 
metres inclusive of locomotives. 

In the “‘future” case the comparison of electricity and 
steam is somewhat difficult, because steam traction on 
the St. Gothard has not yet been dealing with it, and 
the cost of steam traction must be calculated from the 
basis of that during 1907 and 1908. Then it is found 
that, under the ‘‘future” conditions of traffic—certainly 
to be expected in less than a decade, in consideration of 
its actual steady growth for more than twenty-five years— 
electric traction 1s much cheaper than steam traction was 
in 1907 and 1908, depreciation of steam locomotives, now 
still running but useless elsewhere, even being fully 
considered. The difference is so great that the con- 
clusion appears to be justified that the St. Gothard can 
be operated electrically at a financial advantage over 
steam in the near future. 

Interest on new capital investment and depreciation 
of new plant have been fully considered in deter- 
mining the cost of operation. The investigations into 
the plant and rolling-stock required, and into all details 
influencing the resultant cost of operation, have actually 
been made with the aid and under the control of men 
thoroughly conversant with the operation and manage- 
ment of the St. Gothard Railway, now forming part of 
the Federal Railways. 


Though cheaper operation as expressed in figures is the | pa 


only efficient stimulus in the case of a railway so success- 
ful as the St. Gothard has hitherto been, still, the greater 
comfort to travellers, to train crews and to trackmen in 


* For total cost of the St. Gothard Railway, see Table V. 
(page 271 ante). 





scale is in a t measure a problem of power-station 
economics. Se heey variations of load, and those due 
to rapid seasonal variations in the fresh-water supply, 
make, under Swiss conditions, water storage desirable 
and even imperative. All electrification in Switzerland 
is directly connected with the utilisation of water-power, 





APPENDIX. 
English Equivalents of Metric Measures. 
1 metre (m.) = 3.2809 feet. 


Power Effect second = 0.9863 h.-p (herse-power). 

h.-p. = 1.0139 PS. 

franc (fr.) = 9.6 pence, 

centime = 0.01 fr. = 0.096 penny. 

rhilling = fr, 1.25. 

pound sterling = fr. 25. 

1 % = one in hundred. 

1 %. = one in thousand. 

1 m/s/3 = 1 metre per second per second (acceleration). 
= 8.2809 feet per second per second. 


Money (Serisa) 
(approximate) 


1 millimetre (mm.) = 0.001 m. =0.03937 inch. 
1 kilometre (km.) = 1000 m. = 0.6214 statute 
Linear < mile. 
1 foot = 0,3047945 m. 
1 inch = 25.39954 mm. 
.1 statute mile = 1.609315 km. 
1 square metre(m?.) = 10.764 square feet. 
Surface .. 4 1 square kilometre (km?.) = 247,11 acres, 
1 square foot = 0.0929 m2. - 
Vol {1 cubic metre (m°.) = 35.317 cubic feet. 
are (1 cubic foot = 0.0283 cubic metre. 
1 kilogram (kgm.) = 2.20462 Ib. 
fF ton = 1000 kgm. = 0.9842 (long) tons. 
Weight <1 th. = 0.46359 kgm 
| (long) ton = 2240 1b. = 1.01605 tons(metric). 
1 short ten = 0.9077 ton (metric). 
Weight Moved 1 ton-kilome re = 0.61157 ton-mile. 
fi PS. (Pferdestiirke) = 75 kilegrammetre per 
\ 


orer st) 





Ex.ectric Steet Procress.—The electric steel process 
which Albert E. Greene recommends as a competitor to 
the Bessemer and the open-hearth processes (American 
Electro - Chemical Society’s Tranractions, vol. xix., 

ge 233) consists in blowing a mixture of carbon mon- 
oxide and carbon dioxide into the molten pig. This gas 
mixture is obtained from blast-furnaces or cupolas. e 
Greene furnace is an induction furnace of the simple 
Kjellin type, whose annular trough is enlarged to a pot 
in the portion opposite the tap-hole ; the gas tuyeres dip 
into this pot. 
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THE SPANISH GUNBOAT ‘* RECALDE.” 


Wits the permission of the Spanish Naval authori- 
ties, we are enabled to reproduce on Plate XX XIX. 
an elevation and deck plans, and the general 
arrangement of the machinery, of the new gunboat 
Recalde, just completed for the Spanish Navy, and 
the first vessel tried of an extensive and powerful fleet 
now being constructed in the Spanish arsenals. It 
will be remembered that, having a desire to recover 
the high place formerly held among the world’s mari- 
time Sodan, Spain decided, fully two years ago, to 
invite tenders from Spanish firms, associated with 
foreign naval construction companies in a consultative 
capacity, for the reorganisation and reconstruction of 
the Royal dockyards at Ferrol and Cartagena, the 
construction of graving docks and wharves, and the 
dredging of Ferrol harbour, and for the building at 
these arsenals of three battleships, four gunboats, three 
torpedo-boat destroyers, and twenty-four torpedo- 
boats. Tenders were submitted which included designs 
from the leading naval construction firms in the 
world, and these were reviewed in ENGINEERING 
of July 16, 1909 (vol. Ixxxviii., e 87). After 
the examination of the designs and consideration 
of the report of the technical advisers, the Minister 
of Marine accepted the tender and designs of the 
Sociedad Espanola de Construccion Naval, which had 
the benefit of the co-operation, in the capacity of 
advisers and technical guarantors, of a British combi- 
nation of firms which included those of the highest 
skill and greatest experience in the design and con- 
struction of modern munitions of naval warfare. 
Since then the work under the respective heads of the 
contract has been progressing most satisfactorily. We 
described at some length the main characteristics of 
the important ships of the programme, and reviewed 
a in their building in ENGINEERING of July 15, 

910 (vol. xe., page 77), and now we illustrate the 
first of the vessels to be completed—the gunboat 
Recalde. ae 

The Recalde has just passed with t success 
through her official trials, and is alder ten red for 
commission at Cartagena, where the other ships of the 
class—the Laya, Bonipaz, and the Lauria—are being 
built. The principal dimensions of these gunboats 
are :—Length between = ndiculars, 200 ft. ; beam, 
30 ft. ; depth, 15 ft. ; the nes tonnage on a 
mean draught of 9 ft. being tons. 

As will be seen from the sectional elevation (Fig. 1), 
the Recalde has been constructed with a ram Noor 

p, forecastle, main and lower decks, with deck- 

onse on the main deck amidships. The vessel is 
provided with two pole-masts, which will carry fore 
and aft sails in emergency, with the usual appliances 
for signalling. The hull, generally, is of Siemens- 
Martin steel, and special care has been taken to ensure 
ample strength. The hull is divided up into compart- 


ments by six water-tight bulkheads, and some of the | Rg 


compartments are subdivided, thus rendering the possi- 
bility of foundering very remote. The main deck is 
plated all fore and aft, whilst the lower deck is made 
thoroughly water-tight for a considerable distance over 
the magazines. The general arrangement of the decks is 
clearly shown on the plans, Figs. 2, 3,and4. The 
accommodation throughout is roomy and well venti- 
lated, and in the living spaces a supplementary air- 
supply is provided by means of electrically-driven 
propeller-fans. The commander, seven officers, and 
eight engineers are berthed in cabins on the main and 
lower decks aft, and are also provided with well- 
furnished dining-room, ward-room, and mess-room ; 
there is also a ship’s office. The crew’s quarters are 
situated forward, twenty-seven being accommodated 
on the main deck and sixty-three on the lower deck. 
In addition, cabins have been provided for twelve petty 


officers on the lower deck forward. The ship is lighted | y, 


throughout by electricity, and a powerful searchlight 
of 20 in. diameter has also been fitted on top of the 
wheel-house. 

The armament of the vessel consists of four 76-mm. 
guns, and two Maxim field guns. As shownon Fig. 2, 
two of the former are placed on the forecastle deck 
and two on the poop deck, The magazines for the 
supply of ammunition are placed in convenient posi- 
tions at the forward and after ends. 

The propelling machinery is illustrated in Figs. 5 
to 8, on the two- plate. The engines are of the 
reciprocating type, consisting of two sets of three- 
cylinder surface-condensing engines, with cylinders 
1} in., 174 in., and 274 in. in diameter respectively, 
by 18 in. stroke. Steam is sv: 
Yarrow water-tube boilers of 200 


ee by two large 
working pressure, 
capable of working under either forced or natural 


draught. The auxiliary machinery comprises two 
independent circulating pumps, an evaporator capable 
of supplying 10 tons of fresh water per 24 hours, a 
fresh - water distilling condenser, a 15.75 - kilowatt 
dynamo, a fan and engine for forced draught, two 

eir steam - pumps for main and auxiliary feed, 
and a steam -pump for fire and bilge purposes. 
The vessel is steered by a two-cylinder steam-engine 


pliced in the engine-room. This is controlled by a 





steering-wheel placed in the wheel-house, and is con- 
nected to the engine by shafting and spur-gearing. 
A hand steering gear is provided in the — 
compartment for use should the steam-gear break 
down. 

The vessel has been well equipped with boats. On 
skid beams amidships, there are placed, as shown in 
Fig. 2, three 9.14-metre cutters, one 5.48-metre com- 
mander’s gig, two 3.67-metre dinghys, and, in addition 
to these, an 8.228-metre motor launch is also carried. 

The Recalde was designed to steam 13 knots on 
trial with 1000 indica horse-power, and on the 
official full-power trials recently conducted this s 
was exceeded by fully one mile per hour. The follow- 
ing table shows the performance of the vessel at these 


trials :— 
Forced 
Draught. 


Natural 
Draught. 


10.22 knots 14.004 knots 
333 965 
180 255 


Mean speed of eight runs on 
measured course... ... 
Mean indicated horse-power 
Mean revolutions per minute 
Mean consumption per 
indicated horse-power per 
hour ... ye - 2.4 Ib, 2.16 Ib. 
These results have given great satisfaction to the 
Spanish Naval Commission and to the firms interested 
in the construction of the new vessel, and promises 
the success of the other and larger vessels of the new 
Spanish fleet, which are being rapidly pushed for- 
ward. The Recalde, it may added, has been 
completed two months ahead of the contract date. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

‘ WE give below a few gn eng colonial and 

oreign engineering projects. Further information con- 

pr al them can be obtained from the Commercial 

Intelligence Branch, Board of Trade, 73, Basinghall- 

street, London, E.C. :— 

Canada ; According to the Monctary Times (Toronto), 
over 1000 miles of uew railway line will laid in 
Saskatchewan in the present fiscal year. Last year 476 
miles of line were laid in this province. According to 
the plans so far announced by the three principal rail- 
ways of Canada, the Canadian Northern Railway will 
construct 330 miles in the province, the Grand Trunk 
Pacific 342 miles, and the Canadian Pacific about 350 
miles. In addition to this new construction work, about 
1350 miles of regrading will be done. The extensions of 
the Grand Trunk Pacific in Saskatchewan projected this 

ear are as follow :— Melville to ina, 70 miles; 

ttleford to Biggar, 50 miles; Regina to the boundary 
line, 90 miles ; ina to Moose Jaw, 40 miles; Young 
to Prince Albert, 90 miles. 

Netherlands East Indies: According to the Dépéche 
Coloniale, the Netherlands Colonial Minister has intro- 
duced into the Chamber of pepatics a supplementary 
estimate to the East Indies budget to provide for the 
construction of a railway in South Sumatra from Telok 
tong to Batoeradja, at an estimated total cost of 
37,581,000 florins (about 3,132,000/.), the expenditure to 
be spread over six years. 

Denmark: The British Acting Consul at Copenhagen 
states that tenders are invited by the Danish State 
Railways Administration for the supply of 936 accumu- 
lators for electric light in trains. Tenders, marked 
*‘ Tilbud paa 936 Stk. Akkumulatorer til elektrisk 
Togbelysning,” will be received at Direktéren for 
Maskinafdelingen, Gl. Kongevej 1 D, 3 Sal, Copenhagen 
B, up to 1 p.m. on September 4. 





Hypro-E.ectric Powgrk FROM THE Danube. — The 
water power of the Danube is to be utilised between 
Vienna and Budapest, near Theben and Pressburg, which 
are situated near the Hungarian frontier. An open canal 
is to be led from the river with this object. A steam 
reserve plant is contemplated. The project has been 
worked out by L. Fischer-Reinau, A. von Steller, and 
on Hoor-Tempis. Power amounting to 70,000 horse- 
power will be obtained. 


Tuer Union Stramsuip Company OF New ZEALAND.— 
This company, which was formed over thirty years ago, 
and began operations with two small steamers, has now 
seventy vessels, of about 200,000 tons; the seventieth, 
the unganui, was launched on August 24, from the 
works of the Fairfield Shipbuilding and Engineering 
Com , Limited, Govan. The vessel is 430 ft. in 
length, 56 ft. 6 in. in breadth, 42 ft. 6 in. in depth to pro- 
menade deck, and of about 7000 tons gross. She is divided 
into nine water-tight compartments, and there are five 
decks—boat, promenade, upper, main, and lower. Accom- 
modation is provided for 244 first-class, 175 second class, 
and 80 third-class passengers, and for a crew of 136 men. 
The main passenger entrance may be either on the main 
or upper decks, according to the state of the tides at the 
landing-stage. The di -saloon is over 50 ft. in length 
and extends = ar width of & vessel i — 
are arranged for 144 persons. @ second-class dining- 
saloon has sitting accommodation for 110 persons. The 
third-class saloon has seating accommodation for 58 
persons, and state-rooms adjacent. The propelling ma- 
chinery will consist of two sets of a 
balanced engines. Steam at a re of 220 lb. will 
be ls by two double-ended and two single-ended 
cylindrical boi 
forced draught. 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
ig-iron market was weak, and business amounting to 
tons of Cleveland warrants was done at 47s. 34d. 
cash, 47s. 5d. twenty-one days, and 47s, 6d. one month. 
At the close there were sellers at 47s. 4d. cash, 47s. 7d. 
one month, and 48s. 14d. three months. Hematite was 
oted at 62s. 10d. cash sellers. Weakness increased in 
the afternoon, and dealings were limited to 1500 tons of 
Cleveland warrants at 47s. 34d. eight days, with closing 
sellers at 47s. 3d. cash, 47s. 6d. one month, and 48s. three 
months. Friday morning saw no change in the tone of the 
market, and Cleveland warrants (1000 tons) changed hands 
at 47s. 3d. cash and 47s. 6d. one month, with sellers over in 
each case, and also at 48s. for the three months position. 
Hematite was easier, with sellers at 62s. 9d. cash and 
63s. 9d. three months. In the afternoon there was stil] 
little change and only 1000 tons of Cleveland warrants 
were dealt in at 47s. 24d. cash, and closing quota- 
tions were 47s. 3d. cash, 47s. 6d. one month, and 
48s. three months sellers. On Monday morning weak- 
ness prevailed, and Cleveland warrants were down 
to 47s. 14d. cash. The only dealing was one lot of 
500 tons, and at the close aliens quoted 47s. 2d. cash, 
47s. 5d. one month, and 47s. 11d. three months. At the 
afternoon session the turnover was again small, and was 
limited to 1000 tons of Cleveland warrants at 47s. 44d. 
one month, with sellers over at that figure, and at 
47s, 2d. cash and 47s. 11d. three months. On Tuesday 
morning the market was easier in tone, and 4000 tons 
of Cleveland warrants were done at 47s. 4d. one 
month and 47s. 8d. November 16. Closing sellers 
quoted 47s. 14d. cash, 47s. 44d. one month, and 
47s. 10d. three months. Weakness prevailed in the 
afternoon, when 1500 tons of Cleveland warrants changed 
hands at 47s. 3d. one month and 47s. 8d. three 
months. At the close there were sellers at 47s. _ 
cash, 47s. 34d. one month, and 47s. 84d. three months. 
When the market opened por (Wednesday) Cleveland 
warrants were lifeless, and no dealings of any kind were 
recorded. The pe | quotations were called 47s. cash, 
47s. 3d. one month, and 47s. 9d. three months sellers. In 
the afternoon Cleveland warrants were again easier, and 
3000 tons were done at 46s. 10d. cash, 46s. 11d. nine days, 
47s. 2d. fourteen days, 47s. 1d. and 47s. 2d. one month. 
At the close sellers quoted 46s, 11d. cash, 47s. 2d. one 
month, and 47s. 84d. three months. The following are the 
market quotations for makers’ (No. 1) iron:—Clyde and 
Calder, 61s.; Gartsherrie, 61s.; Summerlee and Langloan, 
63s.; and Coltness, 82s. 6d. (all shipped at Glasgow) ; 
eae |, ey (at Ardrossan), 64s.; Shotts (at Leith), 63s. ; 

and (at Grangemouth), 63s. 6d. 


—— of Ammonia.—A strong demand continues to 
be felt for sulphate of ammonia, and inquiries in the 
market point to a healthy business in autumn shipments. 
America is a good buyer just now, and also a good 
inquirer for forward lots, while sellers have large inquiries 
on hand from Japan. The current quotation for prompt 
delivery is now up to 14/. 5s. per ton, Glasgow or Leith, 
which price is only 5s. per ton under the highest point of 
the year. The amount shipped from Leith Harbour last 
week was 61 tons. 


Scotch Steel Trade.—Conditions in the Scotch steel 
trade are good, and heavy material is still in excellent 
demand. Rolling-mills are all running at full pressure, 
and specifications on hand for plates are sufficient to 
ensure this state of affairs for several weeks to come. The 
booking of new business is improving, but merchants are 
securing the bulk of the orders, as they are well placed 
and can offer under makers’ quotations. The demand for 
angles and boiler-plates is much better. The general 
export trade is satisfactory, and a lot of material is going 
through. Japan has wont A a fair tonnage of plates an 
structural sections, while firm inquiries are in the market 
for light material for India and Australia. The demand 
for black and galvanised sheets continues brisk, and 
prompt orders cannot be undertaken. A good all-round 
inquiry prevails, and prices have hardened up, 


Malleable-Iron Trade.—The improvement in the malle- 
able-iron trade of the West of Scotland continues, and the 
full number of shifts is being secured. Specifications are 
more plentiful, and new business is being secured rather 
more freely, but some difficulty is being experienced in 
getting better prices. The current price for crown bars 
is @ shade above 61. 


Scotch Pig-Iron Trade.— A good trade is now 
being put through in Scotch pig iron, with local con- 
sumers taking large supplies, and buyers in the South 
sending in urgent orders for immediate despatch. The 
recent trouble with the railwaymen and dockers has 
delayed deliveries to England, and stocks have all but 
run out; hence the urgency of the demand. The local 
steelmakers are desirous of booking forward in order to 
cover their requirements, but sellers are very stiff in 
regard to prices. Foundry iron is in good demand, and 
some satisfactory business has been put through. Hema- 
tite is dull, and business is limited, with the price 
nominally 65s, per ton. 





German Coat.—The deliveries of coal from the German 
groups of collieries in the first seven months of this year 
were 72,029,760 tons, as compared with 66,299,620 tons in 
the corresponding period of 1910, showing an increase of 
5,730,140 tons, or 8.68 per cent. The total of 72,029,760 
tons, representing the deliveries to July 31, this year, was 

le up as follows:—Ruhr, 45,638,390 tons; Upper 
Silesia, 15,381,890 tons; Lower Silesia, 2,305,070 tons; 





jilers adapted for Howden’s system of | Sarre, 


5,018,250 tons; Aix-la-Chapelle, 1,349,260 tons; 
| and Rhine (lignites), 2,336,900 tons. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Good Signs.—At the meetings of two large Sheffield 
companies last week the note of — was distinctly 
struck. The chairman of the Sheffield Forge and oem | 
Mills Company, Limited, had to report that in 
trade had compelled them to put down two new bar-mills, 
which he believed would be quite satisfactory, and would 
shortly be working. The step had been necessitated, he 
explained, because they were at a period in their history 
when they must go forward if they did not wish to go 
back. The turnover of the company for the past year 
constituted a record. An action that was taken by this 
firm gives an interesting glimpse of a less familiar side of 
the recent labour troubles. e manager explained that 
consequent upon the combined strike of the railway 
men and the transport workers their works had had to 
shut down temporarily owi to lack of fuel. He 
had conferred with the men thus thrown out of work, 
and informed them they would receive half 
during the time they were unemployed, an action which 
had brought a warm letter of appreciation from the 
employees. In spite of keen foreign competition, in- 
creased wages, and higher cost of fuel, the chairman, at 
the annual meeting of the Brightside Foundry and Engi- 
neering Company, was able to report that the works were 
well empleyed, that extensions, necessitated by increased 
trade, were being made, and that the prospects for the 
coming year were favourable. Two or three large con- 
tracts had just been received, amounting to 15,000/. 


South Yorkshire Coal Trade.—The steam-coal market 
remains in a very strong position, both in regard to “>. 
ments and industrial requirements. Deliveries for the 
next month or so will be heavy. The pressure at most 
of the large works is responsible for the big call for manu- 
facturing hards, and merchants and owners are obtaining 
good prices. There is an increase in the inquiry for gas- 
coal, several consumers having depleted stocks. Slacks 
maintain a good position, though there is not the same 
scarcity experienced. However, they are not so plentiful 
as to have depressed values. A slight improvement is 
noticeable in house coal, orders for stocking are bein 
more freely received both at pits and dépéts, and a am | 
deal of stock has been cleared. The accumulations in 
sidings caused by the strike have resulted in a shortage 
of empty wagons. London inquires are becoming of 
larger dimensions. The following were the quotations 
on the Sheffield Exchange at the week-end:—Best branc 
hand-picked, 13s. to 14s.; Barnsley best Silkstone, 11s. 
to 12s.; Silkstone, 9s. to 10s.; Derbyshire house, 9s. ; 
large nuts, 7s. 3d. to 9s. ; small nuts, 6d. to 6s. 6d. ; 
Derbyshire brights, 9s. 6d. te 11s. ; washed nuts, 7s. 6d. 
to 8s, 6d. ; rough slacks, 5s. 3d. to 7s.; seconds, 4s. 3d. 
to 5s. 3d.; and smalls, 2s. to 3s. 


Iron and Steel.—The condition of the city’s industries 
is almost normal again after the dislocation caused by the 
strike. The exact effects cannot, of course, be yet deter- 
mined, but it is certain that considerable financial loss 
has been suffered. It now appears that it was not the 
very large East End firms which were most affected by 
the partial stoppage of the coal and raw material supply, 
but the smaller manufacturers, who have to rely for their 
supplies exclusively on the carters, who were then on 
abe with the rai a men. As the larger firms have 
the railways running through their works, they were able 
largely to defeat the efforts of the transport workers to 
hold up supplies. In the iron market buying has been 
on the small side, but the steadiness in the tone may 
be accounted for by the fact that only small stocks are 
held and small outputs are the rule. A number of furnaces 
are shortly to be re-started, and these may weaken prices, 
but, on the other hand, there is every indication of a big 
consumption of raw materials by steel-makers in the 
autumn and winter, and consequently producers’ expecta- 
tions are of big demands. Present prices are :—Hema- 
tites—West Coast, 76s. to 78s.; East Coast, 68s. to 
70s.; Lincolnshire No. 3, 50s. 6d.; Lincolnshire forge, 
49s. 6d.; Derbyshire No. 3, 51s.; Derbyshire forge, 49s. 
It is stated that Lincolnshire makers are asking small 
premiums, and the position of Derbyshire brands is 
stronger. Finished-iron makers have good work and 
better prospects. Most of the large steel works will be 
very busy for some time to come, making up for the time 
lost during the strike and during the various holiday 
periods which have been so numerous this summer. Con- 
trary to custom, they have been engaged on large orders 
during what are usually slack months. The heav 
branches represented by the forges, foundries, and rail- 
way steel works, are all active, and the activity promises 
tocontinue. Right through the general trades a similar 
condition of things is to be found. The rolling-mills are 
busy, always a good sign, and in the lighter trades the 
manufacture of all kinds of tools, mining and agricultural 
machinery, &c., continues to be brisk. It is expected 
the returns will show one of the best seasons on record. 
re is no decrease in the demand for special kinds of 
steels. 





TELEPHONES IN Gas Works.—The Association of Ger- 
man Gas and Water Works has sent an inquiry sheet to 
its members and to the postal authorities in order to 
ascertain whether any accidents had been caused by the 
installation of telephones and electric bells m their appa- 
ratus rooms. Nocase of gas being lighted by sparks from 
those instruments was reported ; in special experiments 
ignition sometimes—but only rarely—resulted when gas 
was blown on the instruments in action. The associa- 
tion hence resolved to permit the installation of telephones 
in apparatus rooms of works ; the telephones should, 
however, be fixed outside, and the bells, if inside, be pro- 
vided with guards of gauze. 


hh | recently. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. | 

The Cleveland Iron Trade.—The pig-iron market is in 
an unsatisfactory state, and values, contrary to anticipa- 
tion, are declining. The reason is the general unrest in 
the labour market, particularly on the railways, con- 
sumers of pig being unwilling to operate, with possibility 
of pe coed delivery hanging over them. Less favour- 
able reports from the United States, and the condition 
of the stock market, also assist to depress the iron 
market. It might reasonably have been believed that 
the settlement of the dockers’ strike at Grangemouth 
would have benefited the ition here, for under 
normal conditions about 1 tons of pig iron per day 
go from here to that port; but the settlement has 
apparently had no influence on this market. No. 3 
g.m.b. Cleveland pig is offered freely by merchants at 
47s. 3d. for early f.o.b. delivery, and some producers 
might also sell at that figure. No. 1 is 50s. $d.; No. 4 
foundry and No. 4 forge, each 46s. 9d.; and mottled and 
white iron, each 46s. 3d.—all for early delivery. East 
Coast hematite pig continues flat, an ne the 
fact that the consuming industries are very busy. ixed 
numbers are on offer at 61s. for early delivery, and forge 
hematite is quoted 60s. Business in foreign ore is at a 
standstill, and consumers declare that there will be no 
buying of any consequence until prices are lowered. 
Market rates are based on 19s. ex-ship Tees for best Rubio. 


Stocks and Shipments of Pig Iron.—Stocks of pig are 
still heavy, but it is gratifying to be able to report some 
uction. To-night Messrs. Connal and Co., the 
warrant store keepers, hold 596,046 tons of Cleveland pig 
iron, which is a decrease since the beginning of August of 
4463 tons—a larger reduction than has been recorded 
since June, 1908 ; in fact, there has never been a decrease 
at all in any month since that time. Shipments of pig 
this month (August), up to to-night, amount to 82,6¢ 
tons, as compared with 76,577 tons to the same date last 
month, and 94,813 tons for the corresponding part of 
August last year. 


Manufactured Iron and Steel.—Producers of nearly all 
descriptions of finished iron and steel are very busily 
employed, and not only have they large contracts made, 
but good inquiries are still in the market. Substantial 
orders for steel rails are understood to have been secured 
Quotations all round are well maintained. 
Common iron bars are 7/.; best bars, 7/. 7s. 6d.; best 
best bars, 7/. 15s.; packing iron, 5/. 15s.; iron ship- 
2 6l. 10s.; iron ship-angles, 7/. ; iron boiler-plates, 

l. 7s. 6d.; steel bars, 61. 5s.; steel ship-plates, 6/. 15s. ; 
steel ship-angles, 6/. 7s. 6d. ; steel ag ape 72, 10s. ; 
steel strip, 6/. 10s.; steel hoops, 6/. 12s. 6d. ; steel joists, 
61. 10s.; cast-iron —s chairs, 3/. 12s. 6d.; light iron 
rails, 6/. 10s.; heavy steel rails, 5/. 12s. 6d.; steel railway 
sleepers, 67. 10s.; and iron and steel galvanised corru- 
gated sheets, 11/. 5s.—sheets less 4 wd cent. f.o.b., rail- 
way material net at works, and all other descriptions less 
24 per cent. discount. 


German Coke for Middlesbrough.—The cargo of 1500 
tons.of German coke bought during the railway men’s 
strike is this week being disch at Middlesbrough. 
The buyers are Messrs. = Mills, and Co., of the 
Ayresome Iron Works. he cargo was brought from 

estphalia, wa Rotterdam. 








Mininc Macuinery.—A falling-off is observable this 
year in our exports of mining machinery. The value of 
the shipments in July was 78,668/., as ay with 
113,983/. in July, 1910, and 80,2762. in July, 1909. The 
aggregate value of the exports for the seven months end- 
ing July 31, this year, was 580,743/., as compared with 
762,7851. and 492,422. respectively. South America took 
British mining machinery to July 31, this year, to the 
value of 37,156/., as compared with 31,350/. and 40,6137. 
respectively. 





Larce Dam on THE West Coast or Sieswick.—The 
Prussian Government has been preparing plans for the 
building of a large dam between the Island of Syet, and 
the west coast of the Duchy of Sleswick, and this com- 
prehensive scheme is now understood to be approaching its 
completion. The distance is some 10 km., and the dam 
in question is to accommodate a road and a railway. 
There can be no donbt that this dam will bring about 
a considerable amount of land reclamation, and be a 
protection for portions of low-lying land; but this costly 
undertaking is also of strategic importance, and a link in 
the defensive measures on the Fries coast, the more so as 
the fortification of Heligoland is now approaching its 
completion. 





Exxecrric Power 1N PENNSYLVANIA.—Over 200 charters 
for electric companies have been granted by the State of 
Pennsylvania since May 1, this year, and considerable 

ignificance is attached to the fact that the groups into 
which they were divided embrace coal and water-power 
centres. Th sred wit t 
capital, and each one was given a district in which to 
supply electricity for light, heat, or power, the ultimate 
plan being to consolidate. The large companies of 
the anthracite region are behind some of the charters, 
New York capital being interested eed gee chartered 
for the Lehigh Valley. 1n the soft-coal region groups 
have been secured for townships in the vicinity of Johns- 
town, Pittsburg, Washington, and Uniontown. Fourteen 
were taken by interests which will use Susquehana river 
power, and charters for nineteen are pending for a group 
to operate in the Clarion Valley. 


@ companies were chartered with nominal | A 





NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has, upon the whole, 
been quiet ; tonnage arrivals have scarcely —— 
expectations, and with threats of further strikes buyers 
and sellers do not show much eagerness to enter into 
large transactions. Sellers of Admiralty steam coal 
appear to be well booked ; other large coal has shown 
little change ; cargo smalls have been freely offered. 
The best large steam coal has made 19s. to 19s. 6d. per 
ton; ay eee have rai between 16s. 6d. and 
18s. per ton; best bunker smalls between 10s. and 10s. 6d. 

r ton ; and cargo smalls between 8s. and 8s. 6d. per ton. 

best ordinary household coal has realised 14s. 6d. 
to 16s. 6d. per ton ; No. 3 Rhondda large has brought 17s. 
to 17s. 6d. per ton; and smalls, 10s. 6d. to 10s. 9d. per ton. 
No. 2 Rhondda large has made 12s. 3d. to bs. 6d. 
per ton ; smalls, 8s. to 8s. 6d. 14 ton. Foundry coke 
has been quoted at 18s. to 20s. 6d. per ton, and furnace 
ditto at 16s. to 17s. ton. As regards iron ore, Rubio 
has realised 18s. 6d. to 19s. per ton, upon a basis of 
50 per cent. of iron, and charges, including freight, 
insurance, &c., to Cardiff or Newport. 


_ The Eddystone.—Trinity House notifies that it is 
intended to establish next month a bell buoy, which will 
be fitted with an automatic submarine bell, in a position 
three cables S. 17 deg. W. from the Eddystone light- 
house. The buoy will be painted in black and white 
vertical stripes, will be fitted with a can-shaped —- 
structure, and will have the name ‘‘ Eddystone” in white 
letters on its side. Thesubmarine bell will be worked by 
the movement of the buoy, so that the number of strokes 
per minute will not be uniform. 


Dowlais.—The blast-furnaces in the Bessemer depart- 
ment have been well employed. The Goat Mill has been 
engaged ay tin bar, steel sleepers, and steel rails ; and 
the Bi, ill has been busily employed with light sections 
of steel rails, angles, ~—p ae &c. The collieries have 
been well employed, and their production has been heavy. 


T -Boats as Targets.—The want of a better target 
for night firing in the Navy is about to be met by the 
conversion of a number of the old 60-ft. second-class 
torpedo-boats into ese targets. The work is pro- 
ceeding on several of the boats at Devonport, and when 
completed they will closely resemble the principal section 
of a modern torpedo vessel, canvas and wooden structures 
to represent the funnels, &c., being reared above the 
p nad deck. The interior of the boats having been 
cleared out, cork, &c., is to be filled in to render them 
unsinkable. 





Norwescian State Rattways.—The Norwegian Storth- 
ing has sanctioned the proposal of the railway committee 
that the important Dovre railway, now in course of con- 
struction, shall be built heavier than originally proposed, 
in accordance with a new normal type, which makes it 
—— to increase the speed from to 90 kilometres 
per hour. 





German INTEREST IN SwepisH IRon Mines.—German 
pee of shares in Swedish iron mines is contradicted. 
t is a well-known fact that Germany is concerned about 
her future supply of iron-ore, and is doing her best to 
secure suitable iron-ore deposits. A number of shares in 
the important Swedish concern, the Norberg mines, 
coming on the market, a large German firm in Liibeck was 
understood to be anxious to acquire them. In order to 
prevent this five Swedish iron works have taken over the 
said shares. 





GRINNELL AUTOMATIC SPRINKLERS IN’ PRINTING 
Works.—A case of the efficiency of these sprinklers 
has recently been brought to our notice which shows how 
useful they may be in saving property. A fire occurred 
on August 13, about 3 p.m., at the printing works of 
Messrs. Hazell, Watson, and Viney, Limited, Long Acre, 
W.C. It originated in the heart of the building, where 
high racks were filled with stationery. Two sprinklers 
came into operation at once and promptly extinguished 
the fire. It is highly probable that but for the timely 
action of the sprinklers a very serious fire would have 
occurred. 





Mexican Tramways.—The revenue of the Mexico 
Tramways ogg: Ag? ear was 609,430/., as compared 
with 560,784/. in 1909; 549,269/. in 1908; 510,134/. in 1907 ; 
and 436,235/. in 1906. The working expenses, includin 
taxes, were 298,981/. last year, as compared with 280,527/. 
in 1909 ; 288,118/. in 1908; 285,9967. in 1907; and 239,637/. 
in 1906. The ratio of the working ex to the traffic 
— accordingly declined from 54.93 per cent. in 1906 
to 49.06 per cent. in 1910. The length of line worked 
last year was 181} miles, of which 172 miles were worked 
by a wongee the remainder of the system was worked 
by mules, which are being gradually displaced by electric 
power. 





Coat tn Easr Arrica.—British financiers are about 
to exploit the coal and mineral fields of Portuguese East 
frica. A concession granted covers mi rights for 
five years over an area of the Mozambique province 
estimated at 3500 square miles, embracing all the terri- 
tory lying to the south of the Lourenco Marques and 
Transvaal Railway. is area is served by two railway 
lines and four navigable rivers. Active prospecting and 
development are expected to be shortly commenced. Of 
the mineral resources of the area conceded but little is 
known ; it, however, contains extensive coal deposits 
similar in character to those found in Swaziland, which 
are said to be only 7 per cent. inferior to the best 
Welsh coal. 
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FRIDAY, SEPTEMBER 1, 1911. 


THE DISTRIBUTION OF STRESS 
ROUND DECK-OPENINGS. 

| For many years past engineers have been in 
doubt as to the effect, on the distribution of stress, 
of punching a hole in the centre of a tie-bar or 
|other simple tension member. Common-sense 
| made it evident that the resulting distribution of 
| stress in the immediate neighbourhood of the hole 
must be far from uniform, but it was not an easy 
matter to estimate the relative importance of 
the local increases in stress intensity. That 
this increase of stress might well be very con- 
siderable was evident from the fact that mathe- 
maticians had shown that the piercing of a small 
hole in the centre of a rotating disc had the 
effect of doubling the maximum stress as compared 
with the stress in an unpierced disc subject to the 
same centrifugal forces. There is, however, no 
very direct analogy between the stresses in such 


a disc and those developed in the neigh- 
bourhood of deck-openings in ships. To obtain 
the high speeds now demanded in certain 


classes of war vessels, scantlings must be reduced 
to the minimum consistent with safety, and con- 
sequently naval architects have been driven to 
various expedients to estimate the value of the local 
concentrations of stress round such openings. The 
favourite resource has been experiments on models; 
but in certain cases these have been based on 
fallacious analogies between the equations of hydro- 
dynamics and of the mathematical theory of elas- 
ticity. The conclusions reached were accordingly 
certainly erroneous, but the magnitude of the error 
involved was unknown. That it was large is now 
provedin theable and original paper which we publish 
elsewhere in this issue, in which Dr. K. Suyehiro, of 
the Depertenent of Naval Architecture, Tokio Im- 
perial University, shows that the problem in question 
isnot impervious todirect attack by the mathematical 
theory of elasticity. Strictly speaking, his solution 
appertains only to the ideal case of a plate pierced 
at the centre and extending to infinity in all direc- 
tions. This is assumed to be subjected, in one direc- 
tion only, to tension, the distribution of which is 
uniform at an infinite distance from the origin. Dr. 
Suyehiro then works out what the distribution of 
stress is in the immediate neighbourhood of the 
hole, and finds that the maximum value of the 
stress is no less than three times that of the average 
value. If there were any real analogy between 
stream-lines and stress-lines, the maximum stress, 
he points out, would be double the mean. 

The great difficulty in all these mathematical 
solutions of stress problems lies in the fact that the 
method of solution is necessarily tentative. A form 
of solution is assumed, and this is then tested to 
ascertain whether it satisfies the necessary mathe- 
matical relationships. If it does, then the solution 
is necessarily right ; whilst if it fails, another guess 
must be made and tested in its turn. In far the 
majority of cases no satisfactory guess is found, 
and Dr. Suyehiro is therefore to be congratulated 
on a distinct addition to the number of known 
solutions in the mathematical theory of elasticity. 
The difticulty of effecting such a step in advance 
is well illustrated by the fact that the late Sir 
George Airey, applying the tentative method out- 
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lined above, arrived, in 1862, at a solution for the 
distribution of stresses in a loaded beam which, a 


| quarter of a century later, was discovered to be 


fundamentally erroneous. 

In respect to the practical aspects of Dr. 
Suyehiro’s discovery, a number of interesting 
considerations intervene. He shows that though 
his solution only applies with mathematical exact- 
ness to the problem of the infinite plate, the results 
are practically accurate even in the case of quite 
since the local concentrations of 
stress have practically vanished at points distant 
from the centre of the hole by 14 radii. He has 





299 | further compared the results of “his calculations 


| with direct experiment on a strip of india-rubber, 
and finds a remarkably close agreement between 
This observation furnishes fresh evidence 


304 | of the value of india-rubber as an instrument of 


rimental method. 
As already stated, Dr. Suyshiro finds the maxi- 
| Muu stress, which occurs at the ends of the trans- 





verse diameter of the hole, is three times the mean, 
so that, with quite a moderate average stress in the 
body of the plate, the elastic limit may be exceeded 
at these two points. With a plate subject to tension 
or compression in one direction only this is, of 
course, of no importance whatever; the overstrained 
area then simply stretches a little, and passes on 
its overload to adjacent fibres. In the case of a 
ship’s deck, however, the stresses may alternately 
be tensile or compressive, according as the ship 
swims on the crest or lies in the trough of a wave. 
Here the fact that the stresses exceed the elastic 
limit may be of serious import, since no material 
will long withstand being strained beyond its 
elastic limit first in one direction and then in 
the opposite. It would seem that there is here 
an excellent opening for experimental research, 
and it might well be taken up in the labora- 
tory of one or other of our technical colleges. 
It would not be at all difticult to make arrange- 
ments by which a wide bar pierced with a hole should 
be subjected to alternate tension and compression. 
The determination of the process of elastic break- 
down and final rupture could hardly fail, in com- 
parison with Dr. Suyehiro’s results, to afford inte- 
resting and valuable information. 

The theory now arrived at relates, as stated, to 
the stress round an opening in plates, and is there- 
fore not directly applicable to the case in which 
the hole is filled by a rivet, which transfers to the 
plate the load by which it is strained. In view of 
the success attained in the case of the simpler 
problem, there is, perhaps, fair ground for hoping 
that this too may not prove intractable to 
analysis. Apparently the conditions in this case 
are more closely allied to the problem of the dis- 
tribution of stress in a bar subjected to a concen- 
trated load at one point of its edge than to Dr. 
Suyehiro’s problem. The weak points of an eye- 
har, for instance, are not at the sides of the hole, 
but at the end. 








THE BRITISH ASSOCIATION AT 
PORTSMOUTH. 

Tue eighty-first annual meeting of the British 
Association for the Advancement of Science was 
formally opened in the Portsmouth Town Hall on 
Wednesday evening last.. What modern Ports- 
mouth means everybody knows. Historically the 
city is far more interesting than one might think, 
and the excellent guide-book prepared for the mem- 
bers of the Association duly ya ells on matters his- 
torical. Yet we are afraid that the prediction we 
made last week of but a moderate attendance at the 
present meeting will not be wrong. By Wednesday 
afternoon 1123 members of all classes had entered 
their names—about 15U fewer than last year at the 
commencement of the Sheftield meeting. All the 
same, people experienced some trouble in finding 
accommodation. The Connaught Drill Hall makes 
a spacious, excellent reception-room. The offices 
are in the front portion, and the very comfortable 
sitting and writing-room is separated from this 
portion by a simple but appropriate screen. The 
presidential address was delivered in the Town 
Hall, an imposing classical building, erected in 
1886, at a cost of 140,0001.; the lecture theatre 
accommodates 2000 people, and it was not filled on 
Wednesday evening. 

Professor Bonney was the retiring President, and 
Sir William Ramsay, K.C.B., F.R.S., of University 
College, London, the President-Elect. Professor 
John Perry, F.R.S., is the Hon. Treasurer, Major 
P. A. MacMahon, F.R.S., and Professor W. A. 
Herdman, F.R.S., are the General Secretaries, 
Mr. O. J. Howarth, M.A., is the Assistant Secre- 
tary, and Mr. H. C. Stewardson the Assistant 
Treasurer. The Local Officers are Alderman T, 
Scott Foster, Mayor of Portsmouth, one of the 
Vice-Presidents, and Messrs. C. Hammond Ether- 
ton, Town Clerk, and A. Mearns Fraser, M.D., 
Local Secretaries. 

In introducing his presidential address Sir 
William Ramsay quoted the object of the Associa- 
tion as explicitly stated atits first meeting at York: 
** To give a stronger impulse and a more systematic 
direction to scientific inquiry, to promote the inter- 
course of those who cultivate science in different 
parts of the British Empire with one another and 
with foreign philosophers, to obtain a more general 
attention to the objects of science and a removal 
of any disadvantages of a public kind which impede 
its progress.” These objects, we should like to 
add, sre printed at the head of the official circular 
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of the Association ; they justify the policy which Chimie” of 1789, the year of the Revolution :— | changed into other bodies, and disintegrated at a 
the Association has pursued, and they undoubtedly ‘‘If we mean by elements the simple and indi- constantrate. Of 1 gramme of radium only $ gramme 


help to explain its success. 


In 1831, Sir William visible molecules of which bodies consist, it is; would remain after 1760 years; the other half 


continued, the workers in the domain of science | probable that we do not know them; if, on the| would have passed into different products. The 
were few. The Royal Society, founded in 1645 as other hand, we mean the last term in analysis, | first of these were radium emanation, a condensable 
the ‘Invisible or Philosophic College,” and incor-|then every substance we have not been able | gas, and helium, undoubtedly an element belong- 

rated in 1660, stood alone until 1788, when the to decompose is for us an element; not that we | ing to a well-defined series. Again, the emanation, 

innean Society was founded, and most of our|can be certain that bodies which we regard as which was incapable of chemical union, had been 
learned societies arose after 1831, during the age of | simple are not themselves composed of two, or even | liquefied and solidified at University College, its 
railways, telegraphs, and telephones, when the|a larger number of elements, but because these | density determined, and its atomic weight been 
engineering problem was hardly: ‘‘Can it be|elements can never be separated; or, rather, | calculated, and the emanation had thus been proved 


done?” but, rather, ‘* Will it pay to do it?” 

Passing to education, Sir 
refreshingly plain words, many of which we can | 
endorse. ‘‘In England,” he said, ‘‘ we have made 
technical education a local, not an imperial, ques- 
tion. Instead of half-a-dozen first-rate institutions 
of University rank, we have a hundred, which 
are necessarily understaffed, in which the staffs 
are mostly overworked, and the training given is 
not that for captains of industry, but for workmen 
and foremen. ‘ Efficient captains cannot be replaced 
by a large number of fairly good corporals.’ More- 
over, to induce scholars to enter these institutions 
they are bribed by scholarships—a form of pauperi- 
sation practically unknown in every’ country but 
our own ; and to crown the edifice we test results by 
examinations of a kind not adapted to gauge origi- 
nality and character (if, indeed, these can ever 
tested by examination), instead of, as on the Conti- 
nent and in America, trusting the teachers to form 
an honest estimate of capacity and ability of each 
student, and awarding honours accordingly. The 
remedy lies in our ownhands. Let me suggest that we 
exact from all gainers of university scholarships an 
undertaking that, if and when circumstances permit, 
they will repay the sum which they have received. 
It would then be possible for an insurance company 
to advance a sum representing the capital value— 
viz., 7,464, 9311.—of the scholarships, reserving, say, 
20 per cent. for non-payment, the result of — 
or death. In this way a sum of over six mil- 
lion pounds, of which the interest is now ex- 
pended on scholarships, would be available for 
university purposes. A large part of the income 
of this sum should be spent in increasing the 
emoluments of the chairs. Having made the pro- 
fession of a teacher so lucrative as to tempt the 
best intellects in the country, it is clear that such 
men are alone capable of testing their pupils. The 
modern system of external examination, known 
only in this country and answerable for much of its 
lethargy, would disappear. . . .” 

Sir William did not pursue this matter. He 
did not allude to the absurdity of the competi- 
tive mark system, which lies at the root of the 
trouble. His colleagues on the platform and in the 
theatre were able to agree with him, about the 
increase of emoluments at any rate. The abolition 
of scholarships and of external examinations may 
seem an ideal to some professors ; but scholarships 
and successes in competitive examinations bring 
students and emoluments, and a modification of the 
present system seems to promise the best practical 
solution of the problem. The common German 
University practice, we might add, is that scholar- 
ships and facilities for deferred payment of fees— 
apart from research grants—are given only on the 
strength of a testimoniwm paupertatis ; the recipient 
of facilities signs a form promising to pay as soon 
as he will be in a position to do so. 

Sir William Ramsay returned to the aims of the 
Association, accentuated the importance of friendly 
and unrestrained intercourse between scientists, and 
asked his older colleagues not to let opportunities 
slip of stimulating the young worker by sym- 
pathy. He then referred to the losses which the 
Association and science had had to mourn since the 





last meeting: John Beddoc, Rubert Boyce, Francis 
Galton, Thomas Rupert Jones, Story Maskelyne, 
and Johnstone Stoney, in this country, and Bohr, 
Briihl, Caro, Fittig, Van’t Hoff, and Cannizzaro 
abroad. 

Sir William then passed to his first main subject, 
the elements of the chemists. The Greeks had by 
their elements—fire, air, water, varth—rather de 
noted properties of matter than constituents of a 
compound, Robert Boyle, in his ‘‘ Skeptical 
Chymist,” had given to the word “element” its 





present meaning. But he could not suggest any 
particular substance as elementary, and it was | 
only after Lavoisier’s overthrow of the phlogiston | 
theory of Stahl that individual elements were | 
recognised. Lavoisier put the case with remark-| 
able lucidity in the preface to his ‘‘Traité de 


Humphry Davy split oxides and hydrates into 
oxygen, hydrogen, and metals ; Scheele ‘‘ dephogis- 
ticated”” marine acid and isolated chlorine ; Courtois 
discovered iodine in 1812, Balard bromine in 1826; 
but the fourth halogen, fluorine, frustrated all 
attempts of isolation until Moissan finally demon- 
strated that it really resembled the other halogens in 
its properties as predicted. 
he modern conception of the elements, Sir 
William continued, was much strengthened by 
Dalton’s revival, in 1803, of the Greek hypothesis 
of the atomic constitution of matter and the assign- 
ing of a definite weight to each atom. In those 
days the ancient idea of the unitary nature of 
matter was held to be very probable. At first 
oxygen was regarded as the common basis ; Prout 
then brought forward the claims of hydrogen, 
which, about 1842, were revived by Liebig, Redten- 
bacher, and Dumas. Of recent years great advance 
had been made in the accuracy of the re-deter- 
minations of atomic weights. The annual table of the 
International Committee on Atomic Weights for 
1911 counted 81 elements, and no fewer than 43 of 
these had atomic weights within one-tenth of a unit 
above or below an integral number. The proba- 
bility against such a condition being fortuitous was 
20,000 millions to 1, according to Karl Pearson. 
Dobbereiner, Dumas, and others, and then, in 
1862, John Newlands, had meanwhile arranged the 
elements in the numerical order of their atomic 
weights, and the latter had, in his ‘‘law of octaves,” 
pointed out that every eighth element was, like 
the octave of a musical note, in some measure 
a repetition of itsforerunner. Thus potassium, at 
that time the eighth known element above sodium, 
repeated the character of sodium in its physical 
— and in the properties of its compounds. 
he same fundamental notion was independently 
reproduced by Lothar Meyer and by Dmitri 
Mendeleieff, and the elements were arranged accord- 
ing to the ‘‘ periodic system.” Some vacant 
spaces on this table had been filled by the dis- 
covery of new elements as predicted, and it might 
be thought that it only remained to fill up the 
remaining gaps. But the metals of the rare earths 
with atomic weights ranging from 139 to 180 
would not fit into the columns of the periodic 
table. On the other hand, the discovery of the 
inert gases, which Johnstone Stoney foresaw in his 
spiral curve of 1888, joined the strongly electro- 
negative alkali metals to the highly positive 
halogens by a series of chemically and electrically 
inert substances, neon, argon, krypton, xenon, 
which formed links between fluorine and sodium, 
chlorine and potassium, bromine and rubidium, 
and iodine and calcium. 

Including these gases, and adding some elements 
of the rare earths and radium, 84 elements found 
places in the periodic table if merely numerical 
values were considered. Between lanthanum, atomic 
weight 139, and tantalum, 181, seventeen spaces 
remained empty ; they could not well be filled with 
the metals of the rare earths (as just stated) and 
be distributed in successive columns, for they all 
resembled lanthanum. Disregarding this objec- 
tion, however, there would still remain eleven 
gaps, assuming uranium, with the highest known 
atomic weight of 238.5, to form the upper limit. 
But we were confronted by an embarras oe: richesse. 
For the discovery of radioactivity (by Henri 
Becquerel), of radium (by the Curies), and of the 
disintegration of the radioactive elements (by 
Rutherford and Soddy) indicated the existence of 
no fewer than twenty-six hitherto unknown ele- 
ments. But were these bodies elementary sub- 
stances ? 

Radium formed salts like barium, the metal 


atomic weight was, according to Curie and to Thorpe, 


226.5 ; it was undoubtedly an element, yet a very | 


unstable one, and stability was considered the essen- 
tial characteristic of anelement. Radium, however, 


| 





|niton to various ag tert it decom 
(isolated by Mme. Curie) resembled barium, and its| ammonia, hydrogen chloride, and car 


| because we have no means of separating them, they | to be a congener of argon, belonging to the series : 
illiam spoke out in | act, so far as we can judge, as elements.” In 1807| helium, atomic weight 4; neon, 20; argon, 40; 


krypton, 83 ; xenon, 130 ; unknown substance, 178 ; 
niton (proposed name for the emanation, which 
was phosphorescent), 222.4. The formation of 
niton from radium would therefore be represented 
by the equation: radium (226.4) = helium (4) + 
niton (222.4), 

Niton, in its turn, disintegrated much more 
rapidly than radium. In four days half of it had 
changed into helium and radium A—a substance of 
metal character, of atomic weight 218.4. But RaA 
could not be investigated chemically, because in 
3 minutes half of it had changed into RaB (214.4) 
and helium. Of RaB half passed into Ra(C, and elec- 
trons (atoms of negative electricity) in 27 minutes ; 
RaC, had a half-life period of 19 minutes, yielding 
helium and RaC, (210.4); RaC, (period 2.5 minutes) 
gave off electrons and RaD. RaD allowed the 
chemist a chance, its half-life period being 164 
years ; without parting with any thing detectable 
it passed into RaK, period three minutes, which 
changed spontaneously into RaF, the polonium of 
Mme. Curie. Polonium finally changed in 140 
days into helium and a metal, possibly lead. If 
that were so, the equation should be : Polonium 
(210.4) = helium (4) + lead (206.4). The atomic 
weight of lead was 207.1. To account for this dis- 
crepancy—which looks small enough to the non- 
chemist in view of the amazingly quick changes 
indicated—Sir William suggested that the atomic 
weight of radium might be 227.1 (instead of 226.4), 
and that of uranium, the parent of radium, might 
be 239.4 (instead of 238.5, or Clark, 239.0), as 
Richards and Merigold indeed believed. The most 
careful determination of the atomic weight of helium, 
by Watson (at University College), yielded 3.994 ; 
one atom of uranium changed into three atoms of 
helium and one atom of radium. 

There were, moreover, in addition to the a rays 
(or atoms of helium) 8 rays, or electrons, which had 
weight too. How many electrons were lost was 
unknown, but the probable weight of the electrons 
“es during the change uranium-radium was 0.6. 

The conclusior which Sir William drew was that 
we had, for the first time, accurate knowledge as to 
the descent of some of the elements ; our readers may 
reserve their doubts, though this genesis has been 
worked cut, and is credited by specialists both here 
and abroad. The correct solution of the problem 
would in great measure clear up the mystery of the 
irregularities in the riodic tables, and would 
account for the deviations from Prout’s law—that 
the atomic weights are multiples of some common 
factor. It would also throw light on allotropy, 
which in some cases might be due to the loss or gain 
of electrons. Of the twenty-six elements derived 
from uranium, thorium, and actinium, ten were 
formed by the emission of electrons alone, and they 
might be regarded as allotropes or pseudo-elements ; 
their existence should certainly not be regarded as 
irreconcilable with the periodic table. 

Turning to the enormous quantity of energy 
stored in radium and its descendants, Sir William 
said that if the heat of disintegration of niton (or 
emanation) were available, it would be equal to 34 
million times the energy available by the explosion 
of an equal volume of detonating gas (oxygen and 
hydrogen). The major part of this energy seemed to 
come from the expulsion of a particles with enormous 
velocity. If the energy of a ton of radium could be 
utilised in thirty years (instead of being evolved at 
the slow rate of 1760 years for half-disintegration) 
it would suffice to propel a ship of 15,000 tons, 
with engines of 15,000 horse-power, at the rate 
of 15 knots, for 30 years, which would other- 
wise require a million and a half tons of coal. ‘I 


have attempted to apply the energy contained in 
water, 


n dioxide, 
each into its constituents ; further experiments on 
its action on salts of copper oom to show that the 
metal copper was conve’ partially into lithium ; 
and similar experiments, of which there is not time 
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to speak, indicate that thorium, zirconium, titanium, 
and silicon are degraded into carbon ; for solutions 
of compounds of these mixed with niton invariably 
generated carbon dioxide, while cerium, silver, 
mercury, and some other metals gave none. One 
can imagine the very atoms themselves, exposed to 
bombardment by enormously quickly-moving helium 
atoms, failing to withstand the impacts. Indeed, 
the argument a priori is a strong one; if we know 
for certain that radium and its descendants decom- 
pose spontaneously, evolving energy, why should 
not other more stable elements decompose when 
subjected to enormous strains.” 

his is all Sir William had to say about his alleged 
transmutations of elements, and we cannot but 
regard it as disappointing. One may assent to the 
suggestion that enormous strains might decompose 
elements ; but Sir William’s critics require proofs, 
Those which Sir W. Ramsay offered some years ago 
were severely criticised at the time, and naturally 
some reply to the objections raised was expected 
in his presidential address. 

Turning to his last theme, the sources of energy 
at the disposal of man, Sir William pointed out 
that even if we could accelerate and control the 
rate at which radium was evolving its stored-up 
energy, it would be of little importance, for the 
production of radium would probably never surpass 
half an ounce a year. If, however, the elements 
now considered as permanent were capable of 
changing with an evolution of energy which cata- 
lysers could accelerate, the whole future of the 
human race would be altered. 

Progress was chiefly a question of means of 
concentrating and transforming energy. The use 
of the stick, spear, arrow, &c., had made man the 
master of animals. A steam-engine converted 
one-eighth of the potential fuel energy into useful 
work ; the gas-engine more than one-third. Vast 
progress had been made in this respect in the 
nineteenth century, especially since its middle, the 
beginning of the golden age of science. The people 
of Athens had attained a high, unsurpassed water- 
mark in literature and thought, because they had 
ample leisure ; each freeman had had at least five 
helots who did his bidding. We were much better 
off in Britain. The population was 45 millions, 
and at least 50,000,000 tons of coal were consumed 
annually in our factories, at an average expendi- 
ture of 5 lb. of coal per indicated horse-power 
er hour (Royal Commission on Coal Supplies). 

hat gave 7 million horse-power per year, which, 
assuming that a Bhutanese could carry 230 lb. plus 
his own weight, 400 Ib. in all, up a hill 4000 ft. in 
height in eight hours, would mean twenty-five 
times as many man-power, so that a British family 
of five persons would on average have twenty helots 
at its*command, instead of the five helots of the 
Athenian. We did not gain more leisure by that, 
but it was that which made it ible for the 
British Isles to support their population. 

Referring further to the General Report of the 
Royal Commission on Coal Supplies (1906), Sir 
William stated that the stored-up energy of the 
british Isles was very limited. In 1870, 110 million 
tons of coal were mined; the amount had been 
increasing at the rate of 34 million tons per year, 
and estimating the whole available store in the 
proved coal-fields at 100,000 million tons, it would 
at that rate be exhausted in 175 years. As coal 
became dearer the rate might finally slow down. 
So far it showed no signs of slackening, however. 
Between 1905 and 1907 the amount of coal raised 
in the United Kingdom had increased from 236 to 
268 million tons, equal to 6 tons per head of popu- 
lation, against 3} tons in Belgium, 24 tons in Ger- 
many, and 1 ton in France. 

Our commercial supremacy and our power of 
competing with other European nations was evi- 
dently governed by the relative price of coal, and 
when the prices rose, we might look forward to the 
approach of famine and misery. Struck with the 
optimism of non-scientific friends, he (Sir William) 
had some years ago suggested that a committee of 
the British Science Guild should investigate the 
available sources of energy. Sir Charles Parsons, 
Mr. Dugald Clerk, Sir Boverton Redwood, Dr. 
Beilby, Dr. Hele Shaw, Professor Vivian Lewis, 
and others had reported, and had reviewed the possi- 
bilities of utilising the tides, the internal heat of 
the earth, winds, solar heat, water-power, the 
extension of forests, and the use of wood and — 
as fuel, and finally the possibility of controlling 
and utilising the undoubted, but almost infinitely 


folly to consider seriously a possible supply of 
energy in a conceivable acceleration of the libera- 
tion of energy by atomic change; it would, accord- 
ing to the Hon. R. J. Strutt, be impracticable to 
attempt to utilise the terrestrial heat from bore- 
holes ; it looked utterly improbable, too, that man 
should ever be able to utilise the rotational 
energy of the earth or that of its proper motion ; 
and the other sources mentioned promised little. 
Attention should undoubtedly be paid to forestry 
and peat. Germany and France spent annually 
2,200,0001. on the conservation of their forests, and 
the net return was 6,000,000/. The peat industry 
was moderately profitable in Germany ; but our 
climate lent iteolt little to the natural evaporation 
of the water contained in peat. 

We had therefore chiefly to rely on our coal 
reserve. We could economise in the use of coal in 
many ways, by the substitution of turbines for 
reciprocating engines, which would lower the coal 
consumption to 1}$1b. or 2 lb. per horse-power ; by 
the further replacement of turbines by gas-engines, 
lowering the coal consumption to 1 1 enn 
by creating the power at the pit-mouth ; by re- 
placing beehive coke-ovens by recovery-ovens. 
Tuageliien to Dr. Beilby, 6 million out of a 
total of 16 or 18 million tons of coal were 
coked in recovery-ovens in 1909, at a saving of 
two or three million tons of fuel. The substitu- 
tion of gas for coal in works also economised fuel ; 
but it had to be remembered that for economic use 
gaseous fuel must not be charged with the heavy 
costs of piping and distribution. The domestic 
fire also claimed immediate attention. The actual 
loss of thermal energy in the form of smoke was 
small, at most half a per cent. of the fuel con- 
sumed ; still, the presence of smoke was a sign of 
waste. There was probably no single remedy 
applicable ; but central heating, gas » and 
improved grates would help, and a fine of 6d. might 
be imposed for every smoke offence, which instan- 
taneous photography would prove. 

In conclusion, Sir William regretted that the 
disclosure of the gravity of the situation by the 
Coal Commission had not been heeded. A little 
was being done. But when trade was good, manu- 
facturers made the best of opportunities, and had 
neither time nor inclination to adopt economies ; 
and when trade was bad, there was no money to 
spend on improvement. But we should doas other 
nations had done, and take stock annually. The 
United States had a permanent Commission, con- 
sisting of three representatives from each State, 
solely to keep abreast with the diminution of the 
stores of natural energy, and to lessen its rate. We 
might leave the combating of waste to self-interested 
competition, or we might initiate legislation. 
That legislation should be of two kinds: penal, 
by imposing penalties on wasteful expenditure of 
energy supplies; and —— by imparting in- 
formation, by advancing loans for carrying out 
reforms, and by insisting on the greater p' rity 
which would result from the use of more efficient 
appliances. There was no time that cvening for 
entering into detail. The coal energy could be 
converted into high-potential electric energy at the 
pit mouth ; the nearest practical approach to a 
direct conversion, the Mond gas-battery, had not 
succeeded owing to the imperfection of the machine. 
Tn his final words Sir William pleaded for the study 
of pure science, without to applications, 
referring to the widening of the bounds of thought 
by the discovery of radium. 

The vote of thanks to the President was proposed 
by the Mayor of Portsmouth—who, in welcoming 
the Association, referred with pride to Portsmouth 
as a naval station—and was seconded by Professor 
H. B. Dixon, F.R.S., of Manchester. 





CONTRACTORS’ CLAIMS. 

Ir seldom happens on public works carried out 
by contractors that the final accounts are agreed 
and settled up without any claims for extra pay- 
ment under some head or other. 

Claims may be made on account of alleged devia- 
tions from the contract during the progress of the 
work, or in respect of extra cost incurred by the 
contractors above that anticipated, due to altera- 
tions on the part of the engineer, or to difficulties 
and delays encountered which may, or may not, 
have been beyond the control of the contractors. 
The form of contract and specification, if properly 
drawn, may, if strictly enforced, cover the em- 


on the contractors. Sometimes claims put forward 
by contractors are largely frivolous and vexatious, 
and are raised merely in the attempt to get as 
much out of the employers as possible. The con- 
tract may not have been remunerative, and an 
endeavour is made to finally come out on the right 
side, to a greater or less extent, by what can be got 
out of claims, often irrespective of the real merits of 
the case. There are contractors who, from the start 
of work, make it a special business to raise or manu- 
facture claims on every conceivable opportunity, 
whether these can or cannot be substantiated wholly 

or in t. Asa rule contractors’ claims may be 
deeak ameniie as follow :— 

1. Claims arising out of alleged alterations or 
non-fulfilment of the contract through no fault of 
the contractors. 

2. Claims on account of delays or difficulties 
beyond the contractors’ control. 

3. Claims arising from alterations made as the 
work proceeds. 

4. ims made in the attempt to cover losses 
due to the contractors’ mi t, oversights, 
or bad luck. 

5. Indirect claims, or claims for consequential 





damages. 

6. Frivolous and vexatious claims, 

7. Petty claims. 

Nearly all contracts give rise to some or all of 
the claims falling under the above heads. They 
may be further roughly sub-divided into :— 

1. Claims which the resident engineer cannot 
settle, and which should obviously left to the 
arbitrator. 

2. Claims the resident engineer should settle, if 
a reasonable settlement can be made. 

3. Claims which only the resident engineer can 
and should settle, and which ought never to be 
carried to a higher authority. 

4. Claims which ought never to have been made. 

It is probable that under each division there may 
be items which ought to be withdrawn, which the 
contractors, if fair and reasonable, will readily 
withdraw. At the same time matters not infre- 
quently arise in which the contractors are fairly 
entitled to some consideration which the resident 
engineer or immediately responsible official will not 
or cannot see. Some people are unable to see two 
sides of a question; some will haggle over pence 
and miss pounds. 

A mistake often made on public works is the 
deferring of the settlement of many trivial matters, 
involving small sums of money, for months or 
even until the completion of the contract. Those 
on both sides of the fence are frequently equally to 
blame—neither side will budge. Of course, an im- 
portant principle may be involved in a matter of 
small moment monetarily, and in this case it 
may be necessary and wise to delay settlement. A 
certain amount of the spirit of compromise over 
matters in dispute or differences of opinion arisin 
during the pr of works is often equitable an 
needful. A delay in final settlement until the heat 
of argument has passed away may be judicious and 
wise. 

Nevertheless, the number of small and trivial 
matters held over until the end on many contracts 
becomes almost an absurdity. Contractors with 
an undue appetite for claims are inclined to prefer 
delay in order thereby to confuse the issue and so 
hope for an advantage. Moreover, time is a great 
softener, and by long delay many small matters 
which assumed comparatively great importance ' 
cease to do so, and thereby this c of contractor 
may obtain eventuaily what he is not really entitled 
to. These matters should, as far as possible, be 
settled up as the work proceeds, full particulars 
being kept of all items not or withdrawn, 
so that the lapse of time shall not militate unfairly 
against either party. 

On questions of fact no doubt can arise if the 
engineer’s and contractors’ representatives know 
— | attend to their business. It is a good plan 
when aclaim arises, or is likely 
both sides to agree upon the facts and on the work 
done in those cases which are deferred or left to 
higher authority, so that when the principle in- 
volved is decided, there can be no doubt as to the 
basis of settlement or the amount fairly at stake. 

To carry out work well, confidence in each other 
on the part of the resident engineer and contractors’ 
representatives is essential. Neither should be seek- 
ing an advantage over the other. The contractors 
are, of course, there to make money, but to do so 








slow, disintegration of the elements. It would be 





ployer’s alleged liability, and place the whole onus 





squarely and honestly under the contract. The 
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engineer is there to watch the interests of the 
employers, to see fair play, to get fair work for fair 
payment under the contract and specification, and 
to render all reasonable assistance to achieve the 
speedy and satisfactory completion of the work. 

A specification properly written endows the 
engineer with great powers. It is intended to give 
him the whip hand if required, and it sometimes 
is required. On the other hand, specifications are 
usually meant to be applied with reason and judg- 
ment, not losing sight of the principles of equity 
between decent and honourable men. 

Day work is a fruitful source of dispute between 
engineers and contractors. In the hands of some 
contractors, it is not putting it too strongly to say 
that day work amounts to daylight robbery. This 
method of working should not be adopted unless 
circumstances render it unavoidable. It not in- 
frequently happens that work has to be done for 
which no item appears in the schedule, or to which 
no schedule item can be fairly applied. Whenever 
possible, prices should be noe upon between the 
engineer and the contractors. If the resident is a 
confident and strong man, this course can usually 
be adopted. Asa rule, a resident is not empowered 
to alter a schedule rate, but he can, if in the posi- 
tion and exercising the authority which ought to 
be his, make a new price, within limits, to meet 

rticular circumstances not previously provided 
i The contractors may decline to accept a price 
which the resident knows is a fair one, and hold 
out for too high a rate, or press the alternative of 
day work. The latter course is often pressed, but 
if the resident engineer is satisfied the work can be 
fairly done without recourse to day work, he may 
decline to allow it, and pay a price on account, 
leaving the final settlement until later. In this 
case he would naturally take care that the payment 
on account was not too high. 

Some resident engineers are very loath to 
settle prices, readily taking refuge in day work. 
It is perhaps less trouble, and by doing the 
work on the basis of time and material, he 
imagines he is getting rid of responsibility. The 
clerks of works or others can be instructed to return 
the time, and as long as there is a return, showing 
so many men so many hours, it matters little what 
the work is costing. The resident certifies for it, 
and takes refuge in the returns. It is common 
knowledge that when work is done and super- 
vised, as a good deal is, in this manner the cost 
is often higher than it should be, and a longer 
time taken to complete it. A resident engineer 
who acts in this way is either partially ignorant or 
inefficient. 

There are many causes which militate towards 
unnecessary cost in the execution of public works. 
It is sufficient to say here that one reason which 
tends towards the line of least resistance is that it 
sometimes happens the final accounts are subject in 
full detail to the review and scrutiny, as to prices 
and everything else, of an accountant’s staff. These 
persons are very competent accountants, qua 
accountants, but are not engineers, and know 
nothing of the value of work. It is as easy as 
A, B, C for a man who knows his way about to 
drive a coach-and-four through these people. 
Consequently, if a price is arranged, not being 
in the schedule, long, tedious, and _ irritating 
explanations are asked for. Whereas, so long 
as hours, men, and material appear in the accounts, 
the money checks out at schedule rates, and 
nobody asks why a job has cost 39. which 
might, and probably ought to, have been done 
for 2001. Moreover, it sometimes happens that a 
certain sum has been sanctioned hy a committee, 
and if the money be not spent, it is almost as 
awkward, in a sense. as having toask the committee 
for an extra sum. If this happens, the resident may 
get little more credit with his head cflice for saving 
than he loses if increased expenditure is incurred. 
Either the system or the committee are to blame 
for this. In any case, the tendency is opposed to 
economy. 

A source of trouble with contractors’ claims lies 
in the fact that even where a bond fide claim exists 
the amounts at first asked by so many contractors 
are nearly always considerably ia excess of anything 
that can oe reasonably substantiated. In fact, the 
total is a good deal higher than is expected or 
hoped will be allowed. It is made up in order to 
bear substantial reduction. Unfortunately, human 
nature is largely responsible for this mode of doing 
business, which is to be deprecated, Swollen claims 
becume, a part of the stock-in-trade of claim-seeking 





contractors. They wish to obtain all that is ible, 
not much minding how they get it. On the other 
hand, engineers are in some measure responsible 
for this custom, so frequently resorted to, of making 
up outrageous claims. 

The idea fixed in the minds of many engineers 
(we do not refer to those acting in the capacity of 
arbitrators) is that contractors’ claims, whatever 
the amounts and whatever the argument upon 
which they are based, must be substantially reduced. 
The merits of the case are lost sight of so long asa 
settlement can be reached at a figure well below 
the original claim. The engineer is anxious for a 
good reduction, and the smaller the proportion of 
the amount claimed for which he can settle the 
better he is pleased. Contractors know this. They 
soon learn to know the man they have to deal 
with, and make up their claims accordingly. At 
the same time, everybody knows many engineers 
who possess the faculty of distinguishing reasonable 
claims and settling matters fairly on their merits, 
having, of course, due regard to contracts and 
specifications. With such men it generally is to 
the contractors’ advantage to confine claims to 
reasonable proportions, which can be substantiated 
both in principle and amount, rather than to ask 
for 2001. and be quite ready when pressed to accept, 
aay, 75l., or nothing at all. 





WAGES IN THE METAL, ENGINEER- 
ING, AND SHIPBUILDING TRADES. 


Tue sixth report of a series being issued by the 
Board of Trade relating to the earnings and hours 
of workpeople of the United Kingdom was pub- 
lished last week. It deals with the metal, engi- 
neering, and shipbuilding trades. The earlier 
volumes were for the textile, clothing, building, 
and woodworking trades, certain public utility 
services, and agriculture. The average earnings of 
men returned as working on full week in each of 
the principal trades dealt with in the present report 
were as follow :— 


Pig-iron manufacture 

Iron and steel manufacture 

Tin-plate manufacture ... ee 

Engineering and boilermaking... nee 

Ship and boat-building and repairing... 

Railway carriage and wagon building 

Manufacture of light iron castings, 
stoves, grates, &c. : eae 


In the other metal trades included in the inquiry 
the earnings of men were highest in the manufac- 
ture of jewellery (38s.), and lowest in farriery and 
general smiths’ work (27s. 9d.). In addition to the 
general summary of the results given, each of the 
industries is dealt with in considerable detail, 
and a review of the statistics relating to the 
engineering industry may be of more immediate 
interest to our readers. In passing it may be 
remarked that the Engineering Federation is speci- 
ally referred to, in an introductory letter signed by 
Mr. G. R. Askwith, as having readily co-operated 
with the department in the inquiry. The figures 
for the engineering industry are therefore probably 
much more accurate than would otherwise have 
been the case. From an examination of the form 
of schedule appended to the report it is evident that 
the work involved in the preparation of their 
returns by the individual firms must have been 
very considerable. It is surprising, therefore, to 
find that in a voluntary inquiry such as this 60 per 
cent. of the workpeople employed were included 
in the returns received. 

It: should be stated that the inquiry relates to the 
year 1906, so that the figures are very much out of 
date. Since that date wages have risen considerably, 
and are probably from 1s. to 2s. per week higher 
on the average. The value of the figures, however, 
is more dependent on the fact that they form an 
official record of the conditions prevailing in the 
engineering industry at the date of the inquiry, 
and should be of great value for comparison in the 
future. For this reason alone it is unfortunate 
that the statistics have not been given in greater 
detail. For example, the areas for which details 
are given are, in some cases at least, too wide in 
extent and embrace branches of the industry of 
widely different character, and of sufficient im- 
portance in themselves to have been treated sepa- 
rately. Thus, in the North and West Midland 
counties, an area comprising counties as far 
apart as Gloucester and Lincolnshire, we find 
grouped together Leicester and Nottingham, with 


their hosiery and lace machinery, and Lincoln, 
with its agricultural machinery. Such a grouping 
cannot be defended either on the basis of a geo- 
graphical grouping or the linking up of districts in 
which the industries carried on are the same. That 
this criticism is well founded is evidenced by the 
report itself, in which, explaining the difference 
between the average earnings of workpeople who 
worked full time and the average earnings of all 
the workpeople, including those who worked less 
or more than full time, it states, amongst other 
reasons, that the difference between these two 
amounts is in part due to the varying proportion of 
full-time workers in different districts, &c. Now, 
if this difficulty occurs in dealing with the country 
as a whole, it is probably much greater in its effect 
in the case of an area such as that referred to above. 
No doubt, however, as the Board of Trade appear 
to have considered the difficulty, its effect on the 
statistics may not be very great. It is a point, 
however, to which we think some special attention 
should be given in the event of any similar inquiry 
being undertaken in future. 

Turning again to the report we find that rather 
less than three out of four of the male operatives 
were employed on time wages. Of the men, 72.6 
per cent. were returned as time workers, 22.8 per 
cent. as piece-workers, and 4.6 per cent. as being 
paid on the bonus system. These percentages would, 
of course, vary in different occupations. Pattern- 
makers, for example, are all time-workers, while, 
on the other hand, in machine shops and boiler- 
shops piece-work or bonus systems are almost as 
common as time-work. : 

The following comparison of the wages paid in 
certain of the principal districts to moulders, fitters, 
turners, machinemen in general engineering works, 
and platers, riveters, and caulkers in boiler-shops, 
may be of some interest. The wages given are 
those of time-workers. 
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Where the workpeople are employed on piece- 
work their earnings are, on the average, from 4s. 


to 6s. per week higher. In this connection it may 
be of interest to refer specially to the earnings of 
workpeople employed on the bonus system, against 
which for some time past the unions have been con- 
ducting a vigorous campaign, denouncing it and the 
employers concerned in no measured terms. The 
results of this inquiry by the Government do not 
seem to justify in any degree the accusations made, 
and show that the earnings of men working on the 
bonus system are well above their time ratings. 
The figures for the principal classes concerned are : 
Ave Full- Average Full-Time 
Time Rates. Bonus Earnings. 
34s. 8d 


\ 39s. 10d. 
Turners ... 34s. 2d. 41s. 
Machinemen . 27s. 32s. 10d. 

These figures speak for themselves. 

Of the total number of men returned as working 
full time in the engineering industry, 9.1 per cent. 
earned less than 20s. per week; 329 per cent. 
earned between 20s. and 30s.; 38 4 per cent. earned 
between 30s. and 40s.; 13.8 per cent. earned 
between 40s. and 50s.; 3.7 per cent. earned between 
50s. and 60s., and 2.1 per cent. earned 60s. per 
week and over. Thus, in all, nearly 20 per cent. 
of the men e uployed earned 2/. per week or over. 
As regards those earning under 20s. per week the 
report gives no indication of the classes of work- 
people concerned, but no doubt the workers 
represented include labourers of the casual type. 

Another important section of the report is that 
relating to the changes which have taken place in 
average wages since 1886, in which year an inquiry 


Fitters, &c. 





of a similar character to that under consideration 
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was made by the Board of Trade. A comparison of | 
the details given respecting the earnings of adult 

workmen in the principal occupations is given below. 

The figures relate to both time and piece-workers. 











Average Earnings for 
Full Time. Percentage 
Occupation. ree de: Increase. | 
1886. 1906. 
per week per week 
sd | s. d. 
Patternmakers .. 7 30 8 | 37 8 21.5 
Moulders (iron and steel) 31 5 37 10 20.4 
Smiths .. Sa oe 30 1 37 2 23.5 
Smiths’ strikers .. 19 11 240641 20.9 
Turners... ~ ee --| 2 9 36 2 21.6 
Fitters, erectors, and mill- 
wrights .. el oe --| 2 6 36 1 22.3 
Platers an se am 34°41 42 3 24.0 
Riveters and caulkers .. 29 9 39 4 32.2 
Holders-u ss ve 22 8 2310 | 27.2 
General labourers | 17 11 21 0 17.2 





The average increase for all adult workmen was 
25.9 per cent. It will be understood that these 
general percentage increases result not only from 
the change which has taken place in the level of 
wages in the various occupations, but also from the 
proportionate weight which is given to each occu- 
pation by the number of workpeople for whom full- 
time rates have been obtamed, and from the 
increase which has taken place since 1886 in the 
proportions of workpeople paid on piecework and 
bonus systems, as compared with those paid time 
wages. As we have already noted, wages have risen 
considerably since 1906, so that probably present 
rates are well over 30 per cent. higher than in 1886. 
Other sections of the report deal with hours of 
labour and holidays, but these present no features 
of special interest. 





INVESTIGATION OF BEARING- 
METALS. 

Tue research on bearing-metals which Professor 
E. Heyn and O. Bauer have heen conducting in the 
Material priifungsamt,* was undertaken mainly 
with the object of ascertaining how far repeated 
meltings of the metals, with or without additions, 
and various rates of cooling would influence 
their strength and reliability. The bearing metals 
investigated were white metal and bronzes, all of 
the purity which the Prussian Railway Depart- 
ment enacts ; the alloys did not contain more than 
0.2 per cent. of impurities, in accordance with these 
regulations. The alloys were prepared in the labora- 
tery from analysed metals, or taken as supplied 
after analysis. 

As regards white metal (alloys of copper, anti- 
mony, and tin), it resulted that refusion repeated 
five times did not alter the grain noticeably, nor 
did it affect the hardness, and the strength as 
determined by impact and by tensile tests. Refusion 
altered the composition somewhat, there being a 
comparative enriching in copper owing to the partial 
oxidation of the tin and antimony. Addition of 
magnesium or aluminium or of other reducing 
agents for the p of preventing this oxidation 
increased the hardness, but had little influence 
otherwise, and such additions would hence appear 
unnecessary. The rate of cooling was, however, of 
influence ; quick cooling yielded finer grain and 


higher hardness and strength, and the investigators | 


recommend that such metals should not be heated 
to high temperatures and that they should be cooled 
rapidly. 


The rate of cooling would oases upon the cross- 


section of the specimen, and was more notice- 
able in the sand castings than in the iron-mould 
castings, as was to be expected. In the specimens 
containing little zinc, re-melting had little effect on 
the mechanical properties of the alloy, although 
there was some oxidation of the tin to stannic acid. 


| Most of the stannic acid formed remained mixed 


with the metal, and did not force its way up to the 
surface. The slight mechanical effect mentioned 
consisted in a reduction of the tensile strength of the 
resistance to blows, and of the elastic stretching; 
the hardness and the crushing strength hardly 
suffered. The account does not, so far, give 
definite information about the best temperatures to 
be applied, and the most favourable rates of cooling. 
It is pointed out that slowly-cooled alloys tend to 

into a metastable modification, which is only 
stable at low temperatures, and that rapid cooling 
suppresses this tendency. The beautiful micro- 
photographs illustrating the account explain some 
features better than words could do. As the 
stability of the alloys cooled at different rates varies 
with the temperature, however, we should think 
that actual running tests of bearings will be re- 
quired. 

With respect to the addition of other substances 
to the bronzes, arsenic alone appears, so far, to 
have been tried in amounts up to 2 per cent. The 
addition of arsenic affected the temperatures at 
which crystallisation set in, and it lowered these 
temperatures. This influence was only observed , 
however, when the arsenic contents amounted to 
at least 1.52 per cent., and the structure and some 
mechanical properties were also not altered by a 
low percentage of arsenic. The crushing strength 
was increased by arsenic; the ultimate strength 
was slightly lowered, but the elastic limit decidedly 
raised. An improvement in the resistance to 
hammering showed when 0.65 per cent. of arsenic 
was present, and the elastic extensibility was still 
more sensitive, as it was lowered as soon as the 
arsenic percentage exceeded 0.3. 








NOTES. 
Tue ScanpinaviaN Lazpour Conruicts. 

THe Swedish masters do not appear to have 
shown, during the present comprehensive lock-out 
—comprehensive at least on paper— the same 
amount of discipline as that by which the great 
strike of 1909 was distinguished. In several branches 
independent arrangements with the men have been 
considered, or actually entered upon, as, for 
instance, in the case of the pipe-laying contractors. 
The Central Employers’ Union, in this case, decided 
that the contractors had committed an offence 
against the regulations, and the board came to the 
conclusion to confiscate the guarantees of the said 
contractors in connection therewith to the amount 
of some 110,000 kr. (6110/.). The Central Union of 
Employers strongly deprecate the fact that certain 
members have offered to make, or already have made, 
separate arrangements with the men’s unions, and, 
at a meeting recently held, the delegates of the 
masters’ union stated that in no case could they sanc- 
tion the right of members to make separate arrange- 
ments, inasmuch as this could only tend to trouble 
in the labour market, and not benefit any member 
of the masters’ union. Both the central and the 
district boards have, therefore, been authorised 
forthwith to take steps, according to the regulations 
of the union, against such members as have broken 





he bronzes of copper, tin, and zinc were similarly 
investigated, and cooling curves were taken with 
the aid of thermo-couples of platinum and platinum- 
rhodium. These observations revealed strong re- 
calescences at 938 deg., 781 deg., and 525 deg. Cent., 
due to the separation of solid crystals or to modifi- 
cations taking place in the already congealed mass. 
The castings were made in steel moulds or in sand. 
It would result that, by regulating the rate of 
cooling, bronzes poor in tin, and therefore com- 
paratively inexpensive, may be obtained mecha- 
nically equal to rich and more expensive bronzes. 
The bronzes were heated, for the refusion tests, up 
to temperatures ranging from 400 deg. to 950 deg. 
Cent. When they were rapidly cooled from tem- 
peratures above 782 deg. Cent. the hardness and 
the strength were found to be increased, and this 
eflect was more marked in the chilled castings than 


in the sand castings. 





* Mitteilungen des Kgl. Materialpriifungsamts, 1911, 
pages 29 and 63, 





or who may break their undertakings. The union of 
masters have decided to refuse acknowledgment of 
all separate arrangements and to contiscate. the 
guarantees of the respective members. In Norway 
the terms of agreement accepted by the respective 
| delegates (thanks to the admirable work done by 
| the mediators, who have had conferred upon them 
the Gold Medal of Merit, which is only held by 
two other Norwegians) were duly passed by bot 
masters and men. The question of a possible 
addition to the minimum wages for miners was left 
to the two mediators—the President of the Storth- 
ing, M. Halvorsen, and Dr. Alfred Eriksen—on the 
| basis of the information which has been put forward 
during the mediations.. The Norwegian Government 
has to appoint an umpire, and the arbitrators are to 
meet within two months from August 17. In 
| Denmark one of the companies has consented to 
take back some 12 per cent. of their old employees, 
|on worse terms than those on which they went 
|out. Their former colleagues have excluded them 
| from their union, and several trade unions have 


| 





prohibited their members, with wives,. children, 
and relatives, from travelling by the lines of the 
tramway companies in question ; the men who have 
gone back have also been molested and annoyed in 
various ways. 


H.M.S. ‘‘Orton” anp Her 13.5-In. Guns. 


The illustrations published on page 298 will be 
studied with interest, as they show the first of our 
Dreadnought ships fitted with 13.5-in. guns. Each 
of the three views, which are from pare. A by 
Mr. Stephen Cribb, of Southsea, establishes the 
increase in size, particularly of the gun - hoods, 
The guns themselves are not much longer, and 
their weight is but 11 tons more, than the latest 
‘“*mark” of the 12-in. gun, being 76 tons; but 
the gun-mountings are necessarily much heavier, 
although ingenuity in design and _ considerable 
research as to the strength of metals have enabled 
a surprising degree of compactness and lightness 
to be achieved. In view of these developments 
the gun trials will be watched with t interest. 
The 13.5-in. gun has a considerably increased 
muzzle energy, nearly 70,000 ft.-tons, as compared 
with about 48,000 ft.-tons in the latest 12-in. 
service weapon, and as a consequence the power of 
recoil will be greater and thestresson thegun-mount- 
ing considerably more. But the invariable success of 
the ordnance machinery by British manufacturers 
allows no room for doubt regarding the success of 
the Orion’s gun trials next month. The armour- 
piercing shell fired has a weight of 1250 lb., as 
compared with 850 1b. in the case of the 12-in, 
gun, and it will be understood that a much larger 
bursting charge can be accommodated within the 
shell, so that the destruction, when the enemy’s 
armour has been penetrated, will be considerably 
more. This, rather than greater penetration, is 
the principal reason for the adoption of the gun 
of increased bore. The Orion mounts ten of these 
13.5-in. guns, all of which may be fired on either 
broadside, in addition to fourteen 4-in. guns for 
repelling torpedo-boat attack. Fig. 3 shows well 
the arrangement of the four 13.5-in. guns at each 
end of the ship; the two guns in the amidship 
barbette are in the centre line, and can be 
trained through a complete circle; the deck erec- 
tions, boiler uptakes, &c., have been cut away to 
compass the widest possible bearings before and 
abaft the beam. The Orion has been built at 
the Portsmouth Dockyard. The keel was laid 
on November 29, 1909, and she will be in com- 
mission by the end of the year, so that the 
vessel will be completed in two years from 
the laying of the keel. This is an important 
achievement in view of the great dimensions 
of the ship. She has a length between perpen- 
diculars of 545 ft., a breadth moulded of 85 tt. 6 in., 
and a depth moulded of 43 ft.6in. Ona draught 
of 27 ft. 6 in. the displacement, will be 22,500 tons, 
and when at this draught it is anticipated that a 
speed of 21 knots will be realised, with the Parsons’ 
turbine machinery developing 27,000 shaft horse- 
power. This turbine machinery has been con- 
structed by the Wallsend Slipway and Engineering 
Company, Limited, Wallsend-on-Tyne. There are 
four shafts, each with an ahead and astern turbine, 
but arranged as independent units on each side of 
the centre line. For steaming ahead there are two 
high-pressure and two low-pressure turbines, and 
for steaming astern, two high-pressure and two 
low-pressure turbines. The low-pressure turbines 
for ahead and astern steaming, on port and star- 
board sides respectively, are within one casing, 
whereas the high-pressure ahead and astern turbines 
are each independent units. 


THe Humpeurey Pump Patents, 


In view of the interest which is now being taken 
in the construction of internal-combustion pumps, 
special interest attaches to the judgment of the 
Comptroller in a recent case, in which the Pump and 
Power Company opposed the sealing of a patent 
which they claimed to be an infringement of Mr. 
Humphrey’s. Many inventors are apparently at 
work on the design of internal-combustion pun:ps, 
and it is, perhaps, for this reason that the unusual 
course has been adopted of printing the Comptroller’s 
decision as a public document. In this, the view of 
the Patent Office as to the ground covered by the 
fundamental Humphrey patents is explicitly stated, 
and would-be constructors of internal-combustion 

umps would he well advised to consult the document 





fore filing an y gy meee for patent protection. 
In his decixion the Comptroller states that the 
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Humphrey pumps show an important advance in the 
art, and to show the reasons for this conclusion he 
gives a survey of the prior state of theart. Attempts 
to make internal-combustion pumps date back, he 
states, to 1858, and from t{ date up to 1906 
thirty or forty specifications had heen filed. None 
of these, however, he states, embodies the principles 
of working disclosed in the Humphrey - Cerasoli 
patent No. 20,736, of 1906. In this specification, 
the Comptroller proceeds, it was stated, in the first 
place, that the momentum of the water column is 
used to draw in fresh liquid and combustible 
charge, and until then no one, he states, had recog- 
nised the importance of the principle as applied to 
internal-combustion pumps. Secondly, Humphrey 
lays down the principle that the movement of water 
in the discharge-pipe shall be free and unobstructed 
by valves, so that there is a back flow into the com- 
bustion-chamber when the momentum is expended. 
This return flow of liquid effects the compression of 
the fresh combustible, and is, the Comptroller states, 
‘* entirely charactoristic ” of the Humphrey pump, 
‘*no such action being described in any — in- 
vention relating to pumps of this class.” irdly, 
Hump expels the spent gases from the explo- 
sion-chamber by causing fresh water from the supply 
tank to flow into this chamber before the column 
of water in the main discharge-pipe has come to 
rest. The result is that the fresh water which 
has entered the combustion-chamber is partly with- 
drawn again and follows the water in the discharge 
main, dee drawing in a fresh supply. ‘‘ This 
operation also seems to be entirely novel.” Three 
other of Humphrey’s most important patents—i.e., 
Nos. 18,594, 18,595, and 19,341, of 1907—are re- 
ferred to in the decision, and in a subsequent part 
of his judgment the Comptroller states that 
Humphrey ‘is throughout claiming methods of 
working rather than the particular apparatus, and, 
indeed, many forms of apparatus may be devised 
without invention which would be in fact Humphrey 


pumps.” 


THE TURIN INTERNATIONAL 
EXHIBITION. 
(Concluded from page 251.) 

Tue very brief descriptions given in our two 
previous issues cover but a small fraction of the 
exhibits to be seen in the Italian Naval Pavilion, 
the electricity and the machinery buildings situated 
in Valentino Park, on the left bank of the river. 
The exhibits shown include a large variety of other 
engines and pieces of machinery, among which 
may be mentioned a Brown-Boveri turbine having 
a velocity-compounded impulse-wheel at the high- 
pressure end, the remainder oo! constructed on 
the reaction principle. This turbine is coupled 
to a three-phase 8000-volt 42-period alternator, 
built to run at a speed of 2530 revolutions. Water 
turbines are well represented by the exhibits made 
by the well-known firm A. Riva and Co., Milan, 
successors to A. Riva, Monneret, and Co.; these 
include a 6000-horse-power Pelton wheel, for a speed 
of 500 revolutions, and a head of 470 m. (1540 ft.); 
a 4800-horse- power Francis turbine; various 
other small turbines and examples of accessory 

and fittings. The Société Théodore Bell and 

., Kriens-Lucerne, show a turbine with a vertical 
shaft for a head of 5 m. (16 ft. 5 in.), a body of 
water of 31,200 litres (6900 gallons) per second, 
and to develop 1600 horse-power ; also an oil-pres- 
sure governor. 

A number of small oil and petrol-motors are to 
be seen exhibited by different manufacturers, and 
running empty or for lighting the stands on which 
they are erected. Automatic and semi-automatic 
steel and wood-working machine-tools are numerous. 
The Maschinenfabrik Lorenz, Ettlingen, Baden, 
have an interesting machine, located close to the 
Sulzer 1000-horse-power Diesel engine, and built 
for cutting double-helical teeth on gear-wheels. 
Exhibits of gears having double-helical teeth are 
made by several makers, including Messrs. André 
Citroén and Co., Paris, and the Societa Italiana 
Ingranaggi di Precisione, Milan. In this connection 
we may mention the Firm Luigi Pomini, Castellanza, 
who have a most interesting exhibit of transmission 
gear complete, including built-up fly-wheels, pulleys, 
toothed-wheel gearing, of cast iron and steel ; 
elastic coupli and so forth. Adjoining 
their stand they have an electrically-driven shaft 
fitted with their various types of clutches to illus- 
trate their working. ste 

Electrically-driven machinery in the electricity 








——— is of the general t usually met with 
at exhibitions, including ventilating fans of various 
patterns. In addition to these there are a number 
of applications of current for heating purposes, 
exhibited by Messrs. Otto Baur and Co., Zurich, 
including heated carpets of different sizes, electric 
bed-warmers, electrically-heated footstools, and so 
forth. Among the other interesting machinery 
electrically driven, we may mention book-sewi 
machines and examples of spinning machinery an 
sar free ee The noise made by these latter is a 
isadvantage from which their attendants are the 
first to suffer, but which also causes much annoy- 


ance to the attendants at neighbouring stands and | 


to visitors generally. The grouping together in 
one separate building of the textile machinery 
exhibited by the makers of all nations would 
greatly improve matters in this respect. 
no insuperable difficulty in carrying out such a 


i lei TA 

The British Pavilion, being situated on the left 
bank of the river, is in a most favourable situa- 
tion, and bids fair to be much more visited than 
the pavilions of other countries located on the 
other, or right, bank. The present summer is an 
exceptional one; the heat in Turin has been 
almost unbearable for many weeks t, and we 
fear that it will have led many visitors to con- 
sider twice before they crossed the river by any of 
the several means available—by boat, by aerial 
ropeway, by the bridges, or by the ‘‘ tapis roulant”’ 
underneath the platform of the monumental 
bridge—with a view to inspect the admirable dis- 


plays made by different other nations on the right 


We have already stated that the British Pavilion 
is self-contained, and have given a brief description 
of the Hornsby and Campbell gas-engines which 
supply it with current for power and lighting. 
These engines are in the engineering section, which 
contains a very complete display made by other 
British works. This includes a 36-horse-power 
or with suction-gas producer, by the 

ational Gas-Engine Company, Limited, Ashton, 
Manchester, who also show 22, 12}, 7, and 3- 
horse - power ‘‘ National” oil- engines. Messrs. 
Blackstone and Co., Limited, Stamford, exhibit a 
25-horse-power crude-oil engine, a 6}-horse-power 
stationary engine working on refined petroleum, 
an 8-horse - power portable engine also running 
on refined petroleum, and a 2-horse-power engine 
using this same fuel and coupled to a treble- 
throw pump. The above exhibits, and others of a 
similar class, are arranged round the sides of the 
engineering section. e centre contains a very 
fine display made by several British firms, in- 
cluding awe. Ruston, Proctor, and Co., Limited, 
Lincoln, who show two portable steam-engines of 
25 and 12 horse-power, the former with super- 
heater ; a 124-ton steam road-roller with super- 
heater; a 75-horse-power suction-gas engine and 
emcee ; and two crude-oil engines of 40 and 20 

orse-power. Close to this is the stand of Messrs. 
Richard Garrett and Sons, Limited, Leiston, who 
exhibit a compound superheated - steam semi- 
stationary engine, condensing ; a single-cylinder 
superheated-steam portable non-condensing engine ; 
a 10-ton compound superheated-steam roller; a 
steam motor-wagon and other agricultural machi- 
nery; and that of Messrs. Clayton and Shuttleworth, 
Limited, Lincoln, who have a very fine display of 
machinery, which includes a single-cylinder port- 
able engine capable of te 30 effective horse- 
power; an 8-in. centrifugal pump; an 8-horse- 
power (nominal) defocdiiader traction-engine, 
with two speeds, compensating gear, winding-drum, 
injector, and improved gear-driven feed-pump; a 
3-horse-power (nominal) single-cylinder portable 
engine, and several thrashing and other agricultural 
machines. 

The lai stand in this section is occupied by 
Messrs. hall, Sons, and Co., Limited, Gains- 
borough, who show four portable engines, a light 
traction engine, a 10-ton steam road-roller, and 
several thrashing- machines of different dimen- 
sions. Parallel with this is the stand of Messrs. 
John Fowler and Co. (Leeds), Limited, which 
contains excellent specimens of complete steam 
ploughing plant. Sense. J. and H. McLaren’s 
adjoining stand is equipped with plant of a similar 
nature. The remainder of the central portion of 
the engineering section is occupied by textile machi- 
nery and machine-tools, most of which are shown 
in action. The textile machinery exhibitors are 


Messrs. Hacking and Co., Limited, Bury; the’ 


We see) 





British Northrop Loom Company, Limited, Black- 
burn ; Mesars. Brooks and Doxey, Limited, Man- 
chester; Wilson Brothers Bobbin Company, Limited, 
Garston; and Messrs. John Hetherington and 
Sons, Limited, Manchester. The machine-tools 
are exhibited by Messrs. Alfred Herbert, Limited, 
Coventry, and include steel and wood-working 
machines. 

Such is a brief description of the British machi- 
nery exhibits. Close by are displayed excellent 
specimens of British - built motor-cars, motor- 
bicycles, and accessories of all the various kinds 
used in the motor-car industry. 

The British exhibits of scientific instruments, fur- 
niture, tailoring, library fittings, ceramics, among 
others, are certainly unsurpassed by those of any 
other nation. This applies with equal force to our 
photographic exhibits. We have compared these 
with similar exhibits proceeding from other coun- 
tries exhibited at Turin, and also the British 
with the foreign photographic displays shown at 
other former ntinental exhibitions, and have 
always found ours to be much superior. Our atmo- 
sphere, against which we complain sometimes, and 
which frequently causes the foreigner to leave our 
shores in despair, is no doubt conducive to excel- 
lent photographic results, if these be not attribut- 
able to our greater skill in conducting the various 
phases of the process. 

Where, however, we fall short at the Turin 
Exhibition is in the number of ship’s models, of 
warships more especially ; models of British-built 
ships are very fewin number. The conflagration 
at the late Brussels Exhibition is, no doubt, partly 
responsible for this state of things. In this con- 
nection we should like to call special attention to 
the warship models displayed in the Pavilion of the 
Royal Italian Navy. These models are in goodly 
number ; they are all in sombre hues, and thus they 
represent much more truthfully than our own 
highly-finished gilded and silvered productions what 
a real warship actually is like, being, besides, far 
less costly. 

From the British Pavilion access is had via the 
Corso Dante subway to the Public Works Building 
and to that containing the railway material. 
Interesting particulars are given in the former, by 
means of maps, drawings, and books, of the exten- 
sive reclamation work which has been carried out 
in different parts of Italy, but more especially in 
the marshy district of Ferrara, to the south of 
Venice. The land in that district which extends 
between Ferrara and the Adriatic Sea was found 
to be very suitable for raising various agricul- 
tural products; unfortunately, it became easily 
swamped in rainy weather, and the problem 
was to put down at different points draining 
stations to pump into the River Po, and into the 
sea, the rain water with which the land became so 
easily covered. An idea of the quantity of rain 
water dealt with by the pumping plant is afforded 
by the fact that in October, 1907, the amount of 
rainfall was 201 mm. (8 in.), representing several 
hundred thousand tons per square mile. Several 
large pumping plants for draining the district had 
been carried out at different periods, under the 
direction of the Ministry of Public Works and 
Agriculture. These, however, were soon found 
inadequate, in that they did not deal with a suffi- 
ciently large tract, and the Ministry therefore 
ordered a more powerful installation from Messrs. 
Sulzer Brothers, Winterthur, which was put down 
in 1910, at a place called Codigoro. his plant 
contains five 1200-horse-power steam-engines direct 
coupled to an equal number of low-lift pumps, 
nftons) together of dealing with 80 cub. m. (17,600 


ons Fee second. 

The Public Works Pavilion. contains other in- 
teresting exhibits in the shape of maps, drawings, 
and general data on many important installations 
carried out in various parts of the country. But 
more striking than these are the displays made in 
the same pavilion by the principal Italian works 
to illustrate their power of production in heavy 
metallurgy and large engine construction. These 
displays include a rolled steel plate shown by the 
Terni Steel Works, measuring 15 m. by 4m. by 
50 mm. (49 ft. 24 in. by 13 ft. 14 in. by 1.97 in.), 
and weighing 23,500 kg. (23 tons 24 cwt.); a rough 
forged gun tube for a 12-in. 46-calibre gun, the 
tube being 17.5 m. (57 ft. 5in.) in length, and 
weighing Pa a weysnene 34 tons; several armour- 
plates tested in proving-ground experiments ; and 
a rudder-frame for the new battleship Giulio Cesare, 
one of the Italian Dreadnoughts now in course of 
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construction, weighing about 16 tons. They also 
show several guns, including one in a land turret. 
The Ansaldo Company have also a fine display of 
artillery and ships’ models; they also exhibit 
a complete steering-gear for a battleship of the 
Giulio Cesare type, several propeller and thrust- 
shafts, and a propeller for a Dreadnought. The 
Ansaldo Company have recently entered into an 
agreement with Messrs. Schneider and Co., Creusot 
and Havre, for the manufacture for Italy of the 
Schneider pattern of field, mountain, and other 
guns ; and the Ansaldo stand includes several 
specimens of these guns, a Schneider torpedo, and a 
coast defence cupola with a 28-cm. (11-in.) 36-calibre 
gun, being one of the eupolas ordered from the 
Creusot Works and now in course of delivery. 
Beautiful ships’ models are exhibited in this same 
pavilion by Messrs. Fratelli Orlando, who also 
show marine-engine modéls and a model of a 
Zoelly turbine. Messrs. N. Odero have similar 
exhibits. The activity of the Italian works is 
very fully illustrated by other classes of indus- 
trial products displayed in the same pavilion. 
These include welded receivers and tanks, riveted 
boilers, and similar work, shown by the Officine 
Metalliche Togni, Brescia ; armour-plate mill and 
other rolls, one measuring 3.200 m. (10 ft. 6 in.) 
in length, 900 mm. (35.43 in.) in diameter, and 
weighing about 17 tons, by the Franchi Griffin 
Company, Brescia; rolling-mill housings, one 
weighing about 19 tons, and several ingot moulds, 
one of which weighs approximately 2.5 tons, manu- 
factured by the Piombino Blast-Furnace and Steel 
Works Company ; the Societa Metallurgica Italiana, 
Leghorn, exhibit a Muntz metal disc 2.48 m. 
(8 ft. 14 in.) in diameter, 20 mm. (0.79 in.) in 
thickness, and weighing 1 ton, besides a very fine 
display of locomotive boiler tube-plates, tubes, 
cartridge-cages, and so forth. 

Rolled material—plates, bars, rails, and sections 
of mild and hard steel—is exhibited by several 
works, among which we may mention the Societa 
Siderurgica di Savona. The Societa Anonima 
‘‘Tlva” display particulars of their organisation. 
The latter company are of relatively recent forma- 
tion, their object being to develop the manufac- 
ture of iron and steel in the southern part of 
Italy. The “Ilva” were established by virtue 
of a law passed by the Italian Government, 
and they have absorbed the Societa Siderurgica di 
Savona, and other Italian metallurgical works, in 
that they centralise the sales of metallurgical pro- 
ducts and divide the orders among the establish- 
ments forming the group. They are also ns 
down an extensive plant at the Bagnoli, close to 
Naples, which is to comprise coke-ovens with com- 
plete by-product recovery, blast-furnaces, also 
with gas utilisation, steel works, and rolling- 
mills. The coal is to come from Great Britain 
or Germany. Theiron ore will be taken from Elba, 
where the company have obtained a special conces- 
sion. So far only part of the coke-ovens and blast- 
furnaces have been built and completed. The 
coke-ovens deal with 600 tons of coal per day, and 
yield 480 tons of coke, 10 tons of tar, and 6 tons of 
sulphate of ammonia. The blast-furnaces, of which 
two are completed and in working order, produce 
each between 200 and 250 tons of pig iron per day. 
The steel works are to contain ten ic Siemens- 
Martin furnaces of 55 tons capacity each, and two 
300-ton mixers. The rolling-mill department is to 
be fully equipped for the manufacture of plates and 
bars, the object being to render the country entirel 
independent of foreign supplies of iron and ad, 
which at the present time are purchased at the rate 
of 4,000,000. or year. 

Close to the Italian heavy metallurgical exhibits 
are the French exhibits of a similar nature. The 
French works have taken special pains to call 
attention to their artillery. Thus, besides the 
Schneider guns shown in the Ansaldo stand referred 
to above, the St. Chamond Company show a 24-cm. 
(9.45-in.) coast-defence gun, weighing, with its 
mounting, 91 tons, having a muzzle velocity of 
850 m. (2788 ft.), and a range of 15,000 m. (16,400 
yards); a 70-mm., (2.75-in.) mountain gun; pro- 
jectiles of different calibres ; tested armour-plates ; 
together with a few locomotive wheels and auto- 
mobile chassis. Messrs. — Fréres have also 
gun-tubes, gun-hoops, projectiles, a tested armour- 
plate, cankdetias dni, andan anchor. The 
Chatillon Commentry Company have a 75-mm. 
aed field-gun of 30 calibres and one 
of 28 calibres, with ammunition-wagons, also pro- 
jectiles and two tested cupola-plates. Messrs. 


Holtzer have a fine display of projectiles and a 
cylinder cover of crucible steel ; while the Pont 4 
Mousson Company have built a pyramidal stand 
formed of water-pipes, very similar to the one they 
showed at the Brussels Exhibition. 

The last building on the left bank of the river 
is that containing the exhibits made by the 
Italian State Railways and locomotives of Italian 
and foreign manufacture. It gives directly into 
that covering the heavy metallurgical displays made 
by Italy and France. The Italian State Railways 
exhibit views, drawings, maps, models, and printed 
matter concerning their permanent way and rolling- 
stock. The progress made in to traction 
on these railways is fully illustrated by twe 
locomotives, one built in 1853, and the other in 
1857, and coupled to two trains of the period. 
Close to these are modern engines of various t; 
built by Ansaldo ; by the Construzzioni Meccaniche, 
Saronno; the Officine Meccaniche, Milan; the 
Ernesto Breda Works, besides a splendid display 
of French, Swiss, Belgian, and n engines. 
We gave data on one of the Breda engines on 
page 258 ante, and hope to describe some of the 
other units later on. 

The display at the Pilonetto opposite the railway 
building, on the other side of the river, contains 
bicycles, motor-cars, aerial navigation exhibits, 
agricultural machines, chemicals, historical exhibits 
on the army and navy, silk and other industries, 
exhibits of Italian statuettes, and other objects of 
art. This part of the Exhibition, as stated in a 
former article, is lighted by current supplied by a 
Fiat 100 to 140-horse-power electric set. 

Various congresses of engineers have been held 
already in Turin. Others are announced, including 
the autumn meeting, on October 2 and 3, of the 
Iron and Steel Institute ; this will give members a 
welcome opportunity of witnessing the power of pro- 
on gg of the Italian metallurgical and mechanical 
works. 





THE ROAD BOARD. 

As already announced, the Road Board has 
to lay a number of experimental lengths of roadway 
of different materials, or composition of materials, for 
experimental purposes, in order to acquire information 
useful to the and to road engineers in general. 

The Board has now published, through Messrs. Water- 
low and Sons, Limited, Great Winchester-street, E.C., 
a pamphlet bearing the title ‘‘ Trials of Road Materials 
by the Kent County Council, under ment with 
the Road Board, on the New Eltham-Sidcup Road,” 
price ls. 6d., giving particulars of the various materials 
selected for the trials. A preliminary statement by 
Colonel R. E. Crompton, es. consulting ineer 
to the Board, is included, in which it is sta that 
‘**the object the Road Board has in view is to secure 
@ service test, under uniform conditions, of a number 
of trial lengths of roadway laid down under the general 
direction and supervision of the advisory Engineering 
Committee of the Board, so that a record of compara- 
tive results can be obtained in a better and more reliable 
manner than is generally obtainable in the case of 
road surfaces laid down in the ordinary course of road 
maintenance in different parts of the country.” 
Complete records are to be kept as to conditions, 
weather, and details of construction, and the results 
will be published. The accurate information so col- 
lated is bound to be of great utility to all responsible 
for the maintenance of The cost of the experi- 
ments is to be defrayed by the Road Board. The 
tests will be severe, owing to the heavy traffic 
habitually passing over the route selected. Particular 
care was taken in the seleetion of the route, which is 
not shaded by trees except in a few places. The 
traffic, ascertained by observation, amounts to a 
density of nearly 500 tons per yard width per 24 hours, 
and includes a uent service of motor-omnibuses, 
The pamphlet includes a y of the specification 
under which the work is to carried out. It is 
provided that the various contractors shall be respon- 
sible for the maintenance of their work from the date 
of the commencement of the laying of the materials 
until the County Surveyor of Kent gives notice that 
the same requires reconstruction. e obligation on 
the part of any of the contractors to maintain their 
work may cease on notice being given to the Count; 
Surveyor by the contractor concerned, that in his 
inion his section requires reconstruction, when the 
life of the section is to be considered at an end. 
It is pointed out that the cheapest road is that for 
which the cost is lowest when, at the end of its life, 
the total sum expended on prime cost and annual 
ee spread over the life, works out at the 
lowest . 

The area subjected to test amounts to 18,420 square 
yards, and 23 differen 


is now in progress, and it is anticipated the whole 
'will be completed by the end of September. Road 
engineers are invited to visit the works during pro- 
— or at any time afterwards, and Mr. F. W. LS. 

, Alma-road, Sidcup, Kent, the resident engineer, 
will give any information on the ground. ersons 
interested are also invited to apply at any time for 
information to the County Surveyor, Maidstone, Kent, 
or to Colonel Crompton, C.B., Queen Anne’s Chambers, 
Broadway, Westminster, London, 8. W. 

A detailed summary of the traffic census is appended, 
together with a table stating the names of the twenty- 
three contractors, descriptions, and finished thicknesses 
of materials, with the contract price per square yard of 
each, and contract price for maintenance, and also 
the cost (including maintenance at contract rates) per 
square yard per annum. Added to the phlet, which 
is well worth perusal by those interested, is an appendix 
showing how to get to the site from London, with a 
railway time-table. We congratulate the board on 
the compilation of this pamphlet, and on the facilities 
offered for the dissemination of information deduced 
from these experiments of national interest and im- 
portance undertaken at the public cost. 





INSURANCE AGAINST STRIKES. 

Ar the recent general meeting of the Danish Employers’ 
Union, the chairman went at some length into the matter 
of insurance t strikes, winding up with a state- 
ment to the effect that the central board of Danish 
employers recommended a thorough investigation of the 
whole question, seeing in such investigation not only 
& possi ny | of solving the problem as to how com- 

sation should be paid to members who suffer loss 
cessation of work, but also a means of idati 

e financial position of the union, which the future will 
no doubt necessitate. The board, he said, knew that 
this would be costly, but this consideration ought not to 
weigh heavily in the balance. They were pared for the 
investigation leading to the result that the joint fund of 
the Employers’ Union would have to become the guaran- 
tee fund for the strike insurance. er, that a sum 
would have to be levied as an entrance fee, which contri- 
bution, however, in most =o % was thought, could be 
covered by the aid funds, which would discontinue after 
the establishment of strike insurance. Finally, the } per 
cent. paid to the administration of the Employers’ Union 
would have to be continued, in such a way that the sums 
which were not absorbed for this pu: should be trans- 
ferred to the guarantee fund of the Employers’ Union. 

What premium o' ise would have to be levied 
on the wages paid in addition to the above j ae 
cent. it was quite impossible to state at present, but 
preliminary examination seemed to point to the fact 
ag § an annual yen to the a fund of 4 per —_. 
on the wages paid would go a very long way towards the 
attainment of the desired end. If” this were really 
the case, it meant that whilst the members at present 
paid 2 per cent. to the aid fund, the future payment 
w be 4 per cent. to the administration, and 4 per 
cent. to the strike insurance, varying considerably in the 
different cases, according to the nature of the concern. 
This, of course, would not provide cover for such possi- 
bilities as a large general lock-out, but in ordinary con- 
ditions it would enable the union, or the strike insurance 
fund, to meet all the obligations which could be reasonably 
laid upon the union as regards its members, and, above 
all, they would have done with that discontent which the 
past has shown very easily springs up. 





Tue Gauss Tower on THE HoHENHAGEN.—A tower in 
honour of the great physicist has been erected on 
the Hohenhagen, a hill metres in height, near Drans- 
feld. This my my locality has been selected because 

: on that hill for a long time in 1831, when 
in the Brocken- Hohenhagen-Insels' triangu- 
lation, again two of the most prominent heights of 
the Harz Mountains. The tower is a square four-story 
structure, 36 metres in height, built in basalt, with a 
—/- roof. The interior has been fitted up asa Gauss 

useum, and contains a bust ef the savant, an exact copy 
of the first Gauss-Weber telegraphic apparatus (kept at 
Géttingen, where the experiments were conducted), 
copies of other instruments of and also pictures of 
the south polar exploration ship named after him, &c. 


OUTLOOK OF THE CHLORINE INDUsTRY.—The develop- 
ment of the electrolytic alkali and chlorine production 
is putting more chlorine on the market than is wanted, 
and the chief problem is now to find applications for 
this substance. lorine is still converted into 
chloride of lime or bleach. But liquefied chlorine, and to 
a greater extent even, electrolytic sodium hypochlorite, 
compete with the old bleach. It is claimed that the 
electrolytic hy lorite is more active than the old 

aw Ay er ; at any rate, it yields a more bluish 
tint, and is often preferred for that reason. New bleach 
works are still in of 
although the price of the lime chloride has fallen very * 
much, and although most | consumers supply their 
own requirements. In electrolytic alkali works potassium 
chloride is, in y, decomposed by erence to 
sodium chloride, because the potash commands a higher 
ice than the soda; there is less demand for potash, 
cowoven. Dye works and other chemical works require a 
certain amount of chlorine ; as a rule, however, they can 
make their own chlorine, and the outlook is beco 
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HIS MAJESTY’S BATTLESHIP “ORION.” 
BUILT AT THE ROYAL DOCKYARD, PORTSMOUTH; ENGINED BY THE WALLSEND SLIPWAY AND ENGINEERING COMPANY. 
(For Description, see Page 295.) 












































Fic. 1. Bow View. 3. 2. Srern View. 











Fie. 3, View Suowine Four 13.5-In. Guns Art, 
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As is well known, ordinary piston-rod packings ae 
unsuitable for use on turbine spindles, the high speed 
of rotation giving rise to lubrication difficulties and 
other troubles. The problem of — a form of 
g'and not requiring lubrication was solved by the 
Hon. Sir C. A. Parsons, who introduced the labyrinth 
packing, one of the most ingenious of his many novel 
contributions to practical mechanics. Many attempts 
have been made to discover other solutions of the 
problem, and in view of its self-lubricating properties, 
and its resistance to high temperatures, attention was 
naturally directed to graphitic carbon as a material 
ior packing-rings. At the outset great difficulties 
were experienced, as the rings tirst used were very 
fragile, and gave trouble from breakage in place. The 
problem was then attacked by the 
Company, of Battersea, 8S. W., who had previously suc- 
cessfully solved the equally difficult matter of producing 
a reliable carbon brush for continuous-current dy- 
namos. As the result of much experiment, this firm 
succeeded in producing carbon gland-rings of excep- 
tional mechanical strength, and glands packed with 
these are now being tried by many builders of 
steam-turbines. Practice in this matter cannot, how- 
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ever, be said as yet to have been fixed, and we illus- 
trate above three different arrangements which the 
Morgan Crucible Conipany have supplied to different 
firms. a 

In the packing illustrated in Fig. 1 there are two 
carbon packing-rings; each of which is built up of 
three segments, which are preferably made —_ 
ther 
by spiral springs encircling the lot, as indicated in our 
engraving. Two brass rings, pressed apart by springs, 
as shown, keep the carbon rings up against their 
seats, and provision, it will be seen, is also made for 
introducing steam into the *tween space. ~~ Be. 
jecting from the seats on which the — are bedded 
prevent these being carried round by the shaft as it 
rotates. 

An alternative form of gland is illustrated in Figs. 2 
and 3 ; the spiral springs holding the segments together 
are here replaced by flat plate springs mounted on brass 
spacing rings as shown. Here, again, provision is 
made for admitting steam to the interior of the pack- 
ing, thus preventing any possibility of air leakage into 
the turbine and thence to the enser. 
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GLANDS FOR STEAM-TURBINES. 
CONSTRUCTED BY THE MORGAN CRUCIBLE COMPANY, LIMITED, BATTERSEA, 8.W. 
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The gland represented in Figs. 4 and 5 is in prin- 
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ciple the same as that illustrated in Fig. 1, with the 
addition of an arrangement for supporting the weight 
of the king-rings on springs. This provision is 
intended to obviate any possibility of the rings wear- 
ing oval. As will be seen, a half strap of brass 

under each carbon packing-ring, and is itself supported 
~ each end by a spiral spring as shown to the left in 

Tig. 4. 








THE ROLLING OF SHIPS.* 


Address to the Engineering Section of the British Associa- 
tion for the Advancement of Science, by Professor J. H. 
Bites, LL.D., D.Sc., M. Inst. C.E., President of the 
Section. 

Ir has occurred during recent years that accidents have 

happened toships, and they have mysteriously disappeared. 

The complete disappearance, without leaving any trace, 

has led to the assumption that the vessel has capaized. ‘ 

The circumstances of such cases obviously preclude the 

existence of any direct evidence. The only subjects of 

investigation can be (1) the condition of the ship prior to 
the accident, and (2) the probability that such a condition 
could be one which in any known possible circumstances 
could lead to disaster. e first is determinable by evi- 

dence in any particular case. The second involves a 

consideration of the whole question of the behaviour of 

ships at sea. What is the effect upon any given ship of a 

known series of waves? What waves is a ship likely to 

meet ? 

This subject has occupied the attention of scientific 
engineers, and it 7 be said to have been considered a 
solved problem. e have thought that if a ship has 
a certain metacentric height and a certain range of posi- 
tive stability, she is quite safe from the action of a series 
of waves of any kind which we know to exist. If, how- 
ever, a known ship (and perhaps more than one) has these 
safety-ensuring qualities and mysteriously disappears, it 
may be desirable to review the grounds of our belief, to 
see whether any known possible combination of circum- 
stances may cause disaster. 

Let us en briefly review the grounds of our belief. 
Fifty years ago Mr. William Froude showed that the 
large angles wopany wae day ayy in rolling are not due 
to a single wave impulse, but are the cumulative effect 
of the operation of successive waves. The period T of a 
small oscillation of a ship in water free from wave dis- 


turbance and resistance is + a/ . , where k is the radius 
g 


of in, and h is the metacentric height—i.ec., the 
height of the metacentre above the centre of gravity. 


af ., where / is the length 


The period T of a wave is a/ = 
of the wave, and gis the acceleration due to gravity. The 
line of action of the resultant of the supporting pres- 
sures acting on a ship in undisturbed water is the vertical 
through the centre o' gravity of the volume of the water 
displaced by the ship. In wave-water it is in the 
normal to the effective wave-slope (which is approxi- 





* Address delivered before Section G of the British 
Association for the Advancement of Science, at Ports- 
mouth, August 31. 
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mately the wave surface). The oscillation of this normal 
as the waves pass causes a varying couple tending to 
incline the vessel. If the vessel is very quickly inclined 
by this couple she will place herself in or near the normal, 
and the inclining couple will be of zero value. If, how- 
ever, her movements are very slow, the normal may make 
one or more oscillations before any appreciable effect is 

roduced on the vessel. The tendency to incline in one 

irection, caused by the normal acting on one side of the 
vertical, is poveet def by the rapid oscillation of the normal 
to the other side of the vertical. It is therefore evident 
that the relation between the period of the ship and that 
of the wave normal is a dominating feature in the result- 
ing movement of theship. Mr. W. Froude’s mathematical 
solution of this relation is the basis of our belief that we 
understand the behaviour of a ship in the uniform system 
of waves when the vessel is p' broadside on to the 
waves. To obtain this solution he assumed that within 
the limits considered the moment of stability varied as the 
angle of inclination. In the curve of ey | levers of a 
ship, usually known as a curve of stability, this condition 
holds generally for angles up to about 10 deg. The curve 
usually reaches a maximum value at about 30 wy to 
40 deg., and vanishes at 60 deg. to 80 deg., so that for large 
angles of roll the assumption does not hold. On this 
assumption, however, he showed that the motion of a 
ship amongst such a eystem of waves is the same as for 
still water plus a motion composed of two sine terms. 
The amplitude of this latter motion depends upon the 


maximum slope of the waves and the ratio (the period 


of the > in undisturbed water to the period of the 
wave). If the ship starts from rest in the upright, @ is 
the maximum angle of inclination of the ship, and @, the 
maximum wave-slope ; then 

0 = 0, 

8 

He considered several solutions of the equation of 
motion :— pe 

1. T = T,; this is synchronism, and the angle of incli- 
nation gradually increases. Each wave-impulse adds 
something to the ship’s inclination, and without any 
resistance to rolling the vessel would capsize. 

2. FY = 0; this is the case of the ship’s period being 
very small compared with that of the wave. @ will then 
be positive and equal to 6;. In other words, the shi 
will place herself normally to the wave-slope. The maxt- 
mum amplitude will only be the maximum wave-slope. 

3. ar < 1. In this case the wave-period is greater than 
that of the ship, and @ is always positive and greater 
than 6,. The vessel always inclines away from the wave- 
slope. If 
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of the shi , and @ is always negative. The vessel inclines 
towards the wave-slope. 
If 


In this case the wave-period is less than that 


T _~ 11, then @ = - 4766; 
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This shows the advantage of aoning = greater than T). 
He showed that the ship goes through a cycle of 
changes and considered the effect of variations of a Upon 
T 
1, 
, so that it is better to lengthen T rather 


1,26, then 0 = - 0,; 
= 2.0, then 0 = 4 4; 


2.235, then @ = } 4). 


1 
= >is better than 


these cycles. He showed that 


ZL a8 
7, 5 
than to shorten it. Similar results for 7 = 2 and 4 
respectively gave better results by lengthening, than 

i A t = = > = 
shortening T. In each of the cases a"< T75 


1 
the results show balked oscillations in which, while 
the vessel swings towards the vertical, she does not 
reach it, but aie ll back agyin. he lengthened 
value of T here ve better results than for 
shortening it. The results given above are greater 
than would be obtained in practice, because resistance 
has been neglected. Later he determined the effect 
of resistance upon rolling in still water free from 
waves. He Soleranaet oe Aina 4 —— “ eo 
it to vary partly as the angular velocity and partly as the 
square of it. He rolled a ship, and after she was allowed 
to roll free from disturbance he measured the angle of 
inclination at the end of each roll. These showed the 
rate of extinction of the rolling due to the resistance. 
The loss of extreme le of roll between one roll 
and the next represented the work done by the ship 
in rolling. It is possible to calculate the work done 
in inclining’ the vessel to any angle, and the differ- 





ence betwean the amount of work thus done in two 
different angles represents the difference in work 
necessary, and therefore work done in resistance to — 
the ship to these angles of inclination. Hence the wor 
done by resistance between two consecutive rolls can. be 
actually measured by measuring the extreme angle of 
inclination in successive rolls. 

Having determined the resistance in terms of angles of 
roll and time, it was easy to determine the law which 
represented the resistance in terms of the angular velocity. 

n applying this to waves, all that is necessary is to 
take account of the fact that the position of equilibrium 
about which the ship oscillates is the normal to the 
effective wave-slope. This normal has a definite oscilla- 
tion about a fixed vertical. It is therefore possible to 
determine the angle of inclination in terms of time. 

As these angles of roll may be considerable, the assump- 
tion upon which the general solutions for unresisted 
rolling, a'ready given. were based will not hold. The 
actual moments of stability depend upon the form of the 
ship and the position of its centre of gravity, and as these 
vary in different ships, it is only possible to obtain the 
relation between inclination and time by a special inves- 
tigation in each case. A solution bya method of graphic 
an was devised by Mr. W. Froude, and has been 
applied to a very small number of cases. The informa- 
tion necessary to obtain a solution in any one case is as 
follows :— 

1. A curve of righting levers in terms of angle of 
inclination. This is called a curve of statical stability. 

2. The form and period of the wave on which the ship 
is sup to be placed broadside on. 

3. The constants which determine the actual value of 
the resistance moment in terms of the angular velocity. 
These can be obtained by rolling the ship in still water 
and observing the rate of extinction of rolling when that 
extinction is due to resistance only. The form of the 
curve of extinction can be obtained by rolling a model of 
the ship, but the actual ordinates of the curve for an 
actual ship can only be obtained by experiment on the 
ship herself, or by inference from a similar ship of 
approximately the same size, form, and arrangements. 

A consideration of these three necessities for the solu- 
tion of one particular case shows that a considerable 
amount of work is necessary for determining the angle of 
inclination in terms of time. Even this solution can only 
be made for one assumed maximum angle of inclination 
as a starting condition. For instance, in any case where 
a ship is assumed to start with a maximum inclination of 


P| 20 deg. it is only possible to obtain one solution of angles 


of inclination in terms of time. If we take another maxi- 
mum angle of inclination, another complete solution is 
necessary. The work of each solution is considerable. 

For ships which vary much in draught and condition of 
loading it is evident that for each ship the work of com- 
= investigation for all the conditions of loading of dif- 

erent waves and different angles of maximum inclination 

1s very a. For this reason the investigation of rolling 
by the Froude graphic method has only been made for a 
very small number of cases and our knowledge of the 
actual angles of inclination of ships obtained by this 
method is very small. 

The curve of statical stability is worked out for many 
ships in a few conditions of draught and position of centre 
of gravity. These curves are of little practical value, 
because they only serve as comparisons between ships. 
It is assumed that if a ship has a fair range of statical 
stability —i.c., that the angle of vanishing statical stability 
is not less than, say, 60 deg.. and the maximum righting 
lever is not unlike some previous ship which “ has been 
to sex and come home again ” safely, this ship will be 
safe. This assumption is based on the belief that only 
what has happened to previous ships will happen to the 
one in question—that is, that the contingencies of waves 
will be the same in all cases. But when we find that 
occasionally ships are missing we are compelled to ask our- 
selves the question, Is it possible that some occasional 
contingencies of sea or ship, or both, may exist which 
will produce a dangerous and perhaps fatal roll ? 

Mr. W. Froude’s investigations were made for a uniform 
—- of waves. He showed that in unresisted rolling a 
ship initially at rest and in the upright position is acted 
= 


upon by a uniform series of waves such that T 


1 q 
where p and gq are the smallest whole numbers which 
express this ratio then the rolling of the — | will be in 
cycles, the maximum inclination in each roll gradually 
increasing, and again gradually diminishing, and so on. 
The period of occurrence of the maximum of maxima will 
be 2qT. The number of times the ship passes through 
the upright in each complete cycle is 2p or 2q, whichever 
is the smaller. The ship is upright at the middle of the 
cycle, and on either side of this middle there is an equal 


maximum, which is approximately 4, 7, and never 
—p 


exceeds this value (where 6, is maximum eee 
If T is much larger than T,, and therefore p is muc 


larger than g, then the value of 4, r “ approaches 


0% and is less than the wave-slope. If T is much 
q 


smaller than T,, then the value of @, —*— approaches 


@,. If T is nearly equal to T;, then 4, a _ approaches 
=~ 


a high value. ; 

From thisit is seen that our investigations in unresisted 
rolling may be over a very wide field, but would produce 
no definite result in the matter of finding cases of lange 
angles of roll in practice. We can only obtain valuab 

ts when resistance is included. 


Mr. R. E. Froude, in 1896, was led to deal with the 
subject of non-uniform rolling of ships in an assumed 
uniform system of waves which did not synchronise with 
the ship such as is dealt with above for unresisted rolling, 
and he dealt with the effect of resistance in such a-case. 
He pointed out that there is a particular phase-relation 
between the ship and the wave which will produce uni- 
form rolling, just as there is in the case of a synchronous 
system of waves. If at any stage for any reason the 
rolling is of the cyclic character considered in non-resisted 
rolling, then the resistance must gradually introduce uni- 
formity, because the rolling is made up of two sets of 
oscillations— 

1. That due to the rolling relatively to the water sur- 
face, such as would occur in undistur water. 

2. That due to the oscillation of the water surface itself, 
caused by the passage of the wave. 

We have already seen that the resisted oscillation in 
undisturbed water gradually decreases when the vessel is 
left free to oscillate, but takes place in practically uniform 
time T. The oscillation of the water surface is forced on 
the ship and causes a simple harmonic oscillation of the 
ship in time T, in algebraic addition to that due to the 
free resisted oscillation. When the maximum angle of a 
roll due to the free oscillation coincides with the maximum 
angle due to the forced oscillation of the wave, we shall 
have a maximum extreme inclination which is the sum of 
that due to the free and the forced. When they are in 
opposition we shall have a minimum extreme oscillation 
which is the difference of these two. At stages between 
coincidence and opposition we shall have extreme angles 
varying between maximum and minimum. As time 
goes on the extreme angle due to the free oscillation 
gradually decreases under resistance, and the sum and 
the difference referred to above approximate to each other, 
and the rolling becomes that due to the wave alone. We 
have seen that in the case of-unresisted rolling where the 
wave and the ship synchronise there is an addition to the 
angle of inclination for each passage of the wave, and 
were it not for resistance these accumulated increases 
would cause the vessel to upset. But in the case of 
resisted rolling each increase of extreme angle of roll 
causes an increase in the work done upon the resistance of 
the ship, and when the increase in the work done 
in incre wing the angle of heel by each passage of the wave 
equals the work done in increasing the resistance incurred 
in swinging through this greater angle, then we shall have 
a balance of condition and a uniform angle of roll. The 
angle at which this balance takes place depends on the 
period and maximum slope of the wave and the coeffi- 
cients of resistance between the ship and the water. For 
instance, with a maximum wave-slope of 3 deg., and 
with a ratio of ship to wave-period of 1.1, the value of the 
angle of ultimate uniform rolling in the case of H.M.S. 
Revenge was found to be 13.9 deg. without bilge-keels, and 
10.8deg. with them. In the case of synchronism of the ship 
and the wave, the rolling is uniform always and reaches a 
maximum of 41.1 deg. without and 14.85 deg. with bilge- 
keels. The nearer the wave and shipare to synchronism, the 
larger is maximum inclination reached before uniform roll- 
ingsets in and during uniform rolling. Resistance is of much 
more importance in the case of synchronism. If the 
ratio of ship to wave period be 1.3, the maximum angle 
before uniform rolling is reached is 8.25 deg. without and 
6.6 deg. with bilge-keels, while that due to uniform roll- 
ing is 4.35 deg. without and 4.24 deg. with. We see, 
therefore, the important part that the near approach to 
synchronism plays in creating large angles of roll, and the 
value of bilge-keels in reducing the rolling in conditions 
approaching synchronism. When on waves of smaller 

eriod, when small angles of roll may be expected, the 

ilge-keels give but small advantage. The assumption in 
these cases 1s that the vessel starts from rest in the upright 
in the mid-height of the wave, and that the rolling is 
caused by the assumed uniform swell. The vessel will go 
through the cyclic change already described, and will 
reach @ maximum inclination of not more than double 
that which she reaches when uniform rolling has set in. 

A later investigator—Co'onel Russo, of the Italian 
Navy—found by experiment that by varying the assump- 
tion as to starting condition of the ship, by letting the 
wave action begin to operate first when the vessel is 
upright and at rest on the crest of the wave, the maximum 
angle before uniform rolling sets in can be more than four 
times that due to uniform rolling if the time of the ship 
is greater than that of the swell. There is an infinite 
number of solutions of rolling amongst waves, because 
there is an infinite number of initial circumstances ; but, 
whatever these may be, the rolling in a uniform swell 
will always soon degenerate into a series of uniform 
forced oscillations in the wave period. 

From this discovery of Colonel Russo we see that the 
region of investigation of ible causes of upsetting is 
removed from that of uniform rolling even in a non-syn- 
chronous sea. The following table shows for the Revenge, 
with bilge-keels, the variation in maximum angle of incli- 
nation before and during uniform rolling in terms of the 
period and length of the swell :— 

Period of swellinseconds 8 10 12133 15 17 
Length of swell in feet .. 328 512 738 910 1153 1481 
Maximum angle in de- 
grees before uniform 
rolling .. ee -- 6.3 8.0 14.7 21.4 17.1 13.0 11.0 
Maximum angle in de- 
grees during uniform 
rolling .. oh .. 25 4.2 12.6 21.4 15.4 110 8&7 
The period of free rolling of the Revenge ee small 
angles for a double roll was about 16 seconds. The fore- 
going shows that the maximum rolling (which occurs at 
synchronism) took place at a period of swell of 13.5 
seconds. The = of roll was less at large than small 
oscillations. e above figures are for waves aeying 
from one ns to one fifty-fourth of their lengt 
‘in height. The length of wave which corresponds to 
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maximum inclination is 910 ft., and height is about one- 
fiftieth. The maximum wave-slo or such waves is 
3.6 deg. We are in the habit of dealing with waves of 
one-twentieth of their length in height for strength 
calculations. rvers have recorded waves in the 
open ocean of 600 ft. to 890 ft. in length, and of 
30 ft. to 45 ft. in height, so that we know that the 
slope of the waves assumed by Colonel Russo is much 
less than may be encounte at sea. A wave whose 
length is twenty times its height hasa maximum slops 
of 9deg. Records of waves having a ratio of height to 
length of as great as one-thirtcenth have been published. 
The maximum slope of wave corresponding to these pro- 
portions is 14 deg. If it is admissible to take much larger 
angles of wave-slope we may expect to get much larger 
angles of maximum inclination both before uniform roll- 
ing sets in and when it does. In a case given by Mr. 
Froude, in which the maximum inclination in the Revenge 
was 12.0 deg. before uniform rolling, he showed by cal- 
culation that the corresponding maximum wave-slope 
must have been 5.09deg, For 20 deg. maximum inclina- 
tion the wave-slope was 10.3 deg. Both these cases were 
for periods of shipand wave of 16 and 13 seconds respec- 
tively. For similar periods of 16 and 14.6 seconds the 
wave-slope to produce 20 deg. maximum before uniform 
rolling is only 7 deg. These figures give some idea of the 
effect of the wave-slope on the maximum inclination. 
It is to be remembered that these are the maximum angles 
obtained by Mr. Froude ; but if we take Colonel Russo’s 
maximum angles, which in some case are double those 
obtained by Mr. Froude, it is easy to see that large wave- 
slopes may produce very large angles of roll. 

Summarising, we see that :— 

1. With wave-slopes of 3.6 d 
roll obtained by them in the 
may be taken at 22 deg. ’ é 

2. This roll takes place when synchronism exists 
between the wave and the ship, when the wave is 910 ft. 
long and 184 ft. high, and has a wave-slope of 3.6 deg. 

3. Waves exist which are of this length, but which may 
have a height of 50 ft. and possibly more, and a wave 
slope of 10 deg. 

4. In such steeper waves we should expect to get much 
larger angles of roll. 7 é ; 

5. Each ship has peculiarities of rolling due to its form 
as well as to its lading and bilge-keels, &c. 

6. These peculiarities, and the effect they have upon 
rolling, and the effect different waves will have upon the 
rolling of the ship, can best be studied experimentally. 

It was my intention, when you appointed me as your 
president, to have placed before you the results of an 
experimental study made on lines somewhat similar to 
those carried out by Colonel Russo, but extended to a 
wide range of types of ship, waves, and resistance. 

he machine for carrying out these experiments is prac- 
tically complete ; but, having met with an accident at the 
end of April last, which incapacitated me for some time, I 
was prevented from being able to do anything further 
to this subject. I am therefore obliged to ask you to 
content with the general réswmé of the subject which 
has been given. 

I think enough has been said to show what a field of 
investigation is open to theexperimenter. The little that 
has been done and published by Colonel Russo is only 
for three battleships of about the same size. For the 

reat bulk of the ocean wayfarers nothing has been done. 

f it is possible to determine the kind of rolling which is 
likely to take place under stated conditions, it seems to 
be desirable to do so. 

In all that has been said it will be seen that it is - 
sible to determine experimentally the kind of rolling 
which will take place in a ship which is snug and sea- 
worthy. But it is also possible to study the effect of 
loose water in a ship under the same set of conditions as 
to waves, lading, and form of ship. This part of the 
subject has not received any experimental treatment, 
except in a very limited number of full-sized ships. It 
is quite conceivable that some conditions of leose water 
associated with some conditions of sea may produce large 
—_ of inclination. 

he subject has been treated as one in which it is Pr. 
bable that the kind of waves met with at sea will be 
uniform in size and period. That this is not so is a fact 
with which we are all more or less familiar. The effect 
of a uniform system of waves is to rapidly induce a 
condition of uniform rolling. But any deviation from 
uniformity of sea immediately introduces poe am | 
of rolling, and generally greater extreme angles of roll. 
Any experimental study of the action of waves upon a 
ship must include a variation in the character of the 
waves. The field of investigation is thereby widened, 
and the search for large angles of inclination made more 
laborious. But the work is of a kind which can be done 
by many people, and can be done fairly rapidly, so that 
there seems to be no insuperable objection to doing it. 
The details of the apparatus need not be described, but 
the study of the objects attained be of interest. 

1. Wave-motion is simulated by the revolution about 
poset axes of two parallel cranks of different lengths. 

he line joining the ends of the arms of the cranks is 
always in the line of the normal to the wave-surface, and 
a line perpendicular to it is therefore parallel to the wave- 
surface. 

2. From the form of the ship are determined curves 
which are the shape of rollers which roll on a straight 
line parallel to the wave surface. The form of these 
rollers is such that the model of the ship in rolling main- 


. the angles of maximum 
evenge with bilge-keels 


tains the position in relation to the wave surface (a) 
which cuts off constant volume of displacement at any 
angle of inclination ; (6) in which the parpendicular to the 
straight line parallel to the wave surface through the 
point of contact is the line of the resultant of the water 
pressures acting on the vessel. 


be | behaviour of the various types of engine met with 


3. The resistance to er | is obtained by (2) electro- 
magnets, the current to which is generated by the motion 
of the model, (b) secondary electromagnet, the current for 
which is in the first magnet. (a) represents the resistance 
due to the angular velocity, (b) represents the square of 
that velocity. 

The variations in the lengths of the cranks and the 
speed of revolution give the variation in the wave-form 
assumed. The variation in the electric current by resist- 
ances in the circuit gives the variation in the resistances 
to the rolling of the ship. For instance, the current neces- 

to represent the resistance of a ship with bilge- 
keels is very different from that for one without. 

It is hoped that sufficient has been said to call attention 
to the possibility of extended study of the rolling of ships 
at sea, so that some valuable work may be done in this 
important subject. 





OUR PRESENT KNOWLEDGE OF THE 
VIBRATION PHENOMENA OF STEAMERS.* 
By Konsul Dr. O. Scutrox, Member. 

In view of the apparent impossibility of dealing scientifi- 
a with the vibrations which made their appearance 
with more or less intensity in every steamer, these were, 
up to about the beginning of the ‘eighties of last century, 

- ¥ as an unavoidable evil. 

ith the gradual increase in the engine-power and 
s 8 of steamers, however, the cases in which the 
vibrations assumed an exceptionally violent form became 
more and more frequent, and greater attention began, 
therefore, to be given to this phenomenon. 

Twenty-seven years ago, at the spring meeting of the 
Institution of Naval Architects (1884), I had the honour 
of reading a paper ‘‘Un the Vibration of Steam Vessels,” 
and I believe this was the very first publication of an 
attempt to give a scientific explanation of vibration 
phenomena. 

The contents of this paper mainly consisted in the 
proof, then given for the first time, that vibrations were in 
no way caused by weakness of the hull of the vessel, but 
that they were chiefly produced by the inertia forces of 
the paren parts of the machinery when these 
occurred at periods corresponding with those of the bend- 
ing oscillations of the hull in the vertical plane. In this 
paper, therefore, the principles underlying the action of 
the inertia forces and the phenomenon of resonance 
were investigated. ; 

In 1891 Mr. Yarrow conceived the happy idea of letting 
the engine of a torpedo-bvat run with the propeller-shaft 
uncoupled, so that only the inertia forces exerted by the 
reciprocating parts of the machinery came into play. It 
became clearly evident that the vibrations which appeared 
had their origin in the synchronism of the inertia forces 
with the bending oscillations of the longitudinal axis of 
the vessel in her vertical middle-line plane. 

Further investigations led me to study the dissimilar 
in 
practice, and of the influence exercised by the position of 
an engine in a vessel, according as only vertically acting 
inertia forces, or tilting couples, or both of these together, 
came into play. Amongst other things the remarkable 
fact was established that the ordinary triple-expansion 
engine, in spite of the considerable exertion of vertical 
inertia forces and tilting couples which characterise it, was, 
under certain circumstances, and when it was placed in 
a particular position in the vessel, harmless as regards 
the setting up of vibrations. 

I poser Ne | further in constructing a simple formula, 
which made it possible to determine the number of the 
vibration-oscillations beforehand, and thus to avoid the 
critical number of revolutions in the first design of the 
engine. 

As soon as it was recognised that means for the avoid- 
ance of the vibrations must be provided, not by the ship- 
builder, but by the marine engineer, the efforts of the 
latter became directed to the destruction, as far as possible, 
of the action of the inertia forces, and the result of these 
be oe invention of balanced prencuas —am 
which were proposed by me in 1894 and very = y 
attained general adoption under the title of the ‘‘ Yarrow, 
Schlick, and Tweedy System.” 

With the creation of the balanced reciprocating engine, 

the first act in the solution of the vibration problem was 
in a manner brought to a conclusion. The extremely 
violent vibrations, which are to be attributed to the action 
of the inertia forces of the reciprocating parts of the 
machinery, can, with the exception of a small residue, 
always be avoided by correct balancing. 
After this short historical review, I should like to pro- 
ceed to show with what phenomena we have to reckon in 
vertical reciprocating — To this point I shall give 
very brief expression, as I am no doubt right in assuming 
that the more important of the matters entering into the 
discussion are well known. 

If « single-screw steamer be equipped with an un- 
balanced vertical engine, there will in most cases arise 
(with a particular number of revolutions) vibrations, 
which consist in a-bending of the longitudinal axis of the 
vessel in a vertical plane, in the course of which two nodes 
are formed. These two-node vibrations are termed ‘' Ver- 
tical vibrations of the first order,” and are said to be of 
single frequency. The latter expression is intended to 
convey the fact that the hull of the vessel makes a number 
of oscillations per minute exactly corresponding with the 
number of revolutions of the engine. If the revolutions 
per minute advance beyond the critical number, the 
vibrations disappear, only to appear again in a violent 
form at a number which is generally less than twice as 
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great. Three nodes now appear ; this is called the ‘‘ Ver- 
tical vibration of the second order.” The frequency, 
however, remains single, since the numbers of vibrations 
and revolutions coincide with each other here also. 

In very rapidly running engines, indeed, vibrations of 
the third order with four nodes may also, in exceptional 
cases, be observed. So far as I am aware, the presence of 
vibrations of a still higher order has not been established 
with certainty. 

Engines which develop only vertical mass-forces, such 
as vertical engines with single cranks, provided they be 
placed exactly at node points and the critical number 
of revolutions be not considerably exceeded, so t no 
vibrations of a still higher order with more nodes situated 
at other points are set up, can never produce vertical 
vibrations. 

On the other hand, when engines of a description that 
produce tilting couples, but no vertical forces, are placed 
at a node point, they cause violent vibrations, provided 
they reach the critical number of revolutions belonging 
to the order of vibration in question. This is, for instance, 
the case with engines having three cranks set at 120 deg. 
with or other and having all moving parts of the same 
weight. 

Ordinary triple-expansion engines with three cranks 
set at angles of 120 deg. with each other, and four- 
crank engines with cranks set at 90 deg. with each other, 
which produce vertical inertia forces as well as tilting 
couples, and generally make the vessel vibrate very 
violently, can, strange to say, under certain circumstances 
remain quite passive. 

The conditions under which this takes place are as 
follows :—At the two extreme positions of the oscillati: 
longitudinal axis of the vessel, ta ts may be emenel 
to be drawn from the positions of the engines, which then 
intersect at a point a short distance behind the node 
belonging to the order of vibration in question. When 
the poeet of the weight of the vertical mass, multiplied 
by the distance of the corresponding piston axis from the 
point of intersection of the tangents mentioned, is the 
same for each cylinder, no vibrations will occur. 

_ In the case of. twin-screw vessels with pairs of exactly 
similar independent engines, interference phenomena 
will, as may readily be understood, be set up as a con- 
sequence of the vertical forces produced by them. If the 
reciprozating pistons of analagous cylinders be moved 
simultaneously in the same sense, the inertia forces 
thereby produced supplement each other, and very violent 
vertical vibrations ensue. Since, however, the two 
engines do not move with exactly equal speeds of revolu- 
tion, the crank of the one will, after a little while, have 
forged ahead of that of the other by 180 deg., and the 
two sets of inertia forces produced will then work simul- 
taneously in opposite directions and thus counteract each 
other, so that the vertical vibrations will, for a short time, 
disappear. 

Since, however, the two engines are placed at a certain 
distance apart in the athwartship direction, the vertical 
inertia forces now acting in opposite directions form a 
couple which give the section of the hull in way of the 
engines a lateral oscillation similar to that of the rolling 
motion of the vessel. These oscillations are communi- 
cated to the whole vessel in the form of torsional vibra- 
tions, and are of the single order of frequency of the 
number of revolutions per minute of the engine. 

When unbalanced engines are fitted in twin-screw 
vessels, periodically alternating vertical and torsional 
vibrations appear, and the period corresponds with the 
time in which one engine outstrips the other by a com- 
plete revolution. 

When correctly-balanced engines are fitted, there is, of 
course, no further cause for the vertical and torsional 
vibrations of single frequency here illustrated. True, we 
shall see further on that both kinds of vibrations of higher 
frequency may notwithstanding be observed in a mild 
degree, and that weak vertical vibrations of single fre- 
quency also occur here and there. 

As already mentioned, the vibration problem was in 
1894 regarded as solved by the balan reciprocati 
engine, and, indeed, as a matter of fact, vibrations o! 
single frequency never occur in vessels equipped with 
these engines in anything like the degree formerly expe- 
rienced. 

After the main evil was removed, however, it was 
found that weak tremors, which had formerly been 
masked by violent vibrations and thus escaped notice, 
were still present. The demands in regard to the quiet 
behaviour of a steamer had become considerably greater, 
and I was now confronted with the question as to what 
might be the cause of these residuary vibrations, and how 
they could be removed. 

In regard to the nature of these residuary vibrations, 
the following observations may be made. In most cases 
vertical vibrations (bendings of the longitudinal axis in 
the vertical plone) of frequency still showed themselves, 
though to a considerably less violent degree, and in twin- 
screw steamers they also occurred in periods. The appear- 
ance thus presented was that of the engine being still 
incompletely balanced. In addition, vibrations showed 
themselves, which, though of small amplitude, were still 
unpleasantly felt, use their frequency was very great 

erally threefold and fourfold. 

t cost me much time and trouble before I could deter- 
mine the cause of these phenomena with certainty, and I 
owe large debts of gratitude to the Stettiner inenbau 
Actien - haft Vul the Hamburg - Amerika 
Line, and the Norddeutscher Lloyd for the ready willing- 
ness with which they allowed me to pursue these investi- 
gations, and for the obliging manner in which they lent 
assistance. 

In the first instance, the experiment was repeatedly 
made of allowing the ines of the large Atlantic liners 
of the companies named to run at their critical numbers 
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of revolutions with their propellers uncoupled, and under | 
these conditions not even the least suspicion of the vibra- 
tions otherwise experienced was felt. This proved con- 
clusively that the residuary vibrations were not ca 
by defective balancing. The causes, then, had to be 
sought elsewhere. / 

It would be gone ee far were I to describe here the 
exact manner in which I set about my experiments. I 
first sought, by the help of the pallograph, designed by 
myself, to determine in which positions of the cranks the 
maximum amplitude occurred which again should enable 
a conclusion to be come to as to the position in which the 
impulse reached its maximum, since the latter must 
always be a quarter of an oscillation in front of the maxi- 
mum oscillation amplitude. * é 

It very soon appeared that the vertical vibrations could 
not by any means be brought into fixed relation with a | 
particular adjustment of the cranks. In the individual 
vessels the maximum amplitude occurred in connection 
with different positions of the cranks, and even in one 
and the same steamer the conditions changed as time went 
on. On the other hand, it became clearly apparent that 
the instant at which the ends of the vessel passed through 
the middle point of their upward swing, and therefore 
also the instant of maximum impulse, always coincided 
with that at which a particular blade of each propeller | 
(the experiments were conducted almost exclusively with | 
twin-screw vessels) assumed an almost exactly horizontal 

ition—t.e., when both were moving simultaneously | 

ownwards from the uppermost position. 

The assumption is here made, that the propellers turn 
outwards, as it is generally expressed. AVhen, on the 
other hand, the blades in question, stood at different 
angles—ie¢., when one of them pointed horizontally | 
inwards, while the other pointed horizontally outwards— 
a case which occurs when one engine has forged ahead of 
the other by 180 deg.—the vertical vibrations of single 
Soquenes Sompeeesee, or at any rate reached their mini- 
mum. hile, then, one engine was advancing to a point 
a full revolution in front of the other, the vibrations 
diminished from a maximum to a minimum and then rose 
again to a maximum. 

The explanation of this phenomenon is that one blade 
of each of the two propellers meets with a greater tan- 
gential resistance than the others, and the cause of it is 
to be found in the 7 slight excess of pitch of the blade 
in question. The difference in the pitch is so small that 
it can rarely be detected by the help of the ordinary 
——- (‘* pitchometer ”). 

o understand this clearly, we must picture to our- 
selves that the acceleration of the water by the propeller 
is already in some degree imparted to it before the 
particles reach the leading edge of the blade. The angle 
at which the propeller-blade cuts the threads of water 
flowing towards it (slip-angle) must therefore be a very 
small one—probably about 3deg. When the pitch-angles 
of the different blades are not exactly the same, the one 
that has a very slightly greater pitch than the others has 
a considerably greater tangential resistance, while another 
one with smaller pitch may turn in the water almost with- 
out resistance, or, so to say, without load. While the 
blade with the greatest resistance moves, in the course 
of a revolution, from the upper position downwards, it 
ingen to the propeller-shaft an upward pressure, and 
endeavours to draw the after part of the vessel upwards, 
thus es vertical vibrations of a period equal to 
that of the time of revolution of the engine—that is tosay, 
vibrations of single frequency which are generally of the 
first order, and thus have two nodes. 

The occurrence of vertical vibrations of single frequency 
may thus, in vessels with balanced engines, be quite 
naturally explained: Now, just as a difference in the 
pitch of the propeller-blade may suffice to produce vibra- 
tions of single frequency in steamers with balanced 
engines, so also can a like difference destroy the vibra- 
tions of single frequency set up by the action of the inertia 
forces of an unbalanced engine when these two causes of 
vibration always act in senses contrary to each other and 
are approximately equal in their action. As I have | 
al y explained in detail in my paper of 1884, ‘‘On the 
Vibration of Steam Vessels,” this may sometimes be | 
easily attained by turning the propeller in coupling up | 
the shafting in such a way as to make a different angle 
with the cranks. 

The striking vibration phenomena which were observed 
on the occasion of the experimental trials with different | 
angular positions of the cranks in H.M.S. Terrible find 
their simple explanation in slight differences in the pitch 
of the propeller-blades. 

That differences in the pitches of the individual blades 
may to a high degree be detrimental has long been known; 
but trifling ones of this kind, the very existence of which | 
could scarcely be demonstrated, were not thought to have 
so much influence. But the result of these investigations 
also has the further effect that it clearly shows what 
great differences there are in the tangential pressures 
exerted by individual pesetine- Sete, and at the same 
time in the stressing of the latter. The blade fractures 
which so frequently occur may thts find an explanation 
of the simplest kind. It is evident also from these con- 
siderations how necessary it is, in all cases in which it 
is desired to avoid even the smallest vibrations of single 
frequency, and to obtain a specially good efficiency from 
the propeller, that the blades be machined, so that exact 








* The first experiments made in connection with these 
investigations were conducted by myself at the trial trip 
of the Atlantic liner Deutschland. I laid these before 
the Institution of Naval Architects in June, 1901, in my 
paper, ‘‘On Some Experiments Made on Board the 
Atlantic Liner Deutschland,” during her trial trip. In 
rat experiments the method was materially 
improved. 





uality of these as regards both form and pitch is 
pe mma When propeller-blades are exactly adjusted, 
the vibrations of single frequency disappear, provided 


used always that the enginesare correctly balanced ; and since, 


by the help of the pallograph, every blade can be picked 
pe A walek pean tangential — differing from 
that of the rest, vibrations of single frequency can also be 
avoided in every case. 

An attempt has also been made to connect the cause of 
vibrations of single frequency with inequalities in the 
turning moments. Theoretical investigations, however, 
have shown that the vibration-producing impulses of this 
kind do not suffice to produce the effects observed, and 
exact observations have shown this to be correct. 

In all twin-screw steamers, again, an analysis of the 
diagrams drawn by the pallograph gives periodically 
occurring vertical vibyations of fourfold or threefold 


| frequency, according as the propeller has four blades or 


three. In steamers which were originally fitted with 
three-bladed pellers, and showed vertical vibrations 
of threefold i ay these latter gave place to vibra- 
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tions of fourfold frequency as soon as three-bladed 
propellers were replaced by four-bladed ones. 

The explanation of this phenomenon is as follows: The 
relative motion of the water flowing along the after body 
of the vessels does not take place exactly in the horizontal 
direction, but, on account of the large stern-wave, it 
follows a sternwards rising curve, as shown in Fig. 1, 
above. In consequence of this, each propeller - blade 
meets with greater resistance when it has moved down 
from above till it is about horizontal, that is tosay, when 
it has reached the position denoted by A and A!, in Fig. 2, 
than when it is in the ition op to this. ow, 
when the two four-bladed propellers simultaneously assume 
a position in which one of each of their blades points 
horizontally outwards, as shown in Fig. 2, an upward 

ressure is given to each propeller-shaft. These two 
‘orces combine in endeavouring to raise the after body. 


| Their magnitude diminishes considerably, however, when 


the two propellers have turned 45 deg. further round, and 
thus reached a position such as that shown in Fig. 3. 
This process is repeated four times for every revolution of 
the engine (or three times in the case of three. bladed pro- 
lers) and accordingly produces vertical vibrations of 
ourfold (or threefold frequency). 
When in the case of four-bladed propellers, one of the 
two engines has re the other by an angle of 
45 deg., it follows, that while one blade of the one pro- 





\ 





peller is pointing horizontally outwards, and thus assumes 
the position of test resistance, two outer blades of the 
other propeller form angles of 45 deg. with it, as shown in 
Fig. 4. The two inclined blades will then together exert 
a somewhat smaller upward pressure on the shaft than 
that of the horizontal e of the other propeller. When 
both propellers have turned through a further angle of 
45 deg: the analogous forces again come into action, with 
the difference, however, that the two propellers have 
exchanged positions. In this manner there are produced 
during a single revolution eight upward impulses, which 
act on the after body of the al, and accordingly pro- 
duce vibrations of eightfold peas reso 

true, generally of very small amplitude 
cernible. 

The upward impulse acts on the starboard and port 
sides alternately, as illustrated in Figs. 4 and 5, and, as 
may easily be seen, sets up at the same time torsional 
vibrations of fourfold frequency (threefold in case of 
three-bladed propellers). 

When, after a while, the one engine outstrips the other 


these being, it is 
and scarcely dis- 
































by 45 deg. more, the vertical vibrations of eightfold fre- 
user Ghemanns, and give place to others of fourfo'd 
frequency ; at the same time, however, the torsional 
vibrations also disappear, and so on till, with another 
advance, made by the one engine of 45 deg. more, the 
game begins avec. In this way the periodical increases 
and ~ 7s of the vibration phenemena may be ex- 
lained. , : 

‘ The results obtained during my long years of investiga- 
tion have so often been confirmed by experience that not 
the slightest doubt can now be entertained as to their 
reliability. : . 

In order to facilitate a general review of the subject, | 
shall once more briefly recapitulate the phenomena which 
occur in a modern twin-screw steamer equipped with 
correctly-balanced engines. ae 

A steamer of this class generally shows periodically 
recurring vertical vibrations of single frequency arising 
from the defective pitch of one blade of each propeller. 
When the propellers are machined, these vibrations dis- 
appear. Further phenomena take the form of vertical 
vibrations of frequencies the number of which is in each 
case equal to that of the blades of one of the propellers, 

riodically alternating with other vibrations, the 
fre uencies of which are twice as great. Simultaneously 
with these last-mentioned vertical vibrations, torsional 


‘vibrations occur of frequencies equal in number to the 
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blades of the propellers. Every twin-screw steamer 


shows torsional vibrations minute exactl, — in 
number to the ag ne of the revolutions multiplied by 
the number of the blades of one of the propellers. 


If a single-screw steamer equipped with a correctly- 
balanced engine be considered, vertical vibrations of single 
frequency will first make their appearance, when, by 
reason of defective pitch, one of the peier ate shows 
greater tangential pressure than the others. A further 
characteristic is that of vertical vibrations of a frequency 
which corresponds with the number of the blades of the 
propeller, and in addition torsional vibrations, ey of 
considerable severity, occur, the frequency of which is 
likewise equal tothe number of the blades. All these 
different vibrations, however, show no periodic increase 
and diminution such as are found to exist in the twin- 
screw steamers ; their intensity remains constant. 

The torsional vibrations of the single-screw steamers, 
however, are due to a different cause from that which 
operates in twin-screw steamers. In the case of the 
former, each propeller blade experiences the greatest re- 
sistance when it is in its upper vertical position or some- 
what beyond this in the direction dt stiles. The 
difference in the tangential pressure which the blade has 
to exert during a revolution is, in this case, considerably 
greater than in the case of the propeller of a twin-screw 
steamer. Since, however, the masses of the moving parts 
of the machinery, as in the case of a fly-wheel, seek to 
preserve a uniform s of rotation, an increase of tor- 
sional stress will, each time that a blade passes the screw- 
frame at the upper vertical position, be imparted to the 
shafting, and thence to the engine-seating, and will en- 
deavour to incline the section of the vessel at the position 
occupied by the machinery in a sense op to that of 
the revolution of the propeller. In this manner an 
impulse is given, which tends to produce torsional vibra- 
tion. 

In accordance with the foregoing, the torsional vibra- 
tions of single-screw vessels take their rise at the part of 
the vessel occupied by the engine, and not at the after 
bearing of the propelier-~haft. as in the case of the twin- 
screw steamers. is also explains the circumstance that 
torsional vibrations generally occur with considerable 
intensity in the fore y, while in twin-screw steamers 
they diminish gradually towards the fore body. 

With the balancing of reciprocating engines, which 
came into fashion about the year 1894, everything that 
was possible was done for the removal of vibration, and 
the severe vertical vibrations formerly observed in un- 
balanced engines were, in fact, eliminated. 

The periodical torsional vibrations of threefold or four- 
fold frequency occurring in the manner described above 
were still very unpleasantly felt, especially in swift 
passenger steamers. Although in the twin-screw steamers, 
which are , principally dealt with here, they had their 
origin entirely in the propeller, and made their way into 
the fore body of the vessel, so that they made them- 
selves felt very unpleasantly, especially in the saloon. 
Endeavours have, of course, been made to get rid of this 
evil, but these have been attended with only a compara- 
tively small degree of success ; for the only means at our 
disposal for the removal of these torsional vibrations con- 
sists in the prevention of resonance, or, in other words, 
in the avoidance of the critical number of impulses. The 
simplest means of attaining this end is the alteration of 
the number of the propeller blades, provided that, in 
view of other considerations, this appears permissible. 

When a twin-screw, steamer fitted with three-bladed 
propellers shows very severe torsional vibrations, the evil 
may, in nearly every case, be almost entirely remov 
when the propellers are replaced by others with four 
blades. On the other hand, T have, observed that in the 
cue of a very large steamer the vibrations almost entirely 
disappeared when, in deference to a — of mine, the 
four-bladed propellers were replaced by three-bladed ones. 
A measure of this kind, however, is sometimes attended 
by unpleasant secondary phenomena. For the altered 
a sae A of impulse attained with an altered number of 
blades not infrequently coincides with the critical number 
of impulses for vertical vibrations of higher order. 


tions, but their place is taken by vertical vibrations which 
are of threefold and fourfold frequency according to the 
number of blades borne by the propeller. These latter 
vibrations are, it is true, pone 
the torsional ones. 

In such a case, and when it is desired to avoid the 


expense of replacing the existing propellers by new ones | i 
ine : . we ban gy . |a considerable speed. At this instant the blade in ques- 


with other numbers of blades, there is still another way 
which, it is true, only brings partial success, as a rule. It 
consists in the alteration of one of the propellers, assumed 
to be fitted with ajustable blades: by a modification of its 
pitch as com with that of the other, so that at the 
normal speed of the vessel the one engine has the greater 





ly less unpleasant than | 


It will probably be unnecessary to add that, in con- 
nection with the methods last described for diminishing 
the vibration, the of the vessel is always, to some 
extent, unfavourably affected. 

With the introduction of the steam-turbine the vibra- 
tion phenomena entered into a new p! Since, in the 
case of the turbine, every periodic action of the inertia 
forces in a direction at right angles to the longitudinal 
axis of the vessel becomes im ible, and since, further, 
the turning moment is completely uniform, all the dis- 
turbances which set up vibrations in the unbalanced 
reciprocating engine are entirely avoided. It was accord- 
ingly at first , even by professional men, as an 
immense advantage of steam-turbines that they could not 
impart any vibration to vessels so engined. is view, 
to which frequent expression was at one time given, 
proved how little the vibration phenomena were under- 
stood at that time. 

The vibrations due to the propeller must, in turbine- 
steamers, occur in a manner analogous to that in which 
they show themselves in steamers equipped with balanced 
reciprocating engines; but, by reason of the relatively 
very high — of revolution of the propellers in these 
vessels, the frequency of their vibration per unit of time 
must be considerably higher. For instance, if a three- 
bladed turbine propeller makes 200 revolutions per minute, 
and there are only two propeller-shafts, 600 (or 1200) ver- 
tical vibrations per minute will be set up, and these figures 
will increase to 800 (or 1600) when the propellers are of 
the four-bladed description. The number of revolutions 
of 200, however, must regarded as almost the lower 
limit, and it is met with only in large steamers. In most 
cases from 400 to 500 revolutions per minute have to be 
reckoned with, and in such case frequencies of vibration 
up to about 1500 to 3000 per minute, or 25 to 50 oscilla- 
tions per second, occur. 

The amplitude of these vibrations, which are caused by 
the propeller alone, is, under like conditions, generally 
smaller in turbine-steamers than in steamers with recipro- 
cating engines, since in the former the work imparted 
during one revolution, and consequently also the vibration- 
producing impulse, is less in inverse propurtion to the 
relative numbers of the revolutions. e extremely high 
frequency of the vibrations of turbine-steamers, however, 
involves t inconvenience to the passengers and crew, 
and is a drawback for these vessels. 

It is, on the other hand, a favourable factor that the un- 

leasant torsional vibrations do not extend over the whole 
ength of the vessel, as they often do in steamers equipped 
with reciprocating engines. This phenomenon may 
explained as follows :—In theory the speed of transmis- 
sion of the torsional oscillations of the Iongitudinal axis 
of a vessel is, for steamers of like types, the same. Now, 
when the frequency of the oscillations per unit of time is 
comparatively low, as, for instance, in vessels equipped 
with reciprocating engines, a few large waves will make 
their appearance in the longitudinal axis, that is to say, 
only a few nodes for the torsional vibrations will show 
themselves. If, on the other hand, the frequency be 
very high, as in the turbine-steamers, a la number of 
small waves and a good many nodes will be formed. 
Now, since the assumption may fairly be made that, on 
account of damping action, the vibrations will cease after 
a certain number of oscillations, or, in other words, that, 
after reaching to a distance from their origin correspond- 
ing with a certain multiple of their a they 
will cease to be perceptible, the point at which the 
vibrations will no longer be unpleasantly felt will, in 
turbine-vessels, be considerably nearer the after end of 


ed | the hull than in steamers with reciprocating engines. 


The use of torsion indicators to determine the horse- 
wer developed by steam-turbines has supplied a means 
or obtaining interesting information in regard to the 
fluctuations in the resistance to which the propeller blades 
are subject during a revolution. It may, for instance, be 
assumed that one of the outer propellers of a turbine- 
steamer with three or four shafts is arranged, asshown in 
Figs. 6 and 7, and that it has three blades. If the torsion 


| angle of the shafting be measured at the instant at which 
It | 
then becomes possib'e almost to avoid the torsional vibra- | 


the propeller is in the position illustrated in Fig. 6—1.c., 
in which the tip of a blade is nearest the skin of the 
vessel, a higher value is obtained than in the case in 
which the torsion angle is measured in the position shown 
in Fig. 7. This is explained by the circumstance that 
the tip of the blade lying nearest to the skin takes hold 
of the layer of water drawn along by the wetted surface 


| in consequence of the forward motion of the vessel, and 


| 


that the particles of water at this point move forward at 


tion meets with considerably greater resistance, and a 
greater twisting of the shaft must accordingly take place 
at the instant when the propeller assumes the position 


| illustrated in Fig. 7—1.e., when the tips of two blades 


number of revolutions per minute by about 5 to 7 per | 


cent. The period within which the torsional vibrations 
advance to a maximum and return to a minimum again is 
by this means considerably shortened, and the vibrations 
never then attain the intensity expe~ienced in the case in 
which the two engines work with almost exactly equal 
numbers of revolutions. This is explained by the circum- 
stance that, under such conditions, the intensity of the 
impulse increases with great rapidity and reaches its 


| symmetrically produces, somewhat in the jnanner alread 


are further removed from the skin of the vessel. 

This increased resistance of a single blade acting un- 
y 
described, a one-sided pressure on the after-bearing, 
which, together with the pressure exetted by the pro- 
peller on the shaft at the other side of the steamer, 
produces torsional vibrations. These vibrations occur 
with special vehemence, because the distance apart of the 
two shafts, and therefore, also, the arm of the couple 
thus produced, is con~iderably greater than, for instance, 


maximum before the oscillating masses can be accele- | in the case of twin-screw steamers. 


rated to such a degree that even an approximate | 


Farther, when it is realised that, in consequence of the 


“pproach can be made to the amplitude of oscillation | large stern wave, the water flows to the propeller, not 
which would be attained if the impulses had been con- | exactly in horizontal lines, but in a curve which rises 
tinued with equal intensity for a considerable period of | somewhat in the sternward direction, it will be further 


time. The same ye ser underlies the endeavour to 
reduce the torsional vibrations of twin screw vessels by | 
giving four blades to the one propeller and three to the 
other. In some instances this method has been attended 


with appreciable success. 





evident that the direction of rotation is not a negli- 
gible matter in contributing to vibration. If a ro 

motion in the outward direction be assumed, as indi- 
cated by the arrow in Fig. 6, the blade A will, for 
the reason alluded to above, experience ip the first place 








an especially high degree of resistance ir the position 
shown, and will in consequence exert a downward pres- 
sure. But in this position the blade B also meets with a 
greater tangential resistance, because it bears inst the 
particles of water of the stern wave which are here curv- 
ing upwards, and accordingly produces an upward axial 
pressure. The pressures produced radially to the shafts 
by the blades A and B a thus in part neutralise 
each other. If, on the other hand, the direction of rota- 
tion of the propeller be reversed—i.ec., the latter turn 
inwards, it will readily be seen that neutralising of the 
radial pressures of the kind referred to does not take 
place, and the arrangement will in consequence be 
attended by vibrations of somewhat greater severity. 

In turbine-steamers there is an additional circum- 
stance which tends to increase vibration. This is the in- 
clination which usually has to be given to the propeller 
shaft, use, by reason of the la diameter of the 
turbine casings, their inboard ends usually lie con- 
siderably higher than in a vessel with reciprocatin 
engines. As a result of this, the direction of motion o' 
the water flowing towards the “4 llers makes a still 
greater angle with the axis of the latter than that with 
which it already approaches them in the rising course of 
the stern-wave, and strong vibrations are set up in the 
manner already explained. 

From what has been said, it will no doubt be clear 
that, for the removal or diminution of the vibrations in 
turbine steamers, in reality only one method remains— 
viz., that of the prevention of resonance, or, in other 
words, of the ol ett of the critical number of revolu- 
tions for the vertical as well as for the torsional vibra- 
tions. A reliable prediction of these critical numbers of 
revolutions, such as that which my formula enabled me 
to make in steamers with reciprocating engines, has up 
to the present, unfortunately, not become ible. In 
particular the determination in advance of the critical 
number for the torsional vibrations still presents great 
difficulties. I have, indeed, busied myself for some time 
with this problem, but I am not yet sure whether I shall 
succeed in finding a practical solution of it. 

In view of the high frequencies which occur in turbine- 
steamers, one great difficulty lies in the circumstance 
that the critical frequency numbers for the successive 
orders of vibration lie comparatively near each other. It 
may accordingly very easily happen in the case, for 
instance, in which the torsional vibrations are avoided 
by an alteration of the numbers of revolutions, that 
vertical vibrations make their appearance, and vice versd. 

In the foregoing I have avoided all theoretical mathe- 
matical investigations, since they are of little or no value 
in actual practice, and do not provide us with any service- 
able means for the removal of the vibrations. What I 
have said here can only be regarded as a short abstract 
of the most important questions which have to be dealt 
with in connection with the vibration phenomena. Were 
a treatment of the whole question to be attempted, it 
would probably occupy ten times as much space as the 


present paper. 





Corrosion OF Ratts In TunNELS.—The corrosion of 
steel rails in different localities on a railway is an inter- 
esting and important subject, bearing directly as it does 
on road expenses. Some particulars given in the Hngi- 
neering Record of the wasting of steel rails in the tunnel 
at Land Patch, Pa., on the Baltimore and Ohio Railroad, 
U.S.A., which is 4775 yards long, and which is operated 
with double-track traffic on a single-track line, show that 
the dampness and tunnel gases greatly reduce the life of 
the rails, Plain Bessemer rails have a life of about 
eighteen months, and the deterioration proceeds in the 
flaking of the scale from the rail until the edges of the 
base become quite sharp, and the rail has to be removed. 
At the last renewal oe ae were substituted 
for Bessemer rails, and have now been in service for nearly 
three years. Not only have these chrome-alloy rails 
found to resist corrosion much better than the Bessemer 
rails, but they also show fewer bi the number 
being less than one-fourth of those in the plain rails. 





THE SraBiity OF ARROPLANES.—In a treatise recently 
published, M. G. de Bothezat shows mathematically that 
the lateral stability of an aeroplane is essentially unstable. 
When disturbed there is no force or couple brought into 
action which will automatically restore the .“— 
régime, and this conclusion holds whatever the form, 
dimensions, and disposition of the apparatus. To ensure 
lateral stability, it is necessary, he states, to ougley 
positive corrections, which in practice are effec’ by 
the use of ailerons of different types, or by warping 
the wing surfaces. To the latter arrangement he objects, 
as involving the use of flexible wing surfaces, which may 
be “‘ fatigued,” and have their reserve of strength destroyed 
by repeated warpings. On the other hand, automatic 
longitudinal stability is possible without altering the 
form of the sustaining or guiding surfaces. The original 
Wright method of securing longitudinal stability is, he 
states, so to arrange matters that the thrust of the 
screw above the centre of gravity of the machine. 
With this arrangement a restoring couple comes into 
play at every longitudinal perturbation, but the method 
1s, he thinks, less advantageous than the use of a rear 
tail, which, he holds, should be independent of the 
surface u for guiding the machine up or down. 
Neither method, however, suffices to secure automatic 
stability in gusty weather, and the mathematical inves- 
tigation of the problem leads to the conclusion that 
this defect is unavoidable. Two classes of perturbation 
are always, and of necessity, damped out slowly, so there 
is always a chance with flights made in any but still air 
that a new perturbation may arise before the effects of a 

vious one are extinguished, and safety must then 
epend on an alteration in the trim of the machine. 
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SHIPS AND NAUTICAL APPLIANCES. 

17,312/10. Chadburn’s (Ship) Telegraph Company, 
Limited, and A. J. it, Bootle. Speed Indicators. 
{2 Figs.) July 21, 1910.—This invention has reference to speed 
ndicators of the type wherein the mean speed of two revolving 
shafts is indicated, say, the two driven propeller shafts of navi- 
gable vessels, where it is desired to keep the mean speed of the 
two shafts the same, or where it is desirable that the same total 
number of revolutions of the shafts should be made in any given 
period of time. According to this invention, the train of wheels 
between the shafcs which transmit motion to the apparatus and 
the indicating spindle or axis, are of the spur type and arranged 
in parallel frames ; and the two moti are t itted from the 
two shafts to a large wheel, which is toothed externally to be 
geared up directly with the one shaft, and toothed internall 
to mesh with a “floating” wheel, which is carried on an axis 
adapted to be rotated relatively to or about the centre of the 
said large wheel; and the rotation of this wheel about its 
revolving axis or spindle is transmitted through gearing to the 
indicator spindle or axis. The spur-wheels are p mio F in a 
casing consisting of a body 1 and a removable cover 2 into which 
the two-motion transmission shafts 3 and 4 lead. The toothed 
wheel 5 on the shaft 3 is smaller than the toothed wheel 6 on the 
other shaft 4, and the wheel 5 drives a larger toothed wheel 7 
mounted on the fixed spindle 8, and carrying a spindle 10, which 
has loosely mounted upon it the ‘‘ floating” toothed wheel 11. 
This wheel gears with the teeth on the inner edge of a relatively 
ay annular wheel 12, while the wheel 6 on the shaft 4 gears 
with the external teeth on the periphery of this annular wheel. 





If the mean speed is to be recorded, the wheels 5 and 7 will be in 
ratio as one to four—that is, if there isno other gearing existing 
between the shafts of which the speed is to be recorded and the 
shafts 3and 4. In the drawings, the wheels 5 and 7 are shown in 
a different ratio to that of one to four, and therefore if the mean 
speed is to be recorded there will be employed in connection with 
one or both of the shafts 3 and 4 gearing for suitably adjusting 
the speed transmitted thereto. The annular toothed wheel 12 
has a flange 13 on its under side, which rests on a seat on the 
casing 1 outside a guide-flange or ring 14, which constitutes its 
bearing, it being held on the upper side by a depending ring 15 
on the inside of the cover 2. On the opindle 10, carried by, and 
revolving with, the toothed wheel 7, is a small pinion 16, which is 
fixed to the wheel 11, and revolves with it on the spindle 10, and 
this pinion 16 gears with a larger toothed wheel 18 fixed on a 
spindle 20, mounted and revolving on the casing-cover 2. It may 
be assumed that the twoshafts 3 and 4 will be geared up from the 
engine-shafts so as to revolve at convenient and required rates. 
In such a case, as in that shown in the drawings, it will be con- 
venient if the spur-wheel 6, driven by the shaft 4, be half the 
diameter of the pitch line of the teeth of the periphery of the 
annular wheel 12, and the wheels connected with the polnner or 
indicator-spindle 20 may also be, as in the case shown, in the 
ratio of one to two, the wheel 18 on the indicator-spindle 20 being 
twice the size of the wheel 16. By the above apparatus and its 
gearing the speed indicated by the indicating pointer and moved 
by the spindle 20 will be the mean speed of the two shafts which 
it is desired to indicate. (Sealed August 2, 1911.) 
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12,474/10. C. A. Parsons, Howenstio-on-Tyne. Tur- 
bines. (2 Figs.) May 23, 1910.—In an elastic-fluid-operated 
turbine of the axial-flow type divided up into two e 
which are balanced ding to the arrang t disclosed by 
Patent No. 22,196 of 1908, an impulse s is provided in front of 
the reaction part in the high-pressu-e element and the loss of 











axial thrust due to the use of the impulse stage is compensated 
surface 


for by an additional balancing placed at the inlet to the 
high-pressure reaction part and subjected to the fluid re 
in the impulse stage. The high-pressure turbine element A is 
connected by a shaft coupling p to the low-pressure element B, 
the elements A, B being connected in series. The ends of the 
rotors of the two reaction-turbine parts ) and d are provided at 





their adjacent ends with balancing surfaces k and n which are 
equal in area. These balancing surfaces are placed in, or con- 
nected to, the passage through which the working fluid passes 
from one element to the other, and are, therefore, subjected to 
the same pressure which causes equal thrusts in opposite direc- 
tions, these thrusts therefore neutralising one another. _In 
order to allow of a greater range of fluid pressure being possible 
with economy and exact balancing, the reaction b of the 
high-pressure element A is pr ed by an impulse or action 
stage a having a variable number of expansion nozzles. Since there 
is practically no axial thrust in the impulse stage a capable 
of being utilised to balance the propeller thrust, and the 
thrust in the reaction part } has also been considerably diminished, 
it is necessary to provide an additional balancing surface. This 
additional balancing surface / ie preferably placed at the end of 
the rotor of the reaction part b adjacent to the impulse stage a, 
and is subjected to the pressure of the working fluid in the 
impulse si a. The balancing surface / thus arranged may be 
of a relatively small area, and advantageously dispenses with the 
use of a dummy piston and its rotary packing, since the force of 
the fluid pressure oning on the surface f together with the thrust 
in the reaction parts b and d now completely balances the pro- 
peller thrust. The provision of a balancing surface in the high- 

ressure element as well as in the low pressure element allows of 

lancing the propeller thrust under widely varying loads, while 
the utilisation of the front end of the high-pressure reaction 
turbine rotor dispenses with the use of a dummy piston. (Sealed 
August 2, 1911.) 


12,475/10. C. A. Parsons, Newcastle-on-Tyne. Tur- 
bines, (2 Figs.) May 23, 1910.—In an elastic-fluid turbine 
according to the specification of Patent No. 22,196 of 1903, in 
which the two turbine el ts are ted by a flexible 
coupling adapted to allow the turbine shafts to move longitudi- 
nally relatively to one ther, independent bala g of the 
high-pressure element is obtained by providing an impulse stage 
in front of the reaction part thereof, and a balancing surface 
subjected to the fluid pressure in the impulse stage, and formed on 
the inlet end of the rotor of the succeeding reaction part. One 
turbine A has a reaction part b, preceded by an impulse stage a, 
while the other turbine B is purely of the reaction type. The 
two reaction parts b and d of the turbines A and B are placed in 
separate casings, while the shafts are connected together by a 
flexible ling h, adapted to allow the shafts to move longi- 
tudinally relatively to one another. As before, the adjacent ends 
k and n of the two rotors of the parts b and d are of the same 
area, and the turbines being in series with one another, these 
end surfaces are subjected to the same fluid pressure. Owing, 
however, to the flexible connection h between the two tur- 
bines, each turbine is now independent of the other as regards 
balancing ; and further, on account of the impulse stage in 














the turbine A, an additional balancing surface is now required, 
since the impulse stage a BB ye practically no steam 
thrust which could be utili to balance a part of the pro- 
peller thrust. This additional balancing surface is placed con- 
veniently at the exhaust end of the impulse stage a, and 
forms the end of the rotor for the succeeding reaction stages 
b, so that the surface f will be subjected to the higher pressure 
steam. The area of this surface / is arranged so that the thrust 
on the surface f, together with the steam thrust on the reaction 
stage b, will exactly balance the thrust in the opposite direction 
on the surface k at the end of the reaction stage rotor. The 
turbine B is then independently balanced by arranging the area 
of the surface n at the steam inlet end of the rotor to balance the 
propeller-thrust, and if the surface n is insufficient, the inner 
surface therefore is subjected to the exhaust pressure of the 
turbine by admitting the exhaust into the interior of the rotor d 
by openings m at the exhaust end thereof. It will be seen that 
the provision of a balancing surface in the high-pressure part, as 
well as in the low-pressure part, allows of balancing the propeller 
thrust under widely varying loads, while the utilisation of the 
front end of the rotor in the low-pressure part for balancing pur- 
poses enables a complete dummy piston and its necessary packings 
to be dispensed with. (Sealed August 2, 1911.) 


10,412/10. C. M. Shaw, Yoker. Steam-Generators. 
(3 Figs.] April 28, 1910.—In this generator all the water-tubes 
are of the same length and bent to the same shape. The steam- 
generator is made up of sections or elements, each consisting of 
a group of water-tubes expanded at one end into a water- 
chamber, and at the other end into a steam and water-drum. 














The drawing shows a steam-generator made up of two sections. 


The lower section A, B is inclined at about 20 deg. to the | 


horizontal, and it lies right over the furnace Fl, The upper 
section ©, D is inclined at about 45 deg., and it lies over the 
lower section. The water-chambers A and C are close together 
and parallel to one another, but the steam and water-chambers 

D are some distance apart, leaving a space through which 








the products of combustion pass to the uptake. The steam and 
water-drums are connected by numerous tubes E. These tubes 
form additional heating surface. The steam and water-drums 
are connected to the water-chambers by large pipes F situated 
-_— the casing of the steam-generator. (Accepted May 10, 


19,348/10. Gallowa: Limited, and H. Pilling, 
Manches Superhontera. {3 Figs.) August 17, 1910 - 


A superheater for steam boilers, according to this invention, com- 

ises two steel tubular headers connected by a bank, or banks of 
U-shaped steel tubes, to which access is obtained by means of a 
series of elongated holes opposite the ends of the steam-tubes, the 
holes being normally closed by means of internal lids adapted to 
pass through the holes. The two steel tubular headers a, a are 
= in rear of, and at right angles to, the boiler, parallel with 
each other, and are connected with each other by two banks ¢, c! 
of steel tubes of elongated (J-shape. The ends of the steam-tubes 



























































































































































may be bent so that they enter the headers radially, or substan- 
tially so, and in order to facilitate this disposition the limbs of the 
tubes of the inner bank c! may be arranged to converge slightly 
towards their ends. The upper side of each header a has an 
elongated hole e opposite the ends of the steam tubes. The holes 
have parallel sides and semicircular ends, and they are normally 
closed by means of internal lids of corresponding shape, the edges 
of which are suitably bevelled or coned to make a tight joint with 
the internal surfaces around the edges of the holes ¢. These lids 
are drawn firmly into their seatings, and there secured by means 
of bolts and caps, or bridge-pieces, which straddle the holes e on 
the outside of the headers. (Sealed July 27, 1911.) 


11,950/10. The Warwick Machine Company 
(1908), Limited, London, and F. Samuelson, Rugby. 
team-Turbines. {1 Fig.) May 13, 1910.—This invention has 
ticular reference to the method of securing the stationary or 
ntermediate guide vanes or buckets within the casing of a tur- 
bine of the now well-known Curtis type. The invention consists 
in securing the intermediate guide vanes to an annular projection 
formed integral with, or secured to, the diaphragm between the 
stages, or on the plate in which the inlet nozzles are formed. A 
ring plate a, preferably made in sections, is provided in which the 





inlet-supply nozzles b for the elastic fluid are formed. This plate 


is let into the face of the diaphragm c on the end of the casing d. 
Projecting from the face oF this plate, near its —. isa 
cylindrical ring ¢, the depth of which, measuring from the outer 
face to the face of the plate, slightly exceeds the distance from the 
face of the plate to the outer edge of the roots of the last row of 
intermediate vanes. The inner side of this cylindrical ring is 
grooved at f to receive the roots of the stationary vanes g, which 
wk be secured in place in any well-known manner, (Sealed July 
, 1911.) 
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THE STRENGTH OF STEELS IN COM- 
POUND STRESS, AND ENDURANCE 
UNDER REPETITION OF STRESS. 

By L. B. Turner, B.A. 
(Concluded from page 250.) 
ENDURANCE AND THE Exastic Limit. 
HysTERESIS. 

Wouter’s researches (confirmed by later experi- 
ments) established that :— 

1. Steel and iron will fracture under varying 
stresses which never exceed, nor even nearly attain 
to, the ultimate strength of the material. 

2. If the extremes of stress are kept sufficiently 
small, the material will have an indefinitely long 
life. 

3. Within fairly wide limits beyond the simply 
alternating stress (equal positive and negative | 
values), the endurance depends almost entirely on | 
the range of the varying stress, and not on its | 
extreme value. 

These results were of immense practical import- 
ance, but they cast no light on the manner of 
failure under repeated stress; no relation was | 
found between the endurance and other better- | 
known properties of the material ; nothing in the 
nature of an explanation was forthcoming. 

Bauschinger’s experiments on repeated tensions | 
(zero to a maximum) included tests of the primi- 
tive elastic limit and ultimate strength of the) 
material, and thus marked a large advance. He) 
found nothing very interesting in connection with 
the ultimate strength, but he did find that the elastic | 
limit changed during the repetitions of the stress, | 
rising to a higher value than the limiting endurance 
stress. In all cases where the load was small | 
enough to allow the specimen to withstand a large | 
number of repetitions, the elastic limit rose above | 
the primitive value. If it rose above the stress 
applied in the machine, the specimen had a long, 
maybe indefinitely long, life ; whereas if the elastic 
limit remained below the applied stress, the speci- 
men soon broke. It was this discovery which 
doubtless led Bauschinger to make his later re- 
searches on the variation of the elastic limit, and 
thereby to enunciate his theory of the ‘‘ natural” 
elastic range, which affords the best insight yet 
gained into the nature of failure by fatigue. 

Bauschinger subjected bars of iron and steel to 
static applications of pull and push, with varying 
intervals between loadings. e found that an 
attempt to raise the tension elastic limit by 
overstraining lowered it in compression, and vice 
versd. After a succession of loads just exceeding 
the clastic limits in each direction, he found the 
elastic limits to have settled down to approximately 
steady values, and the distance between these he 
terms the ‘‘ natural” elastic range of the material. 
The significance of this range so found was that it 
approximately equalled the limiting endurance 
range for the same or similar material, as found by 
Wohler’s and Bauschinger’s experiments. 

This conception of a natural elastic range, con- 
stant in magnitude and equal to the limiting en- 
durance range, but, like the latter, variable about 
the point of zero stress, is a very great help 
towards the understanding of the fatigue problem. 
The discrepancy between the primitive and the 
natural elastic limits is explained on Bauschinger’s 
hypothesis as due to the process of overstraining 
undergone in the manufacture, by which the elastic 
limit has been raised in one direction at the cost of 
a lowering in the opposite direction. 

Now the theory of endurance just set forth is 
doubly important as being some sort of theoretical 
explanation of the phenomena, and as suggesting a 
practical means of discovering, without a laborious 
set of tests under varying stress, what is the limit- 
ing safe varying stress to which a material may be 
subjected. Yet although ‘‘Professor Bauschinger’s 
conclusions rest on extremely delicate measure 
ments of the behaviour of bars in ordinary testing, 
and are not likely to be generally recognised with- 
out further and independent investigation,”* it is 
regrettable that the experiments of Stanton and 
Bairstow, and of the present writer, are alone in 
paying any attention to the elastic limit of the 
materials tested. 

Many laborious static reverse-bending and re- 
verse-torsion tests were made by the present writer 
on the §-in. tube (torsion) and the mild and 
nickel steels (torsion and bending), in the attempt 








* “The Testing of Materials,” by W. C. Unwin, | 
page 360 



































to arrive at the natural elastic ranges. Frequent TaBLe XI,—(Bauschinge ). 

resort was made to boiling the specimens between Units : inch, ton. 

successive loadings, in the hope that thereby the sales thet 

destructive effect on the elasticity of the former wore nee 3 | an 

| overstrain would be abolished without long periods . | Applied. 
|of rest. But the results have been disappointing ; | Primitive. Acquired. 

the limits lacked uniformity and were very uncer-| mpm gs FP gos) ya 
tain ; so that it has been considered unwise to | Wrought-iron plate .. 6.84 | 13.2 9.85 
attempt to draw any conclusions from them. Ps \ isa 18.1 
Bauschinger’s remain the only experiments of this (104 16.0 
nature on record. Mild-steel plate 15.6 20.0 16.0 

| Now if Bauschinger’s explanation of the ‘‘un- \_ 164 ~™ 
| naturally ” high primitive elastic limit in a tension 18 f 24 13.2 
‘test be correct—if, i.e., it is due to overstrain in Bar iron.. a Ry, ; ed os 
|the process of manufacture—annealing the speci- \ 18 1 1886 17.2 
|men would reduce the elastic limit to the natural —_—— 
|value. Further, in the case of torsion of a rod or Thomas steel axle we (i{ SS =“ 
tube, the elastic aeolotropy induced in the rolling : — 

or drawing can produce no inequality in its regist- Thomas steel rail 19.0 or =e 
ance to torque in the two directions, so that the  ~ = 
primitive elastic limit in torsion could not be an _ Mild-steel boiler-plate 17.6 wo | (Me 


artificially raised one. Both these implications of . ‘. 
Bauschinger’s theory are to some extent contra-| The later tests on the same point are given in 


























dicted by the present experiments. The maximum Table XII. 
endurance limit of the annealed specimens is below Taste XII. 
| the primitive elastic limit both for —— and for Units: inch, pound. 
| torsion, although not so markedly for the latter as yp 
for the former (see Table IX., page 247 ante). In Elastic Limit Stresses Endurance 
the discussion of Messrs. Stanton and Bairstow's ; Agpune. senaenaneel 
paper, also, the authors gave a few figures relating _— ; 
to the effect of annealing, whence Table X. has Primi- = Ac- Maxi-| Mini- 02] Lower 
been prepared bis tive. quired. mum.; mum. ppe . 
TABLE X.—Stanton and Bairstow. z 2 A. Sw 
ae. Units : inch, ton. Giatieiatl 3 E er _—_ 36,600" 40,700 41,000 
Percentage Primitive Endur- Ze x, - 3 J 
| Material. aor, ee Elastic ance Ratio. | 9/3 "pg We | 
™ Limit. Limit. ea Steel cen 32,500* $7,800 39,600 
| $ i No. 2. 
Swedish Bessemer steel | 9|5 (0. Do. 55,900 - 28,400" 27,100 ~ 28,300 
MR |. OS 25.0 15.2 0.60 | Sa 
Same annealed at 1000 pal —— a 
deg. Cent. .... 19.6 14.0 072 | 
Swedish Bessemer steel £ 
i Pee 0.17 21.4 13.4 oe2 | & 
Same annealed éx 1L6 9.2 0.80 | ., 8 'g. \ 
2 SO Pe alg Nickel 744,600) 98,700 | 188,000 +35,0c0 
. ° ° . ts steel. - x. 
This table shows that annealing increased the ratio |* i 8. 39,700 0 +37,000 +35,000 
of the limiting endurance limit to the primitive) £& 
n 


elastic limit, but that it did not rise nearly to unity. | 
__ Referring again to the author's results ( able IX.), | * These elastic limits are independently obtained by the 
if we could overlook the discrepancies between the | writer by plotting the table of extensometer ings. They 
shears for endurance and elastic limit in the case wenn poy Sed poh pet ne Ah tent of the original 
of the nickel-steel,* Bauschinger’s case would be i.e., with the ratio of positive to negative stress adopted in 
strengthened ; for in the other three materials the | the applied stresses. 

shears for endurance and elastic limit are nearly| The last test in this table merely shows that 
equal, and the tension discrepancies may conceiv- | stress above the limiting endurance stress reduces 
ably be due to insufficient annealing. Except the|the elastic limit to zero. The graph was curved 
mild stee], which was annealed by the makers, and, | from the beginning. Neglecting this test, in each 
to judge from the scale, had been kept at the high | case the load applied was slightly lower than the 
temperature for a considerable time, the specimens 


endurance limit—i.e., the greatest load which 

were not annealed for a long time ; and in the mild | might be applied without ever producing fracture. 

steel, be it noted, the tensions for-endurance and | The specimens, therefore, would never have broken. 

elastic limit are nearly equal. And yet, in three of the four cases, the elastic 
Thus, as far as these experiments go, we may 


limit has dropped from the primitive value to one 
rhaps hold to the Bauschinger account of the 


which is less than the applied stress. For speci- 
igh primitive elastic limit under 7: as approxi-|men C (Stanton and Bairstow) the acquired elastic 
mately true; but, if so, it will necessary to 


a limit is just beyond the stress applied ; but takin 
suppose that remarkably lengthy annealing is| B and C together—for the pain. the positive ca 
required to wipe out the effects of overstrain in the 


_ negative parts of one complete test—we have :— 
manutacture. ; ; ti = $2,500 + 28,400 = ¢ 

Turning now to the other experimental method save ease = pops : 27,100 = bree 
employed by Bauschinger to determine the natural a 


— - - Me Endurance range = 39,600 + 28,300 = 67,900 
elastic limit—viz., by a static test after the specimen h Stanto d Bairsto 
had long been subjected to varying stress in the et ve » differes gO yt maga 


machins, ama tis ssouin ane tp ateen eeah, at have found, for different steels, that a specimen will 
’ ’ indefinite repetition of ress-strai 
by no means entirely, confirmed by the later ex- ontuse Indetaiie os meee siein cycle 


which is not entirely elastic.* 
riments. In Table XI. are the figures taken is result i ising, Th bl ie 
rom Bauschinger’s endurance tests on bars sub- This result 1s SORES 2 congas Sune 


; . “cnt | ality of Bauschinger’s hypothesis lies chiefly in its 
— Rad rag oP meats emg ~ those, making the endurance range just that limiting 
and only those, being tabulated where the bar stood range in which none of the work of deformation 
five million or more repetitions of the stress. | remains on removal of the stress. The reason for 


With two exceptions, in each case the elastic ‘red elastic limit bei , 
limit acquired during the test exceeds the load a eae _e oe yy oe 


applied. Further, the acquired elastic limit for a 
life of more than 5 million repetitions is a little 
higher than the greatest load which may be applied. 
Hence, according to Bauschinger’s figures, when 
fracture is never going to occur (or only after 
5 million), the work done on the specimen is elastic 


| 





* This fact is not explicitly mentioned by Messrs. 
Stanton and Bairstow ; indeed, it only becomes apparent 

| in the complete test (B and C together) when their elastic 
limit figures are revised. The figures in the text make 
the elastic limit range and the wee stress range 
exactly equal; and seeing that the elastic limits are only 
called, and only could be, approximate, it seems that the 


only. localisation of these points from the rather sparse stress- 
strain observations must have been influenced by the 

* This discrepancy ought, perhaps, to be somewhat | preconception that the acquired elastic range was to 
smaller. For the three tests of the elastic limit in simple | equal, or, at any rate, not to exceed, the applied stress 


shear, of which the figure in the table is the mean, range. In publishing the extensometer readings, the 
one value considerably higher than the other two. 
three were 44,500, 39,700, and 38,100 lb. per sq. in. 


+ Unwin, page 353, Table XI, 


The 


authors of the paper very properly furnish opportunity 
for revising their elastic limit figures, should occasion 
arise for so doing. 
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schinger to be just above the applied stress, and by 
Stanton and Bairstow and the author to be just 
below, cannot be stated with any certainty. The 
explanation may be that his experiments were with 
stress varying from zero to an upper limit, while in 
the others the stress underwent reversal of sign ; 
or perhaps the difference lies in the nature of the 
materials; or, again, in the comparatively low 


speed of Bauschinger’s tests. One or both of the | 
| mear one end, 
‘was very great, so that the life was short, the 


two last suggestions must also account for the 
much greater number of repetitions in the earlier 
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Fie. 53. Tan Drawn Tuse. 


Fic. 54. Taick Drawn TvseE. 


experiments before the asymptote to the endurance 


. . | 
curve is sensibly reached. 


| 
| 


larger in the torsion than in the bending specimens, 
which was to be expected, seeing that the torque 
was uniform along a specimen, whereas the bending 
moment was a maximum at only one section. The 
hysteresis is shown to occur sensibly not only where 
the stress is greatest—viz., at the skin of the 
ground section—by the fact that the torsion speci- 
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Fic. 55. 
Tue STEELS ARE ANNEALED, as UsEp. 


mens, when they were only moderately hot, were 
hottest in the middle, and not at the ground section 
On the other hand, when the load 


ground section tended to be hottest, thus showing 
that with large strains, much exceeding the elastic- 
limit strain, the hysteresis work is dispropor- 
tionately large. The work done in such a case is 
mostly while the material is undergoing plastic 
strain, a condition with which we are made familiar 
by ordinary static tests carried well beyond the 
elastic limit. Table XIII. gives an idea of the 
amount of heating which took place. 

Of these specimens, No. 12 deserves special 
attention. In this—a torsion specimen—-the rise 
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Mitp Steet. 


Tasie XIII.—Temperature Rise of Tool-Steel Specimens | 
Undergoing Alternating Strain. 


Fic. 56. Toot STEEL. 
MaanirFicaTion, 250 DIAMETERS. 





Fic. 57. 


NICKEL STEEL. 


rature in the middle amounted to some 
ent., and the specimen was removed from 


of tem 
7 deg. 


However this may be, we have seen from actual | (Unless otherwise stated, the temperature was measured at the | the machine unbroken after more than 1} million 


stress-strain measurements that imperfect resilience | 
and indefinitely prolonged endurance are com- 
patible. It will be interesting to inquire how 
much of the work of deformation is not returned 
on removal of the deforming load. The work 
which remains in the specimen exhibits itself in a| 
rise of temperature, and this rise has been observed | 
in the presentexperiments. Rough measurements 
were made by means of a sensitive thermometer, 
which was immersed in the mercury contained in a 
hole drilled in a small brass block clamped to the 
specimen. Fig. 49 will make this plain. 

The tool-steel specimens suffered much the most 
pronounced rise in temperature, and on these only 
were measurements made. The rise was, in general, 








ground section of the specimen.) 

| 

Revolutions | 

to Fracture 
in 1000's. 


Specimen. 
Rise of Temperature (Cent. ) 
| 


Bending. Torsion. 





2 cs \ Sensibly warm to the fingers. f 7 
7 >. (Probably in theneighbourhood 297 

8 J of 5 deg.) \ 
16 oe 2) deg. 568* 
27 ‘a 4} deg. 166 
28 e 64 deg F in 29 
10 7 deg at middle .. 240 
12 7 deg. at middle .. 834* 


11} deg. ; 11 deg. at m'ddle 
3 deg. at middle 
26 deg. (ground 


section hottest) 22 


* Signifies unbroken. 





reversals of stress approximately equal to the 
limiting endurance stress. It will be interesting to 
obtain some notion of the amount of the hysteresis 
this involves. 

Let us take, as an approximation to the actual 
case, that of a rod 6 in. long and # in. in diameter, 
whose middle is 7 deg. Cent. hotter than the ends, 
and which is subjected to the same alternating 
torque as was specimen 12. Taking the thermal 
conductivity of the material as 0.2 C.G.S. Cent.,* 
the amount of heat ing per second by conduc- 
tion from C to A and B is found to be 


0.037 gm. deg. Cent. = 0.12 ft.-Ib. 


* This value is given for iron in Lupton’s tables. 
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If we take the temperature ient as uniform 
along the bar—viz., about 0.92 deg. Cent. per centi- 
metre—and the emissivity of the surface as, say, 
half that of a black body,* the radiation loss per 
second works out to be 
0.052 ft.-Ib. 
Adding these two amounts together, and assuming 
that convection and conduction through the atmo- 
sphere are negligible, we have, as the total hys- 
teresis work on the specimen, 
0.17 ft.-lb. per second. 
If we suppose that all the hysteresis occurs in the 


outer layer of the specimen of depth, say, ol 


i.e., in the material where the maximum strers lies | 


between the greatest value in the specimen 
(26,000) and 10 per cent. less (23,400), we find 
the amount of twisting work put in to this portion 
of the material is 

0.29 ft.-lb. per twist (i.¢., per 4 cycle) or 2.4 ft.-Ib. 

per sec. (*.* 250 revolutions per min.) 

Thus the hysteresis amounts to some 
0.17 
2.4” 

The writer also made some static reverse-torque 
tests on the tool-steel, expecting that, although the | 
ordinary determinations of the elastic limit had | 
shown a straight-line graph (without which there | 
would have been no elastic range at all, in our sense 
of the term), yet on reversal of load some hysteresis | 
effect would appear. For there was the indisput- | 
able fact that the specimen became hot in the 
alternating machine. The apparatus used was | 
devised to fulfil the three conditions :—(1) conve- | 
nient reversal of torque ; (2) absence of all bending | 
moment from the specimen; (3) absence of all | 
friction which would render the torque on the 
specimen indeterminate. It was entirely satisfac- 
tory in these respects, and is described in 
——= I. 

he specimen, freshly annealed, was turned down 
to 0.350 in. in diameter, and the twist was mea- 
sured over a 3-in. length. There was no trace 
of hysteresis for a cycle between the limits + 
214,000 lb. per square inch, but about 2 per cent. 
between the limits + 32,600 lb. per square inch. 
The graph enclosed an area owing to the up and | 
down curves, which were sensibly straight, having | 
slightly different slopes. 

It is thus made clear that the large hysteresis | 
effect noticed under alternating stress only develops, | 
or at least augments, with the continued action of | 
the alternating stress. It is not to be found in the 
fresh specimen. Table XII. has shown how the! 
elastic limit falls under the action of the varying | 
stress, and so it, too, points to the development | 
of the hysteresis during the subjection to the | 
varying stress. The fact of this development is | 
sufficient, without resorting to any calculations, to | 
show that the effect is not that by which Kelvin | 
accounted for the damping of his torsional vibrators | 
—viz., by the change of temperature produced by | 
change of stress, and depending on the rate of the 
change, leading to irreversible interchanges of heat.t | 

A small amount of static hysteresis was observed | 
by Professor Ewingt{ in various metals under cycles | 
of tension between positive limits, and within the | 
elastic range as ordinarily conceived. Unfortu- | 
nately, he employed wires of his materials (iron, | 
mild steel, high-carbon steel, brass and copper), | 
and this is a form of specimen in which the fects 
of overstraining in the manufacture are particularly | 
noticeable. (In the case of the mild steel the wire 
was annealed, but was overstretched before test- 


or 7 per cent. 








* The loss of heat by radiation from a body at T, (Cent. 
absolute), enclosed by surroundings at Ty, is 


o (T,* — T.*) ergs per sq. cm. per sec. 


For lampblack ... o = 5.32 x 10-5 
Tarnished lead ... hp id 2.39 
Clean lead is si - 1.01 


_ Polished iron... ed cis 0.80 
(See Poynting and Thomson, ‘‘ Heat,” pages 226 and 250.) 
In our present case of unpolished rolled steel rod, ¢ has 
been taken as 2.7 x 10—°; and atmospheric temperature as 
288 deg. Cent. absolute.. The energy radiated per second 
is then found by evaluating the integral 





76 
2 i o [(295 — 0.92 x)* — 2884] x 0.95 r dz, 
0 


siving the re stated above. 
ts , wing, “‘ Strength of Materials,” page 58. | 
+ ‘*On Hysteresis in the tion of Strain to Stress” | 


| 


(British Association Report, 1889). 





ling.) But the effect of the overstraining could 
hardly lessen the hysteresis, and in these experi- 
ments it was always small. In the iron, the 
| extreme tensions being 9860 lb. and 44,500 lb. per 
‘square inch, for a tension midway between the 
extremes the difference of the stretch reading on 
the up and down curves was about 0.33 per cent. 
of the total change of stretch. The corresponding 
figures for the mild steel are 0.34 per cent. for 
cycles between 13,000 Ib. and 37,500 lb. per square 
inch ; and for the high-carbon steel, 1.16 per cent. 
for cycles between 22,100 lb. and 63,800 lb. per 
square inch. These experiments confirm the con- 
clusion that the hysteresis appears or grows during 
the repetitions of stress. 

It is noteworthy that, in the author’s experi- 
ments, the tool-steel exhibited the phenomenon 
much more noticeably than did the other materials. 
The nickel-steel became less, though sensibly, 
warm to the touch with stress just below the 
limiting endurance stress ; while the mild steel was 


| not observed to rise in temperature at all ; but no 


thermometric readings were taken with these steels. 


| It is interesting to find that this marked hysteretic 


character of the high-carbon steel was also observed 
by Ewing in his static experiments just referred to. 
It may or may not be fortuitous that the ratio 
limiting endurance 
elastic limit 
tension in the present experiments is exceptionally 


low for the tool-steel and the nickel-steel (see | M 


Table IX.). 

That there may be hysteresis with unlimited 
endurance, and so large a quantity as we have 
been observing, even with stress considerably 
below the limiting endurance stress, is surprising. 
We are, of course, familiar with a somewhat 
analogous phenomenon in magnetic hysteresis, in 
which the maintenance of the magnetic character 
of the iron seems independent of the range and the 
number of repetitions of the cycle.* But the 
two cases are probably not quite parallel. For 
with small ranges there is very little or no 
mechanical hysteresis in the fresh material ; whereas 
in the very first magnetic cycle the B—H curve 
encloses an area comparable with the steady value 
to which it rapidly tends. With the exception of 
the present, more or less incidental, observations, 
experiments on this development of mechanical 
hysteresis seem to be entirely lacking. A research 
devoted specially to the subject might well render 
important contribution to the further understand- 
ing of the fatigue phenomenon. 





APPENDIX I. 
FrictTionLtess, Pure Torque Apparatus. 


For the torsion tests on the small solid rods 
(about 0.350 in. in diameter) it was necessary to 
employ some special device to avoid bending moment 
in the specimen. The arrangement of a torque 
lever, with lathe-centre supports, as used for the 
1-in. tubes, while satisfactory for them, would have 

roduced longitudinal tension of disturbing amount 
in the small solid specimens. 

For the hysteresis test it was necessary to avoid 
all friction, and to apply the torque conveniently in 
both directions. 

The simple and efficient arrangement shown in 
Fig. 52 was therefore adopted. The ends of the 
specimen are fitted into the double-ended torque 
lever A, and into the centre of a bar of iron B 
(Fig. 51). Holes in the ends of this bar, counter- 
sunk on both sides, slip loosely over the pair of 
pins projecting from the face of the torsion head- 
stock C. The torque lever is itself suspended by a 
link vertically over the axis of the specimen, so 
that the reaction between the specimen and the 
lever is a pure couple. 

The friction between the link and the eyc let on 
the torque lever is quite negligible ; so small was 
it that an oil dashpot D was absolutely neces- 
sary to damp out the vibrations set up on touching 
the lever. 

For tests on short specimens, the sensitiveness 
of the twist readings was increased by replacing 
the original paper scale and scratched glass-plate 
on the vertical twist arms by a transparent glass 
scale E (graduated in 4, of an inch) ; and parall- 
actic error was avoided by substituting a narrow 
strip of thin spring steel (about } in. wide) for the 


* This has been demonstrated by Professor Ewing. 
See his ‘‘ Magnetic Induction in Iron and other Metals.” 
Third edition, page 193. 





former scratch on the glass plate. }'The strip, set 
edgewise, was adjusted to be very close to the 
seale. A piece of white paper behind the latter, 
and a convex lens suppo in front, enabled de- 
flections te be read to within 0.006 in. 

When § in. tubes were tested with this apparatus, 
they were attached to the lever A and the bar B 
by means of their gun-metal ends. 


APPENDIX II. 
ANALYSES, MICROSTRUCTURES, AND TeNsILe Tests 
or MaTerRIAts Usep. 


TABLE XIV.—Analyses of Materials as Supplied 
by the Makers. 




















Per Cent. 
| 
Name of steel . a Co. N. | Mn. Si. 8. P. 
Drawn | tube (thick and f 0.15 - | » 
thin) (Figs. 53 and oat aso | © | %40 | Gace 0.08 
iA 
Mild (Firth’s) (Fig. 55).. 0.82 | of >} 0.115) 0.08" 


Tool (Fig. 56) “7 -| 1.25 0 0.35 0.12 | 0.02" | 0.02" 
Nickel (Hadfield’s) Fig. 57 0.31 | 301 | 0.60 
* Outside figure. 


TasBLe X V.—Tests to Destruction in the Testing-Machine. 
Pounds per square inch. 


























Steel Elastic Ultimate | Elongation Contraction 
. Limit. Strength. | on8 In. of Area. 
per cent. per cent. 
Tube (thick) .. 34,300 55,200 24 63 
Mild .. ; 42,300 61,400 29 69 
Tool .. m 67,700 107,000 9 39 
Nickel ne 81,200 108,000 4 | 36 


The steels were annealed, as used in the experi- 
ments. Except for the elastic limit, the figures 
refer to a single test. The yield-point was almost 
coincident with the elastic limit in every case. 








THE STEAM-TURBINE. 
(Continued from page 246.) 

Tue velocity of flow, v, intoa cr being obtained 
from equation (1) ante, or from Table I. (page 246 
ante), then W, the useful mechanical work done in 
the group per pound of steam passed per second, 
assuming no tip leakage, is given by the relation 

Wa? fy boosa - N*\ 
weg ge eee” By 
where s denotes the blade speed, N the number of 
rows of blades in the group, and p is the ratio 


(2) 


Toe 
Mi of the specific volume of the steam at dis- 


0 
charge from, to the specific volume of the steam at 
entrance into, the group, whilst a denotes the angle 
of discharge, and b a coefticient, which can be read 


Fig. 4. 
IP W~Usetul Work done per Sec. by a Group consisting of 


UV Rows of Bladas(both haed £ when Che Pressure 
atErarance ts p, and at Py Gen— 


w- fee {oO¥+105 logx) 6 cosa- Sh} Uo. 
er na 

v,~ Speed of Steam, with no focen 
g| | ceniaide ani a2 Vocnaree | —] 
ie > v , | we 
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Values of x - fe 


7 # 12 13 14 15 46 7718 19-20 34 22 5 


direct from the curve in Fig. 4. In practice it is 
sufficiently correct in the above equation to write 
1.05 log x instead of $ log, p, and, indeed, when 
N is a large number the whole logarithmic term 
may be omitted. 

Taking standard blades set to one-third pitch, the 
formula given above simplifies to 





» Ne 
W = _*.. 1.093 r)(N+0.16) - \ 
32.2° \ rol own 
for « = 1.41 and 
Ns 
r— * [1.0562,(N + 0.13 | 
W =3, [™ bug(N + 0.13) ~ *) 


for x = 1.29. 
Suppose, for example, that s is fixed at 100 ft. 





per second, and « = -”? is taken as 1.41, then from 
Px 
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the above table it will be seen that the velocity of 
flow into the group is about 222 ft. per second 
if N is taken as 24. Hence the work done per pound 
of steam passed through the group per second will be 


100 -[ 1.088 x 222 (24 + 0.16) - 74 x 100 | 
32.2 2 


r second, or 26.354 horse-power per pound 
per second. 


=14.490 ft.-Ib. 
of steam fF 


Very commonly in marine practice the complete 
turbine consists of twelve groups, so that if each 
were equally effective, the total output would be 
12 x 26.354 = 316.25 horse - power per pound of 
steam passed. The final pressure would, on the 
assumption of equality of conditions, be 


Po + (1.41) = a 


so that if p), the pressure before the first row of 
guide-blades, was 150 lb. absolute, the final pressure 
would be 2.34 lb. absolute, equivalent to a vacuum 
of about 25.2 in. In actual practice the vacuum is, 
of course, always higher than this. 

On the other hand, successive groups do not work 
under the same conditions. The product p, V, tends 
to diminish from group to group, though, as already 
stated, this tendency is, in certain cases, more or 
less corrected by the fact that a greater weight of 
steam passes the low-pressure blading, owing to the 
circumstance that the high-pressure dummy leakage 
may be much greater than that at the low-pres- 
sure dummy. Further, the ratio of blade-speed to 
steam-speed increases from group to group, and this 
fact improves the efficiency of the latergroups. These 
different factors, speaking roughly, more or less com- 
pensate for each other. 

It was, of course, presumed in the foregoing that 
there was no tip leakage, and this factor tends to 
increase the consumption. This, however, is in its 
turn compensated for by the fact that the vacuum 
is always higher than the 25.2 in., which would 
have been its value if all the groups operated under 
equal conditions. For this reason there is always 
some one degree of vacuum at which the total out- 
put of the turbine is equal to the work done by the 
tirst group multiplied by the total number of groups. 
lf the tip clearance in the first group is 3.5 per cent. 
of the blade height, then it appears that this condi- 
tion will be fulfilled if the condenser pressure is 
equal to the absolute pressure before the first row of 
blades divided by 106. This may conveniently be 
called the ‘‘ proportionate” back pressure. Thus 
with an initial pressure of 150 lb. absolute the 
required condition is that the ‘‘ proportionate” back 
pressure shall be 1.413 lb. absolute, or 2.88 in. of 
mercury. It is, of course, assumed that tip-clear- 
ances throughout the turbine bear the usual pro- 
oe to that over the tips of the first group. 

roceeding on this basis, the lay-out of a marine 
turbine becomes a very simple matter, the output 
and the consumption being easily estimated. 

As already shown above, a group of 24 rows (with 
a blade speed of 100 ft. per second and a steam 
speed of 222 ft. per second) would, in the absence 
of tip clearance, develop 26.35 horse-power per lb. 
of steam passed through it. The effect of tip 
clearance is to increase the weight of steam passed 
per horse-power developed in the ratio Ys — e 

oc 
being the blade height, and c the clearance, whilst 
for standard blades at standard setting o is found 
by direct experiment to be equal to 2.15. With c 
equal to 3.5 per cent. of A the work done in such a 


group will thus be 26.364 x rad = 26.354 x 


075 
0.8977 = 23.66 horse-power per lb. of steam passed. 





To develop a total of, say, 8000 horse-power, the 
output of the first group should be = 666.7, 
and hence the weight which it is necessary to pass 


per second is ports = 28.2 lb. If, then, the initial 


pressure be 175 Ib. absolute, tae ‘* proportionate” 
back-pressure will be a = 1.652 1b. per square 


inch, which is equivalent to a vacuum of 26.64 in. 
If the actual vacuum is 27} in., then, since in this 
region the steam consumption diminishes 5 per cent. 
for each inch of vacuum, the steam actually needed 
through the blades will be 28.2(1 — 0.05 x (27.5 — 
26 64)) = 26.91b. per second. 

Since steam at 175 lb. absolute has a specific 
volume of 2.602 cubic feet per pound, the 


volume passed per second will be 7(cub. ft., and 
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—— Xx 144= 
222 


hence the area necessary will be 
45.4 sq. in. 

Experiment with standard blades gauged to one- 
third pitch shows that the angle of discharge may 
be taken as 18 deg. 20 min., so that, if there were 
no tip clearance, the steamway through the blades 
would be 0.3145 of the whole annulus between the 
drum and the rotor, hence the annular area needed 
in that case would be 

45.4 + 0.3145 = 144.2 sq. in. 

Now the effective annular area is equal to the 
x(D+h)(h+ oc), where D denotes the drum 
diameter in inches, h the blade height, ¢ the clear- 
ance, and o the experimental coeflicient, which, as 
already stated, is equal to 2.15. Since ¢ was 
assumed to be 3.5 per cent. of h, this reduces to 
nm (D +h) h x 1.075, which is to be equal to 
144.2 sq. in. 

Thus, if either D or h is assumed, the value of 
the other is directly obtainable. 

If the revolutions per minute (R.P.M.) of the 
screw are given, we have the blade speed 

,— (D+h) x RPM. 
229 , 
taking s as 100 and R.P.M. provisionally as 500 we 
get 


100 = (D + h) x 500 
229 , 


or 
D + h= 46in. nearly. 
But 
x (D +h) h (1.075) = 144.2 
oe. = 0.927 in. 
46 x 1.075 7 

As it is best to use even figures for the blade 
heights, the revolutions may be adjusted and the 
blade speed lowered. For small changes in the 
blade speed the horse-power falls nearly propor- 
tionately. Hence, if we lower the revolutions in 
the ratio of 0.927 to 1, and increase the blade height 
correspondingly, the horse-power will be practically 
unaffected. The revolutions thus become 465 per 
minute, and the weight passed through the blades 
26.9 + 0.927 = 291b. per second. 

It is usual in such an installution for the turbine 
equipment to consist of one high-pressure turbine 
ona centre shaft, discharging into two low-pressure 
turbines on wing-shafts, the former having four 
groups of blades with heights increasing from group 
to group in the ratio of / 2 to 1; whilst the low- 
pressure turbines each consist of eight groups with 
the same height ratio (apart from the wing-blades), 
and in this case the blade height at the entrance 
to each of the two low-pressure turbines is the same 
as it is for the first group of the high-pressure 
turbine, since the drum diameters are also increased 
in the ratio of 2 to 1. 

The blading of the high-pressure turbine would 
thus consist of four groups of twenty-four rows each 
(half fixed and half moving), with blade heights as 
follow :—- 


Group No, o- ov 1 2 3 4 
a in, in. in. 

Blade height .. oat 1 1g 2 23 
' { 





The low-pressure turbines would have a drum 
diameter equal to 45 in. x 1.41 = 63.6in., say 64 in., 
and would consist of eight groups of twelve rows 
each, since the number of rows in equivalent 
groups should be inversely proportional to the 
square of the blade speeds. 

The make-up of each of the two low-pressure 


turbines would thus be as follows :— 
: nek: & | | | | 
Group No. a a ee 4 5 a ee ee OE 
: in. | in. | in. in. in. | in. | im. | in. 
Blade height .. 1/13| 2/9 | 4 | st | 54 | 5h 


The last two groups would, of course, consist of 
semi-wing and wing blades. 

The weight of steam through the blading as now 
adjusted is 29 lb. per second, which is equivalent 


» 2x Ib. = 13.05 lb. per horse-power per 


hour. This, however, requires correction for the 
loss by dummy and gland leakage, and also for 
the actual tip clearances as distinguished from those 
provisionally assumed. 

To take the latter first ; in marine practice the 
tip clearances usually allowed are well represented 
by the formula given below, though since the intro- 








duction of the process of thinning the tips of the 
blades some builders have ventured to use smaller 
clearances :—This formula is, tip clearance = 8 mils 

r foot of drum diameter plus 5 mils per inch of 

lade height. 

Hence for the high-pressure turbine the clearances 
will be as follow :— 

Group No. _... ms te 1 2 3 4 
Tip clearance in mils 3 40 40 45 

Whilst in the low-pressure turbine the clearances 
will be :— 

Group No. os wea) £38 4.6.8 7 $8 
Tip clearance in mils... 50 50 55 55 65 70 70 70 

These, as it chances, agree with those provi- 
sionally adopted above. Jf, however, the clearances 
were increased by 50 per cent. above these figures, 
making that of the first row—50 mils—and the 
others in proportion, the consumption per shaft 
horse-power would be increased. Such a change 
would increase the clearance at the first row by 
another 1.7 = cent. of the blade height, and 
experiment shows that the corresponding increase 
in consumption would be twice this, or 3.4 per cent., 
making the steam through the blades equal to 
13.46 lb. per shaft horse-power instead of 13.05 lb. 

As, however, the clearances tabulated above are in 
accord with practice, the latter figure will be main- 
tained, and it corresponds, it will be remembered, 
to a flow of 291b. of steam per second through the 
blading. 

The dummy losses can be calculated by the 
formula established in our issue of January 10, 1908, 
—viz. :— 

Weight of steam through dummy per second 


m(-5) 


Vy(N + log, x) 


= 682 


where © denotes the area (measured in square feet) 
available for flow of the steam, p, the absolute 
pressure in pounds per square inch of the steam 
on the high-pressure side of the dummy, and V, 
the corresponding specific volume of the steam ; N 
denotes the number of points at which the steam 
is wire-drawn, or, in other words, the number of 
rings in the dummy, whilst x denotes the ratio 
of the pressure at entrance to the dummy to the 
pressure on discharge. When the three - shaft 
arrangement of turbines is adopted, x for the high- 
pressure dummy may be taken as very approxi- 
mately 4, so that the formula for flow becomes— 


aa 
Weight discharged = 68 2 vit (6) 


Vo (N + 1.38) 

For high-pressure dummies N is commonly 30, 
whilst in low-pressure dummies the number of 
rings is less, being usually 16. Hence, weight 
discharged from high-pressure dummy is equal to 


= 11.762 Po. 
4 V 


To find Q it is necessary to know the dummy 
diameter which depends upon the relative thrusts 
of the screw and of the steam. The axial thrust 
of the steam on the rotor blades is given by the 
formula*— 

Thrust of steam = m= G F 
is the pressure in front of the first row of blades of 
turbine, A the area in square inches of the annulus 
between the drum and the casing at the first row of 
blades, and G the number of groups in the turbine, 
whilst \ is the ratio of successive blade heights. In 
the present case we have p, = 175, A = 144.5 sq. in., 
G =4, andA = /2. Whence we get— 

Thrust of steam = 14,819 lb. 

This is more than balanced by the thrust of the 

ropeller. Assuming the propulsive efliciency to 

U.50, and the designed speed 21 knots, or 35.5 ft. 
per second, we have for the propeller-thrust T the 
equation— 

T x 36.5 = 0.50 x S.H.-P. x 550 = 1334 x 550 


1 
1 _-=) where »~ 
x P 


or 
T = 20,667. 

The difference between this and the steam thrust 

is 20,667 — 14,819 = 5848, which must be compen- 

sated for by making the dummy diameter less than 

that of the turbine main drum. The pressure being 

175 lb. per sq. in. at the entrance to the dummy 











* Minutes of Proceedings of the Institution of Civil 
Engineers, vol. clxvii., page 34. 
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and about 44 Ib. absolute on the discharge side, the 
effective pressure is 131 Ib. and the area required is 


5845 _ 44.6 sq. in. 


3 

The drum diameter being 45 in., it has an area 
of 1590.4 sq. in., and the dummy area must be 
44.6 in. less, or 1545.8 sq. in. Hence the dummy 
diameter should be 442 in., the corresponding cir- 
cumference being 139.4 in. 

In marine practice, dummy clearances are about 
5 mils per foot of diameter—say, 20 mils in this case. 
Hence the area available for flow through the 


dummy is = x 0.02 sq. ft. = 0.0194 sq. ft. 


All the data necessary for calculating the dummy 
leakage are now known, and we get the weight 
discharged per second 
= 68 <o.o1sta/ 2 . ee = 187 lb. per second. 
This is the loss through the high-pressure dummy, 
but as this leakage passes into the low-pressure 
turbines, only one-third of it, or 0.62 lb., is net 
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loss. This brings up the steam consumption per | 
second to 29.62 tb , and to this must now be added 





We Y 


30.2 Ib. per second. Of this, it will be seen, about | to naval architects by the mysterious disappearance 
5 per cent. is attributable to dummy and gland | of certain ships, instead of substantially solving it. 
a od The steam consumption per shaft horse-| The theory of rolling as developed by the Froudes 
: 30.2 x 3600 . . | was, President Biles stated, laborious to apply, and 
power hour will be ——~go99 = ‘(13-58 Ib. This) had consequently not been worked out for any 
figure will, of course, be increased if the steam | Very great variety of conditions. Ship oscillation 
is not supplied in a dry condition. in general was, he said, compounded of two 
The method of proportioning set forth above is elements—viz., the ‘‘ free ” oscillation which arose 
really a rational one, though it embodies certain short |" still water, and which tended to be dam out 
cuts based upon actual experience and a owing to the resistances developed by the very 
with turbines. It is, in fact, quite possible, with | fact of the movement ; and, secondly, a forced 
the formuls already given for the velocity of inflow oscillation impressed on the boat by the motion of 
into a group, and for the work done by the latter, |the waves. This latter oscillation was super- 
to design each group separately, just as if it formed imposed on the other, and the extent of the maxi- 
one pressure stage of an impulse turbine. The | ™um roll was dependent on the periodicities and 
work done by each group, and its efficiency, can be relative phases of these two components. Ultimately 
readily calculated, as will be shown in the sequel ; | 4 state of uniform rolling was attained ; but before 
but the data and reasoning from and by which the | this condition was reached, extreme rolls, greater 
formulz already given have been derived will now | than those appertaining to the permanent régime, 
be discussed in detail. | might be experienced. Owing to the complication 
So long as standard practice is not departed from, | Of the problem the history of ship oscillations, 
the method of proportioning described above leads | Prior to the attainment of the state of uniform 


3 th developed | rolling, had, he said, been worked out in but a few 
sae hen eammaiacinns aati eae as cases. Froude had assumed certain initial con- 


ditions, but Colonel Russo had shown that, starting 
from other initial conditions, much greater rolls 
might arise during the period of transition. As 
matters stood, ships were considered safe if they 
had a fair range of statical stability, and a maxi- 
/mum righting lever not very unlike that of other 
ships which had had a good sea record. This 
conclusion, Professor Biles stated, involved the 
t : assumption that previous ships had exhausted the 
and as to the steam consumption. Thus applied to | possible relations between their natural periodicities 
the Mauretania, the horse-power in the full power | and those of the waves they encountered. The 
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; trial conditions as regards steam pressures and | mathematical investigation being tedious, Professor 

The propeller thrust will be the same as before, | clearances comes out as 79,122, calculated as against | Biles had, he stated, devised a machine in which 
and the same formula may be used for the steam 78,245 actual, and the consumption as 12.16 lb. | the motion of a ship amongst waves was simulated 
thrust, though, owing to the presence of the wing| per shaft horse-power hour, as against the actual by the oscillatory rolling of a curve along a con- 
blades and the rapid fall of pressure through them, | figure of 12.03; but, as will be shown later, the| necting-rod common to two cranks of unequal 


the loss from the low-pressure dummies. 


it is less accurate here than as applied to the high- 
pressure turbine. | 

The pressure at entrance to the low-pressure 
turbine, allowing for losses in the connecting pipe, 
may be assumed as equal to 42 Ib. absolute, whilst 
the area A of the annulus will be 204.2 sq. in., the 
drum diameter being 64 in., and the blade height 
lin. Hence the formula 


Steam thrust = 7 <S(1 n x) 
2 x 

becomes 
x 204.2 x 5 
42 x 204.2 8 9.993 = 10,052 Ib. 


Steam thrust = 
Hence the thrust to be taken by the dummy is 
20,667 — 10,052 = 10,615 lb. Taking the effective 
pressure as 41 Ib. per square inch, the area needed 
is 259 sq. in. nearly. The drum cross-section has 
an area of 3217 sq. in., hence the cross-section of 
the dummy must have an area equal to 3217.0- 
259=2958 sq. in., equivalent eodemy diameter 
of 612 in., the corresponding circumference being 
192.8. Taking, as before, the clearance as equal to 
5 mils per foot of diameter, or 25 mils in all, the 
area available for flow through the dummy is 
192.8 x 0.085 _ 9 9994 ea. ft 
144 A ‘a inere 
Taking pp) as 42, V, as 9.6 cub. ft. per pound, and 
« as 34, approximately, we get for the flow through 
one dummy-— 
Weight discharged per second 


= 68 x 0.0334, / __42 
9.6 (19.05) 
= 1.086 Ib. per second through one dummy, or 
2.172 lb. through two. As the low-pressure eablons 
do two-thirds of the work, the net loss is 2.172 x % 

1.45 lb. per second, which brings the steam 
consumption up to 29.6 + 1.45 = 30.05 Ib. per 
second, 

(he gland leakage may be calculated in the same 
way. A standard shaft-gland is shown in Fig. 5. 
Chere are, it will be seen, twenty constrictions in 
each gland, and the clearance is about 8 mils per foot 
of shaft diameter. Taking the shaft as 12in. in 
diameter at the glands, and applying the formula 
already given, the total leakage at the two high- 
pressure glands works out at 0.188 lb. per second, 
‘bout half of which can be saved if the leak off is 
led into the low pressure turbine half-way down the 
casing. In the case of the low-pressure turbines 
the loss from each gland amounts to 0.0147 Ib. per 
second, or 0.06 lb. for the four. Thus the ogere- 
gate loss from the glands may be taken as 0.15 Ib. 





per second, making the total steam consumption 


different losses are capable of being individually | length. The oscillatory motion was resisted by 
estimated, thanks to the vesults of recent experi-| magnetic induction, one portion of this resistance 
ments and investigations. being made directly proportional to the velocity of 
(Te be continued.) the rolling, whilst the other varied with the second 

| power of this velocity. 


| A vote of thanks to Professor Biles was moved 
THE BRITISH ASSOCIATION. | by Sir William Ramsay, this year’s President of 
As already announced in our last issue, the annual | 


the Association, who expressed the hope that the 
meeting of the British Association for the Advance- | Proposed experiments would be proceeded with. 
ment of Science was opened at Portsmouth on | 








is was seconded by Mr. Alexander Siemens, who 


Wednesday, the 30th ult., when Sir William Ramsay said that, as one concerned in cable-laying, the 
delivered his presidential address to a large gather- | Te8ults of the proposed investigation would have a 


ae : | special interest to him. In cable-laying, he con- 
ing in the Tove Ree. Soe sowen Ree Senay tinued, the question of rolling had to be considered, 


been dealt with in EncrneEerta, and we now pro- | - 
ceed to our report of the sectional meetings, com- | not only from the human standpoint, but from that 
of the cable 


mencing, as usual, with the proceedings in Section G. In expressing his acknowledgments Professor 


_ Biles said that the machine was practically com- 
SECTION @.— ENGINEERING. plete, and he thought he might say that without 


In taking the chair in Section G, which met in | doubt the experiments would be proceeded with 
the Municipal College, Professor J. H. Biles | and the results published. The object of them was 
remarked that he felt it a great honour to follow | to tind what was the maximum possible angle of 
so long a line of distinguished predecessors, and roll under all possible combinations of init'al con- 
expressed the hope that the papers which were to ditions, phases, and periodicities. 
to be read and discussed would be found of great | ° : 
interest. In order to meet the convenience of Ravi Corgveation. 
members, not all of whom were interested in the) Mr. W. Worby Beaumont next read his paper on 
same branches of engineering, an attempt had | ‘‘ The Origin and Production of Corrugations on 
been made to classify the papers to a certain | Tramway Rails.” This paper we print in full on page 
extent, so that those dealing with allied subjects | 330, and so may at once proceed to the discussion. 
should be taken on the same day. This was opened by Mr. Alexander Siemens, 

who said he would venture to ask the author if he 
Tue Roiiine or Sates. really believed that any of the remedies he sug- 

The President then proceeded to read his address, gested were practicable. Of these, there were 
which we reprinted last week (page 299 ante). In four—viz., a reduction of speed, a reduction of 
too many cases, we may say, a president is tempted | weight, the use of larger wheels, and the use of 
to range over the whole field covered by his section, | harder rails. Personally he believed the three 
and there are, no doubt, times when a general review | remedies first named quite impossible. As to the 
of the advance of mechanical science may be pro- | use of larger wheels, this would involve the adop- 
fitable ; but however necessary it may be in matters tion of slower running, and thus heavier, motors. 
of commerce, an annual stocktaking is neither| The use of harder rails was, perhaps, practicable, 
illuminating nor interesting in the applied sciences. | but he would suggest that the h metal should 
Professor Biles accordingly chose the better part, be confined to the sides of the rails, a softer metal 
and devoted his address to the discussion of being sandwiched between. This, he believed, 
a subject on which he has special competency. | would reduce the flowing and crumbling action, 
Unfortunately, owing to a personal accident last | and it should not be impossible to produce rails 
April, he was unable, as he had originally in-| having the constitution in question, with different 
tended, to bring before his auditors the results qualities in different parts. 
of an elaborate experimental investigation, for, Sir W. H. White, who followed, said that in the 
which the apparatus had been prepared ; but he earlier days of turret ships they had been met with 
was able later on to assure his hearers that in the | a series of difficulties very similar to those described 
end his injury would result merely in the research | by Mr. Beaumont. The rollers and the roller-path 
being delayed, and not in its abandonment. This| had to take not merely the dead-weight of the 
circumstance led, however, to the address being turret, but also the shock due to the firing of 
in the main a statement of the problem presented | the gun at perhaps a considerable elevation, and, 
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moreover, it was not possible to arrange matters 
so that this shock should come on special rollers. 
As a consequence, they had in the early days 
cases of the roller-paths being corrugated, and 
of the rollers being crushed. By varying the 
quality of the material, however, the difficulties 
first experienced had been eliminated. Referring 
to Mr. Siemens’s remarks, he thought that the 
present situation, as regarded tramway rails, was 
parallel to that which had arisen when steel 
came to be substituted for iron on railways. The 
question was largely a commercial one, but he 
noted a life of thirteen years in the case of some 
of the rails discussed by Mr. Beaumont ; and to his | 
mind, therefore, the question was not of very | 
serious import, though the obstruction of traffic, | 
which arose from the necessities of relaying, was | 
no doubt objectionable. Mr. Beaumont’s paper 
showed that the matter was being carefully studied 
by railway engineers, and the author had himself | 
attacked the problem in a scientific way, by obtain- 
ing quantitative measurements as to the actual 
intensity of the pressures experienced. These 
figures must prove of great value to those who had 
to deal practically with the problem. Corrugations, 
he might add, were not confined to tram-lines, but, | 
as every motorist knew, were frequently met with | 
on macadam roads, | 





Here, again, they were not | 
accidental occurrences, but arose from the flowing 
of the material produced by the traftic. He did not 
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agree with Mr. Siemens’s suggestion for a composite 
rail. 

Professor G. W. O. Howe asked what was the 
objection to the corrugations, and who were the 
people who complained of them. 

Professor Petavel, who followed, suggested that 
the local intensity of the pressure which produced 
the detrusion of the rail, and thus led to the forma- 
tion of corrugations, might be reduced by the use 
of spring tyres, which would deform so as to give a 
larger area of contact. The actual areas were, as 
the paper showed, extremely small, and he was not, 
therefore without hope that it might be possible to 
increase them in the way he suggested. 

Mr. Charles Hawksley remarked that the ques- 
tion of road corrugations had arisen at Dublin, and 
one of the county surveyors had given a_ half 

romise of a paper on the subject, but the speaker 
ad heard nothing further on this head. 

Mr. Hudson said that he had noticed, in many 
towns, road corrugations where a cross-road made 
a junction with one paved with granite setts. These 
corrugations were deepest close up to the setts, and 
then gradually got less pronounced. He thought 
they arose from spring-borne vehicles passing off 
the setts on to the macadam. 

A speaker, whose name did not transpire, said 
that on railways corrugation was distinctly worse in 
cuttings than on embankments, and this he 
attributed to the greater rigidity of the road-bed 
in the former case. If this view were correct, it 
might possibly prove the cieapest plan in the end 
to alter the bedding of tram-rails, particularly as 
further growth in speeds and weights must be 
anticipated. 

In reply, Mr. Beaumont said that he thought Mr. 
Siemens must have studied but little the proper- 
ties of rail metals, if he thought it possible to get a 
material so well tempered that it would recover 
perfectly its form after every indentation. In the 
sense he intended it, moreover, a reduction of 
speed was certainly possible, though a great many 











would declare the contrary. The great trouble 
was that trams, moving as they did on fixed 
lines, had to make very high speeds when they got 
a clear way, if they were to maintain an average speed 
which would retain them their customers. Mr. 
Siemens suggested use of a soft metal would be 
a reversion to the soft wrought-iron rails and soft 
tyres of yearsago. These spread under the traffic 
so that long ribbons could be removed from the 
sides of the rails and almost: complete rings from 
the sides of the tyres. In 1876 the speaker had 
read a paper before the Institution of Civil Engi- 
neers, in which this matter had been investigated 
and the reason given why the tyres failed, and why, 
which was the puzzle, breakages were more frequent 
where the tyres were solid metal than at points 
where holes passed through them. Mr. Siemens 
had said that there would be a difficulty in using 
large wheels on tramcars, and this was true if the 
present design were retained; but the speaker 
questioned whether this could not be modified. 
The experiences with roller-paths, described by Sir 
William White, had been duplicated with tram- 
plates. Those at one time laid over Westminster 
Bridge, to accommodate heavy traftic, soon lost 
their original flatness, and arched upwards, owing 
to the stretching of their upper surfaces by the 
cold-rolling they received. 





The whole question of tramway corrugation was 





largely a commercial matter. The life of thirteen 
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years, quoted by Sir William White, referred to a 
case in which the traftic density was not high. The 
matter had, however, now attained such an import- 
ance, owing to the cost of repairs and renewals, 
that it was becoming improbable that tramway 
systems could be permanently maintained without 
aid from the rates. Professor Howe had asked 
who it was that objected to the corrugations. 
To this he might reply, ‘‘ Everyone along the 
line of route,” owing to the resultant noise and 
vibration. The former difficulty alone had given 
the greatest anxiety to the tramway people. 
Professor Petavel’s suggestion to use spring wheels 
he regarded as impracticable, since the cars ran 
many million miles in a relatively short time, and 
any moving parts, introduced as proposed, would 
soon be worn out. 


Tue Gyro-Compass. 


Mr. G. K. B. Elphinstone next read a paper on 
‘*The Anschutz Gyro-Compass.” This device has 
already been fully described in our issue of June 23 
last, page 816. This compass, Mr. Elphinstone said, 
was now in use on & pose oat Fe number of warships, 
and was under consideration for adoption on some 
large liners. Ithad some great advantages over the 
magnetic compass, though, of course, it had, on the 
other hand, some troubles of its own. Its chief 
merit lay in the fact that it was quite unaffected by 
magnetism. On modern warships the mass of steel 
was enormous, and made the adjustment of the 
magnetic com so difficult as to appear at first 
sight almost impossible, and the conditions were 
daily becoming more onerous. The enormous 
funnels now necessary were, for example, some- 
times hot and sometimes cold, so that their mag- 
netic condition varied. The experiments which had 
resulted in the instrument he had on view were com- 
menced some twelve years ago, with the primary 
objectof findinga substitute for the magneticcompass 
to be used ona projected expedition to the North Pole. 
After eight years’ work the instrument, with which 





his paper was concerned, was devised, and, curi- 
ously enough, there were only two places on the 
globe where it would not work, and F san were the 
North Pole and the South Pole. To illustrate the 
difficulties of applying the ordinary magnetic 
compass to modern warships, Mr. Elphinstone said 
that, on the Neptune, both the standard compass 
and that on the bridge were in very exposed situa- 
tions. The former, moreover, was very close to an 
enormous gun-shield, the position of which was 
not fixed. In fact, there were hundreds of tons of 
movable steel on board a modern warship, the 
magnetic condition of which could not accordinely 
be constant. : 
The principle of the Anchutz compass was, he 
said, illustrated in Figs. 1 and 2. The former 
represented what was essentially a pendulum, of 
which the gycoscope formed the bob. Gravity con- 
stantly tended to keep this axis horizontal. Sup- 
pose, however, the effects of gravity were cancelled, 
then, if by the rotation of the earth the pendulum 
gyroscope was carried from A to A, (Fig. 2), it would 
maintain invariable its original plane of rotation, its 
axis remaining parallel to itself, as indicated. If 
now gravity came into play, it would tend to make 
the axis of the gyroscope tangential to the earth’s 
surface. The couple acting as indicated by the 
arrows would cause the gyroscope to precess in 
the direction indicated by the curved arrow near 
the top of the instrument. In fact, a precession 
would always arise in this way unless the 
original axis of rotation of the gyroscope 
lay in the meridional plane, which alone 
constituted a position of equilibrium. 

The actual machine was illustrated, he 
said, in the cross-section, Fig. 3. The 
gyroscope ran on ball-bearings at 20,000 

Yj revolutions per minute, being driven by an 
Yj induction motor, of which the armature (of 
g the squirrel-cage type) formed part of the 
gyroscope disc. The whole weight of the 
= machine was carried by a steel ring floating 
s in mercury. After starting up the machine, 
the meridiona] plane was attained in 2} to 


Ak 3 hours, and would then be maintained 


indefinitely. 

In another room Mr. Elphinstone had an 
actual instrument on view. This was fitted 
with electrical repeating gear, by which 
the gyroscope readings could be transferred 
to any part of a ship. Provision was also 
made for magnifying, in this transmission, 
the actual motion, and, as a result, the 

steersman was able to maintain his course much 
more accurately, as was proved by charts, also 
exhibited, which showed the comparative errors 
made in steering with the gyro-compass and with 
the magnetic compass. 

There was no discussion on the paper. 


ELEcTRICAL Sutp PROPULSION. 


When the section met on Friday the chair was 
again occupied by Professor Biles, and the paper 
taken first had as its author Mr. H. A. Mavor, and 
was entitled ‘‘ Electrical Drives for Screw - Pro- 
pellers.” This paper we print in full on page 
332. It described an application of Mr. Mavor’s 
system to a petrol launch and to a Canadian canal 
and lake barge. It was also stated that the system 
was to be adopted in a collier to be built for the 
United States Navy, a sister-vessel being fitted 
with geared turbines. One advantage of the arrange- 
ment, as installed on a number of these boats, is 
that the condenser can be placed below the turbines. 
Though the fact was not mentioned by Mr. Mavor, 
we may add that this arrangement makes it pos- 
sible to start up the turbines with —— 
no preliminary heating up. In land stations 
the accepted practice, at least with the reaction 
type, is to get the turbine turning round as soon 
as possible, and the full load is commonly put on 
within a quarter-of-an-hour from the commence- 
ment, and on emergencies this has been done 
almost instantly. Atsea, on the other hand, where 
the outlet to the condenser is generally at the top, 
and not at the bottom, of the casing, a preliminary 
heating up of 2} to 3 hours’ duration is usual. 

The discussion was opened by Professor Dalby, 
who said that the paper marked a very interesting 
departure in the transmission of power where 
there was a demand for a great velocity ratio 
between the prime: mover and its follower. The 
only question that arose was whether the great 
flexibility of the system would be bound up with « 
considerable sacrifice of efficiency. He asked, 
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therefore, if the author could state definitely the 
ratio of the shaft horse-power delivered to the 
serew to the horse-power supplied to the motor. 

He would be glad to have these figures for the case 
of full-load, half-load, and quarter-load. Another 
point on which he desired information had reference 
to the size of the motors on the propeller-shaft. 
What was the diameter of that used on the slow- 
speed boat described, and also on the collier to be 
supplied to the United States Navy’? Though no 
scale appeared on the drawings, these gave the 
impression that the fly-wheel action would be very 
considerable, and questions then arose as to what 
would be the consequent strains on the shaft and 
bearings. 

A speaker, whose name could not be obtained, 
owing to the Chairman not adopting the excellent 
plan of announcing the name of each speaker 
to the meeting, observed that Mr. Mavor’s system 
involved the placing on board of three sets of 
machinery, each in itself sufficiently powerful to 
drive the ship. On the score of weight, he thought 
this must be a distinct disadvantage. 

Professor Petavel, who followed, said the possi- 
bility of being able to couple up a high-speed motor 
to a low-speed follower would frequently — - 
sate for considerable losses in transmission. » 
Mavor’s system had the advantage of flexibility and 
of the possibility of connecting up separate sources 
of power to one drive. The reverse side of the 

icture was the danger of complication and of 
loustsionns. There were three separate units, 
each liable to its individual defects, and at sea a 
breakdown would be a serious matter. 

Sir W. H. White congratulated the author on 
having attained the point at which he could refer 
to actual results, and not merely to proposals. He 
could now declare that his system had been seen 
at work by independent parties, who had been so 
impressed that they were prepared to go further. 
The decision of the United States Government to 
try the method was very important, and the more 
so in that a direct comparison would be made 
with a sister-boat fitted with Westinghouse geared 
turbines. Such a large-scale comparison was of 
very great interest, and as the United States Navy 
was in the habit of publishing the results of such 
experiments, every one would benefit bythem. He 
had already expressed his personal views on the 
system in the discussion at the Institution of Civil 
Engineers. As he then stated, he did not believe 
that a lessened efficiency with screw-propellers run- 
ning at high velocities was inevitable. The present 
condition of matters.in this regard was not, he 
thought, a permanent one. Already great advances 
had been made and there was a prospect of further 
improvement. He might say that the Parsons Marine 
Turbine Company had set up apparatus to test the 
matter exhaustively. Mr. Taylor, of the United 
States Navy, was already working in the same 
direction, and had satisfied himself that it was 
possible to proceed to much higher revolutions than 
usual, and yet maintain the efficiency. Further, 
Sir Henry Oram had stated that the propulsive 
coefficient of the Invincible was quite satisfactory 
as compared with screws running at lower rates of 
revolution. There was thus, he thought, more than 
a possibility of obtaining efficiency with high-speed 
propellers. If this were so, it would greatly influ- 
ence the type of machinery to be adopted on modern 
ships. Professor Petavel had stated the objections 
to the conversion and reconversion of power. On 
the other hand, Mr. Mavor had been quite fair in his 
statement of the advantages, and if these proved 
satisfactory on the whole, and there was an economy 
of propulsion, and extra carrying power, the system 
would goon. It would, however, have to justify itself 
on shipboard. He had now nothing to do with the 
Royal — The author had said that the Admiralty 
had m the opportunity of making the first 
practical trial of the proposed system, but the 
speaker thought that all would agree that the 
authorities might be trusted to avail themselves 
vf all means of advance in ship propulsion, wherever 
they came from. 

_ Professor Howe asked the author to give par- 
ticulars as to the winding of the motor. In the 
paper it was explained that there were three 
Separate stator windings, and it was claimed that 
the whole were independent, so that if one of the 
three generating units broke down, no trouble would 
arise. The speaker would have thought that in 
such @ case the motor would have jumped back 
currents and motored round the idle generator. 
As to the three links in the power-transmission 





system, he was not in agreement with a previous 
speaker. Squirrel-cage motors and alternate-cur- 
rent generators were so strong and reliable that 
that they did not weaken the chain ; not so much, 
indeed, as the provision of an extra row of blades on 
the turbine. 

Dr. Morrow, who spoke next, said that the ques- 
tion arose as to what type of vessel the system 
proposed was best adapted. In the case of low- 
— cargo-boats it would have to compete with 
the reciprocating engine and with the geared tur- 
bine, since if a turbine was installed in such craft 
at all, it must be geared. In the case of high-speed 
liners there could be a direct drive between the 
turbine and the screw, and here the competition 
would be between the Mavor system and direct 
or geared turbine-driven screws. In the case of 
warships, again, there was a demand for economy 
at low powers. To which of these classes, he asked, 
was the proposed system specially suited? With 
the cargo-boat it had, as stated, to compete with the 
geared turbine ; and as to the liners, a case had yet 
to be made out for the electric drive, it being a 
doubtful question whether the possible increase in 
efficiency would compensate for the extra complica- 
tion. Where low-speed economy was very im- 

rtant, it was interesting to note that the United 

tates Navy had discarded the turbine, and were 
fitting reciprocating engines. Here perhaps might 
be a chance for Mr. Mavor. 

Mr. Dyne asked what was the efficiency of the 
squirrel-cage armature at one-third full power ; and 
Mr. C. E. Hankey inquired what was the reason 
for adopting three engines instead of one for the 
boat to run on the Canadian lakes. A cargo-boat, 
he stated, was not generally required to run at 
one-third speed. 

Sir W. H. White, again rising, said he thought 
he should state that it was not exactly the case that 
the United States Navy had discarded the turbine. 
The fact was that, in the case of one ship being 
built at Newport News, it had been decided to 
adopt reciprocating engines, on account of the 
remarkable economy attained with previous engines 
by the same builders. 

Mr. B. P. Haigh, referring to the possibility of 
the motors being drowned in sea-water, said that 
he had known a motor flooded in this way which 
yet continued to work. The voltage in this case 
was not high, but he nevertheless thought that Mr. 
Mavor’s motors could be kept running in the condi- 
tion stated, provided the duration of the flooding 
was not too long. 

Mr. H. A. Thaver, in replying, said that the 
voltages he adopted ranged from 600 to 2U00, the 
latter being adopted with the larger sizes so 
as to keep down the weight, but lower voltages 
could be used. As to Professor Dalby’s questions, 
he might say that the efficiency from the generator 
terminals to the screw-shaft was of the order of 
90 per cent. It was quite possible to get a figure 
of 96 per cent., but the motor was then less suitable 
for use at sea. ‘The amount of clearance allowed 
settled the efficiency, and it was thought advisable 
to sacrifice some of this, so as to make possible a 
rougher construction. The loss could well be 
afforded, as in the case of the bulk - freighter 
Freda, described in this paper, which required 
1900 horse-power, the consumption with the electric 
drive would be 30 tons a day, in place of 40 tons 
with ordinary reciprocating engines. The motors, 
he might state, had a diameter of 12 ft. to 15 ft., 
the latter size being adopted for the United States 
collier. He had found, indeed, that a diameter of 
15 ft. was enough in most cases, and it should be 
remembered that with a large diameter the axial 
length wasshort. As to the suggestion that special 
strains might arise in the bearings, his experimental 
boat had answered this question. e motor 
ran more sweetly in a seaway than the engines did. 
The suggestion made by one speaker that there 
were three links in his transmission chain was, he 
thought, misleading. He claimed that his system 
was even less complicated than a direct drive by a 
reciprocating engine, there being fewer individual 
moving parts. e turbine and generator rotors 
constituted one moving part, and the motor arma- 
ture and the screw-shaft another. The construc- 
tion of a squirrel-cage armature was, in fact, simpler 
than that of a cart-wheel, and to an electrical engi- 
neer the suggestion of complication was mere 
nonsense. Changes in the connections -to the 
copper coils on the stators were made with the plant 
stationary and no current, i Of course, in 


| cases where a direct drive from. the turbine to 








the propeller was possible, there would be no 
sense in adopting electrical means of transmis- 
sion, and hence he must make a reservation as to 
high-speed vessels in advocating the applicability 
of his system. Slow-speed ships could not, how- 
ever, be driven by high-speed screws, since at 10 
or 12 knots the revolutions must be between 70 and 
150 as practicable speeds. He, however, proposed 
to run his generator at 3000 revolutions, and here 
he thought the electrical system offered advantages. 
Through the courtesy of the Parsons Company he 
had had the opportunity of making a direct com- 
parison between the geared turbine and the electric 
drive for a ship of this class. This showed the 
geared turbine to be a very serious competitor, but 
the weight and the efticiency proved to be practi- 
cally the same as with his system. In the Dooln, 
to which he had already referred, the propeller was 
to be the same’as with reciprocating engines, but 
the steam consumption 25 per cent. less. As to the 
suggested increased danger of breakdowns resulting 
from the use of three independent units, all he 
could say was that we were now dependent on 
electric transmission for driving tramcars and the 
like, and it did not break down. 

A pretty full description of the motor construc- 
tion had already been published in ENGINEERING 
on June 9 of this year, page 768. The windings 
were arranged so as to be mutually non-induc- 
tive, and then there was no pumping back of 
current into the idle circuit. The efficiency of the 
squirrel-cage motor was comparatively low at low 
powers, but in this regard compared favourably 
with that of a steam-engine. The boat in which 
the three independent engines were used was not 
an ordinary cargo-boat, but was intended for the 
Canadian lake services. Here in the canals the 
speed had to be kept down to 3 or 4 knots, whilst in 
the lakes a speed of 8 or 9 knots was required. This 
accounted for the subdivision of the engine into 
three units, but this possessed advantages also in 
other cases, since two smaller engines could be 
built with a less total weight than a single equiva- 
lent large one. As to the danger of short-circuits, 
commonly this was associated in the popular mind 
with the destruction of apparatus; but with an 
alternate-current generator feeding a single motor 
on a single circuit no damage could arise, as the 
maximum current was not more than 2} to 3 times 
the normal. On a street main matters were diffe- 
rent. It was designed to take, say, 100 horse- 

ower, but there was, perhaps, 10,000 horse-power 

hind it in the station. In that casea short circuit 
might blow up the street, but if the maximum 
power which could enter the circuit was only equal 
to that for which it was intended, no damage could 
arise. On shipboard a sudden reversal of the 
motor was equivalent to a short-circuit, only worse, 
and this operation had been carried out on his 
yacht before the Admiralty inspectors, who were 
surprised to find that nothing happened save that 
the screw began to revolve backwards. Nature 
in this instance was on the side of the engineer, 
and made it impossible to blow up the dynamo. 
Indeed, if the generator were connected by a naked 
wire to the skin of the ship, only 24 to3 times the 
normal current would flow, and at a reduced voltage. 
There would be no burningup. He had tried the 
experiment of running a motor under water. The 
machine was twenty years old at the time of the 
test, and it ran for a whole day. Of course, as 
Mr. Haigh had said, the experiment could not be 
repeated indefinitely. Apart from other effects, 
however, the water tended to keep the machine 
cool, and there was no explosion. The machine 
used was a continuous-current one with com- 
mutator and brushes. He had not thought it 
would run, but it did. 

In proposing a vote of thanks to the author, 
Professor Biles said that some remarks in the 
paper rather tended to the conclusion that coal 
economy was less important on short cross-Channel 
passages than on long voyages. In the latter, of 
course, the matter was complicated by the difficulty 
of finding bunker room for excessive quantities of 
fuel, but those who had to pay for the coal used on 
short sea trips were quite as keen as anyone else 
on the matter of fuel economy. 


Exectric STEERING. 


Mr. B. P. Haigh then read his paper on 
** Electric Steering,” which we reproduce on 
page 333. In the system described a constantly- 
running electric motor is used, which is coupled 
up at will by magnetic clutches to gearing, which 





312 


ENGINEERING. 





(Sept. 8, 1911. 





turns the rudder one way or the other as required. 
The plant had, the author stated, been under test 
for some months, with very satisfactory results. 
Owing to the flywheel action which couied from 
the use of a continuously-running motor, there was 
never any excessive demand for current, and con- 
sequently the steering gear could be run without 
trouble from the lighting circuits of the ship. 

The discussion was opened by Sir W. H. White, 
who stated that Mr. Beaumont had requested him 
to say that his own experience with control gears 
led him to believe that there might be trouble with 
the red fibre blocks used in the friction clutches. 
Mr. Beaumont also thought that the wires which 
conveyed the current to the magnetic clutches, and 
which were buried in the shaft, might also prove 
objectionable, Speaking for himself, Sir William 
White continued that he regarded the method 
of electrically-operated steering gear with favour, 
its advantages being very great. In a yacht with 
which he was acquainted, the whole of the power 
equipment outside of the engine-room was origi- 
nally made electrical. In connection with the 
steering-gear, however, a difficulty had arisen, 
owing to its extreme sensitiveness, which, in com- 
bination with a nervous quartermaster, had nearly 
resulted in a collision. A hunting (overtaking) 
gear was fitted, but the quartermaster would not 
give it time to act. This hunting-gear was accord- 
ingly removed, and a helm-indicator provided, the 
steersman being then instructed simply to give so 
many degrees of helm, and the whole difficulty 
thus disappeared. Professor Hele-Shaw’s gear had 
now been fitted to the yacht, and was beautifully 
sensitive. Experience would show which type 
would survive. He might say that the question 
of economy of power could not be neglected. An 
ordinary quartermaster never let the helm alone, 
although such continual movements had no real 
value in keeping the vessel on her course. In the 
yacht already mentioned electrical gear was first 
titted, but on the score of economy of power was 
afterwards replaced by steam ; and now this had 
been in its turn superseded by another form of 
electrical gear. 

Professor Dalby asked if the author could state 
the coefticient of friction of the red fibre, and also 
what was the limiting pressure used on it. 

Mr. C. Hawksley said that he su d it was 
usual to fit hand steering-gear in addition to the 
electrical. As to the necessity of this, he had 
recent experience. Ina boat en route to Gibraltar, 
the power steering-gear broke down, and when an 
attempt was made to use the hand-gear this also 
was found to be out of order, and it took three 
hours to put it right. Had the accident occurred 
half an hour earlier the vessel would probably have 
drifted on to some rocks. 

In reply, Mr. Haigh said that they had tried 
different substances in their clutches, but found 
red fibre to give the least trouble. The only objec- 
tion to it was that it was hygroscopic, readily 
absorbing moisture. This made them afraid that 
the blocks would swell up in their holders and 
make it impossible to take up wear. They had 
accordingly adopted the plan of boiling the fibre in 
linseed oil, thus closing up its pores and making 
the absorption of water impossible. They had 
found no unequal wear during the several months 
over which their experiments with the system 
extended. They had, moreover, found no change 
in the friction with rise of temperature. They 
had repeatedly tested this by locking the 
rudder and running the gear for five minutes, the 
friction clutches slipping the whole time. This he 
considered a severe test, and he could state that 
the torque was as great at the end of the five 
minutes as at the outset. The current taken by 
the motor could ney. r exceed that necessary to slip 
the clutches, and consequently the gear could be 
run from the lighting circuits, and the working of 
fans, hoisting-gears, and tue like would be quite 
unaffected. The burying in the shaft of the cables 
carrying the current to the magnets could not 
give rise to any trouble. In the three-phase 
enclosed motors used in collieries, the whole of 
the three cables passed through a hollow shaft, and 
no trouble arose, though the currents might be 
heavy. In the case of his own gear, the cables in 
question only carried the current to the clutches, 
and its strength was only half an ampere. As to 


the sensitiveness of the gear causing trouble, when 
a hunting-gear was used, this was 
supplying the gear with different 
tiveness to suit different cases. 


rovided for by 
egrees of sensi- 








In the first instance, however, they had worked 
out the problem for the most difficult case—that of 
a very fast boat. In the case of a ‘0-boat a 
much less sensitive gear would be fitted. e worst 
condition that could arise was when the wheel was 
first placed hard over and then moved back amid- 
ships before the rudder had caught up with the 
first movement. The only result in this case would 
be that the clutches would slip. The coefficient of 
friction for red fibre was not very different from 
that of wood. They found they could rely on a 
coefficient of one-sixth, but allowed for a smaller 
value. They were, indeed, quite prepared to face 
the possibility of oil between the friction sur- 
faces. They had, in fact, poured oil in, with the 
result that slipping occurred, and lasted for 12 
revolutions, at the end of which the oil was 
squeezed out and the surfaces gripped again. The 
time lag was therefore only a few seconds. In the 
experimental gear the pressure between the friction 
surfaces was about 100 lb. per sq. in. 


RepPvutsion Motors. 

Mr. T. F. Wall was the author of the next 
pew taken, entitled ‘‘ The Single-Phase Repulsion 

otor.” This paper was purely mathematical, and 
essentially one to be studied in extenso. We hope 
to reprint it in a future issue. 

The discussion was opened by Mr. B. P Haigh, 
who said it was impossible to criticise the paper 
until one had had an opportunity of studying it. 
He thought the author’s method might be amplified 
so as to take into account the voltage in the coils 
under the brushes, which determined the sparking 
limit. 

In reply, Mr. Wall said that in the Déri type 
sparking had been greatly diminished. 


SENSITIVENESS TO VIBRATION. 


The President then called upon Captain H. Riall 
Sankey to read the paper of which he and Mr. W. 
Pollard Digby were joint authors, entitled ‘‘ Some 
Preliminary Notes on Human Susceptibility to 
Vibration.” This paper we reprint on page 333. 
In his introductory remarks, Captain Sankey added 
a few further details as to the instrument used in 
recording the amplitudes of the vibration. This con- 
sisted of a small mirror floating on mercury, and 
centred by a tine spindle passing through a hole in 
the middle of it. Setting the mercury in vibration 
caused the mirror to oscillate, the amplitude being 
magnified optically. In use the instrument was 
placed on a table, which was set in vibration by 
resting on it a revolving weight more or less out of 
balance. The instrument was calibrated for vibra- 
tions of different periodicities and amplitudes by 
direct measurement of the latter. 

In the discussion which ensued a speaker ques- 
tioned whether the method could give exact data. 
Different people differed so much, and their esti- 
mates were largely dependent on preconceived 
ideas. In one case in which a business man com- 
plained of the vibration caused by machinery in an 
adjacent building, the speaker was able to prove 
to the complainant that this was much less than 
was caused by the heavy traffic along the street. 

Sir W. H. White suggested that the conditions 
were so varied that the research was essentially 
one for ple of leisure. He had himself seen 
some curious instances of the erratic way in which 
different individuals estimated vibrations, and 
believed accordingly that mere impressions were 
useless, and actual measurements were alone to be 
relied on. On one occasion, in a trial trip in 
Stokes Bay, the captain declared to him that the 
ends of the ship, which was 300 ft. long, were 
moving up and down a full 18 in. On being 
made to change his position, the complainant was 
astonished to find that his impression was totally 
unfounded. Complaints had at onetime been made 
of vibration on the Lusitania and Mauretania, 
and the speaker was in possession of the actual 
measurements made on these and on other liners. 
The actual amplitude was trivial in the case of the 
two turbine ts as compared with the other 
vessels, but the high frequency led to complaints 
of vibration in certain limited portions of the 
ships. He had, however, on one occasion found 
one of the loudest of the complainants asleep 
in the very region where the disturbance was 
greatest. 

Professor Petavel suggested that the association 
of sound with vibration greatly added to the dis- 
comfort. If there were some object in a room in 
imperfect resonance with a vibration, he thought 








the conditions would be hardly consistent with the 
peace of mind and comfort of the occupants. 


Some New Atuminium ALLoys. 


Under the above title Professor E. Wilson had 
prepared a note on the conductivity of light 
aluminium alloys. This was taken as read. The 
author stated that alloys formed by alloying com- 
mercial aluminium with 2.6 per cent. of copper 
had proved unsatisfactory, and that in the course 
of ten years those containing copper and manganese 
had not seriously deteriorated. Some experiments 
had been made on ‘‘ Duralumin,”’ which proved to 
have a specific resistance of 5.35 x 10-° ohms as 
against 2.76 x 10-* ohms for pure aluminium. 


AERIAL FLIGHrt. 


The proceedings last Monday opened with a joint 
discussion of Sections A and G on the subject of 
aeronautics, which was remarkable for the fact that 
no mathematician ventured to speak. We trust that 
this circumstance is not to be taken as an indication 
that the mathematical side of the subject is being 
neglected in this country. Some important con- 
tributions to the theory of stability have been 
recently made in France, one of the conclusions 
reached being that automatic lateral stability is 
inherently impossible. The French writers also 
claim to have established the fact that two of the 
possible periods of oscillation in the fore and aft 
direction are necessarily long, and hence in non- 
uniform air-currents a second disturbance may 
arise before the first has been damped out, the 
conclusion being that stability in a fore and aft 
direction must also depend partially on the skill of 
the pilot unless the air currents chance to be 
reasonably uniform. It would have been of interest 
to have had these conclusions criticised by other 
mathematicians, but the discussion was left wholly 
in the hands of engineers, meteorologists, and 
physicists. 

The discussion was opened by Mr. A. E. 
Berriman, who had had printed in advance a 
summary of his remarks, which we reproduce on 
page 337. To make clearer the points to which he 
wished discussion to be phew y the speaker had 
prepared a number of diagrams. Thus the sweep 
of the aeroplane was, he said, the depth of the 
layer of air set in motion by it, as represented in 
Fig. 4, subjoined. One point on which he said 











there was much divergence of opinion was the 
proper measure of the angle of attack. Some took 
it to be the angle a between the chord to the aero- 
foil and the horizontal, as represented in Fig. 5. 
Others claimed that the trail angle (see Fig. 6) was 


alone of importance, whereas he himself contended 


that the angle of attack was properly taken as the 


angle included between the tangent to the leading 


edge of the aerofoil and the tangent to the trailing 
edge, as represented in Fig. 7. He also showed 
Fig. 8, which represented, he said, the speed neces- 
sary to support weights of }, 1, 2, and 3 1b. per 
sq. ft. respectively, when § the angle of attack 
had various values between 0 deg. and 20 deg. 
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This curve was obtained by plotting the equation 
Pg = vee where Ps = weight supported per 


square foot, V the speed in miles per hour, and | 


8 the angle of attack. 
Taking into account skin friction as deduced 
from Zahm’s experiments, the thrust required per 


pound of load carried was plotted for various values | 


of 8 in Fig. 9, and there was, it would be seen, he 
said, a minimum value with 8 = 5 deg. With 
respect to skin friction, he observed further that 


the object of adopting a stream-line form was to | 
Surface 


convert head resistance into skin friction. 


Miles per Hour 





Values of B. 





(14218) 


for surface, the latter was only ,},th part of the 
former ; so that, with no increase in total resist- 
ance, 1 sq. ft. of surface offering head resistance 
could be replaced by 300 sq. ft. of surface disposed 
in fair form. The speaker also showed experimen- 
tally that, owing to gyroscopic action of the engine, 
a turn to the right might make an aeroplane soar, 
and vice versd. 

Professor H. H. Turner, the President of 
Section A, who occupied the chair, complimented 
Mr. Berriman on the able manner in which he had 
opened the discussion. In order, however, to give 
the mathematicians time to catch their breath, 
after listening to remarks on cambered planes (he 
supposed they would next hear of curved straight 
lines), he asked Dr. W. N. Shaw to discuss the 
matter from the meteorological standpoint. 

Dr. Shaw said that the opener had treated the 
mathematical aspect of the subject almost wholly 
from the standpoint of a machine traversing a 
medium at rest or in uniform motion. The air- 
man’s business was to make his way through the 
atmosphere, whilst it was the part of the meteoro- 
logist to tell him what he had to expect on his 
passage. He would not in general find the atmo- 
sphere to be a fluid in uniform motion. Wind had 
the characteristic that it did not blow uniformly, but 
in gusts. Ifits average speed were 20 miles an hour, 
the minimum might be 10 miles, and the maximutn 
30 miles per hour, as determined by the Dines 
pressure-tube anemometer. The irregularity was, 
moreover, dependent on the locality. On a sea- 
coast station, with the wind sweeping over the 
sea, the oscillations in velocity might be quite 
small, but in the case of land stations the varia- 
tions were much larger, and if the range were from 
10 miles to 30 miles, the difference in the force 
acting on the aeroplane would be as 1 to 9, that 
corresponding to the mean velocity of 20 miles an 
hour being measured by 4. These very consider- 
able variations in wind velocities constituted a 
point in favour of high-speed flight, since the same 
absolute variation would then be proportionately 
less. One discovery the pom gs owed to the 
alrman—viz., that known as the ‘‘ hole in the air.” 
On certain occasions the aeronaut found that he 
suddenly +o an involuntary descent. Meteoro- 
logists had been trying to find out whether this 
‘hole in the air” was due to something new, or 
was merely associated with familiar phenomena, of 
which the effect had not been numerically developed. 
They had had therefore to examine the structure of 
the atmosphere and see what evidence there was of 
sudden vertical motions. Such, it was found, did 


exist, but not in places where the aeroplanist was 


likely to trust himself. 


cliff eddies were formed which would be a 
serious obstacle to aerial navigation there. No 
experienced airman would, however, expose him- 
self to these, and hence the conclusion reached 
was that the whole phenomenon was due to 
variations in the speed of the wind. The effect 
of sudden gusts on an aeroplane should be 
studied more closely. It was more or less analogous 
to that of a bumpy road on the stability of a bicycle. 
Records showed further that in a 20-mile wind 
the speed might pass seventeen times a minute 
from 10 to 30 miles an hour. If an airman came 


| into a lull, his machine would suddenly appear too 


| heavy and down he would come. 


e had thus 
always to face what were in appearance up-and- 


|down currents. The variations in the wind were, 








moreover, not confined to velocity only, but there 
were also sudden changes of direction, and these 
made the airman worse off than a cyclist moving 
over a bumpy road, since he experienced sudden 
side-thrusts from which the latter was free. 
As to the extent of these variations Mr. J. S. 
Dines could give details better than himself, but he 
might say that there was no apparent relation 
between the changes in direction and the changes 
in speed. Whena sudden gust came it might, or 
might not, be in the same direction as the pre- 
vailing current. 

Before calling on the next speaker Professor 
Turner said that Dr. Shaw had shown that the 
meteorologist had much to say on the question. 
He had himself been struck by Mr. Berriman’s 
experiment with the gyroscope, which indicated 
that if an airman turned in one direction, the gyro- 
scopic action of his engine would tend to make him 
soar, and if in the reverse direction to dive. He 
had himself seen one aeroplane accident, in which 
the airman fell in turning, and he thought the 
gyroscopic effect might well have been responsible 
for the disaster. 

Professor Petavel, who followed, said he desired 
to say a few words on the question of safety, 
reliability, and efficiency. Of these, safety was the 
most important, and was dependent essentially on 
the stability of the machine. It would, he thought, 
be well to admit at the start that perfect automatic 
stability was never likely to realised. In 
uniform air it was in certain directions easily 
attained, but in the actual disturbed condition of 
the atmosphere success was far distant. Perfect 
auto-stability was, however, not a necessity. Com- 
paring a bicycle with a tricycle, the latter was 
stable, but most people felt safer on the bicycle ; 
and he thought, therefore, that a good deal 
might well be left to the experienced control 
of the pilot. The only successful method of obtain- 
ing automatic stability was attained by attention 
to the shape and position of the wings or aerofoils, 
to use Lanchester’s term. In this direction Mr. 
Dunn had been reasonably successful. One possible 


‘way of improving the stability was to increase the 


speed of flight, so that atmospheric variations were 
proportionately smaller percentages of the velocity 
of the machine, and the gusts would thus produce 
correspondingly less disturbance. Unfortunately, 
however, a high increase in speed led to increased 
danger in alighting unless some plan was adopted 
to reduce the speed at that time. This might 
be effected by increasing the area of the wing- 
surfaces just before landing, but there were 
very great mechanical difficulties in effecting 
this. Another plan would be to make the angle 
of attack adjustable, and this might be done 
to a certain extent. It would, however, be neces- 
vary to use machines which had a reasonable 
efficiency, with angles of attack varying over a 
large range, which was not the case with some of 
the machines in use. Automatic control had not 
so far proved successful, and he himself would feel 
safer without it, as he had an idea that any 
attempt to effect the control by the gust itself 
would set up oscillations more dangerous than 
those due to the original gust. In certain weather 
the atmospheric conditions were very variable. 
The machine met gusts the effect of which might 
be likened to those experienced on a motor-car 
traversing the drains across French roads. The 
machine suffered a sharp impact which could 
hardly be met by an automatic control. At 
other times the machine seemed to move in 
all directions at once, and an automatic control 
would probably prove excessive. With the 
‘*Gnome” engine, the gyroscopic effect was such 
that on turning to the right the machine tended 


Thus at the top of a sea, 








to tip over backwards, and every learner was 
warned to run down before making a turn to the 
right in order to correct this tendency. Another 
danger in existing machines could, he said, be 
eliminated by a change in the design. Where the 
tail carried part of the weight, the amount sup- 
ported by it was partially dependent on the 
draught from the propeller. If the engine stopped, 
this draught disappeared, and the centre of pres- 
sure moving forward, the machine tended to soar, 
and a danger thus arose. Another factor in- 
volved was the skill of the pilot. Accidents 
arose partly through the natural rashness of 
courageous men, who were tempted to go out in 
circumstances of extra danger, and also through the 
insistence of the public, who were not content to 
stand by the judgment of experienced men, but 
insisted on starts being made in unsuitable weather. 
Unnecessary risks were thus taken which contri- 
buted nothing to the advance of aeronautics. 
Feats like the very steep dive known as the 
vol piqué were unnecessary, and liable to break 
up the machine owing to its inertia. In other 
cases such steep dives had terminated in disaster, 
because the elevator had lost, through the steepness 
of the descent, so much of its leverage that it could 
not redress the machine. Again, very steep bank- 
ing and sharp turning added enormously to the 
strains on the machine, and, should a gust occur 
during the banking, the machine might turn over. 
It was, he said, a very pretty evolution, but had 
led to many accidents. 

Mr. Worby Beaumont, who followed, expressed 
the opinion that there was little hope for much 
improvement on the screw-propeller. If anything 
substantial was to be effected in increasing propul- 
sive efficiency, it must be by invention, and not by 
mere improvement of existing screws. The engine 
itself had about reached the limit of weight consis- 
tent with reliability, and about 1 horse-power could 
now be obtained continuously from 4 lb. of weight. 
He wished to add that it was entirely erroneous to 
suppose that builders were at present without 
scientific assistance. They had the aid of men of 
great acuteness and knowledge, and possessing 
also the ability to apply it practically. He thought 
it likely that the engine with rotating cylinders 
would ultimately be superseded. 

Sir W. H. White said he had hoped that Sec- 
tion A would have been more in evidence in the 
discussion ; but he was grateful to Dr. Shaw for 
his contribution. The feeling of engineers on the 
subject of aviation might be summed up in the 
view that the problem must be attacked experi- 
mentally ; but, of course, experiment should be 
guided by science, and the results should be scien- 
tifically analysed, and it was here, he thought, that 
the mathematician would prove of most service. 
As he had said at Sheffield, all the progress made 
so far had been due to practical men, perhaps reck- 
less, though the best of them were not, as, for 
example, the Wright Brothers. These men knew 
the risk, but f it in order to ascertain facts. 
It might not be known to all that the Wright 
Brothers had been careful students of the works 
of Octave, Chanute, and Professor Langley, and 
had they had at the outset a more perfect know- 
ledge of mechanical engineering they would have 
gone still further. M. Blériot bad shown what 
could be accomplished when the aviator was also a 
skilled engineer. Many aviators, otherwise skilful, 
had little knowledge of the internal-combustion 
engine, and this engine, moreover, was often so 
placed as to be inaccessible save when the machine 
was on the ground. Even in hydraulics, there were 
many problems connected with propulsion and resist- 
ance which were intractable to direct mathematical 
attack, and which had to be dealt with experi- 
mentally. He was quite confident, therefore, that 
when the scale of comparison had been established 
model experiments would give the airman all the 
information he wanted as to frictional resistance 
and propulsive efficiency. Dr. Stanton had already 
shown that the air-pressure on complicated struc- 
tures, such as bridge girders, could be accurately 
estimated from neve =| experiments. In such cases 
there were eddies developed with which the mathe-- 
matician could not deal. As to automatic con- 
trivances, those who, like himself, had had much ex- 
perience with them, would prefer to trust to human 
control, intelligence being essential to successfully 
meeting the unexpected. It would be necessary, 
therefore, properly to train the men who flew the 
machines. As to the question of design, the aero- 
plane had to float in a tenuous medium filled with 
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FOUR-CYLINDER LOCOMOTIVE; PARIS-LYONS-MEDITERRANEAN RAILWAY. 
CONSTRUCTED AT THE PARIS WORKS OF THE PARIS-LYONS-MEDITERRANEAN RAILWAY COMPANY. 



































(For Description, see Page 317.) 
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irrents varying both in velocity and direction, 
and this made, he thought, automatic control im- 
possible. He thought the question of body resist- 
ance raised by Mr. Berriman would prove very 
unportant, The addition of a body to a simple 





aeroplane altered the stream-lines round the latter, 
and consequently its supporting power, quite 
apart from all question of added resistances. In 
the last resort flying-machines must remain fragile 
structures, Let them consider all that had been 
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spent on the Zeppelin machines and how little had 
come of it. Like a submarine, the flying-machine 
had only one position of rest, and that was at the 
bottom, and this would always be a difficulty. The 
fragility of the machines might, however, be mini- 
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mised by skilful design, and the lines might also be tion of his experiments. The Wright Brothers 
chosen so as to minimise the resistance, and here he | appreciated from the outset the possible impor- 
thought there was a great field for improvement. | tance of gyroscopic action, and used, accord- 
The ultimate solution would, he thought, be the ingly, two propellers revolving in opposite direc- 
outcome of joint effort. | tions. An English machine, he might add, was now 
Professor Trouton, who followed, asked whether | being built in which there were two independent 
edge resistance had been allowed for in deducing | engines and propellers. 
the formula expressing the results of Zahm’s experi- | Fortean Turner expressed the thanks of the 
ments in air friction. Vernon Boys’ photographs of | meeting to the various speakers, and added that 
bullets showed, he said, that an enormous quantity | Professor Petavel had just returned from a course 
of air was affected by the bullet, and this effect | in — flying at Salisbury Plain. 
should be eliminated in determinations of skin n closing the discussion, Professor J. H. Biles 
friction. 


He desired also further information as! said he thought much of the mathematics needed in| 


to the size of the ‘‘holes in the air.” If these |the discussion of aeroplanes had already been | 


pockets were small, then by a system of Darwinian worked out by Froude in his investigation of 
development we would reach machines of enormous | the screw-propeller. Actually a propeller revolved, 
size, which would be free from danger from small| but mathematically Froude had neglected this 
pockets. circular motion. His experiments had taken full 

Mr. J. 8. Dines, who spoke next, said that his| account of skin friction and had confirmed his 
experiments on wind velocities had been mace | mathematical theory. The efficiency curves found 
mainly at a height of 100 ft. above ground-level. | corresponded with Fig. 9, given by Mr. Berriman. 
A few had been made at greater heights, and these | He wished to add that one of the earliest practical 
showed a much lessened range of variation. It| investigators of the problem of flight was Mr. 
followed, therefore, that speeds should be high’ Pilcher, who had been one of his own assistants, 





Fies. 10 To 14, 
near earth, and that high speeds were not required 


at great elevations. This would make it difficult 
to adopt Professor Petavel’s suggestion to fly fast 
and reduce the speed on landing. It was just at 
landing that the greatest variation in the air- 
currents might be expected. 

Captain Maryatt, who spoke under pressure of 
time, expressed the view that without the loss of 
life which had been referred to we should still 
be lacking the knowledge already gained. It was 
impossible to teach a man to fly by formula. 

r. E. Kilburn Scott said that he thought certain 
accidents could only be attributed to the gyroscopic 
action of the ssapdiing machinery. Moreover, the 
aeroplane was necessarily fragile, and the machinery 
could accordingly easily get out of line, in which 
case the gyroscopic action might become very 
serious, e might add that Mr. Brennan was now 
investigating the question of gyroscopic control. 
For the reasons he had stated, a small gyroscope 
must be used (in order not to strain the framework), 
which would operate relays. 

In reply, Mr. Berriman said that Dr. Shaw, 
Professor Petavel, and Mr. Dines had expressed 
different views as to the value of speed. Mr. 
Beaumont had stated that the limit of weight in 
engines had now apparently been attained. The 
speaker thought that the credit for the reduction 
effected belonged to the pilots, who insisted on the 
makers halving the weights of the engines. The 
Wrights were the first to build engines which 
would fly, and had introduced hollow connecting- 
rods with screwed-on ends, so as to save weight. 
With respect to the ‘‘edge effect,” he would 
refer Professor Trouton to Zshm’s own descrip- 











and a naval officer. We had owed much tothe Navy 
in the past, and he hoped for much in the future, 
particularly with respect to aerial navigation. 


WIRELEss TELEGRAPHY. 


On the conclusion of the joint meeting with 
Section A, a paper by Professor G. W. O. Howe 
was taken, entitled ‘‘ Recent Developments in 
Radiotelegraphy.” Before reading his paper Pro- 
fessor Howe explained that he had an instrument 
coupled up to an aerial secured to the roof of the 
adjacent Town Hall, and that a Brown telephonic 
relay was coupled to this, which would enable 
the whole room to hear the signals sent from 
Norddeich and from Wilhelmshaven, in Germany. 
A modification of the Brown relay had, he stated, 
been fitted to certain ships supplied with the Tele- 
funken a. and the long distances covered 
were widely advertised, though nothing was said 
as to the Brown relay with which the results 
were secured. When the signals came through 
from Norddeich, Professor Howe drew attention 
to the clear musical note which was received, which 
was due, he said, to the use of the Wien spark-gap. 
He then read his paper, which we reproduce on 

e 335. 

aptain H. Riall Sankey then exhibited a number 
of slides illustrating the portable wireless plant 
introduced by the Marconi Company. A few of 
these are reproduced on the present page. Of these 
equipments, one was arranged for cavalry use, the 
limit of weight per horse being fixed at 185 lb., and 
the actual weight a little less. The whole outfit was 
carried by four horses, and there were four more 
carrying riders in attendance, No, | horse, he 








stated, carried the aerial and various odds and ends 
arranged in two boxes, which simply hooked on to 
the special saddle used. No. 2 horse carried the 
high-tension equipment on one side, and the low- 


| frequency plant on the other (Figs. 10 and 11). The 


high-tension portion was sealed into an hermetically- 
closed box, and was therefore weather-proof. The 
low-frequency instrument.box opened out, leaving 
all necessary parts accessible to the operator. 
Both valve and crystal receivers were used. The 
third horse carried the petrol-engine and the 
dynamo used for generating the primary current 
(Fig. 13), and also the requisite supplies of petrol. 
The saddle itself could be lifted off by four men 
and rested on the ground, and then formed the 
framework supporting the engine and the dynamo. 
These were connected by a flexible shaft, which 
was removed when the saddle was replaced on 
horseback. The generator with its engine is shown 
to a larger scale in Fig. 14. The fourth horse 
carried the two masts (Fig. 12), each of which 
consisted of ten lengths, each 6 ft. long. These 
were hollow hexagons in section, so as to be 
light, strong, and capable of being closely packed. 

















Fig. 14. 


Tue Marconi Company’s PortasLe WirELEss TELEGRAPHIC PLant ror Miuitary SERVICE. 


The.earth used was a mat of copper gauze. The 
aerial was stretched between the two masts as 
a horizontal conductor, 350 ft. long. The sending 
apparatus was connected at one end of this, and a 
directed wave was obtained, the strength of wave 
being much greater in one direction than else- 
where. This plan had, he said, great advantages 
for military equipments. The saddle framings were 
all constructed out of bicycle tubing, padded to fit the 
horse, and each saddle would stand when rested on 
the ground. With skilled men the time needed to 
erect the plant ready for working was 9 minutes, and 
to dismantle and pack it again6 minutes. With 
unskilled hands in Turkey the equipment, at the 
first time of asking, had been erected in 21 minutes. 
One infantry set was identically the same equip- 
ment, but carried in two carts. The power needed 
was 400 watts, and the range, even in mountainous 
regions, was 20 miles. Over moderately hilly 
country it was 75 km., and over sea 100 miles. A 
more powerful equipment with a generator yielding 
14 kw. was also supplied, and this had a range of 
200 miles. In this case the height of the masts was 
80 ft. instead of 60 ft. The generator supplied 300 
sparks per second. This equipment wasall carried 
on a single motor-car. 

Professor Dalby, who occupied the chair in the 
absence of Professor Biles, moved a vote of thanks 
to the authors, and the discussion was opened by 
Mr. E. Kilburn Scott, who asked whether any 
trouble was experienced with nitro-peroxide gas 
generated by the spark. This, Captain Sankey 
replied, was not the case. A speaker, whose name 
did not transpire, asked whether it was necessary 
for the attendant at the receiving end to be always 
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PARISLYONS-MEDITERRANEAN RAILWAY, AT THE TURIN EXHIBITION. 


THE pARIS-LYONS-MEDITERRANEAN RAILWAY COMPANY. 
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listening, or whether there were means of attract- 
ing his attention. 

Captain Sankey then said that the Ke wrt at 
the receiving end had to wear the telephonist’s 
apparatus, but this was no great drawback, as he 
could be reading a novel until called. Discussin 
Professor Howe’s paper, he said that there woul 
soon be a long-distance transmission at work from 
Coltano, Italy, and in South America. He also 
remarked that it was interesting to observe that if 
a spark lasted one-twentieth of a second, the wave 
would in that time have traversed 9500 miles. 

Professor Dalby asked for information as to the 
longest and the shortest wave-lengths practically em- 
ployed, and whether it was possible, if desirous of 
receiving a note of 2000-ft. wave-length, to tune out 
one of 2100 ft. 

In reply, Professor Howe said that on the trans- 
Atlantic service a wave-length of 20,000 ft. was 
employed, and in the other direction about 300 
metres was the minimum length ae yy ships 
were equipped with apparatus designed for wave- 
lengths of from 300 to 600 metres. As to how 
far waves could be tuned out at the receiver 
depended upon the plant at the transmitting 
station. If the latter gave a well-sustained wave, 
it was easy to tune it out; but it was im- 
possible to tune out an explosion, which 
was what was transmitted by some stations. 
The stations on the French coast in particular were 
fitted with very bad apparatus, so that, in fact, it 
was impossible to say what their frequency was 
supposed to be, The Clifden transmission, on the 
other hand, was easily turned out. 


(To be continued.) 





FOUR-CYLINDER LOCOMOTIVE ; PARIS- 
LYONS-MEDITERRANEAN RAILWAY. 

Tue Paris-Lyons-Mediterranean Railway Company 
show at the Turin Exhibition a four-cylinder (4-6-2 
type) passenger locomotive which they have built in 
their Paris works for heavy express train service. This 
particular engine was put on the line on August 25, 
1909, and previous to being sent to Turin it had run, 
both in the course of trials and in active service, a 
distance of 75,000 km. (46,500 miles). 

The engine exhibited, which we illustrate this week 
by Plate XL., and by detail views on pages 314 and 
315, is numbered ‘‘ 6101,” and the company built at 
the same time at their Paris works another engine, 
No. 6001, of equal power, but compound, without 
superheat ; pressure, 16 kg. per sq. cm. (228 lb. per 
sq. in.). This engine, No. 6001, was tried in the same 
time as that—No. 6101—we illustrate. The latter 
engine has four equal cylinders, and is fitted with a 
superheater, and during the trials just mentioned it 
was found to be the betterof the two. The economical 
advantages, in fact, were about the same as those of 
the compound type with superheat over the compound 
type without superheat. These trials led the ages | 
to order at once thirty engines of the 6101 type, whic 
are now being delivered. The following is an abstract 
of the tests carried out with this engine, and with the 
one, No, 6001, referred to above :— 


Comparison OF Test RESULTS OBTAINED 


Average Water Consumption | 
per Unit of Coal 
Consumption. 


.| 7.81 litres por be. (0.73 gal. 


. per Ib.) 

7.12 litres per kg. (0.71 gal. 
per Ib.) 

0.19 litre per kg: (0.019 gal. 
per lb.) 


Engine No. 6001 
Engine No, 6101 
Difference. . 


Equal, per cent. .. 


Thickness of copper, sides 


and back plate Se * 14 mm. (0.551 in.) 
Thickness of copper, tube- 
plate ... ra re ..  25mm.and 14 mm. 


(0.984 in. and 0.551 in.) 


The boiler-tubes are of steel, and they are smooth. 
There are 143 having 55 mm. (2.165 in.) outside dia- 
meter, and 28 of which the outside diameter is 133 mm. 
(5.236 in.) ; the former are 2.2 mm. (0.085 in.) thick, 
and the latter 4 mm. (0.157 in.). The length of the 
tubes between tube-plates is 6 m. (19 ft. 8,4, in.). The 
superheater tubes are also of steel ; they form 28 sets, 
their outside diameter is 35 mm. (1.378 in.), and their 
thickness 3.5 mm. (0.137 in.). 


Heating surface, fire-box ... 15.87sq. m. 171.128q. ft. 
ee a tubes .--202.24 ,, 2176.58 ,, 
ms a total ~ ae - 
Superheating surface ... . 7063 ,, (760.10 ,, ) 


Outside length of fire-box shell 


at top ... oat * ... 2.540 m. ( 8 ft. 4 in.) 
Outside length of fire-box shell 


at bottom ae inp W- Beatie. ss 
Outside width of fire-box shell 

at bottom, front... «~~ Sit. 8 ad 
Outside width of fire-box shell 

at bottom, rear ia ». Satan ad 
Diameter of boiler - barrel, 

inside large rin ~~ Leta tfa y 


5.890 ,, (19 ,. y | 
15 mm. (0.590 in.) 
2.630 m. (8 ft. 75% in.) 
1.718 ,, (5,, 7 


2.900 ,, (9,, 6 


& 
Length of barrel a 
Thickness of barrel-plates 
Inside length of smoke-box ... 
Inside diameter of smoke-box 
Height of centre line of boiler 
above rail-level 


” 


» ) 


Water capacity up to 100 mm. 

(4 in.) above fire-box crown 8.150 cub. m. (1793 gal.) 
Steam s AN : ... 3.670 cub. m. (130 cub. ft.) 
Working pressure ; 12 kg. per sq. cm. 


(170 Ib. per sq. in.) 
The chimney has an inside diameter of 485 mm. and 
411 mm. (19.1 in. and 16.2in.). Its top rim is at a 
height of 4.135 m. (13 ft. 7in.) above the rail-level. 
The top of the blast-nozzle is 0.318 m. (12 in.) below 
the centre line of the boiler. 
Distance between frame-plates 


Thickness of frame-plates_... 
Outside width of foot-plate, 


1,234 m. (4 ft. 0§ in.) 
28 mm. (1.102 in.) 


2.600 m. ( 8 ft. 68 in.) 
2880,, (9,, 58,, ) 
13.990 ,, (45 ,, 10% ,, ) 


front ... va * in 
Outside width of foot-plate, 
Length of engine outside 
buffers ... : 


Diameter of wheels — tyres 
70 mm. (2.756 in.) thick)— 


os a a ae 1.0 
Diameter of coupled wheels ... 2.0 ,, (78.74 ,, ) 
Diameter of trailing wheels ... 1.360 ,, (53.54 ,, ) 
There are four cylinders, two outside and two inside, 
they all are 480 mm. (18.898 in.) in diameter, with a 
650 mm. (25.59 in.) stroke. 


Distance from centre to centre 
of outside cylinders... ‘ 
Distance from centre to centre 

of inside cylinders ... seg 
Length of outside connecting- 


m. (39.37 in.) 


2.160 m. (7 ft. 1 in.) 
0.520 ,, (L,, 84. ) 
3 m. (9 ft. 10), in.) 


= sk wie 1.675 m. (5 ft. 6 in.) 
Lead of inside cylinder cranks 
over outside ones 180 deg. 


FROM Locomotives No. 6001 anp No. 6101. 


aw — is ; 
Length of inside connecting- 
rod 





Ave Consumption per 
Horse-Power Hour Absorbed 
by Tender Draw-Hook 


Average Consumption per 
Horse-Power Hour, indicated 


| 
on the Pistons 


of Coal. | of Water. of Coal. of Water. 
1.558 kg. 11.27 litres 2.661 kg. 19.39 litres 
(3.4 Ib. | (248 (5.9 Ib.) (4.27 . 
1.350 k | 9.57 litres 2.221 kg. 15.74 litres 
(2.98 Ib.) | (211 gals.) (4.9 Ib.) (3.46 gals.) 
0.208 kg. | 1.70 litres 0.440 kg. 3.65 litres 
(0.42 Ib.) (0.37 gal.) (1 Ib.) (0.81 gal.) 
13.07 15.08 16.53 18.82 





The following are the principal dimensions of the 
engine exhibited at Turin :— 


Total length of grate ... 
Width of grate, front... 
rear ... 


2.135 m. (7 ft.) 
2.086 m. (6 ft. 10 in.) 
i pg ” (ian ” Q 
.. 4.25 sq. m. (45.25 sq. ft.) 
12 deg. 


2.016 m. (6 ft. 7% in. 
1.530 ” (5 ” of ” 
2258 ,, (7, 5 .») 


2.078 ,, (6,, 9H,, ) 
106.  .. Mi.) 


Grate area as 
Inclination of grate 
Height of fire-box 
front ... sas no eae 
Height of fire-box inside, rear 
Length of fire-box inside, at 


ne eR el cog 
Length of fire-box inside, at 

bottom... as a oe 
Width of fire-box inside, level 


” 


inside, 


with centre of boiler ' 
Width of fire-box inside at 


bottom, front Re ~« ie. Gad’ at 
Width of fire-box inside at 
bottom, rear .,. é vw» 1922,, (,, 3,, ) 


The valve motion of both the outside and inside 
cylinders is on the Walschaert principle; the slide- 
valves are cylindrical, 220 mm. (8.661 in ) in diameter, 
with a 12l-mm. (4.764 in.) maximum stroke. The 
outside lap is 30 mm. (1.181 in.), and the inside lap 
4 mm. (0.157 in.). 


Average maximum steam ad- 


mission _i... sae ca 70 per cent. 
Angle of oscillation of link ... 43 deg. 32 min. 
Length of steam-ports of all 

cylinders sa ia bs 512 mm. (20.158 in.) 
Area of inlet and exhaust- 0.02048 sq. m. 

por’ : : (31.75 sq. in.) 
Area of steam inlet-pipe _... 0.0154 sq. m. (23.87 sq. in.) 
Area of exhaust-pipe ... ... 0.0240 ,, 37. we 
Maximum opening of adjust- 

able exhaust-pipe ... ... 0.0223 ,, (84.56 ,, ) 
Minimum opening of adjust- 

able exhaust-pipe ... 0.0150 





. me 0.0150 ,, (23.25 ,, ) 
Weight of engine, empty __,,. 83,200 kg. (81 tons 18 cwt.) 





Weight, in working order, on 


each ie axle re: nm 11,200 kg. (11 tons) 
Weight, in working order, on 

each coupled axle. ... 18,500 kg. (18 tons 4 ewt.) 
Weight, in working order, on 

the trailing axle... » MP. me. BB.) 
Total engine weight in work- 800 kg. 

ing order (91 tons 6 cwt. 3 qr.) 
Weight on the springs , . 

(69 tons 13 cwt. 3 qr.) 

Weight 


unspru: ate ... 22,000 kg. (21 tons 13 cwt. 
Weight avaliable for adhesion ys 00 5 , 
(54 tons 12 ewt. 2 qr.) 

The boiler, with the exception of the inside fire-box, 
which is of copper, is built throughout of mild steel. 
The top part of | the fire-box shell joins direct on to the 
barrel, without an intermediate dished plate. The 
fire-box shell is in three parts, the crown and two side 
plates double-riveted together. Hollow steel stays 
connect together the crowns of the inside and outside 
fire-box ; a row of transverse stays, drilled only for 
a length of 194 mm. (7.638 in.) at both ends, connect 
together the fire-box side-plates at their top part, 
where they are flat, and not stayed by the crown stays. 
The front and rear fire-box sheets are not vertical, 
but slant, as shown. The back plate is strengthened 
above the fire-box by plate-stays and by two longitu- 
dinal stays fitted to the barrel. 

The front and back plates and the side plates of the 
inside copper fire-box are stayed to the outside shell by 
manganese-bronze stay-bolts, except at the part of the 
side walls underneath the fire-brick arch, where the 
stays are of copper. The fire-box tube-plate is also 
connected to the barrel by ten steel stays. The inside 
fire-box crown is curved transversely, and slants from 
the front to the rear. This assists in maintaining a 

supply of water over the fire-box when the engine 
is descending an incline. 

The barrel is built of three rings. The longitudinal 
seams are butt-jointed with double straps ; the inside 
strap is double riveted to each ring-plate, while the 
outside strap is single riveted only. The transverse 
seams are lap-jointed and double riveted. The boiler 
lagging consists of yellow brass sheets fitted to a series 
of supports and held in place by rings on the barrel 
and by screws on the fire-box shell. The space between 
is filled with asbestos boards. The fire-box door is on 
a horizontal hinge ; it opens from bottom to top on the 
inside of the fire-box. It consists of three flaps ; the 
end ones open by means of levers, the central one 
butting on either one of the former. The levers are 
fitted with counter-weights sufficiently heavy to main- 
tain the door open, but not too heavy to prevent it 
from closing automatically under the action of an 
escape of steam should a boiler-tube burst. 

The superheater is of the Schmidt type. The smoke- 
tubes containing the superheater tubes end in a casing 
closed in front by three doors which open out auto- 
matically as soon as the regulator is opened; the 
circulation of hot gases in the smoke-tubes is thus only 
made possible when steam from the boiler circulates in 
the superheater tubes. 

The a are of steel, 28 mm. (1.102 in.) in 
thickness. They are inside the wheels and are con- 
nected together in front by an J steel buffer beam, in 
the rear by a draw-plate built up of plates and angles, 
by six intermediate cross-beams cast in steel, an by 
the inside cylinders. The front bogie, which is illus- 
trated fully in Figs. 6 to 9, on e 315, offers no 
special feature. The single-axle Bissel bogie at the 
rear end is illustrated on the same page by Figs. 10 to 
13, which show the details clearly. It has a 66 mm. 
(2.598 in.) play on each side. 

The driving-axles are bored through their whole 
length, the diameter of the hole being 40 mm. (1.575 in.). 
The inside cylinders drive the first axle, which is a 
crank-axle ; the outside cylinders drive the second axle. 
There is one valve-gear for both cylinders on each side 
of the engine ; it is outside the frame-plate, and is, as 
we have already stated, of the Walschaert type. It 
operates the valves of the outside cylinders directly, 
and those of the inside cylinders through a rocking 
lever jointed at the middle of its length on a support 
fixed-to the frame-plate. By this means the steam 
distribution to the inside cylinders is the reverse of 
that to the outside cylinders. The valves are cylin- 
drical, and with inside admission. Air-inlet valves 
are fitted to the steam-pipes for running with closed 
regulator. The reversing gear is with screw mechanism. 
The relative positions of the cylinders and valves is 
shown by Fig. 4, on page 314. 

The steam supply is effected through a regulator with 
balanced valve, placed inside the steam-dome, and 
operated by a lever from the footplate. The steam 
flows first to a compartment of the steam-collector, 
which distributes it to the twenty-eight sets forming 
the Schmidt superheater, whence it proceeds to the 
other com ment of the collector, and thence to the 
cylinders by two pipes fitted at the two ends of this 
second compartment. The slide-valves are lubricated 
by a sight-feed lubricator having eight tubes, two for 
each valve-chest, and fitted to the Back late of the 
fire-box. Each cylinder is provided with a ball lubricator. 

The engine is fitted with a combined automatic 
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Westinghouse-Henry compressed-air brake. All the 
axles, with the exception of that of the Bissel bogie, 
are braked up to 50 per cent. of their weight on the 
rail. There are two sets of independent brake mecha- 
nisms, one for the bogie truck and one for the coupled 
wheels. The engine is also provided with a Flaman 
speed-indicator. 

The tender has a total length of 9.380 m. 
(30 ft. 9 in.), it is carried on two bogies, and has a 
water capacity of 28 cub. m. (6160 gallons), and a 
coal capacity of 5 tons. It weighs, empty, 28,290 kg. 
(27 tons 17 cwt.), and in running order 61,940 kg. 
(61 tons). ; 

The Paris-Lyons-Mediterranean Company also ex- 
hibit at Turin a saloon carriage, a first-class carriage 
with compartments de luxe and sleeping compart- 
ment, another first-class carriage with sleeping berths, 
and a third-class carriage, all most substantially built 
and carefully finished. 








THE BARBOUR HOMOPOLAR DYNAMO. 

Ir is well known that the development of direct- 
current turbo-generator units has been much retarded 
ee encountered with their electrical ends. 

ese difficulties arise mainly in connection with 
commutation, and me more serious as units 
increase in size. They are of such gravity that only 
with the most skilful design do satisfactory machines 
become possible, while for large sizes it has become 
the practice to mount and run two smaller machines in 
tandem, which naturally decreases efficiency and 
increases first cost. Really large direct-current turbo 
sets, comparable in size to large turbo-alternators, 














are unknown, and it is probable that in many 
cases alternating-current generators, with converting 
machines, have been installed to deal with situa- 
tions which might have been better met by direct- 
current turbo-generators had these been available 
in sufficiently large units. These considerations have 
led to a revival of interest in the homopolar type of 
dynamo, and a fortnight ago we dealt with a design 
which had been produced by M. Ugrimoff, of Moscow, 
and which was fitted with mercury brushes. We 
now illustrate a design which has been developed by 
Mr. R. H. Barbour, and of which an example is to be 
exhibited at the forthcoming Electrical Exhibition at 
Olympia. Homopolar dynamos are peculiarly suited 
for high speeds, and Mr. Barbour, in his design, would 
appear to have achieved a machine of singular mecha- 
nical excellence, and one that should be capable of 
meeting the large potential demand which exists for a 
satisfactory direct - current dynamo of large output 
and high speed. Up to the present the design of the 
brush-gear has been one of the difficulties limiting 
the employment of homopolar machines, and the 
radical alteration in type which Mr. Barbour has 
adopted is one of the cam of interest of his 
machine. Whatever may be thought of his system 
~ 4 those having no experience of it, it is at least 
likely to appeal more strongly to engineers than any 
arrangement depending on a mercury contact. 

The dynamo which will be seen at the Exhibition to 
be opened at Olympia on the 23rd of this month is 
of 50 kw. capacity, and generates 100 volts at 3500 revo- 
lutions per minute. It is illustrated in Figs. 1 and 2 
above. Before dealing in detail with the machine, 
however, it will be of interest to trace its development 








from the simplest possible type of homopolar machine 
as represented ior Posntee’e dime, and Miiustrated in 
Fig. 3, above. This machine consists merely of @ 
plain copper disc rotating in the field of a magnet F, 
and having brushes C C, one at the circumference and 
one on the shaft. This type of machine has received a 
commercial application in a certain type of ampere- 
hour meter. The Faraday machine in its simplicity 
is, of course, characterised by a very low voltage, and 
in adapting it for practical use it is necessary to bring 
the whole surface of the disc under the influence of the 
field, and at the same time to arrange for a uniform 
magnetic field in order to avoid eddy-current losses. 
A machine modified in this way, and fitted with field 
coils,.in the place of a permanent magnet, would 
appear somewhat as in Fig. 4. 

he next stage in the development of the homopolar 
disc machine is illustrated in Fig. 5, which shows 
number of dises which are connected in series in order 
to increase the possible voltage, and are arranged to 
rotate in a single magnetic field in order to economise 
iron. This figure represents diagrammatically the lines 
on which the disc type of machine has tended to develop. 
Electrically the arrangement is fairly satisfactory, but 
the connection of the external slip-rings to the centres 
of the discs introduces mechanical difficulties. Improve 
ment is effected by using a twin field, as shown in 
Fig. 6, since this doubles the voltage without increas- 
ing the number of slip-rings, but the mechanical difti- 
culties remain, and it must be noted that if the 
clearances at the ends of the rotor are not equal, there 
may be a serious magnetic end-thrust. The reluctance 
of machines of this class need not be high, since the 
current density in the discs is low, and they may be 
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made of iron. It should te noted that in these 
machines the actual path of the current in the rotor is 
a matter of no importance, and a consideration of, 
and experiment with, a machine somewhat on the lines 
of Fig. 6, led Mr. Barbour to the final design of his 
machine, which is shown in the essentials in Figs. 7 
and 8, on page 318. 

This machine, which may be looked upon as a direct 
development from that shown in Fig. 6, is really of 
the cylinder type, and illustrates the fact that the 
dise and cylinder machines are in essence identical. 
It consists of a solid rotor Panda fixed frame M. E E 
are the field cores, C C the conductors carried in mica 
tubes in tunnels in the rotor, and D D are the collector- 
rings. The end poles of the rotor, which are neces- 
sarily made removable, in order to permit of the 
assembling of the machine, are, in the example ex- 
hibited, made with laminated rings, as also is the 
centre pole, which, however, may be one with the 
main part of the rotor. The collector-rings are 
carried by bolts running from end to end of the rotor, 
parallel to the conductors, and insulated with mica 
tubes. Their positions are indicated at B B in Fig. 8. 
The conductors C C are also carried in mica tubes 
through the collector-rings, except, of course, through 
those to which they are connected. There is also 
mica insulation between the collector-rings. Various 
grooves, as shown at H in Fig. 7, are made at the 
end of the rotor core, and air drawn in through 
them is, owing to the high speed of rotation, ejected 
between the collector-rings, effectively cooling them, 
and also serving to blow out any incipient arc form- 
ing between an adjacent pair. The difference in 
voltage between neighbouring rings is, of course, small. 
An important detail of the machine is shown in Fig. 9, 
on page 318. This illustrates a section taken through 
the casting forming the centre pole of the fixed part of 
the machine, and shows the method of constricted 
paths by which the magnetism induced by the arma- 
ture current is throttled and prevented from interfer- 
ing with the shunt flux. The path of the armature 
flux is shown at C C, and of the shunt flux at F F. 

The brushes of the machine, which are said to 
operate very satisfactorily, are one of its points of 
special interest. The collector-rings are grooved, and 
the brushes, which are stretched around the greater 
part of their circumference, consist of very flexible 
copper cores wound with German-silver armouring. 
The armouring, although it slightly decreases the 
flexibility, protects the core from wear, and is found 
to make remarkably good contact. The: brushes are 
held in place by springs arranged with tension-nuts, 
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‘these curves it appears that above a certain capacity 


the commutator machines are too slow for the turbines, 
but that the homopolars are just right. Curve F shows 
the speeds of homopolar machines of 25 per cent. higher 
peripheral velocity than that to be shown at Olympia. 
This is in every way a feasible type. Curve C is 
intended to show the speeds at which turbine-builders 
would prefer to run, and, again, the coincidence of 
these curves is very striking. We think, however, 
that for modern practice Mr. Barbour has got curve C 
somewhat low. This, however, does not affect his 
argument, since curve D D shows the limit of possible 
speed of his type of machine, so that a slight increase 
in the speed shown in curve F would be a simple 
matter. In connection with these curves, it should be 
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and carried by brackets secured to the framework. | 
The internal cores of the brushes are led away from | 
one end to the terminal board of the machine. It is | 
found that for good contact the tension of the brush | 
springs can be kept low, so that there is no undue 
friction loss or wear. It should be said that German | 
silver for the armouring was chosen not as the material 
which under some specified condition gave the lowest 
contact resistance, but as the material which proved 
the most practically satisfactory and gave the most 
consistent results. Provision is made to allow a 
certain amount of lubricant to feed on to the brushes. 

Some particulars of the machine to be exhibitid at 
Olympia are as follow :— 


Capacity ; a 50 kw. 
Voltage =" 100 
Revolutions per minute 3500 
Length between bearings 294 in. 
Height of frame aA 28} ,, 
Width of frame hie ; B ss 


Diameter of rotor ... 
Peripheral velocity ... 
Field amperes 


a 144 ., 
.. 12,800 ft. per min. 
a = ; 5 
Number of conductors se = 12 


Width of each collector-ring a 4 in. 
Axial length of centre pole sie C « 
Length of each end pole ... ie 34 ,, 


Two views taken from working drawings of the 
machine are given in Figs. 10 and 11, above, but 
it must be pointed out that the arrangement there 
shown of making the shaft and rotor as a single piece 
has been abandoned, and that the Olympia machine 
is not constructed in this way. These two views, 
together with Figs. 7 to 9, will enable the construc- 
tion of the ma*hine to be followed in considerable 
detail. 

Two diagrams of some interest, which have been | 
prepared by Mr. Barbour, are given in Figs. 12 and | 
13, above. Fig. 12 is intended to show the peculiar | 
suitability of the homopolar type of generator for | 
coupling to the steam-turbine. Curve A shows the 
speeds of homopolar machines of the same peripheral | 
velocity and general design as that described above, | 
while curve H shows the speeds of a well-known make | 
of commutator turbo sets. Curve B gives the lowest | 
speeds of standard turbines by a leading maker. From 


pointed out that the external characteristics of homo- 

lar machines are similar to those of other types. 
hey may be shunt-wound, series-wound, or com- 
| pounded in any way, while, owing to the absence of 
commutation, very large overloads may be carried for 
brief periods. The second diagram given in Fig. 13 is 
| intended to illustrate the applicability of the homo- 
| polar machine, and the large potential field which is 
|open to it. The diagram, of course, refers to turbo- 
driven sets. The part covered by horizontal lines 
|represents the field open to commutator machines, 
and the part covered by vertical ones the field which 
could be covered by homopolar machines. The two 
fields overlap to some extent, as may be expected, but 
the diagram is very striking, as suggesting the possi- 
bilities inherent in the homopolar dynamo. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, August 31. 


Cuter interest is now centering in the prices of pig 
iron for 1912 delivery. There is a disposition among 
consumers to take advantage of present low prices in 
the placing of contracts for remote delivery. Curtail- 
ment has continued so long that stocks are barely suf- 
ficient for more than current demand. The policy of 
the greater railway systems is to retrench in expense 
and discharge thousands of men. The stock markets 
are flat, and a general hesitancy prevails. Fortunately, 
all railway systems are not withholding orders. The 
Baldwin motive Works’ strike was called off on 
Monday, and the big plant will now be run to full 
capacity. All of this week’s orders for structural 
steel are for small quantities for bridges in various 
sections. The present output of pig iron is at the 
rate of 23,000,000 tons per year. The merchant 
furnaces continue to curtail, and only six of the 
eighteen furnaces in the Shenango and Mahoning 
Valleys are in operation. The steel furnaces are 
turning out the greater bulk. Ten of the eleven 
steel furnaces of the Edgar Thomson plant are running, 
and all the other Carnegie plants at Duquesne. Home- 
stead, Clairton-Bellane, and Newcastle are running 
full, the first time in eighteen months. Cotton growers 
are endeavouring to finance a loan of 60,000,000 dols., 
in order to finance cotton at 13 cents. A general 
slacking > in freight traffic is complained of, but in 
the agricultural States this will soon be compensated 
for. Crop reports are generally favourable. The tin- 
plate mills are doing well because of the activity in 
the canning industry. 

Coke output is now 70 per cent. of maximum capa- 
city, with an increasing demand in sight. ‘The Pennsyl- 
vania rail requirements for the year foot up 150,000 
tons, 
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THE THYSSEN-PFLEIDERER ROTARY 
AIR-PUMP. 


Tue fact that the steam-turbine can utilise effec- 
tively steam at a very low pressure, has led to much 
attention being paid to the subject of improving vacua. 
The most obvious step to be taken is naturally to 
reduce to # minimum the air-leakage into the con- 
denser, but at the same time much has been done in 
improving methods of abstracting what air there 
is, from the condenser. Vacua of 29 in. with the 
barometer at 30 in. are now by no means un- 
usual during the winter months. With an abso- 
lute pressure equivalent to but 1 in. of mercury even 
a small weight of air occupies a large volume. This, 
and the fact that large volumes of any fluid are com- 
monly more conveniently handled by rotary than 
reciprocating mechanism, has led to a revival of the 
use of rotary air-pumps, first tried with reciprocating 
<a many years ago, but abandoned, since an 
ordinary reciprocating air-pump easily gave as good 
a vacuum as was then considered desirable. In the 
conditions which now rule in power-station practice, 
the re-introduction of the rotary air-pump has 
proved in every way satisfactory. It can be very 
conveniently run by means of an electro-motor, whilst 
with an air-pump of the ordinary type this is only 
possible by the use of reduction gearing. The vacuum 


is 


Ftq.1. 


obtained is as high as the condenser conditions will 
permit, and wear and tear appear to be practically 
negligible quantities, so that the wren | —- 
of this type of air-pump is readily intelligible. 

On this page and on Page 322 we illustrate a form 
of this t pe of pump manufactured by the Maschinen- 
fabrik tt yssen A.-G., of Miilheim-Ruhr, Germany, 
which possesses certain special characteristics, All 
such pumps are essentially modifications of the well- 
known ejector or jet-pump. In the Thyssen pump 
each of the two jets is an annulus, which receives 
the water supplied by the impeller of a centrifugal 
pump of the ordinary type, and discharges this water 
through the ‘combining cones” shown at a a, 
in the cross-section, Fig. 5. In passing through 
these combining cones the water draws in by induc- 
tion the vapour and air in the space b, which is 
in direct communication with the condenser by the 
branch shown to the right in Fig. 1, and discharges 
through the inclined pipe shown in Figs. 1 and 2, 
above. A section through the air-inlet branch is 
shown separately in Fig. 6. The water aery © 
the pump is admitted at the branch c, and flows both 
ways to the impeller, as shown in the drawing, so that 
the impeller-thrust is completely balanced. The special 
feature of the pump lies in the fact that the discharge 
area through one of the annular jets is adjustable from 
the exterior, by means of the hand-wheel shown at the 
right top corner of Fig. 5. By turning this hand- 
wheel the top of the ring d moves in or out. This 
ring is virtually a lever working on a fulcrum at e below, 


and connected by pins at its centre to a plate carrying | }f°. 


the guide-vanes. This is best seen in Fig. 3, where the 
ring is shown removed from te casing. As this ring 
is tilted one way or the other, by turning the -hand- 
wheel, it carries the guide-plate in or out, thus 
diminishing or enlarging the width of the annular jet 
discharged into the combining cone a, a. In this way 
the supply of water can be adjusted to be in exact 
proportion to the quantity of air to be extracted, 
which naturally varies with the de of tightness of 
the condenser and turbine joints. It should be added 
that the two inner portions, kk, Fig. 5, of the com- 
bining cone are moun 

loosely on the shaft ; and 


by this means automatic ad- 
justment is provided, and t 


e waterway through both 


iets is kept the same. If, for instance, the hand-wheel is 











on a sleeve, which slides | bridge. 
| about 15s., and there is an entrance fee of 1s. Rifles, 


turned so as to reduce the orifice available for dis- 
charge at the right-hand cone, the pressure rises on 
this side, and the — kk, being free, is conse- 
quently automatica nf moved to the left, pene 
the discharge area through the right-hand cone an 

diminishing that through the left-hand one. The 
reverse action takes place if the discharge is a maxi- 
mum on the right-hand side; the movable portion kk 
in that case slides to the left, again equalising the 
waterways. The portion kk, though loose on its 
shaft, is nevertheless carried nat by the latter 
owing to friction, and hence one wall of the com- 
bining cone is stationary whilst the other rotates. 
The makers claim that owing to this fact an eddying 
motion is set up in the escaping water which causes 
the issuing jet to break up into a state in which it can 
abstract a maximum of air. It is further claimed that 
this relative motion of the opposing walls breaks u 

any foreign solid body, such as aie of mud or wood, 
which might by accident lodge in the narrow passage- 
way. As will be seen, the impeller spindle runs on 
Sel enstean, which are supplied with oil by ring 
lubricators. 

One of these pumps was recently opened up after 
running day and night for nine months, and there was 
found to be an entire absence of wear, either in the 
cones or on the surfaces of the impeller or guide-blade 
chambers, the bronze of which, in fact, was found to 




















be covered with a fine patina, under which the original 
tool marks were plainly visible. The amount of steam 
entering the condenser at full load was 66,000 lb. per 
hour, and the makers inform us that the vacuum was 
readily maintained at over 99 per cent. of that corre- 
sponding to the temperature of the cooling water. 





Contracts. —The Horsfall Destructor Company, 
Limited, Atlas Works, Pershore, and 17, Victoria-street, 
London, 8.W., have received an order from the Hull 
Corporation for twenty-four four-wheeled refuse-collecting 
vans of their improved design, with low loading rail.— 
Messrs. Royce, Limited, Manchester, have been awarded 
an order by the Great tern Railway for eleven elec- 
trical capstans of the Royce patent free bollard type for 
use at Blackwall. The order also comprises ten electrical 
jib-cranes and two electrical hoists. 

Roya Eneinger Caprets.—2np Lonpon Drivision.— 
Recruits are wanted for this Corps, and t efforts are 
to be put forth to bring it up to its establishment. The 
company at pnt in existence is a Fortress Company ; 
but if the right kind of recruit is forthcoming in sufficient 
numbers, it is proposed to form a Communication Com- 
peer. Youths between the ages of 13 and 18 years 

aving a knowledge of electricity or telegraphy should 
send in their names. The cadets are instructed in all 
branches of military engineering, and the training and 
instruction are of a very interesting character for any lad 
desirous of serving his country. Cadets transferring to 
the Territorial force from their Cadet Corps are excused 
their recruit drills, and service in a Cadet unit after the 
of fifteen counts towards the Territorial Efficiency 

edal. Recruits are enrolled between the ages of 13 
and 18, and should “ply at the Duke of York’s head- 
quarters, Chelsea, S.W., on Monday and Friday even- 
ings, between 7.30and 9 p.m. Full ticulars can be 
obtained from Sergeant-Major G. D. Elms, R.E. (T), 37, 
Langthorne-street, Bishop’s Park, 8.W. Colonel Sir 
Howland Roberts, Bt., V.D., D.L., &c., is the honorary 
commanding officer, and the officer in command of the 
Corps is Captain Beeman, R.E. The Co: attended 
the annual training and camp this year with the Royal 
Engineers, 2nd London Division, at Shorncliffe, from 
August7 to 19, and worked with the Sappers in building 
a redoubt and in constructing a trestle and double-lock 

The cost of uniform and equipment amounts to 


bayonets, and brown Slade-Wallace 


uipment are sup- 
plied, and remain the property of the 


rps. 


NOTES FROM THE NORTH. 
; Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—The pig-iron market was 
dull and quiet last Thursday morning, and the dealings 
were limited to 1500 tons of Cleveland warrants at 46s. 16d. 
cash and 47s. 14d. onemonth. At the close of the session 
sellers quoted 46s. 11d. » 478. 2d. one month, and 
47s. 74d. three months. There was little change in the 
afternoon, when 2500 tons of Cleveland warrants were 
done at 47s. 6d. November 22, and 47s. 7d. three months. 
Closing sellers quoted 46s. 114d. cash, 47s. 14d. one 
month, and 47s. 73d. three months. On Friday morn 
ing a better tone es but the only business 
was one lot of Cleveland warrants at 47s. seven 
days. The market closed with sellers’ prices firmer 
at 47s. cash, 47s, 3d. one month, and 47s. 9d. three months. 
Cash hematite was quoted at 62s. 6d. sellers and 62s. 14d. 
buyers. The afternoon session was quite idle, and Cleve. 
land warrants were quoted without change at 47s. cash, 
47s. 3d. one month, and 47s. 9d. three months sellers. 
On Monday morning Cleveland warrants were weak, and 
a fair business of about 9000 tons changed hands at 
46s. 10}d. and 46s. 10d. cash, and 47s, 8d. and 47s. 74d. 
three months. osing sellers quoted 46s. 104d. cash, 
47s. 14d. one month, and 47s. 74d. three months. 
In the afternoon a steady tone prevailed, but deal- 
ings were confined to one lot of Cleveland warrants 
at 47s. 1d. one month, and at the close there were 
sellers at 46s. 104d. cash, 47s. 1d. one month, and 
47s. 74d. three months. On Tuesday morning the 
market was quiet, and Cleveland warrants were easier 
in price. The total business only amounted to 1500 tons 
at 46s. 104d. seventeen days and 47s. one month, and 
os ers quoted 46s. 9d. cash, 47s. one month, and 
47s. 6d. three months. The afternoon session was also 
uiet, and one lot of Cleveland warrants was done at 47s, 
tober 10. The prices at the close were 46s. 9d. 
cash, 47s. one month, and 47s. 54d. three months sellers. 
When the market opened to-day (Wednesday) a steadier 
tone prevailed, and a fair business of 5000 tons of Cleve- 
land warrants c hands at 46s. 10d. and 46s. 94d. 
cash, and 47s. 6d. three months. The closing quotations 
were 46s. 10d. cash, 47s. 04d. one month, and 47s. 64d. three 
months sellers. In the afternoon the market was quiet, 
and the dealings consisted of 2500 tons of Cleveland war- 
rants at 46s. 10d. and 46s. 94d. cash, and 47s. 04d. one 
month. At the close the tendency was harder, and 
sellers quoted 46s. 10d. cash, 47s. Id. one month, and 
47s. 7d. three months. The following are the market 
ey for makers’ (No. 1) iron:—Clyde and Calder, 
ls.; Gartsherrie, 61s. 6d.; Summerlee, 64s.; Langloan, 
63s. 6d.; and Ooltness, 82s. 6d. (all shipped at Glasgow) ; 
Gle ock (at Ardrossan), 64s.; Shotts (at Leith), 63s.; 

and Carron (at Grangemouth), 63s. 6d. 


Sulphate of Ammonia.—The demand for sulphate of 
ammonia is not quite so active this week, and the price 
is a turn easier. For prompt lots the current quotation 
is 147. 2s. 6d. per ton, Glasgow or Leith. 


Scotch Steel Trade.—The recent improvement in the 
Scotch steel trade continues, and makers are well supplied 
with specifications for heavy material. The amount of 
—_ going into consumption at the shipyards on the 

lyde at the present time is very large, oa the demand 
from that source is likely to continue on a large scale for 
some time to come. The export trade is also good, and 
shipments of a considerable tonnage have recently been 
put through. The position of angle-makers is again 
somewhat better, and with an increased demand prices 
are firmer both for home and export lots. In light steel 
and structural sections there is a fairly large business 
panting, not only for local markets but also for export, and 

resh inquiries are in circuit for a considerable tonnage. 
Black and galvanised sheet makers continue very busy 
and prices have been rising steadily, but much of this 
advance is due to the increased price of spelter. Local 
firms have this week booked some orders of importance 
for plates and structural sections for shipment to India, 
Australia, and Japan, while a lot of 2000 tons of bars has 
also been sold for export to Australia. The general con- 
dition of the steel trade is very healthy at the moment, 
and the outlook for the remainder of this year is fairly 


Malleable-Iron Trade.—The malleable-iron trade of the 
West of Scotland, although better than it was, is still 
capable of considerable improvement. Business has 
certainly increased, but specifications are not yet as 
plentiful as makers would like, and prices are still very 

r. The basis price for crown bars is no better than 

. per ton, less 5 per cent.; but, it may be mentioned, 
only odd lots can be purchased at that figure, as makers 
are naming their price as 2s. 6d. to 53. above that value, 
although that increase is difficult to secure. 

Scotch Shipbuilding.—The shipbuilding returns for the 
month of August, although not excessively heavy, are 
without doubt very satisfactory. The total Scotch output 
was 29 vessels, of 44,172 tons, made up as follows :— 


Vessels. Tons, 

The Clyde 21 38,372 
The Forth 2 3,000 
The Tay 1 2,000 
The Dee 5 800 
29 44,172 


These figures make the total output for the year to date, 
from all the yards in Scotland, 251 vessels, of 411,330 tons ; 
but of that total the Clyde builders account for 174 vessels, 
of 382,590 tons. The latter re is above the total for 
the corresponding eight months of last year by nearly 
87,000 tons, and although it is under the record years of 
1906 and 1907, it ranks next to them in output. The 





work on hand is sufficient to ensure steady employment 
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for some months to come, and if the sectional disputes 
which periodically crop up can be settled amicably, then 
there is little fear but that the shipbuilding output for 
1911 will touch high-water mark. 


Scotch Pig-Iron Trade.—Rather a quieter tone prevails 
in the Scotch pig-iron trade at the moment with regard 
to demand, but the recent output nm on @ 
scale, and inquiries point to an increased business in the 
near future. Prices are very firm. There is little change 
to report in the position of hematite, although a fair 
amount is being put through. The price is nominally 
65s. per ton, but a fairly prompt lot could be secured at 
about 1s. per ton under that figure. 





NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. — 
South Yorkshire Coal Trade.—The steam-coal trade is 
just now in a very good position. Both for shipment and 
industrial pur; the pits are experiencing pressure for 
deliveries, and have very little stock on hand. Prices are 
firm, and on the up grade. It is reported that many 
monufacturers in Sheffield are laying in extra stocks of 
reserves to make provision against the possibility of 
further labour troubles. Gas 3 are moving freely, 
and users are sending in meee large require- 
ments. Shipments also are good. Coke is improving, 
both as to demands and prices. There is a good market 
for slack. House coal is very much busier in con- 
sequence of active ordering from householders laying 
in winter stocks. Owing to the recent dislocation of 
affairs on the railways there has been some difficulty in 

getting supplies through. Orders have mn comi 
in much more freely both to dépéts and collieries, an 
few stocks are held. Prices are about the same, but 
have a stronger tendency, and it has been practically 
decided to advance prices all round within the next fort- 
night. Quotations on Change at the week-end were :— 
Best branch hand-picked, 13s. 6d. to 14s. 6d.; Barnsley 
best Silkstone, 11s. to 12s. ; Silkstone, 9s. 6d. to 10s. 6d. ; 
Derbyshire house, 9s. ; oe nuts, 7s. 9d. to 9s. ; small 
nuts, 5s. 6d. to 6s. 6d. ; rbyshire brights, 9s. 6d. to 
lls.; washed nuts, 7s. 6d. to 8s. 6d.; rough slacks, 
5s. 3d. to 7s.; seconds, 4s. 3d. to 5s, 3d. ; and smalls, 


2s. to 3s. 


Iron und Steel.—The quent condition of the city’s 
industries may be said to be very good. A large number 
of manufacturers are still exceptionally busy, making up 
for time lost during the recent strike, and most of the 
firms have pretty good order-books. Some of the export 
houses are expecting losses consequent upon delays in 
shipment. The iron market is hardly as steady, but there 
has not been any change in official quotations, which at 
present are :—Hematites, West Coast, 76s. to 78s.; East 
Coast, 68s. to 70s.; Lincolnshire, No. 3, 50s. 6d.; forge, 
49s. 6d.; Derbyshire, No. 3, 51s.; and forge, 49s. It will 
be seen that the Derbyshire forge is slightly the cheaper, 
but buyers are unable to get any very material concessions. 
Some merchants have obtained a little business by offering 
easier terms for hematites, but they are firm in regard to 
forward inquiries. The billet trade is good, and it is stated 
that during the past two months billets were delivered 
in exceptionally large quantities at the Sheffield works. 
The furnaces and foundries are well engaged, although 
it is reported that new orders are not arriving in satis- 
factory quantities. The general trades are full of work, 
excellent reports being received from manufacturers of 
special steels, tools, machinery, mining and agricultural 
implements, &c. The growth in the export trade has 
also been very noticeable both on foreign and colonial 
orders, and there is nothing to suggest any diminution in 
the immediate future. In regard to tools, advices state 
that home orders have been better, and business is 
good in hand tools. The railway steel-makers are look- 
ing forward to more orders in consequence of additions 
by the companies to their rolling-stocks. All the lighter 
trades are well employed. 





Tue Coprer Markrt.—In their monthly report dated 
the Ist inst., Messrs. James Lewis and Sen state that 
Standard copper had fluctuated within a range of 16s. 3d. 
per ton during the past month, open‘ng at 56/. 2s. 6d. for 
cash, advancing to 56/. 16s. 3d. on the 14th ult., declining 
to 56. on the 16th, and closing at 56/. 3s. 9d., with three 
months’ prompt 56/. 15s. Deliveries had been delayed by 
the lock-outs and strikes, and the severe fall in the value 
of American securities had a depressing effect on specu- 
lators. Consumption in Europe continued large, but 
American producers were willing sellers at 58/. per ton 
c.i.f. for electrolytic. American shipments for August 
had been advised as 27,893 tons. 





NortHaMpTon Potytecunic InstrTuTe.—Particulars 
of the Institute’s day and evening courses of instruction 
in technical optics, for the ensuing session, have reached 
us in the form of wee from the complete prospectus. 
Che classes are intended to provide a thorough theoretical 
and practical training in optical work, suitable for all 
those engaged in, or intending to engage in, any branch 
of the industry. Special attention is given to practical 
work, the Institute possessing well-equipped laboratories 
and workshops for this pu The subjects dealt with 
include applied optics, —_— instruments, and visual and 
physiological optics. t present the full-day courses 
extend over two years, but a third-year course will be 
established for specialising students as the work develops. 
Candidates for admission to the day courses are required 
to pass an entrance examination, which will be held on 
the 27th and 28th inst. ; the:actual work of the course 
will commence on the 2nd prox. The evening classes 
commence on the 25th inst., but enrolments commence 
on Monday next. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. | 
The Cleveland Iron Trade.—Quietness still character- | 
ises the iron trade. Though the time of year has quite | 
arrived when considerable sales to meet autumn require- 
ments are usual, buyers are not coming forward, and | 
business is on only a very limited ie. A general | 
opinion, however, prevails that, but for the unrest in the | 
labour market, a brisk business would be passing, and 
many traders still look for considerable activity over the | 
fall of the year. The blast-furnaces are now working 
normally after the damping down which was necessary | 
owing to the railwaymen’s strike, but the furnaces, as 
was to be expected, have Daag a a lot of inferior 
iron. It is estimated that the damping down lowered 
the output of pig by 45,000 tons. No. 3 g.m.b. Cleve- 
land pig is 47s. f.o.b.; whilst No. 1 is 50s. 3d.; No. 4| 
foundry and No. 4 forge, each 46s. 6d.; and mottled 
and white iron, each 46s—all for early delivery. East 
Coast hematite pig is in a very unsatisfactory state. 
Merchants are pressing mixed numbers on the market 
at 61s. for early delivery, and it is difficult to sell 
even at a trifle below that figure, the reason being that 
consumers are using as far as possible steel scrap, which 
is very plentiful just now. Good steel scrap is quo 
47s. 6d. to 50s. Business in foreign ore is at a standstill, 
and market rates remain nominally on a basis of 19s. ex- 
ship Tees for best Rubio. Coke is steady and in good 
demand. Medium blast-furnace qualities are 14s. 6d. 
delivered here. 


Manufactured Iron and Steel.—Very gratifying accounts 
are to hand concerning the manufactured iron and steel 
industries. Producers generally are very busily employed, 
and several firms have contracts made which will keep 
them in full swing for many months. Rail-makers in 
particular have excellent order-books. In addition to this 
satisfactory state, inquiries are still coming in, so that it 
is not surprising to hear that values of several descrip- 
tions tend upward. So far, however, there are no 
quotable changes to report, and principal market rates 
stand:—Common iron bars 7/.; best 7l. 7s. 6d.; 
best best bars, 7/. 15s.; packing iron, 5/. 15s. ; iron ship- 
plates, 62. 10s.; iron ship- es, 7/.; iron ship-rivets, 
71. 5s.; iron boiler-plates, 7/. 7s. 6d.; steel bars, 6. 5s.; 
steel ship-plates, 6/. 15s. ; steel ship-angles, 6/. 7s. 6d. ; 
steel boiler-plates, 7/. 10s.; steel strip, 6/. 10s.; steel 
hoops, 61. 12s. 6d.; steel joists, 6/. 10s. ; cast-iron railway 
chairs, 3/. 12s. 6d. ; light iron rails, 6/. 10s. ; heavy steel 
rails, 5. 12s. 6d. ; steel railway sleepers, 6/. 10s. ; and 
galvanised corrugated sheets, 11/. 5s.—sheets less 4 per 
cent. f.o.b., railway material net, and all other descrip- 
tions less 24 per cent. 


Iron and Steel Shipments.—Shipments of iron and steel 
last month came quite Ly to expectations ; and, in fact, 
those of pig iron turned out better than was generally 
anticipated. The total pig despatched For Ag 101,336 
tons, 94,655 tons of which went from Middlesbrough, and 
6681 tons from Skinningrove. The total loadings of pi 
for the previous month were returned at 88,055 tons, an 
those for the month of August, last year, at 100,066 tons. 
Of the shipments from Skinningrove last month, 5601 tons 
went to tland, and 1080 tons to the Continent. Of 
the pig iron sent from Middlesbrough last month, 72,521 
tons went abroad, and 22,134 tons coastwise. ay bo 
the largest importer, receiving 13,971 tons; Japan ing 
second, with an import of 13,961 tons; whilst Scotlan 
received 10,706 tons; France, 8719 tons ; Germany, 5064 
tons; Belgium, 4479 tons; the United States, 4105 tons ; 
and Sweden, 4000 tons. Manufactured iron shipped last 
month amounted to 9710 tons, 5920 tons of which went to 
foreign ports, and 3790 tons to coastwise customers. The 
total steel loaded reached 25,735 tons, 22,305 tons of 
which went abroad, and 3430 tons coastwise. India was 
again the largest importer of both manufactured iron and 
steel, receiving 9538 tons of the former and 4300 tons of 
the latter. The other principal customers for steel were 
Japan, 2881 tons, and Uanada, 2021 tons. 





NOTES FROM THE SOUTH-WEST. 

Cardiff.—The steam-coal trade has remained quiet and 
stationary, upon the whole. The tonnage position has con- 
tinued unfavourable. The best large steam coal has made 
183. 3d. to 18s. 9d. per ton; secondary qualities have 
ra between 16s. 3d. and 17s. 9d. per ton; best bunker 
smalls between 10s. and 10s. 3d. ; and cargo smalls between 
7s. 6d. and 8s. 6d. per ton. The best ordinary household 
coal has been quoted 14s, 6d. to 16s. 6d. per ton. No. 3 
Rhondda large has made 17s. to 17s. 6d.; and smalls, 


com 
ted | Bou 





10s. 6d. to 10s. 9d. per ton.. No. 2 Rhondda has 
realised 12s. 3d. to 12s. 6d. ; and smalls, 8s. to 6d. | 
= ton. Foundry coke has brought 18s. to 20s.6d. ; and 
urnace ditto, 16s. to 17s. per ton. As regards iron ore, 
Rubio has made 18s. 3d. to 18s. 9d. per ton, - al 
basis of 50 per cent. of iron, and charges, including 
freight, insurance, &c., to Cardiff or Newport. 

Bristol Docks.—The accounts of the Docks Committee of 
the Bristol City Council for the year ending April, 1911, 
have just been issued. The revenue for the year was 
308,718/., of which 54,000/. was absorbed by the sinking 
fund. A feature of the accounts is the remarkable 

wth of the tonnage in the last ten years. The advance 
rom 1891 to 1901 was from 1,323,731 to 1,538,254 tons, but 
in the past decade the total has gone from 1,538,254 tons 
to 2,370,001 tons. The dock and = dues last ad 
amounted to 169,852/.; ten years ago the corresponding 
total was 116,629/. 

The Ebbw Vale.—A portion at least of the Ebbw Vale 
works will re-start on Monday, when the Bessemer | 





department wiil resume operations. There are also signs 
that the furnaces, coke-ovens, and washeries will soon be 
again employed. 

Electricity at Cardiff.—During the past year Cardiff 
Corporation electrical plant was brought more closely up 
to date. The installation of the motor-generator plant for 
the transference of the whole of the day load of the old 
station at Canton and part of the evening load to the 
Roath power station resulted in a gain to the electric 
lighting department of 2787/. The depreciation fund 
was increased last year from 36,627/. to 44,515. In 
1910-11 the total number of car-miles run was reduced 
from 2,514,648 to 2,475,542, and the proportion of tram- 


‘way working expenses worked out at 56.10 per cent., as 


against 57.10 per cent. in 1909-10. Notwithstanding the 
fact that the car-mileage was reduced by 39,106 miles, 
there was an increase of 214,596 in the number of pas- 
sengers carried, the total amounting in 1910-11 to 
25,662,830. The population of the city was thus carried 
128 times over during the year. 


New Swansea Works.—The Swansea Harbour Trust has 
agreed to lease land to M. Alrig, of Paris. His business 
has been in existence for forty-three years. From 1870 
M. Alrig imported large quantities of Scotch coal to 
— with Belgian and opened an office at 
ogne. Later, requirements having changed in con- 
sequence of the introduction of stoves burning with slow 


combustion, M. Alrig looked for a coal to suit these 
stoves, and he found in Welsh anthracite the quality 
necessary. He applied himself to giving this combus- 


tible the maximum of caloritic power by breaking and 
sizing it. Henow proposes to carry on similar operations 
at Swansea. 

Channel Steamers.—It is stated at Plymouth that the 
steamship service which has been maintained between 
Plymouth and Brest by the Great Western Railway 
Company is to be shortly abandoned, as is also traffic 
between Nantes and Plymouth. The latter is chiefly 
cargo trade, but a service for passengers has been carried 
on to Brest. 

Coaling at Devonport.—The new coaling dépét, which is 
approaching completion at the north-western end of the 

orth Yard at Devonport, will be extremely well equipped. 
A feature of the equipment is that the overhead trans- 
porters will allow coal to be deposited on or lifted up from 
any part of the area. The electric light is being intro- 
duced and will enable work to be carried on at night. 

Bristol Dock Charges.—The docks committee of the 
Bristol City Council has approved a notice to local mer- 
ame the effect oat, in ee of wp 
rates of w: recently gran to men engaged in gene’ 
goods wok, det » a a will be increased propor- 
tionately. 





Moror - Omnrpuses. — As a result of the successful 
running of the new Tilling-Stevens petrol-electric omni- 
buses in London service, Messrs. Tilling have decided to 
adopt that type for all their future omnibuses, and are 
constructing a fleet to replace their present horse-drawn 
vehicles. Messrs. Tilling have designed the chassis and 
body, which are being built at their works at Peckham. 
The electrical transmission is supplied by Messrs. W. A. 
Stevens, Limited, of Maidstone. 





Frep-Water HEATING AND SUPERHEATING ON LOco- 
MOTIVES: ExratTomM.—In our issue of the Ist inst., on 
page 278, an error found its way into the figure given, 
as suggested by the diagram, page 277 ante, for the 
possible efficiency of generation of steam dried by the 
use of a smoke-box heater. The figure given by mistake 
was 55.62 per cent., that indicated by the diagram being 
in reality 65.62 per cent. As pointed out at the time, 
there is actually little value attaching to this particular 
figure. It is merely a suggestion arrived at from other 
known values, and is not capable of proof, one way or the 
other, by means of any available data. 





Coasting VesskL wiTH Orvupg-O1. Enoines.—The 
Ardrossan Dry Dock and Shipbuilding Company, 
Limited, Ardrossan, are building, for a Glasgow firm, 
a coasting vessel of 142 ft. by 25 ft. by 10 ft. 6 in. draught, 
and the engine contract has been secured by uglas 
Primrose and Co., Engineers, Glasgow, for a four- 
cylinder ‘** Bolinders ” direct reversible crude-oil engine, 
of approximately 500 indicated horse-power—that is, of 
sufficient power to give the vessel a sea speed of 84 knots. 
The vessel, if fitted with steam machinery, would carry 
420 tons, but the saving in weight and space occupied by 
the oil-engines increases this to approximately 480 tons. 
Steam steering gear, steam me, and steam winches 
are being fitted, these will get their power from a 
donkey boiler, fed with the same oil fuel as ured in the 
main engines. 





Stream Navvies in Swepen.—Owing to various im- 
portant new railway works at present under construction 
in Sweden, a number of excavators or steam-navvies are 
required. The Swedish State railways have had several 
of these machines from abroad, but an American machine 
having proved most efficient, the State Railways invited 
tenders for such machines from a number of makers both 
at home and abroad, with the result that a Stockholm 
firm of manufacturing engineers secured the order, and 
this firm has already delivered four such machines to the 
State Railways. The type of machine adopted weighs 
about 73 tons; its capacity is 250 cubic metres of gravel 
per hour. The scoop can work 9 metres to each side, and 
the angle is 180 deg. The above capacity was stipulated 
in the contract, but the machine has an actual capacity 
of 350 cubic metres per hour. 
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| THE TRADES UNION CONGRESS. 

| Never before have such unique circumstances 
|waited upon a Trades Union Congress in this 
_country as has been the case with that in session 
at Newcastle this week. Following hard upon the 
heels of a period of turmoil, for which the avowed 
leaders of certain classes of organised labour are 
justly held responsible at the bar of public opinion, 
it is not unnatural that rather more heed than 
usual should be paid to the doings of this assem- 
blage. The reason for this has arisen partly out of 
an expectancy that recent events nef gina alr fail 
to have an influence on the temper of the meetings, 
and partly out of a desire to secure evidence as to 
whether trades unionism collectively considers those 
tactics to be justified, of which the country has 
lately had so unhappy an experience. 

The very place of meeting favoured such ideas. 
The North-East Coast is fertile soil for trades 
unionism. It is one of the strongholds of the 
movement ; and Newcastle itself, where the session 
is now being held, has witnessed its growth and 
development When the Congress was but nine 
years old, thirty-five years ago, it visited that 
centre ; and again, some fifteen years since, it was 
in session there, under the presidency of Mr. 
Thomas Burt, who is, unfortunately, now regarded 
as belonging to an older school of trades unionism, 
whose methods of procedure are not sufficiently 
drastic for the younger generation. 

Of experiences of modern trades unionism the 
North-Eastern district has furnished many examples. 
In such a place, therefore, and at such a time, it 
was not unnatural to expect something of the heroic 
at the meetings, if anything of this nature be at 
all compatible with the movement. Some high note 
might have been struck, or some aspirationssuunded, 
broad enough even, perhaps, for others not of their 
own peculiar economic creed to subscribe to. In- 
stead, however, of anything on this level, the Congress 
has so far been deadly dull, for we take little account 
of the brawls which annually mar its proceedings, 
and the President’s address this year scarcely rose 
above the commonplace. It was little more than 
an extensive report, in which platitudes supply 
the place of lofty sentiment. We are not certain, 
as a matter of fact, that this course was not the best 
which could have been adopted. If there were any 
risk that the Congress would go to greater lengths 
in the matter of expression than the leaders might 
desire, it was evidently the best policy to avoid 
such topics as might give rise to trouble of this 
nature. Whether this is what was done we cannot 
say, but the President’s persistent attempts to deal 
only with matters brought forward by the General 
Purposes Committee suggests something of the 
kind. Naturally, the President, Mr. W. Mullin, 
J.P., of the Card and Blowing-Room Operatives, 
could not escape without some reference in his 
address to recent events. His treatment of the 
|subject was suited, we suppose, to the views of 
|those he was addressing. His statements are 
|forcible examples of difference of interpretation 
| as a result of difference in point of view. 
| **The suffering,” he said, *‘ placed on the public 
| generally by the high-handed action of the railway 
managers will not easily be forgotten.” Apart 
| from some few hundred thousands blindly led into 


|the recent broil, we have no hesitation in saying 
| that the people of this country in general consider 
| that the high-handed action taken, was not perpe- 
trated by the railway mariagers at all, but by those 
| responsible for the despatch of the telegrams calling 
upon the men to strike at twenty-four hours’ notice, 
| refusing to delay while negotiations were proceed- 





3g3 | ing, and over-riding their own regulations requiring 


them first to take a ballot, before further and more 
‘serious action. Whose also, we may ask, was the 
high-handed action in connection with the position 
|on' the North-Eastern Railway? Here the unions 
stabbed their own friend, in, apparently, a fit of 
petulance, ordering the men to cease work without 
deigning to reply to the company’s inquiry as to 
the reasons for taking thiscourse. The cap on this 


With a Two-Page Plate of a FOUR-CYLINDER PASSENGER | occasion fits better, we feel sure, on the head of the 
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EXHIBITION. 


| union officials than on that of the railway managers. 
Proceeding, Mr. Mullin said: ‘‘To all the men 
| who so loyally stood by the action of the railway 


Here again the point of view may give quite 
another interpretation to this particular ineident. 
While we are not wanting in our respect for the 
man whose esprit de corps compels him in stirring 


| unions, I tender my deepest sense of admiration.” 


, times to act with the comrades with whom in 


quieter days he has chosen to throw in his lot, we 


| cannot maintain the same admiration for men who, 


apparently, silently surrender their right to give 
expression to their views by means of the ballot, 
and become the tools of leaders who pay so little 
heed to the economic factors on which their pros- 
perity is dependent. Neither, we think, does the 
attitude adopted by the community coincide with 
the view taken by Mr. Mullin. The spontaneity 
of the response to the suggestion that the public 
should show in some tangible form its admiration 
for all the men who so loyally stood by the action 
of the railway companies, Sones Mr. Mullin’s own 
words, is proof that public sympathy was with the 
loyal workers rather than the more disorderly 
servants. The President urges the railway workers 
to place implicit trust in their leaders. ‘* Im- 
plicit,” indeed, is well chosen, for it means, of 
course, ‘‘trusting without questioning!” If any 
man is wise enough to start questioning the adviss- 
bility of countenancing the methods into which 
trades unionism has lately been rushed, he will 
undoubtedly, if he have the courage, ultimately 
peer the leadership of these very men. 

n another part of his address Mr. Mullin dwelt 
in rather intolerant terms on the ‘‘ conscience of 
the minority” as illustrated by facts arising out 
of the Osborne judgment. For conscience Mr. 
Mullin says he prefers to employ the expression 
‘**the selfish spirit of the minority.” If this term 
must be applied to some of their own members 
whose action is displeasing to them, what expres- 
sion, we may ask, can be fitly applied by the whole 
nation to that one section of the community which 
encourage, not for conscience sake, but avowedly 
for selfish ends, misery and confusion to lay waste 
their fatherland’? Mr. Mullin’s unfortunate ex- 
pression is, we fear, all too true an indication of 
the growing intolerance of the unions. A few 
days ago the text was published «f a trades union 
manifesto, circulated on the North-Eastern Railway 
during the recent strike. This manifesto concluded 
with the words addressed to non-unionists, ‘‘ we 
must cease to regard you as fit fellow-workers, and 
must act accordingly.” The modern trades-union 
spirit restricts the brotherhood of man to membeis 
only. Theapplication of the adjective ‘fraternal ” 
to men of known and proved_sympathy with the 
better characteristics of the labour movement has 
been assailed even at this very Congress. Too 
often do these sessions produce examples of an 
illogical lack of either gratitude or foresight on the 
part of delegates. In the past some of the best 
men in the movement have suffered at the hands 
of their comrades. On Tuesday last Mr. D. J. 
Shackleton was dragged into an unpleasantly 
prominent position. cause he and two other 
Government officials had been listed by the com- 
mittee as ‘‘ Fraternal delegates,” the occasion was 
taken by several members to insist that to no repre- 
sentative of the Government now in office could the 
designation ‘‘fraternal” be applied. This must 
have been rather trying to Mr. Shackleton, who in 
past years has taken prominent parts in this very 
Congress. 

The cause of all the trouble was the Government's 
action with regard to the use of the military forcee 
in the recent strikes. Our views on this subject have 
already been expressed in these columns, and we do 
not intend to enlarge upon them again. While 
the trades unionists seem convinced that the 
soldiers were employed to bludgeon peaceful 
workers into submission, we, with many others, 
hold that their presence was necessary for the safe- 
guarding of the public, whose interests were treated 
with such scant consideration by the, strikers. It 
is something to have obtained even a belated ad- 
mission from the labour leaders that the public has 
suffered at all. Mr. Mullin, in the quotation of his 
speech we gave above, has gone thus far. How 
well it would be if some economist could convince 
trades unionists of the folly of expecting pros- 
perity to follow upon violence and conflict, and 
could show them that to involve others in distress 
in such a way really means inextricably involving 
themselves also. The end of all sections of the 
community is the national well-being and welfare. 
The roads taken are vastly different. We do not 





wish to travel to what Mr. Mullin calls ‘“ the 
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mised land ” through a wilderness called deso- | 
| fares, whether issued in Great Britain, France, or 


tion, laid bare by discord, rapine, and strife. The 
road leading to the haven where we would be is 
called political economy, and it passes through fair 
lands, each fairer than the last, and the names of 
some of the countries, by the way, are toleration, 
reason, conciliation, &c., in each of which a stay 
| profitably be made. 

he presidential reference to the journey to the 
‘* promised land,” from which Mr. Mullin says we 
are still a long way off, reminds us that it was for 
their sins that the ancient Hebrew people were 
detained so long in the wilderness. Let us take 
warning, then, lest unwise action now delay for us 
the day when we may attain to the improvement 
desired by all, and not alone by those. whose interests 
are confined to one class only. If we may make 
another reference, it would be to an old Hebrew 
prophecy, which speaks of a time when ‘instead 
of the thorn shall come up the fir-tree, and instead 
of the brier shall come up the myrtle tree.” The 
reverse just now seems to have happened. Instead 
of trade unionism developing into strong and useful 
material, of service in building up a great monument 
to national industry and endeavour, it seems to 
have turned into a thorny bramble, spreading 
everywhere and wounding chiefly the innocent 
passer-by. 

As regards the business before the meetings, 
there have up till the time of writing been few 
incidents of note. After considerable difficulty had 
been put in its way by the President, a resolution 
objecting to the word ‘‘ fraternal” in connection 
with the Government representatives was brought 
forward and subsequently lost. A peed ae Aten oe 
official resolution on the use of the military in the 
recent strikes was passed with scarcely any discussion, 
the delegates showing their interest in it by leaving 
the hall in large bodies while it was before the meet- 
ing. Realising subsequently that the opportunity 
had been missed, the attempt was made to raise the 
subject on the following day, but was promptly 
quashed by the President. On Tuesday the ever- 
recurring resolution in favour of the nationalisation 
of the railways was adopted with little discussion, 
in face of the fact that, in countries where it is in 
vogue, much more drastic methods of dealing with 
strikes are adopted than were resorted to here 
recently. A proposal for a citizen army brought 
forth a rather humorous speech from Mr. J. Ward, 
who pictured the officers as presenting themselves 
to the rank and file each morning, to be dismissed 
from the service if they did not give satisfaction 
to them. The talk in support of this resolution had 
very little of reason or weight in it. 





WORKMEN’S DAILY AND WEEKLY 
TICKETS ON FRENCH RAILWAYS. 
At a time when, in England, it is urged that 

greater facilities should be afforded by the railway 

companies to the general worker, it is of interest 
to know what is happening in this matter in foreign 
countries. In France, particularly, precise infor- 
mation is available on the subject. The French 
State, it is true, has no authority over railway 
rates, at least in principle. On the other hand, 
some of the companies have the power, within 
the limits of certain maxima imposed upon them 
by the concessions granted on the formation of 
their systems, to reduce their fares, submitting 
to the superior administration (the State) the 
roposed tariffs, which become operative when the 

State has approved of them. The State itself, 

however, cannot suggest to the companies a reduc- 

tion of rates, and, a fortiori, cannot impose such a 

reduction. Nevertheless, it has means of influenc- 

ing the companies and of o ing them, as is 
evidenced at the present time in the matter of the 
relations between the companies and their personnel. 

At different times the State has made it clear that 

it regards with favour the concession of exceptional 

travelling facilities to workmen and other classes of 
employees ; that is, of extremeiy low tariffs, which 
might result in actual loss to the companies if they 

did not recoup themselves on the tickets issued to 

the ordinary travelling public. 

For more than twenty-five years certain of the 
French railway companies have had in operation, 
quite as a matter of favour, eg ag tariffs for 
workmen, including sometimes other employees, 
between either a large town and its outskirts, or 
between neighbouring towns. The companies know 
that this course is agreeable to the Government, 


and hope by such means to render more favourable 





their relations with the latter. Greatly reduced 


Belgium, cannot adequately reimburse the com- 
panies, and this particular class of passenger is often 
carried at a loss. Notwithstanding this, for the 
reasons just pointed out, the Chemin de Fer de 
l'Ouest, in 1883, signed a convention with the State 
(similar to that signed by all the companies at 
that period), which imposed on it many burdens, 
while it assured certain advantages, and the com- 
pany undertook to concede special conditions to 
workmen in regard to return tickets between 
Paris and the stations in the vicinity. The 
rates for these special tickets amounted to a 
reduction of 50 per cent. upon the ordinary maxi- 
mum tariff imposed on the companies for third- 
class passengers. The tickets thus granted were 
only available by specified trains in the morning 
and evening, and workmen travelling with these 
tickets had no right to take with them any luggage 
other than their tools. 

At the present time these workmen’s tickets 
are to be met with on all the systems; they 
entail a very large traffic, without bringing any- 
thing considerable in the way of receipts to the 
companies. Ata later date the various companies 
published new rates and conditions of trans- 
port, even more appreciated by workmen and 
employees with very moderate resources. These 
are known as ‘‘workmen’s season-ticket rates” 
(abonnements ouvriers), and they are, for the most 
part, weekly tickets, so as not to tax the clientéle, 
with too large a prepayment. For the last twenty- 
five years the Chemin de Fer du Nord have 
issued weekly third-class tickets or cards to working 
men and women in certain very important centres. 
These season tickets were, at the outset, issued at 
a reduction of 74 to 75 per cent. upon the prices 
of single tickets, conferring, however, the right to 
go and return. Obviously this reduction was enor- 
mous. 

In the same way, on the systems of the Chemin 
de Fer de l'Est and the Orleans line, weekly 
season tickets were granted at a price which about 
corresponded with the cost of a single journey over 
the route for which the ticket was issued. The 
Paris-Lyons-Méditerranée Company granted similar 
tickets, weekly, monthly, quarterly, and _half- 
yearly, and also tickets which allowed working 
men and women to return to their families on 
Saturday evening or Sunday morning, setting out 

ain on Sunday evening or Monday morning. 
Naturally, they laid down special conditions for 
the issue of these workmen’s tickets. It was pro- 
vided, for instance, that only certain trains, 
— indicated on the bills, should be taken. 

© secure a ticket, a workman had to prove his 
right to be classed as a workman by a guarantee or 
voucher from his master, or a certificate from the 
mayor of the place in which he resided, and, almost 
without exception, the men to whom these low- 
priced tickets were issued could travel only by the 
trains specially indicated. 

At the present time this matter of workmen’s 
tickets, more especially the season tickets, has 
developed in an extraordinary manner, seriously 
adding to working costs, but not by any means 
yielding to the companies a proportionate monetary 
return. Not only have the privileges granted to 
workmen been extended to other classes of em- 
os eg. but there has been a further tendency to 
make concessions in rates, while the companies, ever 
under the influence of the State, and anxious to 
acquire popularity, have also been persuaded to give 
these favoured persons, who travel at prices incon- 
sistent with economic requirements, the choice of 
many more trains. In short, the establishment of 
particular rates and exceptional privileges sets up a 
striking inequality among the customers of the rail- 
ways and among the population of the country. In 
order to obtain these special rates it is mostly 
necessary for the applicant to prove that his income 
does not exceed a certain sum; but others may 
have an income which, apparently much larger, is 
balanced by heavy burdens, and such people are 
as worthy of interest as the privileged workmen to 
whom these concessions are made. 

Let us consider first the case of the system of the 
Chemin de fer du Nord. Workmen’s tickets are in 
this case very numerous, because this system serves a 
considerable number of industrial and manufactur- 
ing centres in the neighbourhood of Paris, and on 
its lines there travel daily an enormous number of 
workmen and employees going to their work in the 
morning, and returning in the evening. Workmen’s 





daily tickets are not issued on this line, the third- 
class weekly ticket, or card, prevailing. This, of 
course, in no way affects the existence of the 
ordinary season ticket—for three months, six 
months, or a year, which is supplied to the general 
public, the latter not deriving any benefit from the 
exceptional conditions so freely granted to the 
working classes and the small employee. The 
tickets available for a week are furnished to the 
working men and women at the stations serving 
the neighbourhoods in which they reside, so that 
they may reach their work. On the system du 
Nord these weekly workmen’s tickets have been 
adopted for a number of journeys which seems 
altogether to exceed the requirements of the public. 
Wherever there is traffic of working men and women 
towards a certain industrial centre, more or less 
remote, the principle of these tickets has been 
applied. It must be allowed that there is evidence 
of a desire to include with the workmen other em- 

loyees of both sexes, and to confer the same 

mefits upon all when they reside in the suburbs 
of Paris and go to work in Paris. Such employees 
must, however, prove that they have an income of 
less than 2000 francs; this proof is furnished by 
certificates from their masters. They must prove, 
moreover, by an official document, that their main 
tax or impost on personal effects (cdte personelle 
mobiligre) does not exceed 20 francs. If an em- 
ployee has more than two children, the allowable 
maximum of 20 francs for the tax on personal 
effects is increased by 5 francs for every child over 
and above two. These tickets are available only 
for the trains specially indicated in the company’s 
bills, and confer a right to one outward and one 
return journey per day. The workmen or em- 
ployee, contracting in this way, who takesa place in 
a train not rece Be for him, or in any other than 
a third-class carriage, may be made to pay the price 
of a full-fare ticket. If, however, he cannot find 
a place in the train set apart for either the morning 
or the evening, he is allowed to travel by the next 
train. The cheapness of the fares demanded of 
these special subscribers on the Chemin de fer 
du Nord is shown by the following figures :—The 
price for a weekly ticket of this kind is 10d. for 
distances not exceeding a total of 3 miles between 
stations, 14d. when the distance is between 3} and 
6? miles, 20d. when between 67 and 11 miles, and 
44d. for 20 to 25 miles. To show how greatly these 
tickets are appreciated by the clientéle of the system 
du Nord, it may be stated that more than 176,000 
of them were distributed in 1906, available to Paris 
and back; in 1910 the figure reached 271,000. 
Over the rest of the system, regard being had to 
intercourse between the various stations and in- 
dustrial centres in the North of France, there 
were 843,000 workmen’s weekly contract tickets 
distributed in 1906, while the corresponding figure 
for 1910 was approximately 1,200,000. That re- 
presents for the whole of the system nearly 
1,500,000 weekly tickets. Yet during the year 
1910 these brought to the coffers of the company 
only 86,8001., after deduction of the impost paid 
to the State. The figures are indicative, however, 
of very heavy traffic. 

By way of comparison, and to show the greatly 
reduced price at which workmen and employees 
having only a minimum income are permitted to 
travel, it may be stated that for the ordinary third- 
class subscription or season tickets, issued for the 
benefit of those who do not belong to these privi- 
leged classes, the price is 7s. 2d. for a distance of 
3,5 miles for one month. According to the rates 
on which the weekly ticket are based the cost 
would amount to 4 francs. The workmen and 
employees therefore pay less than half what the 
ordinary passengers pay for their third-class season 
tickets. aA 

If we consider the Chemin de fer de Paris a 
Orléans, we find that workmen’s return tickets 
and weekly season tickets are available. The 
return tickets, available exclusively for third-class 
and for specified trains, agree oeey with the 
workmen’s tickets for the double journey already 
referred to. For example, the cost within distances 
of 33 miles is sometimes 3d. and often 2d. For 
12 miles the price will be about 10d. This tariff is 
not poate ag fixed for each direction and dis- 
tance, and varies somewhat ; the prices just quoted 
represent the mean. The return portion of the 
tickets can only be utilised on the day of issue. 
So far as the season tickets for workmen are con- 
cerned, the conditions imposed are almost iden- 
tical with those in foree on the Paris-Lyons- 
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Mediterranean Railway, and other systems. The 
period starts with the Sunday, ending the follow- 
ing Saturday. Apart from the tools of their trade, 
the holders are not allowed any luggage that cannot 
be carried by hand, also as previously mentioned. 
In regard to employees other than workmen, the 
conditions do not differ from those obtaining on 
the system du Nord. With respect, however, to 
those weekly tickets which apply to employees in 
districts beyond the precincts of Paris—the Orleans 
Company having introduced weekly tickets for 
certain industrial centres on their lines—the maxi- 
mum annual remuneration of the employee desirous 
of benefiting by such tickets must not exceed 1800 
francs (721.). and the tax on personal effects must 
not exceed 15 francs (12s.). 

It is chiefly in the outskirts and vicinity of Paris 
that the weekly season tickets for working men 
and women and employees are utilised, but the 
system is adopted in the neighbourhood of Bor- 
deaux, Orleans, and some other more or less impor- 
tant and industrial centres on the Paris-Orleans line. 
In a general way the price of such a weekly ticket, 
representing fourteen double journeys, is 10d. for 
4} miles between stations ; 12$d. for 5 to 6 miles ; 
while 21d. is charged when the distance is from 
11 to 12 miles; and 3s. for 24 to 30 miles. Here 
also, and justly, workmen only, or workmen and 
employees, derive the chief profit from the cards 
and tickets which are issued on such advantageous 
terms. In 1906 the number of return tickets for 
workmen which were supplied in the Paris district 
reached 39,000 ; in 1910 nearly 42,000 were issued. 
The advance is not very marked, because workmen in 
regular employment prefer the weekly season card. 
Moreover, it should be mentioned that in those 
outskirts of Paris which are on the Orleans line 
there is no great traffic in passengers of the working 
class. It is in the outskirts of the Paris-Lyons- 
Mediterranean line, the system du Nord, and, 
above all, the system formerly belonging to the Cie. 
de l'Ouest, that such traffic is most dense. Over the 
whole Orleans system the workmen’s tickets repre- 
sented in 1910 some 29,000 units. The case of the 
weekly contracts is, however, different ; 203,000 of 
these were distributed in the outskirts of Paris in 
1906, and in 1910 the figure was 287,000. The corre- 
sponding figures for the prcvinces, or districts other 
than the precincts of Paris, were about 6500 
and 19,000 respectively. The receipts, however, 
for the 306,000 weekly tickets distributed in the 
course of the year did not exceed 500,000 francs. 

While not attempting to review what is being 
done on all the railroad systems of France, some 
reference must be made to what was formerly the 
Cie. de l'Ouest, which system is now controlled by 
the State. This line, in fact, has by far the largest 
traffic in passengers in the suburbs of Paris ; indeed, 
the traffic of this character is quite extraordinary. 
In consequence of this and the enormous working 
population residing in the various localities served 
by the lines of the Cie. de l'Ouest, and going 
every day to Paris to work, the workmen’s tickets, 
and particularly the contract cards, constitute 
a heavy burden on the resources of this line. 
The workmen’s _ tickets, allowing the bearer 
to utilise specified trains in the morning and 
evening, call for no special comment ; they closely 
resemble the workmen’s tickets to be found on 
other systems, and the prices are quite analogous 
to those already mentioned. With regard to the 
weekly tickets granted to workmen or employees, 
the conditions do not differ materially from 
those set forth above. Yet, by a caprice which 
may be noted, but cannot be explained, the weekly 
season tickets are obtainable not only by employees 
whose annual remuneration does not exceed 2000 
francs (801.), but also by those whose remuneration 
does not exceed 2400 francs (961.). Moreover, it is 
unnecessary that the tax on personal effects should 
not exceed 20 francs; it may ” as much as 25 francs 
(1l.), with a permissible addition of 5 francs per 
annum for every child over and above two which the 
applicant for such tickets may As for the 
proof of his various qualifications which the applicant 
must present, this is similar on the system de l’Ouest 
to that on the other lines. Weekly season tickets are 
issued to workmen for the districts immediately 
around Paris, and also in the neighbourhood of 
certain industrial towns, such as Le Havre, Rouen, 
&c. For the outskirts of Paris the price of one of 
these third-class weekly tickets is 1 franc for 
% km. (10d. for 4 miles, station to station), 1 franc 
00 cents. for 14 km., 2 francs for 17 km. te 19 km., 


and 2 francs 50 cents. for 21 km. to 24 km. (2s. for ; the core of the T, and down again by the furnace ; 





13 to 15 miles). There is, too, the same difference, 
as noted above, between the price of the weekly 
cards issued to workmen and employees with very 
limited incomes and the price of the weekly cards 
obtainable by the general public. 

Before concluding, we may give some idea of the 
great extent to which these workmen’s tickets, and 
especially the weekly subscription tickets, are em- 
ay 0g In 1909 upon the system !’Ouest, controlled 

y the State, and also upon the old State line (of 
little relative importance), not less than 1,060,000 
workmen’s tickets were issued. Upon the whole 
system the number of weekly season tickets for 
workmen and employees supplied during 1909 was 
1,200,000. In this total the great lines beyond the 
vicinity of Paris are represented by only about 
150,000 to 160,000 cards. There are certain stations 
in the vicinity of Paris which alone distribute during 
the year some 80,000 to 90,000 workmen’s season- 
tickets. 

The comparative figures which we have given 
relative to the price of workmen’s tickets and that 
of the ordinary third-class tickets must make it clear 
that these subscriptions offer little profit to the 
companies transporting workmen and employees at 
such reduced rates. Nevertheless, the State Rail- 
way is at present endeavouring to extend these 
facilities. It contemplates permitting the workmen 
and employees, who are the beneficiaries of these 
reduced-fare tickets, to take almost any train, and 
not be under compulsion to take only the trains 
specified, and they are about to increase still further 
the advantages offered to these privileged travellers. 
It is true that in doing this the endeavour is being 
made to direct favourable attention to the State 
railways, which, in recent years, have been subjected 
to considerable criticism as being unequal to their 
work, 








PINCH-EFFECT ELECTRIC FURNACEs. 


Some years ago Carl Hering and E. F. Northrup 
drew attention to the ‘* pinch effect ” as a disturbing 
factor in the working of induction furnaces of the 
Kjellin type. In these furnaces the metal con- 
tained in an annular trough forms the secondary of 
an alternating circuit, and is heated and fused by 
the currents induced in the metal. It was observed 
that the liquid steel would sometimes squirt and 
seethe violently, and it was found that there was 
a stricture in the trough at such a point, caused 

ossibly by a piece of slag or some other reason. 
The iron would become overheated in this portion 
of reduced cross-section, a transverse valley would 
form in the liquid column, the metal would rise on 
both sides of this valley, and the continuity of 
the liquid column would momentarily be broken ; 
the current would thus be rermaaceacrn | In the next 
moment the gap would be bridged over again by the 
liquid metal, but the surgings thus set up might 
become almost dangerous. is rough explanation 
is not the one given by Hering ; the phenomenon 
is really considered to be more complicated, and 
Hering speaks of an electro-magnetic force acting 
from the circumference to the centre of the con- 
ductor in radial lines perpendicular to the axis. 
The indirect heating by induced currents, we should 
point out, is not essential to the phenomenon. 

Last year A. L. Queneau suggested a way to utilise 
the pinch effect. He constructed a steel furnace, 
consisting of a basin, from which two legs projected 
downward, slightly inclined outward ; there were 
electrodes at the bottom of the two legs, and an- 
other electrode of opposite polarity dipping into 
the surface of the metal. The fused metal in the 
legs would be under the hydrostatic pressure of the 
metal in the bath, and the current was to be so pro- 
portioned that a series of pulsations would be pro- 
duced leading to disruption and re-establishment 
of the continuity of the molten metal ; mixing 
of the steel was thus to be secured. The experi- 
ments were made with charges of 500 lb. We 
are not aware that they have been carried much 
further; the surgings might evidently become 
explosive, and the linings of the legs (magnesia and 
pitch and alundum were tried) would hardly hold 
out for a long time. 

At the New York meeting of the American Electro- 
Chemical Society C. Hering himself suggested another 
type of pinch-effect steel furnace. If the cylindrical 
furnace Rad the section of a T, that is to say, if it con- 
sisted of a vertical column widening out to a circular 
basin at the top, he pointed out the pinch effect 
would tend to set up a circulation of the metal up 





walls, such that the metal would rise fountain-like in 
the middle of the bath, the ‘‘squirting” force increas- 
ing with the square of the current, and diminishing 
as the cross-section was increased. The pheno- 
menon was best adapted to large furnaces. The 
furnace which Mr. Hering described at the end of 
the discussion was apparent! small, however ; 
dimensions were not given. The furnace was also 
provided with two legs and two electrodes, and 
that seems to be important, not only because this 
arrangement permits of reducing the depth of the 
leg or “‘hole” to one-half the depth required 
for one electrode, as Mr. Hering put it, but also 
because one does not know how the electrodes would 
be arranged with one leg only. The furnace as 
described was a crucible of rectangular section, from 
the bottom of which two inclined went out 
through the bottom of the crucible to its front wall. 
There they ended in horizontal cylindrical elec- 
trodes, directly joined to the secondary poles of a 
transformer. The dimensions of these passages, 
which are called heaters, would depend upon the 
charges to be dealt with and the currents to be 
applied. The electrodes consist of the metal to be 
fused—i.e., iron ; this is another essential feature 
which came out during the discussion. Mr. Hering 
had a great deal to say on the disadvantages of 
other furnaces and on the superiority of his new 
furnace, and he might have described it more 
clearly. 

What he accentuated was that the furnace was 
simple and cheap, as it consisted of a plain crucible, 
with two suitable holes at the bottom plugged with 
the electrodes. The heat was genera in the 
metal itself, not in the slag, and at the bottom of 
the hearth, where it was wanted, so as to produce 
a brisk circulation upward, in the direction in which 
the hotter metal would naturally rise. The hot 
column of metal was formed against the slag and 
brought repeatedly in contact with it, so that a 
thorough refining was secured. Mr. Hering made 
light of the objection that the lining of his resister 
would be — to rapid destruction by the heat 
and the mechanical scouring. 

The metal was hottest, he said, in the central por- 
tion, and colder where it came in contact with the 
walls, and if the electrodes were made of the same 
diameter and material as the resisters (the metal in 
the heaters), the furnace would become self-regulating 
as to temperature. The squirting force was very 
powerful, and produced a real suction ; the metal 
would sometimes be upheaved at an angle of 45 deg. 
But Mr. Hering gave little definite information, and 
in his reply he seemed particularly anxious to refute 
the suggestions made during the discussion, that 
both Gin and Girod had unknowingly anticipated 
the squirting effect in some of their constructions. 





THE LATE MR T. HURRY RICHES. 

Wipespreap regret will, we feel sure, be occa- 
sioned by the announcement, made on Tuesday last, 
of the death at Cardiff, on the day previous, of Mr. 
T. Hurry Riches. Although Mr. Riches remained, 

ractically all his life, most closely associated with 
uth Wales, the esteem in which he was held was 
confined to no such limited area. Among engineers, 
indeed, and especially among mechanical engineers, 
with which branch of the profession he was particu- 
larly connected, he was recognised as a man of great 
worth and exceptional character. 

Tom Hurry Riches was born in Cardiff in 1846, and 
was the son of the late Mr. Charles Hurry Riches, 
of that town. His successful career commenced 
when he was still quite young, and it is noteworthy 
that in later life he was inclined to recommend the 
type of training which had stood him in such good 
stead. He entered the works of the Locomotive 
Department of the Taff Vale Railway in 1863 as an 
apprentice under Mr. Joseph Tomlinson. He spent 
five years in the shops and drawing-office of the 
company, pursuing his studies at the same time with 
such success at Science and Art classes that he won 
a local medal, and was awarded, in 1868, a scholar- 
ship at the Royal School of Mines. The announce- 
ment of this was made while he was at sea, serving 
as second engineer on the s.s. Camilla, a position 
he had taken, for the sake of experience, on the 
termination of his apprenticeship. As a result of 
the scholarship, he very soon returned to continue 
his theoretical education, obtaining while at the 
Royal School of Mines the Science and Art and 
also the Whitworth scholarships. 

Mr. Riches ae became manager of the 
Bute Iron Works and of the Bute Old Works, under 
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Mr. John McConnochie. These works were engaged the Institution meetings. In addition to his presi- 


| he was chosen as a member of the provisional com- 


in general engineering, building bridges and roofs, | dential address, which was largely devoted to the | mittee on. the formation of the Institute of Metals. 


&c., as well as in the construction of boilers, en- | development of rolling-stock, he was the author, or | 


As an engineer, perhaps, three incidents in his 


gines, and other machinery. In 1872 he returned, | joint author, of six papers read before the Institu- | career claim some special notice. The first relates 


as chief locomotive foreman, to the Taff Vale Rail-|tion. His first was in 1877, when he read one on 
way ; and in 1873 was made locomotive superinten- | the ‘‘ Tynewydd Colliery Inundation.” 
dent, in succession to Mr. Fisher, who followed Mr. | contributed one entitled ‘‘ Automatic Action in 
Tomlinson. At that time Mr. Riches was the Continuous Railway Brakes.” A paper by him 
youngest locomotive superintendent in the kingdom. | entitled ‘‘ Notes on Testing Locomotives” was 
That appointment he retained from that day tillthe | brought before the Institution in 1904. At the 
time of his death, though ill-health had unfortu- | Cardiff meeting, as joint author, he was responsible 
nately rendered it necessary for him latterly to| for two papers, one being on the ‘‘ Coal-Shipping 
relinquish part of the active duties connected with | Appliances at Penarth Dock,” and the other on 
the position. During his superintendence the | ‘‘ Railway Motor-Car Traffic.” At the Bristol 
locomotive stock of the company was augmented ‘summer meeting in 1908 he was joint author 


more than 100 per cent., 
and the importance of his 
oftice was increased in an 
even greater proportion, 
for, in addition to the 
locomotive department, 
his responsibility was ex- 
tended to embrace the 
carriage and wagon work, 
the hydraulic and dredg- 
ing machinery, dock ma- 
chinery, gates, &., as 
well as coaling appliances, 
&c., belonging to the 
company. 

As a locomotive engi- 
neer Mr. Riches was held 
in high esteem by his 
brother superintendents ; 
but it will noc be merely 
in connection with a rail- 
way of some 124 miles in 
length that he will be 
remembered. He was 
recognised not only as an 
all-round man, but also 
as being almost unique 
in his particular combina- 
tion of certain qualities. 
No greater testimony to 
his worth could be given 
than the fact that, though 
continuing in his connec- 
tion with one of the 
smaller railway systems, 
professionally he ranked 
with the leading mem- 
bers of the engineering 
world. He was at one 
time president of the 
Association of Locomo- 
tive, Carriage and Wagon 
Suptehealivate of the 
United Kingdom, and 
was also a member of the 
Institution of Civil Engi- 
neers, the Iron and Steel 
Institute, the British 
Association, and other 
bodies. His most valu- 
able services to technical 
societies were rendered, 
however, in connection 
with the Institution of — = 
Mechanical Engineersand - 
the South Wales Insti- 
tute of Engineers. He 
was admitted a member 
of the former in 1874, 
being elected to a seat on 
the Council in 1885, when 
acain, we believe, he had 
the distinction of being 
the youngest that had 
ever been so honoured. In 1899 he was elected Vice-|!of a paper on ‘*Forced Lubrication for Axle- 
President, and he was called to the highest office Boxes.” 
the Institution could offer him in} 1907. He was, Mr. Riches took a considerable interest in the 
re-elected for a second term in the following year, South Wales Institute of Engineers, and was Pre- 
and in each term of office he discharged his duties | sident of that body in the two years 1901-2 and 
in a manner which made him not only respected, | 1902-3, taking for his inaugural address the theme of 
but the friend of all with whom he came in contact. | education of engineers, which he had so much at 
Although not President in 1906, when the summer | heart. His professional reputation, moreover, was 
meeting of the Institution of Mechanical Engineers | not confined to this country. In 1900 he was 
was held at Cardiff, he was largely instrumental in | 7, seman reporter to the International Railway 

ongress, for Great Britain and the Colonies, on the 


securing the success of that event, taking a very | 
active part in it as joint secretary of the local recep- | subject of express o_o engines. This report 
was handed in at the Paris meeting. In 1910 he 


tion committee. During the two years of his 
presidency the Bristol and Aberdeen meetings were | held a similar office, the subject then committed to 
held. His contributions to the discussions were him being ‘‘Railway Motor-Carriages.” The value 
numerous, and he was always a welcome speaker at placed upon his views is emphasised by the fact that 


Tue tate Mr. T. Hurry Ricues. 








From a Photograph by A. and G. Taylor, Cardiff. 


to the changing of the gates at Penarth Docks, 


In 1880 he | accomplished without the loss of a tide and the least 
delay to shipping. This was at the time declared 


to be an impossible feat by engineers of much 
greater experience than Mr. Riches could summon 
to his aid. In spite, however, of the prophecy of 
failure, Mr. Riches carried the undertaking through 
to success. The second incident bas reference to 
the flooding of the Tynewydd Colliery in 1877, when 
Hurry Riches worked night and day underground 
installing the plant for unwatering the mine. The 
rescue work on this occa- 
sion proved successful, 
the- entombed  colliers 
being rescued after some 
24) hours. For his valu- 
able share in this excel- 
lent work Mr. Riches was 
subsequently presented at 
the Mansion House, Lon- 
don, by the Lord Mayor, 
with a piece of silver 

late ‘‘in recognition of 

is bravery.” The third 
matter has connection 
with the enlargement of 
the resources of the com- 
pany with which he was 
connected practically all 
his life. Owing to their 
failure to obtain Parlia- 
mentary powers toenlarge 
their dock accommoda- 
tion, the Taff Vale Ruil- 
way “ompany, on the 
advice of Mr. Riches, in- 
stalled hydraulic plant, 
constructed to his design, 
which enabled the ship- 
ment of coal to proceed 
with greater expedition at 
Penarth than, we believe, 
anywhere else. He was a 
great advocate of high- 
speed hydraulic machi- 
nery, and in his capacity 
as mechanical engineer 
to the Taff Vale Railway 
had considerable experi- 
ence of it. 

Mr. Riches was of 
an exceedingly amiable 
nature, and took a very 
kindly interest in all the 
younger members of the 
profession with whom, in 
any way, he was brought 
into touch. He had a 
great ideal of fitting him- 
self to be of service in the 
world, and, so far as 
in him lay, encouraged 
younger men to turn their 
thoughts and efforts in a 
like direction. With this 
ideal it was not unnatural 
that he should pay con- 
siderable attention to the 
apprentices under his 
care. He had personally 
profited by the Science 
and Art classes, which 
were the beginning of 
technical education in 
Cardiff, and he insisted 
that the lads going through the shops of which he 
was in control should also take steps to improve 
their theoretical knowledge by;similar means. Ile 
was a staunch adherent to the policy of embodying a 
very thorough and extensive practical training in the 
course of education for a young engineer, but he 
was no less keen in his advocacy of sound | theore- 
tical knowledge also. His views on engineering 
training were frequently ventilated, and always 
commanded a respectful hearing. In fact, much 
more than this was accorded to them, for so 
high was the esteem in which his — on this 
subject was held, that he occupied at one time 
and another many positions of responsibility in this 
connection. He was, for instance, a member of 
the Board of Governors of the Imperial College 
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of Science and Technology, being nominated to 
this position by the Institution of Mechanical Engi- 
neers, and a member of the Court of Governors of 
the University of Bristol. He was also a member 
of the Advisory Board of the Studies in Engineering 
of the University of London. 

His services to Cardiff and South Wales were 
very many, and he was looked upon in that district 
as one of whom there was just cause to be proud. 
His genuine and unassuming character was 
thoroughly appreciated by all who were fortunate 
enough to have 4 intimate knowledge of it. As 
often happens with men of such a nature, Mr. 
Riches was not altogether happy in the turmoil 
attending certain phases of public life, and one 
of the greatest compliments ever paid to him was 
due to this very trait. He was returned as 
a Town Councillor for three years, but election 
work was distasteful to him, and he was finally 
defeated at the poll. In view of the valuable 
services he had rendered, he was, however, imme- 
diately co-opted, being appointed Chairman of the 
Technical Committee for the County Borough of 
Cardiff. This position he occupied for 12 years, 
during which time technical education in that 
western centre developed from mereScience and Arts 
classes into an organisation ranking with the best 
in the kingdom, and possessed of equipment in 
keeping with its reputation for thoroughness. Mr. 
Riches was also a member of the Education Com- 
mittee of the county borough; but it was in technical 
education that he took especial interest. He was 
a Member of Council of the University College of 
South Wales and Monmouthshire. Among other 
duties which he discharged with scrupulous care 
were those of Justice of the Peace and Governor of 
the National Museum of Wales, of the Court of 
which he wasa member. He was also connected 
with the engineering sections of several important 
exhibitions at one time and another. 

As may be gathered from the above sketch of his 
career, Mr. Riches’ life was fully occupied. During 
the last four years, however, his health had pre- 
vented him from leading so active a life as formerly, 
and for some weeks past his condition had given 
serious cause for anxiety, and he had been confined 
to the house. His death was due to heart failure. 
His loss, we are sure, will be deeply felt, not only 
in his own particular district of the country, but 
among a very large circle of friends, professional 
and otherwise. 





THE DEVELOPMENT COMMISSION. 

Tue first report of the proceedings of the De- 
velopment Commissioners now been issued. 
The Commissioners were appointed by Royal 
Warrant in May, 1910, under the Development 
and Roads Improvement Fund Act, 1909, as 
amended by the Act of 1910. The first-mentioned 
Act is entitled ‘‘ An Act to Promote the Economic 
Development of the United Kingdom and the 
Improvement of Roads therein,” and the Com- 
mission was authorised to deal with that part of the 
Act relating to economic development. 

The report refers to the period of nine months 
from July 1, 1910, when the Commissioners got to 
work, to March 31 last. Nine official meetings 
were held, and many informal meetings of Com- 
missioners and of Committees. During the period 
under review twenty-four applications officially 
reached the Commissioners, proposing a capital 
expenditure of about 208,000/., and an annual 
expenditure of about 211,000/., though about 170 
were made to the Treasury for advances from the 
Development Fund. In the first instance applica- 
tions must be made to the Treasury. Applications 
from Government departments are sent direct to 
the Commissioners to be examined. Other applica- 
tions are sent to the Government Departments con- 
cerned, which pass them on to the Commissioners, 
accompanied by the reports of the departments. 
The Commissioners report in turn to the Treasury, 
the latter deciding whether their recommendations, 
if favourable, shall be adopted or not. 

The Commissioners have no executive power, 
and are only able to recommend, and no expen- 
diture can be incurred without Treasury sanction. 
The Commissioners, in the exercise of their powers 
of making recommendations to the Treasury, 
decided to adopt certain main principles, at the 
same time recognising that general rules could not 
always be rigidly adhered to. 

The necessity of a comprehensive policy taking 
account, in connection with any particular subject, 





of the needs of the whole kingdom, as far as 
posssible, or at least of one of the main divisions 
—England and Wales, Scotland, and Ireland— 
of the kingdom, was appreciated. Such a policy 
is especially desirable in relation to the allocation 
of subsidies from public funds for purposes of 
research work, in order to avoid unnecessary dupli- 
cation, and to ensure, as far as ible, that the 
various institutions which might be interested 
should undertake the work for which they were 
best fitted, and that the whole field of research 
open to the subject should be explored. Under a 
comprehensive policy it is impossible to deal with 
individual applications for particular objects as 
promptly as if each one were considered by itself ; 
but the latter course would undoubtedly lead to 
waste both of money and energy. 

There are many difficulties in attempting to 
follow a comprehensive policy, and to make ‘‘ block 
grants” in preference to a number of separate 
grants, owing in a large measure to the inevitable 
complications of administration of Government and 
the extent to which the interests and jurisdic- 
tion of many Government and other authorities, or 
persons, of necessity overlap. The Commissioners 
resolved, as a general rule, to decline to make 
recommendations in respect of schemes requiring 
Parliamentary powers until such powers were 
obtained. They are not prepared to recommend 
advances in aid of any scheme until estimates of 
cost and sufficient details have been approved. 
They take the view, broadly speaking, that the 
fund at their disposal is intended to promote new 
work, and therefore, as a general rule, recommen- 
dations will not be made for grants in relief of 
existing expenditure. It is the idea that, under 
certain circumstances, grants may be made with a 
view of encouraging expenditure on work of public 
utility, provided contributions from local authorities 
or other sources are forthcoming. 

Loans from the development fund will in general 
only be recommended for schemes which may be 
reasonably expected to become remunerative. 
Under certain circumstances loans may be made 
without interest, repayment not being required for 
years, and the terms may vary from these to 
loans granted on a commercial basis. 

A provision in the Act of 1909, in reference to 
works involving employment, directs that the 
Commissioners in recommending advances for such 
works shall have regard to the general state and 
prospects of employment. They hope in periods of 
depression to able to do something towards 
regulating the labour market by encouraging the 
kind of development work referred to. 

Itis not proposed to make any recommendations, 
so far as is avoidable, the effect of which will be to 
put public money drawn from the fund into 
private pockets. The Commissioners note the 
distinction between assisting individuals to help 
themselves, and simply putting public money into 
the pockets of certain persons. 

Amongst the most important of the purposes for 
which the Development Fund was authorised are— 
the development of agricultural and rural indus- 
tries and forestry and afforestation. In regard to 
the development of agriculture, &c., the first care 
of the Commissioners is the increase in quality and 
quantity of the products of agriculture by the 
extension of scientific investigation, together with a 


system of education, in order that the results of | 


investigation and research may be widely known 
and put in practice. They also hope, by the 
knowledge made available, to increase the variety 
of production where this can profitably be done. 
A further important object the Commissioners 
have in view is the extension and organisation of 
co-operation. 

Results of value on a large scale are not attain- 
able merely by expenditure, and the Commissioners, 
at the start, have found themselves seriously 
handicapped by the difficulty of collecting a com- 
petent and trained staff. They point out that very 
few men are qualified to conduct agricultural re- 
search, and the number cannot be increased at 
short notice. Also, at present, in this country, 
very few are to be found capable of directing 
operations of forestry on a large scale. 


As regards forestry, the Commissioners have | 
come to the conclusion that the first requirement 
is education, regulated by organised research, and, | 


secondly, that State afforestation on a big scale is 
out of the question until investigation has shown 
where State forests might be remuneratively estab- 
lished, and a body of trained furesters is available. 


Further, they consider that, for the present, 
applications for grants in aid of forestry should 
include provision for the creation and maintenance 
of a suitable staff. The situation on March 31 is 
summarised as follows :—England and Wales: A 
comprehensive scheme has just been received from 
the rd of Agriculture and Fisheries. Scotland: 
The Commissioners have agreed to the provision of 
a central demonstration area, and preliminary 
steps are being taken to acquire it, and of a 
forestry school in connection therewith, and 
also to the provision of small forest gardens 
for local use of agricultural colleges. Ireland : 
Advances of 25,0001. or 30,0001. have been recom- 
mended for the purchase of land, and the Com- 
missioners have agreed to further advances, for 
additions to staff and for the management of small 
woodlands in the hands of county councils, when 
formal applications under the Act are made. 

Applications were received in connection with 
the development and improvement of fisheries in 
Ireland for grants towards the improvement of 
harbours. An interim grant of 4000]. towards the 
purchase of a dredger was recommended, and the 
other applications postponed or referred for further 
information. 

Under the heading ‘‘ Construction and Improve- 
ment of Harbours,” a grant of 65001., and a loan 
of 70001., without interest, repayable by annual 
instalments in 30 years, were recommended, on 
certain conditions, to be made to the Stonehaven 
Harbour Trustees. In response to the application 
by the River Dee Conservancy Board the Com- 
missioners declined to recommend a grant. ' 

Under the Act of 1909 application may be made 
to the Commissioners for orders for the compulsory 
acquisition of lands, and they have therefore pre- 
scribed rules and a form of draft order in connec- 
tion with such applications. One application was 
received, during the period under review, to enable 
the rounding-off of two street corners to be effected. 

The Commissioners have recommended, or 
agreed to recommend when satisfactory schemes 
are drafted, approximately 165,000/. per annum, 
and about 100,000/. non-recurring grants. ‘These 
sums include for agricultural research and educa- 
tion in England and Wales 105,0001., a lump sum 
of 60,0001. to Scotland, and 50001. per annum and 
90007. per annum to Ireland. So far the allocation 
of one-third of the annual income guaranteed to 
the Development Fund for five years has been 
recommended. The Commissioners anticipate con- 
siderable increased expenditure in the near future, 
and express the fear that the fund will not be in a 
strong position a few years hence without Parlia- 
mentary aid. 

Copies of the Development Acts of 1909 and 
1910, Treasury regulations as to methods of appli- 
cation for advances and as to payments, with 
a list of applications officially received up to 
March 31, [ke apes prescribed as to cengulaaey 
purchase of land, and a list of witnesses examined, 
are published as appendices to the report. 





PERSONAL.—The Nottingham Corporation Water Engi- 
neer’s Department has been removed from St. Peter’s 
—e Side to the Castle Water Works, Castle Boule- 
vard, 








Tue Tramcar AccipeNnt aT Dircucrort Hiui, Mit- 
BROOK.—The report of Lieut.-Colonel P. G. von Donop 
|on the accident which occurred at Millbrook on the 
| Stalybridge, Hyde, Mossley, and Dukinfield Electric 
| Tramways, on June 5, shows the fault to have been, on 
| this occasion, with the manipulation of the brakes. It 
| will be remembered that the accident, attended, unfortu- 
| nately, by fatal results, happened to a car descending 
| Ditchcroft Hill between Stalybridge and Mossley. The 
| hill is 229 yards in length, of which 146 yards are on 
| grade of 1 in 11.4. ere is a curve, said to be of 1 
| chains, but of apparently 56 ft., radiusat the bottom, an 
at this point the car, which had got out of control on the 
hill, overturned. The Board of Trade Inspector’s con- 
clusion is that the driver, who seems to have been a 
capable man, on this occasion applied his hand-brake at 
the compulsory stcp at the top of the hill, but did not 
stop there, having locked the wheels. As the car began 
to descend the hill and gain speed, the driver appears to 
have tried to apply his Westinghouse magnetic. brake, 
which, however, had been rendered inoperative by the 
skidding of the wheels. It is understood that the 
Westinghouse Company are now fitting an additional 
appliance to this brake, which enables it to be brought 
into service png | as well as magnetically, and 
the Inspector suggests that the advisability of addin 
this gear to the cars on this route should be considered. 
The accident is the third of its kind on the hill, and the 
report recommends that until the curve at the bottom is 
eased, only single-deck cars should be allowed to travel 
| on this hill, 
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NOTES. 
German Lapour. 

A Report issued by the Employers’ Union for 
Hamburg and Altona, gives some striking particulars 
about the heavy weekly contributions which the 
social democratic unions inflict upon their members, 
and which exceed the taxes which the members 
have to pay to the State. The members of the social- 
democratic unions in Germany during the year 1909 
= in weekly contributions to their unions on the 

ollowing scales, the number of members and the 
= of the total paying each class of contri- 


ution being given :— 
Members. Per Cent. 





Up to 2.4d. ... 59,947 3.28 
2.4d.to3.6d. |. ... 126,821 6.92 
3.6d.to4.8d. ... ... 534,895 29.18 
4.8d.to6d.... ...  ... 504,436 27.52 
6d. to 7.2d. ... .. 480,981 26.24 
bove 7.24... 125,587 6.86 
Total ...... 1,832,667 100.00 


Compared with the previous years, the percentage of 
the hone higher contributions shows an increase, the 
reverse being the case with the three lower classes. 
These regular contributions are further swelled, 
and not immaterially so, by extra local and other 
contributions. making the weekly payment for the 
majority of the members more than 1 mark. Added 
to this come contributions for political purposes, and 
thirdly those for a large joint war fund, upon which 
the organisations can fall back in cases where it is a 
question of specially important conflicts with the 
masters, when the funds of the separate unions 
do not suffice. This fund naturally challenges the 
masters to a display of greater zeal in self-defence. 
One point which is now considered of great im- 
portance, in Germany and elsewhere, is the ade- 
quate protection of those hands who are willing 
to continue or commence work when others go on 
strike. Pending legislative measures, the masters 
are urged to exert themselves earnestly in this 
direction, and thus make up for all the negligence 
they have hitherto shown in this connection. 
A report issued by the Dortmund Chamber of 
Commerce gives vent to somewhat imistic 
views of the labour question and problem. The 
‘* red ” trade unions, says the report in question, 
comprise at the present time 1,832,667 members, 
constitute the élite of the social democracy, disturb 
and damage the industrial life, coerce, in an un- 
heard-of manner—in secret and openly—those who 
are willing to work, or who hold divergent views, 
and do now not even refrain from egging on their 
followers to violence and revolt as long as they are 
able to mock the State and her representatives. 
The insurance of workmen has utterly failed in 
bringing about that conciliation which was hoped 
for thirty years ago. In representations where 
masters and men stand in equal numbers, the latter 
often frustrate all rational and beneficial work. 


Tue 15-Ton H&éroutt Steet FurRNACcE at 
Cuicaco. 


Some iculars of the 15-ton Héroult furnace 
of the Illinois Steel Company at South Chicago, 
the largest electric steel furnace in existence, were 
given by Mr. C. G. Osborne at the meeting of 
the American Electrochemical Society, held at 
New York last April. The furnace had then been 
working more or less ps potas J for eighteen 
months, and had produced material for steel rails, 
billets, plates, structural shapes, and forgings, of 
all sizes and grades, as well as alloys with nickel, 
chrome, manganese, and silicon. The furnace is 
built up of 1-in. steel plates, and has five doors. 
The bottom is lined with a mixture of dead-burned 
magnesite and basic open-hearth slag, in the pro- 
portion of 4:1, tamped down with tar; after 
tamping the furnace is filled with wood, dried for 
48 hours, and then filled with coke ; the electrodes 
are lowered, and the current is turned on to flux 
the bottom into place. The three electrodes are 
grouped in an equilateral triangle of 5 ft. side, and 
penetrate through the nearly flat roof of the fur- 
nace, which is made up on a movable ring and 
consists of silica bricks 12 in. in thickness. 
Each electrode has a holder of cast copper, bolted 
directly to the bus-bar and split in front; the 
holder is opened and closed by a left and right 
screw. Round and square electrodes up to 24 in. 
in diameter have been used. Each electrode has its 
own regulator and motor, the regulation being by 
hand, or by controllers or automatic. The auto- 
matic device comprises a stationary electromagnet, 





fed by adjustable current, and a movable magnet 
mounted on a spring and fed from a transformer 
on the bus-bar. Normally the two magnets balance 
one another. When the one or the other current 
prevails, the motion of the floating magnet is com- 
municated to a lever and a rocking-wheel, so that 
contact is made for turning the motor to the right 
or the left, and for raising or lowering the electrode 
4 in. at a time. The primary current, three- 
phase at 2200 volts and 25 periods, is reduced in 
three 750-kw. transformers to about 90 volts (from 
80 to 110). The furnace is generally charged with 
full-blown Bessemer pig, blown hotter than usual, 
because the converter is about a quarter of a mile 
from the furnace, and the transport takes 5 minutes. 
While the charging-ladle is tilted, the slag is cleaned 
off, and iron oxide and lime are shovelled into the 
furnace, whereupon the electrodes are lowered. 
This basic slag is removed after 30 minutes, lime 
and fluor-spar are poured on the bare surface, and 
finely-divided coke-dust is thrown in after the new 
slag has melted ; calcium carbide is then formed, 
and reduction commences. A heat lasts from 1} to 
2 hours. Steel produced electrically is, according 
to Mr. Osborne, considered mechanically superior 
to other makes, chiefly because it is comparatively 
free from segregation and from oxidation ; the 
actual contents of free oxygen and of nitrogen are 
not known, however, in spite of thousands of 
experiments. The roof of this Héroult furnace 
was fairly gas-tight, but during the first stage of 
the heat a good deal of ebullition took place, and 
the electrodes were constantly moving. Atstarting 
some 1950 kw., 650 on each leg, would be absorbed 
by the furnace ; that figure went down considerably 
—to 750 kw.—as the process continued. No state- 
ments as to the cost were made. 


Tue Riipinc Process or CREOSOTING. 


On Tuesday last, the 5th inst., an interesting 
demonstration of the Riiping process of creosoting 
took place at the extensive Staddlethorpe yard of 
Messrs. Richard Wade, Sons, and Co., Limited, 
near Hull. Owing to the large exports of creosote 
from England, and the increased demand for timber 

reserving, the cost of creosote has risen rapidly. 
he object of the new process is, therefore, to 
protect effectively the substance of the timber 
without wasting any of the preserving liquid. In 
explanation, it was stated at the demonstration 
that the red fir tree, the species mainly used in this 
country in a creosoted state, contains about 40 per 
cent. of heart-wood, which cannot be impregnated 
to any appreciable extent by any preserving 
liquid, owing to the cells of the wood having 
become closed. The remaining 60 per cent. is 
sapwood—i.e., open cellular tissue—about half of 
which is the substance or fibre of the tree, the 
remainder being open spaces. The object of the 
Riiping process is thoroughly to saturate the fibre 
or cell walls with the net ge and to allow 
none to remain in the interior of the cells. By 
this means there is no ultimate oozing or sweating 
of the wood, which keeps perfectly dry and clean. 
It is claimed that the direct result is a great 
saving in first cost, without any reduction in the 
life of the timber. The process is effected by 
compressed air, the creosoting cylinders being 
similar to those used in the vacuum process, but 
with the creosote tank located above the cylinder 
level instead of being beneath. When the cylinder 
has been charged with the wood to be treated, and its 
openings carefully closed, an air pressure of about 
Ib. per sq. in. is gradually raised in it, and 
also above the creosote contained in the over- 
head tank. In less than half an hour after the 
air-pump has been started the creosote from the 
overhead tank is admitted to the creosoting cylin- 
der, the same air-pressure of about 50 lb. per sq. in. 
being maintained. About 15 minutes after the 
cylinder has been filled with oil the connection 
between it and the overhead tank is closed; a 
pressure-pump is then started, and increases the 
ressure inside the cylinder by about 801b. per sq. in. 
ese conditions last for about 35 minutes. The 
connection between the cylinder and the overhead 
tank is next re-established, and the excess oil in 
the former is returned to the tank ; the compressed 
air in the pores of the wood also drives out of the 
timber under treatment, the greater portion of the 
oil which it contained in excess. e pressure is 
then removed, the cylinder is opened and allowed to 
drain into a receiver placed beneath the opening. 
In the demonstration referred to above, a number 
of pieces of timber were placed inside a cylinder ; 





they were carefully weighed before and after 
treatment, the following being the figures for each 
class. Twelve redwood telegraph poles were first 
taken and weighed separately ; their total weight 
before treatment was 1 ton 2cwt. 3 qr. 21 lb., 
their volume being 70.76 cub. ft. After treatment, 
their weight was 1 ton 6 cwt. lqr. 5 lb., showing 
that they had absorbed 3 cwt. 1 qr. 12 lb. of oil, 
equal to 5.31 lb. per cub. ft. On these had been 
placed twenty-four redwood fence-posts, weighing 
4 cwt. 1 qr. 21 lb., and measuring 18.25 cub. ft. 
After treatment, the weight was 5cwt. 1 qr. 23'lb., 
equal toa total weight absorbed of oil of 3 qr. 101b., 
or 5.04 lb. per cub. ft. Twenty-four redwood fence- 
rails had absorbed 5.79 lb. per cub. ft. Twenty- 
five redwood paving-blocks had taken 6.89 lb. per 
cub. ft. The figure for twelve redwood sleepers 
was 5.05 lb. per cub. ft., and that for twelve white- 
wood pieces, 5 ft. in length, 1 ft. to 24 ft. in width, 
and 4 in. to 7 in. thick, weighing before treatment 
1 cwt. 12 lb., measuring 4.37 cub. ft., and weigh- 
ing 1 cwt. 19 lb. after treatment, was 1.6 lb. 
per cub. ft. Allthe wood thus treated dried most 
rapidly in the air, and presented a very clean appear- 
ance. Several pieces were cut across, and showed 
a remarkable penetration of the oil, almost to the 
centre. 





INDUSTRIAL NOTES. 

THE report of the Labour Department of the Board 
of Trade on Changes in Rates of Wages and Hours of 
Labour in the United Kingdom in 1910, with com- 
parative statistics for 1901 to 1909, has just been 
published as a Parliamentary paper, and shows that 
the year 1910 was one of improving trade and employ- 
ment, the net increase of wages shown being 14,500/. 
per week, as compared with net decreases of 69,900/. 
and 59,200/. in 1909 and 1908 respectively. There have, 
according to Mr. Askwith, been, since 1896, three 
periods of rising wages (1896-1900, 1906-7, and 1910), 
and two periods of falling wages (1901-5 and 1908-9), 
the net effect being an increase of 353,985/. in an 





ordinary week’s pay of the workpeople directly 
affected. The net effect of the changes in each of the 
years 1896-1910 was as follows :— 
Periods of Periods of 
Rising Wages. Falling Wages. 
£ £ 
MG.) 4c Oe 26,519 — 
1897 .. “ Pm - 31,507 “= 
1898 .. oe ne a 80,713 - 
1899 .. Me os ~ 90,314 — 
a ee 208,590 _ 
{ie — 76,587 
1902 .. 72,595 
1903 .. 38,327 
1904 .. 39,230 
ME Wee % 2,169 
1906 .. - s - 57,897 _ 
1907 .. ne i a 200,912 _ 
ee eee S 59,171 
1909 .. a a ae ne 68, 
gem coanas 14,534 — 
710,986 357,001 


Mr. Askwith goes on to say that as regards the 
methods by which changes in rates of wages were 
arranged in 1910, changes affecting 7 per cent. 
of the workpeople involved were arranged under 
sliding-scales, changes affecting nearly 70 per cent. by 
conciliation boards, mediation, arbitration, &c., and 
changes affecting 23 per cent. by other methods. 
Since 1902 the operation of sliding-scales has been 
almost entirely confined to the pig iron and iron and 
steel industries, while the great majority of the work- 

ple whose changes are arranged by conciliation 
mend arbitration, mediation, &c., are employed in 
coal-mining. The net effect of the changes in hours 
of labour reported in 1910 was a reduction of 47,575 





Period to 











which the | Number | Amount Paid in| Average Weekly 
Figures refer. Employed in | Wages in the Earnings 
irst Week | Selected Week. | Selected Week. | per Head. 
in December. | 
. 4 
1901 : 440,557 551,114 25 it 
1902 +] 448,429 559,179 24 11 
1903 ‘ 321 557,819 24 104 
1904 . 445,577 557,820 25 Of 
1905 es 449,251 568,338 | 2 38 
1906 “a 457,942 582,207 2 5 
1907 -| 478,690 618,304 25 10 
1908 -| 459,120 574,059 0 
1909 .| 459,444 2% 44 
1910 | 463,019 596,342 2 9 
] } 


in the weekly working time ef the workpeople affected. 
Early in 1910, the downward movement, which began 
in 1908, changed to a slight upward tendency, and at 
the end of the former year the general level of wages 
was higher (with the exceptions of 1907 and 1908) than 
at the end of any year since 1893. Apropos of the 
late railway strike, the table annexed is interesting- 
It refers to twenty-seven railway companies — 
ing more than 90 per cent, of the total number o rail- 
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way servants of the United Kingdom, and these 
companies supplied the information on which the 
table is based. 

The above is a statement of earnings, not of rates 


of wages. 





Arrangements have recently been completed for the 
union into one of the ay a pa Society of Car- 
penters and Joiners, having head-quarters in Bruns- 
wick-street, Manchester, and about 60,000 members, 
and the Associated Society of Carpenters and Joiners, 
having head-quarters at Glasgow, and 4000 members. 
The object is simply to strengthen the trade organisa- 
tion. The amalgamation of the two societies had 
been proposed for some time, but hitherto the two- 
thirds majority of votes in favour had not been secured. 
This is now the case, and the amalgamation will come 
into effect within the next few — It is proposed to 
call the society the Amalgamated Society of Carpenters 
and Joiners. 





The autumn conference of the Association of 
Chambers of Commerce of the United Kingdom met 
in Trinity College, Dublin, on August 30, under the 
chairmanship of Earl Brassey, and unanimously 
decided to request Government to appoint a special 
Commission to inquire into the working of the Trades 
Disputes Act, 1906, which Act, by authorising peace- 
ful picketing, had rendered intimidation, violence, and 
interference with food supplies and trade possible, as 
was instanced in the recent railway and chen strikes. 
The resolution, which was voted upon as a matter of 
urgency, was moved by the Hon. Rupert Beckett, 
who said he conceded the right to strike to any man, 
but where he quarrelled with him was where methods 
were adopted, when a strike was in progress, which 
led to violence, intimidation, and the direct breaking 
of the law. Mr. A. J. Hobson, Sheffield, seconded, 
stating that the resolution was a statesmanlike one, 
and one calculated to build a bridge for those respon- 
sible for the passing of the 1906 Act to reconsider their 
position. The resolution was carried unanimously. 


The men of the Cambrian Combine, who had been on 
strike for ten months, have resumed work upon the 
terms agreed upon by the coalowners of South Wales 
and by the Miners’ Federation of Great Britain in 
May last, terms which the Welsh miners had until 
now refused to accept. The strike commenced in 
November of last year with the Ton-y-pandy riots; the 
cost is stated to have reached several million pounds 
sterling. The following are a few statistic figures 
which throw light upon the dispute and upon its 
consequences :—The South Wales Miners’ Federation 
paid 150,000/. in strike pay, and levied 4s. a month 
upon the miners at work. The Miners’ Federation of 
Great Britain contributed a further sum of 72,000/. 
The Coalowners’ Association gave the Cambrian Com- 
bine 280,000/. It is estimated that the output of the 
Combine for the ten months in question would have 
have exceeded 2,500,000 tons, which, at an average of 
15s. per ton, would have yielded 1,875,000/. The 
men’s wages would have amounted to 960,000/. from 
this latter sum. As additional losses there must be 
counted 300,000/. loss of revenue to the railway com- 
panies and 80,000/. loss in freight to steamers; also 
80,0007. loss to middlemen at the docks, and 50,000/. 
loss to the rates of the county. Besides these, there 
are many other losses, both directand indirect, which 
are borne by practically every member of the com- 
munity. Moreover, most of the collieries will require 
putting into working order again, and this will lead to 
expenditure which means a further loss. 





According to the Journal of the Royal Society of 
Arts, there are indigenous to Brazil, and growing wild 
in certain regions, two well-known species of trees 
which are of interest to the commercial world because 
of their possibilities as producers of cotton fibre. Not 
the least remarkable feature about these trees is their 
occurrence in precisely those regions where it had 
seemed to be impossible, or, at least, difficult, to grow 
ordinary cotton. No other country sses so large 
an area of land which may be utilised for the growing 
of cotton as doee Brazil ; the fact that in other areas 
it 1s possible to cultivate trees for the production of 
cotton fibres must appeal to the textile industries as 
indicating that Brazil must be reckoned with as a 
future source of the world’s cotton supply. 





_As a result of the intervention of the Board of 
Trade, an arrangement was arrived at on August 31 
with the Great Eastern Railway Company, according 
to which the company gave an assurance satisfactory 
to the officials of the men’s unions with regard to the 
reinstatement of the men who left work at the time 
of the national strike two weeks ago. The decision 
was “‘that the company should fall into line with 
the other companies, and reinstate the men as soon 
as possible,” 


The coalworkers’ strike at Grimsby Docks was 
settled on September 1, in the course of the evening, 


after somewhat lengthy conferences between the 
masters’ and the men’s representatives. The former 
agreed to several of the men’s demands; they also 
agreed to a joint conference which is to settle within 
ten days the rate of wage to be paid the tippers, and, 
further, to establish some basis with reference to pay- 
ment for waiting time. The men resumed work 
immediately, and the shops which had been held up 
for want of coal were to be freed. Councillor Farrar, 
J.P., who had acted for the men, stated that the 
employers had shown a very fair spirit, and on one or 
two points had agreed to terms which were even better 
than the men had demanded. 





A mass meeting of all grades of railwaymen was 
held in Sheffield on Sunday, the 3rd inst., when a 
resolution was ed, complaining of an alleged 
breach of settlement by the Midland Railway Com- 
wen J in declining to reinstate two guards in their 
ormer positions, re-employing them as under-guards 
at 8s. per week less wages ; they called on the joint 
executive committees to bring all the men out on 
strike if this were not remedied. 


About 4000 men of the North-Eastern Railway 
held a meeting at Darlington on Sunday, the 3rd inst., 
and Daag unanimously a resolution declaring that, 
in order to protect their interests, it was necessary 
that all railwaymen should join the union. They 
further expressed the opinion that the time had arrived 
when a date should be fixed to cease working with 
non-unionists. The committee is to consider what 
steps should be taken to put the resolution in opera- 
tion. Mr. Williams, secretary of the Amalgamated 
Society of Railway Servants, supported the resolution, 
and stated that wie the men approached the railway 
directors for better conditions they were always 
taunted with the ‘‘ supposed” contentment of the 
non-unionists. Yet the non-unionists never lost time 
in asking for the benefits obtained by organised effort. 
He (Mr. Williams) wanted the men to conduct the 
movement on constitutional lines, when it would have 
the whole-hearted support of the society. Mr. 
Hudson, M.P., who fcllowed, added that they had 
reached the position when they would have to say to 
the employers that non-unionists should not ~_- 
pate in concessions, or to the men that they had to 
enter the union and pay their share. 





THE LATE MR. E. B. THORNHILL. 

Tue death occurred, at Colwyn Bay, on the 3lst 
ult., of Mr. Edward Baylies Thornhill, formerly chief 
engineer to the London and North-Western Railway 
Company. Mr. Thornhill’s regretted death occurred 
rather suddenly, after, however, a protracted illness. 

Mr. Thornhill was born in 1841. He was a pupil 
under Dr. W. Pole, and a scholar at King’s College, 
London. In 1862 he entered the London and North- 
Western Railway’s service in the engineer’s office at 
Euston, and in 1864 he was first put in responsible 
charge of works. He spent fifteen years as resident 
engineer in charge of various important works, includ- 
ing undertakings in Manchester, the reconstruction of 
Lime-street Station, Liverpool, its sage &e., 
of various new railway lines, and of docks at Garston. 
In 1879 he was appointed chief assistant engineer, and 
in 1902 succeeded Mr. F. Stevenson as chief engineer. 
This appointment he held till his retirement in 1909, 
during which period he was responsible for the im- 
| ey in the approach to Euston, the new 
xarston dock, &c. He was admitted to the Institution 
of Civil Engineers as a member in 1870. 





THE LATE MR. T. D. SMYTHE. 

WE regret to have to record the death, on the 26th 
ult., of Mr. Thomas Dixon Smythe, who was connected 
with much railway construction work in South 
America. Mr. Smythe’s engineering education was 
commenced at the Gymnasium, Aberdeen, where he 
followed the civil engineering course. He subsequently 
went to Edinburgh University, after which he served 
a four years’ apprenticeship under Messrs. H. Wylie 
and J. Peddie, civil engineers, en don railway and 
other work. In 1868 he was made assistant to Mr. J. 
| Peddie. He subsequently held the itions of chief 
| assistant engineer on the location and construction of 
| the Chilian and Talcahuano Railway, 115 miles in 
|length, and acted as resident engineer on location, 
| construction, and traffic of the San Rosendo, Los 
| Angeles and Angol Railway, 60 miles in length. In 

1882 he was holding the position of chief engineer on 
| the location of the Coihue and Mulchen Railway, and 
| in 1883, in a similar position, made reconnaissances for 
|the Southern Railways. From 1883 to 1888 he was 
|chief engineer of the Angol and Traiguen Railway 

section of the Arauco Railways, and subsequently 
engineer-in-chief on the final location of the Pelequen 
land Penmo Railway. He was born in 1845, being 
‘therefore in his sixty-sixth year at the time of his 








death, which followed upon a short illness. He was 
admitted to the Institution of Civil Engineers as a 
member in 1889. 





THE LATE MR. EDWIN FODEN. 

WE regret to have to record the death, which 
occurred at his residence, Elworth House, on Thursday, 
ae 31, of Mr. Edwin Foden, the senior partner of 
Fodens, Limited, Sandbach. Mr. Foden was born 
seventy years ago at the village of Smallwood, three 
miles from Sandbach. His parents were in a humble 
situation and had secured for him, when he was quite 
a youth, the position of village postman, with a view 
to increase the income of the family. The lad, how- 
ever, wanted to be an engineer; his father at last 
geno to his entreaties, and: at the age of fifteen 

e was apprenticed at Messrs. Platt and Han- 
cock’s Engineering Works, Elworth. Four years 
later, at the age of nineteen, he was made fore- 
man, & position which he held for several years. 
He then went to Crewe Works, where he stayed 
twelve months, going next to an engineering works at 
Kidsgrove, where he remained eighteen months, On 
an invitation from his old employer he returned to 
Elworth, and at the age of twenty-five he was made a 
partner in the firm, which was known for some time 
as Hancock and Foden. Six years later Mr. Hancock 
retired, and Mr. Foden took over full control. The 
works gradually increased and gained importance in 
the manufacture of agricultural machinery and traction- 
engines. With the advent of the steam motor-wagon, 
the construction of which the firm adopted as a4 
speciality, the extension of the works was extremely 
rapid ; the success which the Foden type has re- 

tedly met with has led the name of Fodens, 
imited, Sandbach, to become known over a very wide 
circle. Mr. Foden found time to engage in local 
business ; he has filled, in fact, almost every position in 
local public life. He hada ion for music, and formed 
the Elworth band, now called Foden’s band, which has 
achieved great reputation at many musical competitions. 
Mr. Foden was of a most kindly disposition ; he enter- 
tained a real affection for the old people, especially 
for those who had grown old in his service, to whom 
he allowed a substantial pension. He will be greatly 
missed by his workpeople and by his numerous friends. 
The works, which he practically created, remain as a 
monument to his memory. 








THE EFFICIENCY OF STEAM-TURBINES. 
To THE Eprtor OF ENGINEERING. 

Si1r,—In view of the remarks made in Mr. Chorlton’s 
letter published on 255 of your issue of the 25th ult., 
I have written to Mr. Eric Brown at Baden to ask him to 
substantiate my statement regarding the information he 
gave at his recent lecture, and I think it would be best 
to quote the following from the answer I have received 
from him :— 

“The efficiency mentioned in my lecture concerned 
that of a 15,000-kw. turbo-generator set now building at 
our works, and on referring to my notes I find the words 
‘Thermal efficiency from steam to current delivered 70 per 
cent.,’ which words, I am told, were clearly uttered. As 
my firm are builders of complete sets, including turbines 
and generators, I considered that mentioning the total 
efficiency of the set would be of general interest.” 


Yours faithfully, 
M. & 8S. SwaLLow. 


Hartlepool Engine Works, Hartlepool, 
September 4, 1911. 





SUPERHEATER LOCOMOTIVES. 

To THe Epiton oF ENGINEERING. _ ‘ 
‘$rr,—In the article on ‘‘The Railway Situation” in 
ENGINEERING, of August 18 last, it is said that ‘‘several 
of the Great Northern locomotives . . . are to be fitted 
with superheaters, and the results will certainly be 
awaited with interest.” The former part of this state- 
ment appears to do less than justice to a line which has 
taken a leading position in the introduction of superheated 
steam on British railways, and which has for the past 
three years been obtaining and utilising experience thus 

ined. 
" 1908 one of the eight-coupled mineral engines, 
No. 417, and one of the smaller “‘Atlantics,” No. 988, were 
fitted with Schmidt superheaters, and in 1909 a 4-4-0, 
No. 1383, was fitted with the Baldwin smoke-box super- 
heater. Following these, five 8-coupled mineral engines, 
Nos. 451-5, ten large ‘‘Atlantics,” Nos. 1452-61, and fifteen 
4-4-0’s, Nos. 51-65, have been built, all provided with 
Schmidt superheaters. : 

The results obtained are understood to be very satis- 
factory in the matter of coal consumption, and as advan- 
tage has been taken of superheating to reduce the worki 
pressure, it is to be expected that the boiler repairs wi 
certainly not exceed the exceptionally low figure for which 
the Great Northern Railway is well known. The fact 
that Great Northern locomotives - I » - van of 

rogress, and are surpassed in forwi evelopment, 
ater of main features of design or detail fittings, by 
those of no other railway, materially enhances the feeling 
of deep regret generally felt at the loss to the engineering 
profession sustained by the retirement of Mr. Ivatt. 


Yours faithfully, 
September 4, 1911, L. A. F, 
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THE ORIGIN AND PRODUCTION OF 
‘““CORRUGATION ” OF TRAMWAY RAILS.* 


By W. Worsy Bravumont, M. Inst. C.E. 


Few of the phenomena of the behaviour of materials 
employed in tramway construction have given rise to so 
much inquiry, speculation, and diversity of opinion in 
the last few years as the phenomenon known as “‘ corru- 
gation” of tramway rai The rapid spread of its 
occurrence, in nearly all towns with heavy tramway 
service, has directed anxious attention to the discovery 
of its cause, and much has been written concerning it, 
and some experimental investigations have been mde. 
Unfortunately, the indoor experiments have seldom been 
conducted with apparatus or under conditions which 
simulate those of the tramway itself. 

On the other hand, the observations which have been 
made by many on the rails themselves have led to every 
possible variety of interpretation of the cause of corruga- 
tion, largely use of the apparent contrariety of its 
occurrence and non-occurrence. The author had com- 
men ced the preparation of an index to the papers and 


Fig. yy 























articles which have appeared in this and other countries 
during the past five years, but it was soon found that 
this would be of intolerable length, and, after all, of but 
little service. The Proceedings of the Institution of Civil 
Engineers provide abstracts of papers too numerous to 
mention; the Institution of Electrical Engineers has 
dealt with the subject; the Municipal Tramway Asso- 
ciation and the Tramway Congress hardly ever met 
without dealing with the subject; the Tramways and 
Light Railways Association Official Circular and Journal 
for some years has been crowded with corrugation in- 
equalities and vagaries, and lately a joint committee of 
the two Associations—the Municipal Tramways Associa- 
tion and the Tramways and Light Railways Association— 

has been working on the subject. To the proceedings of 
this Committee the author has contributed, and had pre- 
viously dealt with the subject elsewhere. a authors 
have contributed largely, and a report by a Committee 
consisting of the managers of nine continental tramway 
systems, one British professor of engineering, and the 
secretary, was discussed at the It.ternational Tramway 
Congress held in Brussels in 1910. One of the recent 
and most useful ~ on the subject (although some 
judicious analysis of the facts presented is required) has 
been pe as a provisional report by a Committee of 
the Technical Department for Railway Construction 
and Exploitation of Amsterdam, including Messrs. J 
Schrooder van der Kolk, M. P. Mass teranne, and 
T. E. van Putten, and, more recently, a paper by Herr 
von Borries, of much merit, has been ee 

Having given some attention to all this literature of 

this particular engineering ailment, and being aware of 
the indecision that still exists in the minds of many upon 
it, the author now ventures at more length, and with the 
_* Paper read before Section G of the British Asso- 
ciation at Portsmouth, August 31. 





- | subjacent films. 


object of greater precision, the explanation he has on 
vious occasions attempted toconvey. The subject has 
itherto been treated mainly from the general point of 
view suggested by the practical experience of the tram- 
way rand engineer, and has seldom attracted or 
received the considered reasoning conjointly of the 
mechanic and the physicist. It is, however, one which 
in a marked degree demands the patient application of 
the attributes of both, and in this paper I may repeat the 
words of Mr. H. R. A. Mallock,* and _ : “*It is often 
useful to have a simple, even if incomplete, theoretical 
treatment of a subject. provided that the theory is correct 
so far as it goes, and is kept within bounds by com- 
parison with actual observations.” 

In a surface of a homogeneous solid under compressive 
stress in orthogonal directions in the plane of the surface, 
every particle tends to cause every particle surrounding 
it to recede in every direction. If one surface of a free 
flat bar of steel or iron, as Fig. 1, be rolled or hammered, 
the material of that surface is subjected to a compressive 
stress. Of this stress it is relieved in the direction of 
length of the bar so far as the stress is no greater than 
that which is necessary to bend the bar, and cause it to 
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the opposite side sufficient to eliminate the difference 
of dimensions of the two sides caused by the compression. 
To remove the difference permanently the stress on the 
uncompressed side must reach the character of strain 
equally distributed throughout the whole length of the 
bar. At the same time an increase is made in the com- 
pressive stress on the rolled or hammered surface. This 
cannot be removed by a single pucker or extrusion of the 
surface about the centre of length of the bar, as the stress 
is uniformly distributed. Hence at distances apart (or 
pitch) depending on the elastic and cohesive properties of 
the material there will result incipient surface crumblings 
or corrugatiun, as shown exaggerated in Fig. 3. 

The bearing of this fact on the tramway or railway rail 
will appear hereafter, but here it may be observed that 
the stresses in a bar which is bent by compression of one 
side, and caused to retain the bent form by that resident 
molecular stress, is not in the same condition as to stress 
throughout its structure as a similar bar bent and main- 
_ ina bent form by mechanically imposed distributed 
In the har bent by compression of the material on one 
side, there is molecular tensile stress immediately below 
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Diameter of wheels, 21, in. 

Load on axle, 3} tons. 

Average load over area of contact, 31.8 tons per sq. in. (static 
load). 


keep the bent form of Fig. 2. If of wrought iron, the 
molecular surface stress will in part be relieved by flow 
of the material or detrusion along the edges of the 
hammered surface, and the longitudinal bending be less 
than if the bar be of rail steel, in which the detrusion will 
be less. 

If of cast iron, the surface compressive stress will 
accumulate, and the bar will be bent by it, but the accu- 
mulation of stress reaches an earlier limit, as it sooner 
exceeds the limit of cohesion between the surface and 
The result is that with cast iron surface 
occurs and limits stress accumulation. It does, 
however, me sufficient to permit its use as a means 
of straightening cast-iron coping-plates and the like if 
slightly curved when taken out of the sand. - 

If, when a bar has been bent by surface compression of 
one side, it be forcibly straightened, the compressive 
stress will be increased, and a tensile stress impressed on 
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* Proceedings of the Institution of Civil Engineers, 
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Fig. 7. DIAGRAMS OF CONTACT AREAS. (REDUCED) 


DRIVING WHEELS. 








PONY WHEELS. 7 2 1 2 
; 3 Area 0. 
Area 0-00 Area 0-355" "i E 
Area 0-050° Area 0.27 
“Area 0307 
1 2 
4 2 Areab-23 7 2 
Grea 019 
- Vp . 
‘Area 0057" rea 0:24 
1 
Area 0050) 0046" Area, 028 
A B A }- 
aor Average of 3, 0.050 _— Average of 4. 0.30 
0.050 0.046 0.280 0.270 
<a a 0.280 0.240 
oe eo ous L007 
Average .. 0.059 061 Average .: 0.291 0.251 


Diameter of wheels at A, 31 in. 

Diameter of wheels at B, 31} in. 

Load on axle, 6 tons. 
Average load over area of contact, 11.96 tons per sq. In. 


the hammered surface. Thecompression differentiates in 
intensity from the surface, to a zone or couche under 
tensile stress resulting from the molecular cohesion which 
has prevented the compressed and extended surface from 
separating itself by shear. Below this, tensile stress dif- 
ferentiates into a neutral zone, and therefrom into the 
compressive stress, which remains resident in the bar so 
long as it is bent by these internal forces. . 

In a surface, such as that of an iron plate which has 
been rolled or hammered on that surface only, the 
particles of the hammered surface are, as previously men- 
tioned, restrained by cohesion of and with the subjacent 
particles, which are less and less under —— as 
they are remote from the compressed surface film. _ 

If any two points ab or a! b!, Fig. 4, be taken in such 
a surface film, it will be seen that all the particles round 
each point press towards it with forces proportional to 
some function of their respective distances from such 
points. In a line drawn from a to }, or a! b!, there are 
therefore equal and opposite forces tending to separate 
those points, and when their amount exceeds the elastic 
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resistance of the material, deformation or crushing 
crumbling must occur, if change of form of that of which 
the surface is a part be restrained. If the surface be 


that of a deformable plate then the forces are in part 


relieved by bending the plate in orthogonal directions. 
It is not necessary here to determine the distance between 
a and 6 at which any given material will reach the yield- 
ing point or at whic 


compressed surface 1s part. 

To this a return may be hereafter made, but here it is 
sufficient to repeat that it will be dependent upon the 
relation between the elastic resistance of the material 
to compression and its elastic tensile strength, and its 
hardness. . ae P 

In dealing with these stresses as occurring in practice, 
and in such forms as those of a railway or tramway rail, 
it will be seen from the foregoing that the values of the 
stresses in orthogonal directions soon reach inequality, 
because, while they become cumulative in the direction of 
length of the rail, the distance transversely separating the 














the accumulated forces will be | 
sufficient to cause either the bending of a plate, or give | 
rise to destructive stresses in any other form of which the | 


| of the roller and rail contact. 
| The area of contact of hard-tyre tramway wheels on 
steel rails is very small—is less than on ordimary railwa 
| wheels. On the latter it has been found to vary, wit 
wheels of 4 ft. 6 in. to 5 ft. in diameter and carrying @ 
' steadily-applied static load of from 12,000 Ib. to 14,000 Ib. 
per wheel, from 6,000 Ib. to 48,000 lb. per square inch 
of contact area. The minimum and maximum areas of 
a larger number of observations gave loads of per square 
inch of contact area of from 26,607 lb. to 85,961 Ib. 
This, however, was the minimum pressure, as it was 
taken with engines standing on a level rail, and the 
wheel gently lowered on to it. With an “——— moving 
at speed, and heeling over as on curves, this pressure 
would be much greater. It must further be noted that 


the central part of the area of contact would be much 
more severely pressed than the borders of the area. 

By the courtesy of Mr. A. L. C. Fell, M.I.E.E., the 
author has been enabled to give measurements, made at 
his uest, of the pressure of the wheels of a standing car 
of standard type. These measurements were 





on rai 








or|and by the mechanical conditions which affect the area, The wheel on the side marked “ A ” (Fig. 6) was on the 


rail, where it was continuously suppor’ On the side 
marked “‘B” the wheel rested immediately above the 
centre of a pier 14 in. wide, where the rail was not quite 
so rigidly carried. The diagrams obtained, marked 1, 
were slightly larger on this side. The rails showed very 
little sign of wear, and the experiments were made at the 
|end of a shop which has not been very much used. At 
|each end of the axle a guide-bracket was fixed to the 
ground, as shown on the sketch (Fig. 6) ; between these 
brackets and the axle journal taper-pieces of wood were 
| fixed to prevent lateral movement. The axle was 
| lifted at the extreme end by means of a jack and lowered 
|carefully on a piece of tissue-paper on thin carbon 
paper placed on the rail under the wheel. The impres- 
|sions made are shown by the di ms (Fig. 7). 
|The rails are of British Standard hardness, and the 
| tyres were manufactured to the specification, for the 
| following extract from which the author is indebted to 
Mr. Fell. 

Tensile strength not less than 55 tons and not more 
than 70 tons per sq. in., minimum elongation of 11 per 
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Direction of Traffic. 


Fig. 8. 


points a and 6 earlier reaches the limits of dimensions at 
which the forces can arise, because relief of the stresses is 
found in lateral deformation or detrusion at the rail 
edges (Fig. 5). 

There is a further view of the physical conditions to be 
considered which, under the mechanical conditions of the 
rolling of a wheel on the plane surface of a rail under 
pressure greater than or approaching its elastic resistance, 
gives rise to that which results in what is known as cor- 
rugation. A loaded circular surface, as of a roller or wheel 
resting upon a deformable straight plane surface, has but 
a line contact with that surface until either or both the 
circular and flat surfaces of contact are so deformed by 
loading the roller as to increase the area of contact. 
The deformation will continue until the resistance 
to deformation equals the force producing it. If the 
materials of the two surfaces be equally resistant, the 
circular surface will be flattened and the flat surface will 
be depressed or indented. If the roller be of the more 
resistant material, the deformation may be chiefly in the 
material of the flat surface. If the roller be made to roll 
along the surface which it can so deform, it presses before 
it a wave of deformation. The depression giving rise to 
this wave may (as in the case of the tramcar wheels and 
rails) approach or excged the limit of elastic deformation 
of the material of the rail. When this is the case, con- 
tinuation of the movement of the roller upon the surface 
demands the translation of the crest of the wave, and this 
would involve the destruction of the cohesion between 
the rolled compressed surface wave crest end the material 
supporting it, and of which it is a part. The result, 
therefore, is that tensile stress arises, pari passu, with 
the wave formation between the wave particle and the 
subjacent particle of the material supporting it, and the 
point is reached at which the cone resistance to the 
ncrease of the wave height prevents further increase. 
The roller then must rise upon the minute crest, and in 
doing this with its heavy load upon the extremely small 
area, compresses it to extreme hardness. e roller 
(wheel) in its continued progress repeats the process and 
continuously adds to the rearward dimensions of the 
hardened spot. 

The foregoing then shows that the rolling and ham- 
mering of the upper surfaces of a rail originate a condi- 
tion of intense compressive stress, the elimination of which 
produces or tends to produce modification of form. It 
also shows that areas of maximum compression are origi- 


nated at points separated by distances which are deter- | load used 


mined mainly by the relation between compression re- 
sistance and elastic strength of the material rolled, but 
yn part by the relative hardness of the roller and rail, 
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made by loading the axles of the larger and the smaller 
wheels of the bogie of one of the large standard 
London County Council double-bogie trucks. For the 
purpose of the experiments a sling was made as shown 
on the sketch (Fig. 6). This consisted of flat bars, 
to which were bolted three pieces of timber, on which 
the load was placed. The rails were carefully cleaned, 
and the wheels turned to the correct standard taper, but 
with a finer cut than that usually adopted in practice. The 
was as follows in case :—Driving-wheels, 
31 in. in diameter, 6 tons ; pony-wheels, 21.56 in. in dia- 
meter, 3.25 tons. These weights approximate closely to 
the actual weights on a standard bogie car when loaded. 
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In use thirteen years. 
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PHOTOGRAPHS SHOWING CORRUGATIONS IN VaRious STAGES OF GRowTH FROM MeEanwoop Line or THE Leeps Crry Tramways. 


cent. to 8 per cent. in 2 in., and of the following com- 
position :— 


Per Cent. 
Carbon s. ee 0.65 to 0.75 
Silicon... ; ay 0.32 
Manganese . 0.6t00.8 
Sulphur 0.035 
Phosphorus 0.035 


The tyres are thus of harder material than the rails, 
which have 0.40 to 0.55 per cent. carbon. 

The areas of contact, carefully measured from these 
diagrams, are given on the drawings accompanying this 
paper, the areas and pressures given being those obtained 
oon the smaller diagrams marked 2, measured on the 
inner edge of the black lines made by the carbon paper. 
The loads given per square inch are the average loads 
over the whole area of the diagram when the tyre had 
pressed into the rail, and the tyre itself also micro- 
scopically deformed until the area of support given was 
obtained. The pressure per unit of area in the centre of 
the area of support would, of course, enormously exceed 
this average, and I estimate the maximum static pressure 
to be not less than 35 tons per sq. in. under the 
driving-wheels. When the car is running at ordinary 
8 s this pressure would rise to not less than double 
this as impulse pressure, and when the car runs at speed 
round curves, and the greater part of the load with the 
heeling over of the car is visited on the wheels on one 
side, the pressure might easily reach at least 100 tons per 
square inch. 

On the pony-wheels the average pressure of the whole 
area of contact under static loads reached 31.8 tons per 
sq. in. The maximum pressure in the centre of area of 
contact was probably not less than 50 tons. This, with 
the car running at ordinary speeds, would probably reach 
90 tons per sq. in., and when running at speed round 
curves, and the car heeling over so that the greater part 
of the load rested on the wheels on one side, the maxi- 
mum pressure would probably reach 120 tons per square 
inch. 

It is clear, then, that the pressure per unit of area 
exceeds the limit of elastic compression of the material of 
the average rail, and that flow or deformation would occur 
were it not that the area oe is supported by the 
surrounding material and held encastré, so that flow 
cannot occur. One result of this is the detrusion of one 
or of both the rail edges, as shown by Fig. 5, by which 
cumulative disruptive forces are in part dissipated and 
the extruded material on the groove edge of the tread is 
removed by the car-wheel flanges. Another result ig 
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corrugati and a third is the minute crumbling and 
pitting of the rolled surface. 

Under some circumstances and conditions corrugation 
may decrease as the raised hardened surfaces approach 
by lengthening; and as corrugation and the surface 
become more uniform by the removal of surface material 
by crumbling or minute flakings, especially of the harder 
rails with up to 0.66 of carbon which best resist the causes 
of corrugation. The removal of corrugations, however, 
by grinding, only prepares the rail surface for quick 
recommencement or corrugation or for lengthening the 
hardened part of the corrugations. 

_If the preceding be accepted as the origin and produc- 
tion of corrugation, then the question remains, what are 
the remedies. The mechanical originating conditions 
being the weight on the wheels and the increase of that 
weight more especially on outside curves by car-heeling 
at the higher speeds, then :—The first and most effective 
remedy is the reduction of the great destructive weight 
on the wheels of the modern car. The second is the use 
of larger wheels than can be used with the present design 
of car. The third is the maintenance of moderate speeds ; of 
much lower speeds than are common on curves even those 
of large radius, and moderate s 8 on lines that may be 
classed as straight, but which have such departure from 
straightness, horizontal and vertical, as encourage 
boxing or wandering of the cars from side to side. Fourthly, 
os > of harder rails than the hardest at present em- 
ployed. 

The reduction of weight is possible, the reduction of 
speed is possible, the use of larger wheels is possible with 
future cars, and the use of harder or more resistant rail 
materials may be ible, but they would have to be 
produced by methods more costly than those now adopted. 

The remedies will involve modifications in the views at 
present prevalent as to the place, purpose, and working 
of tramway services, but even the most ardent advocates 
of tramway ubiquity will ultimately be constrained to 
admit that tramways, like all other things that have and 
offer desirable ends and conveniences, have also their 
economic and expediency limits. 

Addendum.—The occurrence of corrugation of electric 
tramway rails as recorded by many tramway engineers 
and managers, and, as found by my own Skenrtetiens 
extending over some years at home and abroad, is every- 
where associated with the following broad generalisations 
of facts. 

1, That it occurs on straight lines and on curves. 

2. That it is most prevalent and generally commences 
on curves of large radius—fiat curves. 

3. That it never or rarely occurs on curves of small 
radius—e.g., from 40 ft. to 80 ft. 

4. That on hills, and especially on slight gradients, it is 
most prevalent on the down line. 


5. That its occurrence as to date or length of time after | },, 


laying the rails varies broadly with (a) the position of the 
rail on — or flat curve or down gradient ; (b) the 
frequency of the service; (c) the mechanical properties 
and composition of the rails as shown by more or less 
outer-edge detrusion. 
6. That it oceurs with all types of truck. 
with That it is most prevalent where the speeds are 
ighest. 
he general appearance of corrugated rails is known to 
all who are interested in the subject, and photographs 
showing cuengntinns in various stages of growth in many 
towns might be shown. The author is enabled, by the 
courtesy of Mr. J. B. Hamilton, the general manager of 
the Leeds Tramway, to show thirty-three photographs of 
three rails in that city. [One set of eleven photographs 
is reproduced in Fig. 8.] ‘These pho phs show rails 
which have been in use from four to thirteen years on 
straight track. Those which have been in use thirteen 
years are on the level, those of ten years are on a 
gradient of 1 in 70, and those which have been in use four 
years are on a gradient of 1 in 50. 
A small photograph is also reproduced (Fig. 9) of a rail in 
a straight piece of track on the Midland Railway, Sheftield, 
on a falling iént of 1 in 100. This shows a much 
worn rail, with the bright hard spots about the centre of 
the tread, and shows that what is called “corrugation” 
is not confined as to nature of origin or production to 
street-tramway rails, although it is n y much more 
meral and severe on tramways and other rails where 
eavy vehicles with small wheels and high speeds are used, 
as, for example, on some oi our tube lines and the Metro- 
politan, of Paris. 





ELECTRIC DRIVES FOR SCREW- 
PROPELLERS.* 


By H. A. Mavor. 


Tue problems of marine engineering have until recent 
zone been solved exclusively by the application of various 
orms of the reciprocating steam-engine, and the power, 
speed, form, and general arraugement of power-driven 
vessels have been developed in connection with this 
means of propulsion. The advent of other —— 
opened up new lines of development, and in certain 
departments there is evidence of need for intermediate 
devices between the power-producing and the power- 
absorbing elements. i 
The necessity for these devices arises when the pro- 
perties of the propeller in respect of rate of revolution are 
incompatible with those of the power-generator. This 
incompatibility is most conspicuous in vessels which have 
to operate at a slow speeds. An examination of 
the conditions which have e in the development of 
marine propulsion soon shows that the incompatibility is 





* Paper read before Section G of the British Associa- 
tion at Portamouth, September 1. 





not accidental, or due to imperfections in the design, con- 
struction, or use of the propelling equipment, but that it 
is associated with the essential properties of the substances 
and appliances with which we have to deal. 

{t may be said in general terms that high efficiency is 
associated with low rate of revolution of the propeller, 
while in the steam-turbine high rates of revolution are 
essential to the most economical use of the steam. 
Internal-combustion engines have speeds more nearly 
approximating those of reciprocating steam-engines, but 
here also there is a tendency to speeds higher than are 
convenient or economical from the propeller standpoint. 

In addition to those fundamental incompatibilities 
arising from causes out of the reach of direct accommoda- 
tion, there are other conditions which limit the direct 
application of engine to propeller. The draught, beam, 
and form of the vessel limit the area of the propeller. 
The traffic for which the vessel is designed influences the 
determination whether one, two, or more propellers are 
to be , and the speed, size, and form of the vessel 
determine limits to the designer’s choice. All these con- 
siderations taken together frequently fix the diameter, 
pitch, and thrust of the propeller, and, within very 
narrow limits, also the rate of revolution. Now this rate 
of revolution is not always the most favourable for the 
power-generator, and the designer is in such cases com- 
pelled to resort to new expedients if he_ is to attain the 
standard of efficiency in power generation which has 
been set 7 the results attained on land. At the present 
moment the economy of power production in the best 

ractice on land is considerably in advance of what has 
m done at sea. The principal reason for the better 
economy of the land work is the higher rate of revolution 
of the Lang pened when untrammelled 7 propeller 
conditions. There are cases where the special limitations 
in respect of dimensions and weights permissible for the 
machinery are such as to preclude the use of any inter- 
mediate mechanism between the prime mover and the 
propeller. 

In a ship whose voy: is short, whose sj is high, 
displacement small, and the propeller efficiency as good 
as 1s attainable, and the quantity of fuel carried small 
relative to the weight of machinery, the possible economy 
in fuel may be insufficient to warrant any increase in the 
weight of machinery ; or, to put the case otherwise, it is 
advisable to sacrifice economy in fuel to keep down the 
weight of the equipment—e.g., a vessel running one-day 
voyages, and burning 50 tons of coal, could not possibly 
submit to an increase in weight of machinery in excess of 
the coal-saving, because such increase would increase the 
displacement and the power necessary to drive the vessel. 
If, on the other hand, the vessel makes a 10-day voyage, 
and the saving in fuel carried amount to 10 tons per day, 
a considerable increase in weight of machinery might 
associated with decreased displacement and a sub- 
stantial all-round economy. 

Various methods of making the required adaptation of 
generator to propeller are at present under trial. For 
this mechanical gearing by toothed wheels or hydraulic 
transmission may be considered serious competitors with 
electric transmission, but for large powers it seems 
reasonable to expect that electric transmission, which is 
already developed for this very purpose on land, is likel 
to find an equally useful field where the conditions are suc 
as to require an intermediate device at sea. 

The cost, weight, and efficiency of electric transmission 
compare favourably in the examples which have been 
examined with either of the two competing methods. 
There are other important qualifications of electric trans- 
mission in which it stands altogether unrivalled. The 
most important of these qualifications are :—It provides 
a ready means of reversing the direction of rotation of 
the propeller without changing the direction of rotation 
of the power-generator. 

The electric transmission also provides means for 
changing the speed ratio between generator and propeller, 
so as to permit of the power of the generator being deve- 
loped under the most favourable conditions at all speeds 
of the ship. 

Lastly, it provides means for applying the power of one 
or more engines to one or more propellers, so that the 
poser peeing units may be so disposed as to give the 

ighest efficiency, and when they are not required they 
can be stopped. These 
mission supply exactly what is required to render steam- 
turbines, and also internal-combustion a, completely 
adaptable to the pu required. Both types of power- 
generators give their best efficiency when full speed of rota- 
tion is maintained, even when running below full power. 
It is, therefore, advantageous to keep the engine revolutions 
within the range of governor control, while the required 
speed change is accomplished by electric combinations. 

The properties of the electric motor lend themselves 
well to the requirements of manceuvring. The rate of 
reversal is under perfect control. The possibilities of 
rapid and certain action are more than are attainable in 
a reciprocating steam-engine connected direct to the 

ropeller, and the electric-motor is applicable to powers 
- which there is no possibility of using anything in the 
nature of reversing gears or clutches. 

The property of combining the power of more than one 
engine for application to one or more propellers is the 
special feature of the author’s inventions as distinguished 
from the ordinary methods of electrical engineering. 
Engines of different ty sizes, and rates of revolution 
can have their powers combi without interconnection 
of their electric circuits, and without risk of mistake or 
error. An oil-engine at 100 revolutions may be running 
the vessel at slow speed, and a steam-turbine running at 
twenty times the speed may be jointly applied to the 
propellers without any complication of the electric equip- 
ment. Each unit does its own work independently. _ 

The advantage of such an.equipment in vessels which 


perties of the electric trans- 





are required to operate under varying load conditi i 
evident. Without subdivision a the power a 
whole of the main machinery must be in motion while 
the ship is in motion. At speeds reduced below its 
normal rate of revolution the steam-turbine is even less 
economical than the steam-engine. Subdivision into 
high-pressure, low-pressure, and intermediate elements 
has been carried out in certain steam equipments, but 
this results in a somewhat complicated and inconvenient 
system of piping, because the steam has to be led from 
one part of the system to the other across the vessel. 
In the electric system each unit can be self-contained, and 
disposed in the manner best suited to a convenient 
arrangement of the engine-room. The size of the indi- 
vidual units can be adjusted to suit the powers required 
at the different working speeds, or they may be du plicate. 

A few examples of ggg oe of the system are here 
paves together with a description of a small vessel 

uilt to demonstrate and illustrate the principles of opera 

tion and to provide experience in the use of the plant. 
Tn all cases alternating 3-phase currents are used, and 
interlocking devices connect mechanically the main re- 
versing switches with the existing switches, so that no 
change can take place in the connections while they are 
passing currents. 

Description of the Twrbo-Eleotric Steamship ‘‘ Frieda,” 
Jor American Owners.*—This vessel has been specially 
designed for the transport of bulk freights between the 
Gulf of Mexico and New York City. The vessel is to be 
300 ft. long, and will carry a dead-weight of approxi 
agg * a tons, at a mean loaded speed of 12 knots at 
sea. The propelling machinery is aft, and consists of a 
turbo-electric outfit for 1500 kw. three-phase 50 cycles when 
running at 3000 revolutions per minute. The turbine is 
supplied with steam at a pressure of 200 Ib. per sq. in. at 
the turbine stop-valve. This electric generating plant is 
arranged on foundations on a platform deck in the engine- 
room, and the condensing plant in the engine-room hold. 
The condenser is fitted with a vacuum augmenter, and 
i3 suitable for dealing with the full-load quantity of 
steam from the turbine. The vacuum obtained will be 
28} in., with cooling water about 85 deg. Fahr. This 
condensing plant consists of a vacuum condenser, 
three-throw air-pumps, and centrifugal circulating pump 
with electric-motor drives. The current is led to a 
three-phase motor, which is keyed direct to the main 

ropeller shaft, and is capable of developing 1900 brake 

orse-power at a speed of about 84 revolutions per minute. 
The steam is generated in two Scotch boilers, with 
Howden’s forced draught, and liquid-fuel burners. This 
installation costs and weighs less than the normal equip- 
ment. The coal saving is over 10 tons per day. The 
design of the ship itself presents many other novel features. 
This design was prepared by Messrs John Reid and Co., 
17, Battery-place, New York City. 

Oul-Electrec Tank-Barge for Canadian Service.—In this 
the system is applied to the propulsion of a 245-ft. Canadian 
canal-type tank- for the Standard Oil Company of 
New York. The ey consists of three separate units 
of Diesel non-reversible oil-engines, each capable of deve- 
loping 200 shaft horse-power, each directly connected to an 
alternating-current generator. The currents from one or 
all of the units are led to the separate windings of a three- 
phase motor, keyed to the main propelling shaft, and 
operating a single slow-turning screw. The great advan- 
tage and economy of this system consists in being able to 
run at full power or at one-third power using one or three 
engines at full-load economy at will, thus providing for 
an economical operation impossible with any other pro- 
pulsive system. The fact that non-reversible oil-engines 
are used running under governor control greatly sim- 
plifies the maintenance and operation. The control is 
operated by a low-tension interlocking switch, operated 
by an ordinary engine-room telegraph stand located in 
the pilot-house, so that manceuvring of the vessel is at all 
times in the hands of the navigating officer. This equip- 
ment increases the cost of the ship about 10 per cent. 
above the normal, but the carrying capacity is very 
largely increased. 

Marine Turbo-Electric Installation Proposed for United 
States Navy Colliers.—A marine turbo-electric installa- 
tion has been submitted to the United States Navy 
Department for adoption in one of the four large 
colliers recently given out to contract. The installation 
consists of a steam turbo-alternator of 5000 kw,, with 
condensing plant; the current is led to two motors, one 
being keyed to each propeller shaft. The machinery is 
right aft in the vessel. The steam is generated by Scotch 
boilers. The vessels in which it is proposed to instal this 
machinery are 525 ft. long, and will carry a dead-weight 
of 12,500 tons of coal at a speed of 16 knots at sea. Here, 
again, the cost, weight, and economy are better than can 
be shown with the normal reciprocating-engine equipment. 





TRIALS OF Porato-DigGkERS AND PoTaTO-SORTERS.— 
The Royal Agricultural Society uf England have arranged 
for the trials of pa and potato-sorters to take 

lace at the farm of Mr. William Dennis, at Littleworth, 

incolnshire, commencing on Tuesday, September 26. 
The trial-fields are almost adjoining the railway-station 
at Littleworth, on the Great Westhewn Railway, and are 
about 6 miles from Spalding. The following prizes have 
been offered :—Class I., potato-diggers: first prize, 20/. ; 
second prize, 10/. (For these prizes fourteen entries have 
been received from seven different firms.) Class II, 
potato-sorters : first prize, 10/. ; second prize, 5i. (For 
these prizes six entries have been received from five 
different firms. ) 


* [As a vessel on this system was illustrated in our 
issue of June 9, we have not reproduced the illustrations. 
—Ep. E.] 
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HUMAN SUSCEPTIBILITY TO VIBRATION. 


Some Preliminary Notes on a Study as to Human 
Susceptibility to Vibration.* 
By W. Pottarp Dicsy and Captain H. Riau 


“ 


Sankey, R.E. 


In regard to all the senses of taste, sight, sound, or 
smell, the range of the individual sensitiveness of human 
beings is recognised as a matter of considerable varia- 
tion. Even those with no pretence to scientific traini 
class their fellows as short or long sighted. In 
to sound, the degree of discrimination of different people, 
both at any one age or at different S, is'a matter of 
much anthropometric interest. The physiological effects 
of mechanical vibration are probably worthy of investi- 
gation, but before the medical aspects can be discussed, 
fairly exhaustive preliminary investigations are neces- 
sary. It has long been known that different persons are 
affected in different manners by the same conditions of 
vibration. So far as the authors are aware, this subject 
has not yet been the subject of any very definite study 
and investigation. 

In the course of his professional work, one of the 
authors had occasion to design a portable instrument for 
taking permanent records of the amplitudes of vibration 
of steam-turbines and reciprocating engines, and of 
measuring the effect of such vibrations on neighbouring 
buildings. On showing this to his co-author, the latter 
referred to a statement by Admiral Melville that the 
effect of vibration depends upon the frequency and on 
the actual amount of linear motion, and that the frequency 
multiplied by the amount of motion was a constant. t 

Further, in the same paper, which deals with steamship 
vibrations, Admiral Melville quotes Mallock’s statement, 
in regard to the Central London Railway cases, that 
vibrations rarely exceeding ;;55 in. when the frequency 
is over 10 per second, are a genuine source of annoy- 
ance. 

After discussing Admiral Melville’s dictum (which one 
presumes applies to normal persons), the authors decided 
to pursue the present study. The phrase ‘human 
susceptibility to vibration ” was coined to cover the range 
of sensitiveness of various people to vibrations of short 
duration of different amplitude and frequency, together 
with their opinions as to when those vibrations approached 
or exceeded the point of being a nuisance. 

At the time of writing this paper only a certain number 
of cases have been studied. The information collected 
is not yet sufficient for the enunciation of a comprehensive 
law, but it does suffice for the propounding of certain 
general statements. 

At the outset, the authors found it necessary to adopt 
both verbal standards of degree of vibration and precise 
units of measurements, in order that the comparative 
value of the conceptions of the verbal standards by different 


persons might receive some co-ordination. 
The verbal standards of degree of vibration selected 
were as follows :— 
. Imperceptible. 
. Very faintly perceptible, 
. Faintly perceptible. 


. Perceptible—not a nuisance. 

. Perceptible—just a nuisance. 

. Perceptible—distinct nuisance. 
. Perceptible—serious nuisance. 

. Perceptible—excessive nuisance. 


Ons ore whe 


The precise unit of measurement adopted by the 
authors as a mechanical unit of intensity of vibration is a 
vibration having a maximum linear amplitude of one- 
tenth of a millimetre at a frequency of 10 cycles per 
second. (Alternatively, and, of course, identical in value, 
would be the definition of 1 millimetre at 1 cycle per 
second). 

_ Referring to the verbal standards of degree of vibration, 
it should, perhaps, be explained that the series starts at 
unity and not atzero, because the apparatus used in these 
measurements indicates vibration not felt by any persons 
resting the palm of the hand on a table vibrating under 
the effect of a variable-speed electric motor placed on it. 

_ As the writers have stated, only a certain number of 
individuals have, so far, been investigated. While this 
number does not permit the enunciation of definite laws, 
certain distinctive general tendencies seem to be clearly 
indicated. Among these may be noted the following :— 

1. That for various individuals the range of vibration 
rated as degree 1 (i.¢., as imperceptible) is a wide one. 
Thus upwards of twenty-one cases are recorded in which 
a vibration of from 0:10 to 0.20 units is classed as imper- 
ceptible, while six cases classify vibrations in this range 
as d 2, and five cases as degree 3. 

2. That there is also wide variation in regard to vibration 
rated as degree 2—1.¢., as very faintly perceptible. Three 
cases class this as under 0.10 units, six as between 0.10 
and 0.20, six as between 0.40 and 0.50, while seven cases 
could only distinguish vibrations in excess of 0.50 units. 

_3. That each individual shows a “fatigue” effect, and 
gives expressions of opinion as to the d of vibration 
after 30 or 40 minutes of observation, which are not con- 
sistent with his previous expressions of opinion. In 
general these point to a diminished sensitiveness. 

4. That individuals can be classed into the broad classes 
of (a) delicate, and (b) coarse perceptiveness. The former 
class, although capable of discrimination in regard to 
vibrations of s intensity, give uncertain and contra- 
dictory readings when the vibrations exceed a certain 
amplitude. The latter class, while distinguishing clearly 
between vibrations of differing large intensities, cannot 
fee] vibrations of small intensity, and are not always con- 
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sistent in their classification of vibrations of medium 
intensity. F 

5. That, so far, the general concensus of opinion points 
to the degree of vibrations classed as 5 (perceptible, just 
a nuisance) being reached for a mean intensity of 1 unit. 
The lower for persons of delicate perceptiveness, 
is in the neighbourhood of 0.70 units; and the higher 
range, for persons of coarse perceptiveness, is about 
2 units. 

The comparison of the mean value of an intensity of 
1 unit as the point at which vibration just mes & 
nuisance com very strikingly with the value quoted 
by Admiral Melville. Converting Mr. Mallock’s value of 
1 mil multiplied by cycles per second into the authors’ 
alternative of millimetres multiplied by ye od ged second, 
we have 2.54 units of intensity of mechanical vibration 
as a genuine source of annoyance. 

It is quite obvious that the present study is purely of a 
preliminary nature. For the a my of this research, 
perceptiveness to vibration has nm estimated by the 
sense of touch of a person’s hand resting on a table, the 
table being disturbed by a variable-s electric motor. 
Flywheels attached to each end of the motor-shaft have 
concentric rings of holes drilled and tapped in them, so 
that the amount of the unbalanced force can be varied at 
will. In one or two cases observations have been made 
of the opinion expressed when the elbows of the subject 
rested on the table, the palm of the hand gy the 
face. Another interesting alternative (and there are 
many such) would be for the subject to sit on the table. 

In the further pursuit of this investigation it will prob- 
ably be of interest to ascertain— , 

1. To what extent the susceptibility of = { single 
individual is influenced by conditions of physical health, 
the effect of over-work, or railway travelling. 

2. To what extent age and sex are modifying factors. 

3. Whether occupation has any broad general effect— 
1.¢., Whether, say, su ns, rristers, or engineers 
(regarded as classes) differ to any marked degree from 
the mean value obtained. : 

All the present vibrations have been due to practically 
= sine waves at a stated frequency, which latter was 

ept of constant value at the time of observation. 
Nothing has yet been done to simulate in the yo een | 
the superimposition of waves giving a third or fourt 
harmonic. Neither has anything yet been done to simu- 
late in the laboratory a recurring intermittent vibration 
such as that produced when propellers, or the exhausts 
from non-condensing engines approach, reach, and get out 
of synchronism with one another. 

authors hope to pursue this research along the 

lines indicated. ey will be glad if members of this 
Association and their friends care to visit Mr. Digby’s 

boratory on either Monday or Thursday afternoons 
after October 1, and form the subjects of experiment. It 
is desirable from many points of view, and not least the 
legal one, that there should be som: definition of what 
exact intensity constitutes a nuisance. It is not possible 
to deal with more than, say, three cases in any afternoon, 
and to prevent waste of time the authors would therefore 
be glad of notice of intending calls. For the enunciation 
of a general law they would like to deal with a total of 100 
to 150 cases. The nature of the experiments will be 
demonstrated in an adjoining room. 





ELECTRICAL STEERING.* 
By B. Parker Haren, B.Sc., Assoc. M. Inst. C.E. 


To many who are familiar with the development and 
the present reliability of steam steering-engines it must 
eo a doubtful that electrical power can offer any con- 
siderable advantage for this purpose. The steering-gear 
being one of several important auxiliaries carried by the 
ship, the question it involves is the power supply of all of 
these, and it is generally admitted that the present 
system of supplying auxiliaries with steam is not only 
inconvenient, but wasteful in the extreme, partly on 
account we the ~¥ wr of small oe Ae non- 
expansively, and partly on account o! and con- 
densation a the steam mains. A number of vessels have 
been equipped with partial installation of electrical 
power, in some cases for the cranes and boat-hoists, in 
other cases for fans; and as the difficulties connected with 
these have now been largely overcome, a considerably 
extended use may be expected. p 

It is beyond the scope of the paper to deal with the 
use of electrical power for auxiliaries in general, but it is 
desired to emphasise the disadvantages of a mixed power 
system involving the upkeep ch on both steam mains 
and electrical installation. fitted with internal- 
combustion engines offer a field for electrical steering, for 
on such vessels the steam supply, if available at all, would 
not generally be maintained at sea. — oe 

Electrical power may be applied in steering in connec- 
tion with two separate problems. In the first p 
electrical apparatus may be used in place of the customary 
control-shafting or hydraulic telemotor to transmit the 
motion of the hand-wheel aft to the steering-engine. 
Several such electrical ‘‘telemotors” are now available 
and these have the advantages of being very easily worked 
even in the longest ships, and of convenience in installa- 
tion. The second and more important problem is that of 
su plying and controlling electrical power for moving the 
2 er itself, I, it is here that electrical as ae 

e greater advantages over gears now in | al use 
requiring a supply of steam. The main difficulties ex- 
perienced in electrical steering have been those of limiti 
the amount of power required to the capacity of the ship's 
dynamos, and in controlling the heavy power ina reliable 





! 


* Paper read before Section G of the British Associa- 
tion at Portsmouth, September 1. 


manner. The electric motor must not only be arranged 
to move the rudder promptly and accurately within the 
small angles of 5 deg. or less that are required for kee; 
ing a course, but must also be capable, without an - 
justment of the control gear, of rapidly putting the helm 
ard over to 35 deg. to either side, against heavy water 
resistance. As this is the crux of the whole question, it 
may be well to state working conditions in some detail. 

The action of a rudder in steering is similar to that of 
the blades of an “‘impulse” turbine. Water flowing 
under the counter of the vessel strikes the rudder surface 
and is deflected so that its a motion is more or 
less parallel to the direction of helm. In changing its 
direction of motion the water exerts a certain force on 
the rudder, tending to swing the vessel about an axis 
somewhere well forward in its length, and also acting as 
a drag reducing the speed of the vessel. The steering 
moment reaches @ maximum when the angle of heim is 
about 40 deg., and as the drag increases quickly, it is not 
customary to arrange the steering gear for angles of over 
35 deg. The time generally taken to bring the rudder 
from hard-over port to hard-over starboard, or vice versd, 
varies from 15 seconds, or even less, in small vessels to 
about 40 seconds in the largest, these times being those 

uired while under way ahead. 

‘he power required in the steering-engine depends 
upon the torque produced in the rudder-post by water 
pressure, which is usually of considerable magnitude, as 
the centre of water pressure is generally some distance 
abaft the axis of the rudder-post, even when a ‘‘ balanced” 
rudder is used. Little effort is required to move the 
rudder within small angles, even when an ‘‘ unbalanced ” 
rudder is used, partly use the angle of deflection of 
the water is small, and partly because the centre of 

ressure on the rudder surface is near the leading edge. 

nless a heavy sea strikes the rudder, the steering-motor 
has therefore little to do beyond overcoming friction 
within the gear itself, and as the great majority of steer- 
ing motions consist in moving the rudder through small 
angles near the midships position, it will be recognised 
that electrical power promises economy as compared with 
either steam or hydraulic power. hen the angle of 
helm is increased, the torque in the rudder-post increases 
rather more rapidly than the sine of the angle, for an 
increasing body of water is deflected, and the centre of 
pressure shifts further from the leading edge of the 
rudder surface. After the rudder has been held hard 
over for a few seconds, the torque in the rudder-post falls 
off somewhat, partly because the vessel commences to 
4wing, and partly because the vessel’s speed is reduced ; 
but it is clear that the steering-gear must be designed to 
meet the heavier initial stresses, and it is fortunate that 
these can be readily estimated. 

In order to economise power, the feari between the 
electric motor and rudder-post should be designed for a 
high efficiency, and consequently will not be “ self-sus- 
taining.” Means must therefore be provided to hold the 
rudder in its hard-over position. A magnetic brake 
similar to those used on cranes is suitable for this purpose, 
and will serve to stop the gearing promptly when the 

uired position has been reached. In returning the 
rudder to the midships while the vessel is moving ahead, 
the force of the water assists the motion of the rudder, 
and this complicates the matter of the control. 

Further, when the flow of water past the rudder is 
reversed, by reversing the propellers, the contre of pres- 
sure shifts to the after edge of the rudder surface, and 
considerable power is then required to bring the rudder 
back amidships even when the speed of the vessel is low. 
It is this fact which ~~ a rudder being balanced 
under all conditions ; but, nevertheless, balancing is a 
great advantage for electrical ——. allowing a smaller 
motor to be used, minimising the demand for current, 
and reducing the wear and tear on the control gear. 

Experience has led to the design of steam-engines of 
special proportions for steering, and in the same way 
electrical motors used need not be designed to carry their 
full load continuously. Motors of smaller dimensions, 
for ‘‘ half-hour rating,” and fitted with commutating- 

les, are preferable ; and as the heating limit is not 

ere In question, the motor may be totally enclosed even 
in large sizes, without any considerable increase in its 
dimensions. 

Besides possessing adequate power, a steering-gear 
must be satisfactory as regards sensitiveness—that is, it 
must be capable of moving the rudder to an angle that 
accurately corresponds tothe position of the steering- 
wheel. This is especially necessary within the range of 
small ~% that are used for keeping the vessel on its 
course. In any steering-gear there is naturally some ‘‘idle 
travel” of the steering-wheel, within which the gear will 
not respond. In long ships this is minimised by using a 
telemotor in place of control-shafting with gearing, in 
which latter the total effect of spring and backlash may 
be objectionable. But, apart from such loss of motion, 
there is a further idle travel due to the practical neces- 
sities of the control-valve or control switch-gear, and this 
loss is kept as low as possible. Requirements as regards 
sensitiveness vary greatly, and high-speed vessels natur- 
ally require closer control than slower vessels, for, as the 
size of the rudder cannot be reduced without loss of 
manceuvring power at low speeds, very small angles of 
helm are culinent for ordinary steering. In the highest 
class work the steering-gear should respond to a motion 
of the hand-wheel corresponding to 1 . of helm (less 
than one-eighth turn of the wheel). Little advantage is 
gained by working closer than this, and many high-speed 
vessels with fine lines are worked with gears requiring 
double this allowance. A certain smal] amount of idle 
travel is desirable to prevent the gear being used unneces- 
sarily. Sensitiveness does not only depend on the idle 
travel of the hand-wheel, but alsoon the “‘ time-lag”—1.¢., 
the interval between the movement of the wheel and the 
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corresponding movement of the rudder, and in this 
respect it appears that electrical steering may possess 
considerable advantage over ordinary steam-gears, for, 


as it can be arranged that the rudder responds more | gears 


quickly, a closer course may be kept with watchful steer- 
ing. As regards idle travel, there is little to choose 
between steam and electric gears. In steam gears the idle 
travel is kept down by reducing the already small steam- 
lap on the control-valve, which, in order to obtain a 
fast-running gear with little time-lag, is generally a 
piton-ranre of ample size. Such a valve is liable to 
eakage when slightly worn. In electrical gears, on the 
other hand, sensitiveness does not reduce the economy, 
but complicates the control arrangements. 

In the following table a number of different types of 
electrical steering-gear are classified, according to the 
method of ane ems ¢ -~ 

A. Steering-gears in which the motor is started and 
stopped for every motion of the rudder. 

1. The motor being supplied with current at variable 
voltage from a special generator. 

2. The motor being controlled by reversing switch 
and resistances, 

B. Steering-gears in which the motor is kept running 
continuously, mechanical control being introduced in one 
of the following forms :— 





——— —— 
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These figures are based on special features in the desi 
of the gear, and on an efficiency of 64 per cent. in the 
gearing, which, though high in comparison with that of 
aving right and left-hand screws, is not higher 
than that obtainable with double-worm drive. The 30 
horse-power motor would be a continuous-current motor 
with compound winding, and would run at a speed at 500 
revolutions per minute under full load, and at varying 
soot up to 1000 revolutions per minute on lighter loads. 
he current required at full load would be 270 amperes 
at 100 volts. In some respects, and especially as regards 
reliability, a three-phase motor is preferable to the con- 
tinuous-current motor, but its constant-speed characteristic 
causes a heavier maximum demand for power. The choice 
of the type motor to be used on any particular vessel 
naturally depends on many matters outside the steering- 
gear. vessel of this size engaged in passenger service 
would probably be provided with generating plant for 
lighting and forced-draught purposes of about 200 kw., 
and if this is divided among four dynamos, each of 500 
amperes capacity at 100 volts, it should be possible for 
any one of these running alone to put the helm hard 
over in emergency. 
Probably the first electrical steering-gear in which the 
motor was kept running continuously was that designed 
and built in 1895 by the late Mr. A. B. Brown, who may 
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1. Friction-clutches with gearing. 

2. Hydraulic transmission with rotary or recipro- 
cating pumps, 

3. Magnetic friction-clutches on motor-shaft. 

The second line of development, including the gears 
grouped together under heading B, appears to offer more 
promising results than method A, to which one great 
objection is the wear and tear unavoidable where so much 
switch-gear for heavy currents is used. A further advan- 
tage of the different types classed ther under B is 
that the shock of the sea on the rudder 1s greatly reduced 
before it reaches the ship’s electrical installation. The 
armature of the motor acts as a fly-wheel, or extra fly- 
wheel weight may be added, and by using a compound 
motor a large part of the energy kinetically stored in the 
revolving masses is given up to the steering-gear before 
any excessive current is demanded from the ship’s mains. | 
The stéering-gear can therefore be supplied from the | 
ship’s lighting generator without any noticeable flicker | 
in the lamps coupled to the same mains. It is difficult to 
over-estimate the importance of this feature, both as 
regards simplicity and, consequently, reliability, and as 
—— economy of power. 

€ 





be ge | regarded as the pioneer in the scientific develop- 
ment of power steering-gear. Being constructed on the 
same principle as his well-known steam-tiller, the motor 
of this gear was mounted on a forged-steel tiller which 
carried a pinion engaging with a toothed rack attached to 
the deck. The control was by means of two metal-to- 
metal friction clutches, with coil springs, driven at a 
lower speed than the motor by means of gearing. The 
clutches were arranged to move the tiller in one of the 
two opposite directions, and the chief difficulty experi- 
enced was that of obtaining accurate and sensitive 
control. 

_In the steering-gear designed by the writer, in conjunc- 
tion with Messrs. Brown Brothers and Co., Limited, of 
Rosebank, fe eager the control is by means of magnetic 
friction-clutches, which have several advantages ta to 
the absence of external thrust, and the ease of control. 
A number of tests have been made on an experimental 
=> fair size, and itis hoped that some particulars may 

of interest. Figs. 1 to 3 show details of a proposed 
= suitable for an 114-in. rudder-post, to which reference 
already been made in connection with the amount of 
power. Although the motor in this gear runs continu- 


> indicate the amount of power youptved under these | ously, no gearing is kept in motion, as the motor-shaft is 
t 


conditions we may take the case o 


described later, and shown in Figs. 1 and 2. This is! clutches. The driven 
designed for an 114-in. rudder-post, suitable for a vessel | carried on bearings, and are 


e proposed gear| extended at either end to carry the two magnetic 


rtions of these clutches are 
to the counter-shaft 


of, say, 450 ft. in length, of 16 knots speed. In this case/ carrying the worm-gear in such a way that the rudder is 


a motor of 30 brake horse-power is provided, capable of | moved to either port or starboard by bringing one or 
Shee peek, other of the clutches into action. Th 


developing a torque of 175 foot-tons in the ru 


© two parts o 


and a light spring is provided for withdrawing the 
clutch after the motion required is completed. The 
friction drive is transmitted by red fibre blocks bearing 
on the conical edge of the light steel disc that acts as the 
— ~f of the magnet, and no thrust remains to be taken 
up by collars. Either ball-bearings, as shown in Fig. 1, 
or ring oiling journals may be used, provided the motor 
has not excessive end play. Provision is made for taking 
up wear on the fibre blocks by adjusting the inner ring 
on the clutch body to feed the blocks through holes in 
the outer ring. In the gear suitable for an 11}-in. rudder- 
post the clutch-coils are fed with a current of 4 ampere, 
this light current being supplied through slip-rings en- 
closed within the motor. No electrical parts are therefore 
exposed to the action of damp, for, as the motor is always 
running, it keeps itself dry. Should it be desired to 
remove the armature, the clutches are removed at the 
same time, after sliding the fibre friction-blocks back by 
turning both screwed rings on the clutch body. Impreg- 
nated fibre friction-blocks have the advantage of engaging 
silently, whereas wood, although in some cases having a 
higher coefficient of friction, appears liable to squeak 

infully. The mechanical arrangement of the gear 
Pigs. 2 and 3), has certain novel features, and notably 
the use of two pinions engaging with the toothed sector. 
As these carry equal loads, the wear is distributed, and a 
lighter sector may be used with teeth of reduced pitch as 
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compared with those necessary if only one pinion were 





Pig. 2p os es 














provided. In this way a lower ratio of worm-gear is 
required, and a higher efficiency obtained. The loads on 
the two pinions are kept equal by using right and left- 
hand worm- , with an intermediate pinion to keep the 
directions of rotation right. The two worms are cut on 
a sleeve sliding freely on the shaft without thrust-blocks : 
and as a certain amount of end play is provided between 
the bearings, the teeth of the sector can be allowed a con 

siderable amount of wear without disturbing the equal 
distribution of the load. The quick pitch of the worms 
and the absence of frictional loss at thrust-blocks ensures 
a very high efficiency being obtained. 

The power required is further reduced by the use of 
variable leverage linkwork, in which the rudder cross- 
head and the dummy crosshead carrying the toothed 
sector are connected together at different radii, so that the 
connecting-rods do not form a parallel motion. The 
leverage, which in the midships position is 1.5 to 1, 
increases gradually to 2.2 to 1 at the hard-over position 
of 35 deg., so that the maximum torque is obtained with 
less current when the rudder is hard over, and, further, 
the gear responds more raged in the ordinary tg | 
range amidships. As this linkwork is not a so-call 
‘* geometrical” motion, the position of the crosshead pins 
must be carefully chosen, and when this is properly done 
no difficulty is found in working over to 38 deg. of helm. 
In this way a saving of 30 per cent. can be made in the 
motive power, and taking account of the extra efficiency 
of the double-worm gear, the maximum torque of 175 ft.- 
tained from a current of 270 amperes at 100 volts 





and of moving the rudder through 70 deg. in 20 seconds, | the clutch are drawn together by magnetic attraction, 


instead of 450 amperes, as would be required with gearing 
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of the ordinary These features are incorporated in 
the experimental steering-gear shown along with testing 
apparatus in Figs. 4 and 5. The hydraulic cylinder for 
applying the artificial load is connected to the dummy tiller 
ae for test purposes by chain, and is so lined off that 
the tiller lev 


is the age tre Ce vonge | is , te 
at 35 deg. as when in the midships plane. It was foun 
that the cuneate required to rors ads a pressure of 980 1b. 
per sq. in. on the 5-in. ram were 60 amperes when hard 
over, and 90 amperes when amidships, corresponding to 
a change of leverage of 1.5to1. The time requi to 
cross from hard over to hard over was 23 seconds when 
moving against the above load for 35 deg. out of the total 
of 70 deg., the voltage of supply being 90 volts. At this 
load, which corresponds to a torque of 20.4 foot-tons in the 
rudder-post, the over-all efficiency is 48 per cent., indi- 
cating an efficiency of over 60 per cent. in the géar alone, 
without hydraulic cylinder or motor. Under normal 
conditions the-slip of the clutches when engaging was 
found to be small, estimated by means of a contact-maker 
at between one and two revolutions, and up to the 
present, after a considerable period of testing in the 
works, no wear has had +o be taken up on the fibre 
blocks.. When the motor is loaded up to 150 amperes, 
co ing to a ue of 50 foot-tons, the clutches 
slip, and this current is not exceeded, even when the 
tiller is butted against a solid obstacle, or when the chain 
is drawn taut from no load to full load. 

The arrangements for controlling the clutches, also seen 
in Fig. 4, consist of one of Brown’s improved hydraulic 
telemotors, with a cut-off attachment coupled to the tiller 
crosshead. The switch-gear, which is operated by 
mechanism equivalent to cam gear, is enclosed in the 
small case (14in. by 12in. by 4in.) mounted above the 
telemotor. In many vessels the telemotors are now 
attached to the deck beams overhead, and this arrange- 
ment is very suitable for electrical steering, as it keeps 
the switch-gear free from water. Being fitted with 
carbon contacts, and dealing with such small currents, 
the switches should require but little attention. The 
cams require to be carefully arranged and free from back- 
lash, to gain sensitive steering; and to stop the gear 
promptly a quick-acting brake, not necessarily very 
Late | is The amount of stored energy is 
minimised by using light steel clutch discs, and a motor 
with shunt regulation, running at its lowest speed when 
engaging and disengagi - 7 
n installing electrical steering-gear it is preferable to 
avoid the use of fuses or circuit-breakers in the supply 
mains, as these are liable to operate just when the use of 
the helm is most urgently uired, and any possible 
damage to the electrical plant 1s greatly out-weighed by 
risks in navigation. When a gear with friction-clutches 
is used, a circuit-breaker, adjusted for something over 
the limiting current of the clutches, may be fitted in the 
engine-room along with an auxiliary motor starter, so 
that the gear may be immediately re-started without 
the engineer leaving the main switchboard. 

In the foregoing notes it may be thought that the ad- 
vantages of high efficiency are overrated, but economy is 
not only mete in itself, and in the reduction of weight 
which it allows, but on account of the increased 
reliability due to reduced wear and tear in the control 
gear and generating plant. 





Sr. Gornarp Rattway.—The Swiss Federal Council 
has approved the convention concluded for the purc’ 
of the St. Gothard Railway. The line has, accordingly, 
become the property of the Helvetic Republic. 





ELECTROLYTIC REFINING OF IRON.—Some 3 tons of iron 
have been refined electrolytically in the laboratories of 
the University of Wisconsin. As a result of this work, it 
is concluded by Mr. C. F. Burgess that, starting from 
anodes of the purest commercial iron, and using avery 
precaution, an iron of 99.97 per cent. could be produced, 
With anodes of mild steel the purity dec: by a 
few hundredths of a percent. One kilowatt-hour would 
refine 2 Ib. of iron. A solution containing 40 grammes 
of iron per litre as ferrous sulphate and 40 grammes of 
ammonium chloride is recommended, with a current 
density of from 6 to 10 amperes per sq. ft. of cathode 
surface at 1 volt. Chloride solutions, prefe by 
some electrochemists, were not found to answer so well. 
The electrolytic iron is brittle, owing to it containing 
hydrogen. Burgess considers this ittleness rather 
advantageous, because the iron can more easily be broken 
up for smelting in the steel crucible, and because the 
hydrogen would reduce any oxides present. 





THe UNrIversaL Directory oF Raitway OFFICIALS, 


1911. Edited by S. R. Blundstone. London: The 
Directory Publishing Company, Limited, 15, Farringdon- 
avenue, E.C. [Price 10s.}—This directory is now in its 


seventeenth year. In addition to railways in all parts of 
the globe it includes, as far'‘as the Uni Kingdom is 
concerned, nearly all the power-worked tramways. The 
directory matter is arranged according to countries and 
continents. The systems are arranged alphabetically in 
these divisions, but cross-indexes, giving railways and 
also the names of officials, are also provided, so that 
nformation may be looked up, starting from any of three 
bases. As changes are constantly occurring in the rail- 
way world, and this book deals with systems all over the 
globe, it is evident that revision of a work of this kind 
must be a very difficult matter, and it is highly credit- 
able to those responsible for its accuracy that it foes been 
found so reliable in the past. We do not doubt that in 
the future its a will be equally good. Particulars 
are given not only of the officials and their de ments, 
but also of the size, &., of the railways the ves. 


RECENT DEVELOPMENTS IN RADIO- 
TELEGRAPHY.* 


By Professor G. W. O. Hows, M.Sc., M.I.E.E. 


Durine the last twoor three years the number of radio- 
telegraphic installations has increased enormously both on 
land and sea. This increase has not been due so much to 
any new discovery or striking improvement as to several 
instances in whic pene ge wd prevented what might 
otherwise have been terrible calamities at sea. — b 

The total number of ships of the mercantile marine 
fitted with Marconi apparatus at the end of 1907—that 
is, after seven years of development—was 140; at the end 
of 1908 the number was 220; at the end of 1909 it was 
330 ; while at the close of last year it had risen to 510. In 
addition to the mercantile marine, practically every ship 
in the British Navy has been fitted with the Marconi 
apparatus. : 

he Telefunken Cue of Berlin carried out 106 
installations last year, bringing the total number of 
stations using their apparatus up to nearly 1000. About 
500 of these are warships, principally German and 
Russian, while 100 are portable military sets. Excluding 
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German boats, only 13 ships of the mercantile marine are 
fitted with Telefunken apparatus. 

Marconi’s earliest experiments were made in 1895-6; 
and now, after fifteen years, every passenger ship of any 
magnitude has its wireless installation as a matter of 
course. There is every indication that very soon oti- 
cally every ship will besoequipped. Some of the trawlers 
of the North Sea fishing fleet have recently been fitted 
with Telefunken apparatus, with a range of 100 miles. 
These ts receive the weather reports sent out daily 
from the coast stations, and are thus able to warn the 
fleet of approaching storms. 

As was recently pointed out by Mr. Bradfield, of the 
Marconi Company, the increase in the number of instal- 
lations will probably be cumulative, since each installa- 
tion on sea or land increases the value of the service to 
every ship making use of it. 

There is, however, another aspect to which I wish to 
draw attention, and that is, that the troubles due to inter- 
ference between stations working simultaneously will 
increase cumulatively. These troubles promise to become 
of the gravest importance in the immediate future. Before 
one can appreciate the developments that have taken 

lace in the apparatus and methods of working, one must 
Loe something of the difficulties experienced in carrying 
on radiotelegraphic communications. _ ; 

The nature of the telegraphic service which may be 
required of a station is very varied. A station ma ve 
to work with only one other station and never onl to or 
receive from any other. This is practically the case with 
the trans-Atlantic stations. A station may work with a 
limited number of stations of definite and well-known | 
characteristics, as in the case of the mail-boats ——- 
between England and the Continent. On the other hand, 
a station may have to correspond with all-comers. 

One can easily see that apparatus which might be 
eminently suitable in one case would be very unsuitable 
in the other. Stations in the first category can use 
uncommon wave-lengths, and thus free themselves, to a 
large extent, from interference from other stations, 
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besides being able to use a large amount of power with- 
out causing interference. The Marconi trans-Atlantic 
stations in Ireland and Nova Scotia use a wave-length of 
over 6000 m. (50,000 periods per second), and are thus free 
from disturbance from ships, which generally use 300 m. 
or 600m _ Stations of the third class, on the other hand, 
should be able to call or be called by ships or land 
stations fitted with any make of apparatus covering a 
wide range of frequency. 

To Guasusiate tie difficulties due to interference, one 
has only to consider the case of a station on the Kentish 
coast, with half-a-dozen ships within range, all wishing 
to communicate with the land station. They can only 
communicate one at a time, and each operator naturally 
tries ‘‘to catch the Speaker’s eye,” which, in this case, is 
the coast operator’s ear, by calling often and loudly, any 

lations to the contrary notwithstanding. e same 
thing may be going on at other coast stations on bath 
sides of the Channel. In addition to this we have English 
and French warships and dockyards working at the same 
time. 

If it were possible for every station and every ship to 
have a different wave-length, interfering stations might 
be tuned out to a certain extent, but for the sake of 
uniformity and convenience in working, the majority 
of stations have about the same wave-length, so that when 
one is tuned to receive the désired message, one is also 
tuned to the disturbing stations. The result is that one 
station tries to shout the other down, and the successful 
working of all the stations is greatly hindered. At the 
City and Guilds College, at South Kensington, one of the 
aerials is a single wire 260 ft. high, and with this one can 
sometimes hear half-a-dozen stations sending simul- 
taneously at approximately the same wave-length, making 
it absolutely im ible to read any one of them. 

Apart from all this, there are the atmospheric disturb- 
ances, which vary very much from time to time. When 
a station is receiving from another station at a distance of 
1000 miles, it will certainly “‘ pick up” every lightning 
flash over a large part of the earth’s surface. These atmo- 
spheric disturbances are often strong enough to make 
working impossible over any but very short distances, 
even when the weather conditions locally look ideal. 
Whether one can receive or not in spite of the atmo- 
spheric disturbances depends on the nature and loudness 
of the signals, so that one can me more and more 
independent of the atmospheric conditions by increasing 
the power employed, and by making the signals easily 
distinguishable from the sounds caused by the dis- 
turbances. 

Recent developments in the sending apparatus have 
been largely directed towards obtaining freedom from 
interference. This has been sought in two ways: firstly, 
by sending out well-sustained trains of waves of one 
definite frequency, thus permitting sharper tuning ; 
secondly, by giving the signals a high musical pio. 
easily distinguished from the crackling noises caused by 
atmospheric disturbances, and also from other stations 
having notes of a different pitch. The spark-gap must 
be so designed that these characteristics are retained 
when very large powers are employed. A gap may give 
excellent results when the power is small, but fail entirely 
when the power is increased. Absolute reliability and 
constancy are of far greater importance than efficiency, 
although any improvement in the latter is naturally to be 
welcomed, not so much for the saving of power as for the 
reduction in size and cost cf the apparatus. 

Fig. 1 may be taken to represent diagrammatically the 
sending apparatus of almost every system, by whatever 
name it may be called. In all except the smallest instal- 
lations, the sparking coil with hammer or mercury break 
has been replaced by an ordinary power-transformer sup- 
plied with alternating current, as shown in the figure. 
The coils L, Le constitute an air-core Tesla transformer 
of few terms. It is sometimes connected as an auto- 
transformer—i.¢c., with a single winding tapped off at 
different points, but this alters nothing so far as the prin- 
ciple is concerned. If coil Ly is far removed from coil L, 
each discharge of the condenser K across the gap G will 
cause & ones oscillation in the primary circuit G K L,, 
as shown in Fig. 2. The rapid damping is mainly due to 
the dissipation of energy in the spark gap. The time T 


of a complete oscillation depends only on K and L,, and 
is usually about wan second, corresponding to a wave- 


000 
length in space of 600 metres. All the ene stored 
in the condenser at the moment of breakdown is 
dissipated as heat in the and in the remainder 


of the oscillatory circuit. e oscillatory disturbance 
50.009 Second, 
macy beggin’ happens until the condenser is charged 
up to the same potential difference as before. If the 
gap is made so long that the spark can only just jump it, 
the next spark may not occur until several half-cycles of 
the alternating supply have passed, the vol across the 
secondary of the power-transformer gradually building 
up due we sence, i resonance is obtained by 

jjusting the s of the alternating-current generator. 
The result will be that, with ‘the alternating-current 
supply of 50 cycles per second, the sparks may oocur at 
intervals of #5 to xy second (Fig. 2). This is the method 
which was largely used two or three years ago, and which 
is still used by the Eiffel Tower and many other stations. 

If the coil La, which, with the aerial, constitutes an 
oscillatory circuit of the same frequency as the circuit 
G K 1, is loosely coupled with coil Ly), so that about 5 per 
cent. of the magnetic flux of L, links Ly, a part of the 
oscillating ge tee be transferred to the aerial, and 
there, partly iated out into space, and partly dissi- 

ted in the aerial, coil, and earth connection. The oscil- 
green. Fig. 3, shows the nature of the primary and 
aerial currents Sven Ls each spark. ow: i 


wing to the 
loose coupling between and Ly», the transference of 
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energy is very slow, and the major portion is still dissi- | of the spark was far removed from a large mass of cold aerial, which, as we have already seen, is a matter of 
pated in the spark-gap. From experiments made at the | metal tending to cool the heated air and condense the ever-increasing importance. 


City and Guilds College it has been found that under the 
most favourable circumstances 30 per cent. of the primary 
energy can be transferred to the aerial. If the transfer 
of energy to the aerial is hastened by increasing the 
mutual inductance between L, and Lz, the energy surges 
backwards and forwards between the twocircuits and gives 
us the phenomenon of beats. The oscillograms, Figs. 4 
and 5, show the nature of the primary and aerial currents 
as the coupling is increased. Instead of a wave of one 
definite length—say, 600 metres—a pulsating oscillation 
18 sent out, which may be looked upon as made up of two 
ordinary damped waves with lengths of, say, 500 and 
700 metres. This will be received almost equally well on 
the receiving aerial, whether it be tuned to 400, 600, or 
800 metres, or any other intermediate wave-length. 

_ In Figs. 6 and 7 are plotted the currents in the receiv- 
ing apparatus as its natural frequency is varied. The 


two figures refer to different installations ; in each case a | 


series of curves is given for different degrees of coupling 
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between the coils L, and Ly With the ordinary spark- 
gap it is thus seen to be impossible to increase the coupling 
much above 7 or 8 per cent. without sacrificing sharp- 
ness of tuning, and thus causing undue interference with 
stations working at other wave-lengths. Apart from the 
question of interference, thers is litttle increase in effi- 
mency ‘o be obtained by increasing the coupling beyond 
this value. 

There are the conditions under which the majority of 
stations are working at the present time, but during the 
last three or four years a t amount of research work 
has been done with the object of improving these con- 
ditions, 

In Fig. 7 it will be noticed that when the coupling is 
tight, the aerial oscillation contains waves of three 
definite frequencies—one high and one low, correspond- 
ing to the constituents of the ts—and one of the 
natural frequency of the aerial alone. This shows that 
during a part of the time the aerial oscillated freely, 
uncoupled from the primary circuit, The reason for this 
can be seen from the oscillogram, Fig. 8. In the experi- 
ment to which Fig. 7 refers, the spark-gap was exposed to 
an air- blast, so that whenever the amplitude of the current 
in the primary oscillating circuit was small, there was a 
tendency for the air-blast to remove the column of hot 
air and metallic vapour, and thus extinguish the spark. 
This will obviously occur at a moment when all the 
energy is oscillating in the aerial, and wi!l prevent it 
surging back into the primary circuit. The aerial will 
now continue to oscillate at its natural frequency until 
the energy is all radiated or dissipated. In Fig. 7 not 
only was there an air-blast, but the electrodes were com- 
parc tively large, and the spark-gap short, so that no part 


er vapour, and thus lower the conductivity of the 
spark. 

This quenebing of the spark was discovered in 1906 by 
Professor Max Wien, and was afterwards taken up by 
|the Telefunken Company, who have evolved a form of 
sperk-gap, in which the quenching is very effective. 
| With this gap the primary and aerial currents will be as 
shown in oscillogram, Fig. 9. The gap acts as a very 
quick-acting minimum current cut-out, and opens the 
| primary oscillating circuit at the first opportunity—viz., 
when all the energy has n transferred to the aerial 
The time during which the two circuits are coupled is 
very short, the loss in the spark-gap is reduced, and the 
major portion of the energy oscillates freely in the aerial, 
and is radiated as a damped train of waves at its natural 
frequency. In this way it is claimed that 75 per cent. of 
the output of the alternator is transferred to the aerial. 

It is obviously advantageous to shorten the duration 
of the spark as much as possible by tightening the ceup- 
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In all the oscillograms the upper curve refers to the current 
in the primary oscillatory circuit, and the lower curve to the 
current in the aerial. 


ling between the coils L, and Lg, and thus hastening the 
transfer of energy to the aerial. If this be overdone, 
however, the gap will fail to quench at the first minimum, 
and we may get the conditions shown in Fig. 10, or even 
Fig. 8, with a great loss Loth in efficiency and in sharp- 
ness of tuning. 

Wien first obtained quenching by the use of very short 
spark-gaps, and this is the method which the Telefunken 
Company has adopted, although other methods have 
since been discovered. The spark is made to occur 
between the parallel faces of discs of copper or silver, 
placed about ;4,5 in. apart, the discs being separated b 
thin annular rings of mica, which also serve to shut the 
sparking spaces off from the air. The number of these 
discs in series depends on the voltage and power required. 
This form of gap is undoubtedly complicated and ex- 
pensive, not only in first cost, but also in upkeep. Those 
who have picked up the time signals and weather report 
sent out daily from Norddeich will have noticed that 
although, since the quenched spark was introduced, the 
signals are very clear and easily distinguished from 
extraneous sounds, they often decrease in strength after 
working for some time, and have m known to fail 
altogether for a few seconds, in spite of the efforts of the 
operator. ‘This may have been due, of course, to some 
exceptional cause not connected with the spark-gap, but 
it is almost what one would expect when using such 
minute gaps as ;}, in. It seems, therefore. at present 
that the increased efficiency due to the quenched spark is 
obtained by the sacrifice, to a certain extent, of relia- 
bility and simplicity. 

Turning now to the receiving apparatus, we find that 
the filings coherer has practically disappeared. The 
reception of the signals is now almage aural. The de- 
tectors now employed in conjunction with the te’ephone 
receiver are not only much more sensitive than the filings 
coherer operating a Morse inker, but they enable the 
operator to discriminate between the si is being sent 





to him and the various disturbances picked up by the 


| ‘The magnetic detector used by the Marconi Company 
|is ideal in its simplicity and reliability, but is not so 
|sensitive as the electrolytic or the mineral contact 
detector. The Telefunken Company have recently given 
up the electrolytic detector in favour of a detector of the 
latter type. Another type of detector used to a certain 
extent is the Fleming valve, which combines extreme 
| sensitiveness with comparative simplicity and reliability. 
Although there are many ways of arranging the receiver 
connections, Fig. 11 may be taken as typical of the usual 
arrangements when using a mineral contact detector. The 
high-frequency oscillation picked up by the aerial is trans- 
ferred by means of the oscillation transformer L», L, to 
the tuned oscillatory circuit K Ly. Shunted across the 
condenser is the detector—consisting simply of a piece of 
zincite in contact with a piece of pyrites—together with 
the telephone receiver of several thousand ohms resistance, 
The eee is shunted with a condenser, which must 
have such a capacity that it acts as a conductor to the 
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high-frequency oscillations, enabling them to pass through 
the detector without passing through the highly inductive 
telephone receiver, but as an insulator to currents of tele- 
phonic frequency, thus forcing them to pass through the 
telephone. 

Fig. 12 explains the various stages from the alternating- 
current supply of the sending apparatus to the currents in 
the telephone receiver. Each spark causes a wave-train, 
and each wave-train causes a momentary heating of the 
point of contact of the detector. In the figure the dura- 
tion of the wave-train has been greatly exaggerated for 
the sake of clearness. This will cause a momentary 
variation in the contact resistance and will also produce 
a thermo-electromotive force, with the result that a 
momentary current passes through the telephone, or if, as 
is sometimes found advantageous, a steady current is 
maintained through the telephone by means of the cell B, 
this steady current will suffer a momentary variation. 

Thus each spark gives an impulse to the telephone 
diaphragm, and the pitch and nature of the note heard in 
the telephone receiver will depend entirely on the 
frequency and regularity of the sparks. It is here that 
one of the greatest improvements has taken place. Until 
recently the sparks followed one another so slowly or so 
my eye | that the sound heard in the telephone could 
not be called a note, but was merely a crackling noise. A 
great number of stations are still working in this way, 
and the signals they send out are very difficult to dis- 
tinguish from atmospheric disturbances and other 
extraneous noises. It is now realised, however, that by 
giving the signals a pure musical note of high pitch they 
can be readily heard and distinguished above compar®- 





tively loud atmospheric disturbances, and in spite of 
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interference from other stations, unless these stations 
happen to be working with a note of the same pitch. 

Another very important point in this connection is the 
great increase in the sensitiveness of the telephone re- 
ceiver as the pitch of the note is increased. 

To produce a musical note of high pitch it is necessar 
to make the sparks follow one another rapidly and wi 
great regularity. When sending at a speed of twenty 
words per minute, the duration of a dot will be about 
Asth ofa second, so that with a spark frequency of thirty 
per second the dot will consist of one or, at the most, 
two sparks, whereas with a spark frequency of 1000 per 
second the dot will consist of fifty sparks. The former 
was quite enough to actuate a filings coherer, but would 
merely cause a blow on the telephone diaphragm, whereas 
the latter would give a short piping note in the receiver. 

By increasing the alternating supply voltage or by 
shortening the spark-gap, a a aoe of sparks can 
be made to occur during each half-cycle, but they will 
occur too irregularly to produce a musical note, unless 
steps are taken to make the sparks occur at regular 
intervals. This can be done by replacing the stationary 
gap by two discs revolving at high s , the rims of the 
dises being provided with projecting knobs, between 
which the sparks jump. 


4LTrial 





Fig 


Ls I4 

















Y/, (2406.4) 
Fig. 12 


WAVE LENGTH = 600 METRES 
A.C. SUPPLY FROM 500 CYCLE ALTERNATOR. 
QUENCHED SPARK. 





Seco Vo of Power 
ae 
of 
Duration of Spark 
jGurrent in Spark * 1000 Secona he 
V v 





Cr dng dralHaSc 


Current rn Detector 








| Temperature of Detector Cmbact 





Current linpulses in TelephoneReceiver 00lper Second, _ 


The simplest way of obtaining 1000 sparks per second 
with great regularity is to use an alternator giving 500 
cycles per second, and adjusting the voltage until the gap 
breaks down once every half cycle, as shown in Fig. 12. 
To ensure regularity the gap must be kept cool, and the 
after effects of each spark quickly removed. With the 
ordinary stationary gap this can be done by means of an 
air-blast, but with the Marconi revolving discs the air- 
blast will hardly be necessary. In the new Telefunken 
gap the quenching action which we have already con- 
sidered has to extinguish the spark mae second after 
it has jumped, so that after second the gap should 
have lost all traces of the spark. The quenching action 
has thus to play a double part, the first affecting the 
nature of ont spark and the resultant oscillation, and 'the 
second affecting the regular succession of sparks. 

One of the most recent developments, although hardly 
yet beyond the experimental stage, is the introduction of 
the telephone relay. 

By placing one of the telephone relays, recently in- 
vented by,Mr. 8S. G. Brown, between the detector and 
the telephone receiver, signals which are otherwise quite 
iniudible can be easily read. The Telefunken Company 
have recently experimented with an apparatus somewhat 
similar in principle and known as a tone-augmenter. 

Che distances over which communication can be main- 
tained with a given supply of power depends on the 
height and size of the aerial, on the nature of the inter- 
vening country, and on the type of detector employed. 
A safe guarantee, under very unfavourable conditions, is 
alout 50 miles per kilowatt of alternator output, but, 
with favourable conditions and sensitive apparatus, dis- 
tances of over 500 miles per kilowatt have been covered. 

Practically all the radiotelegraphic apparatus working 
commercially or being installed at the present time is 





based on the principles which we have considered ; with | 
the exception of the spark-gap and the detector employed, 

the differences are non-essential. No mention has been | 
made of the generation of undamped waves by means of | 
arcs, as this system has not yet made the revolutionary 
changes in radiotelegraphy which many anticipated. 
PRINCIPLES OF FLIGHT.* | 

By A.crrnon E. Berrian. 


Ons of the greatest services that can be rendered to the 
science of aeronautics at the present time is to attract 
towards it the serious interest of minds that have matured 
in other departments of the world’s work. With this 
object in view an attempt will be made to give a résumé 
of the more interesting problems as they are understood | 
by the majority of students, in the hope that those taking | 
part in the discussion may thereby be enabled to direct 
their remarks along such lines as shall add most to the 
sum total of our little knowledge in the short space of | 
time available. 

The present predominance of the military aspect in the 
perspective view of the immediate future of aeronautics 
serves also to draw a dividing line between different forms 
of aircraft, such as to group all systems essentially 

of the ability to ascend vertically and hover 
stationary in the air on one side, and all those that can 
neither stand still in the air nor get up from anywhere, 
on the other. 

Balloons and Kites.—Thus, the captive balloon and the 
man-lifting kite both perform useful work, although 
neither navigates the airat large. The free-moving aero- 
plane, on the other hand, is frequently criticised because 
it does not at present the potential qualities of 
the as yet unsuccessful helicopter. 

The Helicopter.—It seems necessary to pay some atten- 
tion to the problem of the helicopter, therefore, in order 
to see how far an elementary investigation of its prin- 
ciples supports the likelihood of realising the possibilities 
frequently assumed in its favour. It has been suggested 
that some insects fly on the helicopter principle. 

It may be demonstrated that the very small helicopter 
is a remarkably successful toy, although the large heli- 
copter is as yet an unsuccessful machine. A mathematical 
ratio (see the ‘‘two-thirds power law” in summary o 
formule) indicates that the a of increased power 
to a given screw is an insufficient method of increasin 
the lift. It is suggested that the ratio of the essentia 
dead-weight to effective lifting area may also increase so 
disproportionately in la machines as to prevent the 

ractical success of the helicopter class. Inasmuch as the 
argest screw for a given | is the most efficient, it is 
argued that the aeroplane is the helicopter of maximum 
efficiency, inasmuch as it represents a blade element 
flying on the straight-line periphery of a circle of infinite 
diameter. 

Dirigibles.— Under the assumed division dirigibles and 
aeroplanes have to be compared as alternative machines 
for fulfilling the same purpose. Both navigate the air, 
but the dingible, in addition, can ascend vertically and 
hover stationary above any given spot. Windy weather 
adversely affects both types of machines. In the aeroplane 
the gust is inimical to stability ; in the dirigible a high 
wind exerts an enormous drifting force. Comparatively 
large sizes are necessary in dirigibles if they are to have 
a wide range of xction, The more important disadvan- 
eae of dirigibles result from the permeability of the 
fabric to hydrogen, the costliness and inconvenience of 
using this gas, and the disturbing influences of sunshine 
and shadow on buoyancy. ; ; 

Aeroplanes.—The aeroplane is the more interesting 
machine of the two in the eyes of the majority of 
students, owing to the popularity of flight asa sport. A 
broad treatment of the problems relating to this section 
divides them under two heads, one dealing with the lift 
and resistance of the cambered plane, the other dealing 
with stability, which has always been the most important 
factor making for p in aviation. s 

Calculating Lift.—In the mathematical section, an 
hypothesis ‘that aeroplanes are supported in flight by the 
inertia of the air leads to the necessity of finding plausible 
expressions for mass and acceleration. ; 

wo dimensions of the mass of air deflected are ag oe 
functions of the span and chord of the plane; the th 
which defines the depth of the stratum, and is known as 
the “sweep,” is taken as an empirical function of the 
chord ; but this connection needs discussion. Acceleration 
is obvieusly a function of the angle of the plane, but | 
difference of opinion exists as to how that angle should 
be measu A suggestion is put forward in favour of 
the “angle of deflection ” measured at the point of inter- 
section of tangents drawn to the leading and trailing 
edges of the plane, which needs discussion. From the 
assumed premises a nang Soe, cea for lift has 
been evolved (see summary of formule). } 

Skin Friction. —In order to extend the premises to 
cover a plausible expression for the resistance to flight 
and the power expended thereon, it is necessary to adopt 











a value for skin friction. Zahm’s experiments have been 
accepted as data (see summary of formule), but the whole | 
subject needs discussion. Skin friction is of such funda- | 
mental importance in aerodynamics that it is imperative | 
to put it upon an accepted basis analogous to the position | 
occupied by normal pressure. ; . 
Cocficient of Flight.—The coefficient of flight, repre- 
senting the resistance per unit load, may be shown to be 
independent of speed, but to depend on the angle of the | 
plane, and to have a minimum value depending on the | 
coefficient of skin friction. On the present hypothesis, | 
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the minimum coefficient of flight obtains with planes of 
a very —~ - effective . le - it 5 deg.), = - would 
necessitate flying at much higher speeds ave hitherto 
been realised, © existence of an le of least resist- 
ance is very important in connection with the problem of 
variable speed machines. 

Body Resistance.—Body resistance in a practical aero- 
plane is a supplementary resistance to that of the planes, 
and should always be considered as such. It stands in 
the way of realising the higher speeds that would lead to 
the use of more efficient planes, but by enclosing all the 
principal masses in casings of stream-line form a plausible 


means is afforded of considerably reducing this quantity. 
A comparison of the coefficients of normal pressure and 
possible saving in this 


skin friction indicates a very lage 
direction. In bodies of stream-line form the advantages 
of a hemispherical head are worthy of consideration. 

Stability.—Stability in a flying-machine is either natural 
as a result of form, automatic as the result of self-acting 
mn oe or controlled by aw nny = No 
particular p m made along the lines of 
automatic stability, although the use of oye and 
wind-vanes to operate relay mechanisms has frequently 
been suggested. Natural stability has, however, n 
realised to some extent, and, coupled with modern expert 
control, the combined result has reached an extraordi- 
narily high degree of perfection, considering the short 
period of evolution. 

Natural stability in its elementary form may be readily 
demonstrated by means of paper models. In practical 
aeroplanes natural stability in the longitudinal vertical 
plane is mainly d on the principle of the dihedral 
angle. Natural stability in the lateral vertical plane is 
also commonly based on the same principle, but alternative 
systems, one of which is the arched wing, have been tried. 

e arched wing and the dihedral being ap ntly 
diametrically opposite in ae attention is drawn to 
two orders of stability—‘‘stiff” and ‘‘rolling.” The 
relative possibilities of successful development along each 
line is well worthy of discussion. 

The acentric centre of gravity, in which the principal 
masses are placed well below the centre of pressure, is 
frequently suggested as a stabilising principle; but the 
permanent existence of a couple between the centre of 
gravity and the centre of pressure indicates liability to 


f | pronounced oscillation, and the system does not find 


general favour. In connection with the under-carriages 
of aeroplanes, the advantage of landing direct on skids is 
urged ; and in connection with the power plant, the 
— disturbing influence of the gyrosenpic force of 
eavy revolving masses is worthy of notice. 

Conclusions.—Apart from the question of stability, 
progress in flying-machine design is mainly a problem of 
increasing the efficiency of the machine, just as it is in 
every other branch of mechanical engineering. It follows, 
therefore, that the need for further information on such 
subjects as the effective angle of a plane, sweep, skin 
friction, and other similar problems that come within the 
province of research work in — science, is all im- 
oortant. If the aeroplane of the future is to carry heavy 
oads and to fly far and fast without interrupting its 
journey, it must be more efficient than the aeroplane of 
x oon The air, like the ocean, permits of full speed 
ah all the time, and a speed of 60 miles per hour 
through the air would halve the present latest crossing of 
the Atlantic. Before an uninterrupted journey across 
the 1700 miles that separate the nearest adjacent points 
of land could be accomplished by a machine carrying only 
two men, it would have to be shown that an aeroplane 
could be built capable of carrying at least 1500lb. of 
useful load at 60 miles per hour, with a gliding angle 
more nearly in the order of 1 in 7 than the angle of 1 in 
4 or 5, which at present represents the efficiency of a gcod 
modern flyer. 

Except so far as a pilot might be able to economire 

wer, as soaring birds do, by taking advantage of 
avourable air-currents, skilful contro] has nothing to do 
with the theoretical possibilities of the aeroplane in under- 
takings of this order, which may be investigated by the 
aid of simple arithmetic. In matters affecting the use of 
machines in bad weather, for dangerous purposes, and 
under difficulties generally, nothing in the world gives 
any clue to the future except the present state of the art, 
for which the intrepid practice of pilots and the care of 
those who build machines is wholly responsible, and 
deserving of the utmost credit. 


Summary Or ForRMULA. 


The Two-Thirds Power Law.—If thrust « V? and 


power « V%, then thrust « H.P.5. 
Mathematics of the Cambered Plane.— 
. V? tan 8 
L ft = - —— 
: 200 


where V = flight 5 miles per hour. 
B = angle of deflection. 


Skin Friction.—Zahm’s formula— 
R = 0.00003167"V1*, 
Where R = resistance of double surface lb. /ft. of span. 


l = chord. 
V = velocity miles per hour. 


Approximation (1 to 90 miles per hour and high 
aspect ratio). 


R = 0,000018V?. 
Coefficient of Flight.— 


Pounds thrust per Ib. loading = (“ae 


3 tan 8 
Minimum value obtains when 8 = 5 deg. approximate, 
and gives least coefficient of flight = 0.085. 
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COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


We give below general data on several colonial and 
foreign engineering prrients, Further information con- 
cerning them can obtained from the Commercial 
merge Branch, Board of Trade, 73, Businghall- 
street, London, E.C. :— 

New Zealand: The Imperial Trade Correspondent at 
Auckland reports that a scheme is under consideration by 
the Harbour Board of that place for the expenditure of 
1,000,0007. on various works, including the following :— 


Quay-street jetty, No. 4, reclamation £ 

and extension ae Ae ... 45,000 
Queen-street wharf, with sheds, cranes, 

capstans, and equipment a ... 261,500 
Freeman’s Bay reclamation (67 acres), 

walls, sewers, and shipbuilders’ slope 122,000 
Steam-tug, ladder-dredger, and suction 


__, ner rind ; : 62.500 
Ferry building __... a rd ... 64,000 
80-ton floating crane a vs ..- 27,000 
Railway wharf (completion), rock exca- 
vation, cranes, capstans, and equip- 
ment x ode a eet 
bse eon landing ve ph .. 41,000 
estern tide deflector ie ... 25,000 
Central wharf, with sheds, cranes, cap- 
stans, and equipment ... fi ... 240,000 


The scheme is dependent on the passing through Parlia- 
ment of an Empowering Bill. 

Italy : The British Acting Consul at Naples reports 
that under the new law governing the subventions given 
by the Italian Government to private railway concessions 
the engineers Cucinie!lo and Tajani have been granted 
the maximum subsidy of 400/. sterling per kilometre, for a 
duration of fifty years, for the railways to be constructed 
by them respectively from Naples-Avellino to Atripalda 
and from Salerno to Amalfi. d 

Austria-Hungary: The following notices are extracted 
from the Zentral-Anzeiger fiir das iffentliche Lieferwnas- 
wesen, Vienna. The Ministry of Railways has given 
permission to the Union-Baugesellschaft, of Vienna, to 

repare plans for a railway from Abbazia to the Monte 
fi iore. The town of Pressburg has raised a loan of 
1,000,000 kr. (about 42,000/.) for the purpose of extending 
the municipal gas works. The Troppau gas works are to 
be extended in 1912 so as to have a daily capacity of 
15,000 cub. m. In the retort-house new mechanically- 
equipped modern retorts are to be installed. The purify- 
ing establishment is to be enlarged, a new gasometer set 
up, &c. The municipal authorities of Smichov have 
decided to raise an additional loan of 4,032,000 kr. 
(168,0002.) in connection with the construction of water- 
supply works. In addition a sum is to be provided for 
the construction of the Pantosce aqueduct, and the 
extension of the aqueduct in the Neklaugasse in New- 
Smichov. 

Panama Canal Zone; His Majesty’s Minister at 
Panama reports that the Isthmian Canal Commission 
intend to construct, at the Atlantic entrance to the canal, 
a series of five reinforced-concrete docks at which ten 
1000-ft. vessels will be able to berth at the same time. 
The plan provides for an anchorage basin east of the 
canal, an artificial mole projecting from Cristobal Point, 
and docks between this mole and the anchorage basin 
and around Cristobal Point, under complete shelter for 
vessels, which will thus be enabled to discharge and load 
cargo without entering the canal. It is stated that 675 
steel cylinders, 152,565 cubic yards of concrete, 402,000 
lineal feet of reinforced-concrete sheet piling, 1,498, 560 1b. 
of steel girder, and 804,000 lb. of steel I-beam will be 

uired for the construction of the docks. Twenty-two 
spillway gates are also required for the Gatun and 
Miraflores locks, and steel casings for the spillways, as 
well as steel material for bridges and hand-railings. In 
connection with these works and the locks of the canal 
there will be needed a quantity of subsidiary steel 
material, such as rising stem gate-valves, lower guard 
gate-valves, lateral culvert-valves, bulkhead gates, screens 
for the culverts of the locks, and castings. Tenders for 
all this material will be invited in the United States. 
Foreign tenders will be admitted, but, in considering 
them, the amount of duty payable on the article if im- 
ported into the United States will be added. 

Colombia : The Diario Oficial publishes a decree autho- 
rising the Municipal Council of the district of Zipaquird 
to raise a loan of 32,000/. for the construction of an 
aqueduct and sewers. 





Lioyp’s Rerorns oF Suipwreckxs, &c.—Lloyd’s Re- 
gister of British and Foreign arees have just issued 
their usual returns of vessels totally lost, condemned, &c., 
during the quarter ending March 31 last. The list first 
deals with steamships, the statistics including all vessels 
exceeding 100 gross tons. Altogether eighty-three vessels, 
totalling 104,553 gross tons, have been removed from the 
register, and of this number thirty-five were British and 
five belonged to the British Colonies. The aggregate 
tonnage of the thirty-five British vessels lost was 43,846, 
which is 0.26 per cent. of the total tonnage owned in the 
United Kingdom. The five colonial vessels totalled 6646 
tons, or 0.51 per cent. of the whole colonial tonnage. 
Germany, having lost eight vessels, aggregating 8376 tons 
(0.21 per cent.), comes next on the list in numbers, 
although, curiously ~~ her losses have been exceeded 
in tonnage by those of Brazil, whose casualties include 
five vessels, totalling 9209 tons; the B qe as is not 
stated in the latter case. Greece has suffered badly 
during the period, her losses including three vessels, 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 


JUNE. JULY. AUGUST. 
£ és , 





ony JUNE. JULY. AUGUST. 
In the accompanying diagrams each vertical line represents a market day, and each horizontal line 
represents 1s. in the case of tin-plates, hematite, Scotch and Cleveland iron, and 1J. in all other cases. 
The price of quicksilver is per bottle, the contents of which vary in a from 70 lb. to80lb. The metal 
prices are per ton. Heavy steel rails are to Middlesbrough quotations. Tin-plates are per box of 1.C. cokes. 





which together account for 7591 tons. Spain, Norway, | with seventeen vessels, totalling 9056 tons, while the 
and Japan follow in order of tonnage, having lost, re- | United Kingdom follows with 8161 tons in eight vessels ; 
spectively, 6048 tons (0.81 per cent.), 4496 tons (0.32 per | the percentages of the total tonnage owned are 0.81 and 
cent.), and 3594 tons (0.31 per cent.). The other losses | 1.09 respectively. The British Colonies have lost four 
exceeding 1000 tons are distributed as follows :—France, | ships with an aggregate tonnage of 1356, which is 0.66 per 
2414 tons; Belgium, 2344 tons; Turkey, 2002 tons ;/ cent. of the total tonnage owned in the colonies. The only 
United States, 1885 tons; Holland, 1824 tons; and | other nations to sustain losses exceeding 1000 tons are 
Russia, 1815 tons, Coming now to sailing vessels, we find | Norway, Russia, Italy, and Denmark, their losses being, 
that altogether sixty-one ships, making 34,713 tons (net | respectively, 5940 tons (1.0 per cent.), 3633 tons (1.85 per 
Heo 1s referred to in the case of sailing veer ayy 2 have | cent.), 2542 tons (0.76 per cent.), and 1713 tons (2.65 per 
been lost. In this class the United States heads the list | cent.). 
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as ennene BESS PATENT | element ri gretesly compressing the material of the resistance 


ELECTED ABSTRAOTS OF RECENT PUBLISHED 
‘ OATIONS UNDER THE AOT OF 1907. 


he number of views given in the Specification Drawings is stated | co-action of a worm mounted upon the shaft J connected to the 
an case; where none is mentioned, the Specification is not | handle m. The worm is held in Capnyemens during the starting 


illustrated, 
here inventions are communicated 
"the Commariaator are given in ttalvs. 
“Branch , Sou 7 Buildings, W.C., at 
the uniform 

date the advertisement Ge cnutonn of 0 Cuate 
7" cifeation t,t each ose, gen after abstract, unless the 
Patent has been sealed, when the date of sealing is given. 
Any person may, at any time within two months from the date of 
ee ys d.- 0. nee Seatte the grant of a 
Patent on any of the mentioned in the Act. 


ELECTRICAL APPARATUS. 


26,747/10. Hartmann and Braun 
Frankfort-on-the-Main, Germany. Mercury-Vapour 
Apparatus. [2 Figs.) mber 1, 1909.—This invention 
au to the mounting of electrodes in mercury-vapour oem, 
and is especially adapted for employment where it is desired to 
prevent the gas penetrating to the chamber on a t — 4 
of internal temperature occurring. A packing embodying the 
present invention is not only gas-tight, but is readily interchange- 
able, and is adapted to withstand heavy loads. According to the 
construction illustrated, the extremity of the vacuum chamber 1 
is produced in the form of a tube 2, composed of thin metal with 
a view to the dissipation of heat. Within the tube 2, one extremit; 
of a hollow sleeve 9, composed of heat-resisting insulating material, 
is arranged in such a manner that a flange, in which the tube 2 


terminates, faces a collar formed upon the sleeve 9. The flange 
and the collar are rigidly connec by means of the bolts 10, and 
between them are arranged packing-rings 11 and 12 of different 
diameters ; the annular space between them being fully — 
with mercury, and a thoroughly gas-tight joint resulting. Within 
the sleeve 9 is rigidly fixed the electrode 6 ; and in order to secure 
a gas-tight joint between these two elements, means of the same 
character as above described are employed ; the place of the tube 2 
being, however, taken by a thin metallic hood 4 soldered upon the 
electrode. In order to prevent the deposit of small mercury 
particles, which might occasionally | to a diversion of the 
current, it is preferable to surround partially the electrode 6 with 
an insulating tube 13. This tube may be supported from below, 
or may be attached to the electrode 6 in any suitable manner. 
(Sealed August 10, 1911.) 


15,988/10, M. J. and C. C. Garrard, Bir- 
mingham. Electric Cu ts. (2 Figs.) July 5, 1910. 

In electric cut-outs or fuse-holders of the type in which the 
fusible element is supported inside a porcelain or the like tubular 
structure, the handle and a shield are secured to the fuse-bobbin 
in areadily detachable manner. The handle A, which may be of 
insulating material, is attached to the fuse-holder B, the two 
being, preferably, parallel. Between the fuse-holder and the 
handle is placed a shield C of insulating material, such as vul- 
canised fibre, and the attachment of the shield and handle to 




















“sgee) 





the fuse-holder is effected by providing a projection D! on each 
Contact-piece D of the bobbin tapped to receive fixing screws 
nich pass through the ends of the handle and through insulat- 
ng distance-pieces F and holes in the shield. The handle, 
a=, and fuse-holder are thus firmly clamped together, and 
= handle A is readily detachable should this be required. The 
egunce-pieces F may be of such length as to provide sufficient 
clearance for the hand between the shield and the handle, or the 
may be of any greater length as may be required, and, if pod me | 
can be integral with the handle. (Sealed August 10, 1911.) 


12.300/10. M. B. Field and Ferranti, Limited, 
Hollinwood. Motor-Starters. [11 Figs.) May 19, 1910. 
og motor-starter, according to this invention, comprises means 
or closing the main circuit, a resistance varied by externally- 
applied compression, and means for effecting short-circuiting of 


. | cause short-circuit of the no-volt coil u 


Srom abroad, the Names, &c., | on the shaft q carryin 
may be obtained at the Patent 0 Sale | coiled spring. The shaft h has also in connection therewith the 
Chancery-lane, 


Upon a panel is mounted a resistance element b, a hand-operated 





é operated by the hand-operated 
an overload coil g adapted to 

an overload, are also 
mounted upon the panel. The ws element consists of a cam- 
h, ada to be rotated in one direction by hand by the 


element. A no-volt release-coil t 


operation by pressure exerted by the operator upon the handle 
the arm r and spring 8. The shaft h 
tion 


caused to be k to its starting p by means of a 


rought 


arm , carrying a loosely-mounted armature v, and a stop w 
adapted to co-act with the rubber-faced buffer x on the panel. 


»f. 






































The armature is held by the no-volt release-coil f when the motor 
is fully started. Cams on the shaft h press down in the proper 
order spring-arms carrying the contactors d and e upon the con- 
tacts 1, 2, 3, and 4. e action of the contactor d is to close the 
circuit with the resistance due to the element b at its maximum, 
and the action of the contactor e¢ is to short-circuit the resistance 
when it has been reduced toa minimum. The resistance element 
is one of the a ayer type—that is, the tube shown at b, 
which is preferably air-tight, contains graphite discs or com- 
pressible mixture of suitable resistance. Compression is ually 
effected as the arm u is moved, by means of a connecting-rod 5 
joining acrank upon the shaft / through a spring 7, the tension 
| of which may be adjusted, to an arm 9 pivoted on the panel, and 
| bearing upon the extremity of a plunger which bears upon the 
compressible resistance material. The plunger forms an entry 
| for the currents into the resistance. (Sealed August 10, 1911.) 


| 

| _ 5806/11. J. O. Girdlestone and C. F. G. Thorkeln, 
London. Arc Lamps. [1 Fig.) March 8, 1911.—In an are. 

lamp of the enclosed type, in which carbons containing chemicals 
are used, and in which a circulation of gases is maintained in order 
to avoid a deposit from the fumes on the transparent part of the 
enclosure, an enclosure is so arran that the fumes and hot 
gases are led into a chamber, from the upper part of which the 
gases are led through metallic ducts or circulating pipes, which 
cool the gases and return the main flow of the cool and purified 

| gases to the lower part of the chamber without re-entering the 
transparent part of the enclosure, a portion of the cooled gases 








being I*d preferably from the lower part of one of the metallic 
ducts through a by-pass tube outside the outer globe to the lower 
end of the transparent part of the enclosure. e drawing shows 
the applicants’ method of arranging the enclosure. E! and E? are 
the carbons, C is the chamber into which the hot gases pass from 
the arc, D! and D? are ducts connecting the upper with the lower 
part of the chamber C, F! is the funnel or opening through which 
the hot gases pass into the chamber C, F? is the funnel which 
surrounds F!, and to which the main flow of the cooled 
led from the ducts D! and D?. B is the equalising tube or by-pass 





the resistance when reduced to a minimum, the starter having 
not more than two contactors employed for these purposes. 


| below the arc. (Sea 


which connects the upper of the enclosure with the lower part 


4253/10. H. Stan Sheffi Projectiles. 
(2 Figs.] February 21, 1910,— invention has reference to the 
class of projectiles described in Specifications No. 16,707, of 1904, 
and No. 3033, of 1905. The hollowing of the head a! and conse- 
quent displacement of metal nedesattates a long radius for the 
ogive that forms the continuation of the parallel walls of such pro- 
jectiles; asa q they P unfavourably as regards 
steadiness of flight with shells having a short radius for the ogive 
and a flat base. The applicant reduces the length of the parallel 
walls by forming a slope towards the base, and whilst retaining a flat 
base considerably diminishes the area thereof. The driving band 
is in consequence put much further forward, the proportion of 
slope at rear, lel t and forward slope depending on the 
length of the shell, this in turn depending on the capacity. 
This design allows the air to close in behind the projectile when 
in flight, an advantage over projectiles with bases at right angles 
to the walls, and also assists to steady it ; further, the weight of 
base is reduced. The base plug B has in consequence to be 


— 
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modified, the block which is inserted being shaped as follows :—It 
has a central hole (b%), with threads for retaining the fuse, and lips 
inward (62) and outwards (!), or only outward and at an angle to 
conform to the curvature or slope (a*) of the base of the shell, also 
a projecting flange (U4) to stop it from being pushed in the shell 
on firing. e walls of the shell may be reduced at the base, so 
that the closing-in, similar to that described in No. 3033, of 1905, 
may be facilitated, and even done cold, and shaped as described in 
Specification No. 5393, of 1881, Fig. 2. Further, to prevent the 
heat on penetration from igniting the bursting charge, also to 
economise space, a non-conducting liner C, shaped to fit the 
interior of the shell, is combined with a non-corrosive metal liner 
D to keep the linerC firmly against the walls. This metal liner D 
serves also to ee the powder being ignited prematurely 
should a live shell break up in store. In the case of a screw-base 
shell, the combined liners are easily inserted ; in the case of shells 
with solid bases they are put in before closing down the walls of 
the shell. (Sealed August 10, 1911.) 


LIFTING AND HAULING APPLIANCES. 
22,807/10. and 


Limi E. Johnson, 
Smethwick. TPalleybiocke (2 Figs.) October 38, 1910. 
This invention relates to lifting appliances provided with worm 
and worm-wheel gearing, and in which the lifting and lowering 
chain-wheel is capable of free rotation on its spindle, and the 
worm-wheel of the gearing is arranged on a screwed portion of 
the spindle with a pling device between the parts to ensure 
their rotation as one in the direction proper for raising the load 
when the hand-chain is operated, and consists in the combination, 
with the said mechanism, of a retarding device to retain tem- 
porarily the spindle stationary while the worm-wheel is perform. 
ing its initial combined rotary and endwise movement on the 
spindle for effecting the coupling of the worm-wheel, liftirg and 
lowering chain-wheel and spindle ther. a is the wheel over 
which the lifting and lowering chain works, the wheel being 
capable of free rotation on the spindle b. The spindle b is screw- 
threaded for a part of its length, and on the screw-threaded part 
is a worm-wheel c, the periphery of which is of the same diameter 
from end to end, to permit a crosswise motion of the wheel with 
respect to the worm i gearing therewith. Between the worm- 
wheel ¢ and the side of the wheel a is a series of friction discs d. 
Similar discs are also arranged on the spindle b between 
the wheel a and a ratchet-wheel ¢. A number of the teeth of 
Mthe ratchet-wheel are somewhat larger than the other teeth, 
the larger teeth ¢® having a cam-like action on the spring- 








(22607) 


pressed pawl /. gis a screw-pin, by which the pressure of the 
spring may be adjusted within certain limits for the purpose of 
regulating the pressure of the pawl / on the ratchet-wheel ¢. The 

wl can thus be arranged to slip at, or approximately at, any given 
oad, The pawl /, when lifted by the cam-like part of the wheel ¢ 
out of engagement with the ratchet-teeth, bears on the cam-like 
part with sufficient force to retard the rotation of the dise until 
the coupling together of the several parts on the spindle is effected, 
when the pawl performs the function of and acts as an ordinary 
pawl. The worm-wheel c is rotated by the rotation of the worm i 
driven from the chain-wheel m. The action is as follows :—When 
the wheel m is rotated in the direction for raising the load, the 
worm i rotates the worm-wheel c in the direction for advancing it 
endwise towards the wheel a, and when the requisite compression 
of the brake-discs has been effected, the worm-wheel ¢, brake-discs 
and wheel a will rotate as one, the load being thereby lifted. 
When it is desired to lower the load, the wheel m is operated in 
the opposite direction, and the worm-wheel ¢ is caused to travel 
laterally on the screw-threaded spindle } in the direction for 
relieving the pressure of the friction-discs on the wheel a, thereby 
releasing or uncoupling the parts on the spindle ; the load conse- 
quently descends quickly. A too rapid descent of the load can be 


is | checked by giving to the wheel m a movement in the direction 


for lifting the load when the coupling of the several parts on the 
indle } is partially or completely effected, perfect control over 





sigue 10, 1911.) 





the descent being thereby obtained. (Sealed August 10, 1911.) 
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MACHINE AND OTHER TOOLS, SHAFTING, &c. 
12,777/10. A. E. Bennett and H. Thom 

e “Mills. (3 Figs.) May 26, 1910.—This inven- 

tion relates to the feed mechanism of turning-mills or lathes, and 


has reference to the automatic production of certain curved sur- | into th 


faces, such as are desired, for instance, upon the peripheries of 





| mounting the cardan jaws in the well-known system of trans- 
| mission by hollow axle and transverse ca 8, and consists in 
mounting the outer cardan jaws solid with the driving-axles of 
the road-wheels in the cylindrical recesses of the centre brackets 
for the ate. A supporting axle A is fitted at its extremities 
e brackets B carrying the suspension springs of the i 
These brackets B are extended at their outer end by a hollow 


belt-pulleys, or upon the face of page og a and consists in | shaft C,on which is supported, the ball-races interposing, the hub 


the combination with mechanism which imparts the regular 
motion to the cutting-tool in one direction, of a train of gear- 
wheels for generating epicycloidal or hypocycloidal curves, by 
which a variable motion is im to the cutting-tool in the 
transverse direction. The drawings show the invention as applied 
to a turning-mill of the vertical type, in which 6 is the slideway 
upon which is carried the slide tool-rest. A vertical feed move- 
ment is obtained by the usual gearing through the spindle 7, | 
which operates gearing connected to the vertical slide of the 
tool rest. Also the horizontal usual feed movement of the tool- 
rest as a whole is transmitted by the usual ss through the 
screwed spindle 8. In operation, the spindle 8 is thrown out | 
of action with the usual driving-gear, the spindle 7 being 
driven, however, as usual. The horizontal spindle 8 is driven | 
as follows :—In a casing 9, carried from the framing of the 
machine, is a worm-wheel 10, which is driven by a worm 11, 
which by gearing is connected up to the usual speed gear- | 


7. 
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wheel 15. Eccentric upon the worm-wheel 10 is pivotally carried 
the rolling pinion 17, which years into the internal teeth of the 
fixed wheel 18, formed in one with the casing 9. Crankwise con- 
nected to this rolling pinion is the rack-rod 19, the teeth of which 
gear with the wheel 21 keyed to the spindle 8. It will be noticed 
that when the rack 19 is connected with the wheel 21, the usual 
driving-wheel 22 is drawn to one side out of gear. Thus, as the 
usual vertical feed is taking place, there is also a horizontal feed 
due to the peculiar epicyclic gear movement which produces a 
relatively varying quick feed. As the wheel 17 travels from the 
position shown, the vertical movement of the rack-rod 19 com- 
mences very slowly, but increases, and assumes its maximum 
speed as it s the point 24, when it again gradually slows 
down, until the minimum vertical speed of the rack-rod is reached 
as the wheel 17 passes the point 25, and, of course, in its further 
travel the maximum is again reached in the opposite direction as 
the point 26 is passed. Thus the desired varying speed is given 
to the tool to produce the desired curvature to the cut surface. 
The portion of such travel — taken advantage of for the 
purpose hereinbefore named would commence between the posi- 
tion shown and the point 24, so that the initial feed movement 
would be an increasing one, and thena slowing down as the wheel 
17 passed the lower part of the wheel 18, and vice versd. (Sealed 
August 10, 1911.) 


MINING, METALLURGY, AND METAL- 
WORKING. 


22,674/10. D. Whitaker, Leeds. Steam -Crane 
Excavators. [3 Figs.) September 80, 1910.—In steam-crane 
excavators, according to this invention, the jib 1 is provided with 
side extension brackets 4, having guide-slots 5 formed therein 
fitted with a transverse shaft or rod 6 carrying the bucket arms 7, 
and being attached to the piston-rod of a power-cylinder 3 
pivotally mounted between side brackets 2 attached to the jib, 
the shape of the slots in the extension brackets being such as to 
cause the bucket arms to take a down and forward curve, and 
then follow a forwardly straight path, in conformity with the 
motion to be imparted to the bucket. At the commencement of 
the digging stroke, the shaft or rod 6 carrying the bucket arms 7 











s situated at the top of the curved portions of the slots 5 in the 
brackets 4, with its spur pinions 6y in mesh with the toothed 
racks 4 of the brackets 4, and its loose rollers 6 z in engagement 
with the plain guides 4y of the brackets 4; when, on the power 
cylinder 3 being brought into action, the shaft or rod 6 carrying | 
the bucket arms7 is caused to follow the path of the slots 5 in the 
bracket 4 to the opposite end of the slots 5, by which the desired 
motion of the bucket is ensured. The spur gearing employed in 
connection with the bucket-arms shaft or rod 6 ensures a correct | 
or true movement being im to the latter when working, 
while the loose rollers 6 z prevent the toothed pinions 6 y engaging 
too deeply with the racks 4x. (Sealed August 10, 1911.) 


MOTOR ROAD VEHICLES. 


8722/11. De Dion Bouton (1907), Limited, London. 
(Etablissements de Dion Bouton (Société Anonyme), Puteauz, 
France.) Transmission Gear. [1 Fi 





—This inventior relates more particularly to the method of 





D! of the road-wheel D. The bracket B has a cylindrical recess 
B!, of which the axis is an extension of the axis of the hollow 
shaft C. The driving-shafts E have trunnions E! at their extremi- 
ties carrying the squares E2 which are fitted into the cardan jaws 

. The cardan jaws F on the road-wheel end are placed in the 
recesses Bl of the brackets B, and are extended by the driving- 
shafts G inside the hollow axles ©. The shafts G terminate in 
squares which drive the road-wheels in the usual manner. 
(Sealed August 10, 1911.) 


RAILWAYS AND TRAMWAYS. 


6823/11. Siemens and Halske, Aktiengesellschaft, 
Berlin, Gesmany. “Recorders. [1 Fig.] April 30, 
1910.—The present invention is a development of the apparatus 
described in Patent No. 376, of 1910, for automatically recordin 
intervals of time between railway trains passing over a given length 
of track. In the — invention, the recording style is 
attached to a straight rack, which is guided vertically, the rack 
being controlled by a pawl which is actuated by the armature 
of the electro-magnet S Min shunt with the pendulum-controlling 
magnet. The rack returns to its initial position of rest by the 
action of gravity, being released by suitable means which are 
controlled by the armature of an electro-magnet R M, which is 
energised when the train actuates the second rail contact. When 
the train actuates the first rail contact the magnet S M and the 

ndulum magnet are excited. When the armature a is attracted, 

he rack m is raised step by step on the guide n by the pawl J, 


————— 






































68. 


the detent o holding it in an¥ position. The rack is thus raised 


until the second rail contact is closed by the train, the style /| passag 


attached to the rack recording upon the drum yg a longer or 
shorter line according to the speed of the train. At the first 
movement of the rack i the lever ¢ rises and closes the circuits 
at contact h of the magnet S M, and the pendulum magnet. 
When the train reaches the second rail contact, magnet RM is 
excited, attracting its armature p, to which is fixed the extension 
q. The extension ¢ presses against pins attached respectively 
to the pawl / and detent 0, which are thus released from the 
rack m, which consequently drops by the action of gravity to 
its initial position, on tothe pin s attached to the lever t, and 
by its weight thus opens the circuit of the magnet SM, and the 
pendulum magnet, until the sequence is repeated by the arrival 
of another train into the section at the first contact. (Sealed 


August 24, 1911.) 


18,795/10. The Consolidated Brake and Engineer- 
ing Compeny. Limited, and E. 8S. Luard, London. 
Brake . [14 Figs.) August 9, 1910.—In brake 
mechanism for railway vehicles, the disadvantages which obtain 
when compensation for the unevenness of wear of the brake- 
blocks is provided, is avoided, according to this invention, by 
transmitting the motion of the brake-piston to the push-and-pull 


| rod through the medium of levers or rods directly carried by a 


pivoted cylinder. a is the brake cylinder, mounted on trunnions, 
































Fig.1 Fig.2. 
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and b is the piston-rod. c is a floating crosshead to which the 


lower end of the piston-rod b is connected ; d, d are two bell-crank 
| levers fulerummed to the lower ends of links ¢, the uppe 
| extremities of the links being hinged to brackets f attached to the 
lower end of the brake-cylinder a. The inner ends of the bell- 
crank levers d are hin to links g, also hinged to the pois 
crosshead ¢ ; the links e, e and the bell-crank levers are connec’ 


_ 


are in communication with the push-and-pull rods of the brake 


April 7, 1911.— by links A and the outer or short arms of the bell-crank levers d 
i 





mechanism. With this construction it will be obvious that whe: 
the piston is raised in the brake-cylinder a, the piston-rod draws 
> Se e so as to lift the link-and-lever mechanism 
above described into the position shown in the broken lines in 
Fig. 2. It will be seen that the short arms of the bell-crank levers 
d are caused to move through a path which is for practical 
purposes of a rectilinear nature. (Sealed August 17, 1911.) 


16,800/10. A. H. Johnson, Epsom, and L. W. William 
G w. Railway Switches. (8 Figs.) July 14, wo” 
This invention has reference to stretcher or gauge-bars for railwa: 
switches, and consists in a stretcher or gauge-bar rigidly connected 
with the necks of the rail-tongues or switch-blades, which is flexible 
in the horizontal plane, and so constructed or arranged and con. 
nected as to give and 
tongues in the vertical plane. 


ear 


Fig.2 9 ‘ 


In carrying the invention into 


























effect, as illustrated by Figs. 1 and 2, the stretcher-bar a is made 
of spring steel, the ends of which are formed with flanges a! so as 
to give a rigid and secure binding to the switch-blades. The 
stretcher-bar may consist of one blade or of a number of laminated 
blades. If desired, and, as illustrated by Fig. 3, the laminated 
blades a* may be formed with a solid centre part a°, to which the 
ends of the blades are welded, the other ends of the blades a” 
being welded to solid parts a4 which are formed with flanges a! 
rigidly connected to the switch-blades. (Accepted July 5, 1911 ) 


TEXTILE MACHINERY. 


613/10. R. Starkie, Burnley. Loom Shuttles. 
ys October 12, 1910.—The bean relates to loom shuttles 
of the type formed with a passage leading to the eye of the 
shuttle from the back for the purpose of facilitating threading by 
means of a hooked device, inserted in a lateral slot forming part 
of the passage in the rear face of the shuttle, so as to seize the 
weft, and draw the end of the weft sideways by means of such 
hook in the lateral slot, until the hook is brought opposite the 
on extending to the front of the shuttle, when the weft 
is pushed through such passage by another oppositely-placed hook 
on the threading device and out at the shuttle-eye. The inven- 
tion comprises a loom-shuttle formed with a tunnel or other pas- 
sage leading from the back to the eye of the shuttle and joining 
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another and central passage leading into the mouth of the shuttle. 
There is formed in the back of the shuttle near its tip end an 
oblong or other passage A, which merges into the mouth C of the 
shuttle, in a central position, and is also continued to the eye D 
of the shuttle, a drag-pin being located at the junction of the two 
es. By this means the weaver can thread the shuttle hy 
using @ specially constructed hook F, provided with a T-slot ©. 
This hook is first inserted though the e or tunnel A and 
pushed out at the central mouth C of the shuttle as far as the 
recess E therein, and the loose end of the weft from the cop may 
then be seized and drawn by the hook through the mouth C and 
then pushed through the eye D of the shuttle, thereby threading 


it. (Sealed August 17, 1911.) 
14,087/10. The Bradford Dyers’ Association, 
} , Bradford. Calender 


and J. . nde 

Bowls. i2 Figs.) June 10, 1910.—This invention consists in 
heating a hollow calender bow! having open ends by forcing air and 
gas into a burner tube within the bowl, the mixture escaping 
from small perforations in the tube and being burnt. The foul 
are withdrawn from the central a of the bowl. The 
fowl a is open at both ends, and extending through it is a burner 





0) ITY 


tube } closed at both ends. Passing through one end of the tube 
b is a nozzle c, through which air is fereeds, gas being otis 
through the side inlet d in rear of the mouth of the nozzle ¢. ; e 
mixed air and gas is forced through perforations in the tube ) to 
be burnt, and so heat the bowl a. The foul gases are drawn —_= 
the bowl a through pipes J, 9, h, which extend beneath the = 
b, and a hollow collar « connected with suction mechanism, The 

ipes f,g,h are of different lengths, and have fluted mouths. 
(Sealed August 17, 1911.) 








THERMAL ComPENSATION.—The combination of metals 
which W. Grix recommends in the Physikalische Zeit- 
schrift, 1911, 72, for component thermal expansion 
and for mead large movements by changes in . 
perature, consists of two strips soldered together, the 
one of brass, the other of a special steel containing 36 per 
cent. of nickel. He has studied such bars at tempera- 
tures up to 300 deg. Cent, 


reserve extreme rigidity of the bar and - 
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FEED-WATER HEATING AND SUPER- 
HEATING ON LOCOMOTIVES.—No. ITI. 


Tue UritisaTion OF SUPERHEATED STE.M. 


In our last article on superheating on locomo- 
tives* attention was paid to the relative efficiency 
of various systems of generating superheated steam. 
The subject will now be pursued, as far as circum- 
stances allow, to the.use of superheated steam in 
the engine, or, in other words, to a consideration of 
the efficiency of utilisation of superheated steam. 
This part of the subject is unfortunately inextricably 
involved with many matters on which, even at the 
present day, comparatively little ofa definite nature 
is known. Despite the prominence given to these 
points in much recent research, several theories, 
advanced as explanatory, have failed to carry con- 
viction to many minds, neither have investigations 
as yet been advanced far enough to permit of any- 
thing in the way of a reduction of established data 
to general terms of fairly wide application. 

Though the nature of many of the influences 
affecting the efficient utilisation of steam in the 
cylinders of a steam- engine is still indeter- 
minate, the absolute necessity, in the meantime, 
of some working basis, for purposes of comparison, 
has promoted the general adoption of a style of 
statement in connection with engine-testing which 
implies definite knowledge, where actually the 
conclusions are largely hypothetical in character. 
Without further enlightenment on, and order in, 
these matters, many assertions which purport to 
be accurate representation of fact are, in reality, 
little else than compromises covering several un- 
knowns, and they cannot be in any sense accepted 
as the last word in the interpretation of engine per- 
formance. One of the matters on which a dogmatic 
position is often taken up unconsciously, concerns 
the quality of steam in the cylinders. Since this is 
vital to the present investigation, some remarks 
on the position with regard to this point will not be 
out of place, though it is not proposed to treat at 
length matters which have been frequently dis- 
cussed in other connections without anything 
definite resulting. 

Statements of the wetness of steam in the cylin- 
ders are commonly based on the assumption that 
the balance of the measured feed, not shown to be 
present as steam by the indicator-card, is present 
in the cylinder in the form of water. In view, 
however, of the suggestive work done by Messrs. 
Callendar and Nicolson, Captain Sankey, Professor 
Capper, and others, it appears that the least that can 
be done, until some still further advance be made, 
is to refrain from adopting too strict an attitude 
in this connection, and to admit at any rate the 
possibility that this difference may not be conclu- 
sively indicative of cylinder conditions. 

In attempts made to discover reasons for the 
discrepancy between the measured and indicated 
steam, leakage has often been advanced as one of 
the principal factors. A good deal of experimental 
work, corroborative to some extent of this conten- 
tion, has been carried out. Leakage with ordinary 
slide-valves may be considerable, and such leakage 
may occur in several ways, all of which affect the 
investigation to a greater or less degree. It is 
supposed that in amount it bears some relation to 
the pressure difference on the two sides of the 
valve, &c. It might thus occur in considerable quan- 
tities from the cylinder to the exhaust, for instance, 
during the high-pressure period at the beginning 
of the stroke, or from the steam-chest into the cylin- 
der towards the close of the expansion, on till 
the earlier stages of compression. Steam may also 
leak from the high-pressure side of the piston to 
the low, or direct from the steam-chest to the 
exhaust Not enough on any one of these possi- 
bilities is known to furnish sufficient data on which 
to base a practically applicable theory, though, if 
existent, they cannot but have a bearing on deduc- 
Sons drawn in the ordinary way from indicator- 
cards, 

_For instance, it will be obvious that leakage 
directly through to the exhaust would vitiate an 
estimate of dryness, based on the assumption that 
all the an Caw was present as water in 
the cylinder. To make suitable allowance for this 
particular factor is, however, well nigh impossible. 
Some recommend that it should be taken care of 
by means of a percentage deduction, but this is 
obviously an approximation ; and as opinions vary 
both as to its amount and the influence on it of 


speed, allowance, by way of deduction from the 
measured feed per stroke, can only be regarded as 
a very rough working hypothesis. The theory was 
first based on experiments in which the leakage, 
found ing direct to the exhaust, was so con- 
siderable as to result in the conclusion that it could 
only occur in the form of water, to whichsteam may be 
reduced at the valve-face owing to the cooling action 
of the exhaust on the surfaces. On well-known 
phenomena it was computed that so large an amount 
could not have passed had the form of steam been 
retained. If such leakage, therefore, constitutes 
as important a factor as was then, and is still, con- 
tended by many, the situation would clearly be 
improved by hindering the condensation of the 
steam. Superheating would manifestly be of ser- 
vice in such a connection, for it enables a reserve of 
heat to be abstracted from the steam before the 
dew point is reached. The maximum preventive 
effect, so far as this factor is concerned, would be 
secured if superheat were retained down to the 
exhaust, for then the water formed would be the 
minimum possible without having resort to special 
types of engines. To what extent any intermediate 
degree of superheat would affect a reduction of 
leakage to the exhaust it is impossible to say, but 
it is quite conceivable that, quite apart from cylin- 
der action, an amount sufficiently high to maintain 
favourable conditions in the steam-chest, by impart- 
ing reserve heat to the valve and valve-faces, might 
prove beneficial. Messrs. Callendar and Nicolson’s 
experiments = to support this view, and com- 
paratively low degrees of superheat may therefore 
prove advantageous in this manner. The theory 
which holds that the reserve heat in superheated 
steam goes to improve conditions inside the cylin- 
der is not necessarily antagonistic to this. It 
follows, as a matter of course, that if superheated 
steam improves cylinder conditions, it must have 
previously had some beneficial effect on those 
obtaining at the steam-chest, if the latter were 
susceptible of improvement. 

According to the leakage theory, conditions in a 
saturated-steam engine cylinder may thus be actually 
better than is often supposed, while also in an engine 
using steam moderately superheated a greater pro- 
portion of the measured feed may be put to useful 
work, although the conditions within the cylinder 
may not be very much improved. There are therefore 
two possibilities in connection with the reduction 
of the missing quantity noticeable when superheated 
steam is employed. It may be reduced because 
there is less valve leakage, though this may be un- 
accompanied by improved cylinder conditions : or 
it may be lowered, if the leakage be negligible, as 
the result only of improvement within the cylinder 
itself. It will be realised from the foregoing how 
important is this question of leakage, with regard 
to any conclusion, drawn from feed measurements, 
as to the dryness of steam at any point of the 
stroke. Any research which would throw further 
light on this matter would not be without value. 
The other forms of leakage, if they occur to any 
serious extent, also affect the interpretation of 
cylinder performance. Indications of leakage into 
the cylinder during compression are not unknown, 
and it is quite possible that the expansion line may 
actually record leakage out of and into the cylinder. 
Steam leaking in would perform a certain amount 
of work, but this manner of introduction would 
be, of course, most inefficient. When, however, 
it is remembered that the compression curve is 
the starting line for all calculations concerning the 
indicated steam, the importance of definite know- 
ledge as to what that line really represents is mani- 
fest. Ifa base point be taken on the curve at 
some place after leakage has occurred, calculation 
therefrom as to the indicated steam in the cylinder 
is misleading, the dryness fraction falsified, and a 
smaller amount of steam given as used per stroke, 
than is actually the case. The selection of this 
starting point affects all comparisons. 

The usual practice is to determine and record 
the percentage of mixture present as steam in the 
cylinder at cut-off and release, by calculating from 
the card the indicated steam at these points, re- 
ferring this to the amount shown as present at com- 
pression, and comparing the balance between these 
with the tank-measured feed, without allowance 
for leakage of any kind. The reports on the 
Purdue locomotive tests, to which reference has 
several times been made in previous articles, are 
drawn up in this manner, which, though probably 


superheating to be material, constitutes, in de- 
fault of more concise knowledge on the many 
ints involved, practically the only workin 
ypothesis by which comparisons are rende 
possible. The influence of these unknown vari- 
ables remains as yet obscure, and until research 
shall have thrown greater light on them, it is 
clearly taxing credulity to assert dogmatically, as is 
sometimes done, that a certain number of degrees 
are necessary to ensure dryness at cut-off, or that 
so many de would result in such and such 
a reduction in cylinder condensation. The subject 
is yet in so vague a state that little is possible 
beyond over-all comparisons, though conjecture 
may attempt to allocate the improvement to various 
causes, according to the experience or belief of 
one analyst or another. It appears, indeed, that 
little definite knowledge of conditions within 
the cylinders, and especially of the effect there 
of superheated steam, will be possible until 
tests, including temperature measurements inside 
the cylinder, and covering a wide range of cut-offs 
and degrees of superheat, shall have been made. 
Something in this direction was done by Messrs. 
Callendar and Nicolson, and with modern facilities 
further work should not be very difficult. Such 
investigations would go some way towards showing 
how far the calculated and actual dryness agree, 
and it would contribute something to the solution 
as to how far reduced consumption in superheater 
engines is due to improved valve, or to better 
cylinder, conditions. 

The temperature-entropy diagram affords the best 
means available of analysing the relative perform- 
ance of saturated and superheated steam in the 
cylinders. Since the conversion from pressure- 
volume to temperature-entropy diagrams is depen- 
dent upon the correctness of the dryness fraction, 
it will be evident, in the light of the foregoing 
remarks, that the results arrived at will be of 
greater comparative, than of absolute, value. 

Theoretical entropy cards are of little practical 
interest. They are, however, given in Fig. 4 for 
three different cases. The cases there taken are 

220°Fahr +g 
Super heat 






Scaleslemperatare 40°F -3" 
Entropy 1° 1-5° 
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supposed to be those of an engine having a non- 
conducting cylinder and no clearance. The lines 
abe give the expansion and release lines of a 
saturated-steam engine, supplied with steam con- 
taining 4.5 per cent. moisture. The lines de f 
show the case for a similar engine supplied, how- 
ever, with steam superheated to 80 ; ro Fahr., 
and ghk for an engine using steam of 220 deg. 
Fahr. superheat. Cut-off in the saturated-steam 
case has been taken as just under 25 per cent., 
expansion continuing down to about 361b. from 
175lb. absolute. If the release pressure be kept 
the same in all cases, the expansion in the super- 
heated-steam engines will be slightly less, and the 
cut-off later. Back pressure has been taken in all 
cases as 20 lb. absolute. Area, it will be seen, is 
added to the diagram by the use of superheated 
steam, both along the adiabatics and along the 





unacceptable to those who believe leakage to be 





* See page 275 ante. 


considerable, and the possible influence on it of 





release line. 
The Carnegie Institute reports of Dr, Goss, 
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which are the only complete reports available 
regarding the use of superheated steam in railway 
service, render possible, in a limited degree, the 
comparison of temperature-entropy diagrams for 
locomotives working under various conditions. 
Having been drawn up on work done on the well- 
equipped plant at Purdue, the measurements re- 
corded in these reports include all those usual in 
stationary tests, and they have, of course, been 
made with a similar degree of accuracy. The only 
matter of regret is that though the work has since 
been continued to include both higher and lower 
degrees of superheat, correspondingly full reports 
have not as yet been issued for these later investiga- 
tions. It is certainly to be hoped that the 
generosity of the Carnegie or some other Institute 
may before long enable this to be done. 

As typical of general service four sets of cards 
have been selected from these reports, and the equi- 
valent 6 ¢@ diagrams are reproduced in Figs. 5 and 
6 herewith. The diagrams in Fig. 5 represent four 
tests at the same speed and 160 lb. working pres- 
sure, two being made at early and two at a later 
cut-off, one of each for saturated-steam working, 
and one of each for superheated-steam conditions. 
The comparable diagrams are drawn in thick full 
and dotted lines (for early cut-off), and thin full 
and dotted lines (for late cut-off). In Fig. 6 four 
diagrams are shown representing tests at the same 
cut-off, but at different speeds. The thick and 
thin full lines here represent respectively tests 
under saturated and superheated-steam conditions 
at a speed of 50 miles per hour, and the thick and 
thin dotted lines similar tests at 20 miles per hour. 

In working out these diagrams, in order to obtain 
comparable reproductions of the mean indicator- 





of Mechanical Engineers,* a remark was made by 
one speaker implying that formerly it was con- 
sidered sufficiently satisfactory if the steam were 
kept dry up to cut-off, whereas now it was realised 
that it should be kept dry throughout the stroke. 
This is rather too wide a generalisation to be strictly 
accurate. It may be supposed, in the absence of 
further explanation, that this reference to former 

ractice me Oe to degrees of superheat not exceed- 
ing the 100 deg. to 150 deg. Fahr. customary in 





land and early locomotive work, while evidently 
the present-day practice then referred to was the use 


The table shows both the effect of later cut-off 
and additional consequent superheat, on the dryness 
fraction at cut-off calculated in the ordinary way. If, 
to obtain a rough approximation covering normal 
conditions of working, these figures be averaged, it 
will be found that anadditional percentage of dryness 
of 14.5 may be expected from 163 deg. Fahr. This, 
it may be pointed out, is, though very approximate, 
in fair agreement with the estimates often given, 
as, for instance, that in ‘‘Steam-Power Plant 
Engineering,” by Mr. G. F. Gebhardt, of the 
Armour Institute of Technology, Chicago, IIl., 


| 





D> 





| TRIALS AT EQUAL SPEED 


| Speed 30 Miles per Hour 
/As Gat-of¥ 
/BSuperheated = ~ * 
/ C Satarated Lang » 2 
ScalesTemperatare1 = 80°F. 
Entropy t 0.4. 
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cards (omitting any deduction for leakage), the 
dryness fraction has in every case been obtained 
from two definite points. One of these has been 
taken on the expansion line at a pressure midway 
between those indicated at the points of cut-off and 
release, and the other on the compression line 
midway between those shown at compression and 
admission. These are not, of course, points of what 
might be termed ‘‘ mean leakage,” but the compari- 
sons are better thus made with definite points than 
with bases arbitrarily chosen. Owing to this method 
of locating the base-points, the dryness fractions, 
&c., do not necessarily exactly tally with those given 
in Dr. Goss’s report, while the probability of the 
introduction of some degree of error in conversion 
from reproductions of, and not the original, cards, 
must also be admitted. 

In the trials represented by the diagrams in Figs. 
5 and 6, the lever was kept in exactly the same posi- 
tion for the saturated and superheated-steam tests. 
The engine tested had slide-valves, and had been 
run a good deal between the time of the saturated- 
steam trials and those with superheat, so that in 
addition to lag, caused by the greater friction of the 
valve under the latter conditions, there was by that 
time also a certain amount »f backlash in the gear. 
While, therefore, the cut-offs are approximately 
similar, the other valve events do not exactly 
coincide. 

It will be noted from these diagrams that, except 
in one instance and to a minor extent in another, 
by far the greater part of the condensation 
occurred before the cut-off, after which re-evapora- 
tion commenced and continued to the end of the 
working stroke. The superheat was not sufficient 


in any case to result in dry steam at cut-off. At 
the discussion on Mr. Hughes’s paper on ‘‘Com- 
pounding and Superheating” at the Institution 
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of about 270 deg. Fahr. superheat. The superheat 
in Dr. Goss’s Purdue tests ranged from about 
123 deg. Fahr. at cut-offs of 15 per cent. to 180 deg. 
for longer admissions. In one case superheat of 
214 deg. Fahr. was attained, and in two others 
about 190 deg. Fahr. Without leakage deductions, 
of all these tests, covering all average conditions, 
only two showed the steam to be dry at cut-off. 
The two exceptions were cases of rather long 
cut-off, so that it may be taken that with normal 
cut-off and piston speeds nothing in the neighbour- 
hood of 100 deg. to 150 deg. Fahr. gives, or gave 
formerly, dry steam at cut-off. The figures in 
Dr. Goss’s reports show that the dryness of the 
mixture at cut-off is often below 80 per cent. with 
150 deg. Fahr. superheat. In relation to this point 
it must always be remembered that in locomotive 
work, unlike land practice, later cut-off is attended 
by a higher degree of superheat, so that there are 
thus two inter-dependent variables to be reckoned 
with. Table I. herewith gives two sets of figures 
taken from these reports, showing the additional 
per cent. dryness with superheating :— 


TaBLE I.—Additional Per Cent. in Dryness at Cut-Off 
with Supcrheating. 





Speed, 30 Miles per Hour. Speed, 40 Miles per Hour. 





Position of — a 
Reverse 
Additional per Additional per 
oor. —_ Cent. Dryness — Cent. Dryness 
"| at Cut-Off. . at Cut-Off. 
deg. Fahr. deg. Fahr. 
4th notch .. 141.9 10.66 154.0 13.13 
6t 9 162.9 11.21 164.9 15.39 
8th ,, 172.9 15.55 | 10.1 | 21.05 





* See ENGINEERING, vol. Ixxxix., pages 357, 367, 396, 
and 431, 











where (paragraph 102) it is stated that a reduction 
of 1 per cent. in cylinder condensation will 
result approximately from every 7.5 deg. to 10 deg. 
of superheat. The average dryness in the case 
of the cut-off in the saturated steam tests, here 
taken for a base, was 73.43 per cent., and the corre- 
sponding quality, therefore, in an engine using 1633 
deg. Fahr. superheat, would be 87.9 per cent. If 
the improvement be, as often contended, propor- 
tional to the superheat, a temperature in the 
neighbourhood of 300 deg. Fahr. would therefore 
appear to be indicated as necessary to ensure dry- 
ness at cut-off under ordinary conditions of service. 

This, however, is not the whole matter. In 
Fig. 7 the dryness fractions at cut-off given by the 
mean for the Purdue tests have been plotted for 
various positions of the reverse lever. The lines 
are drawn in to agree as well as possible with the 

ints, though since in some cases only one test 
is available, there are necessarily figures which 
do not fall into agreement with the generality. 
The heavy full and dotted lines show the dryness 
at cut-off for the saturated-steam tests at different 
speeds, and the light lines the dryness for the 
superheated steam tests. From these it is evident 
that while, in the case of saturated steam, 8 ed 
has a considerable influence on the dryness at short 
cut-offs, at late cut-offs, although the dryness is 
in all cases improved, the relative improvement at 
high and low speeds is very much reduced. On the 
other hand, the improvement is considerably greater 
throughout at all speeds when using superheat, 
because, though at late cut-offs the heat absorbed by 
the cylinder-walls is greater, this is made up for by 
the higher degree of superheat then furnished. 
The improvement therefore in dryness at cut-off of 
the superheat engine over that employing saturated 





steam is greatest for any one speed at the latest 
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cut-off, or at any one-cut-off at the greatest speed. 
Both these reflection will show to be natural con 
sequents, and the former accounts, to some extent, 
for the results reported regarding goods engines 
using moderate superheat, a though the conditions 
of that class of traffic are unfavourable to super- 
heating. 

Before leaving this point return must be made 
again to the statement to which reference has been 
made above. That remark implies, and, indeed, it 
is often stated, that much greater degree of super- 
heat is necessary to maintain steam dry throughout 
the stroke, than to the point of cut-off. In the 
case of the saturated-steam tests at Purdue no 
single test showed the steam to be wetter at release 
thanat cut-off, though the difference between the 
percentages fell as the cut-off was increased. In 
the superheated-steam tests, however, the difference 
dropped more rapidly, with the result that after a 
certain point with the later cut-offs, the steam was 
wetter at release than at cut-off. As the dryness 
lines have not been worked out, it is impossible to 
say what occurs between the two points, but the 


shown immediately that, though this figure is large, | engine, and with this starting-point the two lines in 
it is more than substantiated by the results of the | Fig. 9 have been drawn to comply with the steam 


whole series of tests. 


savings found above. Line No. 1 shows the reduc- 


If it may be taken that every 8.68 deg. Fahr. tion of steam consumption with superheat based on 
superheat result in 1 per cent. improvement, the 6 diagrams of Figs. 5 and 6; line No. 2 
ro 


with 220 deg. superheat 25.34 per cent. more consumptions based on 


B.Th.U. will be utilised per pound of steam, 
and 9.22 per cent. more in the case of steam super- 
heated to 80 deg. Fahr. An increase of 25.34 
per cent. in the B.Th.U. utilised means that for 


100 - 
an equal number used only 135.37° or 79.78 per 
cent. of the amount of steam consumed in the 
saturated-steam engine will be needed when using 
steam superheated to 220deg. Fahr. There is thus 
a steam economy of 20.22 percent. For 80 deg. 
superheat the steam saving is one of 8.44 per cent. 
omens with the saturated-steam engine, 

Although these figures are worked out in a way 
that may seem to be not entirely free from error, 
owing to the small number of. tests on which the 
argument is based, these savings are supported, as 
implied above, by the whole of the series of the 





entropy diagrams reproduced in Figs. 5 and 6 
suggest that, for the most part, except in the case 
of the superheat trial at long cut-off, or apart, 
perhaps, from a very short space of time immediately 
after cut-off, re-evaporation proceeded through- 
out the stroke in the trials thus represented. 
The explanation presumably is that in the case 


of superheated steam with early cut-off, the heat 3 
added to the cylinder walls has ample oppor- 3S 


tunity of being returned to the steam before re- 
lease, and of doing therefore useful work, while 
with the late cut-off the slight inevitable lag, 
before there is sufficient temperature difference 
to result in any appreciable return, has hardly 
been overcome by the time release occurs. The heat 
stored goes, therefore, in the latter case altogether 
towards keeping the cylinder walls up in tempera- 
ture during the exhaust. In Fig. 8 are shown average 
lines for the difference in the dryness fractions of 
steam in the cylinder at cut-off and release, accord- 
ing to the Purdue tests, at all pressures, and for 
speeds of 30and 40 miles per hour. Ordinates above 
the zero line indicate re-evaporation or increased 
dryness at release, those below increased wetness. 
No generalisation, such as that made during the 
discussion on Mr. Hughes’s paper, is therefore 
permissible, unless consideration is restricted to 





engines working normally at the later cut-offs. 


and 6, in every case the difference between the) 
expansion curves of corresponding diagrams is! 
greater than that between the complete areas, the 
difference being greater at the Melee speeds with 
short cut-offs than at low speeds or long cut-offs. , 
The complete areas indicate in each case the thermal | 
units actually utilised per pound of steam, and 
therefore show the advantage due to using super- 
heated steam. Table IT. givesthe B.Th.U. equiva- 
lent of the areas of these figures, as measured by the 
planimeter, with the degrees of superheat, and the 
improvement worked out in each case as a percentage 
of the heat utilised in the saturated steam-engine, 
working with steam at a boiler pressure of 160 Ib. 


TaBLE Il.—Improvement with Superheatal Steam, 
expressed in British Thermal Units. 


British Thermal Units | 
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5 3 is % Saturated Superheated) 2 oe 8 
a 2 ‘Bs Steam- | Steam 523 5 — 
a nm |G” Engine. | Engine. gps ¢§ ° 
miles | p.c. 
p. hr. | 
Fig. 5. 30 8 81.1 | 99.3 | 182 | 22.45 178 
Fig-5..' 80 | @| 687 | 77.3 8.6 12,64 142 
Fig.6..| 20 | @| 682 | g21 14 | 20,56 133.5 
Fig ¢ 50 4 63 71.6 8.6 18.68 152.5 





The steam supplied to the engine in the saturated- 
steam tests here compared with the superheated- 
steam tests averaged, in quality, 99.25 per cent., 
and the — will mae great, therefore, if the 
improvement is com with the degree of super- 
heat instead of with the thermal units added. The 
average Improvement is found to be one of 17.31 
per cent. for 150.25 deg. Fahr. superheat, or 1 per 
cent. improvement for every 8.68 sa Fahr. super- 
heat. is is on a scale rather higher than that 





accepted as usual ia either turbine or steam-engine 
Se tteaprconey 1 per cent. for every 10 to 20 deg. 


| 


In the entropy diagrams reproduced in Figs. 5| 





It will be 


ing more commonly taken as typical. 





Purdue tests, covering a large range of conditions. 
These tests have been interpreted by Professors 
Benjamin and Endsley as supporting the conclu- 
sion that the improvement in steam consumption 


Fig.8. 
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resulting from the use of superheat follows a 
straight-line law. In their report of 1911, an 
average line is given which is said to be in agree- 
ment with the steam consumptions as measured 
in these tests, though the points cannot be said to 
comply exactly with it, and would equally well suit 
a curve showing steam consumption to decrease at a 
rate slightly greater than the superheat. This line, 
for 160 lb. working pressure, shows a consumption 
per indicated horse-power of 26.75 lb. for saturated 
steam, 24.5 lb. with steam at 80 deg. Fahr. superheat, 
and 20.5 lb. with 220 deg. Fahr. superheat. With the 
lower superheat a saving of 8.41 per cent. would 
result, and with the higher one of 23.3 per cent. 
These results are conclusions derived from so large 
a number of tests that they are, of course, if 
anything, more reliable than those based alone on 
the @q@ diagrams in Figs. 5 and 6, and should, if 
anything, be used in preference thereto. 

The efficiency of the engine part of a locomotive 
is measured by the proportion the heat equivalent 
of a horse-power developed at the draw-bar bears 
to the heat in the steam used per draw-bar horse- 
power hour. It will be found in the first Carnegie 
report drawn up by Dr. Goss that the mean steam 
consumption for a number of tests at 160 lb. steam 
pressure works out, with saturated steam, at about 
32.22 lb. per draw-bar horse-power hour. For tests 
at 180 lb. the mean value was 31.67 lb. A few of 
the St. Louis tests give, for simple 2-8-0-type loco- 
motives, mean values of 28.5 ib. and 32.5 lb. for 
different engines, but the majority of these tests 
afford no assistance in this matter, since they were 
made on compounds. For the present purpose it 
will suffice to take a figure of, say, 32 lb. steam per 
draw-bar horse-power hour for the saturated-steam 





fessors Benjamin and 
Endsley’s average line. Since all conditions, except 
superheat, are considered identical in all cases, the 
latter has been calculated on the assumption that 
the ratio of draw-bar horse-power to indicated 
horse-power is the same in all cases. The use of 
the higher degrees of superheat would probably 
actually make a small difference. 

With feed at 60 deg. Fahr. and 160 lb. working 
pressure, the engine efficiency is expressed by 

2546.61 + [number of pounds of steam per draw-bar 

horse-power hour x (h — 28.08)], 

h being the total heat of the steam in B.Th.U. 
With this formula, and 32 lb. per draw-bar horse- 
power hour as the consumption of the saturated- 
steam engine as a base to work from, the following 
table, giving steam consumptions and engine effi- 
ciencies for different cases, has been arrived at :— 


TasielII.—Calculated Engine Consumption and Effieiency 
with Different Degrees of Superheat. 





ee 
\80 deg. Fahr.| 220 deg. Fahr. 
|Satu.| Superheat. | Superheat. 

irated. | steve 
bs Px popes t 


| 


Condition of Steam. 





Consumption per draw-bar 
horse-power hour Ib.| 82 

Saving on saturated-steam 
engine ° per cent. 0 

Efficiency per cent. -» | 6.81 











| 29.3 |29.3 | 25.63 


8.44) 841 | 20.22 | 23.3 
7.16) 7.15 | 7.76 | 8.07 


| 24.64 


* Based on line 1, Fig. 9, and results of @ @ diagrams, Figs. 5 

Ki Based on line 2, Fig. 9, and on average line for steam con- 

pti per indicated horse-power, Professors Benjamin and 
Endsley’s 1911 report, Am.R.R.M.M. Association Proceedings. 

The engine efficiencies, based upon line No. 2, 
Fig. 9, are plotted in Fig. 10, and give a curve 
which shows the improvement to increase at a 
greater rate than the superheat. 

To obtain the over-all efficiency of the locomotive 
the boiler and engine efficiencies must be combined. 
A difficulty now arises in that the boiler efficiencies 
worked out in the previous article were, for the 
greater part, taken for cases compared with a boiler 
producing saturated steam of 4.5 per cent. moisture, 
which we have shown may be taken as a typical 
figure. On the other hand, the foregoing argu- 
ments relative to engine efficiency have all been 
based upon comparisons with engines using dry, or 
practically dry, saturated steam. Of the effect of 
the presence of considerable quantities of moisture 
in the saturated steam supplied to an engine, there 
is very little information. It must, however, be 
considerable, though whether it is in proportion to 
the moisture present, or more or less than propor- 
tional to it, cannot be said, so that a com n 
based on B.Th.U. added to the steam, in Nistine- 
tion from degrees of superheat, cannot be vouched 
for as altogether reliable, though ap ntly logical. 
One point, however, is clear—namely, that if the 
saturated - steam engine is supplied with steam 
containing much moisture, the saving by super- 
heating is greater than above indicated, and, of 
course, the difference would be more pronounced 
in the case of low superheat than of high. The 
result will be, therefore, on the side of moderation 
if the engine efficiencies, as given by Fig. 10, be 
combined with the boiler efficiencies, as given by 
Fig. 3 of the previous article. 

This is done in Table IV. herewith for the cases 
taken, while the result is given in more complete 
form by the heavy full and dotted line A B C fh E, 
in Fig. 11. 

TaBLE I[V.—Possible Combined Boiler and Engine 

Efficiencies at Different Degrees of Superheat. 








Condition of . 80deg. F. 220 deg. F. 
Steam. Saturated. Superheat. Superheat. 
. per cent. percent. per cent. 
Boiler efficiency - 65 69.92 66.3 
Engine efficiency .. i 6.81 7.15 8.07 
Over - all locomotive effi- 
ciency a - - 448 5.00 6.35 
Improvement over satu- 
rated-steam engine 12.94 20.79 





If the engine efficiencies for the lower degrees of 
superheat be combined with the possible efficiencies 
of generation, as denoted, by the prolongation 
towards 0 deg. Fahr. superheat of the line C D, 





Fig. 3, the light dotted-line curve F D, shown in 
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Fig. 11, is obtained. If the argument is in the main 
correct, the line A B C D E, in Fig. 11, shows the 
improvement that may be expected from super- 
heating according to such theoretical indications as 
are available. It is clear that in the early stages 
the advantage is with the smoke-box superheater, 
and would continue so were it possible with this 
system to reach the higher degrees. With the lower 
degrees good boiler efficiency is obtained at the 
cost of engine improvement; with the higher, 
engine improvement of a much greater extent is 
secured, but only with a lower boiler efficiency. If 
the degree of superheat is carried far enough, the 
preponderance of the improvement in the engine 
more than makes up for the loss in the boiler, and 
with high superheat the economy resulting is 
much greater than is possible by any system pro- 
ducing only moderate temperatures, used alone. 

At the lower temperatures it is evident that there 
is no question as to which of the two systems then 
available should prove the more efficient. The 
smoke-tube system does not compare at all favour- 
ably in these ranges with the waste-gas heater. It 
is equally certain also, both from the foregoing 
argument and from the official interpretation placed 
upon the Purdue tests, that the lower superheats 
secured with smoke-tube heaters are far less condu- 
cive to saving than the high, and of these two the 
former will, therefore, be dismissed from further 
consideration. 

The improvement in efficiency denoted by the 
curve ABCD E is not actually on a scale equal 
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to that realisable in practice. It will be remem- 
bered that the above results have been arrived at 
by a combination (admittedly not wholly satisfac- 
tory) of data relating to comparison based on 
saturated steam of 4.5 per cent. wetness, so far as 
the boiler is concerned, and practically dry steam 
for the engine portion of the locomotive. Atten- 
tion has already been drawn to the fact that if 
the comparison were completely ible on the 
former basis, superheating would show up to 
greater advantage. Again, reduction in the rate 
of coal consumption is accompanied by improved 
boiler efficiency. This is reflected in the fact that 
in the case of the superheater engines there is some 
evidence to the effect that the quantity of unburnt 
coal drawn through into the smoke-box, and pro- 
bably the spark losses also, are considerably less than 
in ordinary engines, due to the easier work on the 
boiler at equal loads, Whether this is indisputably so 
in both systems cannot, unfortunately, be definitely 
asserted, though there are ample facts on record 
that in many cases the amount retained in the 
smoke-box is less. In view of the uncertainty of 
the value of this item, it has been thought well 
not to attempt to introduce it into the consideration 
of the subject at this stage. It suftices that it has 
been shown that both moderate superheating, 
properly applied, and high degree superheating may 
reasonably be expected to result in improvement 
equal to, or greater than, those denoted by the curve 
ABCDE in Fig. 11. 

In our next article the effect of combining super- 
heating with feed-water heating will be considered, 
with special reference to work carried out in this 
direction by Mr. F. H. Trevithick, Chief Mechanical 
Engineer of the Egyptian State Railways. 





THE BRITISH ASSOCIATION. 
(Continued from page 317.) 
SECTION 6.—ENGINEERING. 

Tue meeting on Tuesday, the 5th inst., was 
devoted to a discussion of the relative advantages 
of superheated-steam engines and of internal-com- 
bustion engines. 

Over-TyPe SUPERHEATED-STEAM ENGINES. 

The first paper, by Mr. W. J. Marshall, described 
the semi-stationary superheated-steam engine as 
built by Messrs. Garrett and Sons, of Leiston. This 
paper we print on page 364. The engine, Mr. Marshall 





stated, was mounted on the top of the boiler, thus 
avoiding steam-pipe losses. It was a side-by-sidecom- 
pound engine having pistun-valves, the steam being 
admitted at the centre of the valves and exhausted at 
the ends. The boiler was designed to admit of very 
easy access for cleaning purposes. By unmaking two 
joints the whole of the furnace and tubes could be 
removed bodily for cleaning. The superheater itself 
was, moreover, located in such a position that it 
did not in any way prevent access to the tubes from 
the smoke-box. In trials by Captain Sankey with 
a ~— of but 58 horse-power the coal used was 
1.21 lb. per brake horse-power per hour, and, taking 
into account the fact that ordinary steam-coal was 
used, the author claimed that the actual fuel cost 
of such a plant was no greater than that of a 
suction-gas engine using anthracite peas, which 
was the usual fuel. Whilst practically equal in fuel 
economy, the type of engine he described was, he 
claimed, superior in the matter of reliability and 
maintenance charges to internal-combustion engines. 
In fact, in certain cases he had replaced existing 
suction-gas plants with these over-type engines, to 
the great satisfaction of his customers. 


Suctron-Gas Pants. 


Mr. W. A. Tookey next read his paper entitled 
‘*Suction-Gas Engines and Producers.” This was 
essentially a comparison of the test performances 
of such engines with the results obtained in daily 
operations. We shall print an abstract of the paper 
in a future issue. It contained numerous tables of 
working costs. The author stated that it was quite 
common to estimate the fuel consumption of suction- 
gas plants as 1 lb. of anthracite per brake horse- 
power, but he brought forward figures to show that 
this greatly over-estimated the consumption in actual 
practice. Even a small plant of 10 horse-power 
took less than 0.9 lb., whilst with plants of 120 
brake horse-power the consumption was only about 
0.61b. of fuel per horse-power hour developed. More- 
over, over a wide range on either side of the most 
economical rate of working, there was little varia- 
tion in the fuel consumption per effective horse- 
—— The cost of plants of all sizes was, he 
ound, well represented by a straight-line law. 
A plant of 20 Soaiee horse-power cost about 210/., 
complete with producer pipes and accessories, 
whilst a complete plant of 160 horse-power cost 
about 11201. A remarkable feature of the figures 
he had collected was, he stated, the way in which 
the original efticiency was maintained in service. 
Again, with the smaller plants the services of an 
attendant were necessary during part time only, 
thus substantially reducing the wages bill. For the 
reasons given he concluded that in the future the 
demand for suction-gas plants would steadily 
increase. 

Tue Dreset O1n-ENGINE. 


Mr. Charles Day next read a paper on the Diesel 
oil-engine, which will be found on page 369. In 
this he had analysed the actual working costs of 
electric lighting stations of 1000 horse-power and 
under, driven by steam, suction gas, and Diesel 
engines respectively. His tabulated results were 
as follow :— 


Average Cost in Pence per B.T.U. Sold. 
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Gas ..  .. ~—«., 0.43 | 009 | 0.24) 0.24 | 1.04] 15.3 
Diesel... Re 0.23 | 0.64 | 0.07) 0.07 | 0.68 | 148 





He further gave a table showing how remarkably 
steam costs diminished as the size of the station 
went up, but until the station capacity approached 
50,000 kw. the total works cost per unit was 
still greater, he stated, than that given above 
for the Diesel engine. One advantage of the 
Diesel engine, he went on, was that its efficiency 
was maintained over a very wide range of power. 
Thus at full load the consumption was 0.44 Ib. 
of oil per brake me ae % at three-quarter 
load, 0.45 Ib.; at half load, 0.47 lb.; and at quarter 
load, 0.62 lb. per brake horse-power per hour. 
These figures, he stated, represented every-day 
results with engines of quite moderate size. As 
regards the question of reliability, he stated that 
four years ago a Mirrlees-Diesel engine was put 
down at the Birkdale Electricity Works. This fad 











run on the average 234 hours a day for seven days 
a week. 

The discussion on the three papers was opened 
by Captain Sankey, who asked what was the rated 
load of the various engines. In the case of gas- 
engines, perhaps, Mr. Tookey would say whether 
the horse-power stated was the maximum the engine 
could carry for a period of 15 minutes, or whether 
it was the output corresponding to maximum 
economy. Steam-engines would carry 25 to 30 per 
cent. more than their rated capacity for a consider- 
able time, and unless gas-engines would do the same, 
customers were not buying the same thing as when 
purchasing steam-engines. This question of what 
was the rated load was of the greatest importance 
from the economical standpoint. as would be evident 
if one cons‘dered the characteristic total consump- 
tion curves of the different engines. Thus, with a 
condensing steam-engine rated at, say, 100 brake 
horse-power, if the total fuel consumption at this 
output was represented (see Fig. 15) by the line A B, 
then making O C equal to 4 A B, the line C A would 
represent pretty accurately the consumption at all 
other loads. If the engine could carry a 25 per 
cent. overload, as was usual, the consumption 
per brake horse-power per hour would be less than 
at the rated load. Next, he would take the case of a 
gas-engine rated at 100 brake horse-power. Then 
at this load the consumption would be represented 
by, say, the line D B, and from many trials he had 
found that if O E were made equal to } BD, the 
line E D would represent in this case the total fuel 
consumption. This line was nearly, but not quite, 


Fig.15. 
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straight, and it would be seen it crossed the steam 
line, showing the gas-engine to be less economical 
at low loads. If, however, the rated output of the 
gas-engine was the maximum it could give, and if, 
as was usual, times arose when the output needed 
was 25 per cent. more than usual, it would be 
necessary to put in a 125-horse-power gas-engine as 
the equivalent of a 100-horse-power steam-engine, 
and then the relative performance of this engine 
would be represented by the dotted line, which 
showed that the steam-engine became superior 
at a higher output than before. With the Diesel 
engine the total fuel-consumption line would be 
somewhat as shown by the line K P, the character 
of the curve being similar to that of the condensing 
steam-engine. The non-condensing steam-engine, 
he might add, gave a worse result, and the suction 
plant worst of all. The Standards Committee had 
discussed the proposal to rate gas-engines at 0.85 
of their maximum possible output, but this pro- 
posal had not been definitely adopted. He wished 
therefore to know how gas-engines were actually 
rated nowadays. 

Mr. Powell, called on by the Chairman, said it 
was seventeen years since he had had much to do 
with gas-engines, but at that time he was respon- 
sible for the largest built. Mr. Marshall had 
suggested that exhaust-valves gave trouble, but 
this was not his experience if their seats were 
properly water-cooled. In the engines referred to, 
the exhaust-valves could not be reached without 
removing the piston, yet they were so thoroughly 
jacketed that he had never known an instance 
of their causing trouble. 

Professor Dalby, who followed, said he thought 
that the present was a very interesting period in 
the development of prime movers. We had in 
competition the steam-engine, the steam-turbine, 
the large gas-engine, the Diesel engine, and the 
suction plant. For small installations the only 
hope of the steam-engine lay in superheat, and 
he asked Mr. Marshall what degree of this was used 
in the engines described in his paper. Was the 
steam still superheated on exhaust, or was the 
superheat lost at the cut-off in the high-pressure 
chutes? He should also like to know whether 
the superheater could be cut out in case of failure, 
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and the engine run with saturated steam without 
having to stop it to make the change. He could 
say that the application of superheat to locomotives 
had resulted in economies far in excess of what 
was thermodynamically due. This was, he thought, 
to be attributed to the circumstance that super- 
heated steam was a very bad conductor of heat, 
whilst wet steam was a good one. 

Mr. W. Y. Lewis said that he thought it would 
be found that the type of — advocated by Mr. 
Day would generally carry off the victory. There 
were, however, conditions—viz., where steam was 
required for heating purposes—which would put 
either the Diesel or the gas-engine out of business. 
In such cases the type of steam-engine advocated 
by Mr. Marshall was indicated. In conjunction 
with Captain Sankey he had induced makers of this 
engine to challenge gas-engine builders to show 
equal economy in actual working, but this challenge 
had been ignored. 

Mr. Kilburn Scott said that one advantage of the 
steam-engine lay in the fact that steam was always 
steam, whilst gas might be anything whatever, de- 
pendent on the fuel. Moreover, a steam leakage 
was easily seen, and the escape did no damage. A 
gas leakage was not easily detected and might cause 
loss of life. He knew of one case in which a man 
was merely ‘‘ gassed,” but not killed, but this led, 
nevertheless, to the throwing out of a large gas- 
plant and its replacement by steam, as the pro- 
prietors did net care to risk it any longer. e 
Diesel engine was free from this objection, but its 
manufacture being in few hands, it cost more than 
it should. It took up less space, and required less 
in the way of foundations than its rivals, and he 
should therefore plump for the Diesel engine where 
the conditions were suited to it. At Chichester 
there was a little electric station run with Diesel 
engines. These had given no trouble during the 
twelve months they had been installed ; and, in 
fact, the attendant complained that he had 
nothing todo. He thought a visit to Chelsea or 
Chicago also gave promise of the applicability of 
the Diesel engine to large power-plants. It was 
true that turbines could be built in 20,000-kw. 
units, and occupied little space, but the boiler 
plant was enormous. Boilers could not be made big 
enough. Further, turbine stations needed ample 
supplies of water, and hence it was necessary, at 
times, to erect them on expensive sites, whereas 
gas-engines could be put anywhere. He had 
himself a prejudice against superheaters. A pupil 
of his had gone to a central station at Sydney, and 
the stoker ruined a separately-fired superheater, 
for which his assistant received the blame. He 
was all against any further extension of steam 
stations, since he wanted various electro-metallur- 
gical products to be made in this country, which 
he thought would be possible only with cheap gas 
power. At the Daimler Works, he might add, it 
was found more economical to keep up the steam- 
heating over the week-end than start up all cold 
on Monday mornings. 

Mr. H. Wimperis said that they had listened to 
a very interesting triple contest, but he rather 
thought that the youthful impetuosity of the 
internal-combustion engine would conquer, in the 
end, the cunning wisdom of its older steam rival. 
He suggested that the term ‘‘ gas-engine ” should be 
dropped, since superheated steam was a gas, and, 
in one respect, the best of all gases, in that it could 
be got rid of by condensing it. The real distinction 
was between internal and external - combustion 
engines. The possibility of condensing steam 
would, he thought, lead to its ultimate triumph, 
but not as used in an external-combustion engine. 
If the development of the internal-combustion 
engine were to follow that of the old steam plant 
in utilising the toe of the diagram, it would 
be impossible to retain the use of non-conden- 
sible gases, and some cther medium must be 
used. As to the Diesel engine, he thought it gave 
“specs: of increasing present efficiencies. They 
had nearly attained the limit of what was possible 
in the constant volume cycle of the ordina 
engine, and with the Diesel system it might be 
easicr to achieve further progress. There were, 
however, difficulties. In passing through a 
bu.ider’s works he had been struck with the 
fact that the Diesel engines were almost armour- 
plated with heavy steel bolts all round the 
cyinders, which, he was assured, were necessary, 
though the reasons were not forthcoming. The 


— of the connections. Possibly it was 
ifficult to keep the valves tight with the high pres- 
sures used, and a leaky valve might thus lead to a 
pre-ignition, developing forces which necessitated 
the enormous strength of the bolts. He would be 
glad if Mr. Day could throw light on this. He had, 
he might add, a personal interest in the Diesel 
engine, as he was called on to advise between this 
type and suction plants to be used in Crown colonies 
where white labour was unavailable. Hitherto he 
had not felt justified in recommending the installa- 
tion of Diesel engines. 

Captain Sankey, speaking again, said he was 
much interested in Mr. Wimperis’s suggestion that 
superheated steam should be used as the working 
fluid in an internal-combustion engine, as he had 
before him at that very time a proposal of that 
nature. 

Mr. H. S. Russell, who spoke next, said that 
certain points in Mr. Day’s table of costs required 
further elucidation. The relatively low running 
cost of the Diesel engine in electric stations was to 
be referred to the load-factor, which did not exceed 
15 per cent. The Diesel engine had a high thermal 
efficiency and no stand-by losses. Gas-engine and 
steam-engine makers might say that the stand-by 
losses were small, but in actual work Mr. Tookey’s 
figures were not nearly approached, as was proved 
by the published costs, which would be much lower 
if these stand-by losses were smaller. In a factory 
with a good load-factor, a 500-horse-power plant, 
using Dowson pressure - producers, showed total 
costs equal to 0.7d. per unit. Owing to repair 
troubles the owners got tired, and replaced the 
whole by Diesel engines, which, on a year’s running, 
showed a total cost of 0.3d. per B.T.U. The con- 
ditions were identical, and obviously it was the 
stand-by losses which were responsible for the 
relatively high working cost of the gas-plant. A 
Diesel engine, for instance, was stopped for the 
dinner-hour, but fires were not drawn in the 
case of a producer or boiler. He might add 
that some steam for heating purposes could be 
obtained from gas-engine exhausts. The amount 
was about 1 lb. of steam at 50 1b. pressure per 
brake-horse-power hour, or, alternatively, about 
20 lb. of water could have its temperature raised 
by 50 deg. to 60 deg. The question had been raised 
as to the difference between results on test and in 
practice. On the Continent both Wolff and Diesel 
engines were used in comparable conditions. 
Inquiry showed that in actual practice the con- 
sumption of the Diesel engine was 13 per cent. 
more than the guarantees, whilst the Wolf type of 
engine took 140 per cent. more than the guaranteed 
consumption. Hence costs should be estimated 
from results obtained in actual work, and not from 
maker’s tests. Mr. Marshall had suggested that 
the Diesel engine was unreliable and cost more 
for repairs than the steam-engine. He thought 
this charge was completely answered by Mr. Day's 
figures. He knew personally of a case in which a 
Diesel engine had m running now for nearly 
five years, and he had the data as to its perform- 
ance up to December last. During that time the 
engine had averaged 23? hours a day, and often 
ran three or four weeks on end. In fact, the engines 
were only stopped for cleaning valves every third 
or fourth Sunday. Obviously there could not, 
in such a case, be room for costly repairs. On a 
battleship one engine had been run for 800 hours 
onend. The water cost, he might add, was very 
much less than with steam or An engine 
running with producer-gas took a 
| brake horse-power per hour for scrubbing, &c., and 
| the make-up to the cooling water was about 0.4 gal. 
| per brake horse-power more, or a total of 2.4 gals. 
per brake horse-power per hour. A Diesel engine 
|only required one-twelfth of this. As to wages 
‘cost, any plant of decent size required an engine- 
room staff as wellas other men at the producers 
or boilers. The latter were dispensed with when 
| Diesel engines were used, so that the total wages 
| bill was less, and not more, than in the case of its 
rivals. 
| Professor Coker said that in conversation that 
|morning Professor Perry had called his attention 
to the large negative work done on the compression 
| stroke of the Diesel engine. As a consequence, the 
_ effective horse-power was merely the difference 
| between two large quantities, and in this respect 
he thought the Diesel engine must suffer ; and it 
might be, therefore, that in actual practice the ordi- 





Pressures inside the cylinder were not extra-| nary gas-engine could beat the Diesel in efficiency. 


ordinary, and would not in themselves need the | 


A speaker, whose name did not transpire, sug- 





ut 2 gals. per | Pp 


gested that no comparison between different plants 
could be fair which omitted the question of capital 
charges. In ordinary central-station practice these 
were double the fuel charges. 

In reply, Mr. Marshall said that the rating of 
his firm’s engines was really fixed by the boiler 
capacity. A plant rated at 140 horse-power would 
develop continuously 180 horse-power if needed, 
the coal consumption being practically constant 
between the limits stated. By forcing the boiler 
200 horse-power could be developed for a period of 
six hours. The mean pressure reduced to the low- 
pressure cylinder:-was 40 ]b. to 45 lb. per sq. in. 
with the engine running at its most economical 
load. As to Mr. Day’s table, he would like to 
point out that no explanation had been given as to 
the types of steam and gas-plant installed, and this 
made the comparison absolutely valueless. Some 
of the steam-engines included would be old types, 
taking 20 lb. to 45 lb. of steam per indicated horse- 
power hour. Similarly, with respect to wages, 
none of the Diesel plants were more than five apes 
old, whilst many of the steam-engines would be so 
old as to require general overhauls, which would 
be included in the wages bill. The comparison, 
therefore, was not fair. Similarly, Mr. Tookey 
had instanced a case in which a suction-gas plant 
replaced a steam-engine with great apparent 
economy. The conditions were, however, very 
special, The gas-engine used furnace coke at 8s. 
a ton, and the steam-engine, coal at 10s. Such a 
condition was most exceptional, as most suction 
plants had to work on anthracite. Moreover, the 
steam-engine removed, it turned out, was designed 
for 80 lb. working pressure only, and was obviously 
an out-of-date engine, taking, it appeared, from 
5 lb. to 6 Ib. of fuel per brake horse-power per 
hour. On the other hand, the speaker was pre- 
pared to supply engines which would run day and 
night on a fuel consumption of 2 lb. per brake 
horse-power per hour. Such comparisons as had 
been made were unfair. Modern plants should be 
com with modern. In reply to Professor 
Dalby, he might say that their superheat was about 
150 deg., and the working pressure 170 lb. per 

. in. The temperature in the cylinder was 
between 500 deg. and 600 deg. Fahr., but even 
700 deg. Fahr. now caused no lubrication diffi- 
culties. They endeavoured to get their exhaust 
just dry, not superheated. 

Mr. Tookey, replying to the criticisms on his 
paper, said that he had spoken throughout as a 
consultant, having nothing to do with the manu- 
facture of gas or other engines. In order to make 
his comparisons fair, he had given every reference 
possible to the working conditions in each case, 
thus making evident what reservations should be 
made. In reply to Captain Sankey, he said makers 
now rated gas-engines at the maximum output 
they could maintain for 15 to 30 minutes. For his 
own part he disregarded makers’ estimates entirely, 
and rated engines by the formula, 


Rated H.-P. = Piston Coplecensen Lt ft. x R.P.M. 


where C was 4 in the case of producer-gas and 3.5 


for town-gas. 

Mr. Day, in his reply, said that Diesel engines 
could develop, in the case of e sizes, 10 per 
cent. above their nominal rating. He fully admitted 


that there were cases where steam would always 
hold its own. In a sugar factory, for instance, all 
the exhaust steam was fully utilised for boiling 
, and here nothing but a steam-engine 
could be fitted. The master patents on the Diesel 
engine had long lapsed, and makers now were 
numerous. Thirty new ones started in Germany 
last year, and on a visit to a Hungarian town on 
business, he found no less than five makers in that 
place aloné. Mr. Wimperis had asked for an expla- 
nation of the very strong bolts he had seen used. 
All he could say was that his own firm did not use 
excessively strong bolts. The bolts were designed 
by them to take the normal pressures on the engine, 
and this had been found sufficient. As for the 
native labour difficulty, the engines they had 
heard least about were those thus run. An African 
nigger, it was true, was not good as an engine atten- 
dant, but a Chinese coolie was the ve t to be 
had. He kept the engine clean and tidy, and did 
not try to improve the valve-setting as skilled 
fitters were inclined todo. In reply to Professor 
Coker, he believed that the high compression in the 





Diesel engine was theoretically right. In the Carnot 
cycle, which was the ideal, the rise of pressure on 
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compression was a maximum. Mr. Marshall had 


objected to his taking average figures of works’, 


costs, but he did not see what else could be done; 
very few old engines were included in the list, and 
as regarded the Diesel engine, the figure given 
represented also an average, and not an optimum 
result. The steam-engines, he admitted, were 
older, but not seriously so. 


MarinE O11-EnGInes. 


Mr. J. H. Rosenthal then read his paper on 
‘* Crude - Oil Marine Engines,” which we shall 
publish in a future issue. In this paper he ex- 

ressed the view that even did the present con- 
Jitions of oil supply admit of it, there was no 
present prospect of the oil-engine replacing the 
turbine for marine propulsion on large sud fast 
vessels. It would, however, replace reciprocating 
engines in many cases. For small craft, crude oil 
had the advantage of being less dangerous than 
petrol or paraffin, and, as compared with steam, 
there was a saving of space and weight. More- 
over, the radius of action was greatly increased, 
since the same weight of fuel developed much 
more power. In the case of the Toiler, built by 
Messrs. Swan, Hunter, and Wigham Richardson, 
which was of 2700 tons register, the oil used cost 
45s. per ton, yet, as compared with a similar boat, 
steam propelled, using coal at 12s. 6d. a ton, the 
money saving amounted to 3l. 18s. 8d. per day. 
The Vulcanus, a 1900-ton boat, fitted with Diesel 
engines, ran 100 sea-miles for 1 ton of crude oil, The 
author described firstthe Bolinders two-cycle engine, 
which was illustrated in our issue of ENGINEERING, 
vol. Ixxxviii., page 797, and in the remainder of his 
paper dealt with different types of marine Diesel en- 
gines. Of these he said the Niirnberg Company had 
nowin construction two engines, each to develop 2400 
horse-power. With double-acting two-cycle engines 
running at 125 revolutions per minute, and having 
three cylinders, 18.9 in. in diameter by 25.6 in. 
stroke, the output was 1000 horse-power. Single- 
acting engines of rather over 900 horse-power 
had eight cylinders. The manceuvring qualities 
of the engines were, he said, excellent. On trials 
with the Niirnberg, but 3 seconds elapsed from 
**full speed ahead” to ‘‘ full speed astern,” and 
from ‘‘ stopped” the engines could be run up to 
full speed in 2} seconds. 

The discussion was opened by Sir W. H. White, 
who said that he was inclined to agree with the 
author that the crude-oil type of marine engine 
showed the greatest possibility of success. He 
noted that 350 horse-power was the maximum out- 
put from a single cylinder recorded in the paper, 
but understood that larger sizes were being 
attempted, with great hopes of success. Those, 
however, who listened to the discussion on Mr. 
Milton’s paper at the Institution of Naval Archi- 
tects would remember that the necessity for careful 
experiment was admitted. What struck one most 
was the multiplicity of the moving parts, which 
would be a difficulty in developing large aggregates 
of power. This condition might not persist if it 
was found possible to develop more power in a 
single cylinder. At the best, however, it would be 
a far step from the biggest of the engines yet 
attempted to the supersession of the steam-turbine, 
which certain sanguine writers anticipated. 

Professor Biles said he had roughed out from 
the weights given by Mr. Rosenthal a comparison 
between the Diesel engine and steam plants. On 
oil-fired torpedo-boat destroyers the total machi- 
nery weight (including boilers) was about 37 lb. 
per shaft horse-power, and this was apparently 
about the same as the best of the results obtained 
with the Diesel engines. Again, the weight given 
by Mr. Rosenthal for a 1000-horse-power engine 
was 78 tons, or 187 lb. per horse-power. In cross- 
Channel steamers the turbines and boilers weighed 
about 180 lb. per horse-power, so that the figures 
were again closely comparable. As to what could 
be done with these weights was another matter, 
and he did not see how it would be possible to 
put Diesel engines of the necessary power on a 
destroyer. The standard type at present displaced 
700 to 800 tons, and had 12,000 to 15,000 horse- 
power installed. At 300 horse-power per cylinder 
45 would be needed to develop this power. He 
would also like to know if the Diesel engines were 
noisy. He had recently had to test a launch with 
two four-cylinder 100-horse-power petrol-engines, 
and he had certainly not been impressed with its 
silence, and he could not imagine what sort of life 





the engineer would lead if there had been 45 
cylinders in place of eight. 

A speaker from the body of the hall said that he 
had been informed that with the Diesel engines 
installed in the Navy for electric lighting, there 
was interference with the gun-sighting, and con- 
sequently in firing practice the Diesel engine was 
—_—* and the electricity provided by the steam 

nt. 

: Mr. Day said that his firm had supplied the only 
Diesel engine used for lighting purposes in the 
Navy, and that gun-practice was in no way inter- 
fered with. 

In reply Mr. Rosenthal said that in his paper he 
had been careful to point out the limits within 
which he conceived the crude-oil engine was adapted 
to sea service. His own main interest was in the 
steam-engine, but, as far as he could see, the Diesel 
system had great possibilities in certain cases. He 
did not think it would ever supplant the marine 
steam-turbine, since the latter had such advantages 
apart from all questions of fuel economy. The 
crude-oil engine really competed with the recipro- 
cating engine, and had advantages where oil was 
readily obtainable and the lessened cost of running 
the ship was a consideration. He did not think that 
within the lifetime of any one present the crude-oil 
engine would replace steam on the larger class of 
vessel. As to the question of weights which had been 
raised by Professor Biles, he wished to point out that 
the output stated in his paper was based on a speed 
of 125 revolutions per minute, and that this speed 
might be greatly increased, to as much, perhaps, as 
500 or 600 revolutions, in which case the compari- 
son of weights would be much more favourable to 
the Diesel engine. Even so, however, there would 
be no saving as compared with the weight of de- 
stroyer machinery. The question as to the noisi- 
ness of the engine was difficult to answer. He had 
been alongside a 400-horse-power Diesel engine 
which made less noise than some steam-engines, but 
the Diesel engine would at the best always occasion 
more noise and vibration than a steam-turbine. 


Tue Fixation or ATMOSPHERIC NITROGEN. 


At the concluding meeting of Section G on 
Wednesday morning, September 6, the first paper 
taken was by Mr. E. Kilburn Scott, and dealt with 
‘The Manufacture of Nitrogen Compounds from 
the Air.” 

In his opening remarks, Mr. Scott said that the 
manufacture of nitrogen compounds directly from 
the air seemed to be in operation in almost all 

rts of the world with the exception of the British 

mpire, which had consequently to import the 
combined nitrogen it required for manurial and 
other purposes. The two artificial manures he 
described were nitrate of lime, containing 12} per 
cent. of N, and calcium cyanamide with 18 per 
cent. of nitrogen. These compounds had, he 
said, the same price at the docks, reckoned on 
the basis of their nitrogen contents, as nitrate 
of soda and ammonium sulphate. The nitrate 
of lime was, he stated, made by fixing nitrogen 
directly from the air in an electric furnace; 
in the cyanamide process, on the other hand, the 
nitrogen was first separated from the air, and then 
absorbed by calcium carbide. Used as manures, 
he stated that both the products named had advan- 
tages over their older rivals, since, after their 
nitrogen had been absorbed, they left lime behind 
them in the soil. With sulphate of ammonia, on 
the other hand, the sulphuric acid left behind after 
the exhaustion of the manure combined with the 
free lime, and thus impoverished the soil. Though 
Great Britain had taken no part in the manufacture 
of these new manures, their production was, in the 
first instance, due to Sir William Crookes, who 
was the first to call attention to the proximate 
exhaustion of the Chilian nitrate-beds, and to 
suggest that the deficit should be made good by 
fixing the nitrogen of the atmosphere electrically. 
Nitrogen compounds were, the author stated, also 
required for the manufacture of explosives. In Ger- 
many, 2000 tons of nitrate of ammonia produced 
at the Loteringen Works at Gerthe from cyanamide 
were used for explosives by the German Govern- 
ment. Dycyanamide could also, he said, be made 
from calcium cyanamide, and this, he stated, had a 
special value in the manufacture of explosives, 
acting as a ‘‘ deterrent,” and reducing the tempera- 
ture developed on firing, which had so destructive 
an effect on the spr @ He — that, in view 
of the importance of having a domestic source for 
the nitrates required for explosive manufacture, 





the Government should start a factory, if the 
prospect of profit would not permit of this being 
done by private enterprise. 

The nitrate of lime was, he stated, made ona large 
scale at Notodden by means of the Birkeland-Eyde 
magnetic arc furnaces, the construction of which, 
he said, was represented diagrammatically in Figs. 16 
and 17. Each furnace consisted of a circular drum 
of sheet-steel about 8 ft. in diameter and 2 ft. wide, 
lined with magnesia firebrick, and having in the 
centre a disc-like space 64 ft. in diameter by 1} in. 
wide. Air was supplied, he said, at the centre of the 
furnace by a Roots blower, and spread outwards to 
the periphery, where there was a channel, through 
which the gases and uncombined air were carried 
off. Two electrodes projected into the centre of 
the furnace, each being a copper tube 6 in. in 
diameter by 4 in. thick, and kept cool by circula- 
tion of water. A magnetic field of about 4500 
lines to the square centimetre was maintained 
between the electrodes. The latter were fed with 
alternating current at 5000 volts. Owing to the 
magnetic field, the arc produced spread out and 
travelled along the electrodes until the tension 
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became too great, when a new arc formed near the 
points, to travel outwards in its turn. The motion 
was so rapid, the lecturer said, that the central 
space of the furnace appeared filled with a con- 
tinuous sheet of flame. As indicated in Fig. 16, an 
inductive resistance was in series with the arc, the 
self-induction of which produced a displacement of 
phase according to the current flowing, and this 
caused the arcs to burn steadily. The temperature 
of the flame was 3500 deg. Cent., and the escaping 
gas had a temperature of between 500 deg. and 
1000 deg. Cent. ..A furnace of 1000 horse-power 
cost 1000/., but larger ones, taking 4000 horse-power, 
were now being constructed at a cost only about 
50 per cent. more. The gases delivered from the 
furnace contained 1 per cent. of nitric oxide gas, 
which, by a series of cooling arrangements, was 
reduced to a temperature of 200 deg. Cent. A 
further reduction to 50 deg. Cent. was effected in 
aluminium tubes, and thence the gases passed into 
cylinders with acid-proof linings, in which the 
oxidised nitrogen gradually changed into nitrogen 
peroxide. . 

This was absorbed by water in a series of four 
towers, the liquor from the last containing 60 per 
cent. of the acid. This was distributed in jets 
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over limestone, giving the desired nitrate of lime. 
Another arrangement was due to Dr. Schonherr, 
who caused an arc of t density to burn steadily 
inside a long iron tube, air being blown through 
the tube with a whirling motion, so that the air 
moved in a path like a screw. The inventor first 
tried blowing the air straight through, but found 
that only a small proportion of air went into the 
sphere of action 0: the arc, and at the same time 
there was a difficulty in making the arc a 
and keeping it in the centre of the tube. Ina 
plant at work at Christiansand, the furnaces were 
worked in sets of three, one to each phase, each 
taking 600 horse-power at 4200 volts. Each tube 
was 16 ft. long, fixed vertically, and the electrode 
at the bottom consists of an iron rod which passed 
through a copper water-cooled tube. The iron rod 
was pushed upwards as it burnt away to ferric 
oxide, fresh rods being screwed on as required, so 
that the process was not stopped. 

By an interchanger the air was heated to about 
500 deg. Cent. before it reached the arc, where 
some of it was raised to about 3000 deg. Cent. 
Where the are struck into the side of the tube 
there was a sudden mixing of the highly heated 
nitric oxide next to the arc, with the cooler air 
whirling past, and at this point the gas was perma- 
nently fixed. The balance-sheet of the heat energy 
was roughly as follows:—40 per cent. went in 
heating the water of the cooler; 17 per cent. in 
radiation from walls of furnace, pipes, &c.; 30 per 
cent. raised steam in the boilers.; 10 per cent. was 
lost by cooling with water after passing the boiler; 
leaving only 3 per cent. as directly employed for 
making the nitric oxide gas. 

The inductive resistance was an important ad- 
junct of this, as well as the Birkeland-Eyde furnace, 
preventing another arc starting at the bottom of the 
tube and running up. 

The Pauling furnace (Fig. 18) was made on the 
lines of the well-known horn break lightning- 
arrester, and it consisted of two hollow iron elec- 
trodes (cooled with water) arranged to form a vee, 
which at the lowest point was about 4 cm. across. 
At this point there were two lighting-knives, which 
could be approached to within a few millimetres. 
The are struck across these and ran up the diverg- 
ing electrodes by reason of the natural convection 
currents and the repelling action of its own mag- 
netic field, but principally because of a blast of 
heated air from a nozzle immediately below. The 
arc was caused to diverge so as to follow the shape 
of the electrodes, and attained a length of about a 
yard before it went out. At each half-period of 
the alternating current a fresh arc was formed, so 
that the result was the equivalent of a triangular 
sheet of flame. The furnace gases cooled off rapidly 
as they mounted upwards, and they were further 
helped by a draught of air introduced sideways into 
the upper portion of the flame. 

In Norway, the speaker stated, there were cases 
where the total cost of water power did not exceed 
30s. per kilowatt year, which was about one-third of 
the charge for power supplied to electric furnaces 
at Niagara. In this country the author thought 
that a waste-heat station might be erected complete 
at a cost of 6.51. per kilowatt, though many small 
municipal plants had cost 501. per kilowatt to instal. 
Very few hydro-electric plants could be put down 
at less than 101. per kilowatt ; and even in the 
United States, where there was much water power, 
it was often considered preferable to use steam. 
At Chicago a station now in construction would be 
equipped with six 20,000-kw, steam-turbine units. 
One great advantage of steam plants was that they 
could be located close to their markets, and the 
author accordingly thought it would be possible 
to establish in this country commercially successful 
rane taco plants drawing their power from 
uel, 

The discussion was opened by Sir William 
Ramsay, who said that * was quite in accord 
with the author in believing*that by locating the 
factories close to the coal mines, and thus avoiding 
the use of long , Pipes for the conveyance of power 
gas, electro-me might be profitably worked 
here. The adoption of such a policy would lengthen 
the duration of our coal supplies. 

Dr. Ernest Ekhardt, who followed, congratu- 
lated the section on the paper, which gave a very 
‘aur account of the competing processes. Generally 
the reader of a paper was more or less identified with 
one or the other competing systems described, and 
biassed accordingly. He did not, however, believe 


| 


that the time was ripe for the introduction of any of | had found that 


them into this country. He might say that those 
interested had already ccstiegal this matter, but 
until more was known as to the practical results 
of the Norwegian development it would be foolish 
to go further. The 3000-horse-power plant at 
Christianeand was purely an experimental one, but 
arrangements had been made to set 250,000 horse- 
power at work at Ruhen, of which the first units 
should have been in operation some weeks ago, but 
delays had arisen through strikes. Still by next 
midsummer 125,000 horse-power should be in opera- 
tion producing nitrates. He had no doubt but 
that there would be lots of trouble in perfecting 
details, and there would be much to learn before 
smooth working was assured. Hence it would, he 
considered, be merely common-sense to wait until 
the initial troubles had been overcome in Norway 
before attempting to start factories in England. 
The proprietors themselves were not clear as to 
which of the two processes they controlled was the 
better. Four out of the five units constituting the 
first half of the new plant were to be on the Birke- 
land-Eyde system, but with the second half, as the 
result of the os gained, this proportion 
might be reversed. On another point also he was at 
variance with the speaker, and that was as to the 
necessity of starting nitrate manufacture in this 
country so as to ensure a supply for the manufacture 
of explosives. If the Navy could not keep the seas 
open for the passage of the nitrates fleet, it could 
not also protect the food supply, and the country 
would be starved into surrender. 

Sir W. H. White said that he had given a good 
deal of attention to the relative cost of coal and 
water power, and he wished to recall the fact that, 
in evidence before the Parliamentary Committee 
which considered the London bulk supply, an 
eminent Swiss engineer had stated that in Switzer 
land itself it was often preferable to develop power 
by imported coal rather than by water. In the case 
of London, with a station properly located so as 
to get its fuel cheaply, the absolute cost with 
coal might be very small. No general rule could 
be laid down as to whether water or fuel power. 
stations were the better. In some parts of Canada 
there was a wealth of water power and no coal, 
whilst in other provinces there was good coal but 
little water power. In Great Britain, with coal at 
present prices and a station suitably located, power 
could be produced as cheaply as anywhere in the 
world. Reference had been made to the large units 
at the Chicago power-station. but there was no need 
to go as far as that. In fact, when he visited Chicago 
no less than two-thirds of the power-plant in the 
large station was simultaneously under repair. With 
British stations, though they were the pioneers in 
the use of large power units, there had never been 
anything like so large a proportion of the plant 
out of use. On the Tyne could be seen one of 
the best illustrations in the world of the value 
of large units and of a well-considered scheme of 
power-supply over a large area. Mr. Merz had 
revolutionised the production of power in that 
district. As to the national question raised by 
Mr. Scott, he held himself that it would be a great 
advantage to have the means here of producing 
nitrates. As was well known, many of the British 
iron ores were not suitable for the production of acid 
steel, and, accordingly, when at the Admiralty he 
had encou the use of the basic process so far 
as was practicable. He quite agreed with a previous 
speaker that the life of the nation rested on the 
maintenance of its naval power, but he did not 
think that this touched the principle that it was 
well to have self-contained sources of supply. 
Indeed, when this was so he had found that prices 
were likely to be influenced in favour of the pur- 
chaser. e did not agree with some writers that 
the present impossibility of any | explosives 
domestically was a national danger; but he did, 
nevertheless, think that the establishment of 
nitrate factories would be a good thing. 

Professor Petavel said he had been struck by 
the figures given by the author, showing how very 
small a proportion of the power supplied went 
into the oxidation of the nitrogen. Apparently 
97 per cent. was wasted, and it would appear at 
first sight that the chances were more hopeful for 
an improvement of che process, than for reducing 
power costs by adopting large units. Ie asked the 
author whether it would not be possible to save 





a large proportion of the energy now wasted. 
Some years since, in some experimental work con- 
ducted under a ~—— of 3000 lb. per sq. in., he 








with greater efficiency. In one of his experiments 
a revolving disc, driven by a turbine working with 
air supplied at a pressure of 3000 1b. per sq. in., was 
employed, This drew out the are into a disc of 
flame. A 20,000-volt arc was also tried in the 
same conditions as to pressure, and it was found 
that by working under pressure there was a fair 
increase in the yield. e experiments were not 
further pursued at the time. 

Mr. H. Wimperis said that about three years ago 
he had looked into the amount of potential power 
attributable to the waste gases of our blast-furnaces 
and coke-ovens, which, it turned out, was equal to 
1 million horse-power continuously. He had then 
suggested that this should be applied to the pro- 
duction of cyanamide. Since then on the Tyneside 
a considerable quantity of this waste heat had been 
utilised for ordinary electric-power purposes. Since, 
however, for electro-chemical purposes water was 
generally the cheap alternative, it was interesting 
to realise that there was 1,000,000 horse-power 
available in this country of which the fuel cost 
was zero. 

Dr. Collins spoke as to the value of the artificial 
manures, and said that possibly the mixture sug- 
gested by the author would prove the most con- 
venient. He suggested further that if cheap 
nitrates were produced in this country, the gas 
works might supply ammonium nitrate instead of 
ammonium sulphate, the sulphuric acid of which 
was objectionable. 

A speaker whose name could not be obtained asked 
if the process described was a purely thermal one, 
as, if not, he thought there might be an economy in 
effecting the necessary heating non-electrically, and 
then using electric power to complete the reaction. 
Thus, in steel-making, the electric process had 
proved of most value in refining steel otherwise 
produced. 

In his reply, Mr. Scott said that he could not feel 
that this country was keeping up to date in electro- 
chemical and metallurgical processes ; and if the 
position was such that it would not pay private capital 
to do it, then the matter should be taken up by 
Government. He thought that Dr. Ekhardt was a 
little prejudiced in favour of foreign works, but the 
speaker wanted them here. As to the duties of the 

avy, to which Dr. Ekhardt had referred, he thought 
the load on the latter would be relieved if the duty 
of protecting a nitrate fleet was removed. The 
isolation of Australia and New Zealand from the 
present sources of nitrates was also a very serious 
matter. New Zealand, he added, had more water- 

wer than Norway or Sweden. At one time the 
orkshire Power Company had supplied power for 
carbide manufacture, but the control of that 
industry centred in the Continent, and the works 
had consequently been shut down, after less than 
two years’ work. Hydro-electric power was subject 
to interruptions from ice and drought, and was, 
moreover, not capable of indefinite extension, whilst 
with steam fresh units could be added as required. 
The Newcastle-on-Tyne works were a magnificent 
illustration of what could be done by private enter- 
rise when the latter was allowed the chance. 
actories employing 5000 men, and having fully- 
equipped power stations of their own, had aban- 
doned the latter and purchased current from the 
power company. Wit towns like Glasgow 
and Portsmouth, fair results were possible even 
with municipal stations, but it was absurd for little 
towns of 25,000 people or so to put up their own 
generating plants, which on that scale were neces- 
sarily costly. In the north this had been largely 
recognised and the municipal stations turned into 
sub-stations retailing power from the large com- 
panies. A lot of the municipal stations had gone 
up simply to gratify the — of the respective 
mayor or town clerk. It was almost impossible to 
et a man of any good to stay on a town council. 
n one to three years he had usually seen enough, 
and, indeed, if he was any good, he would not be 
returned again in any case, as he would be sure to 
have said pene to offend the electors. The 
whole ideal was absolutely silly, and if people had, 
like himself, had to get orders from the municipali- 
ties, they would begin to see other things too, te which 
he are not further refer. In reply to Professor 
Petavel he said that the actual waste was not quite 
97 per cent., since the waste heat was utilised for 
evaporative purposes ; but he agreed that the 3 per 
cent. directly applied in the conversion was exceed- 
ingly low. One reason was that air contained too 


| large a quantity of nitrogen, which was not in the 
e fixation of nitrogen was effected | right proportion to the oxygen. Here he thought 
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there was a chance of improving the yield, as also 
in the application of pressure. At the best, how- 
ever, the proportion of energy directly used in the 
conversion would be small. - The reaction was not 
entirely a thermal one, as was made evident on 
visiting a high-tension station, where there was a 
distinct smell of ozone, and also of nitric peroxide, 
the presence of which was further proved by the 
action of the nitric acid on the insulation. It was 
evident, therefore, that the process was not purely 
a thermal one, but he did not know what propor- 
tion of it was purely electrical. 


A Sranparp Test ror Facrory Smoke. 


Dr. John S. Owens then read his paper on 
“Smoke Abatement,” which we publish on 
page 370. This described an instrument by which 
the relative density of smoke could be ascertained 
irrespective of the thickness of the column 
observed. 

The discussion was opened by Sir W. H. White, 
who agreed as to the necessity of fixing stan- 
dards, and suggested that to be satisfactory the 
committee charged with the duty should consist 
of representatives both of smoke producers and 
smoke inspectors. He further remarked that, in 
using the instrument described by the author, 
allowance would be necessary when the column of 
smoke was viewed obliquely. Having lived in a 
manufacturing district, he had been led to believe 
that the inhabitants were rather proud than other- 
wise of their smoke, holding it to be an indication 
of the amount of business they were doing ; but 
there were, nevetheless, grave public reasons why 
the nuisanee should be abated. In legal actions, 
however, two things were necessary: first, that 
there should be no doubt as to the facts, and, 
secondly, that the penalties should be substantial. 
As to the question of facts, this was now largely a 
matter of the personal equation, and the motor-car 
had shown how estimates might be influenced by 
this. He had himself been travelling at 35 to 40 
miles per hour, which for official purposes was 
estimated at 15. As matters stood, there was as 
much contradiction in smoke prosecutions as in 
—“, cases where ships were in collision. 

2 Mark L. Sykes, whilst agreeing with the 
t ject of the paper, had doubts as to the value 
of the instrument. The sole difficulty in abat- 
ing the smoke -nuisance was the impossibility 
of getting convictions. Magistrates were them- 
selves manufacturers. The speaker lived at Leeds, 





Fic. 12. 


where the smoke was dense, yet there had 
never been a prosecution for the production of 
black smoke. Manchester was nearly, but not 
quite, as bad, and the sole remedy was the prose- 
cution of the ‘‘ rascally”’ manufacturer. e@ was 
himself in favour of making imprisonment the 
penalty. He spoke as a manufacturer, and would 
give an instance where a large firm of rubber 
manufacturers, good customers of. his own, were 
great offenders. He complained, and was told that 
remedy was impossible, and that the firm had 
spent 1000/. in trying to stop it. On inquiry it 
turned out that they had simply built a new 
chimney with the money, and might just as effec- 
tively have got a new cat. He accordingly took a 
series of daily observations and set the law in 
action. Two fines of 151. each were inflicted, and 
the production of black smoke stopped at once. 
After some time it began again, and a fresh prose- 
cution was instigated, this came before a sympa- 
thetic magistrate, who imposed a fine of 5s., which 
had absolutely no effect. He accordingly insti- 
gated another prosecution, when the, penalty was 
two fines of 201. each;.and this permanently put an 
end to the nuisance. The evidence of an inspector 
ought to be received before that of any manufacturer, 
but as matters stood it was almost impossible to get 
convictions, as was proved time and again. Messrs. 
Watson, the soap-makers of Leeds, washed their 
smoke by passing it through towers 10 ft. high and 
16 ft. in diameter, down which water was showered. 
Hence only clean gases left the chimney. Messrs. 
Rowntree, of York, did the same thing. He quite 
agreed that Dr. Owen’s instrument could be of use 
if its evidence would be accepted by the magistrates 
as scientifically correct. e real causes of the 
smoke nuisance were bad fuel, careless stokers, 
the want of mechanical stokers, but, above all, the 
overforcing of boilers. New buildings were added 
to factories, and an attempt made to run all 
with one boiler, when perhaps three were really 
required, 

n reply, Dr. Owens said he quite agreed with 
Sir William White that smoke producers should be 
represented on a committee appointed to fix stan- 
dards. The fact that the line of sight through the 
smoke column might be oblique could be allowed 
for. The difficulty of getting convictions for smoke 
— lay in the absence of any ow stan- 

rd. The Act said that the smoke must be black, 
and such a thing as truly black smoke did not exist. 





In using his instrument the light should come from 





the side opposite the user, otherwise the obser- 
vations would not be comparable inter se. 


Continvous Traction oN Ursan Raliways. 


The last paper taken, entitled ‘‘ A New System of 
Continuous Transportation for Passenger and other 
Services,” was by Mr. W. Y. Lewis. The author 
pointed out the large losses of time and power 
which arise with the present systems of intermittent 
traction. Even with the maximum density of traffic 
but 15 per cent. of the track on the District line 
was occupied by trains, and the periodic character 
of the service limited the schedule speed possible. 

A distance between stations of half-a-mile was 
the minimum consistent with present schedule 
speeds. To get the same s s with stations one 
quarter of a mile apart would be commercially im- 
possible. The weight now hauled was 1200 Ib. per 
seat, and with the present system, in which the 
acceleration was increased in jumps, it took 20 
seconds for the train to travel the trot 73 ft. By 
using gradually increasing rates of acceleration the 
distance travelled could be brought up to 135 ft. in 
10 seconds, with less discomfort to the passengers. 
Again, just about half the power put into the 
trains was wasted in heat in applying the brakes. 
There was no return of energy to the line during 
the negative acceleration of the trains. Conse- 
quently the waste on the London system was 
100,000 tons of coal per annum. The energy expen- 
diture ranged from 40 to 60 watts per seat-mile. 
As a consequence of these various elements, urban 
journeys of 1 mile could not be made at a greater 
speed than 6 to 7 miles per hour, and for 2-mile 
~~ the effective speed did not exceed 9 to 10 
miles per hour. The lift equipment of the tubes 
also introduced delays, but the proposed introduc- 
tion of escalators was a step in the right direction. 
At Paris and at Chicago a three-speed system of 
moving platforms had been set up to show the pos 
sibilities of continuous transport. No difficulty was 
found in getting on and off these. In London two 
continuous elevators were still in use, which carried 
7000 passengers per day. They had been installed 
for twenty-five years, and were the last of about a 
dozen, Only one accident had ever occurred, which 
was a record unequalled by the intermittent system 
of lifts since introduced. With the multiple-speed 

latform a reasonably high speed was impossible, 
but with his own system very high speeds and 
accelerations were easily attained. His 
was to lay a screw with a variable pitch 
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tae tracks, supyurted on rollers. This screw was 
continuous from end to end of the track, and was 
driven at intervals by motors. Separate and inde- 
pendent vehicles were used, which engaged with the 
screw by tworollers. At the stations the pitch of 
the screw was reduced, so as to bring down the speed 
of the car to three miles an hour, at which it could 
be easily boarded. In this deceleration 80 per 
cent. of the kinetic energy stored in the car was 
restored to the system. No brakes and no signals 
were required. The cars could not collide, being 
always a definite number of ‘“‘ pitches” apart. 
With this system he claimed that effective speeds 
could be increased 25 per cent., and operating costs 
diminished to one-fourth, and the initial to one-half 
of what was required with existing methods. It 
was possible to adapt the system to curves. Trials 
made with a plant erected at Messrs. Ransome’s 
works, Ipswich, showed efficiencies ranging from 
88 to 95 per cent., varying with the pitch of the 
thread. By the use of light independent cars, as 
proposed, the weight of the rolling-stock would be 
reduced to from 300 lb. to 400 1b. per seat. At 
the high-speed section of the track the load on the 
screw would be 20 lb., which during periods of 
acceleration would rise to a maximum of 600 lb. 
A length of screw could, he added, be taken out 
and replaced in two hours. 

A letter from Captain Sankey was read by the 
Secretary. It stated that he had tested the plant 
at Ipswich, and had been surprised at the jaiinene 
of the power required, and at the large return of 
energy during periods of deceleration. There was 
no difficulty in getting on and off the cars, and 
accelerations as high as 4.5 ft. per second per second 
were realised. 

Professor Coker asked what alterations would be 
necessary to fit the proposed system to the existing 
tubes. Probably this would be a simple matter, 
but from the diagrams shown the screw appeared to 
be large, and he asked what size would be required 
to drive the present trains. Were the screws, he 
asked, hollow tubes, and could the author give 
figures as to the efficiency attained ? 

Mr. H. Wimperis said that he had listened to the 
paper with interest, because the trouble on the 
existing lines lay in the acceleration, or rather in 
the high rates of change of acceleration. On the 
District line he had recorded accelerations of 3 ft. 
per second per second, and on the Hampstead Tube 
2} ft. per second per second, whilst on the elec- 
trified Brighton it was 2 ft. per second per second. 
These values, per se, caused no discomfort, but 
what was noticed by the passenger was the rate of 
acquiring acceleration, or of losing it in stop- 
ping, with which the biggest jars were experienced. 
in starting, the acceleration might jump suddenly 
from 0 ft. to 3 ft. per second per second, and in 
stopping from 5 ft. per second per second to zero. 
In such conditions passengers might be flung along 
the coach. In most tubes the rate of change of 
acceleration was as much as 20 ft. per secon r 
second per second. His own experience was that 
a corresponding figure of 5 was all right, and of 1 
was luxurious. The whole point involved was the 
rate at which acceleration came on and off. From 
this point of view he considered the author’s pro- 

very promising, but there might perhaps be 
difficulty in adapting details. 

Professor Dalby said that the author had not 
made clear the precise position of the system. In 
railways there were two kinds of passenger traflic— 
viz., express and stopping. As for express traflic 
the rate of getting u 4 Ary was of practically no 
importance. One of the best long-distance expresses 
did not reach full-speed till it had covered 17 miles, 
which it took 20 minutes to do. This train weighed 
400 tons, and attained speeds of 70 miles an hour. 
With local traffic, on the other hand, speed must 
be got up as quickly as possible, and this done, the 
brakes came on almost immediately. This, as the 
author pointed out, was waere the ordinary system 
of electric traction failed, although it had beaten 
steam for this kind of service. With stations halfa 
mile apart electric traction might earn a dividend, 
but could not do so with stations a quarter of a mile 
rt. Here the author stepped in with a — 
independent carriages which automatically slowed 
down at stations and then gathered speed again. It 
was interesting to note that the system was entirely 
a mechanical one, and that it did not exist merely 


a 
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on paper, but could be seen in operation at Ipswich, 
the plant there being the result of seven years’ deve- 
Jopment work. 

n calling on the author to reply, Mr. Charles 





Hawksley, who occupied the chair in the absence 
of Professor Biles, said that the device would have 
a wide future if it attained the success the author 
anticipated. 

In reply, Mr. Lewis said that he had to treat 
with the matter somewhat scantily, his paper 
having only been prepared the previous Saturday. 
In reply to Professor Coker, he said that there 
was no intention to apply the system to existing 
tubes, save, perhaps, as a substitute for lifts, but 
he did think that future urban railway services 
might be developed on the lines he had set forth. 
There were half-a-dozen schemes for which plans had 
been got out, and which were held up by the high 
capital cost involved in adopting electric traction, 
and matters were still more serious in New York 
and Chicago. He claimed that his system would 
give better results than the existing subways, both 
in facilities and in initial and operating costs. The 
screw, he said, was 2 ft. in diameter, and weighed 
about 100 Ib. per foot. It would not matter if it 
cost a pound per foot run. With it he could, 
without a jerk, graduate the acceleration from zero 
up to its maximum value. 

This concluded the business of SectionG. We 
shall in our next issue commence our report of such 
other sections as lie within our province. 


(To be continued.) 





THE CANADIAN LAKE AND RIVER 
STEAMER ‘ SAGUENAY.” 

WE illustrate by Plate XLI., and by engravings on 
pages 348 and 349, a somewhat novel type of steamer, 
so far as British experience goes, a vessel, named the 
Saguenay, which has just entered upon the service in 
Canada of the Richelieu and Ontario Navigation 
Company. The type is, however, familiar to travellers 
in America ; but the vessels are, as a rule, constructed 
on the other side of the Atlantic. Indeed, this vessel, 
built and engined by the Fairfield Shipbuilding and 
Engineering eatin Limited, of Govan, is the first 
of the Richelieu Company’s fleet to be constructed in 
this country. 

The service conducted by the Richelieu and Ontario 
Company’s fleet is that between Montreal and Quebec, 
and the many pleasure resorts on the St. Lawrence 
and its tributaries, a connectiou being formed from 
the Niagara and the beautiful Thousand Islands to as 
far north as the 1 od River, the most northerly 
tributary of the St. Lawrence. This traffic isa quickly- 
growing one. It necessitates in some cases one or two 
nights on board ship, so that extensive sleeping accom- 
modation has to provided. As the scenery is 
specially attractive, the observation-rooms forward 
and aft constitute an important feature, as with 
many ships in the Western waters. The t varia- 
tion of the temperature of the area in which the 
vessel trades necessitates not only promenades outside 
the deck-houses, but wide interior through 
which heated air will be circulated by adequate means. 
The elevation, Fig. 1, on Plate XLI., and the repro- 
duction of a photograph in Fig. 12, page 349, give a 
clear idea of one of the peculiarities of the ship ; that 
is, that instead of all the decks in the superstructure 
being of the same length, they are reduced towards 
the uppermost deck, and at the forward and after ends 
they are in all cases rounded off, which gives the ship 
an appearance unusual to the eye of the British ship- 
builder and sea-voyager. 

The dimensions of the ship had, of course, to be 
restricted to suit the — service, and thus the 
length is only 275 ft., the breadth 54 ft. 6 in., while 
the depth to the hurricane deck is 40ft., the only 
structures above this being those associated with the 
navigation of the vessel. The vessel has been classed 
at Lloyd’s, and the scantlings have been made light, 
to minimise the draught ; but in all cases strength 
has been carefully considered. A notable feature is 
the heavy ‘ quel,” to act as a fender along each side 
above the water-line; this guard is reinforced by 
beams below, secured to the shell-plating and framing, 
and assists greatly in giving longitudinal stiffness. 

There are five decks, a plan of each is given on 
Plate XLI. In these—principally on the oder and 
promenade decks—sleeping accommodation has been 
provided, mostly in two-berth cabins, for 240 first-class 

ngers, while on the orlop deck accommodation 
hen Some provided for a crew numbering 76. On the 
main deck there is a large space for freight, or alter- 
natively for the accommodation of other passengers, 
while two rooms are provided for a few second-class 
passengers, the gentlemen being accommodated on the 
port, and the ladies on the starboard side. Special 
provision has also been made forward on this deck for 
the carriage of horses or cattle. 

In describing the ent of these decks we 
may > 4, with the lowest—the orlop deck—the plan 
of which (Fig. 7) also shows the ment of the 
machinery, including three single-ended boilers and 





two sets of triple-e ion engines. These, it will 
be noticed, are brought closer together than is usual, 
in order to minimise the width of the engine-room 
ventilating-hatch. The same applies to the boiler- 
rooms, and thus the uptakes, as shown on the galler 

and promenade-deck plans (Figs. 4 and 5), are narrowed, 
to give the maximum room for the cabins and for the 
promenade passages. Abaft of the engine-room, on 
the orlop deck, are the petty officers’ and crew’s mess- 
rooms ; still further aft is the kitchen, the ventilation 
from which passes up in a shaft through the dining- 
— above and the cabins, right to the top of the 
ship. 

The arrangement of the main deck has in part been 
referred to. It is the upper member of the moulded 
structure of the ship, and the side plating above it is 

ierced by large square openings at intervals right 
ore and aft. ost of these have glazed doors, others 
steel doors. There is a large freight space, with square 
doors, forthe loading and discharge of thefreight. There 
are coal-scuttles on the deck for filling the bunkers. 
The floor is laid with special chequered plating, which 
can be covered with wood when ngers are accommo- 
dated in this freight space. n this deck also are the 
baggage check-room—essential to all American craft— 
the chief steward’s and purser’s offices, and in the 
extreme after end the dining-saloon, which is reached 
from a large entrance-hall, with companion-way from 
the deck above, and with sliding-doors in the side of 
the ship for the ingress and egress of passengers. Of 
this entrance-hall a view is — in Fig. 8, on page 348. 
The dining-saloon is panelled in mahogany, and has 
seating accommodation for 100 ngers. The 
service is through a hoist from the kitchen and pantry 
below, and in this connection it may be said that the 
equipment of this department is more complete than 
is often the case with vessels of even larger size. 

The promenade-deck, like the gallery-deck above, 
indicates the greatest departure from British practice. 
It will be seen that in both cases there is an outside 

extending from bow to stern. In this connec- 
tion it should be noted that, as with the length of the 
deck structures so with their width, they narrow by 
steps at each deck towards the top of the ship, so that 
the promenade space in all cases is open overhead. 
These promenade-decks are covered with waterproof 
canvas in those where passengers promenade. 
The state-rooms are of somewhat novel arrangement. 
The beds are arranged athwart the ship. The upper 
and lower berths are in adjoining cabins, the division- 
wall being formed accordingly. If in any one cabin 
the berth nearest the door is on the lower level, that 
furthest from the door is on the higher level ; in the 
adjoining cabin the bed nearest the door will be on the 
higher level, that furthest from the door on the lower 
level. The lower-level berth is in all cases so arranged 
that nearly one-half of it is open to the ceiling of the 
room, so that the sleeper is not so confined as where 
the berths superpose each other. This principle is 
adopted in the case of the double berths amidships on 
both the gallery and promenade-decks. Forward and 
aft there are two-berth cabins of the ordinary type, 
having an upper and a lower berth, but here the lower 
berth is of much greater width, an arrangement under 
which the occupant of this lower berth is not so 
‘** eribbed, cabined, and confined.” The system is 
certainly worthy of a wider application. On the 
promenade-deck there are special suites, including a 
parlour, &c. Bath-rooms, toilet-rooms, &c., are 
arranged at convenient points. : 

The -ways from which access is got to the 
cabins are wide promenade spaces. In the gallery- 
deck there is a large well forward and another aft, 
giving light and ventilation to the deck below, and 
around it is the gallery from which the deck takes its 
name. This gallery, over which there is a series of 
skylights, is well illustrated in Fig. 9, on page 348, 
which shows also the promenade-deck below, with the 
ion-ways extending down to the main deck. 


com 
This gallery, like that forward, is — My sky- 
lights piercing the hurricane-deck above. At the 
forward and after end of the promenade-decks there 


are observation turrets, which constitute a feature of 
the ship. Those on the promenade-deck are circular, 
while the two on the ery-deck are elliptical, so 
that the deck structure in the latter case should be of 
less length than that of the promenade-deck. The 
appearance of the after observation turret on the 
soharedeak is shown in Fig. 10, on page 348, the shaft 
at the after end being that for ventilating the dining- 
saloon below; thestairway leads down tothe promenade- 
deck. The observation turret on the promenade-deck 
is illustrated in Fig. 11, on page 348. There are large 
upholstered settees with seats on the outer and inner 
curves. 

The hurricane-deck (Fig. 3) Sage age up entirely ~ 
navigation pu » 0 ere passengers may 
poemnueie & ounes in decleahaina, the only obstruc- 
tion being the boats. In the centre of the deck, around 
the boiler and engine-room uptakes, is an observation 
cabin, where passengers may sit under shelter. At 
the forward end are the rooms for the navigating 
staff, with a pilot-house at the forward end. This has 
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a semicircular front, with a platform, so that - 
sengers may view the scenery from this van point. 
The navigation of the ship is conducted from the to 
of the pilot-house, where the compass is a. —he 
where also there is a searchlight for the discovery of 
buoys at the end of the journey, and for lighting the 
channel in the winter (Fig. 2). 

The ship, it will be seen from Fig. 1 and the view, 

Fig. 12, on page 349, has two steel masts with the 
minimum of rigging. These masts are really only flag- 
staffs, and, with the single funnel, help to give the ship 
an attractive, if somewhat unusual, appearance to 
British eyes. 

As regards the machinery little need be said, as it 
follows the usual merchant-ship practice of the Fairfield 
Company. The two sets of engines have each four 
cranks, with four cylinders, arranged for triple com- 
ngs 
system. Thescrews are of the built-up type, with bronze 
blades. The engines are designed to run at high speed, 
the revolutions being 180 for 2100 horse-power. Special 
care has been taken in the design of the valve-gear 
to ensure quiet running, as well as to eliminate vibra- 
tion. As is the case with all Canadian and American 
river passenger-steamers, the starting-platform, from 
which the main propelling engines are controlled, is 
situated at the level of the main deck, within the 
engine-room casing (Fig. 6). The whole of the gear 
is conveniently arranged here, and from this position 
both sets of engines can be easily manipulated by the 
engineer on watch. The three boilers supply steam 
at a pressure of 175 lb. per sq. in., and are worked on 
the Howden system of forced draught, for which there 
have been fitted two large steam-driven fans, located 
in the main engine-room. Each fan is sufficient for 
all the boilers when running at full power, so that one 
isa stand-by. It will be seen also that ash-ejectors 
have been fitted. Indeed, the auxiliary machinery is 
very complete, including two powerful electric-light 
engines and a refrigerating machine. 

The refrigerating installation is extensive, on account 
of the high temperature during the summer season in 
the St. pean Provision is made for cooling the 
fish, meat, vegetables, and ice-storage chambers, 
while cold cupboards are arranged in the pantries, 
&e. In addition there is a large ice-making tank and 
a special water-cooler, with suitable pumps to supply 
ice-cold water through a special system of circulating 
pipes to the many drinking fountains and refresh- 
ment bars throughout the vessel. The steam-heating 
and cold-water services for baths, &c., are most exten- 
sive, and the sanitary arrangements are specially 
noteworthy because of the care with which they have 
been carried out. 

The vessel before leaving the Clyde ran her steam 
trials on the measured mile at Skelmorlie, when, 
under service conditions, a speed of 16 knots was 
attained. This was gan as specially satisfactory, 
the conditions of trials being arranged and carried 
out, like the design and construction of the ship, under 
the personal supervision of Mr. A. Angstrom, the con- 
sulting naval architect to the Richelieu and Ontario 
Navigation Company. 





CATALOGUES. 

Motor-Car Accessories.—From Messrs. 8. F. Edge, 
Limited, 14, New Burlington-street, W., a catalogue 
stating prices of all kinds of accessories suitable for Napier 
motor-cars has come to hand. 


Automatic re ag Sey have received from the ABC 
Cugee, Limited, Queen Anne’s Chambers, Westminster, 
8.W., a booklet, printed in English and Spanish, illus- 
trating and describing the A BC automatic buffer coupler 
(Jepson’s patent) for railway rolling-stock. This coupler 
was fully dealt with in our issue of June 23 last, on 
page 821 

Insulated Wires, Jointing Tools, d&c.—From the India- 
Rubber, Gutta-Percha, and Telegraph Works Company, 
Limited, Silvertown, London, E., a price-list of insulated 
wires, &c., has reached us. The list deals with bell wires, 
telephone cords, flexibles, silk and cotton-covered wire of 
copper and German silver for winding coils, &c., gutta- 
percha insulated wires, shot-firing wire, jointing materials, 
tools, and accessories. 


Grinding-Machines.—A pamphlet to hand from Messrs. 
Greenwood and Batley, Limited, of Leeds, illustrates and 
descri a new series of plain grinding-machines for 
— or taper work, they have recently introduced. 

hese machines, which have several novel features, are 
made in six sizes. The smallest size listed takes work 
12 in. in diameter and 6 ft. long, while the t will 
accommodate work 16 in. in diameter and 10 ft. long. 
Particulars are also given of machines with gap-beds for 
dealing with crank-shafts and other work requiring a large 
swing. 

Electric Lamps.—From the Linolite Company, 25, 
Victoria-street, Westminster, S.W., we have to acknow- 
ledge receipt of a little booklet relating to their well- 
known “Tubolite” lamps for shop-window, stage, and 
domestic lighting. These lamps are now supplied with 
metallic filaments for pressures ing from 100 to 125 
volts. They are each of 12 candle-power, and their 


and on the Yarrow-Schlick-T weedy balanced | H 


| students receivin 


metallic filament and carbon filament lamps alone or 
complete with the reflectors ; in the latter case the prices 
quoted are per foot run. 


Wire Guards, &c.—A catalogue, illustrating numerous 
examples of wirework they manufacture for industrial 
urposes, has been issued by Messrs. Richard Johnson, 
lapham, and Morris, Limited, Newton Heath, Man- 
chester. The greater part of the illustrations are repro- 
ductions from photographs, and in glancing through them 
we notice machivery-guards, window-gua: wire ets, 
s for radiators, locomotive spark-arresters, wire 
partitions and lockers, lamp- letter and parcel 
racks, woven-wire sheets of kinds, sieves, screens, 
coal-picking belts, and many other articles of a similar 
nature. 


Glazing Bars of Reconstructed Stone.—A pamphlet re- 
lating to *‘ Ferro-Stone” glazing bars has come to hand from 
the British Stone and Marble Lay amy 

ouse, Kingsway, W.C. These are made of the 
firm’s well-known reconstructed stone, strengthened by 
having a steel bar embedded therein. The glass rests on 
an asbestos cord placed ina groove, and is held in position 
by lead clips fixed to the stone by brass screws. The 
pamphlet describes the method of manufacturing these 
bars, and points out their many advan Among 
these we may mention that they are practically everlasting, 
require no painting or other treatment, resist chemical 
fumes, and are also light, strong, and of good appearance. 


Gas-Holders.—We have received from Messrs. C. and 
W. Walker, Limited, Midland Iron Works, Donnington, 
near Newport, Shropshire, a copy of a catalogue illustrat- 
ing examples of gas-holders recently constructed and 
erected . A... in various ts of this country and 
abroad. e illustrations, which are reproductions of 

lhotographs, show holders ranging in capacity from 
Be '000 to 8,000,000 cub. ft., and include some of the 
spirally-guided ty as well as several guide-framed 
holders ; details of the spirally-guided holders are illus- 
trated. The catalogue contains a list of gas-holders 


years. 

Grinding and Polishing Machines.—The London Emery 
Works ae py Park, Tottenham, London, N., have sent 
us a copy of a supplementary list of grinding-machines. 

is catalogue illustrates and states prices of some of the 
smaller and more commonly used types, including several 
models of belt-driven double-wheel and disc grinders for 
bench use or mounted on stands to be fixed on the floor. 
Full particulars are also given of grinding-machines driven 
by foot-power, as well as of plane-iron grinders, twist- 
drill grinders, tool-grinders, polishing-lathes, and various 
accessories, such as countershafts, wheel-dressing tools, 
corrugated sheet-metal wheel-guards, &c. The catalogue 
also includes price-lists of the “‘ Atlas” brand of emery 
wheels, emery cloth and paper discs, and other supplies. 


Continuous-Current Transforming-Machine. — Messrs. 
Crompton and Co., Limited, Salisbury House, London 
Wail, E.C., have published a poe ¢ relating to the 
*““O.M.B.” auto-converter. This machine, which was 
fully described in our issue of July 9, 1909, on page 60, is 
largely used for reducing the vo of a continuous- 
current system to a pressure suitable for the supply of 
cinematograph arc-lamps, searchlights, metallic filament 
lamps, and also for depositing and welding processes. 
ey can be construc to produce a constant voltage 
or a constant current on the secondary side, the con- 
stant-current type being particularly suitable for the 
supply of large arc lamps. The machines can also be 
mn as automatic balancers on three-wire distribution 
systems, and for the regulation of large motors. The 

mphlet states prices of machines for outputs up to 
55 kw. with a ratio of conversion of 2to 1. Machines are 
also made in smaller sizes with ratios of conversion of 
5 to 1 and 10 tol. 





BaTTERSEA POLYTECHNIC.—The work of this institu- 
tion, as set out in the calendar for the ensuing session, 
which commences on the 25th inst., shows a satisfactory 
degree of development and extension in nearly all depart- 
ments. Details are given of day and evening courses for 
preparation for London University degrees in science, 
engineering, and other subjects, and as the lecturers in 
these subjects are teachers of the University, 
students attending this Polytechnic may be registered as 
internal students of the University. In the day technical 
college three-year courses in mechanical, civil, electrical, 
and motor-carengineering, architecture, building, chemical 
engineering, and other subjects have been arranged, 
ivi the college diploma after passing 
examinations at the end of the courses. Students are 
also prepared for university, Civil Service, and other 
examinations, as well as for secretarial and business 
appointments. Complete evening courses are also con- 
ducted in mechanical and electrical engineering, building, 
mathematics, chemistry, commercial, and other subjects. 
In the mechanical engineering department a course o 
lectures on illuminating engineering has been 

for, and, if successful, these lectures will be continued 
and extended during following sessions. Special atten- 
tion is being given te electric traction in the department 
of electrical engi ing, and new machinery and appa- 
ratus is being purc so that this subject can be more 
fully dealt with. In the chemistry department a new 
practical class has been added to the course in chemical 
engineering, and in connection with the paper-making 
course a series of lectures by ie experts has been 
mer for. It may also be mentioned that many addi- 
tions have recently been made to the institution’s li 





efficiency averages about 1.5 watts per candle-power when 
tested apart from the reflector. Prices are stated for both 


proved to be of great utility to the students. 


which, although only opened in October last, has a 


Limited, Craven ~ 


made, erected, and repaired by the firm during the last few | had 


WORKMEN’S COMPENSATION CASES. 
County Court. 

rated Wife not a Dependant.—An interesting case 
was decided by the County Court Judge of Clerkenwell, 
when a claim was made i the don County 
Council, who were the employers of Mrs. Lewis’s late 
husband. She claimed for herself and two children, who 
were alleged dependants of the man who met his death 
by accident in res; ents’ service. 

The defence was that the claimant was living apart 
from the deceased, and was not dependent, with her 
children, on deceased’s earnings at the time of his death. 
It was proved by facts that the claimant, in 1905, was 
separated from her husband, and went through a form of 
marriage with another man named Archer, who had been 
a lodger in deceased’s house at the time the applicant left 
her husband. From 1906 the deceased not contri- 
uted to the wife’s maintenance. On hearing the whole 
of the evidence, the Judge held that the applicant had 
failed to prove that the applicants were dependent 
on the deceased’s earnings at the time of his death. The 
award was in favour of the employers. 

The woman may have had some excuse for going through 
a form of marriage with another man, for, as she alleged, 
her husband had not sufficiently contributed to her main- 
tenance, but neither she nor the two children had any 
claim for compensation for her husband’s death. The 
children, but for the mother breaking up the home and 
leaving her husband, might have proved their dependency 
on their father’s earnings. They may have been victims 
of their parents’ misconduct, but it would be unjust 
if, under the Workmen’s Compensation Act, they were 
made dependants, with a claim for compensation for 
their father’s death at the employers’ expense. 

Liability of Sub-Contractors.—An interesting compen- 
sation case was heard at Lambeth County Court, when 
the widow of James Reading applied for compensation 
for her husband’s death while in the employ of Messrs, 
Young and Sons, contractors, Herne Hill. The deceased 
been eng: in fixing the gutters of a house in 
Kensington, and a fatal accident happened to him owing 
to a faulty ladder. The respondents denied liability, 
because the work in which deceased met his death was 
being done for them by a sub-contractor, the father of 
d , trading as Char'es Reading and Son, and that 
the deceased was Charles Reading’s employee, and not 
theirs. The fact was proved that thed was neither 
a partner in the father’s firm, nor his father’s — 
The firm of Pe age and Son” was only so-called for 
appearance sake, and the deceased was a bona fide 
workman under Messrs. Young and Sons, and his widow 
was entitled to compensation of 234/. under the Work- 
men’s Compensation Act from Messrs. Young and Sons, 
who had been the deceased’s direct employers. 

At Glossop County Court an applicant claimed 231, 12s. 

compensation from Messrs. . Cumming and OCo., 
Limited, blacking manufacturers, in respect of injuries 
received while in their employment during the unloading 
of a truck. He was jammed by the truck, and hisshoulder 
was crushed. The dislocation of his shoulder incapaci- 
tated him for his work, and when he applied for work 
the employer’s foreman refused him. e had received 
29s. 6d., and gave a receipt for that amount in full dis- 
charge of all claims. 
held there should have been no compromise 
which might seem to interfere with the workman’s com- 
pensation under the Act. The workman had given a 
most improper receipt, and the employers were respon- 
sible for compensation not alone for 1/. 9s. 6d., but for 
the result of the injury and the incapacity from August 
to February, and the Judge awarded the applicant 
12/. 12s. 8d., the arrears of weekly payments, with ld. per 
week subsequently, with costs, to keep the claim open. 
It will be observed that it is a risk for employers to 
settle for a trifling amount with an illiterate workman 
when the injuries might eventually prove to be far more 
serious than was contemplated by the man himself or his 
employers. 

The Effect of Shock.—An employee claimed compen- 
sation for injuries received under peculiar circumstances, 
which caused him no physical injury, but compelled him 
to suffer nervous shock, and to undergo treatment in 
hospital, as a result of being accidentally locked in the 
warehouse of his employers during the evening of Derby 
day, when an alarming thunderstorm came on. His 
fellow-workmen found him dazed and prostrate when 
they came to release him. This accidental injury was 
sufficient to incapacitate him, and his employers—city 
warehousemen—were made liable for half wages during 
incapacity, and the County Court Judge awarded him 
9s. 6d. a week till further orders. 








Tue INCORPORATED INSTITUTION OF AUTOMOBILE EN@I- 
NEERS.—The first meeting of the session of the Institu- 
tion of Automobile Engineers will be held at the Institu- 
tion of Mechanical Engineers, Storey’s Gate, St. James’s 


f | Park, 8.W., on October 11, at 8 p.m., when the newly- 


elected president, Mr. L. A. Legros, will deliver his 
presidential address. 

PrrsonaL.—Messrs. W. T. Glover and Co., Limited, 
electrical wire and cable-makers, Trafford Park, Man- 
chester, have removed their Glasgow offices and stores 
to 158, Hope-street, G w, and the telephone number 
has been cha‘ to 3856 glas, their telegraphic address 
remaining as before—viz., ‘* Conductors,” G w.—We 
are informed by Messrs. H. A. Harvey and Oo., of 
Norfolk House, Laurence Pountney Hill, E.C., that they 
have converted their business into a private limited com- 
pony The capital has been fixed at 22,000/., and Sir 








Brereton Hudson, K.C.I.E., is chairman 


we 
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MESSRS. ANDRE CITROEN & CO.S DOUBLE HELICAL GEAR-CUTTING WORKS, PARIS. 
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Tue firm André Citroén and Co. was established 
in 1901, with works at Essonnes, near Corbeil. Until 
1904 the company did not carry out any great amount 
of business, practically the whole of their time being 
taken up in studying their speciality and the market 
for it. In 1904 the works were transferred to the Rue 
du Faubourg St. Denis, in Paris, at which time the 
company may be said to have started business. The 
shop at Essonnes covered about 150 sq. m. (1600 sq. ft.), 
and formed as it were a laboratory in which the machine- 
tools for gear-cutting were manufactured and improved 
with a view to increase their dimensions and their 
speed. The first machines made under the original 
ae were only able to deal with wheels made from 

lanks up to 500 mm. (19.6 in.) in diameter, weighing 
up to 150 kg. (3 owt.), and to cut in these teeth up to 
100 mm. (3.9 in.) in maximum length. The machines 
now built can take blanks 8 m. (26 ft. 3in.) in diameter, 
weighing up to 15 tons, and can cut teeth up to 1 m. 
(39.37 in.) in length. The second shop in the Rue du 
Faubourg St. Denis was not equipped with modern 
lifting appliances ; it has nevertheless frequently dealt 
with wheels weighing from 3 to6 tons. The motive 
power was generated by a 30-horse-power producer-gas 
engine, to which had been added later two electric 
motors of 15 horse-power each. This second shop 
covered 450 sq. m. (4800 sq. ft.) and had two storeys. 
From very insignificant figures in the first, experi- 
mental years, the business of the firm rose in 1910 to a 
total of 40,0000. 

Until 1905 Messrs. Citroén had in view more espe- 
cially the French market; since that date, however, 
and owing to the excellent results obtained with their 
double helical cut teeth, they have found a large 
business in foreign markets. To deal with this they 
established an office in London in 1906, one in Brussels 
in 1907, one in Cologne and one in Turin in 1909, from 
which they have carried out important contracts, 
among which may be mentioned gearing for machinery 
for Transvaal gold-mines, for the steering-gear of the 
White Star liners Titanic and Olympic, for the steer- 
ing-gear of Italian battleships, rolling-mill gearing 
for large German steel works, and so torth. At the 
same time the French business was being mc 
developed, and Messrs. Citroén were put on the Frenc 
Admiralty and War Office lists ; they have established 
also an extensive connection with French works and, 
companies, A few months ago Messrs. Schneider and 
Co., of Creusot, ordered from them heavy gears for 
lathes for machining the new large-calibre gun tubes 
and jackets for he Poon navy. The latter ordered 
from them direct the gears for the steering of their 
800-ton submarine-boats. These gears were designed 
in Messrs. Citroén’s offices, and are based on the 
exclusive use of cylindrical and conical wheels, with 
cut double-helical teeth. 

Messrs. André Citroén and Co. have gone fully into 
the question of driving rolling-mills by electric motors, 
the latter running at their normal speed, which speed 
on the rolls is reduced by gearing of their manufacture. 
The rolling-mills of Messrs, Campionnet and Co., 
Gueugnon, Messrs. Baraguey, Fouque, and Co., Neuve 
aon the Forges de Basse-Indre, the Compagnie Electro- 

étallurgique, Dives, in France, are so a 

Russia is also an important market to which they 
have given their attention. They have supplied their 
wheels in that country for use in conjunction with 
mining winches, and for speed reduction between the 
Diesel engines and the paddle-wheels of boats. Con- 
siderations of distance and high cost of transport, 
the high duty also which is char in entering the 


country, have led the firm to establish a branch estab- 
lishment in Russia. The works are being laid down 





in Moscow, and will start ruuning in a few months. 
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The works in Rue du Faubourg St. Denis having 
become insufficient to cope with the increasing business, 
Messrs. Citroén decided to put down new ones. These 
are shown in the plan and in the cross-section, Figs. 1 
and 2, and are situated at 31, Quai de Grenelle, 
Paris, near the Champ de Mars railway station, which 
is available for the transport of smaller machinery 
and goods, and close to the Seine, on which are carried 
the coal and the heavier pieces, blanks, and finished 
wheels. The site is that occupied formerly by the 
Cail Company ; it measures 34 m. (111 ft.) in width, 
parallel with the river, and 113 m. (370 ft.) in depth, 
giving an area of 3860 sq. m. (41,500 sq. ft.), 

ivided as follows :—Offices, 310 sq. m. (3300 sq. ft.) ; 
power-house, 145 sq. m. (1560 sq. ft.); shop, 2453 
sq. m. (26,440 sq. ft.) ; non-covered area, 952 sq. m. 
(10,200 sq. ft.). Access is had to the factory through 
a ¢ourtyard ; the offices are on the right - hand 
side, and the power-house and chimney on the left- 
hand side. The shop consists of two bays, as shown 
in the section, Fig. 2, the main bay, 16 m. (52 ft.) in 
width, the side bay having a width of 8 m. (26 ft.). 
The main bay is served by two 12.5-ton overhead 
electric travelling cranes, and the side bay by a 10-ton 
similar crane. A lean-to is on each side of the shop. 
Land is available in the rear for future extension, 
should this become necessary. 

The framework of the shop, power-house, and offices 





is of steel, the a being anchored down into 
concrete foundation-blocks sunk toa depth of 3.5 m. 
(11 ft. 6 in.) below the ground-level. The walls are | 
built of brick ; the outside is ornamented by varying | 

y and white tints, and hasa very pleasing effect. 
The roofs are partly of tiles and partly of glass, and 
the lighting leaves nothing to be desired. The part | 
covered with tiles is lined with wood to facilitate | 
heating the shops during the winter months. The | 
office building on the right-hand side on entering the | 
works contains the drawing and commercial offices, | 

The power -house supplies 110- volt continuous | 
current ; this was selected to allow the utilisation of | 
the electric plant which existed in the former shop— | 
Rue du Faubourg St. Denis. As it was absolutely 
necessary to be able to count upon a perfectly regular 
and constant power supply, a steam-engine was selected 








for the prime mover. This was supplied by the Société 
Alsacienne de Constructions Mécaniques. The engine 
is a horizontal 200-horse-power uniflow engine, driving 
at a speed of 160 revolutions a 110 to 115-volt 
continuous-current dynamo, coupled to the flywheel 
shaft. The condenser is underneath, and is in con- 
nection with a well 40m. (130 ft.) in depth, either 
directly when the water level reaches to the mouth of 
the well, or through the intermediary of a reservoir 
built of armou concrete and of 12 cubic m. 
(2640 gallons) capacity, which acts as a suction tank 
and is fed by a centrifugal pump. The switchboard 
is double, one panel being set apart specially for the 
working of the dynamo and provided with the record- 
ing instruments for measuring the work supplied to 
the power circuit and the current supplied to the 
lighting circuit ; the second panel serves for the dis- 
tribution of the lighting current and for switching in 
the accumulators. Steam is supplied to the engine by 
two Garbe water-tube boilers having each 60 sq. m. 
(645 sq. ft.) heating surface; 2 sq. m. (21 sq. ft.) 

rate area, working at a pressure of 12 kg. per sq. cm. 
(170 Ib. per sq. in.). One of the boilers is used more 
especially to supply the engine; it is fitted with a 
superheater of 3 sq. m. (300 sq. ft.) superheatin 
surface, giving steam at 325 deg. Cent. The secon 
boiler acts as a stand-by, and comes into use in the 
winter months also for heating the shop and offices. 
The chimney is built of bricks; it is 35 m. (114 ft.) high, 
1 m. (39 in.) inside diameter and 1.45 m. (57 in.) out- 
side diameter at top, the outside diameter at the base 
being 3.3 m. (10 ft. 10 in.). In winter the boilers are 
fed by the condensed steam (at about 60 deg. Cent.) 
proceeding from the heating apparatus for the 
offices and shop, and in summer by the condensed 
steam from the condenser (at about 35 deg. Cent. ), 
this being previously filtered through coke. The 
works can also draw Seine water from the town main. 
The boilers are fed by a three-cylinder electric pump 
when the engine is running, or by a Worthington 
feed-pump when it is at a standstill. All the coal 
burned is previously weighed ; the water vaporised is 
recorded by a Schmidt counter. 

The main bay of the building contains the tools for 
cutting the gear-wheels which exceed 1.6 m. (63 in.) 
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in diameter, and the rolling-mill pinions. The smaller 
bay is equipped for cutting wheels less than 1.6 m. 
(63 in.)in diameter. The latter bay also contains the 
tool-making and hardening room, the tool-stores, the 
clothes-lockers, and wash-hand installation, all of 
which are to be removed ultimately to a separate bay, 
7.2 m. (23 ft. 6in.)in width, the construction of which 
is contemplated. 

The ends of both bays opposite the entrance are set 
apart, for turning, planing, boring, and generally 
machining the blanks when necessary, previous to 
their being placed on the gear-cutting machines. In 
this part of the shop are erected also the speed- 
reducing gear and other apparatus for the navy, the 
War Department, and others. Further to the rear is 
the testing-room, in which are tested the wheels and 
pinions to ascertain their accuracy and smooth run- 
ning ; the tests last several hours, the gearing being 
made to turn as near as possible under the load it 
will carry in actual service. There are in all six 
testing-beds for both cylindrical and bevel-wheels of 
large imensions, and four for smaller gears, of which 
one is for spur-wheels, one for both spur and bevel- 
wheels, and two mostly for all smaller gear. All the 
beds are provided with separate electric motors with 
variable gear. The various departments are shown in 
the views, Figs. 3 to 6, on this page and page 356, Fig. 3 
illustrating the planing, boring, and milling-machines, 
Figs. 4 and 5 showing some of the bevel-gear and spur- 
wheel gear cutting machinee, and Fig. 6 a general view 
in the main bay. 

Among the machines in the 16-m. (52-ft.) bay are 
four ye machines for spur-wheels up to 3 m. 
(9 ft. 10 in.) in diameter ; two for spur-wheels up to 
© m. (16 ft. 4 in.) in diameter ; one for spur-wheels up 








to 8 m. (26 ft. 3 in.) in diameter, and two for spur and 
bevel-wheels up to 5 m. (16 ft. 4 in.) in diameter. The 
maximum width of rim along which the teeth can be 
cut is 600 mm. (23.62 in.) for wheels up to 5 m. in dia- 
meter, and 1 m. (39.37 in.) for those up to8m. One 
of the machines taking the wheels up to 3 m. in dia- 
meter is built on a pit, and is provided with a device 
for cutting racks in costa of 2.5m. (8 ft. 2 in.). Each 
machine is provided with its own set of gear-wheels 
for varying the speed of the cutting-tool and for divid- 
ing. The machines are all built on a strong concrete 
foundation in which a gap is cut for allowing the 
machining of blanks exceeding 2 m. (6 ft. 6 in.) in 
diameter. Besides the above there are a key-way 
slotting-machine, and a boring-mill in close proximity. 
The first six gear-cutting machines above referred to, 
and the key-way slotting machine, are run together by 
belting from the same overhead shaft, driven by an 
electric motor. The three last gear-cutting machines 
and the boring-mill have each their own electric motor, 

On the opposite side are five chuck-lathes for taking 
blanks or wheels up to 5 m. (16 ft. 4 in.) in diameter. 
There are also the following machines specially set 
apart for the manufacture of rolling-mill pinions :—A 
lathe for turning up to 1.5 m. (4 ft. 11 in.) in diameter, 
and 5m. in length ; a machine for cutting the wobblers 
at the ends of the rolling-mill pinions ; and two heavy 
gear-cutting machines for taking the pinions up to 
1.5 m. in diameter, and 5 m. in length. Also a series 
of accessory machines, and a laying-out table. 

The smaller bay contains the following gear-cutting 
machines :—Two for light spur-wheels ; four for spur- 
wheels less than 1.6 m. (63 in.) in diameter ; one for 
_ spur and bevel-wheels, two for spur and bevel- 
wheels Jess than 1.6 m, in diameter; and one for 


wheels of the same diameters, but of heavier patterns. 
All these machine-tools, together with those: im~ the 
|adjoining tool-room, are run from the same shaft 
driven by an electric motor. On the opposite side are 
| several lathes and other machine-tools for preparing 
the blanks run from a shaft driven. by an electric 
| motor. 

| The main bay is served by two 12.5-ton overhead 
travelling cranes, the smaller bay by a 10-ton similar 
/crane, as above stated. A fourth hand-operated 
| traveller serves the test-room. A number of small 
| hoisting jibs, to lift from 1 to 2 tons, are arranged near 
|}some of the machines, Narrow-gauge tracks run 
through the shops, as shown in the plan, Fig. 1; they 
communicate together by four turntables. The shop 
| and yard are paved throughout with wood blocks. 

| The machines for cutting double helical-toothed 
| spur-wheels consist mainly of two cast-iron beds at 
|right angles one to the other, strongly connected 
| together, and provided, one with the headstock, its 
| face-plate, and the piece to be machined, and the 
| other with the tool-carrying head and milling-cutter. 
The blank is carried in the same way as in an 
ordinary lathe, on a mandrel which ensures its perfect 
centering. The milling-cutter head travels automa- 
| tically on its slide longitudinally and parallel with 
the generating lines of the wheel being cut. The 
setting of the tool for depth of out., i.., in the 
direction of the radius of the wheel and towards the 
| wheel-centre, is done by hand by means of a dial 
before starting the engine for the first cut. The 
milling-cutter takes the whole depth at one and the 
same cut ; its axis is perpendicular to the work, and it 
is rotated by a shaftand gearing. The mandrel carry- 
ing the blank is made to rotate slowly or rapidly, and 
continuously in one direction or alternately in the 
opposite direction, at will, and according to the work 
to be done, but its action is always dependent upon 
that of the tool-carrying bed. The combination of the 
various motions, which are regulated by means of 
gearing, stop - catches, and quick-return mechanism, 
combined with a corresponding motion of the plate 
carrying the blank, makes it possible to cut on the 
latter either straight or helical teeth of any required 


shape. 

When cutting double helical teeth Y or N shaped 
to form spur-wheels, the blank is made to rotate very 
slowly ; the tool-carrying bed moves in a direction 
parallel with the generatrix of the wheel being cut, and 
the milling cutter ploughs as it were on the rim to 
the full depth a helix the dimensions of which are 
governed by the selection previously determined ae 
of the ratio between the s of the tool-carrying bed 
and that of the blank. e height of the helix equals 
half the width of the rim ; as soon as the revolving 
cutter has reached the apex, the rotation of the blank 
is reversed automatically without a clutch, the speed 
remaining constant, and the other side is cut. The 
tooth consists, therefore, of two helices cut in one 
stroke without stoppage, the machine being adjusted 
for the work before starting. 

As soon as the cut is completed over the whole 
width, the cutter is brought back, the blank turns 
through a distance corresponding with the pitch, and 
the cutting operation is repeated until the wheel is 
completed. 

The machines cutting up to 2 m. (6 ft. 6 in.) in 
diameter, of the smaller pattern, and those cutting up 
to 5 m. (16 ft. 4 in.) in diameter, of the larger pattern, 
are of similar type. 

Those for cutting bevel-gears are generally similar 
also ; the main difference, as compared with those for 
spur-wheels, is that the two s—the one carrying 
the blank and the one carrying the tool—are fitted to 
a common heavy bed-plate on which the former can 
travel in the direction of the axis of the mandrel, the 
latter being pivoted in such a way that the axis of the 
milling-cutter can always be placed perpendicular to 
the generatrix of the cone ; this pivoting action allows 
the milling-cutter bed to turn through an angle of 
90deg. This applies to the larger machines for taking 
wheals up to 5m. (16 ft. 4 in.) in diameter. In the 
smaller ones, however, for cutting bevel-wheels up to 
2 m. (6 ft. 6 in.) in diameter, the bed carrying the 
milling-cutter and that carrying the blank are cast in 
one piece ; the latter is provided with a turret,made 
adjustable both in a direction perpendicular to, the 
travel of the cutter and round the vertical axis of 
the turret. The turret carries the mandrel for holding 
the blanks. 

Each tooth is cut in one stroke of the milling-cutter; 
a second, finishing cut is given, this being only a very 
slight cut, to rectify any irregularity which may have 
been caused in the first cut, and to correct any slight 
differences in the depth of the teeth due to the wear 
of the milling-cutter. 

In appearance, the teeth used in the bevel gears 
resemble those adopted in ordinary double helical 
gearing, consisting of two portions meeting at the 
centre to forma Y. Neither leg of the Y is straight, 
and if the tooth be projected on the plane of the wheel, 
theory shows that the curve then obtained should be 





a portion of a spiral which may be either a logarithmic 
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or an Archimedean spiral. The latter form is adopted 
for the Citroén wheels, and enables them to be cut with 
absolute accuracy although one single milling-cutter 
be used, and the sides of the teeth be not touched up. 
The new works in question were officially opened 
on July 22 last, in the presence of a large gathering 
of engineers ; among the British engineers were repre- 
sentatives of the South African A. £.G. Company, of 
Messrs. Crossley Brothers, and other firms; the 
company’s representatives in the various Continental 
countries, and several members of the Russian and 
American Citroén Companies were also present. 





THE CANADIAN IRON INDUSTRY AND 
THE PREMIUMS. 

A GeeMan expert, Dr. G. Koch, has investigated the 
influence of the premium policy, which has now come to 
an end, upon the development of the ian iron indus- 
try. This policy has existed, in different phases, for a 
quarter of a century, and prior to its introduction the 
industry was of but very small importance, the immediate 
reason for the adoption of premiums being the collapse of 
the then largest Canadian iron works at Londonderry, 
New Scotland. In order to enable this concern to resume 
working, the Parliament of the Dominion, at the instance 
of the Government, voted a premium of 1.50 dols. for 
each ton of pig iron prod in Canada. In the year 
1874 the premium was increased to 2 dols., the same pre- 
mium being granted for puddle iron and steel billets, 
subject to these articles being manufactured from Canadian 
raw material. In the year 1897 the premiums were 
extended so as to comprise also pig iron produced from 
foreign ore, the premium for such pig iron remaining at 
2dols., whilst. that for pig iron from Canadian ore was 
raised to3 dols. The premium for steel billets was discon- 
tinued, but steel ingots, made to the extent of, at least, 50 
per cent. from Canadian pig, received a premium of 
3 dols. per ton, as did puddle iron when, made exclusivel 
from Canadian raw material. In the year 1903 a fres 
Bill was passed, which introduced a gradual modification 
of the existing premiums at the same time as it intro- 
duced a fresh series of premiums for more finished manu- 
factures, 6 dols. per ton for round rolled wire bars, and 
3 dols. per ton for rolled angular and T-iron, construction 
steel, and rolled plates, provided that the pig used for 
their manufacture was, at least to the extent of 50 per 
cent., Canadian, whereas the origin of the iron ore was 
immaterial. 

The last regulation of the Canadian iron premium 
policy took place in 1907, taking effect from the begin- 
ning of the year, which introduced a sliding declining 

ie for the poe 1907-10, the miums terminating 
with the end of the latter year (with one important excep- 
t on, which lasted another six months). e premiums 
were from 2.10 dols. to 0.90 dol. for pig iron of Canadian 
ore, 1.10 dols. to 0.40 dol. for pig iron of foreign ore, 
1.65 dolg, to 0.60 dol. for puddle iron of Canadian pig iron, 
and 1.65 dols. to 0.60 dol. for steel ingots made to the 
extent of at least 50 per cent. of their weight from 
ian pig. The premium for round rolled wire bars 
was fixed at 6 dols. per ton from January 31, 1906, to 
June 3, 1911. 

The time affected by the premiums divides itself into 
two pms ge the first to 1897, distinguished by a very 
small and tardy increase, and the second commencing 
with the year 1898. The following table shows the out- 
put of pig iron during several years :— 


Tons. 
1898 ... sa ave ee si .. 77,015 
1900... ait a. ca eve ... 96,575 
1902... fe ie ee vs ... 366,197 
1907... ne val Ss ne ... 646,7' 
1909 678,751 


The decline in 1908 was caused by the general depres- 
sion then prevailing. Otherwise the above figures show 
that the adian pig-iron industry during the last ten 
years shows a more rapid development, in per cent., than 
that of ony see country. In the year 1909 Canada 
produced about the same quantity of pig iron per inhabi- 
tant as did France. No doubt this astounding growth to 
a great extent is attributable to the premium policy, 
which also benefited products manufactured from forei 
iron ore after the passing of the Act of 1897. During the 
time when the premiums only referred to uce from 
Canadian iron ore, the premium policy may, in a measure, 
be said to have failed. In the year 1 a’s con- 
sumption of iron ore was only to the extent of 15 per 
cent. covered | Canadian ore, the bulk being imported 
from Newfoundland. 

It would, however, be rash to draw conclusions from 
this fact as regards both the quality and the Sometity of 
Canada’s iron-ore deposits. In most of Canada’s 
eastern States there are extensive depcesits of iron ore, and 
the percentage of iron is fairly high—50 to 55 per cent. 
In addition, large See of hematite have recently been 
discovered in New Brunswick, but Newfoundland ore is 
generally preferred, being cheaper in transport. 

It is not only the output of pig iron which has so greatly 
increased of late years. us the production of steel 
rails had reached 268,000 tons even by 1908. This deve- 
lopment is also traceable to the premium policy, more 
sepenialty to the law of 1903, as may be seen from the 
following instance. In the 1900 the Algoma Steel 
Company was started on a lene scale, more especially 
for the manufacture of steel rails, and, although the 
Government promised to buy 25,000 tons of rails annually 
for five years, the new concern made no headway. In the 
beginning of 1903 work was discontinued, not a single ton 
of steel rails having so far been manufactured. Then 





came the new law ; fresh [capital for the working of the 
Algoma Steel Company was at once forthcoming, and it 
is now by far the largest manufacturer of steel rails in 
Canada, having a capacity of 1000 tons per day. 

Canada’s wire-bar industry also dates from 1903, and 
by the year 1908 the Dominion Iron and Steel Company 
in Sidney, at Cape Breton, had an output of no less than 
65,000 tons. 

The above will show how much the Canadian iron 
industry of ey owes to the premium policy, which 

uring the last decade has meant an average of about 
1,500,000 dols. in premiums per annum. It now remains 
to be seen how it will fare without this aid. There is a 
belief among those able to judge that Canada’s iron 
industry has nothing to fear from the future, but will be 
able to hold its own, even against the most advanced 
countries within the iron industry. 





Tue NaTionaAL EvecrricaL MANUFACTURERS’ ASSO- 
CIATION (INCORPORATED).— The reorganisation of the 
work of the Association bas now been successfull 
carried through, and will shortly be put into effect. It 
includes the alteration of the title of the Association, 
which will in future be known as “The British Elec- 
trical and Allied Manufacturers’ Association (Incor- 

a the appointment of a new secretary, giving 

is whole time to the work of the Association, and of a 
larger working staff; the leasing of commodious offices 
in a cen ition ; and certain necessary amendments 
of the constitution of the Association to meet the new 
conditions, including the revision of qualifications for 
members, associate-members, and associates; and the 
alteration in the rates of subscription and voting powers. 





SMALL-PowkrR AND MopEL ENGINEERING EXHIBITION.— 
The third exhibition of small-power ener appli- 
ances, models, and scientific apparatus, — by the 
oe of the Model Engineer, will be held at the ay 

orticultural Hall, Vincent-square, Westminster, S.W., 
from October 13 to 21 next. As usual, it will contain a 
collection of high-class working and stationary engineer- 
ing models of all kinds, and a display of small-power 
steam, gas, and oil-engines, lathes, and light machine- 
tools, electrical appliances, and scientific novelties. A 
feature of the show will be a completely equipped model 
engineering workshop, in which demonstrations of metal- 
working processes and small engine building will be given 
daily. orking model railways and numerous other 
interesting trade and ge exhibits will be provided. 
Full particulars may obtained from the organisers, 
Messrs. Percival Marshall and Co., 26 to 29, Poppin’s- 
court, Fleet-street, London, E.C 





Monserrat Tramway AssociaTion.—The tenth annual 
conference of this Association isto take place in Glasgow, 
on the 27th, 28th, and 29th inst. A conference will be 
held at 11 a.m. in the Council Chamber; it will be opened 
by a presidential address by Mr. Jas Dalrymple, general 
manager, Corporation Tramways, Glasgow. he fol- 
lowing papers will be read and discussed on the same day 
and following days:—‘*The Common Good of the City 
of Glasgow : Its Origin, History, and Present Position 
in Relation to the Tramways Undertaking,” by Mr. 
Councillor Walter Nelson, ND meta Glasgow Cor- 
poration Tramways Committee. ‘‘ Tramways Finances 
and Policy,” by Mr. Councillor J. H. Rodgers, chairman 
of the Newcastle Corporation Tramways Committee. 
‘“*Tramcar Meters,” by Messrs. R. G. and J. G. Cunliffe, 
technical assistants, Manchester Corporation Tramways. 
- aM on Tramway Track : Methods of Construction 
and Maintenance,” by the representatives of the Glasgow, 
Manchester, and Leeds Corporation Tramways. Other 
meetings to deal with different business questions, and 
excursions, have been arranged. Full data can be obtained 
from the secretary, Municipal Tramways Association, 
Division-street, Sheffield. 





PoweErFvUL British DrEDGER FOR THE PANAMA CANAL. 
—Messrs. Wm. Simons and Co., Limited, Renfrew, 


launched on Tuesday, the 12th inst., an extremely | h 


powerful bucket-hopper dredger which they have built 
to the order of the United States Government for carrying 
out some of the most arduous under-water opting to be 
done in connection with the Panama Canal. The dredger 
is of the twin-screw type, and will make the voyage to the 
Pacific Coast under her own steam. She has a hopper 
capacity for 1200 tons of dredgings. The bucket lander 
is designed for dredging to a depth up to 50 ft. The 
vessel is propelled at a speed of 10 knots per hour by two 
sets of triple-expansion surface-condensing engines, sup- 
lied with steam from two cylindrical multitubular 
lers, constructed to Lloyd’s requirements for a working 
pressure of 180 lb. per sq. in. The dredging is of 
the most massive description, and is arranged to give 
three s of buckets to suit the various kinds of 
material to be dealt with. It can be driven by either of 
the main propelling engines. Two sets of buckets are 
provided, one of 54 cub. ft. capacity for dredging soft 
material, and one of 35 cub. ft. capacity for Seolaies 
stiff clay. The bucket-ladder isa steel girder of excep- 
tional strength ; the ladder, with its chain of buckets, 
links, and pins, weighs upwards of 240 tons. The upper 
end of the bucket-ladder is ——— on an independent 
pivot shaft, and the lower end is controlled by powerful 
steel-wire rope tackle and independent steam hoist-gear, 
which is designed for raising the ladder at a speed of 
10 ft. per minute. Shoots are provided for loading into the 
vessel’s own hopper, and also overboard shoots, controlled 
by independent steam-winches, for loading into 
ongside. The hopper-doors are controlled by indepen- 


dent hydraulic gear. 





NOTES FROM THE NORTH. e 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was firm, and 3500 tons of Cleveland 
warrants were done at 46s. 104d. cash, 47s. 14d. one 
month, and 47s. 74d. and 47s. 84d. three months. 
Closing sellers quoted 46s. 114d. cash, 47s. 24d. one 
month, and 47s. 9d. three months. There was little 
change in the afternoon, when 1000 tons of Cleveland 
warrants changed hands at 47s. 9d. three months. The 
market closed with sellers at 46s. 114d. cash, 47s. 3d. 
one month, and 47s. 84d. three months. On Friday 
morning an easier tone prevailed, but business was 
limited to 1000 tons of Cleveland warrants at 46s. 11d. 
cash and 47s. 7}d. three months, and sellers’ closing 
quotations were down to 46s. —_ cash, 47s. 14d. one 
month, and 47s. 7d. three months. In the afternoon 
Cleveland warrants were again down in value, and the 
dealings consisted of two lots at 46s. 114d. one month and 
47s. 54d. three months. Closing prices showed a fall of 
about 3d. on the day, with seilers at 46s. 9d. cash, 
47s. one month, and 47s. 6d. three months. On Monday 
morning the market continued very weak, and the only 
business was one lot of Cleveland warrants at 47s. 5d. three 
months. The session closed with prices 2d. down from 
the previous close, sellers quoting 46s. 7d. cash, 46s. 10d. 
one month, and 47s. 4d. three months. The afternoon 
session was again dull and quiet, and Cleveland warrants 
amounting to 1000 tons were dealt in at 46s. 10d. one 
month and 47s. 4d. three months. Closing quotations 
were 4d. up from the morning. On Tuesday morning 
the market was dead idle, but sellers’ quotations for 
Cleveland warrants were firmer at 46s. 84d. cash, 
46s. 114d. one month, and 47s. 54d. three months. 
The afternoon session was a — of the morn- 
ing, and again no dealing took place, and at the close 
Cleveland warrants were quoted without change by 
sellers. When the market as to-day (Wednesday) 
the tone was firm, but for the thi successive 
session no business was recorded. Cleveland warrants 
were 4d. up, at 46s. 9d. cash, 47s. one month, and 47s. 6d. 
three months sellers. In the afternoon Cleveland war- 
rants were again firmer, and 3500 tons were done at 46s. 9d. 
cash, 47s. and 47s. 04d. one month, and 47s. 6d. three 
months. Closing sellers quoted 46s. 10d. cash, 47s. 1d. 
one month, and 47s. 7d. three months. The following 
are the market se for makers’ (No. 1) iron :— 
Clyde and Calder, 6d.; Gartsherrie, 61s.; Summerlee, 
63s.; Langloan, 63s. 6d.; and Coltness, 82s. 6d. (all shipped 
at Fem ag? Glengarnock (at Ardrossan), 63s. ; Shotts 
(at Leith), 62s. 6d.; and Carron (at Grangemouth), 63s. 6d. 


Sulphate of Ammonia.—The market for sulphate of 
ammonia is rather dull and quiet this week, with only a 
moderate demand. No change, however, falls to be noted 
in the price, which is still quoted at 14/. 2s. 6d. per ton 
for prompt delivery, Glasgow or Leith. 


Scotch Steel Trade.—The Scotch steel trade continues 
to move along on satisfactory lines, and makers are being 
kept well employed. Specitications for both ship and boiler- 
plates are fairly plentiful, but the demand for angles is 
only moderate. Shipment inquiries have recently been 
very good, and quite a lot of general material has been 
booked. South America and Japan have each been good 
customers for plates and sectional material, and heavy 
deliveries are the order of the day, while Canada is pre- 
sently inquiring for considerable quantities of lght 
material to be delivered before navigation closes for the 

ear. Some fresh business in ship and boiler-plates has 
just been fixed up with Continental buyers. For black 
and galvanised sheets the demand is still as large as ever, 
and a good trade—home and export—is being put through, 
and prices continue to have an upward tendency. 


Malleable - Iron Trade.—Malleable-iron makers are 
fairly well employed, but specifications, which are mainly 
against old contracts, are hardly sufficient to keep the 
various establishments running full. No change has taken 
place in prices, which are so low that there is little or no 
visible margin of profit. 


Scotch Pig-Iron Trade.—The trade in Scotch pig-iron 
as been very fair during the past week, with local con- 
sumers buying a little more freely, and with the orders 
from the South showing a slight increase. The export 
trade is about normal, and it falls to be reported that 
another cargo of Scotch iron has been sold for shipment 
to Russia. The hematite position is practically un- 
changed either as regards demand or value. The current 
price is quoted at 65s. per ton, but it is doubtful if more 
than 64s. needs to be paid at present. 





Tue SteamM-TurRBINE: Erratom.—On 308, 
column 1, line 24 from the bottom, in place of ** The effect 
of tip clearance is to increase the weight of steam e 
per horse-power developed,” read “The effect of tip 
clearance is to diminish the horse-power developed per 
pound of steam passed.” 





University oF Lonpon, K1ne’s Courcr.—Particulars 
of the special advanced lectures and courses in civil, 
mechanical, and electrical engineering subjects, arranged 
for the forthcoming session, have reached us from King’s 
College. The lectures, some of which commence early 
in October and others in January, are to be delivered 
in the evening, and, if desired, drawing and laboratory 
work in connection with them may be taken in the day- 
time. The subjects include irrigation, water supply and 
sewerage, internal-combustion engines, steam-turbines, 
electric generating-stations, electric traction and lighting, 
electric power in mines, &c. Full particulars ma be 
obtained from the Secretary, King’s College, Strand, W.C. 
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NOTES FROM SOUTH YORKSHIRE. 
Trade ~ hy presen t 
South Yorkshire Coal . Steam is at 
in a very good ition. Not only is there a big demand 
for shipment, but the call for industrial purposes is 
steadily maintained in its recent strong volume, and 
several manufacturers are increasing their reserves in view 
of emergencies, such as trouble amongst the miners. 
recent industrial upheaval lends an added force to the 
rumour of a colliers’ strike, which generally begins to 
circulate at this period of the year. The rumour also 
appears to have caused considerable anxiety to house- 
holders, for house-coal merchants have been almost over- 
whelmed with orders during a week. Of course, 
the decision to make a vance of 1s. per ton in 
house-coal prices must also be taken into considera- 
tion in — ing the cause of the present heavy 
demand, with which collieries are having consider- 
able difficulty to cope. The congestion at sidings and 
the scarcity of empt has made it im ble 
for them to work full time. The demand, in the first 
instance, was responsible, with the conditions at collieries 
as described, for the decision to advance prices, but now 
that these advances are coming into effect the rush is, 
of course, even greater. The advances will not apply 
on contract deliveries until October 1. Reverting to 
hard coal, prices are very firm and have a tendency to 
increase. The inquiry for gas coals remains good, and 
many works are still adding to their stocks, ipments 
also are . Slacks are in a very strong position, 
and the coke trade is good. Week-end quotations on 
‘Change were :—Best branch hand-picked, 13s. 6d. to 
14s. 6a. ; Barnsley best Silkstone, lls. to 12s. ; Silkstone, 
10s. to 1ls.; Derbyshire house, 8s. 6d. to 9s. 6d. ; best 
large nuts, 8s. 6d. to 9s. 6d.; small nuts, 6s, to 7s. ; 
Derbyshire best brights, 10s. 6d. te 11s. 6d. ; Yorkshire 
hards, 8s. 3d. to 9s. 3d.; eee hards, 8s. to 9s.; 
washed nuts, 7s. 6d. to 8s. 6d.; rough slacks, 5s. 3d. 
to 7s. ; seconds, 4s. 3d. to 5s. 3d.; sm: 2s. to 3s. 


Tron and Steel.—Transactions in iron have been on a 
moderate scale during the week. Both the users of 
hematites and common irons manifest a tendency to hold 
out for price concessions, which all the makers are not 
pre = give, particularly - eo eee 
ducers, who are maintaining their icy of sacrificing 
business rather than under-cut official F rates. There 
however, been some underquoting in hematites, which 
are not now in — so good a position asa few weeks 
ago, when considerable buying rendered consumers tem- 
porarily independent of the market. Derbyshire forge 
1s selling at a figure which, compared with the Lincoln- 
shire brand, gives a decided advantage to buyers, 
but foundry sorts are about the same in the two 
counties. @ majority of the local steel manufac- 
turers continue to be absolutely fully employed. Many of 
them have not yet got abreast of work whid was delayed 
by the strike, and as this was of unusual proportions for 
the time of year, the present briskness in trade is likely 
to continue for some little time. Also there are a fair 
number of new orders coming in. At the same time it 
is felt that the weight of forward orders being received is 
not what it should be to ensure a really p i 


—— winter. 
This, of course, may mean much or little. There is plenty | g 


of time for the work to come forward, and the indications 
seem to point to a continuance of the existing prosperity. 
In armaments, for example, conditions are excellent. 
There is any amount of work in the hands of the three 
Sheffield firms, not only for the home Government, but on 
foreign contracts as well. One very unmistakable sign of 
the position of affairs in this branch of local trade is the fact 
that the export of armour-plates has recommenced after a 
lapse of about three years. Subsidiary orders in this con- 
nection are also finding good work for the foundries and 
forges. The home engineering trade appears to be im- 
proving. A big order for hydraulic plant for a railway- 
wagon works, consisting of a 1500-ton press, with the 
necessary pumps and accumulator, the plant to be elec- 
trically driven, has just been booked ry the Brightside 
Foundry and Engineering Company. e home demand 
upon makers of engineers’ tools is considerable. Exports 
of the lighter steels and all kinds of tools are most grati- 
fying, and markets in the Colonies and on the Continent, 
particularly Russia, are steadily expanding. Gas and 
oil-engines figure well in the export lists. A considerable 
weight of finished is still being held up at the ports, 
consequent upon the railway troubles, and several im- 
porters expect to have to face losses on foreign work of 
varying magnitude. Following upon the expected placing 
of orders for rolling-stock by the railway companies, the 
railway-steel manufacturers are pretty well occupied. 





_THE PENINSULAR AND OpteNnTAL STeam NAVIGATION 
Company’s Liner ‘‘ Matoua.”—This twin-screw 
steamer, built by Messrs. Harland and Wolff, Limited, 
for the Peninsular and Oriental Steam Navigation Com- 
pany, left Belfast, on the 9th inst., after adjustment of 
compasses and successful trials, and proceeded to London, 
from whence she will sail on her first voyage to the East 
on the 23rd inst. The Maloja is a ger and mail 
steamer of the highest class. She is 569 ft. long by 
62 ft. 9 in. beam, with a gross tonnage of 12,500. She 
has two steel pole masts and two funnels, ten water- 
tight bulkheads carried up to the spar-deck, and seven 
steel decks. The double bottom extends right fore 
and aft, the depth and strength being increased under 
= engine-room, giving great rigidity to the structure. 

he Maloja has accommodation for over 450 first-class 
and about 220 second-class passengers. She has two 
sets of quadruple-expansion engines, ~~ on the 

balanced principle, also constructed by Messrs. Har- 
and and Wolff, Limited, 





NOTES FROM CLEVELAND AND TH 
NORTHERN COUNTIES. i 
MIpDLEsBRoUGH, Wednesday. 
The Cleveland Iron Trade,—Busineass is very slack for 
this season of the year, when there is usually brisk buying 
to meet autumn requirements. is a want of con- 
fidence in the market, due chiefly to labour unrest, and 


he | buyers are holding off. Many traders, however, express 


the belief that improvement is at hand, and that consumers 
of pig will be compelled to come forward and purchase 
to satisfy their over the fall of the year. Quota- 
tions move very little. No. 3 g.m.b. Cleveland pig is 47s. 
for early f.o.b. delivery, at which figure both makers and 
mee ype ge A, 0. 1 is very scarce, 
and is quoted 5lx.; whilst No. 4 foundry and No. 4 forge 
are ra 46s. 6d.; and mottled and white iron each 
46s.—all for early delivery. East Ooast hematite pi 
continues very dull and difficult to sell. The y 
recognised market quotation for early delivery ot Nos. 1, 
2, and 3 is 61s., but it is understood that producers, as 
well as merchants, would accept a lower price ; and, in 
fact, a substantial sale has been made at 60s., but the 
transaction was under exceptional circumstances. There 
is little or nothing passing in foreign ore, and market rates 
remain nominally on the basis of 193. ex-ship Tees for 
Rubio of 50 per cent. quality. There is a very plentiful 
supply of coke, with the result that quotations are easy, 
notwithstanding the heavy local consumption. A 
blast-furnace coke is on sale at 14s. 6d. delivered here. 
Stocks and Shipments of Pig Iron.—Stocks of pig iron 
in the public warrant stores are now slowly, but steadily, 
decreasing. This month Cleveland pig is being with- 
drawn at the rate of 370 tons per working day, but the 
stock still stands at over 590,060 tons. Shipments of pig- 
iron are on an excellent scale. To date this month they 
average 4612 tons working-day, as compared with a 
daily average of 4134 tons to same date last month, 
= 4301 tons for the corresponding part of September, 
it year. 


Manufactured Iron and Steel.—Very satisfactory and 
ener ee reports continue to be given of the various 
branches of the manufactured iron and steel mdustries. 
A great deal of work is is turned out, producers have 

contracts made, and there are fairly good inquiries 
in the market. Under these favourable conditions values 
tend upward, but up to the present no actual changes 
have been made. Principal market quotations stand :— 
Common iron bars, 7/ : “ov vars, 7/. 78. 6d.; best best bars, 
71. 15s.; pack’, iron, 5/. 15s. ; iron ship-plates, 6/. 10s.; 
iron wt 7l.; iron ship-rivets, 7/. 5s.; iron girder- 
es . 17s. 6d.; iron boiler-plates, 77. 7s. 6d.; steel bars, 

. 5s.; steel ship-plates, 6/. 15s.; steel shi les, 
61. 7s. 6d. ; steel strip, 6/. 10s.; steel hoops, 61. 6d. ; 
steel joists, 6/. 10s. ; steel bars, 6/. 5s.; cast-iron railway 
chairs, 3/. 12s. 6d. ; light iron rails, 6/. 10s, ; heavy steel 
rails, 5/. 12s. 6d. ; steel railway sleepers, 67. 10s. ; and 
galvanised corrugated sheets, 11/. 5s.—sheets less 4 per 
cent. f.o.b., railway material net at works, and all other 
descriptions less 24 per cent. discount. 





New Fioatine Dock ror RorrerpaM. — Messrs. 
wan, Hunter, and Wigham Richardson, Limited 
launched, on the 8th inst., from their Wallsend shipyard 
a@ new — dock built to the order of Wilton’s Bagi 
neering and Slipway Company, of Rotterdam, being the 
second that they have built for this oem. The dock 
is 365 ft. long and 81 ft. wide. It is a double-sided self- 
docking dock of the iype known as the ‘“ Bolted- 
Sectional,” designed by Messrs. Clark and Standfield, of 
Westminster. It is built in three sections, which are 
bolted together, and are disconnected only when self-dock- 
ing is pene for painting or repairing the under-water 
parts. Any two sections of the dock can lift the third 
section to a height sufficient to allow barges and work- 
men to pass underneath. The pumps are centrifugal and 
are directly driven by electric motors. The installation 
is divided into three parts, each one working one of the 
sections of the dock independently. The three sections 
of the dock were launch 
come between succeeding events, and shortly after the 
whole dock was bolted together in the river. The dock 
will be towed to Rotterdam. 





Digset-EnGINE-ProrpeLLep TaNnK-Suir.—We are in- 
formed by the Nederlandsche Fabriek van a 
en Spoorweg-Materieel, Amsterdam, that the tank-ship 
Vulcanus, built by them in 1910, and propelled by a six- 
cylinder 500-brake-horse-power Werkspoor Diesel engine, 

recently completed a journey from Rotterdam to 
London, Constantza (Roumania), Hamburg, returnin 
afterwards to Rotterdam. The engine is in a very 
condition. In Constantza the ship created great a 
and shortly after its arrival it took a number of | 
authorities for a trip on the Black Sea. The following 
are data concerning the journey in question :— 








Tri Ti Sea. | o> |eamen 
p. me, ‘laa | Place- nsump 
Miles.| ent. tion 
\days hrs. min. | tons tons 
Rotterdam to London..| © 19 45 | 141 | 1.8 
London to Constantza) 19 4 16 8263) 1480 37.5 
ConstantzatoHamburg, 20 22 35 3595 2180 42.0 
Hamburg to Rotterdam! 1 19 0 | 360| 1360 2.0 








These figures show a po agey oy | low fuel consumption ; 
the company estimate this to be less than one-fifth of the 
coal — which would have been required for a steam- 
ship having the same characteristic features and perform- 
ing the same journey 


separately, about half an hour | ¥ 


- | quantity-surveying, land-surveying and levelli 





NOTES FROM THE SOUTH-WEST. 


Cardi f.—Business in steam coal has been somewhat 
restricted; arrivals of steamers have not come up to 
qn and it is feared that the tonnage position 
will remain unfavourable until the dislocation occasioned 
by recent strikes has been overcome. Should, however, 
the Morocco difficulty result in war, a heavy demand for 
Welsh coal would at once follow. It appears that the 
Lords of the Admiralty have been forwarding coal by 
railway to North-Eastern ports, so as to accumulate 
reserves to meet the Le ay 3 of British warships. 
The best large steam has made 18s. to 18s, 3d. per 
ton; ordinary qualities have ranged between 16s. and 
17s. 6d.; best ordinary bunker smalls between 8s. and 
8s. 6d. ; and cargo smalls between 6s. 9d. and 7s. 6d. per 
ton. House coal has shown little change. The best 
ordinary qualities have been quoted at 14s, 6d. to 16s. 6d. 

r ton. No. 3 Rh has i 17s. to 
7s. 6d.; and smalls, 10s. 3d. to 10s. 6d. per ton. No. 2 
Rhondda large has brought 12s. 3d. to 12s, 6d. ; and 
smalls, 7s. 3d. to 7s. 6d. per ton. Foundry coke has been 
making 18s. to 20s. 6d. ; and furnace ditto, 16s. to 17s. per 
ton. As regards iron ore, Rubio has been quoted at 
18s, 3d. to 18s. 9d. per ton, upon a basis of 50 per cent. 
of iron, and charges, including freight, insurance, &c., to 
Cardiff or Newport. 


Welsh Coal for Italy.—Elaborate ents are 
being made for comer Welsh coal to Italy for the 
State Railways and the Italian navy. coal is to be 
carried only in Italian vessels, and the amount allowed 
for freight is to be 7s, 1ld. per ton. Subsidies, amount- 
ing in all to 10,500/. per annum, are also promised. 


More Welsh Coal.—The Cambrian Anthracite Com- 
pany: Limited, has taken over the undertaking of the New 

laenaw Colliery, belonging to Mr. Griffith V. Davies, 
Llandebie. The old Pw — pit has been sepened by 
the ae. a pit-head been put up, and engines 
and boilers fixed, and the management has Coos successful 
in proving the well-known Triquart seam. The company 
has now under consideration the development of the 
taking either from Pwllylord pit, or from the plant on 
Deadvesk Farm. A 3-ft. seam has been struck. At 
Wernos Colliery, Pantyffynnon, in driving down to the 
Stanllyd vein from the Pumpquart, a new vein has been 
struck and worked through. 


South Wales Coal.—The exports of coal from the six 
i Welsh ports—Cardiff, Newport, Swansea, Port 

albot, Neath, and Llanelly—in August were 2,215,764 
tons, as compared with 2,419,959 tons in August, 1910. 
The shipments, accordingly, exhibited a decline of 204,195 
tons last month—in consequence, no doubt, of the dis- 
turbed state of the labour world. The shipments of coal 
from Cardiff in the eight months ending August 31, this 
year, were:—Foreign, 10,196,417 tons; coastwise, 1,727,729 
tons ; total, 11,924,146 tons. Newport—foreign, 2.923, 250 
tons; coastwise, 435,926 tons; total, 3,359,176 tons. 
Swansea—foreign, 1,859,872 tons; coastwise, 172,379 tons; 
total, 2,032,251 tons. Port Talbot—foreign, 1,051,368 tons; 
coastwise, 103,974 tons ; total, 1,155,342 tons. 





EXHIBITION OF Marine O1t-Enerngs.— Arrangements 
have now been completed for deferring the Newcastle 
Exhibition of Marine Oil-Engines and Shipping from 
November, 1911, to March, 1912. This will permit 
engines to be shown running under their own power, a 
feature that makes an exhibition particularly valuable. 





Our Rams Asroap.—It appears probable that our 
rail exports will show a marked contraction this year. 
The shipments in A t only amounted to 21,071 tons, 
as compared with 47,624 tons in August, 1910, and 
52,273 tons in August, 1909. There was a complete 
absence in Au of shipments of rails to Argentina, 
and the Australian de also exhibited a considerable 
falling-off. Inthe eight months ending August 31, this 

ear, we sent abroad 237,104 tons of as compared 
with 314,411 tons, and 400,081 tons in the corresponding 
periods of 1910 and 1909. 





Lonpon County Counci Scnoot or BuiLpine.— 
Particulars of evening classes and courses of instruction 
suitable for artisans and others engaged in the building 
and allied trades are given in the tus of this 
Institution, which is situated in Ferndale-road, Brixton, 
8S.W. The fees charged are extremely moderate, and this 
fact should help to ensure a large attendance during the 
ensuing session, which commences on the 18th inst. The 
prospectus is divided into three sections, the first of 
which deals om eee oo toe ym pes and masonry, 
carpentry and joinery, plumbing and sanitary engineer- 
ing, painting and decorating, plastering, wood-carving, 
&e. The next section relates to lectures and classes in 
building construction and drawing, reinforced-concrete 
construction, and structural steel-work, building ee 
» valua- 
tion, builders’ office-work, and the chemistry and physics 
of building materials. Section II]. gives particulars of 
classes in architectural design and drawing. We note with 
interest that attention is being given to the theory and 
practice of reinforced-concrete construction, the scope of 
the course in this subject, which was only comm last 
session, having been considerably extended. Apparatus 
and tools for practical work and testing have been 
added recently, and a special feature is made of this part 
of the work. This activity is rather surprising in view of 
the fact that the Council’s building regulations are so 
adverse to this method of construction, 
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MESSRS. ANDRE CITROEN & CO’S DOUBLE HELICAL GEAR-CUTTING WORKS, PARIS. 
(For Description, see Page 352.) 
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NOTICE OF MEETING. 


Tus Ivstrruts or Merats.—Wednesday, Thursday, and Friday, 
September 20, 21, and 22. Autumn Meeting at Newcastle-on- 


ne. Wednesday, September 20, at 10 a.m., general meeting of 


members at Armstrong College ; 10.30 a.m., after short addresses 
of welcome, a selection of pap-rs will be read and discussed ; 
2 p.m., visits will be paid to certain works of metallurgical interest 
in Newcastle-on-Tyne and neighbourhood ; 8.30 =. to 10.30p.m., 
reception by the Right Hon. the Lord Mayor(Sir W. H. stephenson, 
D.L., D.C.L.) at the Laing Art Gallery, followed by Conversazione. 
—Thursday, September z!, at lv a.m., general meeting of mem- 
bers at Armstrong College ; a selection of papers will be read and 
discussed ; 2 p.m., visits will be paid to certain works of metallur- 
= interest in Newcastle-on-Tyne and neighbourhood ; 8 p.m., 

inner given by invitation of the local reception committee at 
Tilley’s Restaurant, to those members and their ladies staying for 
the river excursion on September 22.—Friday, September 22, river 
excursion in the s.s, J. C. Stevenson to the harbour mouth at 
Tynemouth and back. The steamer will leave Newcastle Quay at 
10 a.m., and will arrive back in Newcastle about 1.30 p.m. The 
following is a list of the papers that are expected to be submitted : 
—** The Corrosion of Brass, with Special Reference to Condenser 
Tubes,” by Mr. P. T. Briihl, M Sc.; *‘ Further Note on the Nature 
of Solid Solutions,” by Mr. C. A Edwards, M.Sc. ; ‘* The Electrical 
Conductivity and Constitution of Alloys,” by Ur. W.M. Guertier ; 
** Volame Changes in ths Alloys of “opper with Tin,” by Mr. J. L. 
Haughton, M.Sc., and Professor T. Turner, M.Sc. ; ‘‘ Non-Ferrous 
Metals in Railway Work,” by Mr. George Hughes ; “‘ The Failure 
of a Brazed Joint,” by Professor H. Louis, M.A., D.3c., Assoc. 
R.S.M. ; ‘‘ Th: Mechanical Properties of Hard-Drawn Copp r,” by 
Mr. D. R. Pye, B.A. ; and ‘‘ The Alloys of Aluminium and Zinc,” 
by Dr. W. Rosenhain, B.A., and Mr. 8. L. Archbutt. 


ENGINEERING. 


FRIDAY, SEPTEMBER 15, 1911. 


MOTION STUDY. 

ReFrorMers in all walks of life are apt to weaken 
the effect of their case by overstating it, and the 
authors and preceptors of the doctrine of motion 
study are no exception to the rule. This is well 
illustrated in a recent work, bearing the title 
** Motion Study,” from the pen of Mr. Frank B. 
Gilbreth, and published in this country by Messrs. 
Constable. r. Gilbreth is one of the authors, or, 
at any rate, one of the protagonists, of motion-study 
ideas, and his pages presumably give a fair account 
of their scope and aim. The work is of much 
interest, but its value is impaired by the-fact that 
many of the results claimed by it are clearly not 
due to motion study at all, while it carries an 
additional weakness in the sweeping and somewhat 
wild possibilities which it credits to motion study. 
These sweeping claims are likely to alienate the 
~ ig ese of any one making acquaintance with 
the doctrine for the first time through its pages. 

Motion study has been much discussed and 
experimented with in America, while its general 
principles have been brought to the attention of 
the engineering profession in this country at various 
times, as, for instance, by Mr. F. W. Taylor at 
the summer meeting of the Institution of Mecha- 
nical Engineers at Birmingham. In approaching 
a discussion of the matter, it will, however, be well 
to state in brief what motion study actually is. 
The underlying idea of the system is that a work- 
man, in carrying out any operation, is apt to, and 
normally does, make a large number of unnecessary 
and wasteful motions, so that he not only spends 
more time over the operation than is really 
requisite, but also wastes considerable muscular 
effort. ‘The claim of the motion-study believers is 
that, by carefully observing and recording the 
workman’s motions, it is possible to so rearrange 
them as to eliminate the wasteful ones, with the 
result that the operation may be carried out in much 
less time and with much less effort. The claims, of 
course, are not restricted to one operation, and it is 
held that, by suitable instruction, it is possible to 
at any rate double the work which a man can do. 

It must be observed that the savings due to 
motion study are claimed in connection with the 
most obvious and simple operations. Mr. Gilbreth’s 
own work in connection with the matter has chiefly 
had to do with brick-setting, in which he claims 
that he has enormously increased the output of 
work od man. But other examples are quoted 
in his book, as, for instance, a case of a girl putting 
papers on boxes of shoe-polish. She was observed 
by Mr. Gilbreth to complete twenty-four boxes in 
forty seconds, and by carefully noting her motions 
for a short time he was able to suggest a method to 
her on which she was able to complete the same 
number of boxes in twenty seconds. The girl was 
not working any harder, she was merely doing the 
same work with fewer motions. This, and other 


1) examples, which Mr. Gilbreth gives, are certainly 
372| Very remarkable, and cannot be ignored ; but in 


face of a series of such unusual claims, it is only 
reasonable and sensible to examine the evidence | 








pretty closely to discover if there are any expla- 
natory factors which are ignored ur not dwelt upon 
by the witness. In the case of the girl with the 
shoe-polish it is impossible to offer any criticism, 
as no details of the matter are given ; but in the 
case of the brick-setting, with which the book is 
mainly concerned, it is easy to show that the 
increased outputs obtained were by no means all 
due to motion study. We do not for a moment 
suggest that there is nothing in the underlying 
ideas of motion study, but, in view of the breadth 
of the general claims which are made for it, it is only 
ordinary sense to examine fairly closely the detail 
evidence which is put forward as proof of its value. 
We take it that there is no unfairness in taking 
the data and arguments given in Mr. Gilbreth’s 
book as representative of the essentials of motion 
study as practised, not only in bricklaying, and by 
Mr. Gilbreth, but also in other trades and by other 
believers. Th's being so, it is of much importance 
to note that two entirely different matters are 
confused throughout the book, and hence presum- 
ably throughout the whole theory and practice of 
the doctrine. One of these matters is new, the other 
isnot. The first is motion study proper—i.e., the 
study and regulation of the actual motions made by a 
workman in carrying out an operation. This is the 
essential matter of the motion-study doctrine, and all 
that is new in it. The second matter is concerned 
with the economy, both in time and labour, of pro- 
duction, which may be brought about by the use of 
suitable tools and labour-saving appliances. There is 
nothing new in this latter point. It is but one of the 
outstanding features of the development of modern 
manufacturing processes. None the less, Mr. Gil- 
breth claims to the credit of motion study the savings 
he has achieved by the introduction of new tools and 
appliances. We do not doubt that he has obtained 
the savings he claims ; but our point is that these 
savings add not a jot of evidence towards the value 
of motion study. Mr. Gilbreth makes several refer- 
ences to a fountain-trowel for brick-setting, which 
he has introduced, to an adjustable scaffold, and 
even to such workshop details as drilling-jigs. The 
examples he refers to may be, and no doubt are, im- 
provements over tools previously used, but they are 
only examples of a class of improvement which is 
being carried out every day and all over the world 
by people who never even heard of motion study. 
In a sense, of course, all new appliances designed 
to save trouble and to enable operations to be 
carried out more quickly are developments due to 
motion study ; but to refer to them under that name, 
in view of the special meaning which it has come to 
have, is simply to confuse the issues. The fact 
that one gives a fireman a shovel instead of a garden 
trowel to handle coal with is but an example of 
motion saving, since with the shovel he can do the 
same work with fewer movements and with less 
total effort. But Mr. Gilbreth and his compeers 
cannot claim saving due to the use of suitable tools 
for the work in hand—such as shovels instead of 
trowels for handling coal—or saving due to improve- 
ments in tools, and put it down to the credit of 
motion study. If he does this, he is merely giving 
a new name to an old thing, and his whole discus- 
sion becomes one of words, and not of things at all. 
That tools and labour-saving appliances owe some. 
thing of their value to the fact that they save un- 
necessary motions on the pait of those who use them 
is obvious. But that is not Mr. Gilbreth’s point, His 
position is that, given the tool, then for the best 
effect the workman must be instructed exactly how 
he must use it, exactly how many motions he must 
make with it, where he must put his feet when he is 
using it, how he must place his hands. In fact, he 
must be instructed in every detail as to what he is 
to do. He must be drilled. He must be treated 
like a machine. If he is picking up a brick, he 
must doit witha certain hand in a certain way. He 
must be told where he is to put his thumb and 
where he is to put his fingers. This is motion 
study proper, and whether there is anything in it 
or not, it is certainly by no means the same thing 
as supplying bricks to a bricklayer in such a posi- 
tion that he can easily reach them without stooping 
or stretching. The failuré to differentiate between 
the saving which has resulted from motion study 
and the saving which has resulted from the intro- 
duction of improved appliances, greatly lessens the 
value of the results of his methods which are given 





in Mr. Gilbreth’s book. The distinction between 
the two types of saving is quite radical. At the 
present day, no one is going to suggest that for 
certain jobs pneumatic riveting is not better thay 
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handwork, but many will be found to suggest that, 
given a pneumatic riveter, it is not desirable de- 
finitely to instruct a workman as to the way he is 
to use it, that it is not desirable to tell him where 
to put his right foot and where to put his left, 
what to do with one hand and what to do with the 
other. As we said, it is impossible to disentangle 
the savings which Mr. Gilbreth has obtained as 
a result of motion study and as a result of im- 
proved appliances ; but one is quite ready to believe 
that some at Jeast of his savings were due to the 
former, and some consideration of it divorced from 
the extraneous matter with which he has overlaid 
it will be of interest. 

The truth of the matter as to the value of motion 
study, as with many other matters, probably lies 
in a compromise between complete acceptance and 
complete rejection. It is likely, indeed it is 
certain, that a careful study of the motions made 
by an average workman in carrying out a job 
will show that by slightly modifying his practice 
the time taken to do the job miehé Ye cut 
down. And if the results of such study are 
used in a moderate way, and as an aid to sug- 
gestion, and particularly as an aid towards im- 
provement in the appliances the workman uses, 
they are likely to be of value. We doubt their 
efficacy, however, if they are to be used as the 
foundations for a cast-iron code, which is to instruct 
the workman as to what he is to do in every detail. 
A man is not a machine, and no good can come from 
trying to make him one. Mr. Gilbreth himself says, 
‘*nearly every proficient workman loves his trade. 
He loves the joy of achievement.” We agree that 
largely this is so, but we do not agree that any 
workman, and more especially the better one, can 
love as well, or take the same interest in his work, 
when every possibility of personal initiative and 
individual treatment has been eliminated from it by 
a cut-and-dried accumulation of formule. The 
development of manufacturing processes is already 
rendering the worker’s craft ever more and more 
mechanical. This is a development which appears 
to be inevitable in modern life . but in itself it has 
never appeared to have any virtue, and it is 
difficult to persuade oneself that good can come 
from going out of one’s way to cramp the worker’s 
apenas not only by means of the en 

e uses, but also by means of a rigid control of the 
motions of his body. Mr. Gilbreth mentions 
military training as an example of what can be 
accomplished by means of motion study, and sug- 
gests that the care and attention given to training 
the motions of men for the art of war may well be 
bent towards training others in the arts of peace. 
The point is superficially a good one, but in reality 
it proves nothing. Mr. Gilbreth should show that 
this military training leads to a better class of 
worker and better class of achievement than the 
more elastic methods of the workshop, if he is to 
make his wre But he does not show this, and 
we do not believe that he or anyone else could do 
so. The available evidence all tends to show that 
the drill-master methods of the Army would have 
no advantages over present ways in the training of 
workpeople, and that the only result of adoptin 
them would be a depreciation in the aaa 
ability and initiative of the workman. There is 
little enough room for the intrusion of personality 
in the manipulation of a capstan lathe as things 
are, and we do not and cannot believe that ultimate 

ood can come from codifying every movement that 
is to be made in the operation of one, so that the 
man and machine together become a sort of auto- 
matic tool. 

The ultimate results and developments which 
Mr. Gilbreth apparently expects, and certainly 
claims as possible for his methods, are remarkable. 
Indeed, they are more than remarkable ; from the 
point of view of practice and common-sense they 
may well be described as naive. We admit that, 
logically speaking, Mr. Gilbreth does not weaken 
his case by the excessive claims he makes, but he 
will certainly tend to rouse opposition and alienate 
sympathy. He suggests and states that his methods, 
if adopted, would result in such cheapening of 
maaan To that half the workers of a country might 

pensioned off under full pay. He claims that 
his methods would raise the standard of all classes, 
would do away with differences between employers 
and employed, would eliminate waste, raise the 
wages of all workers, and reduce the cost of living. 
These are brave sayings, but there is nothing very 
newin them. They are the commonplaces of poets 


and preachers without end. If men could but be got 





to adopt and live up to this theory or that, all the 
ills of life would disappear—no doubt they would ; 
but men cannot be got to do things in the wholesale 
way that is necessary to bring in Mr. Gilbreth’s or 
anyone else’s golden age. We, too, could tell of all 
sorts of things that would happen if all men were 
brave and wise and all women true and beautiful, 
and if all geese were swans, and it never rained on 
Sundays. 

The quite visionary nature of Mr. Gilbreth’s 
ideas is perhaps best illustrated in the fact that one 
of the foremost of them is the reclassification of all 
the trades. His book is, of course, concerned with 
American conditions, and his idea is that the 
United States Government should investigate the 
motions made by workmen in all trades, and should 
investigate the ground the various trades cover, so 
that entirely new classifications could be made, and 
any operation now carried out by, say, boiler- 
makers’ platers which seemed to fall better within 
the scope of engine fitters would be turned over to the 
latter ; in addition, detail instruction-cards would be 
published laying down the exact method in which 
every operation was to be carried out, and which 
would demand that a man, say, drilling a }-in. hole 
should put his left foot here and his right foot 
there, and soon. We do not wish to be unfair in 
connection with this matter, but it would obviously 
be very easy to make the whole of these proposals 
ane very ridiculous, and we think that Mr. 

ilbreth seriously weakens the value of his book, 
and renders it liable to less attention than it 
deserves, by committing himself to flights of nae: 
of this order. The work he has done is of muc 
interest and considerable value, and certainly 
establishes a very suggestive way of regardin 
manual operations; but he, and anyone else, wil 
find quite enough difficulty in establishing his 
methods in the limited way which we hold to be 
valuable, without saddling themselves with the 
reorganisation of society in addition. 

As we said, Mr. Gilbreth’s book is written from 
the point of view of American conditions, and we 
are, of course, inclined to look at it with English 
eyes. As far as this country is concerned, he, or 
any of his disciples, will find that it will take more 
time than their lives can ever spare to persuade 
the workman that restriction of output does not 
increise employment; and yet the acceptance of 
this idea is but the most preliminary step in the 
introduction of modern-study methods. Although 
one having any knowledge of the mental attitude 
of labour in this country would have no difficulty 
in anticipating its general attitude towards Mr. 
Gilbreth’s ideas, it is none the less interesting to 
have an official or semi-official pronouncement on 
the. subject, and, fortunately, such is available. 
In the Standard during the early part of March of 
this year a series of articles appeared which de- 
scribed the essentials of motion study in a very fair 
way. These articles were followed up by reports 
of a series of interviews with well-known labour 
men, and their reception of the proposals did not 
suggest that Mr. Gilbreth, or any one else, would find 
it at all a simple matter to induce the workmen of 
this country to accept either motion-study ideas or 
the conditions which they stand for. Mr. George 
Barnes’s attitude briefly was that if the adoption of 
the new methods would increase the productivity of 
labour, the only result would be that the employers 
would be able to do their work with fewer men, 
and that labour would obtain no advantage from 
the arrangement. Mr. John Ward, M.P., general 
secretary of the Navvies’ Union, thought that 
labour would not profit by the scheme, and that it 
was doubtful if the employer would either. Mr. 
G. J. age M.P., roe yore the — of os 

ro , and suggested that one might as we 
iaale tos to gees once if such methods were 
to be introduced. These ideas are but charac- 
teristic of the general attitude assumed by the 
labour men who were interviewed, and suggest that 
those who believe in motion-study methods have 
years of work before them if they are to introduce 
them into this country ; while those who have no 
faith in them need have little fear that we are on 
the eve of a revolution in our industrial methods. 





THE ADMIRALTY AND NAVAL 
ENGINEERING. 

Now that the cadets who entered the Naval 
Service under the ‘‘common entry and training 
system” introduced in 1902 are about to attain 
official rank in the Fleet, the Admiralty have 





issued additional instructions regarding the pre- 
liminary work of these sub-lieutenants and the 
apportionment of officers to special duties in the 
engineering, gunnery, to: 0, navigation, and 
marine departments. These instructions, we may 
say at the outset, do not allay our anxiety, ex- 
pressed time and again during the past seven years, 
as to the adequacy of the practical course of engi- 
neering embraced in the scheme of training for the 
specialised duties which devolve upon the engineers 
who have to deal with the extreme complications 
now common in warships. Resisting the temptation 
to enter once more upon this subject, upon which 
nearly all engineers are agreed, we content our- 
selves here with a consideration of the course now 
mapped out by the Admiralty for the immediate 
future. 

For the next two years the embryo officer, irre- 
— of his ultimate function and position in 
the personnel of a ship, will serve afloat. During 
iod three weeks in every quarter will be 
served in the engine-room in the discharge of the 
ordinary duties of a junior engineer officer. For 
the officer whose later work is to be on the bridge, 
or on deck, this may suffice, especially as during 
the past nine years such officers have been devoting 
a considerable time to study of, and observa- 
tional instruction in, various mechanical subjects. 
But for the officer who is, by choice, or by Admi- 
ralty selection, to be responsible for work in the 
engineering department of the ship in later years, 
the time stipulated is inadequate. It would seem 
from the amounts of time devoted to the various 
subjects that those in authority regard the relative 
value of the machinery in a warship at 23 per cent. 
of the entire structure. This is so obviously a 
depreciation of the importance of speed in tactics, 
to say nothing of other matters in which efficient 
engineering skill is all-important, that little argu- 
ment is necessary to prove its fallacy. It is true 
that, as we shall presently explain, lieutenants 
selected for engineering duty will undergo a 
further specialised training ; but in this two 
years’ early course there will be consolidated that 
feeling, which has been suggested for nine years to 
the mind of young officers, that engineering is of 
secondary or tertiary importance, and unworthy 
of permanent acceptance as the subject of a life’s 
work. That, indeed, is one of the strong reasons 
against the common entry and training scheme. 

nder it engineering has become a series of little 
by-paths on the climb up the hill of success in 
naval life ; these are frequented by youths, at the 
command of the curriculum, for a short period, the 
main road to the admiral’s bridge being always the 
dominant objective. A youth has alway: difficulty 
in concentrating effort until he is certain that he is 
working towards a definite goal. Indecision as to 
the ultimate destination breeds indifference. 

One year after attaining the rank of sub-lieu- 
tenant—a year hence—choice may be made of one 
or other of the branches of the Service; but a 
definite confirmation, or compulsory selection, will 
not be made until two years from now. Each 
officer is to indicate his first preference, giving also 
his alternatives in order. e authorities will fill 
up the requirements of each branch, and it may 
—we should say it certainly will—result that 
many officers will be appointed to branches, espe- 
cially to engineering, who have no great ambi- 
tion in that direction. Time will tell ; so that we 
need not discuss this question, nor enforce the 
view that the making of a man an engineer against 
his desires cannot conduce to efficiency in the 
Service. When nominated a lieutenant (E.) he is 
to attend special engineering classes at Greenwich 
College for six months. The engineering course 
at Greenwich has done wonders for the present 
engineers, but it must not be forgotten that they 
laid a splendid foundation in their previous train- 
ing, in which practical work formed a most impor- 
tant part. Following the Greenwich course, a year 
is to be spent in practical work in one of the dock- 
yards. cco in examination at the end of 
this period, the lieutenant (E.) will go into the 
Service as a junior engineering officer afloat, getting 
4s, per day. He will be a member of the military 
branch, conform to its regulations, and obtain pro- 
motion accordingly, his pay as commander becoming 
5s. per day. 

A few officers will be selected from the lieutenants 
(E.) to undergo a two years’ course of scientific 
training at Greenwich College and a year at sea in 
order to provide a flow of engineering officials at 
the Admiralty and dockyards. Upon proving their 
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ability by examination they become specialists, and | certainty of a paucity of volunteers for the Marine 
will be designated by E.t after their rank. These branch, a certain number of applicants are to be 


specialists will be paid 5s. per day as lieutenants, 
7s. as commanders, and 7s. as captains plus 5s. as 
command money. In this case, as with ordinary 
officers (E.), charge pay, senior: engineers’ allowance 
and flag allowance will paid as at present. 
specialists will serve in ships if no s 
ment is available. Captains (E.+) may be promoted 
to flag rank, but will not take command of sea-going 
ships or fleets. 

These specialists, as well as the ordinary officers 
(E), may, on passing the examination for commander, 
leave the engineering branch of the Service and 
take up deck duties. Here, as throughout the whole 
system, there is displayed a complete lack of appre- 
ciation of the importance of ripe practical experience 
in the engine-room. It is notorious that in the 
past the *‘loaves and fishes” have gone to the 
military officer. The Admiralty have encouraged 
this by the abundance of distinctions, decorations, 
and other honours conferred on the military officer, 
and by the neglect of the engineer when such recog- 
nition was made for faithful service. When dis- 
tinguished visitors are received the engineer is 
forgotten ; this is a small affair, but it is not without 
its effects. There are, too, many allowances to the 
navigating and bridge officers in pilotage money, 
&c., which materially increase their emoluments. 
And, finally, there is the higher rank, and the 
possibility of winning glory in the command of a 
ship or a fleet. These superior inducements of the 
military branch will be ever present to the engineer- 
ing officer, especially if he has been forced to enter 
the department at the outset of his career as an 
officer afloat. His ambitious eye will, therefore, 
always be on the bridge, and thus it will eventuate 
that the engine-room will be for him ‘‘no continuing 
city,” and he will be reconciled to his immediate 
surroundings only by the probability that service 
in the engine-room efficiently done will count in the 
promotion to that sphere which is higher, according 
to the world’s opinion of the deck branch. 

The advancement of the most efficient lieutenants 
(E.) or lieutenants (E.t) to commanders in the 
military branch will so seriously affect the machi- 
nery department as to be disastrous for the Service. 
One has only to reflect upon the great advance in 
marine, and especially naval, engineering during 
the past ten years to realise the enormous value of 
practical experience, as well as wider scientific 
knowledge, if the best is to be achieved from these 
improvements, and particularly if probabilities of 
breakdowns are to be anticipated on the spot. If, 
then, upon winning experience, men are to be per- 
mitted to desert the engine-room and to deplete 
the staff of its best officers, grave results must 
follow. The engineering profession is as honour- 
able and as worthy of recognition as any other— 
fuller of interest than even the military branch 
of the Navy—and upon it depends the success 
of the Fleet in peace and in war. ‘‘ The man 
behind the man behind the gun” can win or lose 
actions, and once an engineer always an engineer 
should be the rule. We can see no justification for 
this practice of first training officers as engineers 
and, when they are in the position to apply expe- 
rience, to allow them to pass to another branch of 
the Service, where their special experience is inap- 
plicable or of little avail. The idea is contrary to 
all the tenets of a successful commercial nation. 
If the engineering work is not as popular as the 
military branch, the remedy lies with the autho- 
rities, and we have indicated some directions in 
which the disparity may be lessened if not removed. 
The first step should be to equalise the conditions of 
the present engineering officers with the present 
military officers. 

We are encouraged in the hope that the Admi- 
miralty will yet see their way to prevent this deser- 
tion of the engineering branch by the amendments 
they are now introducing in the case of Marine 
officers. Here the intention was to make the Marine 
not only co-equal with the others, but to permit 
the officers to pass at a certain stage of their career 
into the General Naval Service. This is changed. 
A lieutenant (R.M.) will, as a rule, remain attached 
to his corps throughout his career, gaining promo- 
tion as in the military branch. Only in certain 
cases can he pass to the military branch, and then 
solely at a later period in his service. Since this 
breach in the scheme has been made, there is 
hope that it will soon be applied to the engineer- 
ing branch ; the sooner the better for the Navy. 


The | blame the authorities. 
ore appoint- of experience is, on the 
| We hope the profit will yet extend to the engi- 


received into the branch without passing through 
Osborne and Dartmouth, a special course being 
provided for such. Here the principle of common 
entry and training is de from. We do not 
‘o profit by the teaching 
contrary, praiseworthy. 


neering branch. 





SAND SAFETY SIDINGS. | 

THE comparatively small number of installations 
on our railways suggests that the utility of sand 
safety sidings is not as widely realised as it de- 
serves. Catch-points, of course, are common, being 
frequently provided with the object of removing 
from a running line, stock of which control may 
have been lost, on account of the failure of coup- 
lings, or for some other cause. Points of this 
description may lead into a dead end having a 
siding length determined by local circumstances. 
With the object of minimising damage at such 
sidings, and of reducing as much as possible the 
length needful, they are often laid, if possible, ona 
fairly steep rising gradient ; but if this be done, there 
always remains the risk that the stock may run back 
out of the siding, and foul the running line, to the 
danger of other trains. The use of sidings partly 
laid in sand reduces such risks very considerably, 
and presents the further advantages that, with the 
same grade, the siding may be curtailed in length, 
or if equal length be retained, the grade may be 
safely reduced. The choice between these two aee- 
natives would naturally depend on local conditions. 

Sand sidings may also utilised with advan- 
tage in other circumstances. In common with 
most safety devices, decision as to the necessity for 
their introduction must be arrived at from a con- 
sideration of the risks and probabilities, as far as 
they are capable of estimation, in each case taken 
by itself. The danger run without them, and the 
efficacy of such an installation to avert disaster, 
must carefully weighed, for it is evident that 
they cannot be light-heartedly introduced whole- 
sale. With careful arrangement they may be put 
down in what may seem rather unpromising 
situations, but their application in some directions 
is certainly limited, if not inadvisable. 

Tests show that on a siding laid in sand, the 
retarding effect of the sand alone, unassisted by 
braking, may be from 7 to 9 per cent. and more, 
thus giving figures equal to good braking practice. 
With the assistance of braking at the same time, 
according to approximate calculation, the retarda- 
tion may be above 21 per cent. These values, 
though very rough, give some idea of the service 
which such sidings might be expected to give. 

A great deal of room need not be taken up by a 
siding of this kind. It need not always be laid like 
an ordinary siding alongside the running line, but 
may act as a useful check on faulty operation if the 
sand-track gauge overlap the running-line. An 
installation of this class has been laid down at 
Dresden A. station, in connection with a terminal 
line, on which there had been several accidents 
from trains running into buffer-stops. The instal- 
lation has been recently described, with others, by 
Dr. Kopcke, in the Zeitwng des Vereins Deutscher 
Biatahesadiensin, from which it appears that 
the siding track is only set over to one side about 
5} in., the gauges overlapping. This line runs 
between passenger platforms, so that it was neces- 
sary tv economise room and make the displacement 
as small as practicable. In order to do this, the 
siding-track 8 been depressed, the rail-heads being 
about 17 in. below the level of the running-rails. 
With the track thus lowered, it has been possible to 
utilise the running-lines themselves to form one side 
of the sand-troughs, in which the siding rails are 
embedded, the other side being formed of a high 
angle iron. The siding-rail is laid as close to the 
track-rail as spiking, and the flat base of the 
Vignoles section employed, will permit. The 
siding is controlled by a signalman, one of whose 
duties itis to set the points for it, if the driver of 
an incoming train signal to him, by whistle, to do 
so. The weak point of this system as a safeguard 
ata terminal station is, of course, in the fact that 
it is installed on the assumption that the driver 
will realise that his train is not under control, long 
enough before entering the station, for the points to 
be set for the siding. It is stated that there has 





Moreover, when it appears as if there would be a!so far been no occasion to use it. Probably its 





very presence has had a deterrent effect. Its use 
by a train would probably be followed by a strin- 
gent inquiry as to the justification of resorting to 
it, and a natural desire to shun inquisitions of this 
kind, with, perhaps, the risk of unfavourable 
records in a register, would make men additionally 
careful when running into the station. 

Another installation has been made at the 
Dresden-F riedrichstadt sorting-yard, which is on a 
gradient of 1 in 100. Here the sand-trough was 
made of old rails spaced 8} in. apart, one of which 
also serves as a check-rail to assist in guiding. The 
sand track-rail is covered with 1} in. or 1} in. of 
sand. This seems now to be considered all that is 
necessary, though in former installations a depth of 
2 in. or 3 in. was Other installations have 
been made in Germany and elsewhere on the Conti- 
nent, while such sidings have also been laid down in 
America, as well as in this country, notably on the 
London and North-Western Railway. 

As regards maintenance, sidings of this descrip- 
tion do not appear to involve any abnormal expense, 
and as they can, of course, be made up mostly of 
second-hand material, their first cost need not be 
serious. For them to be really effective, care must 
be taken to utilise only a sand which will remain 
loose in all weather. It must be clean and of 
enough grain to drain properly, so that it will 
neither pack very hard nor freeze in cold weather. 
Coarse river sand and crushed syenite have both 
proved satisfactory, grains of 7, in. to } in. appa- 
rently giving the best results. Finer sands simply 
get pushed off the rail-head, little remaining to 
effect the desired retardation, which is thus greatly 
below the possible amount. With suitable mate- 
rial consolidated, but not hard, sand to a depth of 
as much as § in. may be found compressed on the 
rail-head after the passage of a vehicle. This addi- 
tional thickness on the tread reduces the guiding 
effect of the wheel flanges, hence checking of some 
kind is advisable. It is absolutely necessary on 
curves, and though not quite so essential on the 
straight, the trough side can so easily be arranged 
to serve as a check-rail that it should not even 
there be neglected. 

The great advantage of sand sidings is that they 
effect automatic braking. Catch-points alone, 
though cheap to instal, are very costly in their 
effect, and form a very drastic method of meeting 
an emergency. When brought into use they result 
in damage to the stock, its contents, and to the 
permanent-way. This is avoided by the use of a 
sand siding, which, moreover, minimises subsequent 
delay. The stock and contents are undamaged, and 
are immediately ready for further transit, providing 


the grit has not got into the boxes. The attention 


needed to the siding to return it again to a state of 
efficiency is insignificant. 





INTERNAL WATERWAYS OF 
GERMANY. 

GeERMANY, fora series of years, has developed and 
extended her internal waterways with indefatigable 
energy and at immense outlay, and the labours in 
this direction are being continued in different parts 
of the empire. We have at various times given an 
account of the many undertakings that have been 
already carried out to facilitate internal transit. 
Prince Ludwig of Bavaria on a recent occasion gave 
an interesting survey of present plans and efforts, 
pointing out that the question of the perfection of the 
inte waterways was at present receiving much 
more attention in South Germany than in North, and 
more especially in East Germany. East of the Elbe 
all is at present s tion, nor is any progress being 
made between the Elbe and the Weser; the extension 
of the Rhine-Hanover Canal has come toa complete 
standstill, and both the towns, especially Magdeberg, 
Hanover, and Bremen, particularly interested in 
the scheme, and the Rhenish- Westphalian industry 
appear to be doing nothing in the matter. The 
same may be said to apply to Oldenburg with 
regard to the canal from the town of Oldenburg to 
Nordérpen, on the Dortmund-Ems Canal, the 
opposition on the part of Emden, Osnabriick, and 

anover, having so far proved insurmountable. 
The construction of the Rhine-Hanover Canal is 
being duly proceeded with, but no result has been 
arrived at concerning the building of a harbour at 
Hanover. The canal is not to be opened until the 
question of the navigation dues has been settled, 
and by that time the harbour question, no doubt, 





will also have been arranged. e problem of the 
dues, however, is a very difficult one, and’ the 
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Government does not appear to be making any 
progress, either at home or in its relations with 
Austria and Holland. 

In South and West Germany, however, great 
activity prevails. The parties interested in the 
canalisation of the Moselle have made good strides, 
and gained the support of the Government. It 
may be looked upon as practically certain that a 
proposal will be laid before the Prussian Diet, and 
that it will meet with no opposition there. 

West Germany, undoubtedly the most flourishing 
part of the empire, reaps the advantages of the 
rapidly-developing Rhine waterway. Great works 
have been carried out, and the traffic has fully 
justitied the labour. The Rhine is the most im- 

rtant internal waterway in Europe, and probably 
in the world. There might be a question of rivalry 
on the part of the Yangtsekiang and Hoangho, but 
owing to the entirely ditferent conditions it is diffi- 
cult to compare these rivers with the Rhine. As 
the canalisation of the Maine as far as Frankfort 
has proved such an immense success, other work in 
this direction is everywhere undertaken with zeal 
and energy. Baden and Wurtemberg have joined 
in the canalisation of the Neckar as far as Heil- 
bronn. Technically speaking, the venture was a 
success, but the trattic remains unsatisfactory. 
Wurtemberg, however, is now pushing energetically 
ahead, and the Neckar will be cariied as. far as 
Kannstadt, the suburb of Stuttgart. 

The canal connection from the Rhine to Karlsruhe 
is being less actively proceeded with. The capital 
of Baden does not seem to take any initiative in 
the matter, and it looks as if Mannheim had 
influenced it. Strassburg, on the other hand, has 
succeeded in bringing about a regular river traftic, 
and is so far the most important rival of Mann- 
heim on the upper stream, and has still better 

rospects for the future, inasmuch as Germany and 
rance appear to be arriving at an agreement about 
an improvement of the canal connection. 

All this, however, becomes insignificant com- 
pared with the grand scheme of making the Rhine 
navigable as far as Basle, or even to Lake Boden. 
Technically speaking, there is no doubt whatever as 
to the plan being feasible as far as Basle, and 
Switzerland is offering generous co-operation. The 
question of climbing the mountain and passing the 
falls between Basle and Lake Boden is a more 
difficult one. Still more difficult problems have 
been solved in the Trollhattan Canal, in Sweden, 
and Canada has even circumvented Niagara. A 
canalisation as far as Lake Boden will, of course, 
open out wide fields for increased traffic, with the 
whole of East Switzerland and the Vorarlberg. 
Even beyond Lake Boden the Rhine can be utilised 
some considerable distance, as far as Granbundten, 
there being plenty of water and only few falls. The 
inclusion of Lake Boden in the Rhine navigation 
is by no means a Utopian idea. 

Wurtemberg has the same end in view. Not 
content with carrying the Neckar so far as 
Kannstadt, to which reference has already been 
made, this country proposes to pass the Schwabian 
Jura and the Ranhe Alp, and to reach Lake Boden 
close to Friedrichshafen. It is not the plan to go 
straight south with steep combinations of locks, 
as was done at Niagara, and even at the Rhine 
Fall. There is no water in the watershed in that 
district, and as the Neckar and the Fils Valleys 
cannot be used, it will be necessary to utilise the 
Rems Valley so as to get eastward as far as Aalen, 
and from thence proceed in a southern direction as 
far as Heidenheim, using the Boenz so as to reach 
Ulm. Then it will again become necessary to 
ascend in order to reach the height of the Ranhe 
Alp at Biberach, from whence the canal will go 
downwards to the Danube by way of Ravensburg. 
It remains to be seen whether the traffic of this 
expensive canal will be in proportion to the labour 
and the cost. 

As for Bavaria, Prince Ludwig has succeeded 
in gaining the assent of Prussia for a further 
canalisation of the Maine from Frankfort as far as 
Aschaffenburg, subject to the navigation dues 
asked for by Prussia being adopted. Bavaria 
wants again to join in the world’s traftic, in which 
she played such an important — before the 
discovery of the way by sea to India, when the 
cities of Augsberg and Nuremberg left al] other 
German towns behind. Bavaria knows that only 
internal ways can restore her to anything like her 
former position. The plan of connecting the 
Danube and the Maine is to be yay om with 
materially increased financial and technica 
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sources. Nuremberg is to be retained as the centre 
of the Bavarian canal system, not only by means of 
its connection with the Danube, but a connection 
with Munich is also to be established. 

From Nuremberg a connection with the Maine can 
be obtained in different ways, firstly, by extending 
the Ludwig Canal to the dimensions that may now 
be considered requisite ; this leads as far as Bam- 
berg, the Upper Maine, and the Maine must then 
be canalised in its whole length as far as Aschaffen- 
berg. Secondly, a canal can be constructed west- 
ward as far as Uffenheim, a point which must be 
chosen for all the following three traces, inasmuch 
as there is a question of a. to Marktbreit, 
or to Eibelstadt, or to Wartheim, which latter is 
the lowest point for the canal to enter the Maine. 
There is, finally, the scheme of relinquishing the 
Maine, and going straight west from Uffenheim to 
Eterbach, on the already canalised Neckar; the 
latter plan, however, is hardly likely to appeal to 
Bavaria, on account of her districts along the Maine. 

The Nuremberg-Bamberg project offers the pos- 
sibility of an extension as far as the Werra, which 
is capable of canalisation, with connection with the 
Weser, which from Munden is navigable as far as 
the sea. 

From Nuremberg to the Danube there is the old 
Ludwig Canal, which would have to be recon- 
structed, but in addition there is a southerly line 
by way of Weiszenburg and Stepperg (Danube), 
and then via Aichach to Munich, with a branch 
canal, Aichach-Augsburg. This is the great plan 
of an internal waterway system between Nurem- 
berg and Munich (besides Regensburg, Vienna, 
Hungary), to the Lower Rhine and the North Sea. 
These comprehensive schemes are not loose pro- 
jects, but they are carefully prepared plans, which 
are being strongly advocated and energetically 
pushed ahead by the State. 

At a meeting held some little time ago at Posen, 
more activity was urged in connection with several 
East and North German canal schemes, more espe- 
cially an extension of the Mittelland Canal from 
Hanover to Magdeburg, so as to bring the eastern 
provinces of the monarchy in connection with the 
different centres of the west. The corn and the 
flour of the east can, it was pleaded, only be 
favourably transported tu the west when there 
is a waterway. The extension of the Rhine- 
Weser Canal to the Elbe was also insisted upon. 
In 1899 a projected connection between the Rhine 
and the Elbe was negatived, and in 1901 the 
Government introduced a new proposal concerning 
a Rhine-Elbe Canal, coupled with a plan for a 
large waterway, Berlin-Stettin, a canalisation of 
the Oder, and improvements of the Oder-Weichsel 
waterway. A _ bitter opposition encountered 
the proposal, which was only carried in part 
(Berlin-Stettin waterway and the Rhine-Hanover 
section). The connection between Hanover and 
Magdeburg, however, still remains a project ; the 
Government has fully realised its importance, but 
party ne in Parliament have hitherto kept it 

k, but in the meantime the aspects have some- 
what altered, and there is reason to expect that 
this canal will be built, and built soon. All rail- 
way experts of standing have stated that they 
have great doubts whether the railways will con- 
tinue to be able to grapple with the increasing 
traftic. Then there is the question of freight ; the 
railways must on an average have 3.5 pfennig per 
kilometre per ton, whilst the waterway is said to be 
able to handle the traffic at 1 pfennig, or, including 
the canal dues, from 1 to 1} pfennig. It has been 
calculated that the Mittelland Canal would mean a 
reduction in freight of 35,000,000 marks per annum, 
which sum German industry, &c., would save if the 
Mittelland Canal was extended to Magdeburg. The 
objection that the canals would do the railways 
harm has been overcome in many cases, and the 
opinion was expressed that the canals would benefit, 
and not do any harm to the railways. New water- 
ways call forth new industries, and the greatest rail- 
way traflic is always to be found where there is the 
greatest water traflic. Magdeburg and Hamburg are 
more favourably located in regard to Landsberg, 
thanks to the water connection, than is Soldin, 
though only a few kilometres distant, and Calcutta is 
nearer to Hamburg than is Chemnitz to Allenstein, 
in the same way as Australasia is nearer to Hamburg 
than is Nuremberg to Allenstein. The freight for 
100 kilogs. to Calcutta is 2.50 marks ; from Allen- 
stein to Chemnitz, 4 to 4.50 marks. It was also 


pointed out that the shipbuilder was not duly con- | 


sulted in the matter of canal construction, of which 





fact the Dortmund-Ems Canal furnishes a proof. 
The connecting section between the Rhine and 
Westphalia can only accommodate vessels up to 
1000 tons, but the Rhine is already tsovensed, by 
vessels of 3680 tons. It is a mistake that there 
are no shipbuilders in the Ministry for Public 
Works, only mechanical engineers and financiers. 
A resolution was finally passed to the effect that the 
Mittelland Canal was of only local importance as 
long as it was not continued as far as the Elbe. 





THE BALANCE OF ROTATING- 
CYLINDER ENGINES. 
By H. Grinstep, A.C.G.I., B.Sc. 

Ir is obvious that a symmetrical seven-cylinder 
engine is theoretically in perfect balance; the 
whole system completes one cycle of movement 
every one-seventh of a revolution—i.e., after two- 
sevenths of a revolution the arrangement of the 
mechanism is exactly similar to its arrangement 
after one-seventh, and so on ; hence there can be no 
unbalanced force of greater period than the time 
occupied by one-seventh of a revolution—that is, 
of less frequency than seven times the speed. As 
the ordinary reciprocating engine presents no 
inertia forces of appreciable magnitude having 
frequencies greater than twice the crank-shaft 
speed, and the rotating-cylinder engine has only a 
combination of reciprocating motion and circular 
motion of the same frequency, it is impossible for 
forces of a frequency of seven times the engine- 
a to be produced in symmetrical engines of 
the rotating-cylinder type. So, if all the pistons 
and connecting-rods are exactly similar, the seven- 
cylinder rotating - cylinder engine is perfectly 
balanced. 

In the usual methods of construction, however, 
it is found necessary to make one connecting-rod 
heavier than the others, so that actually the cycle 
of movement of the mechanism corresponds with 
one revolution of the engine ; forces having fre- 
quencies of engine-speed, and twice and three 
times engine-speed, may therefore be developed. 

To determine exactly the nature of the inertia 
forces set up by the extra weight of one piston or 
connecting-rod it is necessary to find the accelera- 
tions of the moving parts. 

In Fig 1 let © A represent the crank-arm of a 
rotating-cylinder engine, O being the centre of the 
crank-shaft, and A that of the fixed crank-pin. 











Let N be the gudgeon-pin centre and ON the 
cylinder centre-line at any time, the cylinder 
having turned through an angle 6 from OA, the 
direction of rotation being counter-clockwise. 

Let C be the position of the mass-centre of the 
piston, it being assumed to lie in the axis of the 
cylinder :— 

Let 

w = angular velocity of the cylinders. 
¢ = the length of the connecting-rod. 

2r = the stroke of the piston. 

d =the distance of the mass-centre C from the 


dgeéon-pin. 
¢? = es ae ll the connecting-rod and the 
cylinder centre line. 

The method of determining the acceleration of 
the piston will be to find expressions for its com- 
ponent displacements along the two axes 0 X and 
OY, respectively parallel and perpendicular to the 
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fixed crank-arm, and then to obtain the accelerations 
in these directions by the process of differentiating 
twice with respect to time. The resultant of the 
two component accelerations thus obtained will 
give the actual acceleration of the piston. 


Let the displacement of C along OX = x 
” ” ” Cc ” UY = y 
Then 
ax = ON cos @ + dcos@ (1) 
y = ON sin @ + dsin # (2) 
But 
ON = rcos 6 + lcos @ (3) 
and f ; 
rsin 6 = /sin ¢. 
Hence 


=a/1— 7 sin? 
cos ¢ = 1 — 5 sin? 0 


ae 
=i~-;s ja Sin? @ approx. 
Substituting this value in equation (3) we have 
ON = rcos@ +1 —47sin?@ (4) 
Substituting for ON, equations (1) and (2) may 
be written :— ; 
a = 1 cos? 0 + Leos 6 —4 7 sin®@ cos 8 +d cos @. (5) 
: sin’? @ +d sin @ . (6) 


Differentiating, we obtain the component veloci- 
ties :— 


y =rcos @sin @ +/lsin @ - 4 


: ‘ w , 
« = —2wrcos@sin@ — wil sin? — 4 l (- sin? 0 
+ 2sin 6 cos? 6) - wd sin@ = — wrsin2@ — wlsin?@ 
+ 7 (8 sin® @ — 2 sin 0)- wd sin 0 (7) 


and 


e 
ec .. 
sin? 0 cos 0 + 


y = wrcos20 + wicos 8 — 3 r 


wd cos 0 = wrcos20 + wicos @ - 3 © 7 (cos 8 — cos* @) 
° (8) 
we obtain the 


+ wd cos @ ° ° 
Differentiating these velocities, 
component accelerations :— 

‘ wy 
a = —2w* rcos2 0 -—wlcos 6 + 21 (9 sin? 6 cos @ — 2.cos @) 
w?d cos 0 = — 2w?r cos 20 — wl cos @ - 
w& 


— (9 cos® @ — 7 cos @) — wd cos 6 


(9) 
But 

cos? 6 = $cos3 0 + } cos 0 
Hence 


w? 72 


x = — 2w2rcos20 — wl cosd — 2 cos 3 6 
+ “gr 0088 -— w°d cos 0 (10) 
And 


y = — 202 rsin20 — wl sin 6 - 
3 “(= sin @ + 3cos? @ sin 0) — w?dsin 0 
= — 20° rsin2@ — w?lsin é - 


5 “ (2sin 6 — 3sin? 0) — w*dsin@ (11) 


But 
sin® @ = sin @ — }sin30@ 
Hence 


2 2 
+ sin3 0 


~=— 


2w?r sin 26 — w?l sin @ - 
+ a2" sin @ - wdsine . (12) 
Comparing the values of x and y in equations 
(10) and (12), it is obvious that the acceleration of 
the piston can conveniently be represented as the 
resultant of four vectors. 


2 »2 
(1) of length ( #7 +utd- 4) at x + OwithOX 
at r + 20withOX 
at7r +30@withOX 


(2) of length 2 w? r 
w? 7? 
l 

fia w? 72 

(4) the projection upon O Y of a vector of length } r 
at 6 with O X. 

No. (4) is so small in comparison with the others 
that it may be neglected. 

The vectors representing the inertia force of the 
piston will be proportional to those representing 
acceleration, but in opposite directions—.e , 


(3) of length % 


(1) of length M w? (: +d- 5) at @ with O X 

(2) of length 2M wr at2@withOX 
2 72 

(3) of length ¢ Mi? at36@ with OX 


an 
where M = mass of one piston. 





Thus these vectors rotate (1) with the cylinder, 
(2) twice as fast as the cylinder, (3) at three times 
the speed of the cylinder, all being coincident when 
@ is zero—i.e., when the cylinder passes through 
the crank-arm direction. 

Since the crank-pin is stationary, the motion of 
the mass-centre of the connecting-rod is similar to 
that of the gudgeon-pin N. 

Let G be the mass-centre of the connecting-rod, 
distant s from the crank-pin, and let m be its mass. 


Then acceleration of G = + x acceleration of N ; 


or the equivalent mass at the gudgeon-pin = . ~ 
The acceleration of N is the same as that of the 
piston if the mass centre of the piston lies in the 
gudgeon-pin axis ; that is, if d = U. 
Hence the inertia force of the connecting-rod can 
be represented as the resultant of the vectors :— 


2 2 
(1) of length ™* (: “ éz) at @ with OX. 
2 
(2) of length 7” se’? at 20 with O X. 
9msw r 


(3) of length 3 at 36 with OX. 


Then the total inertia force due to the piston. 


and connecting-rod together will be the resultant 
of the following vectors :— 


Oatmen af (2) (6) 
at 0 with O X. 
(2) of length 2 w? r (m + "*) at 20 with OX. 


+Ma} 


2 72 
t 


In a multi-cylinder engine each piston and con- 
necting-rod combination will have its three corre- 
sponding vectors ; when more than three cylinders 
are used, provided that the cylinders are equally 
spaced and all pistons and connecting-rods are 
exactly similar, the primary vectors balance one 
another, and, similarly, the secondary and tertiary 
vectors are in equilibrium ; the engine is therefore 
balanced. 

When, however, one connecting-rod has a greater 
mass-moment about the crank-pin than the others, 
perfect balance is impossible. 

Suppose the main connecting-rod of a seven-cylin- 
der engine is slightly thicker than the others, its 
moment about the crank-pin being in excess of that 
of each of the others by an amount equivalent to 
4 oz. at 125 mm. radius. 

In determining the unbalanced force set up by 
this extra weight, it can be considered by itself, as 
the mechanism would be in perfect balance were it 
absent. 

Let 

r = 60 mm. = 0.1968 ft. 
1 = 214 mm. = 0.702 ft. 
w = 1000 r.p.m. = 104.72 radians per second. 


Then 


(3) of length 5" (1 +™*) at 3 6 with OX, 


w? = 10965. 
Equivalent mass at gudgeon-pin = 1,1 x 125 
2 16 214 

= 0.01826 Ib. 


The three component accelerations of the gudgeon- 
pin are first found. 
r2 
Ps. 
+ ( + i) 


10,965 (0.702 — 0.00691) 
= 7615 * ; 
8eC. 


Primary component 


2wr 
2x 10,965 x 0.1968 


4315 ft 
sec,? 


Secondary component 


Wit 


: 2 yt 
Tertiary component = 2 = " 


& x 10,965 x 


i (0.1968)? 
0.702 
680 ft 
sec.” 

Multiplying these values of acceleration by the 
equivalent mass at the gudgeon-pin, and dividing 
by 32.2 to convert poundals to pounds weight, the 
unbalanced forces are obtained. 

Primary force = 4.32 Ib. weight. 
Secondary force = 2.451b. ,, 
Tertiary force = 0.39lb. ,, 

ig. 2 shows these forces set out to scale for one 

value of 6, and their resultant graphically obtained. 





The primary component can be balanced by 


attaching a weight m, to the crank-case at 180 deg. 

with the cylinder having the heavy connecting-rod, 
at radius r, from the shaft axis, such that 

mw? r; . 

39° = 4.32 lb. when w = 1000 R.P.M.; 

#.€., M, 7, = 0.0127 Ib. -ft. 


Fig. 3 shows the secondary vectors for seven 
connecting-rods, No. 1 being of greater mass- 
moment than the others; cylinder itions are 
shown by dotted lines, and are numbered conse- 
cutively, the full lines representing the connecting- 
rod secondary inertia forces being numbered to 
correspond with the cylinders ; thus vector No. 2 
is the secondary force vector for the connecting-rod 
working with cylinder No. 2. 

From Fig. 3 it is clear that the unbalanced 
portion of No. 1 can be balanced by attaching 
small weights to Nos. 3 and 6. 
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Fig. 4 shows the tertiary forces set out and 
numbered according to the cylinders to which they 
refer. It can be seen that the weights added to 
Nos. 3 and 6 to obtain secondary balance would 
increase the unbalanced tertiary force. 

It is clearly seen to be impossible to obtain both 
secondary and tertiary balance, one being procured 
only at the expense of the other. 

For perfect balance it is essential that the mass 
moment of each of the connecting-rods about the 
crank-pin should be the same, and all the pistons 
of equal weight. 

It is interesting to note that in a two-cylinder 
single-crank rotary engine secondary balance is 
impossible, as the two secondary vectors become 








coincident ; similarly, in a three-cylinder engine 
the three tertiary vectors are coincident, and 
tertiary bilance is therefore impossible. 
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NOTES. 
RESISTANCE AND ARC SMELTING FURNACES. 


Last year W. Conrad, of Vienna, made an attack 
on resistance furnaces with special regard to the 
smelting and melting of iron and steel. He 
described, in Stahl und Eisen, some experiments 
conducted at the steel works of R. Lindenberg, of 
Remscheid ; the experiments may not be conclusive, 
but they have scarcely received due attention. 
Conrad’s argument is that, with the practically 
feasible current intensities, it is out of question to 
heat a liquid conductor like iron by using it as a 
resistance. The ordinary laboratory experiments 
are made in resistance furnaces rather in are 
furnaces, because the former are more convenient. 
Laboratory furnaces can be cooled, moreover, when 
the high temperatures make the walls conductive, 
but that is hardly possible in practice ; hence car- 
borundum furnaces are worked for a time and then 
dismantled. When the liquid resistance conducts 
much better than the furnace material, the 
objection that the walls also conduct would 
not be fatal. But when that is so, the liquid 
conductor does not absorb the current energy 
to a profitable degree. Pctential measurements 
which Conrad made in calcium carbide fur- 
naces, in which arc and resistance heating are 
combined, convinced him that only 1 per cent. of 
the heat energy consumed was due to the conduc- 
tion of the current through the mixture, whilst the 
arc supplied 99 per cent., and it could be seen that 
the carbide formation was taking place chiefly 
where the arc had been playing. In his experi- 
ments on iron he filled a pm with 1300 kg. of 
steel (1 per cent. of carbon) after raising the two 
suspended electrodes. He inserted into the bath 
two oblique steel rods, 3 m. in length, 36 mm. in 
diameter, as test electrodes for the resistance deter- 
minations with direct currents. These determina 
tions were made 28 and 53 hours after filling the 
furnace ; the gradual heating of the furnace by the 
fluid metal, it was found, made very little difference 
in the resistance values. The cold electrodes had 
a resistance of 0.000117 ohm per metre; the total 
resistance of the bath was 0. and 0.00080 ohm 
(first and second measurements), and the resistance 
of the bath alone 0.00027 and 0.00026 ohm. That 
would yield a specific iron resistance of 22 ohms per 
metre length and square millimetre section ; and 
the liquid iron would therefore conduct only 3 as 
well as mercury, and }5 as well as cold iron. 
This conductivity of the iron was really lower 
than one should expect, supposing the resistance 
of iron with rising temperature to increase at 
the rate shown by ordinary experiments. But in 
any case the resistance would be far too small for 
efticient resistance heating. Since the liquid iron 
is no longer magnetic, it is the C?R heat which 
is of moment, and for this particular arc-furnace, 
which is fed by two arcs in series at 3000 amperes 
and 110 volts, the 0.00027 ohm resistance cual aula 
absorb 2.4 kw., which means 0.73 per cent. of the 
energy which the two arcs could supply. The heat 
generated in this way would be about that of a small 
iron stove, and could easily be balanced by cooling. 
A resistance furnace with cooled electrodes vous 
therefore be apt to lose more heat through the 
electrodes than they could introduce, and to secure 
efficient heating currents of enormous intensity 
would be required. These considerations would 
affect direct resistance steel furnaces of the Gin and 
also of the Girod Conditions are different 
and more favourable with induction furnaces, and 
also with furnaces of the Réchling-Rodenhauser 
combined induction and resistance heating type, in 
which electrodes of large surface, covered with a 
layer of material which only conducts when hot, are 
embedded in the furnace bottom for direct auxiliary 
heating of the bath. 


Tue ConrscTioners’, Bakers’, AND ALLIED 
Traves’ ExHpsitIon. 

Although the greater portion of this exhibition, 
which was held at the Roya! Agricultural Hal , 
Islington, last week, was devoted to subjects more 
intimately connected with the bakery and confec- 
tionery trades, certain features are of sufficient 
mechanical interest to be worthy of notice. The 
various trade exhibitions held at Islington and 
elsewhere give increasing evidence of the intimate 
connection of mechanical engineering to the pro- 
gress of trade generally. The su ing of what 
may now be regarded as ‘old-time methods” of 
hand-mixing of the dough for bread-making, &c., 


is clearly evidenced in the case of this exhibi- 
tion by the various types of mixing-machines 
shown. The _ general shown consisted 
of the well-known revolving blade working in 
a closed cylindrical case, many of these being 
for hand-power. Two exceptions were to be 
seen in the machines shown by Messrs. Werner, 
Pfleiderer, and Perkins, Limited, of Peterborough, 
and by Messrs. Mario Frigerio and Co., of Lecco, 
Italy, whose London agent is Mr. A. G. Graziani, 
22, Billiter-street, E.C. The former machine, 
known as the ‘‘ Viennana ” kneader, has a rotating 
covered pan, in which an arm, fitted with a pronged 
end, is given a reciprocating motion radially to the 
pan. It is claimed that this method gives a more 
uniform mixing, and this without exerting undue 
ressure on the dough. The second machine also 
a rotating pan, but in this case it is open, and 
the mixing is carried out by one or more revolving 
arms of special form set at an angle to the plane of 
rotation. We intend in a subsequent issue to describe 
this machine more fully. The first-named firm also 
exhibited a complete bread-making plant capable of 
dealing with 2400 loaves per hour. In this plant a 
recent improvement is the introduction of metal- 
faced conveyor-belts for handling the dough, this 
construction resulting in the easier cleansing of the 
coming in contact with the bread. e two- 
tier steam-heated ovens shown also embody an 
innovation ; they are heated by separate furnaces, 
and thus allow different temperatures to be main- 
tained in each as may be required. The usual 
practice in the case of steam-heated ovens is to 
provide a series of straight tubes with welded 
ends, one end of which projects into the heating 
furnace, which extends the whole width of the 
oven. The tubes are partly filled with water, and 
the steam generated provides the requisite heat 
apparently by conduction, since no circulation is 
provided for. A distinct advance in this direction 
is shown in the case of the oven exhibited by 
Messrs. W. F. Mason, Limited, of Manchester, the 
heating being effected in their oven by a series of 
endless loops of tubing, so shaped as to bring the 
heating portion within the com of a relatively 
small furnace. This furnace, by suitably shaping 
the tubes, can be placed in any desired position 
with regard to the oven-setting, whereas in the 
case of the straight-tube arrangement the furnace 
must of necessity be placed at the back. In 
the Mason oven, too, provision is made by a 
series of extra tubes inside the oven door to give 
extra heating surface to compensate for radiation 
at this point, and for loss of heat when charging 
and emptying the oven. On account of the circu- 
lation a very uniform heating effect is obtained, 
resulting in uniformity of baking in the batch, and, 
further, a considerable economy of fuel is realised. 
An exhibit of some considerable mechanical interest 
was given by Messrs. Rose Brothers, Limited, of 
Gainsborough, who showed several machines for 
wrapping up confectionery, tablets, &c., and an 
ingenious machine for labelling rectangular packets, 
such as tobacco, &c. 





Bevcian Buast-Furnaces.—The number of blast- 
furnaces in activity in Belgium at the commencement of 
September was 44, as compared with 39 at the commence- 
ment of September, 1910. The number out of blast was 
six, as compared with five. The total of 44, representing 


the furnaces in blast in Belgium this month, was le up 
as follows:—Hainaut and Brabant group, 21; Liége 
19; and Luxembourg, 4. The production of p 


u 

in Belgium in August was 183,290 tons, as com 
with 162,990 tons in August, 1910. The aggregate output 
for the first eight months of this year was 1,385,320 tons, 
as compared with 1,231,470 tons in the corresponding 
period of 1910. The 1,385,320 tons, representing the out- 

ut to August 31, this year, was made up as follows :— 

uddling pig, 64,430 tons; casting pig, 31,990 tons; and 
steel pig, 1,288,900 tons. 





Encineerinc Exuisition at Bakvu.—Arrangements 
have now been bag ee by the Buku branch of the 
Imperi ussian Technical Society for the holding of 
an international Engineering Exhibition in April next 
year at Baku (Russia). e exhibits will comprise 
internal-combustion engines, air-compressors, electrical 
apparatus, &c., while there will also be a special section 
for motor-cars for both pleasure and business purposes. 
The exhibition will run for a period of six weeks. In 
order to induce English manufacturers to exhibit, Dr. P. 
Dvorkovitz, the wb baeen petroleum expert, of 1, Broad- 
street-place, E.C., has been appoin sole honorary 


representative for this country, and intending exhibitors 
should communicate with this gentleman for full details. 
The exhibits will be grouped in Baku, and attractively 
arranged by the workmen of the technical society, thus 





obviating the expense of eaeh firm sending over a special 
| representative. 





INDUSTRIAL NOTES. 


WE are informed that an agreement has been con- 
cluded with Messrs. Harland and Wolff and Messrs. 
Workman, Clark and Co., Limited, whereby a mini- 
mum rateof 38s. 3d. perweek hasbeen granted toengine- 
smiths, and 37s. per week to ship-smiths, the pay of men 
rated at and over the above-mentioned sums to remain 
undisturbed. A probationary period of two years is 
to be recognised in the case of young journeymen and 
improvers, starting at 24s. per week, their wages to be 
ine every six months until the minimum rate is 
reached. The majority of the jobbing and Corporation 
shops in the city have also agreed to these terms. 
This settlement has given great satisfaction to the 
Belfast members of the Associated Blacksmiths and 
Ironworkers’ Society. The average rate for the dis- 
trict was formerly 35s. 114d. 





The Victorian Employers’ Federation, Melbourne, 
has issued a pamphlet stating that over 15,782,648). 
has been inves in land, machinery, and buildings 
in connection with Victorian manufacturing industries. 
The statistics for 1909-10 showed that 97,355 hands, 
both male and female, were in employment, and the 
wages paid amounted to 6,807,851/. Labour in all the 
principal industries was paid on the scales decided 
aor the Wages Boards ; there were about a 
hund Boards in operation. The wages could not 
be below the rates fixed by the Wages Boards; 
many good workers, however, both male and female, 
were earning more than these rates prescribed. 





It is announced that in consequence of the recent 
labour troubles the Liverpool shipping companies have 
decided to increase their rates of freight by 10 per 
cent. The date upon which this increase is to come 
into effect has, however, not yet been finally settled, 
but October 1 has been suggested as a likely date. 
The action is due to the demands put forward by the 
seamen for higher wages, which demands were granted, 
and to the loss from the delay caused in loading 
vessels owing to the congested state of the docks by 
the accumulation of goods during the three weeks’ 
strike. This measure will probably not be confined to 
the Atlantic lines, for practically all the other com- 
panies also state that the concessions they have 
granted to the men, the dockers more especially, compel 
them to increase the rates for freight so as to counter- 
balance the increase in working expenses. Negotia- 
tions in the matter are proceeding between the Liver- 
pool and the London companies. 





The late seamen’s strike has left many unemployed 
seamen at Cardiff; the books of the Sailors’ and 
Firemen’s Union contain the names of 622 white men 
and 232 coloured men, besides whom there must be, 
it is surmised, a still greater number who are not 
able to afford to be placed on the list. This has been 
caused by the decision of the leaders, who insisted upon 
a minimum wage of 5/. per month, whilst the wage 
which rules in most of the other ports is 4/. 10s. In 
order to avoid paying the extra 10s., the Cardiff 
shippers do not engage their crews at their own port. 
The number of unemployed at Cardiff is, no doubt, 
also due partly to the fact that seamen have congre- 

ated there from other ports in the hope of securing a 

igher rate of pay. The leaders would now seem 
wine to admit that the minimum rate of 5/. is too 
high ; they are, however, rather in an impasse, since 
the decision arrived at provides that no alteration in 
the port wage shall be forthcoming until a three 
months’ notice is given by either side. 





The trade returns recently issued for August and 
for the eight months down to August 31, compared 
with the corresponding periods of 1910, show, in 
regard to August last, a falling off of 2.7 per cent. in 
the imports, of 6.6 per cent. in the exports, and 
of 17.9 per cent. in the re-exports, as compared 
with August, 1910 ; the imports for the eight months 
to end of August, 1911, were practically equal to 
those for the similar period of 1910, while the exports 
showed an increase of 4.5 per cent. and the re-exports 
a decrease of 2.6 per cent. as compared with those for 
the similar period of 1910. 





We read in the Machinery Market that, so far as 
the home market is concerned, the textile machinery 
trade shows noimprovement. A year ago the chairman 
of Messrs. Brooks and Dixey stated at the annual 
meeting of shareholders that the immediate outlook 
for their trade in England was the worst they had had 
to face in twenty years. Our contemporary pointed 
out at the time that much of the depression in question 
was due to reckless overbuilding of mills, to expansion 
facilities by the application of the joint-stock principle 
to mill ventures, and to the growth of machinery pro- 
duction abroad, and especially in the United States. 
The situation is practically unchanged. The value of 
textile machinery exports for the first seven months 
of the year was 3,954,923/., as against 4,293,874. in 
| the corresponding period of 1910, and 4,910,150/. for 
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that of 1909. It is significant, however, that Russia 
continues to buy British textile machinery with 
unabated vigour. For some time now she has been 
the largest customer of this country, as far as textile 
machinery is concerned. 

The Sheffield cutlery manufacturers have decided 
to advance the selling prices of all classes of cutlery 
by 5 per cent., the decision to take effect immediately. 
The step is due to the increased cost of manufacture, 
caused by the carrying out of the Home Office regula- 
tions for dust extraction from the grinding shops, the 
maintenance of the necessary new plant, the extra 
motive power required, added to heavy advances in 
the cost of raw material. 





Representatives of various departments in the 
London and North-Western Railway works at Crewe 
waited upon the chief mechanical engineer and the 
manager of the works on Wednesday, the 6th inst., 
and laid before them a list of grievances, dealing mostly 
with wages. The trade unionists of the works recently 
took a ballot, and voted by an overwhelming majority 
to cease work failing recognition, Their leaders, 
however, advised them not to hand in notices until 
application had been made to the company to give 
the latter the opportunity first of redressing the men’s 
grievances, leaving for the present the question of 
recognition until the outcome of the Royal Commis- 
sion. The interview lasted several hours and the 
company’s Officials promised to lay the men’s request 
before the directors immediately. The works have 
been on short time for over two years, but within the 
past fortnight about a thousand of the men had been 
practically put on full time. 





Judging from a statement issued on Monday last, 
the llth inst., by the men’s representatives, the dis- 
ute between the London and North-Western Railway 
Company and their men is of a very serious nature ; 
it is even feared that it may lead to a national strike. 
The men state that under the terms of settlement they 
have every right to reopen questions disposed of at 
revious meetings of the boards or covered by Sir 
ward Fry’s award. The company dispute this, and 
assert that employees’ demands for better conditions 
for the various grades cannot be dealt with until 
1913, when the award expires. Meetings are announced 
for next Sunday, the 17th inst., to cunsider the 
matter ; the men are to ask the Board of Trade to 
insist upon a meeting between the company’s and the 
men’s representatives. 





Much dissatisfaction exists among the men of the 
Midland Railway Company residing at Burton-on- 
Trent. At a meeting of all grades recently held a 
resolution was adopted unanimously calling upon the 
joint executive to bring immediately before the Board 
of Trade the fact that the company penalise the men 
who came out on strike. Should no satisfaction be 
granted, the men want a national strike to be declared 
until it is. 





In their monthly trade report dated August last the 
United Pattern-Makers’ Association stated that on the 
North-East Coast trade was exceedingly , the 


number of members out of work throughout that 
district was an almost negligible uantity, whilst over- 
time was being worked to the full extent of the very 
limited amount allowed on the coast. Throughout 
the Clyde much the same conditions applied, and 
there was work in plenty for all who were able to 
work, At Barrow trade had picked up during the 
month, and things had resumed their wonted aspect 
in that important shipbuilding centre. The same 
remarks did not apply to Belfast ; the falling off which 
took place some weeks ago still continued, and trade 
in that _ showed no signs of immediate improve- 
ment. The Manchester reports were not so favour- 
able as formerly. In the Midlands, taking Birming- 
ham as centre, thi were ear 9m with 
excellent prospects, Sheffield made a g showing, 
and reports from other Yorkshire centres revealed the 
condition of trade to be rather better than usual. <A 
slight falling off was, however, noticeable in the 
Metropolitan area. The recent labour troubles had 
not seriously affected tne members ; those who had 
been thrown out had speedily obtained work again. 
The prospects of full employment were fairly well 
assured, so far as the immediate future was concerned. 


We are informed that the Northumberland miners 
have recently met, with the —— of recording their 
objection to the multiple-shift system of working 
introduced in consequence of the Eight Hours Act. 
They contend that this new system is greatly incon- 
venient to them; also that it is very detrimental to 
the health of the boys, and that it imposes much extra 
labour upon the women in their homes. 


The Trades Union Congress, held this year at New- 
castle, closed on Saturday last. The meetings were 











not conspicuous for dignity, and gave 1ise to several | 


regrettable incidents. On Tuesday, the 5th, the. 


Standing Orders Committee brought forward a resolu- 
tion condemning the use of military forces during 
strikes. This was to. Railway nationalisation 
was also the subject of a resolution which met with 
approval, as did also one 
the Osborne a. 
was raised on n 


| 


A joint conference between the committee of the 
Coalowners’ Association and the representatives of 
the Lancashire and Cheshire Miners’ Federation was 
held at the Queen’s Hotel, Manchester, on Monday, 
the llth inst. For some time past the miners had 


dealing with the reversal of | been seeking an improvement in the pay of the day- 
A pom | deal of discussion wage men and boys, apart from their share in the 
esday morning «& propos of a labour national demand for a minimum wage of 7s. a day for 


newspaper, but nothing definite was reached. A pro- | coal-getters. At a former conference, held in Wigan 


posal in favour of a citizen army as 0} 
standing army was rejected, but one em 

suggestions on the question of workmen’s com 
sation was carried. 
delega' 
jects of deductions from wages, the yee 
of the Labour Exc’ , State insurance, an 
electoral reform. The 


| 


t condemning deductions | strike, the imm 


posed to a in August, the Lancashire and Cheshire Miners’ 
lying several Federation decided, in view of the failure to obtain 

- | an immediate concession from the employers, to take 
On Thursday, the 7th, the a ballot of their members on the question of day-wage 
tes had before them resolutions on the sub-| men and boys’ wages. The ballot was to have been 


completed by the 23rd inst., and the officials of the 
Federation anticipated a declaration in favour of a 
iate effect of which would have been 


in any form was agreed to. The labour exchanges | the closing of the mines in the two counties, and 


were condemned in the discussion, but an error on 
the part of the Miners’ Federation delegates resulted 


| 


unemployment for about 90,000 men. 
The joint conference in question between the two 


in the resolution being rejected by vote. A pro- | sides has fortunately removed the immediate danger of 


posal to make State insurance benefits on a non- 
contributory basis was rejected. The resolution on 
electoral reform was to. On Friday last the 
Con; roundly criticised Mr. W. Crooks’s Bill for the 
settlement of disputes by arbitration, and took Mr. 
Crooks to task for acting independently of the Labour 
Party. Several resolutions queens “fair” and 
‘*minimum” wages were also adopted. The eight- 
hours day also came up again, and, of course, the pro- 
posal was received favourably. On Saturday the 
question of a federation of the unions occupied some 
of the attention of the Congress. In addition there 
were scores of resolutions on general topics dealt with 
during the week. In many cases there was no dis- 
cussion at all, and in others the less said about the 
tone and quality of the speeches the better. 





Difficulties have arisen with the workmen employed 
in cutting the tunnel under Mont d’Or, which is to 
connect Frasne directly with Vallorbe, leaving out 
Pontarlier and making of Vallorbe a through station on 
the Paris-Simplon line. The men, like those who 
worked at the Simplon Tunnel, are mostly Italians, 
and they have gone out on strike, objecting to the long 
hours they to work. The authorities allow no 
demonstrations to take place, and the men appear to 
be returning to Italy. 

A strike of about 200 men cutting a tunnel on the 
Jungfrau Railway is also announced. The men com- 
plained of the higher prices they had to pay for their 
provisions in that holiday district, prices which were 
absolutely out of proportion with their wages. 


An important meeting of coal-trimmers was held at 
Goole on Sunday, the 1 inst. The meeting had been 
called to consider the question of the ene of a 
Trimming Board and trimming tariff for the port of 
Goole. he was stated by representatives of the Goole 
Dockers’ Union that since the recent dock strikeatGoole 
conferences had been held with the Goole Steamship 
Owners’ Association, and that a - are to the 
men’s demands that a Trimming ould be ap- 
pointed. The Board is to consist of five representatives 
of the shipowners and five of the trimmers, and will 
settle any dispute arising in connection with the trim- 
ming or bunkering of any ship. Failing agreement, the 
dispute is to be referred toan arbitrator, whose decision 
will be final. No stoppage of work is to take place 
until the oe decision —s The trimming 
tariff was agreed upon. The meeting passed a 
resolution thanki ia’ aale re prose Sng and 
stating that concessions had been obtained on almost 
every point at issue. 


A conference called by the National Federation of 
Colliery Surface Workers is announced to be held on 
Saturday, the 23rd inst., at Sheffield, with the object 
of discussing and agreeing upon a definite application 
to the coal-owners of South Yorkshire for an improve- 
ment all round of the men’s present position. The 
unions affiliated with the Federation are the National 
Amalgamated Union of Labour, the National Union 
of Gas-Workers and General Labourers, and the 
National Amalgamated Union of Enginemen. Efforts 
are being made to secure the attendance of the repre- 
sentatives from all collieries in the district. It is 
proposed to discuss the following questions among 
others :—The change of surfacemen’s hours, and their 
reduced earning power through the introduction of the 
double-shift system for bank and screen-men and 
manipulators of coal. The desirability of applyi 
for eight-hour shifts for bank and screen-men 4 

en manipulators of coal at all collieries where the 
fouble-shift system has been introduced. The desira- 
bility of applying for an eight-hour day for engine- 
men and en and all men now working twelve 
hours per shift, seven shifts per week. The right to 

price-list and discuss basis wages at all 


collieries where definite rates have not been 
upon, and where persistent indirect reductions have 
been made. 








such a development. At the close of the meeting, 
which was a private one, the following official report 
was issued :—‘‘ At a ae Ses to-day of 1. 
owners’ representatives and cashire and Cheshire 
Miners’ representatives, questions in difference between 
the employers and the men were fully discussed. A 
provisional agreement was arrived at, and the meetin 
adjourned for three weeks.” Should the provisiona 
agreement mentioned in the report be confirmed, as is 
expected, the dispute will be settled. This, however, 
is independent of the national agitation among miners 
for the minimum wage of 7s. a day, which is to come 
up at the meeting of the Miners’ Federation of Great 
Britain, to be held at Southport on October 3. 

A strike of all sections connected with the Man- 
chester building trade is threatened for October 2. 
The executive committee of the National Association of 
Builders’ Labourers has been holding a number of 
meetings in Manchester. At one held in St. Michael’s 
Schools, George Leigh-street, on Monday, the 11th 
inst., it was announced that the masters had been 
asked to grant a minimum of 6d. an hour to all general 
labourers ; of 64d. to bricklayers’ labourers ; and 7d. 
to seaffolders, mill-men, iron-fixers, and other special 
labourers. Some employers pay a minimum of 6d., 
others are said to have a sliding scale under which the 
men cannot estimate their wages until the payment is 
made. Over 600 general labourers have recently joined 
the union ; the further additions expected will show 
the majority of the labourers in Manchester to be 
union men. Joiners, bricklayers, and other grades are 
joining in the demand for increased pay. 





An interview between the combined committee of 
the men and the management of the Lancashire and 
Yorkshire Locomotive Works, Horwich, which took 
_ on Monday, the 11th inst., has resulted in 

isappointment to the men. At a former conference, 
grievances in regard to workshop conditions were all 
practically settled, with the exception of that dealing 
with prices for piece-work. Two other claims made 
after the men had ceased work—i.¢., a minimum wage 
of 1/. per week for labourers and the abolition of the 
present medical test—were not admitted. The com- 
mittee, having obtained the necessary powers from the 
unions, wanted at the interview in question to discuss 
the various points in “a “x with the object of 
arriving at a settlement. The committee, however, 
met with a partial success only, a number of grievances 
being left over ; they were also informed that unless 
within forty-eight hours: notice was given for the 
resumption of work, all concessions would be with- 
drawn. A mass meeting was then held, at which the 
position was —— to the men ; following this, it 
was unanimously decided to maintain the claims. 
The failure to reach a settlement causes general regret ; 
but the skilled workmen declare themselves in honour 
bound to secure an advance to the labourers. The 
management, on the other hand, contend that the 
medical test and the labourers’ wages were not in the 
original grievances, and they cover und which 
extends es the Horwich works. They therefore 
stand for the original grievances being dealt with and 
+ eae before any other matters can be enter- 
tained. 





Contracts.—The Sheffield Corporation Water Works 
Department have just a contract for 32 mechanical 
pressure filters and auxiliary plant, capable of dealing 
with a flow of 6,000,000 lons per day, with Mesars. 
Mather and Platt, Limited, of Manchester. 





Tue TuRIN INTERNATIONAL ExursiTi0on.—In one of our 
articles on this Exhibition, on page 234 ante, we stated 
that Messrs. Franco Tosi, Legnano, were exhibiting a 
Brown-Boveri Parsons (Tosi) turbine. Messrs. Franco 
Tosi inform us that they formerly constructed turbines 
of the Brown-Boveri Parsons type; now, however, they 
build steam-turbines of their own system only, on the 
Tosi patents, with which they have obtained exceptionally 
good results, 
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OVER-TYPE SUPERHEATED-STEAM 
ENGINES. 
Economical and Reliable Power Generation by Over-Type 
Superheated-Steam Engines.* 
By W. J. MarsHati, A.M.I. Mech. E. 


A GOOD many years ago an eminent engineer predicted 
that the power supply of the future would be generated 
by internal-combustion engines entirely. Although the 
last decade or so has seen wonderful developments in the 
design and application of such engines, this prophecy has 
not yet eventuated. On account of the severe competi- 
tion which they have felt from internal-combustion 
engines, steam-engine builders have made renewed efforts, 
and are now able to produce steam plants having a fuel 
cost quite on a par with that of internal-combustion 
plants, and having other advantages, which will be gone 
into more fully later on, which, apart.from fuel economy, 
make them preferable to internal-combustion plants where 
reliability, flexibility, and overload capacity are essential. 
The author’s paper deals particularly with plants of com- 
paratively small capacity—say, up to 500 brake horse- 
power. 

The name “‘over-type superheated-steam engine,” which 
is applied to the particular form of steam plant with which 
this paper deals, does not in itself sufficiently describe the 
plant, consisting as it does of engine, boiler, superheater, 
air-pump, condenser, &c.; in fact, all the integral _— 
which go together to make a complete.steam plant. This 
form of plant is known by various names. In Germany 
the term ‘‘locomobile” has been applied to it; in France 
it is called ‘‘ demi-fixé;” and in this country it is some- 
times known as the “‘ semi-stationary engine.” : 

It is a direct development of the well-known semi- 
portable engine, but the element of portability which 
seems to be implied in the above names does not mean 
that it is an engine which is only to be used for temporary 
purposes, although the great simplicity of the foundation, 
and the arrangements generally of the plant, render it an 
easy matter to move the me from one position to 
another should this be desirable at any time. 

The over-type superheated-steam engine consists of a 
special tubular ‘og having the superheater placed in 
the smoke-box. The engine is mounted on the boiler, 
and the air-pump, feed-pump, &c., are attached to the 
side. The boiler forms the foundation or bed-plate for the 
engine. The arrangement is shown diagrammatically in 


Fig.7. 
SUPERHEATED STEAM PIPE 
TO CYLINDER 


SATURATED STEAM 
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Fic. 1. DtaGramMaTic ARRANGEMENT OF ENGINE. 





| ares of details of construction the Garrett engine follows 
British practice, and, being more massive in construction, 
is more easily kept in order and condition. In order 
to make clear the actual construction of these engines, a 
brief a of a standard Garrett engine will now 
be given. In Fig. 2 we havea photograph of the engine, 
which gives its general appearance, and also indicates 
clearly how the a is carried out. Turning now 
to the details, Fig. 3 shows a general view of the boiler, 
with the various seatings riveted to it arranged to take 
the engine. The boileris what is sometimes known as a 
“‘Cornish multitubular boiler,” in that it has a single 
circular furnace and heating surface consisting of smoke- 
tubes, through which the products of combustion pass. 
This type of boiler gives the large steam and water space 





any other ty. 
features, for this class of work. 


of boiler as a steam-generator, in these 


The saturated steam from the boiler is conducted first to 


a superheater, which is situated in an extension of the 
smoke-box, as 
superheater chamber arra: 
mounted directly upon it. In cases where there is an 
existing chimney, the position of the superheater is 
reversed and the waste gases conducted to a flue below 
ground-level. 


shown in Fig.5. This figure shows the 
nged for a chimney to be 


The superheater itself consists of a number of zig-296 


coils of solid-drawn steel tubes expanded into cast-stee 
headers, and the steam in passing through these tubes 
travels in the op 
gases past the tu 


ite direction to the flow of the hot 
thus ensuring that the maximum 



































Fic. 3. 


Fig. 1. The result of this arrangement is that the steam- 
pipe losses are reduced to a minimum, and the full value 
of superheated steam can be employed. The cylinders 
can also be jacketed with high - pressure steam from the 
boiler without any loss due to drains and steam-traps, as 
the cylinder casing forms a portion of the steam space of 
the boiler. 

A number of eminent firms are now manufacturing this 
type of steam plant, but it should be recorded here that 
the German firm, Messrs. R. Wolf, of Magdeburg, was 
the first to apply this type of engine to any great extent, 
and they have now supplied a very large number of them 
driving important factories in different parts of the world. 
Messrs. Richard Garrett and Sons, Limited, of Leiston, 
Suffolk, were the first English ‘firm to take up the manu- 
facture of this type of engine, and they also have made a 
considerable number of these engines and have had great 
success with them. 

In general principles the Garrett engine follows the 
lines laid down by our friends in Germany, but in actual 





* Paper read before Section G of the British Associa- 


tion at Portsmouth. 


GRNERAL VIEW OF THE BoILeR. 


Fig, 4, 


of the Cornish boiler, together with the high efficiency of 
the locomotive-type boiler. A special feature of the boiler, | 
and one which does away with all the disadvantages of a 
tubular boiler, is that the whole of the furnace and the 
tube system can be readily withdrawn for cleaning and 
inspection. 

ig. 4 shows an illustration of the furnace and tube 
system withdrawn from one of these boilers, and it will 
be noted that a bolted joint is formed between the ends 
of the furnace-ring and the front end-plate, and between 
the back tube-plate and the back end-plate. By undoing 
these bolts the whole of the tube system slides out of the 
boiler, allowing all the heating surfaces to be very 
pane hly cleoned, and giving free annem » ws interior of 
the boiler. Special jointing rings are u: or this purpose, 
which, if carefully blackleaded, can be used over and | 
over again. The actual time taken to withdraw the tube | 
system and replace is from five to six hours, and the time | 
occupied in cleaning depends on the amount of scale pre- | 
sent, and on the number of men that can be employed. | 
If it is a matter of urgency, a large number of men could | 
be put on to chip and scale the heating surfaces, and the | 
work carried out in a very short time. It is quite safe to | 








casing forms a steam-jacket for both c 








View oF FuRNACE AND TUBES. 


efficiency of the superheater is obtained. The joints in 
the pipes connecting the superheater to the boiler and 
to the engine are situated outside the smoke-box, where 
they can be ily disconnected, and the superheater 
itself can be completely withdrawn from the chamber in 
a very easy manner. A notable point of difference 
between English and German design in respect to the 
superheater is that, in the former, the coils are more 
accessible for cleaning, and are placed in such a position 
that they do not interfere with the free use of a tube 
brush for cleaning the boiler-tubes. In the latter the 
coils are not so accessible, and the smoke-tubes of the 
boiler can only be cleaned by a steam-jet, which is not 
sufficient to remove the deposit, with many classes of fuel. 
From the superheater the steam is conducted to the 
engine, which is a side-by-side compound engine fitted 
with piston-valves to high and low-pressure cylinders. 
Fig. 5 shows a vertical section through the cylinders of 
the engine, and Fig. 6 is a horizontal section through the 
cylinders. From ‘these res the construction will be 
early seen, and it sho be noted that the cylinder 
linders, the actual 
cylinders being made of 


working barrel or liner of the 


say that the withdrawable-tube type boiler is superior to special cylinder metal pressed into this casing hydraulic. 
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Fis. 6. Horizontal SecrioN THROUGH THE ENGINE. 








366 


ENGINEERING. 


(Sept. 15, 1911. 








ally. It is also to be noted here that no steam joint is | 
formed between the casing and the pressed-steel saddle 
on the boiler to which it is fixed, the steam for the jackets 
being — by a separate pipe, which will be noticed 
in Figs. and 5. 
Lubrication is, of course, very carefully attended to, 
the main crank-shaft journals being the self-oiling type, 
and all other points being fitted with sight-feed lubricators. 
With superheated steam care must be taken that the 
Ft gg ubrication is carried out properly, and to ensure 
is a positively-driven sight-feed lubricator is supplied, 
which forces the oil both to the high and low-pressure 
piston-valves, and thus the whole of the interior of the 
engine is efficiently lubricated. 

e engine is governed by varying the cut-off in the 
high-pressure cylinder, a highly sensitive and powerful 
crank-shaft governor operating upon the high-pressure 

iston-valve. This arrangement gives high economy at 
ight loads, especially as superheated steam is used, and 
initial condensation consequently reduced to a minimum. 
From the low-pressure cylinder the exhaust steam is led 
to a jet-condenser of a simple and efficient type; where 
necessary a surface-condenser can be employed. The 
condensed steam and vapour are drawn away by an air- 
pump, driven from the crank-shaft of the engine, which 
is clearly shown at the side of the engine in Figs. 2 and 5. 
To the air-pump crossh is connected the feed-pump, 
which in Fig. 2 is shown with its suction-pipe connected 
to the hot-well, a plan that can be pa tort 5 when there is 
an ample supply of cooling water. 

Where a cooling plant is used, it is not advisable to 
take the feed-water from the hot-well, as there is a chance 
of putting large quantities of oil into the boiler, but every 
engine is fitted with a Wilkinson’s patent direct-contact 
internal feed-water heater, so that cold feed can be used 
without any fear of damage to the boiler, and with the 
highest efficiency. 


TaBLeE I.—An Official Trial 


d. 


ted by Captain H. R. 





Sankey, R.E. (Ret.), M.Inst. C.E£., on a Garrett Com- | 


pound Condensing Superheated-Steam Semi-Stationary 
Engine of 50-65 Brake Horse-Power Capacity Continuous 
Working Load. 
Date of trial 
Duration of trial - a “a 
Mean revolutions per minute ae * 201.5 
Mean temperature of feed-water .. .. 112 deg. Fahr. 
Mean temperature of superheated steam 
Average indicated horse-power_ .. ws 
Average brake horse-power. . ° 
Mechanical efficiency . . as ee 
Water evaporated per pound of coal 
Coal per brake horse-power per hour 
Water 
Calorific value of coal used 


TasBLE II.—Test of Garrett Compound Superheated-Steam 
Semi-Stati y Condensing Engine of 140-180 Brake 
Horse- Power Capacity Continuous Working Load 
Installed ina Flowr-Muill. 

Duration of trial 
Total coal used 
Coal for heating 
Net coal for power 


October 16, 1909 
hours 


95.5 per cent. 
8.91 Ib. 


1.21 ,, 
r brake horse-power per hour .. 10.66 ,, 
oe ‘4 . 14,260 B. Th. U. per Ib. 





12 hours. 
2150 Ib. 
336 Ib. to 450 Ib.* 
1814 Ib. 


164.5 Ib. 


Coal per hour for power ‘ 
. 540 deg. to 550 deg. 
‘ahr. 


Temperature of steam 


24 in, to 24} in. 
170 r.p.m. 
12,404 B.Th.U. 
r lb. 

10.29 per cent. 
115.8 h.-p. 


Vacuum.. oe os 
Spe oe oe oe = 
Calorific value of coal used. . 
Moisture in coal a - 

Mean indicated horse-power oa 
Mean brake horse-power at 92 per cent. 
efficiency (60 per cent. of fullload) . 
Coal per indicated horse-power per hour 

Coal per brake horse-power per hour 


Corresponding consumption per brake 
y coal of 


106.5 h.-p. 
1.42 Ib. 
1.55 lb. 


horse-power 
14,000 B.Th 
value . 

* This steam is used for conditioning purposes. The lower 
figure was ascertained on oa previous trial. On actual day of 
trial more steam was being used owing to the class of wheat 
which was being ground, but the lower figure has been taken. 


TasLe III.—One Week's Test on a Garrett Com; 
Superheated-Steam Semi-Stationary Condensing ine 
of 65-88 Brake Horse-Power Continuous Working Load, 
driving the Winding-Shed of a Weaving Factory. 

Date of test .. . - : a4 ee October, 1910 
unning time .. 49 hours 
Duration of test { Sanding time ... 19, 
Coal used while running mi 3420 Tb. 
Coal used while standing .. * Pe 1175 ,, 
Power developed, calculated from the 
number of machines in use aa -. 45 to 50 b.h.-p. 
Coal per brake horse-power per hour 
— * ot _ oa -- 1,55 1b, to 1.4 Ib. 
Coal per hour standing by .. <a 10 Ib, 
Coal used s> es va ..Whitehaven steam 
coal of calorific value 
of about 13,500 
B.Th. U. per lb., cost- 
ing 16s. per ton de- 
livered. 
Nors.—During the week's run the engine was working non- 
condensing for 10 to 12 hours. If it had run condensing during 
the whole period, a still better result would have been obtained. 
It will be seen from this brief description of the 
Garrett engine that the whole plant is a very straight- 
forward design, and in no way is anything new or 
untried embodied in its construction, the various parts 
being made on principles which are well known and 
universally accepted. By combining these parts in the 
manner shown, all the fundamental losses of the steam 

plant are reduced to their minimum, and the result is a 

very striking oan. 
In October, 1909, Captain H. Riall Sankey, M. Inst. 

C.E., carried out a seven hours’ test on a standard 


ae hour of 
.U.’s per pound calorific 


1.24 


nd 
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140-180 Horse-Power Enoine at Fiour-Miiis, ALDERSHOT. 
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of 1.21 lb. of coal per brake horse-power per 
hour is really an astonishing one for an 
< engine of such small size. Thisis, of course, 
a test figure, but the engine was run exactly 
as it would be in practice, and no special 
arrangements were used in order to obtain 
an extraordinary result. The economy to 
be obtained in actual installations is indi 
cated by tests carried out under running 
conditions on engines which have been at 
* work some time, particulars of which are 
given in Tables II. and III. 
It is not necessary to enter intoa detailed 
examination of the reasons why such a high 
economy is obtained, but put briefly they 


ah 

















are as follow :— ; 

1. The boiler, superheater, and engine 
are carefully designed with regard to their 
proportions to each other for the output 














Fic. 8, GgNERAL ARRANGEMENT OF 140-180 Horse-PowER 


Enernz in Fiovur-Mim1s. 


Garrett 7 | 50 brake horse-power rated output, and 
in Table I. will be seen some of the princi igures 
obtained on this test. It will be ag that the figure 


uired. 
*°3. The steam-pipe losses are eliminated. 
3. Cylinder condensation is eliminated 
by the use of superheated steam and by 
jacketing the cylinders with live steam 
from the boiler without drainage losses. _ 
It will be recognised that the field for such an engine 15 
a very one, and it will be of interest to here describe 
an actual installation of one of these engines. 
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Fig. 7 is a photograph showing an engine of 140 to 180 
neabes hene-aewer installed in a flour-mill. Fig. 8 is a 
diagram showing the arrangement of this engine. Ina 
flour-mill the duties are severe, as the engine 1s required 
to run night and day for 140 hours per week, and to get 
the best results it is necessary to keep a steady speed and 
have an even turning movement. This particular instal- 
lation is of especial interest, as the over-type superheated- 
steam engine was put in to replace a suction-gas plant. 
It was found with the suction-gas engine that a great 
deal of time had to be spent, overhauling and cleaning, in 
order to obtain a continuous run with it, and that even 
with this attention it occasionally failed during the week’s 
run. It was also found that the speed was liable to vary 
considerably, and, in spite of a very heavy fly-wheel, the 
drive was somewhat irregular. 

None of these difficulties are experienced with the 





dynamo in the power-generating station of a factory, is 
shown, which gives a good idea of the’workmanlike and 
compact installation one of these engines make. 

One of the most important advantages of this type of 
engine is the readiness with which any type of fuel can 
be used, and the economy with the other ty of fuel is 
penny as good us that obtained with steam-coal. 

pecial furnaces have to be supplied for some of these 
fuels. Fig. 11 is an illustration of an engine arranged to 
burn wi refuse from lathes, planing-machines, and 
saws. This engine is fitted with an automatic furnace 
which sprinkles the refuse over the fire-bars and main- 
tains a very steady combustion with very economical 
results. 

A test on an engine of this type gave 1 brake horse- 
power per hour with a consumption of 3.9 lb. of wood 
refuse, consisting of shavings, chips, and saw-dust. The 











Fie. 11. 


superheated-steam engine, and since it has been at work it 
has actually been found that the cost of fuel per sack of flour | 
made is lower than was obtained with the a 
engine. This is a very praiseworthy result, especially | 
when it is taken into consideration that the steam-engine | 
is at the present time running only about 0.65 of its full 
oo to additions to the mill not being yet com- 


leted. 

_In Table IT. are shown actual figures taken from a 
cay’sran of this mill in ordinary work recently, and they 
how that the high economy obtained on the test-bed is 
still maintained under running conditions. 

In Fig. 9 an illustration of an engine driving a weaving 
tory is shown, and the figures in Table III. were 

tained from a week’s run of this engine under ordinary 
conditions, which also show a very marked economy, 
onsidering that the average load of the engine was oa 
«bout half its rated output. In Fig. 10a photograph* of an 
engine of 88 to 118 beake horse-power capacity, driving a 














* (The demands u 


, MO 
reproduce Figs. 9 and 10.—Ep. E.] 





our space do not permit us 7 


automatic portion of the furnace is only adapted to deal 
with the light stuff, but an ordinary fire-door is provided, 
through which lumps of wood can be fired when required. 
Figs. 12, 13, and 14, page 368, show various other types of 
furnaces for special use. 

It has already been mentioned that the superheated- 
steam engine is a successful rival of the internal-combus- 
tion engine. The internal-combustion engine has achieved 
its success by reason of its very low fuel consumption, 
this fuel consumption being so much lower than that 
obtained with the ordinary type of separate engine and 
boiler using saturated steam that manufacturers are 
prepared to put up with a certain amount of unreliability 
in order to obtain the economy. This has not always 
been a wise p ure, as is indicated by the number of 
factories which have gone back to steam-engines after 
having adopted internal-combustion engines. , 

It must be universally admitted that the steam-engine 
is more reliable than the internal-combustion engine, and 
is more capable of performing its duty gentiancuny with- 
out involuntary stops or bad starts. The reasons for this 


e 





superior quality of the steam-engine are obvious. 


successful operation of an internal-combustion engine ! 





y= mee on a high state of efficiency of a number of 
de pate yaa which are subjected to rather severe treat- 
ment. On the other hand, the corresponding parts of a 
steam-engine are in no way delicate, and do not receive 
this severe treatment, and, in addition, a temporary loss 
of efficiency in such parts does not mean interruption to 
the supply of power. 

ake, for instance, the exhaust-valve of an internal- 
combustion engine. Should it become worn, and not 
gas-tight, the engine is at once rendered incapable of 
producing the maximum power which is required from it, 
and is liable to be brought to an involuntary stop if even 
its normal full load were demanded from it. The 
exhaust-valve in an internal combustion engine depends 
on its gas-tightness, on the cloce fitting of small metallic 
surfaces, and these surfaces are bathed during every 
exhaust stroke by the intensely hot products of combus- 








ENGINE ARRANGED TO BuRN Woop Rervuse rrom Macuine-Toots anp Saws. 


tion, and are brought together frequently with consider- 
able force. 

On the other hand, in the case of the steam-engine, 
loss of efficiency of the corresponding part does not 
necessarily mean a reduction in the capacity of the 
engine, owing to the flexibility of the system, and the 
engine can be depended upon to produce its full power 
without an involuntary stop until such time as the valve 
can be put right. Further, such loss of efficiency is not 
so likely to occur, as the tightness of the valve depends 
on the fitting of well-lubricated sliding surfaces of la: 
area which are not ex to temperatures anything like 
as high as obtain in internal-combustion engines. In 
voluntary stops and bad starts have a definite monetary 
value in any factory, depending on the nature of the 
factory, and the cost of these in most cases would bring 
the cost of power produced by internal-combustion engines 
very nearly up to that of power produced by an ordinary 
steam-engine of no great economy. It follows, therefore, 
that if a steam-engine can be obtained giving a fuel 
economy on a par with that of the internal-combustion 
engine, it will undoubtedly form the most suitable prime 
mover for installation in a factory or for power-gene- 
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rating stations where economy and reliability are the 
principal considerations. : 

In comparing these two types of prime mover on the 
point of cost of fuel, it has been taken that the steam- 
engine is using steam- of fair quality, and the suction- 
gas engine anthracite peas. Ths latter is by far the most 
generally used fuel with suction-gas engines, although in 
individual cases good results have been obtained with gas- 
coke at a much lower figure. Gas-coke is only available 
in a few cases, and a comparison with it would not be satis- 
factory, especially as with its use the reliability question 
assumes another aspect still more in favour of the steam- 
engine, owing to the presence of tar and the liability of 
clinkering in the producer. 

The actual cost of fuel in any factory is by no means 
the most important of the various items which make up 
the cost of power production, and its relative importance 
varies according to the type of factory. To discuss this 

int at length would make this paper unwieldy; in 


act, it would form a suitable subject for a separate paper. | 





Including the stand-by losses per hour of the ie | 8 
superheated-steam, engine plant at 10 per cent. of the 
total coal burnt per hour at full load, and those of 
the suction-gas plant at 5 per cent. of the same quantity, 
the Diesel engine having no stand-by losses whatever, the 
following is the cost of fuel for each type of engine :— 


Over-type —— e 
a Superheated — Diesel 














Engine. 

Consumption per brake horse- | 

power per hour = oe 1.5 1 0.5 
Consumption per week, run- " 

ning time om a = — = ey 
Stand-by consumption per wee 7 n 
Total consumption per week .. 9810 5970 | 2700 
Cost per week .. e o 3.51. 3.461. | 2.71. 
Cost per annum .. Re oe 175. 173. | 1852 





| above —— the load has been taken at an average 

of 100 brake horse-power. This average might be that 
of a very fluctuating load, which might range between 
60 and 150 brake horse-power. 

The greater the difference between the peaks and 
hollows of the load-curve the more striking is the advan- 
tage of the steam-engine, on account of the fact that the 
internal-combustion engine has a vary definite limit as to 
the maximum load which it is capable of dealing with, 
and, consequently, engines sufficiently large to deal with 
the peak loads must be installed, increasing the capital 
cost and, in the case of the suction-gas engine, giving 
very poor results as rds economy on the lighter loads, 

On the other hand, the steam-engine is capable of pro- 
ducing, when required, as much as 50 per cent. above 
its normal load for considerable periods, and, owing to 
its high mechanical efficiency, maintains « low consump- 
tion per brake horse-power over a wide range of loads. 
Fig. 15 illustrates this feature of the superheated-steam 
engine in comparison with the suction-gas engine very 
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CompustTion CHAMBER WITH EXTENDED GRATE 
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tg.15. COMPARATIVE FUEL CONSUMPTIONS & FUEL 
iT a COSTS OF SUPERHEATED STEAM ENCINES & 
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Fie. 14. Compustion CHAMBER FOR BuRNING Sawpust, &c. 


The author is of opinion that in almost every factory the 
most important item is continuity of running, or relia- 
bility. It is not an easy matter to set a definite value on 
this item, and it can only be approximated by estimating 
the actual loss incurred by any aoety due to a breakdown 
which interrupts the supply of power. 

The author oot made inquiries with regard to this point 
from a number of power-users, and ‘he following hypo- 
thetical case is a conservative estimate for an average 
example. It is a simple matter for any power-user to 
work it out for his own particular case. 

Assume that a machine-shop employing 100 men, 
whose average wages are 7d. per hour, requires an engine 
of 100 horse-power to drive it. The total amount of wages 
per hour comes to 2.9%. For management expenses, &c., 
the usual figure to add is 100 - cent., making the prime 
cost of running the shop 5.82. per hour. Taking a 54- 
hour week and 50 weeks per annum, and the following 
prices of fuel :— 


Per Ton. 
Steam coal . ots si a a 16s. 
Anthracite... sa Si sie & 26s. 
Fuel oil... Be ih = Ret fa 45s. 





(2408.4) 
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FUEL COST 
BASED ON ANTHRACITE AT 34/ PER TON 
STEAM COAL AT 22/- PERTON 


Line 


Overload Overload 
Load 


CoMPARATIVE FurL CoNSUMPTIONS AND Fue. Costs 


oF SUPERHEATED-STEAM ENGINES AND Suction-Gas ENGINEs. 


This comparative statement shows that under the above 
conditions the plant having the lowest fuel cost is the Diesel 
engine, which shows a saving of 40/. per annum over the 
superheated-steam engine; but it should also be noted 
that if—through bad starts or involuntary stops — the 
power supply be interrupted to the extent of ten hours 
per annum, the prime cost of such stoppages would 
amount to 58/., absolutely wiping out any gain due to 
lower fuel consumption. 

If we carried this comparison still further, it would be 
found that the capital cost of the Diesel engine would be 
considerably higher than that of the superheated-steam 
engine, and, consequently, the capital charges per annum 
would be greater. These form a very considerable item 
in the cost of power. Further, the steam-engine can 
run satisfactorily by a man of a lower order of skill than 
that required by Diesel or suction-gas engines, and his 
wages would consequently be less. 

In addition, the wages required for maintenance would 
be less, as the parts requiring attention about a steam- 
engine can be attended to by an ordinary driver, whereas 
with the internal-combustion engines expert mechanics 


are necessary to effect adjustments and repairs. In the} 


| clearly. Two sets of curves are shown plotted on a load 

base. The upper set shows the actual fuel used C brake 
horse-power per hour at any load from a quarter of full load 
to the maximum overload of a sugtion-gas engine and also 
of a superheated-steam semi-statiOniry engine. The lower 
set shows the cost of this fuel for each type of engine for 
the same range of load, taking the average figures for fuel 
obtainable in the London district, of, say, 22s. per ton 
for steam-coal, and 34s. per ton for anthracite. 

From these curves it is clearly shown that the cost of 
fuel per brake horse-power per hour with the superheated- 
steam engine is very nearly constant over a wide range of 
loads, and does not increase on light loads to anything 
like the same extent as with the suction-gas engine. A 
further advantage of the steam-engine is that the exhaust 
can very readily be used for heating purposes when 
aula. In the weaving factory previously referred to, 
the exhaust steam, on its way to the condenser, is con- 
ducted round 600 ft. of the heating pipe during the winter 
months, and is sufficient to keep a room 300 ft. long by 
75 ft. wide at the proper temperature. This heat is 
obtained at no cost. 

The author feels that he has merely touched on the 
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fringe of a very large subject, but is confident that the 
cow teats he has brought forward show that, as a prime 
mover, the steam-engine is still more than able to hold its 
own. Every case must be considered on its merits, and 
there are admittedly propositions which are very admir- 
ably filled by internal-combustion engines. He is, how- 
ever, of opinion that the use of the internal-combustion 
engine has latterly become somewhat of a fashion, and is 
certain that when the over-type pba eee engine 
is more widely known it will take the place of the internal- 
combustion engine in a great number of power proposi- 
tions. 








THE DIESEL OIL-ENGINE.* 
By Cuaries Day, Wh.Sc. 


THE economical generation of power for industrial pur- 
poses depends mainly upon the following factors :— 


1. (a) The attainable economy of working at different 
loads of the prime mover itself, including boiler or gas- 
producer, an all accessories, such as condensers, feed- 
pumps, water-pumps, @. f 

(b) The degree to which this attainable economy can be 
practically maintained under the conditions of working, 
and the load-factor. 

2. The stand-by losses—+.e., the expenditure necessary 
to keep the plant ready for work when wanted. 

3. Wages of engine-room attendants, stokers, and other 
men employed about the power-house. ‘ 

4. Expenditure on lubricating oil, cleaning waste, and 
sundry stores. 

5. Cost of repairs and of the maintenance of all parts of 
the plant in good working condition. 

6. The cost of water for condensing, and for boiler 
feeding in the case of steam plant, for the engine water- 
jackets, and for the gas-producer in the case of gas-plant, 
or for the engine water-jackets in the case of Diesel 
plant. 


From the mere enumeration of these items it is very 
obvious that tests either at makers’ works or on site, 
even though the tests extend for a week or so, do not 
form a sufficient guide as to the real value of the engines 
for industrial purposes, and that a far safer, in fact the 
only safe, conclusion can be formed from a study of 
results obtained in actual practice. For instance, it 
matters not how economical an engine may be in regard 
to fuel if the expenditure in other directions more than 
outbalance the gain in fuel consumption. 

Take now the above-mentioned items in detail :— 

1. (a) The attainable economy may be said to be that 
corresp nding with the guarantees given by the makers, 
though many makers take the cautious policy of guaran- 
teeing figures which leave them some margin in hand. 
The attainable economy must not be considered at full 
load only, but must be considered for varying | as it 
often happens that plant has to run for considerable 
periods at half load or even quarter load; in other words, 
the plant may have to operate with a r load-factor. 
Iu the case of steam plant it is not sufficient to consider 
only the steam consumption of the engine and the 
evaporative efficiency of the boiler, but due allowance 
must be made for the power to drive accessories, such as 
feed-pumps, coal-handling plant, condensing plant, and 
other such accessories. At light loads the power taken 
by these accessories may easily represent a large propor- 
tion of the total power. 

(6) In actual service it is not to be expected that power 
plant can always be kept and worked at its highest 
efficiency. For instance, in the case of steam plant the 
efficiency is much influenced by— 


The skill of the fireman. 

Variation in the quality of coal. 

The condition of the furnaces and flues. 

Deposits of scale in boilers. 

Deposits of scale and grease in condensers. 

The air-tightness of the condenser and of the exhaust- 

pipe and joints, &c. 

With these and other adverse influences at work, the 
average results actually obtained over a term of years 
differ considerably from those attainable under the very 
best of conditions. 

2. In cert&in factories, and particularly in electricity 
stations, the exact time at which a load will come on is 
not really known. For instance, the hour at which the 
lighting load comes on is affected by weather and clouds ; 
it is therefore necessary as evening approaches to have 
plant ready for going on to load at a moment’s notice, 
although the plant may not be required for an hour or 
more. With steam plants, this means that steam must be 
kept up on boilers and engines warmed up; with 

lants, producers must be alight and in working order. 
The cost of this cannot well be determined separately 
from the running costs, but experience shows that it is 
{es y 

3. e cost In wages depen rgely on the complexity 
of the pion, and on the amount of handling souunel by 
the fuel. It is also increased if the plant has to be got 
ready for running before being actually required. 

4. The expenditure on lubricating oil and general stores 
depends also on the simplicity or otherwise of the plant 
and its character, actual practice being again the only 
guide. Of course, the figures may be much influenced by 
attention to little economies. 

5. The cost of repairs mainly depends on the care 
and judgment exercised in the use of the plant, and on 
the quality of the design, workmanship, and material of 
the plant itself. In the case of steam plant, the use of 
corrosive or sedimentary water may cause great expense 
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in repairs and upkeep, whilst with gas plants renewals of 
portions of producers are often necessary. Again, actual 
working figures form the only safe guide. 

Thegreat difficulty most buyers find isin securing reliable 
figures of power costs from peopleengaged in trade, except 
in the case of electric-supply stations. The writer does 
not know of any body of large power-users who systemati- 
cally prepare accounts showing their power costs on a 
uniform basis, and publish them. This practice in con- 
nection with electric-supply stations fortunately does give 
an independent and authoritative basis, from which valu- 
able deductions can made. The figures ished in 
the Electrical Times cover practically almost all thesupply 
stations in Great Britain, and this information combined 
with information obtained direct from station engineers 
has enabled the author to determine the average results 
obtained in such stations with different types of plant. 
These averages for stations having a plant capacity not 
exceeding 1000 horse-power are as fullow :— 


TaBLE I.—Average Cost per B.T.U. Sold. 


| Repairs 


| Lubricating 











Total 
Type of | Oil, Waste, | and 
Engine. Fuel. | Stores, and | W®8®* | Main- _— Factor. 
Water. | tenance 
Steam .. 0.45 | 0.06 0.25 0.26 1.02 14.7 
Gas -| 0.48 | 0.09 0.28 0.24 1.04 15.3 
Diesel 0.07 0.53 14.3 


. 0.93 | 0.04 | 0.19 








The limit of 1000 horse-power was fixed owing to there 
being as yet no large electricity supply stations equipped 
solely with Diesel engine or gas-engines. Of course, better 
results are obtained when driving machinery which gives 
a better load-factor, but the causes which produce loss are, 
as a rule, the same, though modified in extent. The 
general conclusion formed from a study of electricity 
stations holds good for the great majority of power-users, 
though perhaps not applicahle to some — trades, 
where engines can be run continuously on almost uniform 
loads. It is also necessary to point out that the figures 
include some items which should not strictly he charged 
against the power plant. For instance, the wages items 
include figures for men working on cables, street-lamps, 
and in sub-stations, whilst the repairs items include 
repairs to such parts. Also it is necessary to mention 
that the figures give the costs per unit sold, and not per 
unit generated. 2 Bays 

From the averages it is clear that a substantial gain is 
obtained by the adoption of Diesel engines as against 
either gas or steam-engines, the figures being beyond 
doubt substantially accurate. It is also noticeable that 
the gain is not only on fuel consumption, but is practically 
in the same proportion on the other items of expenditure. 

The great saving shown by these average figures is 
confirmed by repeated experiences of the author. In 
many cases, although the figures guaranteed with Diesel 
engines have been no better than figures previously 
guaranteed and obtained on tests, with existing steam 
and gas engines, the Diesel engines have shown over 
extended periods a saving of 50 and 60 per cent., and in 
some cases an even greater percentage, the result being 
due to the fact that the Diesel engine’s average working 
results were very much nearer to the guaran figures 
than with gas or steam-engines, combined with the fact 
that the relatively high cost of working at light loads 
with gas or steam had not been sufficiently taken into 
account when considering the guaranteed figures. 

When going through cost records to prepare the aver- 
age figures previously given, the author noticed very wide 
differences of cost per unit, particularly in the case of the 
steam plant. He therefore had the average cost calculated 
for steam stations of different capacity, and as the results 
are interesting, they are given separately in Table IT. 


Tasie Il.—Average Works Cost per B.T.U. Sold, on 
Steam Stations of Different Sizes. 

















: : | 

Ca ity | Lubricating 

Station Fuel | Oil, Waste, | w, . by =~ | Total Load 
not Ex- | Water, and | "98 sanenes * | Factor 
ceeding | Stores. | | 

| 

250 kw.| 0.63; 0.00 | 0.35 | 036 | 143 | 182 

500 ,, | 0.56 0.06 0.27 | 029 | 118 | 13.8 

750 4, | 0.43 0.05 0.23 | 0.24 0.95 15.4 
1,000 ,, | 0.40 0.05 0.23 0.21 0.89 | 168 
1,500 ,, | 0.42 0.04 0.17 | 0.18 0.81 16.9 
2,000 ,, | 0.37 0.04 «=6| «016 | O21 0.78 | 17.7 
3,000 ,, | 0.33 0.04 0.15 | 0.17 0.69 17.4 
4,000 ,, | 0.40 0.08 0.14 0.20 0.77 13.8 
5,000 ,, | 0.34 0.08 0.11 0.16 0.64 18.7 
7,000 ,, | 0.36 0.04 «=| «(0.18 0.20 | 0.78 | 17.9 
10,000 ,, | 026/ 003 | 0.09 | O18 | O51 | 226 
20,000 ,, | 0.30| 0.08 0.11 0.16 0.60 | 19.6 
50,000 ,, 0.23 0.02 0.10 0.11 0.46 20.56 


ae | | 


The table shows the great improvement which follows 
increase of size with steam stations, or, expressed in the 
reverse direction, it shows how great is the disadvantage 
of small stations when steam power is used. 

It is, further, to be noted that, even with the largest 
steam-stations, the costs per unit generated are no better 

for quite small stations using Diesel engines, and 

this in face of the improved load-factor. This is a most 

important point, and shows that small Diesel stations can 

ages A supply current at prices hitherto thought to 

obtainable only in densely-populated centres having 
wer-stations. 


lar; 

a cases the figures which have been given are works 
cost, and do not include anything for interest on capital 
or depreciation. It is hardly possible to give a definite 
statement showing the cost of constructing and equipping 
power-houses of different types, as there are so many 
variable factors, However, the autlior’s experience of a 








considerable number of estimates indicates that up to a 
capacity of, say, 1000 kw. there is generally little differ- 
ence between the gross ital expenditure required, 
whether steam, gas, or Diesel engines be adopted. 
Having now dealt with what may be termed the com- 
mercial aspect, it may be well to now briefly study the 
constructional features desirable in engines for dynamo 
driving. In the first place the dynamo should be coupled 
direct to the engine shaft, and not be driven by belts or 
ropes, as the up-keep cost of these is poms oh Ay, also, 
with belt or rope drive, the space occupied is consider- 
able. Direct coupling of dynamos means that slow- 
speed engines are to be avoided, otherwise the cost of the 
dynamos is very high. For speeds which are not slow 
engines of the multi-crank type become desirable, other- 
wise serious vibration is likely to be caused. For the 
same reason it is important that the distance between the 
centre lines of the cylinders of an engine be reduced as 
much as possible. If far apart, as, for instance, in the 
case of a cross-compound steam-engine with dynamo 
between, then each cylinder or line of parts will produce 
its own vibrating effects on the foundation without 
being materially influenced or counteracted by the other. 

For multi-crank engines with cylinders close together 
the vertical construction is much more suitable than the 
horizontal, and gives much better accessibility. Also 
any unbalanced inertia forces do not tend to slide the 
engine about, but merely increase or decrease the weight 
on the foundations. 

_The vertical design is also better from the point of 
view of piston wear. Multi-crank engines are also 
advantageous as regards speed regularity during each 
revolution, which is a point of importance when driving 
alternators in parallel. When high-speed engines are 
adopted, the multi-crank vertical type becomes impera- 
tive, and experience has shown that forced lubrication to 
all bearings is very much better than any other system 
of lubrication. Alo with high speeds the crank- 
chamber should be most completely enclosed, other- 
wise a lot of lubricating oil is thrown about, and 
damage to dynamos may occur, owing to oil getting on 
the insulation. Further, oil thrown about creates a 
general nuisance in the engine-house. This condition of 
very complete enclosing, combined with forced ‘lubrica- 
tion, is, in the author’s opinion, an absolute essential for 
high-speed engines, whether steam, gas, or oil. With the 
first few oil-engines to which forced lubrication was 

plied a ‘—— of the lubricating oil got drawn up into 
the cylinders. Detailed improvements in construction 
have, however, completely overcome this, and now the 
oil consumption is quite as low with the forced lubrica- 
tion as with the ordinary systems. For moderate speeds 
of revolution, ring - lubricating main bearings are 
thoroughly satisfactory combined with centrifugal lubri- 
cation to crank-pins. With such an arrangement less 
complete enclosing meets all requirements of cleanliness. 

There is another point in to the multi-cylinder 
design of engine which should mentioned—viz , that 
with this design a smaller diameter of cylinder is required 
for a given power than with a single-cylinder engine. 
With internal-combustion engines this is of great import- 
ance, as after a certain size every enlargement of cylinder 
diameter brings with it increased constructional difficulties 
and a greater liability to breakdown. 

Turning now to the particular features of the Diesel 
engine itself, it may be found interesting to trace shortly 
the development of the present Diesel cycle. 

In 1824 Carnot enunciated the conditions required for 
& perfect heat-engine ; and though Carnot’s theories are 
well known, it may be well to briefly mention them here, 
so that the sequence may be more readily understwod. 

The Carnot cycle may be described thus :— 


| A 


DIAGRAM OF CARNOT CYCLE 








Vola mes 





ey 
Point C (see diagram) indicates the volume and pressure 
of the working fluid when the piston is at the end of its 
streke. From C to D the working fluid is compressed 
isothermally, the heat resulting from the com jon 
being abstracted as it isadded. From D to A the com- 
ression is adiabatic, no heat being abstracted or added 
Soing this period. From A to B isothermal expansion 
takes place, heat being added to maintain the tempera- 
ture. From B to C adiabatic expansion takes place, the 
portion of the various compressions and expansions 
irg so arranged that the final volume, pressure, and 
temperature coincide with those at the commencement. 
This cycle appears quite an impossible one, because 
during the one portion of the compression heat must be 
perfectly carried away—1.e., the working fluid and the 
surrounding materials must be perfect conductors. Then 
canes Ge second portion of the compression no heat 
must be carried away or added, meaning that the materials 
must now be ect non-conductors ; thus, one of 








the compression period demands perfect conducting 
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materials, whilst the other demands that they shall be 
perfect non-conductors, and similarly for the expansion 
period. With these opposing itions it is not surpris- 
ing that no application of the Carnot cycle appeared 
in practice for so long. Diesel, however, propounded a 
scheme which, to a certain degree, met the Carnot con- 
ditions. This scheme was as follows :— ) 

The isothermal period of compression was obtained 
approximately by spraying water into the cylinder during 
com ion, this water-spray being discontinued for the 
adiabatic compression. For the isothermal expansion 
fuel-oil was sprayed in to give the requisite addition of 
heat. The spraying in of fuel-oil for this pur neces- 
sitated the adiabatic compression being carried to a high 
degree, so as to give a sufficiently high temperature to 
the air in the cylinder as to cause ignition of the oil 
sprayed in. Unfortunately, this cycle did not meet with 
success in practice owing to the very high pressure 
required, and to the small amount of work obtained, and 
gradually the original cycle has become modified to that 
now adopted, which may therefore be claimei to be the 
nearest to the Carnot cycle, which present-day practical 
limitsadmit. Briefly it 1s as follow :— 

1. During the suction stroke air is drawn into the 
cylinder. 2 rwelle 

2. During the compression = this air is compressed 
to a considerable pressure and temperature. ees 

3. For a short period during the next stroke oil is 
sprayed into the cylinder, and burns in consequence of 
the high temperature to which the air has been raised by 
compression. During the remainder of the stroke expan- 
sion takes place. 

4. The products of combustion are exhausted. 

The heat efficiency of the Diesel engine, though far 
from perfect, is still much better than any other heat- 
engine, as is readily seen from the fuel consumption, 
which is 0.44 lb. of fuel oil per brake-horse-power per 
hour. The fuel consumption is also low at partial loads— 
viz. :— 

load, 0.45 lb. per B.H.-P. per hour. 


” Bd oy ” ” 


” 0.62 ” ” 


These are not records, but overr-tag figures, and are 
for engines of quite moderate size. ith larger engines 
the fuel consumption per horse-power is rather lower, but 
increase of size does not give anything like the improve- 
ment in fuel consumption that occurs with steam-engines. 
This is a point to be remembered when fixing the size of 
engine to be adopted in a station. With steam plants the 
size of engine should be kept up, whilst with internal- 
combustion engines the size within certain limits can with 
advantage be kept down. f oe 

Owing to the high economy at light loads it is often 
found distinctly advantageous to run a Diesel engine in 
preference to using a sto battery. ; 

From the description of the cycle the following advan- 
tages are obvious as anda | with other gas and oil- 
engines :— 

1. There is no sparking apparatus, lamp, or burner. 

2. There is no carburettor, vaporiser, or mixing valve. 

3. Owing to the absence of combustible gases or vapours 
during compression, back-firing or pre-ignition are im- 
possible, / F / 

4. No warming-up is required, nor is there any fuel 
expenditure when not running. : 

e° The running of the engine is very smooth, owing to 
there being no explosion or sudden rise of pressure. 

The oil cade used is residual petroleum—1.c., the 
residue left from petroleum after the lighter oils have 
been distilled off. The increased demand for petrol will 
certainly tend to increase the further supply of residue ; 
whilst the opening up of new oil-wells in various ts of 
the world is steadily increasing the oil supplies. Not only 
is residual petroleum used for Diesel engines, but residue 
shale-oil and gas-works tar-oil are now much used. y 

The fuel oil used can be almost any of the fuel oils 
which are used for boiler-firing, and a wide variety of oils 
can be used with no alteration of the engine ; this bein 
probably explained by the fact that a pulveriser whic 
will sufficiently pulverise a thick viscous oil can easily 
pulverice the thinner oils. The use of oil fuel carries 
with it certain advantages in the way of ease of handling 
and of cleanliness. With coal it is difficult to avoid dust, 
and this must be particularly objectionable in the case of 
steam plant, where the engines are carried on the boilers, 
thus placing a considerable quantity of moving machinery 
in the neighbourhood of the coal. With oil there are no 
ashes to cart away, and thus handling of gritty materials 
is entirely eliminated. Usually the oil is pumped from 
an outside storage-tank to the small tanks near the 
engines. 

he question may naturally be asked whether Diesel 
engines are suitable for long periods of continuous running. 
In reply to this the following instance os quoted :— 

At the Birkdale Electricity Works a Mirrlees-Diesel 
was put down a little over four yearsago. The station 
engineer recently made a return which showed that the 

ine had, on the ave worked 23} hours out of every 
24 hours throughout the four years oran average stoppage 
of about 14 hours each Sunday. 

Numerous cases could be given of large savings effected, 
but the figures already given substantially prove this, | 
and are perhaps more appropriate for a paper of this kind. 

Diesel engines of the Mirrlees make have been fitted 
on board many warships and first-class cruisers, for 
driving dynamos; also some have been used for boat 

pulsion. It might be of interest to mention that the 
Brat Diesel engine made in Great Britain was a Mirrlees- 
Diesel engine, and was e over fourteen years ago ; 
consequently the present Mirrlees- Diesel engines represent 
uive a long experience ; and the present appreciation of | 
this engine is not a temporary boom, but is based on | 
substantial experience, | 








SMOKE ABATEMENT. 
The Possibility of Establishing a New Standard of Smoke 
tsston for Factory Chimneys.* 
By Dr. Joun 8S. Owens. 

My primary object in bringing this paper before you is 
to suggest the basis for a Salen of the <ovelin of 
a smoke emission standard, in the hope that some 
properly organised effort may be made to deal with the 
difficulties which have hitherto prevented the adoption 
of a bgp on standard. ‘ 

Ido not think that anyone will contradict me when 
I say that the emission of dense smoke from furnaces con- 
suming bituminous coal is unnecessary and indicative of 
waste of fuel and bad furnace construction or working. 
It is true that there are a few special cases, such as 
heating brewery vats and pottery kilns, where the emis- 
sion of dense smoke for short periods is by some still 
considered essential, but it is open to question if this 
opinion is justifiable. At the same time, it should be 
remembe that the total absence of all smoke is in 
practice usually impossible of attainment when the 
economy of manufacturing processes —— the burning 
of bituminous coal. An illustration of the difficulty of 
avoiding all smoke is provided by the large electric 
generating stations, where unforeseen variations of lo: 
occur, such as the increase due to a London fog, with its 
accompanying demand for artificial light. In such a case 
as this, it may be necessary to fire up fresh boilers very 
rapidly, and there is no known furnace which will admit 
of the smokeless combustion of bituminous coal, until the 
temperature of the combustion chamber has attained 
a sufficient height. Even in steady working it is prac- 
tically impossible to avoid all smoke; a faint brown smoke 
is ed as indicating more efficient working of boiler- 
furnaces than none at all. The emission of some smoke 
-a, therefore, be regarded as inevitable. 

he present position therefore is this: we know that 
dense smoke is unnecessary, and that entire absence of 
smoke is impossible of attainment, but we have not yet 
settled what, being fair and reasonable, should be permis- 
sible in the way of smoke, having regard to the improved 
methods of combustion which are now at the disposal of 
manufacturers. This is the question an answer to which 
is, I submit, within our reach and should be sought for. 

The Public Health Act of 1875 supplies the present 
standard by which smoke is judged throughout the 
country, except in the case of a few important cities 
possessing special powers on the subject. In this Act 
it is stated that ‘‘ Any chimney not being the chimney of 
a private dwelling-house sending forth black smoke in 
such quantity as to be a nuisance shall be deemed to 
be a nuisance liable to be dealt with summarily under 
the Act.” 

There is an alternative method peevtted by this Act, 
under which proceedings can be taken in respect of fire- 
places or furnaces in connection with factories which do 
not ‘‘as far as practicable consume the smoke arising 
from the combustible used therein.” In practice, how- 
ever, it has been found that this method of abating smoke 
is unworkable, owing to the lack of somestandard defining 
the meaning of the words “‘as far as ible.” 

The standard ‘‘ black smoke in such quantity as to be a 
nuisance” takes cognisance of two separate things in 
relation to smoke : its quality—that is, it must be black ; 
and its amount—that is, enough to cause a nuisance; but, 
while these two essentials are taken into account, it is 
done in such a way that it would be practically impossible 
to prove in any particular case, either that the smoke 
was black, or that it was in sufficient quantities to be a 
nuisance. The point I wish to make is that the two 
essentials, kind and quantity, form part of the standard. 

Since the date of the Public Health Act of 1875, 
sufficient improvements in the methods of burning bitu- 
minous coal have been made to call for a reconsideration 
of the present standard, and the adoption of a more 
up-to-date one, which will conform in a reasonable way 
with the ibilities of modern practice. It is unneces- 
sary to deal at length with the evils attending the 
emission of smoke, from the point of view of the public. 
They have to breathe the smoke-polluted air of cities, 
useful energy and money have to be expended in cleaning 
away soot, buildings are injured and blackened, the day- 
light and sunshine are cut off, and in many other ways 
harm is done which, to a great extent, might be avoided 
if we had a sound, legally-enforced standard for smoke 
emission, based on the known results which the proper 
application of modern methods of combustion give. 

anufacturers would then use the best methods of com- 
bustion and the most suitable appliances. The loss to 
the manufacturer in soot, estimated as « percentage of 
his fuel bill, is probably not more than a } to 1 per cent., 
and this is not great enough to induce much effort to save 
it. On the other hand, the loss to the public due to the 


injuries inflicted by smoke is certainly many times, 


greater ; hence it is more to the interest of the public 
than of the manufacturer to reduce smoke. 
_ One difficulty which has always existed is that of deal- 
ing with ] and small fuel consumers by means of a 
single standard, and this has militated against the estab- 
lishment of a more rational standard than that laid down 
in the Public Health Act. Clearly we cannot limit a 
large manufacturer to the emission of the same total 
quantity of soot as a small one. His furnaces might be 
better designed, and combustion more perfect, than in 
the case of the small consumer, but the total quantity of 
soot emitted might be much ter. Such a limitation 
would therefore work unfairly against the large fuel 
consumer. 

At first sight it would seem that the total quantity of 
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soot emitted by any chimney would be the soundest thing 
to limit, since it determines the amount of pollution of 
the air by soot from’ a particular source; but on closer 
examination it appears that this is not really the best 
basis. hat we are concerned with is the total pollution 
of the air by soot due to all chimneys in any particular 
neighbourhood. For example, the erection of an electric 
generating station where large quantities of fuel are burnt 
may, by displacing many small consumers who had pre- 
viously to generate their own power, actually cause a 
great reduction in the amount of soot poured into the 
air. At the same time the total quantity of soot emitted 
from such a station might be many times greater than that 
previously emitted by any one of the smaller power units 
which it displaced ; in spite of the fact that the combus- 
tion might better and the amount of soot per ton of 
fuel burnt much less. 

What we may reasonably ask for is, that the best and 
most smokeless methods of combustion should be used. 
If we could therefore fix a sound standard which would 
be some measure of the efficiency of the methods and 
appliances used from the present point of view, it would 
work no hardship against the large fuel consumer. 

We come then to the conclusion that what is wanted 
is a standard of efficiency of combustion from the smoke- 
prevention point of view. is must clearly take into 
account the amount of fuel burnt, and, if we could 
measure it, the proportion of the fuel passing out of the 
chimney as soot would be the ideal standard. 

It is the aim of engineers to provide a definite quantity 
of air for each pound of coal burnt, hence the amount of 
soot per unit volume of flue gases would vary approxi- 
mately as the amount of soot per unit weight of fuel, 
when the air supply is so regulated to suit the amount of 
fuel burnt. In such cases the measurement of smoke 
density would be a sound basis for comparison as to 
efficiency of combustion. It would also be a fair standard 
to fix, since it would measure the polluting power of the 
smoke emitted so far as soot is concerned. 

I therefore suggest that the word “ black” in the 
present standard should be altered to ‘‘smoke of a density 
exceeding” some fixed standard. The standard should, 
however, also include a time of emission, and the form 
suggested is ‘“‘smoke which exceeds a certain density (as 
measured in a way to be determined), and which is 
— for a period exceeding so many minutes per 

our.” 

It is necessary next to consider the question of how the 
smoke is to be measured, since this is an essential part of 
the problem of establishing a sound standard. 

e may set ourselves to measure any one of the 
following :— 

1. Total quantity of soot emitted in a given time. 

2. Weight of soot emitted as percentage of fuel burnt. 

3. Density of smoke or weight of soot per unit volume 
of flue gases. 

4. Ratio of density to a standard. 

5. Colour. 

6. Opacity, or degree of blackness. 

In addition to deciding which of these objects to aim 
at we must keep in view that whatever method is used, it 
must give reasonable accuracy and a fair basis of com- 
parison between chimney and chimney, or with a stan- 
dard ; it must also be easily applied from outside the 
factory by a single observer. 

It may be mentioned here that the standard maximum 
adopted by the Alkalis Act of 1906 for the emission of 
muriatic acid in smoke or noxious fumes is one-fifth of a 
grain per cubic foot. 

Considering now the various methods of measurement 
referred to above :— 

Total Soot Emitted.—This measures the amount of 
pollution by a particular chimney, but takes no account 
of the amount of fuel burnt. stated previously, it 
would be unfair to limit a large fuel consumer to the 
same total quantity of soot as a small one, even supposing 
we could measure it in a practical way. Its estimation 
implies access to the chimney and at least two measure- 
ments—that is, density of smoke and volume of flue 


gases. 
Percentage of Fuel Lost as Soot.—To measure the weight 
of soot as a percentage of fuel burnt is open to the same 
objections as the measurement of the total quantity, but 
it implies at least the measurement of density of smoke, 
volume of flue gases, and weight of fuel. It would bea 
fair basis for a standard, but is quite impracticable as a 
method for the use of sanitary inspectors. ; 
Density.—A quantitative measure of the density of the 
smoke might be obtained by the filtration method, in 
which the soot from a known volume of smoke is trapped 
and weighed, but it would be too cumbrous for general 
use. Density can also be measured optically, in which 
case access to the chimney or factory would be unneces- 
sary. It would give a fair measure of efficiency of the 
plant, and a good tome of comparison whatever the quan- 
tity of fuel burnt or diameter of the chimney. 
Colowr.—The measurement of the colour of smoke may 
be dismissed as useless, since colour bears no relation to 
quantity of soot emitted or evil done by the smoke. 
ty.—To measure the ey! of a smoke column or 
its degree of blackness, which is the commonly accepted 
method now adopted, is worse than useless, since it 1s 
misleading, because opacity alone, unless adjusted for 
thickness of column, is neither a measure of the density of 
smoke nor of the amount of pollution of the air. The smoke 
from different chimneys cannot be fairly compared on 
this basis because of their differentdiameters. All smoke- 
charts, such as the Ringlemann or Donkin, measure the 
opacity in a crude way ; similarly, a methods, 
by which a photograph of the smoke-column is compared 
with standard shades, are open to the same objections. 
Instruments in which smoked glass is matched to the 
shade of the smoke, and in which no adjustment is made 
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for chimney diameter, are equally objectionable. In a 
word, all these methods are y useful to compare 
chimneys of similar diameter, or the smoke from the same 
chimney at different times; when used for general com- 
parison they are misleading. ‘ 

We are thus reduced to a measurement of smoke density 
as the only satisfactory basis to work on. I will, there- 
fore, go into this method in more detail. ‘ 

Sup we can measure the weight of soot in a column 
of smoke 1 <4. ft. in section, and the same length as the 
diameter of the chimney. 


Let S = weight of soot in such a column. 
V = velocity of flue gases in f.p.s. 
D = diameter of chimney in feet. 


The weight of soot in 1 cub. ft. of smoke will be = 
and the weight emitted per second— 


rvs T 
“——_ “>"> 


orD VS x aconstant; that is, it varies as the volume 
of flue gases x the weight of soot per cubic foot. The 
amount of soot emitted will therefore vary directly as the 
volume of flue gases, assuming the density to remain 
constant. Or if we measure only S, the amount of soot 
emitted will vary asS x VD. If we assume V to be a 
constant value, the weight of soot emitted will vary as 
S x D, and the density of the smoke asS + D. This 
shows that the measurement of S alone is of little use 
unless an adjustment is made for D, and it must be noted 
that all smoke-charts now in use measure something which 
depends on S alone, but neglects D. It also points to 
the conclusion that with an adjustment for D, the 
measurement of S can be made to give a fair approxima- 
tion to the relative weight of soot emitted or to the 
density of the smoke. 

We can measure S indirectly on the basis of the light 
obstructed. For example, we may compare the de 
of opacity of the smoke with a smoked glass which 
obstructs as much light as a smoke column of known 
density and thickness. Suppose, then, we take such a 
glass of an opacity equal to that of a column of smoke of 
unit thickness and standard density, we might prepare 
an instrument having several shades of such glass, the 
lightest being the standard for the smallest chimney, 
followed by other shades made by superimposing various 
thicknesses of shade 1, corresponding to various thick- 
nesses of smoke-column or chimney-diameter. We could 
then by comparing the smoke at the top of a chimney 
with such a set say whether or to what extent the 
standard was being ex . 

Suppose, for example, the smoked glasses are num- 
bered in the ratio of their thickness, and that No. 1 
matches a smoke of density G in a one-foot column, the 
density of smoke matching glass No. N in a column D 


feet thick will be 


8 
D ’ 


D°? that is, the density will vary 
as 4 and can be given quantitatively by calibrating 
shade No. 1 to correspond with a known density of 
smoke in a column one foot thick. 

If we attempt to measure the opacity or light cut off 
by the smoke, we get a figure which does not bear a 
simple relation to the smoke density such as is borne by 
the thickness of the smoked glass which matches the 
smoke. I refer to this because attempts have been made 
to measure the light obstructed as a basis for comparison 
between smoke from different chimneys. 

Assuming, then, that we can observe with fair accuracy 
the density of smoke by such a method as I have 
described, the next step is to fix a certain maximum 
density which must not be exceeded. This could pro- 
bably be best defined as: Such a density as would, when 
viewed by transmitted light alone and in a layer of a 
certain thickness, ge to pass through it a certain 
percentage of the light falling on it. This might be 
referred to a standard density. With improvement in 
furnaces and appliances for the more perfect combustion 
of bituminous coal this standard could be altered so as to 
represent fairly what might be expected from the current 
state of knowledge and invention. 

It would be necessary then to provide an instru- 
ment to enable a comparison with such a standard to be 
easily made. The accompanying drawing illustrates one 
which I have designed to meet the requirements laid 
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2961, SECTIONC.R SEC.AB 


EYE-PIECE END 


down in this paper. This is in the form of a small tele- 
Scope, having fixed in the optical system at a point which 
may be brought into the focus of both object-glass and 
eye-piece, a ee eccentric disc containing a number 
of graduated smoked glasses arranged in cells round the 
centre. The glasses only fill half of each cell so that by 





read the actual weight per cubic foot of soot in the smoke 
if desired. This necessitates the inspector knowing the 
chimney diameters in his district; but these may be 
tabulated once for all. Ihave found when, in instruments 
for smoke measurement, the smoke is viewed through a 
small aperture, as is essential in order not to take in too 
much background, that it is impossible to get true results 
owing tothe eye being unable to focus at the same time 
the object aperture and the object ; so that the edges of 
the aperture are hazy and ill-defined. This results in the 
whole aperture, when small, being overlaid by a hazy 
film, due to its ill-defined edges, which film prevents 
accurate readings of the smoke shade. The sameapplies 
to the aperture containing smoked glasses for com- 
parison. 

There are many difficulties remaining which apply to 
all optical methods of measuring smoke, but before enu- 
merating these it is well to remind you that we have no 
other means of attaining our object, since all methods 
requiring access to a factory or a chimney are useless from 
the sanitary inspector’s point of view. It is easy to 
imagine the welcome such an inspector would get on pre- 
senting himself at the door of a factory and announcing 
that he had come to measure the density of the smoke 
from the chimney; even assuming that he was given 
access to the chimney, it is unlikely that the dense smoke 
he had seen from outside would be permitted to continue 
for him to measure. 

I draw attention to this so that while recognising the 
difficulties in the way of applying optical methods of mea- 
surement too much weight should not be given to such 
difficulties, nor should the presence of drawbacks to a 
method prevent its use if it fulfils its purpose, and a 
better is not forthcoming. 

Turning now to a short review of these difficulties, it 
is well to consider what are the factors which influence 
the apparent density of smoke, as given by an observa- 
tion based upon its degree of blackness ; these are :— 

1. The true density of the smoke. 

2. Diameter of chimney. 

. Background of smoke and shade it is compared witb. 
. The colour of the smoke particles. 

. The size of the smoke particles. 

. The amount and colour of the light falling on the 
smoke from the observer’s side. 

7. The direction of the line of vision, 

8. Presence or absence of wind. 

9. The observer’s personal factor. 

There is not time to discuss each of these in detail, but 
I may say that 1, 2, and 3 can be dealt with satisfactorily, 
4, and 5, are probably sufficiently constant not to affect 
results seriously, excluding exceptional cases, 6 is the 
most difficult to deal with, and should be allowed for in 
making observations, 7 can be overcome, to a great 
extent, by keeping the angle which the line of vision 
makes with the horizon fairly constant, 8 would not, as a 
rule, bea serious obstacle, while 9 is not, I think, of great 
importance. 

Assuming, then, that we have decided on the method 
of measurement to be adopted, and on the type of standard 
to be fixed, the question remains, how is the standard to 
be arrived at? It would seem that this might be done 
best by the appointment of a technical committee, which 
would make observations over a certain period, say a 
year, of certain selected representative chimneys, where 
up-to-date and well-designed furnaces are installed, and 
bituminous coal is burnt. A consideration of the results 
of such observations, both as to smoke density and time of 
emission, should enable the committee to fix a fair and 
reasonable standard, both as to the density of the smoke, 
and the time during which such density should 
permitted. 

Time does not admit of a consideration of the reasons 
for and against the legal enforcement of a standard. 
There is not, however, much room for discussion, for the 
fact that a legally-enforced, if unsatisfactory, standard 
has existed for thirty-six years proves that a stan is 
necessary, and that, to be of use, it must be legally 
enforceable. The present standard of ‘‘ black smoke in 
such quantity as to be a nuisance” has utterly broken 
down, owing to the impossibility of provin 
trate’s satisfaction that the smoke emitted was literally 
black. I have tried to show that it is now possible to fix 
a sound and workable standard for smoke emission, and 
to apply it in a practicable way. 
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Tue State or THE GERMAN ELECTROTECHNICAL IN- 
pusTRY. — One of the best criterions of the state of 
an industry—though all the branches are, of course, 
influenced by the general conditions—is the number of 
candidates for vacant posts. In the first six months of 
the year 1910 the number of candidates for every 100 
electrotechnical appointments varied between 284 and 
524 ; the extreme numbers of the first six months of 1911 
were 200 and 338, so that the number of applicants had 
decidedly diminished. In July, 1911, the shares of electro- 
technical concerns were in general about 8 per cent. higher 
than in July, 1910, and the shares had been rising since 
January, 1911. Enterprise was brisk ; the fresh invest- 


| ments amounted to 32,500,000 marks, and 14,000,000 marks 


|of these investments concerned new electrical undertak- 


revolving the disc, as each cell with its glass is brought | 


Successively into the axis of the telescope, the smoke 
may be viewed through the o half of the cell and 
matched to the glass in the other half. The glasses are 


numbered in the ratio of their thickness, and a table is | 


provided giving the number of the glass divided by the 
diameter of the chimney, and thus a figure which is a 


measure of the density of the smoke, and can be made to 





|ings. The exports have steadily increased since 1907, 


with a slight drop in 1909; the increase is only in bulk, 
however; the value of the products exported fell from 
101,500,000 marks in the first half of 1910 to 97,980,000 
marks in the corresponding period of 1911. The imports 
had also risen by about dz. (of 100 kg. each) to 
16,984 dz. While the shares of important firms were 
on an average about 10 per cent. higher in the first six 
months of 1911 than in 1910, the dividends paid in April, 
1911, amounted to about 9 per cent., against 10.3 per 
cent. in April, 1910. 
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FOREIGN ENGINEERING PROJECTS 


Wegive below a few data on several foreign engi i 
jects. Further data concerning same can be Obtained 
rom the Commercial Tutellipenee eeneh, Board of Trade, 
73, Basinghall-street, E.C. 

French Indo-China: An extraordinary session of the 
Superior Council of French Indo-China has recently 
approved of a loan of 200 million francs (8,000,000/.) 
being raised to finance s comprehensive scheme for the 
economic development of the country. It is proposed to 
spend over 1,000,000/. on irrigation and drainage works in 

Annam and Tonkin, and about 780,000/. on the construc- 
tion of roads. 4,500,000/. is provided for the construction 
and equipment of new ways, including lines from 
Dong-ha — Vinh (1,800,000/.) ; Saigon Pnompenh 
(1,100, 0002.) ; hy peg et ae (960,0002.) ; My- 
tho-Oiin-tho (540,000/.). The bridges on these new lines 
will cost about 720,000. It is intended to issue the loan 
in three portions in the years 1912, 1916, and 1920. 

Morocco: With reference to the contracts for (1) the 
construction of the first section of the beach road at 
Casablanca, and (2) the construction of a sanitary station 
at Tangier, His Majesty’s Consul-General at Tangier 
+ os that these contracts have been awarded to 

. Planés, a lr me a, at reductions of - ¢ a 20.1 
per cent. respectively on the upset prices, which were 
16001. and 3400/. . ee 

Brazil: The Diario Official publishes a decree—No. 8860 
—approving the plans submitted by the Companhia 
Estrada de Ferro de Goyaz for a section, 224 km. (about 
140 miles) long from Antas to Goyaz, of the main line of 
the railway. The cost of construction is estimated at 
10,918,612 milreis (about 728,0002). 

_ Uruguay: The Diario — publishes decrees approv- 
ing the plans submitted by Messrs. Allard, Couvreux, 
Dollfus, Sillard, and Wiriot for sewe! and water supply 
works in the towns of Treinta y Trea, ‘Melo, and Florida. 





Royat AgericutturaL Socretry or Encianp.—The 
seventy-third annual show of the Royal Agricultural 
Society of England will be held at Doncaster (on the Race- 
Course) from Tuesday, July 2, till Saturday, July 6, 1912. 





Wirecess TELEGRAPHY IN OxYLON.—Maroconi’s Wire- 
less Telegraph Company, Limited, inform us that they 
have concluded with the Crown Agents for the Colonies 
a contract for the establishment of a ape 
station in Ceylon. The station will be capable normally 
of sending a wave-length of 600 metres. In addi- 
tion, however, with any wave between 1000 and 2000 
metres, the station will maintain communication with any 
ship off Madras, or with any ship up to a distance of 
450 miles over sea (except during periods of severe atmo- 
spheric disturbances), — the ship is fitted with an 
aerial having a mean height of not less than 100 ft., and 
suitable receiving apparatus. The generator will consist 
of a 10-horse-power S.P. motor, taking power (alter- 
nating current at 100 volts, 60 cycles) from mains, direct- 
coupled to a 5-kilowatt alternator and exciter. The 
motor, alternator, and exciter will be protected inst 
injurious induced effects from the high-frequency circuit 
by special shunting resistances. One 5-kw. iron-core low- 
frequency primary inductance will be provided for tuning 
the low-frequency circuit to the disc frequency. A high- 
tension transformer will be provided for stepping up the 
ene me current supplied by the generator to the voltage 
required by the battery of condensers. latter will 
comprise eight whole re ope condensers in galvanised - 
iron oil-tight tanks, with the necessary insulating stands, 


be | bus-bars, high-tension bushed terminals, and other fittings. 


The bus-bars and connectors will be designed to provide 
for minimum inductance and damping, and with suitable 
arrangements for coupling up as required for the produc- 
tion of the various waves specified. In conjunction with 
the condenser battery, a high-frequency tuning induct- 
ance of the continuously adjustable type will be provided 
for tuning the high-frequency primary circuit to the 
aerial circuit. The discharger will be of the disc type 
direct coupled to the motor alternator, and designed to 
roduce a musical spark enabling the transmitted signals 
to be distinguished from atmospheric disturbances when 
received in the telephone by a corresponding station. 
Two aerial tuning inductances wil] be supplied, each con- 
sisting of a multiple solenoid winding of stranded con- 
ductor, similar to that of the jigger secondary. The 
manipulating gear will consist of a Morse key to be 
placed in the operating-room to electrically actuate 
a relay key in the transformer primary circuit, the 
supply being taken for this ry frcm the exciter 
of the alternator. One part of the receiving a tus 
will consist of a magnetic detector in combination 
with a multiple tuner, which will be constructed to 

vide a highly syntonised circuit for all waves 

tween 100 m. and 2500 m., and will be furnished 
with a change-switch to permit of the instantaneous 
change from ‘‘ tuned” position to an ‘ untuned ” stand- 
by position, for the purpose of picking up signals 
of a widely different wave-length without variation in 
adjustment. The other receiver will be of the valve 
type; the valve detector will be used in place of the 
magnetic detector for wave-lengths in reception from 
1600 m. to 4000 m. Two masts will be erected, each of 
sectional type tubular steel, with wooden mast, 270 ft. in 
height over all. They will have a factor of safety of 4, 
assuming a wind pressure of 40 lb. per eq. ft. One earth 
system will be provided for the use of all waves, consietiog 
of galvanised iron plates arranged in a circle with radi 
conductors to the central apparatus. The earth-plates 
will be supplemented by additional radial wires under- 
neath the transmitting aerial for the purpose of making 
better provision for the electric oscillation between the 
aerial and the earth. 
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ELECTRICAL APPARATUS. 

3891/11. Korting and Mathiesen, Aktiengesell- 

schaft, ioutesch, Germany. Arc Lamps. [2 Figs.) 

February 21, 1910.—The invention ists in an losed arc 

lamp for use with deposit-producing electrodes in which the 
globe-surface exposed to the de 


it-forming fumes is protected 
as far as possible from cooling ng up from the arc 
are cooled off in a depositin 





the 
chamber so that the gases flowing 
from above back into the combustion chamber are cooler than the 
inner surface of the glass globe, and therefore are repelled there- 
from, forming eddy currents in the busti hamber so that 
gravity acting on particles of deposit causes 
these icles into the bottom depositing chamber. In the left- 
hand re the busti hamb is enclosed by a glass globe 
which is surrounded by a second glass globe 3 as heat protector. 
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Above the combustion chamber is a top depositing chamber 4, into 
which the gases rise upwards in the hot central zone, whilst they 
flow downwards along the outer walls 5 of the depositing chamber 
4; these walls should be of metal of good heat conductivity. When 
the gases in their downward path impinge on the hot globe sur- 
fave 2, they are repelled thence sideways towards the arc. The 
arrows show the direction and course of the currents. Below 
tne combustion chamber is a bottom depositing chamber 6 into 
which particles of deposit can settle by gravity. In the right-hand 
figure the improvement in the depositing chamber by the intro- 
duction of a separating surface 7 is shown ; this gives the path as 
near central as ible for the upward rising gases from the arc 
and one along the periphery of the depositing chamber cooling 
these gases in their downward path. (Accepted July 5, 1911.) 


19,182/10. The Zlectric and Ordnance Accessories 


Com Limited, and N. 
Electrical Switches. {11 /iys.) August 16, 1910.—This 
invention relates to quick make-and-break switches of that ty 
in which the switch contact-arm is locked in its ‘‘on” or ‘‘ o 
tions by a series of balls or their equivalent located within 
ousing in a suitable bracket. According to this invention, the 
contact-arm and slotted bracket are provided with a series of 
coincident and thoroughfare holes in which the locking-balls are 


keg. 1. 
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oceted, the balls being normally forced inwards by a spring or 
cpeings 80 as to engage with recesses in the controlling part of 
the handle and also en ly with the bracket and partly 
with the contact-arm, which latter is thereby locked in its “ton” 
or ‘off’ position until the handle is operated so as to cause the 
end of the recesses to engage with the balls and force same out- 
wards against the action of the springs and thereby unlock the 
switch-arm. The contact-arm 1 comprises two blades pivoted 
near their rear ends between two pairs of laterally separated 





cheeks of a slotted bracket 7 mounted upon the base 8. 9 are the 
fixed contacts between which the arm 1 is adapted to engage when 
in its *‘on” position. The handle 10 carries a blade 11 serving to 
control the position of the locking balls and by which the handle 
is pivoted between the bracket cheeks upon the same pivot-pin as 
the contact-arm. The one end of a spring 12 is attached to the 
forward end of the blade 11, whilst its other end is connected with 
a croes-bar 13 at the outer end of the contact-arm. In the four 
cheeks are formed thoroughfare or registering holes respectively, 
a when the contact-arm is unloeked, balls; and the 
opposite sides of the blade 11 are provided with curved recesses, 
whilst near the inner ends of the two sides of the contact-arm 1 
are pairs of holes containing balls, of which two come opposite to 
the holes mentioned in the bracket 7 when the switch is *‘ on ’’ (see 
Fig. 2), whilst the other two balls come opposite to the holes in 
the bracket when the switch is “‘ off ” (see Fig. 3). There are thus 
six balls in line in either position of the switch. Carried upon 
the outer sides of the end cheeks are a pair of flat springs which 
act upon the balls and tend to force them inwards. Preferably 
the widths of the inner cheeks are exactly equal to the diameters 
of the balls, whereas the width of the outer cheeks and the 
depth of the recesses in the part 11 are of only half this diameter. 
The operation of the switch is as follows :—In the ‘‘ on” position, 
the parts are as shown in Fig. 2, the balls being acted upon by 
ings, so that the innermost balls engage with the upper ends of 
the recesses in the part 11, whereas the balls en half with the 
inner cheeks and half with the arm 1, and similarly balls engage 
half the arm 1 and half with the outer cheeks. The 
contact-arm is thus securely locked in position, the balls being 
engaged by the two sides of the arm at their diametric centre 
line, so that all tendency for them to be pushed upon one side is 
avoided. To open the switch the handle 10 is drawn back, with 
the arm 1 remaining locked, until the lower ends of the recesses 
in the part 11 (which are bevelled) have engaged with balls and 
pushed the whole series laterally in an outward direction, the 
springs being deflected and the balls entirely filling up and 
occupying the holes in the arm 1. The latter is thus unlocked, 
and, under the influence of the spring 12, which has meanwhile 
been considerably extended, it is caused to fly into the *‘ off” 
position ; the rear ends 34 of the arm impinging upon the base 
of the bracket 7 and forming sto In order to again close the 
switch the handle 10 is turned in a forward direction until the 
upper ends of the recesses force the balls outwards and unlock 
the arm 1, which is then quickly taken into engagement with the 
contacts 9 by the extended spring 12. (Accepted July 5, 1911.) 


15,415/10. —— ~~ Bro Boveri, et 
Cie., Baden, Swi land. Alternating-Current 
Generators. {1 Fig.) July 10, 1909.—The invention con- 
sists in an arrangement for regulating the volt of synchronous 
alternating-current machines in which the alternating current 
serving for regulating purposes is obtained by adding the terminal 
voltage and the main current of the generator vectorially, without 
the use of resistances in series or parallel, by a single transformer, 
one coil of which is fed by the terminal voltage and the other by 
the load current of the generator, and the resultant current, 
directly or by the use of.a current-transformer, is supplied to the 
device which effects the corresponding regulation of the exciting 
current, the device carrying the current without shunt and em- 
ploying no resistances or other current-consuming devices in 
parallel with it. The drawing illustrates one manner of carrying 
the invention into effect. In this form, a three-phase alternating- 
current generator g feeds the mains 1, 2, and 3, and is excited from 
an exciting-machine e, supplying the generator field winding n. 
The field f of the exciter e¢ is connected to the exciter terminals 
by way of two points p and q in a closed resistance system denoted 
by h, which points represent equi-potential points as regards alter- 
nating current. The resistance system / is a closed system, and 
in addition to the two connections already referred to, it has 
others r and s which are equi-potential points as regards direct- 
current, and are to the 'y ot a transformer k. 
This transformer is connected to the generator as to one side, 
at 4, and as to its other side is connected to one terminal of a 
transformer generally referred to as 2, and including two coils r 
and /, andacore m. Thecoil r, at the end which is not connected 
with the transformer k, is connected to the alternating-current 
generator at 5, so that it is excited according to the potential of 
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the generator, and the coil J is connected between the points 5 
and 3, so that it is excited by the outgoing current of the gene- 
rator. The number of the turns of the two coils r and k con- 
nected in series is such that the greater part of the terminal 
vol of g is taken by r, so that the primary coil of & receives a 
certain currentthrough r. This current depends, on the one hand, 
on the no-load current of the mixed transformer r,/; and on the 
other hand, on the load current of the generator, as the winding 
r receives the current flowing through / as weil as the no-load 
current. The two windings of the mixed transformer r and / are 
so connected that with non-inductive load on the current gene- 
rator their terminal vol form an angle of more than 90 deg. 
to each other, whilst with increasing p displacement of the 
load this angle increases, and the resultant voltage thus decreases. 
Under the infil of this resultant voltage a current is gene- 
rated which is conducted to the regulating resistances through 
the current transformer k. Thus the regulating resistances will 
be influenced accordingly by the voltage, current, and phase dis- 
placement of the current generator. 
operates as follows :—When the generator is runnin 
voltage coil r receives a current which corresponds to 
sation of the transformer. This magnetisa'ion current Slows 
through the current transformer k to the regulating resistances, 
and is sufficiently high to cause the resistance of the latter to be 
so adju under the influence of the temperature, that the 
amount of direct current necessary for exciting the magnets / of 
the exciter machine ¢ is automatically obtained. The current 
coil Z is without current, and thus has no influence whatever on 
the ion. It receives at its terminals from the winding ra 
low-induced voltage, which only influences the terminal voltage 
of the generator to an unimportant degree. If load be put on the 
generator, the load current flowing through the winding / causes, 








The apparatus described | 
light, the | 
e magneti- | 


in the winding r, an equal current in the opposite direction, which 
current decreases the no- current of r in proportion to the 
increase of the load current and its phase displacement. The 

resistances h thus receive a weaker alternating current 
so that their resistance d , the intensity of the direct 
current, however, increases, and the excitation of the generator 
is also increased. By suitably calculating th ber of ampere- 
turns of J, an over-compounding may be attained. (Accepted 


July 5, 1911.) 

10,816/11. Chamberlain and Hoo! Limited, 
and 8. J Birmingham. E Meters. 
{1 Fig.] May 4, 1911.—The present invention relates to electricity 
motor-meters, and consists in po iding a second seal below the 
level of the mércury, whereby the access of air into the mercury- 
chamber itself is prevented. The invention further consists jn 
providing a suitable washer of cork, leather, or the like around 
the aperture in the mercury-chamber through which the arma- 
ture passes, and in providing on the armature spindle a disc 
adapted to co-operate with this washer to form a second seal at 
the entry to the mercury-chamber itself. The mercury-chamber 
a@ is provided with a central aperture b in its upper wall, into 
which there is screwed the flange-tube c. On the outside of this 
tube there slides a sleeve d, the lower end of which is attached 
to a flexible tube e. The sleeve dis operated by a forked lever, 
for the purpose of sealing the mercury-chamber, and in its upper 
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position bears against the conical piece f on the spindle which 
carries the armature g and lifts the armature spindle from its 
lower pivot h. On the lower face of the cover of the mercury- 
chamber there is provided an annular washer k of cork, which 
forms the seat for the second seal. When the sleeve d is lifted to 
seal the mercury-chamber it comes in contact with the conical 
iece f, and forms the first seal. The armature spindle is then 
ified slightly by the further movement of the sleeve, and brings 
the disc / against the washer k, forming a second seal below the 
surface of the mercury, and effectually preventing the ingress of 
any air into the portion of the mercury-chamber which surrounds 
the armature. By this means the air, which is almost inevitably 
imprisoned below the ordinary seal between the sleeve d and the 
conical piece /, is vented from entering that part of the 
mercury-chamber, where the presence of air-bubbles is a dis- 
advantage. (Accepted July 5, 1911.) 


STEAM ENGINES, BOILERS, EVAPORATOERS, &c. 


21,819/10. Babcock and Wilcox, Limited, and J. 
thal, London. Water-Tube Boiler Furnaces. 

(2 Figs.) September 9, 1910.—This invention relates to furnaces 
of water-tube boilers, and consists in the combination with a 
uniformly-inclined chain-grate stoker, of a similarly inclined rear 
arch arranged to form a reverberatory chamber, a short front arch 
located nearer the grate than the rear arch, and vanes, or louvres, 
disposed beneath a portion of the grate located between the 
lowest part of the upper stretch of the chain and the feeding end 
of the grate. The drawing is a longitudinal section, showing 
rts of a water-tube steam-generator of the Babcock and Wilcox 
land type. The furnace comprises an automatic stoker having a 
uniformly-inclined chain-grate A for carrying the fuel, which is 
led into the furnace through the hopper B in front. The stoker 
is provided with a series of vanes or louvres, under the grate, 
connected and operated by lever C! and rods C2 from the surface 








front, and while otherwise of a construction well known as used in 
Babcock and Wilcox boilers is highly inclined, and over its rear end 
is formed a fire-brick arch D, extending forward to a point about 
mid-way of the length of the grate, or even nearer the front. A 
short arch D! is also formed at the boiler front over the forward end 
of the grate, but closer to the grate surface. A comparatively 
large reverberatory chamber E is thus formed over the rear 
part of the furnace, the fuel in which is afforded a lively combus- 
tion by the regulated inflow of air through the vanes under the 
wrate. The flame from this rear chamber is projected forward in 
its passage towards and through the opening F between the front 
and rear arches, and striking the comparatively greeri fuel on 
the forward part of grate, nom its proper —— 
hoi in r ie openin, circulate” 

lary Soniietion-chtnber"G"selow, the matertabes, 
around these tu bein ided by the usu es 

aa “ Sccepted July 5, 1911.) 





thence pass 
on their way to thechimney outlet. ( 
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two pressure-gauges only. The one gauge was 
THE STEAM-TURBINE. used to neh the meee in front of each of the 
(Continued from page 309.) first six groups, and the second was similarly used 
AcTvaL experience with reaction steam-turbines, | for the second set of six. It will be seen that the 
proportioned according to standard practice, shows | readings of each gauge are fairly consistent inter se, 
that the distribution of pressure down the turbine | but are not consistent with those of the other. 
when developing its designed power follows a geo-| The mean value of the pressure ratio in the case 
metric law. Thus, in the case of the high-pressure | of the first six groups is about 1.23, and for the 
turbine for a large warship having seven groups of | last six about 1.30, whilst the successive blade 
blades, ranging from { in. up to 7 in. in height, and | heights increase in the ratio of 1.26. However, the 
therefore increasing with a geometric ratio of /2, | geometric law of pressure decrease cannot be ex- 


the following figures show the absolute pressures in | pected to hold for the last groups of a low-pressure 
front of each group at full load :— | turbine when exhausting at high vacua. An increase 


Group No. ... 1 2 4-85 6 7] 
Absolute pres- 
sure, Ib. per} 165.7 120.7 80.7 57.7 38.7 25.7 18.7 
8q. 1n. . 

The average value of the ratio of the pressure in 
front of a group to that behind is thus very approxi- 
mately “2, or equal to the ratio of successive blade 
heights. If the geometric law were strictly followed, 
the logarithms of the pressures plotted against the 
group number should fall on a straight line, and 
this, it will be seen from Fig. 6, line A, is very 
approximately the case. 

2. 





(34 6 ¥ ° 1. 

Along line B have also been plotted the loga- 
rithms of the pressures in front of each group of 
the high-pressure turbine of a large Atlantic liner. 
In this case the ratio between successive blade 
heights was 3/2, and again it will be seen from the 
slope of the curve that this is approximately 
the ratio between successive pressures, though it 
will be seen that the pressure ratio is better 
represented by 1.29 than by V2. The pres- 
sures of which the logarithms have been plotted 
along line C were observed on the Mauretania, and 
here also successive points fall very accurately in a 
straight line. In his paper, read before the Naval 
Architects in April, 1908, Mr. Thomas Bell gave the 
length of the shortest blades of the high-pressure 
turbines of these large Cunarders as 2} in., and the 
longest as 122 in. The heights, therefore, increase 
with a geometric ratio equal to 1.25, so that the 
complete blading of the rotors is as follows :— 

Group No. — a eS ee oe 

Blade height in. 23 38 43 5} 6% 8 10 123 

As before, it will be seen from line C that the 
pressures also vary in a geometric ratio which is 
nearly the inverse of that of successive blade 
heights. 

Coming to the low-pressure turbines, much less 
uniform results are obtained. There are two reasons 
for this, the main one being the utter unreliability, 
for exact measurements, of the ordinary Bourdon 
vacuum gauge. In fact, in the case of the large war- 
ship from which the results plotted along A were 





ovtained, the actual pressure, observed at the inlet | 
to the low-pressure turbine, was higher than that 
recorded at the outlet from the high-pressure 
turbine. For low-pressures the mercury column 
would give accurate results, but the use of this is | 
forbidden on warships for fear of the mercury being | 
crawn over and damaging the condenser tubes. | 
Possibly the solution of the problem will be found | 
tv lie in measuring the temperature and taking the 
corresponding pressure from the steam - tables. 
Such measurements are not, however, free from | 
dificulty. The logarithms of the observations | 


we have 


of vacuum increases the ratio of pressures for the 
last one or two groups, but has no sensible effect 


g.7. 


Log p 





9 wo n 8 


7 2 ~~ 


7 
(ee) Group W? 


on the pressure distribution higher up the turbine. 
The foregoing results prove the statement made 
on page 246 ante, that in Parsons turbines, as 
usually proportioned, the pressure from group to 
group decreases in a geometric ratio, this ratio 
being approximately the inverse of that of the 
successive blade heights. 

It will be evident, therefore, that if the steam 
expanded according to the relation P V = constant, 
the available energy accounted for in each group of 
blades would be constant. This, however, would 
not imply that each group did an equal amount of 
useful work, since with the shorter blades the 
clearances are proportionately larger, and the per- 
centage of loss by leakage over the tips greater. 
In these short blades, therefore, a fair proportion 
of the available energy is simply expended in fluid 
friction, so that there would seem to be some 
advantages in increasing the proportion of energy 
accounted for in the groups with the longer blades. 
This would, however, involve a departure from the 
—— standard practice of making successive 

lade heights increase in geometric ratio, and 
would thus complicate the lay-out of the turbine. 
Moreover, as will be shown in the sequel, the pos- 
sible gain by the departure does not appear to be 
worth the > brand 

As a matter of fact, the steam passing through 
the turbine does not expand according to the law 
P V = constant, but according to a law which can 
be a with all necessary precision by the 
formula 


P V” = constant, 


where + is in practice always greater than unity. 

If, therefore, P diminishes from group to group 
in geometric ratio, the energy accounted for per 
group diminishes with each successive group, pro- 
vided the weight of steam passing through each is 
the same. 

This energy is given by the well-known equation 
for the work done when theexpansion of a gas follows 
the law P VY = constant. We have, in short, if P 
be the absolute pressure in pounds per square 
foot, work done 


- ee | {Py Vo - Pi, Vi }. 


If 


p=27 


made on one of the low-pressure turbines of the nd the above expression may be written as 


Carmania are plotted in Fig. 7. This turbine, which | 
comprised twelve groups of blades, was fitted with | 


e feos BA 


or as 


( cn 
7 7 _ 1 Y . 
yea PeVo|1 (+) j 
In the Parsons turbine the ratio of pressures at 
the opposite ends of a group seldom exceeds 
1.4 or so, and in that case the value of the 
above expression cannot be obtained accurately 
without the use of five-figure logarithms at least, 
= 
since (; ) y does not then differ very greatly 
ax 


from unity. 

It will be seen that for:a given value of x and a 
given value of y the work done depends upon the 
value of the product p V. Butif y is greater than 
unity, it is obvious that this product decreases 
as p diminishes; and since this is always the 
case in practice, it will appear, as already stated, 
that each successive group of a high - pressure 
reaction turbine, as usually designed, accounts for 
a smaller and smaller proportion of the total energy 
of the steam. Yet, of the groups having standard 
blades, it is the overloaded first group of blades 
which is the least efficient, and runs with the 
largest percentage of tip clearance, and with the 
lowest ratio of blade speed to steam speed. The wing 
blades in the low-pressure turbine are relatively 
inefficient for another reason ; since, although the 
tip clearance is proportionately small, the angle of 
discharge is large, and it is, moreover, difficult at 
high vacua to provide as large a steam-way through 
these blades as is desirable. 

The value of y can, of course, be obtained from 
the temperature entropy diagram if the efticiency 
ratio of the turbine is known. In that case the 
dryness fraction at exhaust can be calculated by 
well-known methods, which have already been 
explained in ENGINEERING, and which, indeed, are 
to be found in most text-books on the steam-turbine. 

It is, however, of interest to note that in certain 
cases it is possible to establish a formula by which 
the value of y is directly connected with the average 
stage efficiency of the turbine. 

At each stage of a steam-turbine part of the 
kinetic energy of the steam, instead of doing useful 
work, is absorbed in friction and returned to the 
steam in the form of heat. The consequence is that 
the steam is rendered drier than it otherwise would 
be, and is thus able to do more work in subsequent 
stages. The efliciency ratio of a turbine is equal 
to the actual useful work done, divided by the work 
due from the steam, did the expansion take place 
adiabatically. The average stage efliciency of tho 
turbine, on the other hand, is the ratio of the 
actual mechanical work done to the work due, 
taking into account the fact that at every successive 
stage of the turbine the steam is drier than it would 
have been had there been no frictional losses in the 
preceding stages. The efficiency ratio therefore is 
always greater than the average stage efliciency. 
The latter may conveniently be called the hydraulic 
efticiency of the turbine. 

Rankine, many years ago, pointed out that when 
steam expanded adiabatically, the relation between 
its pressure and volume could be expressed very 
approximately as 

P vy" = constant. 

Zeuner subsequently found that instead of 4 the 
index was better taken as 1.135. This value gives 
results accurate enough for most turbine work, 
though the index in question really varies slightly 
from point to point of the steam-table. 

For superheated steam the law of adiabatic expan- 

sion may be written P V' = constant Super- 
heated steam is a homogeneous fluid, and taking 
this value of 1.30, it can be shown that if the stage 
efficiency is 7, the law of expansion is given by 
PV’ = constant, where y = 1 + 0.3. 
When » is unity, we get adiabatic expansion, 
and if nis zero, as when steam is wire-drawn through 
the baffles of a labyrinth packing, we get back to 
the hyperbolic law of expansion—viz. :— 


P V = constant. 


The formula above given may be established as 
follows :— 

If a quantity of heat q is added to a gas, this 
heat in general goes partly to increase the internal 
energy of the fluid and partly to effect external 
work. Hence we may write :— 


Heat added = increase of internal energy + external 





work done by the expansion of the gas, 
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Now the total internal energy of a gas is equal | 


to the work which it could effect on expanding 
down to zero pressure, without receiving further 
energy from outside; that is, the internal ene 

of a gas is equal to the work it can accomplish by 
adiabatic expansion down to zero pressure. Experi- 
ence shows that this law of adiabatic expansion ‘is 


very approximately of the form P V” = C. 

At the initial state, then, let P be the pressure of 
the gas in pounds per square foot, and V its volume, 
and let this initial state be represented by the point 
A in Fig. 8. Then the work done in the ex ion 
of the gas is equal to the hatched area to the right 
of AB. Inthe usual indicator diagram we lene die, 
of course, to add the area A C DB, but this does not 


e 4 








(2164 6) 
represent work done on the expansion of the gas, but 
work done beforethecut-off takes place. The hatched 


area is, of course, equal to yi P d V, which, if 


PV’ = C, becomes 
© av, 
vY 
of which the integral is 
1 
Pro {PV - P. Vs }. 


When n is «, the product P,, V, is zero, and 
the total internal energy of a gas is thus equal to 


oars WN 
y-1 

Take, now, the general equation for the effects 
of adding heat to gas—viz. :— 

Heat added = increase of internal energy 
+ external work done. 

Let the quantity of heat added (expressed in 
foot-pounds) be dq. This will, in general, cause a 
change to take place both in the pressure and in the 
volume of the gas. The internal energy, which 
originally was 
1. PY, 


will become ri 
4 {p+aP}{v+av}, 


where dP and dV represent the changes in P 
and V produced by the added heat. 
Hence the increase in the internal energy is 


LU { (P+a@P)(V+av)- PV} 
y-1 


1 
i {PaV+ VaP}, 
the small quantity dPdV being of the second | 
order, is, of course, neglected, as usual. 

The external work done will be Pd V. 

Hence, equating the heat added to the sum 
of the increase in the internal energy and the 
external work done, we get the equation 
1_.{PaV+VaP} + Pav. 

Now, in a steam-turbine, the external work done 
on expansion at each stage appears, in the first place, 
in the form of kinetic energy. A certain fraction of 
this energy, which we may call k Pd V, is destroyed 
by friction, and returned to the working fluid in the 


shape of heat. 

The efficiency of the stage is obviously » = 1—k, 
since the kinetic energy not destroyed by friction 
appears as mechanical work. 

utting 


dq=— 
Y 


dq=kPdadV 
we get, 
Pav = —... {Pav +VaP}+ PaV, 
y-1 4 


| wire-drawn, as in passing through a 





rearranging this becomes 


1 .vap+{_t +1-k Pav 
y-1 y-1 J 


1 1 
= _.VdéP + —— 
y-1* hea F 


0= 


}Pav. 


Multiplying by 
(y-1) Vv" (y-)) 

we get 
o=VitO-Vap + (1+ 9(y-1)) Vv" Ma. 

The integral of this is obviously 

PyitaG-) ~ constant, 

as can be readily proved by differentiation. The 
result, it will be seen, is quite general ; and if for 
any homogeneous fluid the law of adiabatic expan- 
sion can be expressed as 


Pv! *° = constant, 


then, if the expansion occurs with an efficiency 
equal to », the law of expansion is 


P v'+°" = constant. 


cial case arises when the expanding gas is 
byrinth pack- 
ing. Here no useful work is done, and the whole 
of the kinetic energy of the gas as it passes the 
baffles is returned to it as heat. We then get 
7 = 90, or P V = constant. 

This result was proved to hold, in the case of the 
so-called permanent gases, by the famous porous- 
plug 7" of Kelvin and Joule, for in that 
case PP V=cT. From the foregoing, however, it 
will be seen that it is also true for the more com- 
pressible gases to the same degree of accuracy as 
that by which the law for adiabatic expansion can 
be expressed by the relation 


As 


Y 
PV = constant. 


Unfortunately, the same reasoning is inapplicable 
to the case of wet steam, which, being a mixture of 












































water and steam, is non-homogeneous. In fact, 
T T T T T u T 
Fig.9. EXPANSION OF WET STEAM. | | 
12 Value of Vin jon pV"= Constant 
tor different Values of n: where n denotes 
‘ the “hydraulic” fYici of a Multi-Stage 
& . 
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RELATION BETWEEN 7), THE “HYDRAULIC” EFFICIENCY 
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STAGE TURBINE, AND E,/TS “EFFICIENCY 
VALUES OF &, WHERE x 
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when such steam is wire-drawn, a reference to the 
temperature entropy tables shows that the law of 
expansion is in this case not P V= constant, but 
P V1-°35 = constant, so that the value of y corre- 
sponding to zero efficiency is 1.035 in place of 1.0. 
As already stated, for unit efficiency the index has 
a value which averages about 1.135, being greater 
the less the ratio of expansion, and vice versa. The 
curve in Fig. 9 shows how y varies with different 
values of n ; the three sets of points plotted corre- 
spond respectively to cases in which the ratio of the 
initial to the final pressure is respectively 9, 81, 
and 243. It will be seen that for such efficiencies 
as are usual in turbine practice the index has but a 
small range of values. As one consequence of this, 
it turns out, as will be proved in the sequel, that 
the velocity of flow of saturated steam through a 
group is almost independent in practice of the 
actual law of the expansion within the group. 

We have stated above that in a compound steam- 


| turbine the efficiency ratio « is always greater than 


the stage efficiency n, and the relation between the 
two for different values of «= ? has been plotted 


Px 





in Fig. 10. The stage efficiency, and not the efti- 
ciency ratio, is what is analogous to the efficiency of 
an hydraulic turbine. With the latter, values of » 
exceeding 80 per cent. have been ‘authoritatively 
established. About the best efficiency ratio yet 
obtained with steam-turbines is 71 per cent. 
Assuming the ratio of initial and final pressure 
as 150, it will be seen from Fig. 10 that this value 
of € ee ae to a value of » of less than 67 per 
cent., so that there is yet much leeway to make 
good before the efficiency of the steam-turbine 
becomes -equaPto that of the-water-operated type. 


(To be continued.) 





THE TROLLHATTAN HYDRO-ELECTRIC 
POWER-STATION, SWEDEN. 

MEnTION has on several occasions been made in 
the columns of Eneineerine of this important 
installation, which, when completed, will represent 
an aggregate of 100,000 horse-power, half of which 
has just been installed. The Trollhiittan Falls are 
situated in the Géta River, which connects Lake 
Vinern, the largest lake in Sweden, with the sea. 
The Vanern covers an area of 5570 sq. km. (2180 
sy. miles), and it is the largest of the European lakes 
but two. The aggregate difference in level between 
the sea and Lake Vinern is about 44 m. (144 ft.), of 
which some 33 m. (108 ft.) occur in the Trollhittan 
Falls, which comprise a series of cascades. The legal 
position as to the ownership of the water rights 
was exceedingly complicated at the time their value 

an to dawn upon the people, but in the year 
1901 the Swedish State became the undisputed 
owner of the greater portion of Trollhittan’s vast 
water power. Through subsequent purchases the 
State has acquired the waterfalls at Vargin, 
between Lake Vinern and Trollhattan Falls, and 
those at Strém and Lilla Edet, below the Troll- 
hittan Falls, so that the State now controls the 
entire water power of the Gota River. The 
present low-water volume is 320 cub. m. (11,520 
cub. ft.) per second, and the high-level volume 
of water is about 900 cub. m. (32,400 cub. ft.) 
per second. Through the regulation of Lake 
Vianern, the low-level volume of water, however, 
can be materially increased, and for the future the 
State may reckon on having at its disposal in its 
falls in the Géta River an aggregate of not less than 
about 200,000 horse-power, and this, too, in a 
district having excellent means of communication 
and at no great distance from Gothenburg, the lead- 
ing commercial centre on the west coast of Sweden, 
and in th midst of a populous part of the country. 
The State power - station at Trollhittan is con- 
structed for the exploitation of 250 cub. m. (9090 
cub. ft.) water per second, representing 80,000 
turbine horse-power. This important installation, 
which is located on the eastern bank of the river, 
as shown in the map, Fig. 1, page 375, was taken in 
hand towards the end cf 1906, and occupied some 
four years in construction. The map is repro- 
duced from an earlier article published by us on 
December 18, 1908. 

The regulating dam across the river, which we 
illustrate in Figs. 2 to 5, page 377, is situated at 
the threshold of the upper fall on firm rock. The 
dam is constructed with four openings, separated by 
piers of granite. The two central openings each have 
a free width of 20 m. (654 ft.), and are closed by 
means of bear-trap or roller-dams, as seen in Figs. 3 
and 4. The most westerly opening, which was first 
constructed, and which is placed at the side of the 
river course proper, is 19.7 m. (64 ft. 8 in.) wide, 
and is clesed by means of five sluices, 3.7 m. 
(12 ft.) wide, which are constructed of iron with 
wooden boarding ; these sluices are divided in two, 
in the direction of their height, as shown in Fig. 5, 
and can be drawn up or let down at will. They are 
not fitted with anti-friction rollers. The eastern out- 
let is 3.4 m. (11 ft. 2 in.) wide, and is fitted with a 
similarly constructed door. Both the roller-dams 
and the sluices can be operated by electric motors 
as well as by hand-power, and all the outlets can 
be closed for repairs by means of steel needles or 
tube-pins, resting partly against the bridge-way on 
the pillar and partly against the sill. This construc- 
tion of the dam has been chosen on account of the 
quantities of ice which, during the winter, are 
carried down by the river. If there be ice when 
there is plenty of water in the river, the ice makes 
its escape through the fully-opened central outlet. 
With lower water-level the ice is led away under 
the partly raised rollers or through the sluices. _ 

The intake of the water to the power-station 
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TROLLHATTAN HYDRO-ELECTRIC POWER-STATION; DETAILS OF 


12,500-H.-P. TURBINE. 
CONSTRUCTED BY MESSRS. NYDQVIST AND HOLM, ENGINEERS, TROLLHATTAN. 


(For Description, see Page 374.) 











Fie. 17. Front or TurBiIneE CASING. Fic. 18. Porrion or Suction Castine. 








Fic. 19. View or Tursine Durine EREcTION. 
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| THE TROLLHATTAN HYDRO-ELECTRIC POWER-STATION, SWEDEN. 


(For Description, see Page 374.) 
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Fic. 21. Tursine anp GENERATOR. 
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lined with sheet-iron, and encased in concrete. 
Each tube-conduit has a length of about 60 m. 
(197 ft.). The suction-conduits are shown in Fig. 26, 
page 279. 

The power-station (Figs. 22 and 25, Plate XLV.) 
contains the turbines and the generators, which 
are direct coupled. The arrangement of the 
power-station will be understood from the illus- 
tration. opposite (Fig. 8), which is a vertical 
longitudinal section through tube-intake, tube- 
conduit, machine-house, and outlet tunnel. Fully 
equipped it can yield 100,000 horse-power under 
the existing condition of water, and when Lake 
Viinern has been regulated, as already mentioned, 
a considerably larger power. The turbines are 
the so-called twin turbines with horizontal axles 
direct coupled to the generators. They have rotors 
of the ordinary Francis type and are fitted with 
adjustable bearings. Each turbine with a head of 
water of 30.4 m. (100 ft.), and with a speed of 187.5 
revolutions per minute, has a capacity of nominally 
10,000 horse-power and a maximum capacity of 
12,500 horse-power, measured at the coupling to the 
electric generator. A vertical longitudinal section 
through the turbine is shown in Fig. 12, page 378, 
and an end elevation in Fig. 13. The turbines are 
enclosed in cylindrical cases of steel, one of which 
is shown in perspective in Fig. 9, and are directly 
connected with the tube-conduits, so that the 
water, without any alteration in its direction, is 
led from the tube -conduits on to the turbine- 
wheels. The smallest interior diameter of the sur- 
rounding cases is 5 m. (16 ft. 6 in.), and the largest 
diameter is 5.5 m. (18 ft.). The thickness of the 

lates varies from 22 mm. to 23 mm. (about }3 in.). 

he turbines may also be seen in Figs. 15 and 16, 
Plate XLII., and in perspective in course of erec- 
tion in Figs. 17 to 19, Plate XLIII., and Figs. 20 
and 21, Plate XLIV. 

In the construction of the turbines the greatest 
care, in the first place, has been bestowed upon 
making the casing of the turbine as smooth as 
possible inside. Most parts, especially those ex- 
posed to the severest strains, are made of steel, 
as are also all the cast parts, which by riveting 
are connected with the casing. Each turbine has 
been tested at 75 metres (246 ft.) water pressure. 
The turbine shaft is of nickel -steel, made in 
three parts, which are connected by means of 
couplings, forged on the shaft. It is supported 
by three bearings, with ring lubrication ; two of 
them are placed against the turbine-case and are 
accessible for inspection by means of vertical pits. 
All the bearings are water-cooled, and fitted with 
thermometers, which indicate the temperature at 
a convenient place outside the turbine-case. The 
rotors, which have a diameter of 1800 mm. (6 ft.) 
on the inlet side, are made of cast steel and are 
very securely attached to the shaft. 

In order to obtain a construction which combines 
the greatest possible reliability in working with 
easy management and durability, all the parts 
belonging to the governing mechanism have tom 
located outside the turbine-case, so that all the 
journals can be lubricated and inspected during 
working. Special interest attaches to the construc- 
tion adopted in these turbines, which makes it 
possible to take out each guide-blade separately 
without causing any serious Schone beyond the 
removal of the box belonging to the blade in ques- 


tion, and the uncoupling of the small chain between. 


the crank and the regulator. The guide-blades are 
of steel, and cast in one piece with their respective 
shafts. 

The governor, which is worked by belting from 
the turbine shaft, together with the pressure bell, 
is placed ina cast-iron box, fixed in concrete, which 
also serves as an oil receptacle ; pipes, 100 mm. 
(4 in.) in diameter, connect the governor with the 
servo-motor, which acts upon the middle of the 
governor shaft. The oil-pump is worked by belting 
from the turbine axle. The brake intended to brin: 
the turbine to a standstill is hydraulic, and is work 
from the starting-platform. 

In order to give some idea of the large dimen- 
sions of the turbines, we append the following 
particulars of weight :— 


Kg. Tons. 
The front ring, of steel ... about 12,000 (12) 
The suction-case parts ... about 14,000 (14) 
The tur bine-wheels, of steel, each 
weigh “ ol ... about 5,000 (5) 
The turbine-axle, of nickel-steel, 
; about 14,000 (14) 
The cast-iron upper part of the 
suction-case he ... about 32,000 (32) 





The front portion of the suction- Kg. Tons. 
case, with part of suction-case 

about 28,700 (287) 

Conical portion of case... about 10,200 (104) 


The diagram, Fig. 14, shows the satisfactory 
results of the tests undertaken at the instance of 
the buyer. 

At the tests, which were carried out with the 

eatest care, the quantity of water was measured 

y means of a floating screen in the inlet canal, 
and the effective height of fall was ascertained 
by the difference in level between the upper and 
the lower water surfaces. The generator, which is 
shown dotted in Figs. 15 and 16, was loaded with 
a water-resistance, and the effect was measured by 
means of two precision watt-meters. In the results 
are included the loss of efficiency arising in the 
inlet-tube, and the influence of this is shown in 
curve B, which shows the efficiency that would be 
registered if the head were measured through a 
manometer placed in the turbine-case or in the 
— tests are generally carried out. 

e generators, one of which is shown in per- 
spective in Fig. 24, Plate XLV., produce three- 
phase current, 25 periods, and 10,000 volts. They 
are entirely encased so as to obtain efficient cooling. 
The generator rotors draw by suction the cold air 
through spacious conduits, which pass within the 
walls of the power-station and underneath its floor. 
The air, heated in the generators, is also led away 
through conduits ; during the winter it is used for 
warming both the generator-station, the tube-inlet 
building, and the switchboard building ; in the 
summer it is led away, so that the attendants 
shall not be inconvenienced by it. 

For exciting the generators, for lighting purposes, 
and for power to the auxiliary machines, there 
is a continuous-current installation for a voltage 
of 220 volts. This is worked by the three 500- 
horse-power turbines already referred to, which are 
placed in the centre of the power-station. Each 
turbine is direct coupled to a continuous-current 

enerator of 350 kilowatts for 220 to 300 volts. 

arallel with these generators is an accumulator 
battery of a capacity of 4800 ampere-hours, which 
serves as a reserve and for counteracting the voltage 
variations. The switchboard for this installation is 
placed on a balcony in the centre of the power- 
station, close to the generators in question. 

The regulation of the generator excitation does 
not take place in the ordinary manner, by means 
of main-current regulators, but by direct-coupled 
additional machines or boosters ; and the voltage, 
with separate excitation, can vary from --220 to 
+ 110 volts. By this arrangement the exciting 
voltage of the generators can be'varied from 0 to 
330 volts. The alternate current is conducted from 
the power-station through a tunnel to the instru- 
ment house. The tunnel is divided into four sepa- 
rate passages, in each of which there is room for 
the cables from two generators. It was originally 
planned to place the instrument-house in the 
immediate vicinity of the power-station, but various 
considerations have led to the adoption of the 
present location, which is some 200 metres (653 ft.) 
distant from the power-station. The instrument- 
house, which may be seen in Fig. 23, Plate XLV., 
contains transformers, which transform the alter- 
nate current from 10,000 volts to 50,000 volts. The 
building further contains main switches, labora- 
tory, lightning-dischargers, and all other appliances 
for the handling and distribution of the energy. 
In the centre of the house is the room (Fig. 27, 
page 379) from which the controlling and working of 
the station is carried on. In this room, on marble 
switchboards and desks, are placed all the instru- 
ments necessary for ascertaining the load distri- 
bution within the alternate-current system, as 
well as all the requisite signal and warning appli- 
ances. ‘The voltage of the current is athe. on 
from the controlling-room. From here, too, the 
oil-switch of the alternate-current installation is 
worked electro-magnetically by means of auxiliary 
switches. The auxiliary switches on the switch- 
desks are included in a miniature scheme of the 
alternate-current installation, with movable marks 
for all the apparatus and fixed marks for the lines, 
the generators, and the transformers. The movable 
marks, or miniature apparatus, are partly worked 
automatically and partly by hand, so that it is at 
any time — to ascertain the position of the 
main switches. 

In the switch-room is a telephone station, con- 
nected with the power-station and the transformer- 
stations. The requisite orders for the ordinary 





working of the power-station are transmitted by 
means of an electric machine telegraph, as the 
telephonic connection suffers from the noise of the 
machinery. The upper story of the instrument- 
house is used for a repair-shop for the transformers, 
for laboratory, store-rooms, &c. This portion is 
entirely separated from the high-voltage installa- 
tiors. 

The transformers are placed in a series of rooms 
on the north-western side of the instrument. house, 
four cells on each side of the central part. Each 
cell is calculated for one transformer group, and 
each transformer group consists of three one-phase 
transformers, each of 3670 kva. maximum capacity, 
thus corresponding with a three-phase generator. 
The transformers are oil-insulated and water-cooled. 
In order to minimise the risk of fire, which can never 
be fully removed from the use of oil-insulated trans- 
formers, the rooms are entirely closed in, and 
arrangements are made for the free escape of oil. 
In order to maintain the water-cvoling there are 
signal contacts in the cooling-water pipes to each 
transformer. These signal contacts give an alarm 
as soon as the cooling water ceases to circulate. As 
soon as the temperature in any of the trans- 
formers exceeds the permissible limit, the thermo- 
meter placed in the transformer gives an alarm. 
The water for cooling the transformers is circulated 
by pumps in the cellar of the instrument-house. 
This installation consists of four pumps worked by 
electric motors. They lift 1500 litres (333 gallons) 
per minute to a height of 15 m. (49 ft.) respec- 
tively ; and 500 litres (111 gallons) per minute 
to a height of 25 m. (82 ft.). These pumps are 
also used for the extra-voltage precaution appli- 
ances, of which more will be said later. Only two 
pumps are required for the maintenance of the 
working. The other two are reserve. Two water- 
tanks of an aggregate capacity of 50 cub. m. 
(11,250 gallons) serve as an additional reserve for 
the cooling of the transformers, and one tank of 
10 cub. m. (2250 gallons) capacity as a reserve 
for the extra-voltage protective appliances. There 
is a special pipe system for conducting the vil 
into the transformers, and for emptying them ; 
there are also tanks for the reception of the used 
oil from the three one-phase transformers, and also 
for supplying clean oil, as well as appliances for 
cleaning and drying the transformer oil. 

The energy is distributed from the instrument- 
house partly at 10,000 volts and partly at 50,000 
volts. The long-distance lines are generally calcu- 
lated either for the output of a complete gene- 
rator or half generator; in the latter case they 
are in pairs. This makes it possible for each 
generator, with or without transformation of the 
voltage, to supply energy for a fixed number of 
lines, and to work independently of the other 
generators. In other words, the installation can 
be divided into several systems independent of each 
other, which fact, to a very great extent, increases 
the safety. The switchboards are constructed 
with a special view to this arrangement. They are 
therefore also divided into eight compartments, 
each of which corresponds with a generator. The 
different units, by means of oil-switching, can be 
switched into collective systems for 10,000 volts, 
and also into a collective system for 50,000 volts. 
This makes it possible, at will, to switch any long- 
distance line on to any transformer or generator. 
All the switches intended for on-and-off switching 
of the generators, the transformers and the long- 
distance lines, are fitted with starting rheostats and 
dimensioned for the temporary current which might 
arise from a short-circuit, when all the eight gene- 
rators work in parallel. The machines and the long- 
distance lines are protected against overloading by 
means of relays, which are built on the principle of 
the induction motor. ; 

The extra-voltage protection for the long-distance 
lines consists of water-jets for the dispersal of the 
static charge and of horn lightning-dischargers 
with two horns switched in series with a resistance 
formed through running water as a rough pro- 
tection. For smaller quantities of energy there 
are horn lightning-dischargers with oil-resistances 
switched in series, and there are roller light- 
ning-dischargers as a finer protection for high- 
frequency extra-voltage with smaller quantities of 
energy. Apart from the cables in the tunnels 
between the power-station and the instrument- 
house, the high-voltage lines for 10,000 volts are 
arranged as bars, and those for 50,000 volts as 
tubes on insulators. The different phases are sepa- 
rated from each other by fire-proof intermediate 
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‘alls. which principally consist of concrete plates, 
<a iron ph co Phe distance between the lines 
and the constructive parts connected with the 
cround amounts to 200 mm. (8 in.) for the 10,000- 
volt system, and 400 mm. (16 in.) for the 50,000- 
volt system. The cables in the cable tunnels are 
each placed separately in a brick channel, and 
covered with sand. 

The various high-voltage rooms are separated 
from each other by fireproof material. The lines 
are, therefore, carried through by means of through: 
insulators. Special attention has been bestowed 
on the cells for the oil-switches which are made in 
concrete. They are entirely closed, and fitted with 





requisite transformation from high voltage to a|lines ; whilst creosoted wooden poles are used for 
serviceable voltage. In more populous districts|the smaller currents. The secondary stations are 
energy of such serviceable voltage, however, is|arranged on the same principles as the instru- 
distributed by the same means as are used by muni-|ment house. The circuit-switch is shown in 
cipal electric stations, All 50,000-volt lines are of | Fig. 28. 
copper, generally six copper lines and one iron line| A portion of the energy having been reserved 
for earth connection. Lines of 50,000 volts were|for railway traction, the remainder is sold to 
first installed to Skara, Gothenburg, and Allingas. | municipalities and private concerns, and has met 
On the Skara line (the one first completed), the| with a very lively demand. There has even been 
copper lines were laid on support-insulators of|a question of disposing of a considerable quantity 
porcelain ; on the other lines suspended insulators| of the energy to Copenhagen. The plan is con- 
have been adopted, except on the tightening-masts, | sidered quite practicable, but has not yet passed 
where support-insulators are used. beyond a preliminary stage. As the cost of the 
The insulators are attached to iron ‘trellis poles | Trollhittan power-station, &c., is unusually low— 
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d:ain-pipes, which, should an explosion in an oil- 
switch occur, quickly lead away the oil. The 
current, as already mentioned, proceeds from the 
instrument-house, partly with a voltage of about 
10,000 volts for places in the vicinity of the 
station, and partly with a voltage of 50,000 volts 
for more distant places. The 50,000-volt current, 
however, is not supplied direct to the consumers, 
but is led to large transformer-stations (secon- 
dary stations) which belong to the State, and are 
situated at convenient distances apart. In these 
stations the energy is again transformed down to 
‘ more convenient voltage. This is generally 10,000 
volts, and only in isolated cases current of 3000 
vor 6000 volts is supplied. The energy of this low 
voltage is supplied from the secondary stations to 
the surrounding consumers. The State provides 
the lines as far as the place of consumption, but the 
consumers must themselves defray the cost uf the 





placed on concrete foundations. The poles are purtly | 
|tightening-poles and partly support-poles. The 
| former are constructed very strongly, and are placed 
| at a distance of 1 km. from each other. Between two 
tightening-poles are placed as many support-poles 
as is economically advantageous for each respective ; 
| section of the line. The support-poles are designed | 11,500,000 kr. (638,888/.) for 80,000 turbine horse- 
with due regard to the weight of the line and the | power—and as the State can obtain money at a small 
|wind pressure. The number of poles per kilo- | rate of interest, and be content with a moderate 
|metre is four for 70 sq. mm. (0.112 sq. in.) line, | profit, the price for the energy has been fixed at an 
and six for 16 sq. mm. (0.026 sq. in.) line. For unusually low figure. Amongst the first to contract 
35 sq. mm. (0.06 sq. in.) line the normal span is | for electric current were the towns of Gothenburg, 
170 m. (557 ft.). Of the 10,000-volt lines, those|Skara, Skéfde, Allingas, &c., including several 
intended for very large currents are made of; smaller places, and amongst the customers of the 
aluminium, those for smaller currents of copper/Trollbittan power station are also a number of 
wire. The insulators are support-insulators of| industrial concerns. The State provides suitable 

rcelain. The poles, where it is a question of , sites at Trollhiittan, at the canal or the railway, for 
las currents, are trellis masts of iron, built on | such industries as require electric energy at a parti- 
the same principle as those for the 50,000-volt'cularly low price, and which therefore, so as to 
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TURBINE; TROLLHATTAN HYDRO-ELECTRIC POWER-STATION, SWEDEN. 


CONSTRUCTED BY MESSRS. TROLLHATTAN. 
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RESULTS OF TRIALS OF 12,500 H.P TURBINE 
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Effective Horse Powar 


made at the works of Nydqvist and Holm, Troll- 
hiittan; the particulars given in this article, as well 
as the illustrations, refer to the turbines from this 
firm. The other two large turbines came from the 
Kristinehamn branch of the Karlstad Engineering 
Company, Karlstad. The generators and the greater 
portion of the instruments have been supplied by 
the General Swedish Electric Company, Vasteras. 
The management of the State waterfalls in the 
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were first installed were 


Gota River, as well as of the Trollhitta Canal 
between Lake Vanern and the sea, which is Sweden's 
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most important waterway, has hitherto been vested 
in a special local board, domiciled at Trollhattan ; 
but, on the formation of the Royal Waterfalls 
Board, which has the management of all other State 
waterfalls in Sweden, the Trollhitta Falls were 
also transferred to this board. 





THE BRITISH ASSOCIATION. 
(Continued from page 350.) 
SECTION A.—MATHEMATICAL AND PHYSICAL 
SCIENCE. 


Secrion A met in the Examination Hall of the 
Portsmouth Municipal College, a handsome, spacious 
room, the designers of which had successfully dealt 
with the question of ventilation, but had not mas- 
tered the acoustical problem. On three days the 
Section had to subdivide, twice into two and once 
into three departments: mathematics, general 
physics, cosmical physics or meteorology. The sub- 
sections found accommodation in adjoining rooms. 
[t looks once more as if this now customary and 
possibly unavoidable subdividing would lead to a 
splitting of the Section, which we should regret. We 
shall revert to this point in our concluding remarks, 
Che provisional programme, issued on the Thursday 
of the meeting, suggested subdivision on one day 
only, and mentioned 42 papers; the number of 
papers and reports rose, however, to 49. The 
Section sat on five days, only in the mornings. 
On Thursday, August 31, the communication of 





|some mathematical speculations, suggestive, but of 


inordinate length, was allowed to disarrange the 
programme ; a time-limit was afterwards enforced 
where necessary. The absence of men like Sir J. 
Larmor, whuse refreshing manner of focussing 
lengthy communications used to stimulate.the dis- 
cussions, Sir J. J. Thomson, Sir David Gill and others, 
was felt, of course ; but the attendances were good, 
and the proceedings of the Section may well compare 
with those of previous years, in quality and quantity. 
There were several important general discussions ; 
the one on ‘‘ Aeronautics,” for which Sections A 
and G united, has already been noticed in our 
columns. The fact that detailed papers on radio- 
graphy were not offered does not, of course, indicate 
any slackness in this field; nor is it much to be 
regretted, for the details are not always particu- 
larly interesting, or of a kind to dispel the 
doubts of the uninitiated. The astronomers did 
not forget that their communications were not 
addressed to their colleagues. 

The officers of the Section were :—President : 
Professor H. H. Turner, D.Sc., F.R.S., of Oxford. 
Vice-Presidents: Professor J. C. Fields, of Toronto; 
Dr. W. N. Shaw, F.R.S., Director of the Meteoro- 
logical Office ; Professor F. Trouton, F.R.S., of 
University College, London. Secretaries : Pro- 
fessor A. W. Porter, F.R.S., of University Col- 
lege, London (Recorder) ; Messrs. H. Bateman, 
M.A., of Cambridge; P. V. Bevan, Sc.D., of 

ham; A. 8. Eddington, M.A., M.Sc., of Green- 
w:ch Observatory ; E. Gold, M.A., of the Meteoro- 
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logical Office; and P. A. Yapp, of His Majesty's 
Dockyard, Portsmouth. 





SCIENCES. 

Professor H. H. Turner had taken *‘ The Charac- 
teristics of the Observational Sciences”’ as the subject 
| of his presidential address, and we might say that 
he pleaded for an appreciation of observations as 
such, without regard to hypotheses and to results 
achieved, and irrespective consequently of any par- 
ticular object. Professor Turner opened his address 
by saying that it would startle his audience to hear 
that the Section had only once been addressed by 
an astronomical president upon an astronomical 
subject—namely, by Dr. De La Rue, in 1872, 
on astronomical photography. Other astronomical 
presidents—Airy, Lord Rosse, and Robinson— 
had, in their formal and brief addresses, only 
made allusions to astronomical matters. John- 
stone Stoney had, in 1879, spoken of the valuable 
training which the study of mechanics and chemistry 
afforded ; Sir Robert Ball had, in 1887, selected 
the costume of a geometer from his ample scientific 
wardrobe. The addresses of Sir George Darwin 
(1886) and Professor Love (1907) on the past history 
of the earth, as well as Professor Schuster’s 
address of 1892, had certainly had an astronomical 
bearing, but they should rather be assigned to 
modern expansions of classical astronomy than to 
classical astronomy itself. There was thus a curious 
neglect of astronomy by Section A, which was all 
the more curious when it was remarked that the 
neglect did not extend to the Association, seeing 
that there had been three astronomical Association 
Presidents who had not previously chosen to fill 
the chair of Section A. The neglect had not been 
confined to astronomy, but had extended to the 
other sciences of observation, and it had been 
thought that the Section should divide ; the Section 
had decided against this suggestion, and Professor 
Turner had, he said, no intention to appeal against 
this decision. 

His late Oxford colleague, the Rev. Bartholomew 
Price, had, in his address to Section A at Oxford in 
1860, remarked that the area of scientific research 
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covered by Section A was very large ; some of the 
papers presented the characteristics of 
perfect and n science ; others were little 
more than a conglomeration of observations, made, 
indeed, with infinite skill and perseverance and of 
the greatest value, but as yet in their infancy ; the 
facts of meteorology had scarcely yet been brought 
within any law atall. There seemed to be, Pro- 
fessor Turner thought, a rather unnecessary social 
scale in this. Was it not a dangerous doctrine to 
regard the work done previous to the formulation of 
a law as in any way inferior? Was the astronomy of 
Tycho de Brahe, which did not bring the science of 
astronomy within any law atall, socially inferior to 
that of Kepler? Stephen Groombridge had made 
thousands of accurate observations of stellar move- 
ments in the early part of last century ; fifty years 
later some of the value of his work had begun to 
emerge from a comparison with later observations; 
but nearly a century had elapsed before something 
of the laws of stellar movement had been extracted 
from his patient work with the skilful assistance of 
Mr. Dyson and Mr. Eddington. Teisserenc de 
Bort had sent up his balloons to investigate the 
upper i 8 yea not to test some formulated 
law ; he almost immediately discovered the 
isothermal layer ; ‘‘ but was not the merit in send- 
ing up the balloons, whatever came of it ?” 

Sir G. H. Darwin had said in 1886, at Birming- 
ham: ‘‘ A mere catalogue of facts, however well 
arranged, has never led to any important generali- 
sation. For in any subject the facts are so numerous 
and many-sided that they only lead us to a con- 
clusion when they are marshalled by the light of 
some leading idea.’”’ That opinion had also been 
held by Charles Darwin. With the utmost respect 
Professor Turner wished to question whether that 
criterion went deep enough. 

Advance was not only dependent on the existence 
of a theory ; Tycho h hal ne theory, but had per- 
ceived the need of observation. Mr. W. W. Camp- 
bell, when appointed director of the Lick Obser- 
vatory in 1900, had observed the line-of-sight velo- 
cities of as many stars as possible, and the mass of 
observation had told a wonderful story. When the 
stars were grouped according to their spectral types, 
the average velocities differed; and when the 
spectral types were arranged in the particular order, 
which for quite independent reasons was believed 
to be that of the development of the stars, there 
was a steady increase in the velocities ; to put the 
matter in a nutshell, the older a star was, the 
quicker it moved. Thus the catalogue of facts 
accumulated by Mr. Campbell had led to a most 
important scientific generalisation—a direct nega- 
tive to Sir G. H. Darwin’s opening sentence. In 
commenting upon his observations Mr. Campbell 
had said in the Bulletin of the Lick Observatory of 
April 20, 1911: ‘* That stellar velocities should be 
functions of spectral types is one of the surprising 
results of recent researches, for we naturally think 
of all matter as equally old gravitationally. Why 
should not the materialscomposing a nebula or a class 
B star have been acted upon as long and as effectively 
as the materials in a class M star? . . . The estab- 
lished fact of increasing stellar velocities with in- 
creasing ages suggests the questions: Are stellar 
materials in the- ante-stellar state subject to 
Newton’s law of gravitation? Do these materials 
exist in forms so finely divided that repulsion 
under radiation pressure more or less closely 
balances gravitational attraction? Does gravity 
become effective only after the processes of com- 
bination are well under way ?” 

This scientific advance, Professor Turner con- 
tinued, was not suggested by any leading theory ; 





the observations of this cluster (made largely at 
Lick) ap to be vitiated by a systematic 
error, which would assign a spurious velocity of 
5 km. per second to stars of the B spectrum 
type in their apparent outward motion from the 
sun. 

Continuing his main line of argument Professor 
Turner pointed out that Bradley had discovered the 
aberration of light and the nutation of the earth’s 
axis, and had been on the track of the discovery 
of the variation of latitude, not by any A from 
Newton, but by accumulating a mass of observa- 
tions. In his ‘* Budget of Paradoxes,” de Morgan 


had written that, if it had not been for Newton, | 
the whole dynasty of Greenwich astronomers, from | 


Flamsteed to Airy, might have worked without 


any remarkable result ; and as to meteorological | 


observation, he had said with Biot that nothing 
would ever come of it. Commenting upon 
the latter investigations, Professor Turner dealt 
at length with the method of discussing meteoro- 
logical observations suggested by Professor A. 
Schuster in his memorable address to the Depart- 
ment of Cosmical Physics at the Belfast meeting in 
1902. In opening this subject, Professor Turner 
compared the gramaphone records of a single instru- 
ment with those of an orchestra. A single instru- 
ment gave a relatively simple record. When a 
whole orchestra was playing, the needle again made 
only one record, but it was the sum of all the 
individuals. The mathematical analysis of these 
records by Fourier’s theorem was simple in concep- 
tion, though laborious in execution. Now science 
had so far only dealt with the easy record; the 
hard work had to come. If a number of deaf 
persons were turned loose among a miscellaneous 
collection of gramaphone records, with instructions 
to make what they could of them, they would pick 
out those of single instruments first. ‘‘ We must 
make the researchers deaf, so that they may not 
use the beautiful mechanism of the. human ear, 
which has as yet no analogue in scientific work.” 
With respect to the exceedingly complex tem- 
ke ye and rainfall curves, Professor Schuster 
ad given the vitally important advice to disregard 
all hypotheses—most of those tried had failed —and 
to make a complete analysis of the records. The 
labour was great, of course. When a 90 years’ 
record was tested for a frequency of 9 years 
there would be 10 periods ; when tested for 10 
years there would be only 9 periods, and one 
period was thus lost; a frequency of 9 years and 
one day would not be distinguishable from that of 
9 years, since the phase would only change | deg. 
in the whole available series of observations. In the 
course of time, however, when the 90 years had 
become 900 years, the differences of phase would 
F sgpane a complete cycle. Thus the length of 
the series was an important factor. Professor 
Schuster had indicated a beautiful analogy. Test- 
ing for a periodicity was like examining a source of 
light for a definite bright line ; the length of the series 
corresponded to the resolving power of the optical 
apparatus, and in that respect the optical instrument 
offered superior ease and simplicity. Ultimately an 
instrument of the greatest possible resolving power 
would be needed ; but it would be advisable to 
begin with a small instrument. A large instrument 
would, e.g., be required to decide whether a yellow 
line was due to sodium or to helium; a small 
instrument might suffice to demonstrate the 
absence of any yellow. line and to rule out both 
ossibilities. But the resolving power and the 
ength of observations had to be increased as the 


investigation proceeded. When Professor Schuster | 


began that research, a sun-spot period of 11} years 


but would the merits of the observational work | had been considered as established ; he found other 


have been less if no such immediate induction had 
presented itself? ‘‘It is so natural to judge by 


results, and so difficult to look behind them to the | of some 33 years. 
merits of the work itself, that I shall not easily | 
carry others with me in claiming that the merits | 
of the observer shall be sssessed independently | 
Proceeding, Professor Turner | 
referred to Professor Kapseyn’s division of the! 


of the results.” 


great mass of bright stars into two distinct groups, 
flying one through the other, and to the discovery 
by Professor Boss of a special cluster in the con- 
stellation of Taurus, moving in parallel lines like 
a flock of migrating birds. ere was a large flat 
cluster migrating just over our heads so that one 
member of it (Sirius) was only three or four light 


years from the sun, the cluster itself being about | variable star R. Urse Majoris ; he had then unfortu- | to the recognition of the retrograd 
a rage light years from end to end. It was/| nately assumed that he knew all about this star, and | a revision of the 
true, however, 





periods of 4, 8, 14 years, however, and some of | 


these were possibly harmonics of a major period 
In any case, however, his con- 
clusion had resulted from a mere examination of 
observed facts, while previously scientists had 
hunted for particulars to account for the 11-year 
period. Professor E. W. Brown had in 1900 
ascribed the 1l-year period to the tidal action of 
Jupiter altered by Jupiter’s eccentricity and by the 
motion of Saturn, and had believed he could account 
for the anomalies of the observations by this 
a 

urning to stars again, Professor Turner men- 


|ing years. Buthe had overlooked that the interva! 
| between two successive sunrises was not constant ; 
| the average was 24 hours, and it had exactly that 
| value at midsummer ; in March the interval was 
|two minutes less, and there was a regular swing 
| backwards and forwards, with a sensible halt at the 
|extreme values. Pogson’s first observations had 
| been made at the time of halt, and he had con- 
cluded that the eleven-times repeated variation 
would continue in the same way. Unfortunately, 
the period had just then been beginning to change 
sensibly, and the break in the observations had 
been disastrous. Professor Turner was sorry to 
find Professor Schuster himself ‘‘ tinged with 
heresy;” for Schuster had suggested the dropping 
of observations for a time in order to apply the 
method to accumulated observations. 

Another method for dealing with large masses of 
observations was that of Professor Karl Pearson, 
who likewise ceased to look for one principal factor, 
and examined all possible factors (instead of 
Schuster’s frequencies). When Professor Pearson's 
method was applied to Chandler’s catalogue of 
variable stars, which gave particulars of each star 
in separate columns, not grouped to leading ideas, 
correlations were at once indicated. A variable- 
star maximum appeared, subject to a swing to and 
fro like the time of sunrise. If the average interval 
were called the day of the star, the period of the 
swing its year (without implying anything more by 
these names than appeared in the analogy), Pro- 
fessor Turner had found that the day and year 
were correlated, the value of the coeflicient being 
r = 0.56 + 0.08. The days of many stars were 
much better known than their years ; and the revi- 
sion of the years tended in the direction of his 
formula ; in the case of our sun, the day would 
apparently be eleven years, and the year amount to 
seventy-five years. 

‘*Let us admit frankly,” Professor Turner pro- 
ceeded, ‘‘that there is an appearance of brutality 
about such methods. Is our method of search to 
be merely the old and prosaic one of leaving no 
stone unturned? We have been led to believe that 
there should be more of inspiration in it, that a true 
man of science should have some of the qualities 
of that fascinating hero of fiction, Mr. Sherlock 
Holmes, who picks up his clue and follows it 
unerringly to the triumphant conclusion.” Pro- 
fessor Turner went on to show how the picking up 
of a correct track in this way involved, more or 
less, the exploration of other tracks by which the 
right trail might be intersected, and, in referring 
to the maxim of ‘‘leaving no stone unturned,” he 
quoted the geologist, Professor T. C. Chamberlin, 
of Chicago, and his ‘‘ Method of Multiple Working 
Hypotheses ”:—‘‘ Unless the theory happens i. 
chance to be the true one, all hope of the best 
results is gone. To be sure, truth may be brought 
forth by an investigator dominated by a false ruling 
idea. His very errors may indeed stimulate in- 
vestigations on the part of others, but the condition 
is scarcely the less unfortunate. To avoid this 
great danger, the method of multiple working 
hypotheses is urged. In developing the multiple 
hypotheses, the effort is to bring into view every 
rational explanation of the phenomenon in hand, 
and to develop every tenable hypothesis as to its 
nature, cause, or origin, and to give all of these as 
impartially as possible a working form and a due 
place in the investigation.” 

Professor Chamberlin did not shirk the consider- 
ation of the drawbacks of this. ‘‘ No good thing is 
without its drawbacks,” and, Professor Turner 
added, no good thing was entirely new or entirely 
old, or, it might be better to say, that it was 
| generally both new and old. When he (Professor 
Turner) had began to make physical measurements 
under Mr. J. G. McGregor (now Professor of 
Physics at Edinburgh), he had learnt the golden 
‘rule: ‘‘ Reverse everything that can be reversed.” 
| That was the rule of multiple hypotheses. For when 
| the current in a wire was reversed, the hypothesis 
was tacitly made that the effect observed might be 
|due to the direction of the current ; and when a 
‘measured spectrum-photograph was turned and 
| re-measured, it was an admission of the hypothesis 
| that the direction of measurement might partly be 
responsible for the observed displacement of lines. 
Coming to his conclusion, Professor Turner alluded 





tioned that N. R. Pogson had, in 1853 to 1860, con- | to the discovery of the eighth satellite of Saturn 


ducted a series of excellent observations on the 


| by Professor W. H. Pickering. It had led directly 
e motion and to 
t history of the solar system. 


at, according to Mr. Campbell, | had taken only sporadic observations in the succeed- | Incidentally it had stimulated the search for other 
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satellites, resulting in the discovery of a curious 
nit Jupiter and of the eighth satellite to that 
planet, which had again suggested an eminently 
successful method of work on cometary orbits. 


take into account all this su uent history in our 
appreciation of Professor Pickering’s achievement. 
But whether we do or not is probably a matter of 
indifference to him ; for the true observer is, above 
all things, an amateur, using the word in that 
splendid sense to which Professor Hale had intro- 
duced us: ‘The amateur is the man who works on 
astronomy because he cannot help it, because he 
would rather do such work than anything else in 
the world, and who, therefore, cares little for hamper- 
ing traditions or for difficulties of any kind.’” 

The vote of thanks for the address was proposed 
by the Astronomer Royal, Mr. F. W. Dyson, and 
seconded by Sir William White. 


SreLtaR DistRisuTIoN AND Movements. 

Grouping the papers as to subjects, irrespective 
of the order in which they were read, we pass to 
the discussion on ‘‘ Stellar Distribution and Move- 
ments,” which was very lucidly opened by Mr. A. S. 
Eddington, M.A., M.Sc., of Greenwich Ubserva- 
tory. In introducing his memoir, which is to be 
printed in extenso, . Eddington regretted the 
absence of K. Schwarzschild (of Potsdam), who 
had hoped to attend the meeting. The last years 
and months had brought to light many new facts, 
and it was opportune totakestock. It was believed 
that the great mass of the stars (excluding the Milky 
Way) was arranged in the form of a lens or bun- 
shaped system, in which our sun occupied a nearly 
central position, at least midway between the two 
flattened surfaces. The thickness of the lens, 
though enormous, was not so great as to prevent 
the telescope from detecting the absence, or, at 
any rate, a gradual thinning, of stars beyond when 
looking towards the poles of the Milky Way. When 
looking — the plane of the Milky Way, in the 


direction of the perimeter of the lens, the thinning 
out was much less marked, though probably not 
beyond the power of the telescope. Near the sun 


the stars appeared to be distributed in a fairly 
uniform manner; in the remoter parts series of 
clusters forming the Milky Way were observed. As 
regards the galactic plane, two distinct phenomena 
(sometimes confused) had to be distinguished ; it 
was, firstly, the plane in which the clusters of the 
Milky Way were coiled, and, secondly, the median 
plane of the lens-like arrangement of the nearer stars. 
The study of the movements of the stars had to 
be confined to the central system, and perhaps to 
the inner parts of it. The remarkable result was 
that the stars seemed to move with a strong pre- 
ference in two opposite directions in the galactic 
plane, as Kapteyn showed in 1905. e two 
streams seemed to be more or less independent, but 
intermixed for the time being, and to move to and 
fro along a particular line ; and it was a significant 
fact that this line was lying in the galactic plane, 
suggesting a connection between the phenomena of 
stellar distribution and stellar motion, though it 
remained to be explained why there was a plane of 
symmetry in the one case and a line of symmetry 
in the other. The next noteworthy feature was 
the moving clusters—groups of stars which, though 
widely separated in apace, moved with equal velo- 
cities in parallel paths. There was the Taurus 
cluster of 40 members ; the Ursa Major cluster, now 
known not to be confined to the one constellation, 
of 13 known members; the Perseus cluster of 17 
helium stars; a very large ill-defined cluster in 
Scorpio, &e. In each case the members moved 
with apparently identical velocities, ignoring, as it 
were, other stars interspersed between them. The 
peculiar movements had in many cases afforded 
means of detecting distances and absolute lumi- 
nosities of stars far too remote for ordinary methods 
of bacon ger 
e stars of the Orion or helium type of spectrum 
stood out exceptionally. They did a shane in the 
stream motion, had in fact little individual or 
systematic movement; many of them were of 
enormous intrinsic brilliancy and probably lay 
beyond that part of the Universe generally con- 
sidered ; others tended to form moving clusters, 


which gave out diffused nebulosity of enormous 

extent (Orion and Pleiades clusters). The strangest 

result was connected with the study of their 

types. Stars had been a by their spectra in 
to be successive ages 

and stars of early types of evolution 


what astrophysicists believ 
of evolution, 
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had much slower motion than those of later stages. 
It seemed as if a star were born with no motion 
at all and gradually acquired a motion. 

Having given this outline of the Universe, 
Mr. Eddington proceeded to details. According 
to parallax measurements, a sphere of a radius 
of 95 billion miles (one million times the radius of 
the earth’s orbit roughly) seemed to contain 17 
stars, including our sun; a few members might 
be missing, but they could only be small. Those 
stars were rather tightly packed; 7 of the 17 
were double stars, possibly a high proportion ; in 
intrinsic luminosity they ranged from 48 times the 
luminosity of our sun down to ;Apth that value. 
Five of the 17 were more luminous than the suns. 
Stars as bright as 10,000 suns existed in space, 
but were probably very rare. Comparing the 
stars of this sphere with others, it would appear 
that stars of the M type were abundant, but faint, 
and stars of the Orion B type very rare, but pro- 
minent because brilliant; the frequency figures 
deduced from star catalogues were misleading. 
Parallax measurements did not carry the astronomer 
far out into the Universe; there were 300 stars 
of more or less trustworthy parallax, but that 
number contained many cases of es of 
0.1 second and less. In order to go beyond the 
limits of parallax measurements, the astronomer 
had to examine statistics of magnitude and motion. 
This brought out the crowding of stars near the 
Milky Way, partly accounted for by the lens shape 
of the Universe. A peculiar distribution rule had 
long been known. In an unlimited Universe the 
number of stars of one magnitude, e.g., the eighth, 
should be four times as great as that of stars of the 
next magnitude above, i.e., the seventh [the brighter 
the stars, the lower is the figure denoting magni- 
tude.} The star.ratio fell short of the theoretical 
value, however, at greater distance, especially in 
the polar direction of the galactic plane. Having 
given particulars of these statistics and of the work 
done by Schwarzschild, by Pickering, and at 
Greenwich (on the basis of Pickering’s photo- 
metric scale), Mr. Eddington turned to the ques- 
tion, where the Milky Way began. It probably did 
contain stars visible to the naked eye, even if the 
parallax was only 0.001 second. 

Passing to star streams, he thought that at 
least half a million stars belonged to the two 
streams. Those researches had been based upon 
star catalogues, and a great advance had last year 
been made by the appearance of the general cata- 
logue of Professor Boss. Mr. Eddington then 
indicated the way in which the directions of the 
two streams are determined ; it is an exceedingly 
laborious deduction, and the uninitiated might 
suspect that the computators were arguing in a 
circle. It is evident, however, that the stellar 
movements are not haphazard in all directions. 
The conversion of the angular motions into linear 
motions, the star distances being unknown, Mr. 
Eddington stated, required an integral equation 
for which Schwarzschild had given an elegant 
solution, which, unfortunately, became divergent 
on small provocation. When plotted on a globe 
the ‘two streams converged to two points, not 
diametrically —— one another, but 110 deg. 
apart. On the globe was also marked the solar anta- 
pex, the direction in which all the stars appeared to 
move in consequence of the solar motion through 
space. It was owing to this motion of the solar 
system that the favoured directions did not appear 
exactly opposite, as they would from an pen wre 
standpoint. Mr. i nm himself suggested two 
streams in really opposite directions. Schwarz- 
schild, he remarked, showed that this interpre- 
tation went beyond the actual observations, and 
proposed an ellipsoidal theory in which duality was 
not evident. J. Halm, of the Cape Observatory, 
had a three-drift theory. Neglecting the ulterior 
consideration, Mr. Eddington thought the dis- 
tinctions between those theories surprisingly small. 

Streaming in two directions, Mr. Eddington con- 
tinued, had now been detected in the radial motions 
by Hough and Halm and by Campbell. It was curious 
that the helium stars did not s in the stream 
motion, whilst those of the A spectral type, next 
to the helium stars in the order of evolution, 
showed the streaming in its purest forms. The 
anomaly might be explained by the great distance 
of these stars. As to clusters, Boss had pointed 
out that the Taurus cluster would appear globular 
in the distant future, whilst the stars of the Ursa 
Major and of the Perseus stream were, according 
to Turner, nearly in the same plane. According to 











Hinks all the globular clusters were found in one 
hemisphere. 

The most startling result of the most recent 
observations (long foreshadowed, however) was 
that stars of the later spectral type had larger 
motions than those of earlier types. In the Orion 
type the individual movement was only a third of 
what it would ultimately become. How was the 
individual motion to be accounted for? The assump- 
tion that stars were developed from a primordia] 
matter not subject to gravity was unwelcome and 
also unnecessary. Suppose a star were formed by 
lumping a the meteors or gases ofsome portion 
of space. If a thousand stars were lumped together, 
their individual motions might cancel, and the resul- 
tant super-star might be at rest; similarly, the 
motions might cancel ina single star. Mr. Eddington 
did not find difficulties in this view. It was more 
difficult to explain how the star acquired motion, 
and how clusters moving through space filled with 
stars not belonging to their system retained their 
equal and lel motion. . Eddington sug- 
gested, it was a necessary conclusion, that the 
forces which produced the individual velocities 
were nearly constant over large volumes of _— 
—i.e., large with regard to the distances from 
their neighbours. ‘That meant that the central 
gravitational attraction of the Universe, and not 
the casual interference of neighbours, had been 
effective, and it agreed with calculations. The 
nearest neighbour of our sun was a Centauri, on 
which the sun acted with a force which would take 
400 million years to produce a velocity of 1 km. 

r second. In close approach the velocity would 

mporarily be much greater ; but there would be 
a subsequent loss on receding, and the effect of 
such an encounter would only be a slight change in 
the direction of motion. 

On the other hand, a resultant force of all the 
matter of the Universe seemed adequate to produce 
stellar motion, though one might look for more 
definite traces of a central force and of radial move- 
ment. The Universe, of course, did not act as if 
it had a centre of gravity. A rough idea of the 
force could be gained from a comparison of light and 
gravitation. Both varied as the inverse square of 
the distance, and roughly the attraction towards 
any part of the sky might be measured by the total 
light of the sky at that part. That total light was 
estimated at 2400 stars of the first magnitude, and 
the total gravitation would probably bear the same 
ratio to that of a star of the first magnitude. Owing 
to the central position of the sun the pull was 
pretty uniform in all directions, and there was little 
resultant force, which would, however, be consider- 
able on an eccentrically placed star. According to 
another suggestion, due to Halm, the Orion stars 
were slow, not because young, but because they 
were heavy. A third possibility was that the great 
distance of the Orion stars was the cause. 

Coming to his conclusion, Mr. yng ote threw 
a picture of a spiral nebula with a bun-shaped 
centre on the screen—multitudes of such nebulz 
were known—as representing a great stellar system. 
The idea was old and had been revived by Gill. 
There was great force in it, though he was not con- 
vinced. In the first picture the nebula was seen 
edgeways, in another normally. The spiral nebula 
was always double; why matter was rushing in 
along the two branches (it might be rushing out) 
was not understood. But there was evidently a 
current of matter in one direction at one end, and 
in another direction at the other end. Towards the 
centre of the bun-shaped mass, the two currents 
would be in exactly opposite directions. The nebulw 
must be very remote on this theory; but there was 
recent evidence that the light from these nebule 
suffered enormous selective absorption, which had 
been taken to indicate enormous distances: Though 
all this was speculative at present, it opened up a 
magnificent vista of system beyond system, uni- 
verse beyond universe, in which the great stellar 
system of hundreds of millions of stars (which had 
formed the theme of his paper) would form an 
insignificant unit. 

In inviting discussion of this ‘‘delightful ” report, 
Professor Turner showed a model of the flying 
cluster of Ursa Major, to which R. A. Proctor 
had first drawn attention; it had been examined 
by Ludendorff, and Hertzsprung had afterwards 
shown that other stars, including Sirius, belonged 
to the same stream. 

Mr. A. R. Hinks, of the Cambridge Observatory, 
said that he had little to add to the masterly 
opening. As to terminology, the expression ‘‘bun” 
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for the central eupagation of stars did not seem | the absorption of light need not be the same in all| was at least a century old ; but it remained un- 
happy ; the irregularities in that aggregation were | directions had to be considered in this and other | warranted, and one could not follow up the steps of 
probably greater than Mr. Eddington had indi-| cases, Astronomers. like other people, wanted | the argument. A spiral nebula always appeared 


cated. It was premature to speak of only seventeen | some return for their labour, and observed stars of | much brighter near the centre and in the numerous 
stars in that sphere, since parallaxes had not been | large proper motion by preference. The grandiose | condensations along the arms ; but the better the 
determined in sufficient numbers; and the fact that | idea to represent the Universe as a spiral nebula photograph, the less marked the distinction between 
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the smooth nebulosity and the bright spots, and 
Mr. Hinks did not know of any dynamical reason 
for the supposed inward or outward movement 
along spirals. 

Mr. F. W. Dyson, F.R.S., the Astronomer 
Royal, emphasised the essential difficulty the want 
of knowledge of the distances of stars. The most 
reliable knowledge was derived from parallax deter- 
minations ; on that estimates of intrinsic luminosity 
could be based, which would simplify the inter- 
pretation of statistics referring to the magnitudes 
of stars. Lord Kelvin had, at the Glasgow meeting 
of 1901, calculated, supposing the total amount of 
matter in a sphere of radius 3.10! km. (at which 
distance the parallax would be 0.001 second) to be 
equal to 1000 million suns, the velocity acquired by 
a body, originally at rest at the surface of the 
sphere, after intervals of five millions and of twenty- 
five millions of years. The time of fall to the, 
centre would be about 25 million years, and the 
velocity acquired about 50 km. per second. This 
velocity was of the right order, and led astronomers 
to look to gravitation for the explanation of the 
peculiarities in stellar velocities. ere were, how- | 
ever, considerable difficulties to be overcome. Pro- | 
fessor Turner commented on the same difficulty con- | 
cerning general estimates of stellar motion: - Some 
stars would be coming up to the centre of attraction, 
others returning, and they would increase in speed | 
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as 








like comets approaching the sun, and decrease in 
speed afterwards. It was unfortunate that the 
general survey had not been commenced earlier; a 
ten or twenty years’ interval was very short. But 
they considered at Oxford that the portion near 
the sun was not ellipsoidal in the way indicated ; 
there seemed to be more stars in the polar direction. 
Mr. F. A. Bellamy, of Oxford, gave some particulars 
of this Oxford survey. They had examined 183 

lates after an average interval of 13} years. The 
i Father A. L. Cortie, S.J., of Stonyhurst, 
inquired about the manner in which Mr. Eddington 
computed his stream direction, and remarked that, 
according to Keeler, half of all nebule were spiral. 
It also seemed anomalous that the slower moving 
stream of the - should regen sp stars of later 
spectral t; . Perhaps the earlier types were not 
a mo F. J. AM. Stratton, of Cambridge, 
pointed out that the foreshortening, which would 
make clusters like that of Taurus finally appear 
as a nebula, would not show in stars moving 
in the direction of the axis. Professor Hilton 
inquired whether the furthest stars should not 
move most rapidly instead of those near the 
central portion. 

Mr. Eddington replied briefly. As regards the 
last question, the orbital motion of stars at t 
distance would be small, and the velocity which he 
meant resulted from the conversion of potential 








energy into motion, and would be large near the 
centre. 

In thanking Mr. Eddington for his interesting 
report, Professor Turner remarked that not the 
least merit of the discussion had been that it had 
been finished within the time limit of 1} hours. 


Sovak OBSERVATORY IN AUSTRALIA. 

Dr. W. G. Duffield, now of University College, 
Reading, for some time in Australia, secretary of 
the Committee on ‘ Establishing a Solar Obser- 
vatory in Australia,” urged the importance of this 
project, which had the strong support of Australian 
scientific societies and the Press, as well as of the 
British scientific societies. The Australian Govern- 
ment had promised to provide for the upkeep of the 
observatory, on the condition that 10,0001 were 

rivately collected for its equipment ; 40001. had 
mn subscribed. As members of the deputation to 
the Australian Premier when in London, Sir David 
Gill had emphasised the unique position of the con- 
templated observatory which was required to fill up 
the gap in longitude before the complete scheme of 
solar research could be effected, and the Astronomer 
Royal had dwelt on the excellent climatic condi- 
tions and on the high value of such an observatory 
for the promotion of science in Australia. The 
British Association, we may add, renewed its grant 
of 501. to this committee. On the invitation of 
Professor Turner, the Rev. Father Cortie, 8. J., who 
had ave | returned from Australia, made a few 
remarks. He inquired whether the projected site at 
Yass Canberra was really the best, taking altitude, 
water supply, and all features into consideration. 


Tae Recent Ecuipse. 


Two brief communications on ‘‘The Recent 
Eclipse” were made, the one by Mr. J. H. Worthing- 
ton, who was given precedence, as he had to leave, 
the other by Father Cortie. Mr. Worthington spoke 
more on the history of the oF peony. Father 
Cortie chiefly on the results, which were explained 
by photographs. The British Government expedi- 
tion, the French expedition, the Australian expedi- 
tion, and Mr. Worthington’s expedition had all 
had their stations on a bay on Vavau (Tonga 
Islands), the extreme stations being about two 
miles apart ; they had all been rather unfortunate 
as to weather, but the luck had increased in the 
order stated. The special objects of the British 
expedition had been the ere study of 
the corona and its streamers, and in particular of 
the ultra-violet spectrum of the corona. Mr. 
Worthington had used exposures of 4, 8, 24, 
40 and 200 seconds; the time available for the 
study of the corona was 217 seconds, and Father 
Cortie and Dr. Lockyer had lost two minutes 
of that time by bad weather. The eclipse had 
made its own clouds, and the humid atmosphere 
had blotted out the ultra-violet rays. The corona 
had been decidedly of the minimum type, as in the 
case of the three preceding eclipses, occurring, at 
eleven-year intervals, in 1900, 1889, 1878, th 
to the eye and to the camera; this recurrence of 
the type indicated that the coronal atmosphere was 
non-continuous. Father Cortie had been very 
successful in one respect ; with his prismatic camera 
he had secured a photograph of the red end of the 
flash spectrum, and had for the first time obtained 
the Ha line in an eclipse photograph. He also 
exhibited the photographs of the Australian expe- 
dition. 


Tue Raptation Propuctna AuRoR«. 

Mr. L. Vegard, of Southsea, explained, in his 
paper on ‘‘ The Radiation Producing Aurora 
Borealis,” that he had started from the view advo- 
cated by K. Birkeland that the sun sent out electric 
radiations which caused aurore and the magnetic 
disturbances. He had attempted to determine the 
physical properties of these rays, and he concluded 
that a rays would produce such effects, whilst there 
would be serious difficulties with regard to 8 rays. 
His deductions were based upon the observations 
and experiments of Birkeland and their mathema- 
tical analysis by Stormer, upon aurore records 
from Greenland, and upon the radiation curves of 
Geiger, Bragg, and others; Mr. Vegard did not 
say that he had himself studied aurore. Two types 
of aurors, he pointed out, might be distinguished ; 
the one was characterised by radial streamers some- 
times coupled with a coroua; the other, drapery, 
type recalled the appearance of curtains hanging 
down in more or less straight folds or taken in below 
atthe hem. When arays were shot out into the 
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air, their ionising power increased to a certain 
maximum and then fell off very rapidly to zero. 
The relations between range and velocity suggested 
that a rays would, in the terrestrial atmosphere, be 
stopped at a height ranging from 70 km. to 300 km., 
which was the interval observed for most auroral 
forms. The arays would also strike the atmosphere 
at about 17 deg. from the magnetic axis which gave 
the right position of the zone in which aurorz were 
most frequent. Whether or not a positive charge 
of the rays, which produced ionisation and thus the 
luminous auroral effects, would explain the diurnal 
maxima and minima, which differed at different 
localities, was not yet certain. But Stormer’s 
calculations of the deflections which particles should 
undergo when approaching the magnetic field of 
the earth seemed to account for the thin drapery 
bands. The equidistant bands suggested that the 
radiation consisted of homogeneous groups starting 
under equal initial conditions. Such radiations 
necessary for the formation of parallel bands would 
be present if the sun contained a radioactive sub- 
stance and its various disintegration products. The 
parallel bands would give a kind of magnetic spec- 
trum of a rays characteristic of the radioactive sub- 
stances in the source ; Mr. Vegard exemplified this 
by showing radiation curves from radium, polonium, 
thorium, &c. 


MaGnetic OBSERVATIONS AT FALMOUTH 
OBSERVATORY. 


In presenting the report of the Committee on 
‘*Magnetic Observations at Falmouth Observa- 
tory,” Dr. W. N. Shaw, F.R.S. (Secretary of the 
Committee), made a warm appeal to the Section to 
support this important work, the continuation of 
which was seriously threatened. The work was 
maintained by grants from the Royal Cornwall Poly- 
technic Society, from the British Association (251. 
were allowed at Portsmouth), and an annual Govern- 
ment grant of 1001. But regular magnetic observa- 
tions at Eskdalemuir had been carried on since the 
beginning of this year, and the Falmouth allowances 
might be stopped. The first-mentioned Cornwall 
society, which had built the observatory in 1868 
and maintained it as a first-order magnetic station 
since 1887, relied on an annual contribution of 2501. 
from the Meteorological Office. The Committee 
recognised the importance of having a magnetic 
observatory in the South of England, undisturbed 
so far by electric tramways, which had forced Kew 
mate to emigrate to Eskdalemuir, especially as the 
‘almouth Observatory was directly available for 
comparisons with observations made at sea. Of the 
report itself we only mention that the suspension 
of the horizontal force magnet, which had been in 
use since 1891, broke last October, so that a few 
days of horizontal force records were lost. 


SEISMOLOGICAL INVESTIGATIONS. 


Mr. John Milne, F.R.S., restored from the illness 
which prevented his attendance last year, gave a 
far too short report as Secretary of the Committee 
on ‘*Seismological Investigations.” It was the 
sixteenth report of this Committee ; but the seismo- 
logical work of Mr. Milne and the British Associa- 
tion began 48 years ago. Mr. Milne was able to 
announce the installation of many new instruments 
and the enlistment of official and private co- 
operation in the British Colonies on both sides of 
the Atlantic ; he also drew attention to the seismo- 
logical section which he had organised in the Shep- 
herds Bush Exhibition. The Central Bureau of the 
International Seismological Association at Strass- 
burg offered to test instruments, free of charge, in 
the case of countries belonging to the Association. 
Reverting to Professor Turner’s address and cata- 
logues, he explained how he had learnt from a study 
of his catalogues that in 77 per cent. of 14,000 
earthquakes (leaving the unimportant British earth- 
quakes out) one earthquake seemed to originate other 
disturbances which might be of greater intensity 
even than the parent, one megaism causing a relief of 
seismic strains throughout the world. Earthquakes 
occurring in widely separated districts frequently 
occurred in groups, and as the different waves 
P,, P,, P; . . . travelled at different speeds and 
might reach the same point by having travelled 
in two directions round the earth, the phenomena 
were very complex. The records of the Guatemala 
earthquake of 1902, for instance, Mr. Milne showed, 
had all been referred to Guatemala as the origin, but 
might have had secondary origins, and such ques- 
tions became of practical importance when it was 
to be decided whether fires accompanying an earth- 


quake had or had not broken out before the distur- 
bances. Earthquakes were more intense after long 
periods of rest; forty days constituted a long 
_ of rest, and earthquakes apparently did not 
ike to cross the Equator, perhaps, because the 
earth was, according to Hecker, stiffer east-west 
than north-south. The report embodied analyses on 
the synchronism of seismic activity and catalogues 
of earthquakes by F. M. Walker, by F. H. Reid 
(United States and Dependencies since 1663), 
H. Hope-Jones, of Lima (Peru and North Chili 
since 1578), and Mr. Milne’s detailed list for the 
period 1899 to 1903. 

Special sections dealt with the sensibility of 
smoked-surface records, which fail to register before 
a certain amplitude of motion of the writing levers 
is obtained, and with tidal loads and other subjects. 
At Ryde, Mr. Milne had installed one of his instru- 
ments in a cellar with a concrete floor, 12 ft. below 
ground, 138 ft. from the sea wall. There a 10-ft. 
tide produced a deflection of 0.85 second of are, 
while at Bidston a 10-ft. tide gave a deflection of 
0.2 second only; the rocks of the bed of the Solent 
seemed to be more yielding than the Bidston rocks, 
and the flatness of some of the curves seemed to 
indicate that, from time to time, the water remained 
high or low for several hours. Other tidal load 
curves had been obtained in the Pennsylvania Rail- 
way tunnels under the Hudson River by Mr. Forgie. 
Tubes were sunk to a depth of 200 ft. beneath the 
tunnel bed down to the solid rock ; a 2-in. iron rod 
passed down each tube, the rod being firmly fixed 
in the rock, and passing through a stuffing-box at 
the top. Assuming that the rock ond rod remained 
stationary, the magnified relative movements re- 
corded would indicate that the tunnel bed rose and 
fell with the superincumbent tidal load in regular 
curves which corresponded in time with the records 
of the tidal gauge in the river. Loads passing 
through the tunnel set up a wave, a depression 
beneath the load, and a rise 200 ft. in advance of 
the load. 

The report also mentioned experiments, made since 
June, 1910, with a horizontal pendulum at Sandwell 
Park Colliery, in a chamber 1960 ft. below ground, 
by Mr. J. J. Shaw, of West Bromwich ; Mr. Shaw 
spoke of them during the discussion of the report. 
The chamber was lined with several feet of concrete, 
but the traffic passed near it, there was blasting, and 
water was pumped from a sump 100 ft. distant every 
night. Thus the boom was constantly disturbed, and 
the pendulum was, therefore, shifted to a new colliery 
at Baggeridge, near Dudley, where it was put up in 
a cul de sac, concrete-lined, 100 ft. from the traffic, 
at a depth of 1800 ft. As in Bromwich, the boom 
tended to wander in the direction of the dip, which 
was towards the west, and had been towards the 
east at Bromwich. Even at considerable depth, 
it resulted, observers would not be immune from 
continual changes in level. In order to record 
earthquakes down in the pit the rate of the film was 
accelerated to 12 in. per hour, but no great earth- 
quakes had so far been recorded. The saline atmo- 
sphere had corroded the instrument, until the 
connection between the style of the boom and the 
multiplying lever was made by a small pendulum 
of shellac and a quartz fibre. 

Mr. Milne also communicated a paper by Mr. F. 
Napier Denison, of Victoria, British Columbia, on 
‘** Horizontal Pendulum Movements in Relation to 
Certain Phenomena.” Observing the exact position 
of the boom every day at noon, he found that the 
movement was towards the side of the greatest 
barometric pressure, and this frequently commenced 
before the local barometer indicated the change. 
There are also a marked semi-annual and an annual 
movement, and earthquakes and colliery explosions 
were rarest when this curve deviated but little from 
its mean path. A pendulum 979 ft. below ground 
behaved similarly to one on the surface. Although 
temperature, barometer, tidal loading, and local 
forces would affect these curves, Mr. Denison sug- 
gested that the curves partly represented the pre- 
sence of slow earth strains, which were pronounced 
at Victoria, because it was situated on a great line 
of weakness. Professors Perry and Turner after- 
wards agreed with Mr. Milne that a continuation of 
those experiments was very desirable. 


SotarR AND EartHquake Cycies aND RaInFALL. 


In a paper on ‘“‘The Solar Cycle, the Jamaica 
Rainfall, and Earthquake Cycles,” also read by Mr. 
Milne, Mr. Maxwell Hall had tabulated sun-spot 
maxima and minima, the rainfall of Jamaica and 





since 1870 with the object of establishing certain 
periodicities, such that according to which earth- 
quakes should follow sun-spot maxima within two 
years, 


PERIODOGRAMS OF EARTHQUAKE FREQUENCY. 


Professor H. H. Turner communicated a ‘‘ Note 
on the Periodogram of Earthquake Frequency from 
Seven to Twenty Years.” The catalogue recently 
edited by Professor Milne, he said, made it possible 
to examine the periodogram, and as the methods of 
Professor Schuster were not generally known, and 
were capable of a variety of forms, he gave enough 
of the detail to enable others to apply the method. 
The note was restricted to the portion from seven 
years to twenty years. The process is very laborious, 
but Professor Turner could state with tolerable 
confidence that no period of from seven to twenty 
years existed ; that would rule out the so-much- 
quoted sun-spot period of eleven years and the 
lunar nodes of nineteen years. With regard to the 
paper by Mr. Maxwell Hall, Professor Turner 
remarked that those coincidences were accidental. 

In the general discussion of these communications 
on seismic and allied phenomena, Mr. Milne in- 
formed the Rev. J. Gill, S.J., that reports on these 

henomena were issued every three years by the 

nternational Association at Strassburg. Father 
Cortie pointed out that any relations between sun- 
spots and other phenomena should, of course, be 
universal, and not local. Mr. J. J. Shaw (already 
referred to) said that one object of his experiments 
had been to separate the lunar attraction from 
other sources, as Hecker had done in Germany ; 
but the attempts appeared hopeless in pits. 
Hecker had informed him that he had experienced 
similar trouble even at a depth of 3000 ft., whilst 
another installation of much smaller depth was 
hardly disturbed; hence the disturbances were not 
universal a. but dependent upon certain 
conditions of the strata, probably a gradual slipping 
of one stratum upon another. As regards the flat 
tidal curves mentioned by Mr. Milne, Mr. Shaw 
thought that the water lagged due to a double tide, 
one up the Solent and one up Spithead. Professor 
Perry had suggested the possibility of fatigue in 
the rocks ; in support of that view Mr. Shaw said 
that the observer’s own weight disturbed his instru- 
ment, and that fully an hour elapsed before the 
trace quite recovered. Mr. R. D. Oldham, of 
Shawford, Hampshire, remarked that it was a 
common occurrence in mines that the floor rose up, 
and seismographs would naturally tilt in the one or 
other direction, unless instruments of the Gallitzin 
type were used. Mr. W. E. Rolston, of the Solar 
Physics Observatory, South Kensington, said that 
he had tried experiments in a mine with a Milne 
seismograph years ago, and had found that local 
shakes and the settling of the floor made it impossible 
to register any but the greatest earthquakes. There 
had been audible movements in the superposed 
strata, and the pressure was so immense that the 
three-brick arch of the main way had its upper two 
layers crushed to powder at the end of three months; 
the arch had been rebuilt quarterly, and on chipping 
out the face layer the powder of the upper layers had 
fallen out. The merely local movements in a por- 
tion of the earth’s crust recently cut through would 
be fatal to the working of a seismograph. Professor 
John Perry remarked that he was exceedingly 
interested in hearing of these crushed bricks ; he 
had imagined such effects, but had not been able 
to obtain evidence of them. 


Great Bounpary WAVES. 


Professor Otto Pettersson, of Steckholm, made a 
brief, but important, communication on ‘Great 
Boundary Waves, Parallactic Tides Set Up on the 
Bottom Layers of the Sea by the Moon.” He 
brought the same subject before the Geographical 
Section, E, with special regard to the herring 
fishery. He said that a prominent feature in 
the hydrographic state of the eastern side of the 
North Sea, the Skagerack, Kattegat, and the 
Baltic, was the stratification of the water in layers 
of different origin, distinguishable by differences 
in temperature and salinity. The boundary be- 
tween two layers could, as a rule, be located with 
considerable accuracy by means of floats, copper 
vessels containing half a ton of water witha vertical 
indicator rod attached, and the currents be studied 
with the aid of an automatic registering water-gauge 
and a current-measurer, used from a pier or an 
anchored ship or bridge; these instruments—which 
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Co., of Stockholm, and they give photographic | 
records every half hour for fourteen days. he | 
study of these changes conducted between Skagen 

north point of Jutland) and Born6, suggested a 

train of big boundary waves which seemed to 

originate in deep water, as the surface water entered 

or left the fjord whenever there was a subsidence 

or upheaval of the deep water. The move- 

ments were probably tidal seiches, movements 

of the water of a limited basin, caused by the pas- 

sage of the oceanic tidal waves over its threshold. 

A ridge at the entrance of the bay was essential ; 

tank experiments suggested that the original 

tidal wave was modified by its impact upon a sub- 

marine ridge. There were small boundary waves 
of two or three days’ period, and large waves of 
thirteen or fourteen days. The latter corre- | 
sponded in their period with the position of the 
sun and moon; the regular train of waves began 
with the autumnal equinox and ended the follow- 
ing April, the biggest wave occurring when the 
earth was in perihelion ; and the phases, declina- 
tion, and distances of the moon had influence. The 
interesting features are the observation of a semi- 
lunar period of fourteen days, and the fact that 
these waves do not show on the surface of the sea, 
but are only noticeable in the deep water ; why 
the waves are not observed during summer has not 
so far been explained by the observations, which 
extend over 24 years. 


Tue Eartu as A Raptator. 


Professor W. J. Humphreys, of the Research 
Staff, Mount Weather, Virginia, U.S., presented 
a very interesting paper on ‘‘The Earth as a 
Radiator.” Since climates were not at present 
growing perceptibly colder or warmer, he pointed 
out, the total amount of heat received by the earth 
during the course of a year must be substantially 
equal to the amount lost through radiation. But 
this did not hold for limited areas. The rate of 
gain was very variable, and ranged from zero to 
2 calories per minute per sq. cm.; the instan- 
taneous maximum was on the southern tropic. 
The rate of loss was more regular than the gain, 
owing to the storage of heat in the soil, air, and 
water, and because of the latent heat of fusion 
and evaporation. A considerable amount of heat 
received in a warm district was entrapped and 
carried to colder portions of the earth, where it 
was radiated into space. The nature, height, and 
distribution of the clouds were important factors 
in these considerations. The low-lying clouds of 
high latitudes were below the radiating level, while 
the very high clouds of the tropics were above it ; 
on account of the strong absorption of waves of 
great length by water vapour, the clouds allowed 
solar radiation to enter, but prevented loss of 
radiation from the earth. In the isothermal 
layer radiation alone was the controlling factor. 
The temperature of the isothermal layer was now 
known for many localities, and it was hence pos- 
sible to compute the absolute intensities of the 
earth’s radiation for different latitudes. Assuming 
that these intensities varied as the fourth powers 
of the temperature of the isothermal layer, Pro- 
fessor Humphreys calculated the following table 
for the outgoing radiation in gramme calories per 
sq. cm. per minute :— 





; deg. | deg. deg. | deg. | deg. deg. 
Latitude ..| 0-10 10-20 20-30 30-65 | 65-70 70-90 
lutensity ..) 0.26 | 0297 | 0.31 | 0.34 | O31 | 0.27 

| 








As a radiator, the equatorial zone was the least 
eftective. 


Tue VerticaL Distrrution or WaTER Vapour. 


Professor Humphreys’ second paper, on ‘‘ The 
Amount and Vertical Distribution of Water Vapour 
on Clear Days,” concerned the general aspect of 
the same problem. It was important, he explained, 
for anyone using a bolometer or pyrheliometer to 
know the approximate amount of water vapour 
through which the radiations reaching his instru- 
ment had passed. To determine this value, he had 
examined the records from 74 balloon flights, 
manned and unmanned, on clear days. The amount 
ot water vapour per unit volume seemed to decrease 
with altitude in an approximately geometric ratio, | 
and the thickness of the layer of water that would | 





thickness of the water layer in millimetres, and e 
the partial pressure of the vapour in millimetres 
of mercury. The resulting figure was about 13 per 
cent. smaller than the average of Hann (of Vienna) 
for all kinds of days, which had so far been used in 
bolometric work. 


INVESTIGATION OF THE Upper ATMOSPHERE. 


The tenth report of the Committee on ‘‘ The 
Investigation of the Upper Atmosphere,” which 
works in conjunction with a committee of the Royal 
Meteorological Society, was read by its secretary, 
Mr. E. Gold, M.A. It stated that during the 
international ascent week, August 7 to 13, 1910, 
thirty-one balloons were liberated in the British 
Isles, nineteen of which were recovered. Successful 
ascents had also been made on these and other days 
by Captain Ley at Oughterard, in Western Ireland, 
and from Mungret College, Limerick. The curves 
of height and temperature obtained during these 
ascents all agreed in their main features. Disre- 
garding certain local irregularities close to the 
ground, the temperature fell steadily up to a height 
of about 12 km.; then the temperature fall was 
checked ; the temperature either remained sta- 
tionary or it actually rose again in this isothermal 
layer ; there was hardly any further change in the 
temperature beyond 14 km. up to the maximum 
heights reached, 17 km. and 21 km. in two of the 
Limerick ascents of the past summer. The tem- 
perature reversal might amount to 5 deg. or 6 deg. 
Cent., and it was assumed that in the highest strata 
the radiations, upwards and downwards, finally 
balanced one another, tending to a definite tem- 
perature. The lowest temperatures observed in 
Ireland, just before entering the isothermal layer, 
were 212, 213, 216, 217 deg. Cent. absolute, about 
60 deg. Cent., or 108 deg. Fahr., below freezing 
point, starting from about 290 deg. Cent. absolute 
or 17 deg. Cent. (62.6 deg. Fahr.) on the ground. 
Pilot balloons being thought desirable in addition 
to registering balloons, a special theodolite was 
designed for the work ; this theodolite was exhibited 
by Dr. W. N. Shaw, together with ‘‘ Models Repre- 
senting Air-Currents up to a height of 9km., based 
upon Pilot Balloon Observations.” The peculiar 
changes in the direction of air currents have been 
noticed by us on other recent occasions. 

A paper on ‘‘ The Planetary Circulation in the 
Atmosphere ” was read by Dr. H. N. Dickson, of 
Reading. 

CLASSIFICATION OF CLIMATES. 

Mr. J. I. Craig, of the Egyptian Meteorological 
Service, made a very interesting communication, on 
behalf of Dr. John Ball and himself, on ‘‘ The Use 
of Diagrams in the Classification of Climates.” 
Dr. Ball, he explained with the aid of many slides, 
plotted two of the chief meteorological elements— 
so far, temperature and humidity—on rectangular 
co-ordinates. Means for the different months then 
gave polygonal figures or curves, sometimes fairly 
regular, sometimes quite irregular, which at once 
told the inquirer what kind of climate he had to 
deal with. The trend of the curve was generally 
clockwise, but it might be anti-clockwise. The 
two slopes of the Alps near the St. Gothard ; 
Helwan, near Cairo ; Taschkend, in Central Asia ; 
Ascension Island; San Francisco; Sacramento, 
&c., indicated well-marked types of different 
climates—dry and wet, moderate and extreme, 
Continental, insular, and the influence of altitude 
could be recognised in diagrams from Lucerne and 
the Rigi Kulm. Other diagrams from Khartoum, 
Darjeeling, &c., illustrated the influence of the 
monsoons ; Davos and Toronto gave regular, very 
similar, overlapping diagrams, Toronto apparently 
enjoying a similar, but more extreme climate. 
That Moyolla was altogether too damp, and Death 
Valley far too dry, could be seen at a glance, and 
Mr. Craig thought that these diagrams would be 
useful to farmers and be appreciated in guide-books. 
Mr. Craig was fully aware, of course, that the 
climate did not depend only upon temperature and 
humidity. Professor Turner, Mr. Gold, Father 
Cortie, and others, welcomed the method ; Mr. 
Gold remarked that the people might be trained to 
examine simple diagrams ; tables of figures were 
useless to them. 


Tue Lasrapor CURRENT. 
Commander M. W. C. Hepworth, C.B., R.N.R., 


result from a condensation of all the water vapour | contributed a paper on ‘‘ The Effect of the Labrador 
in the atmosphere above a given level, whatever |Current upon the Surface of the North Atlantic, 
the season, on cloudless days, might be expressed | and of the latter upon Air Temperature and Baro- 


by the equation d= 2e, where d indicated the , metric Pressure over the British Isles,’ 








’ a continua- 


tion of his studies on the trade winds. The Labrador 
current, he pointed out now, was the most potential 
cause modifying the Gulf Stream influence in the 
North Atlantic. In the years 1903 and 1907, the 
increased activity of this current, evinced by an 
increase of ice in the North-Western Atlantic, had 
lowered the surface temperature in the North 
Atlantic, made the British Isles colder, and raised 
the air pressure; this was shown by comparing 
data from Valencia, Sunburgh Head, and North 
Shields, and the correlations were well marked, 
particularly in 1903 and 1906. 


Tue THUNDERSTORMS OF JULY 28 anp 29, 1911. 


Dr. W. N. Shaw, F.R.S., showed by a large 
number of diagrams how the thunderstorms of 
July 28 and 29 had been studied at the Meteorolo- 
gical Office. It was an instructive exemplification 
of the correlation of the meteorological elements, 
well worth a detailed examination. The British 
Isles were on a low-pressure area (or a “low,” 
as it is now generally called, after the American 
fashion), with highs on both sides; the general 
wind was easterly to start with, and changed into 
southerly, while the storm advanced in a curved 

th from the south-west of Ireland. One of the 
interesting features was that with the squally 
storms advancing from the south-west the micro- 
barograms marked a sudden peculiar rise in a kind 
of M curve, while with storms from the north- 
west the barogram change had somewhat the shape 
of a square root symbol, ,/~ 

Two papers by Mr. F. Stratton, on ‘‘ Possible 
Relations between Sun-Spot Phenomena and the 
Planets,” and on ‘‘An Unusual Type of Meteor 
Observed at Portsmouth, August 31, 1911,” were 
finally taken as read, after being twice postponed, 
owing to the author's unavoidable absence. 


(To be continued.) 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, September 13. 

STEEL manufacturers, when they can induced to 
express a frank opinion, say that the margins in steel- 
making are below legitimate limits. hey see no 
present signs of improvement as to margins, but they 
recognise the strong probabilities of expansion of 
business, which, however, does not necessarily mean 
wider margins until demand approaches more nearly 
productive capacity. This is in sight in the case of 
the Republic Iron and Steel Company, which for a 
short time past has been operating at 90 per cent., 
which is about 10 per cent. more than the other large 
concerns aredoing. All the blast-furnaces of this com- 
pany are in operation. The greatest competition for 

usiness comes from what is known as the Chicago 
district, which embraces nearly all the north- 
west. Competition for business has reduced margins 
very low, and while there has been quite an expan- 
sion of demand, business is done at unsatisfactory 
margins. Business in all kinds of wire has been 
improved by a cut of 1 dol. per ton for delivery 
this year. The demand for wire has been held 
up in expectation of such a cut. The tin-plate 
trade continues to enjoy its healthy run of orders, 
notwithstanding the closing up of demand which comes 
from the canning industry. To compensate for this 
the export demand has very largely increased, and the 
excess of export business this year over last is in the 
neighbourhood of 100,000 tons. The mills have enough 
work to keep them running quite steadily until winter. 
The latest | Ann tin-plate order comes from Cuba. 
The Erie and the Pennsylvania railway companies are 
soon to be in the market fora very large number of 
freight-cars, and this business is anxiously awaited by 
the builders. During the past week car contracts 
amounted to 1600. The Western Maryland Railroad 
will soon contract for 1500 cars, and the Wabash Rail- 
road, which asked figures on 2000, has withdrawn 
the inquiry for the present. There are fewer idle 
cars in the country than at any time for years. 








Tue Junior InstTITUTION OF ENGInrers.—Commen- 
datore G. Marconi, D.Sc., LL. D., has been elected Presi- 
dent of the Junior Institution of Engineers, in succession 
to Sir J. J. Thomson, F.R.S. 





Lonpon Scuoot or Economics.—Particulars .of lec- 
tures and classes on railway and cognate subjects, to be 
held during the session commencing on the 5th prox., 
have been received from the London School of Economies 
and Political Science, Clare Market, poy w.c. 
Both elementary and advanced lectures will be delivered 
in such subjects as rates and fares, organisation, economics, 
law, accounting, &c. Full particulars of these and other 
courses of lectures, together with information relating to 

izes and scholarships offered by the school and the 

niversity of London, are given in the cale: , & Copy 
of which can be obtained from the Secretary, price 1s. 44d., 
post free, 
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80-CWT. ELECTRIC “BARRY” SINGLE-BEAM TRANSPORTER. 
CONSTRUCTED BY MESSRS. STOTHERT AND PITT, LIMITED, ENGINEERS, BATH. 






































= 2'o% -- 





LANDING 2 ‘MAGNET WIRES 


-243° ---—— 


BRAKE TREAOLE 
FOR J18 GEAR ~~ 


PLATES 


P 


MOIST CONTROL 
"] araxe 


—---—------—-—-—--4-—-- § 10 


FOR 
INDICATOR 


On 314 and of our eighty-seventh volume 
we described and illustrated a ‘‘ Barry” single-beam 
transporter, the success of which has been such that 
since it was delivered a number of them have been 
installed. That they should prove very useful for | 
many situations is not surprising, as they possess some | 
distinct advan over ordinary types, the chief of | 
these, perhaps, being that with them the load can be 
taken round oorners, and that the track can, if 

uired, be inclined. 

ix of the latest of these transporters have been 
constructed by Messrs. Stothert and Pitt, Limited, of 
Bath, for the Japanese Government, one of them being 
illustrated in aon on page 382, and by line! 

wings on and on this page. This trans- | 
is in principle exactly like the one we previously 


dra 
Sesoribed, 80 far as the arrangements for lifting and 
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CONSTRUCTED BY MESSRS. JOHN FOWLER 


50-HORSE-POWER OIL TRACTION-ENGINE. 


AND CO. (LEEDS), LTD., ENGINEERS, LEEDS. 
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travelling the load in and out are concerned. There | 


is, however, the difference that at the bottom of the| 
tower there is a tilting platform which can be raised 
up so as to allow room for railway trucks to pass | 
between the legs of the tower, or it can be removed 
altogether. An inclined plane can be used for trans- 
ferring goods from the shed to the platform, as shown 
in Fig. 2. The jib is hinged so that it can be raised in 
order to clear the masts of ships, &c. 

The transporter is capable of dealing with loads up 
to 14 tons at an outreach of 45 ft. from the centre 
line of the runway track, and there is a clear height 
under the runway beams of 40 ft. from the rail level. 
‘The framing is built up of rolled-steel sections rigidly 
braced together, the design being such that there is 
ample stability under all conditions of working. As 
before stated, the cantilever boom is hinged, the hinge 
being at A, Fig. 2, a distance 12 ft. 8 in. from the 
centre line of the machine, and the boom can be lifted 
up until it rests against two stops B, when it will clear 
any shipping a alongside the quay. The plat- 
form is shown at C, Figs. 2, 3, and 4, and will admit of 
the passage of trucks when turned up. It is covered 
with chequered plates, and is capable of carrying a 
distributed load of 15 tons. The whole of the trans- 
porter can travel along parallel to the quay by means 
of mechanism actuated by winch-handles, seen in 
Fig. 2, through which power is transmitted through 
gearing to the wheels. 

The machinery for working the transporter is fixed 
on cantilevers at the back end of the tower, and 
is housed-in, as sbown in our illustrations. This 
machinery consists of the gearing for hoisting and 
traversing the load, for raising the front portion of 
the cantilever or boom, and & raising the hinged 
platform at the base of the tower; details of the 
arrangement being shown in Figs. 5, 6, and 7, opposite. 
Independent barrels are provided for hoisting the 
hinged boom and the platform (these being shown at 
D and E, Fig. 6). 

_ The hoisting and traversing motions consist of a 
jenny H, Fig. 2, carried on four cast-steel wheels, and 





| lifting-drum is endless and spliced, an 





runring on the boom. In this jenny there is a crab 








© 


which is actuated by the hoisting-rope shown. The 
hoisting-chain es over a sprocket-wheel (which 
really forms the lifting-drum in the jenny), and the 
loose part of the chain as it is drawn up is wound on a 
drum contained in the jenny. The rope actuating the 

dis kept in fight 
but definite tension byaweight I, the tension being only 
necessary to give the required grip on the sheave J of 
the driving-winch, as shown in Fig. 6, and on the wheel 
of the jenny. The rope for traversing the load is 
practically endless also, because both ends are secured 
to the jenny, one end being fixed to the front end of 
the jenny-frame, from which it is passed over the pulley 
at the nose end of the cantilever, then by lead off 
pulleys to the driving-sheave K on the winch, and from 
there round pulleys of the tension device, and returnin 
to the jenny, where it is finally coiled round a smal 
drum which actuates the storage drum of the hoisting- 
chain. The machinery for +o the lifting and 
traversing motions is self-contained on a bed, as shown 
in Figs. 5, 6, and 7. 

The hoisting motion is connected to the motor L, 
as shown in Figs. 5 and 6, by spur-gear, and to the 
traversing motion by a friction-cone device. This 
friction-cone device cannot be seen in the illustration, 
being enclosed in the Dog N and O. The driving- 
sheaves are placed side by side, and are so designed 
that the drive is transferred from oneto the other with- 
out shock. The two sheaves J and K can be clutched 
together so that they revolve as one, and the jenny 
travels in either direction, carrying the load, If, how- 
ever, the traversing rope drum is held still (by means 
of the braking device) while the other wheel revolves, 
the load will be hoisted or lowered. The braking device 
for the traversing gear consists of wood blocks secured 
to a circular plate cast to a sliding sleeve, which latter 
is feathered in a pedestal to prevent twisting. The 
sleeve drives a disc which bears on a nest of springs, 
the springs being strong enough to give the necessary 
frictional resistance to hold the jenny when hoisting ; 
and when put further into gear by a hand-lever the 
driving-drum is coupled up for racking. The arrange- 
ment is contained inside N and 0. At M, Figs. 5 








and 6, there is a Hoffman ball-bearing, which takes the 
pressure on the adjustable collar of the disc. The end 
thrust on the hoisting or traversing shaft transmitted 
by the driving-cones is also taken by a ball-bearing. 
The arrangement of the various brake-levers is shown 
in Fig. 6. 

The hoisting and the traversing gears are worked by 
the lever shown on the right hand of the engraving, 
Fig. 7, its action being as follows :—When it is 
moved in one direction the cone disc T couples the two 
sheaves J and K, so that they revolve together. The 
ratio of the — of the traverse over that of the lift 
is as 6 to 1. hen the lever is moved in the opposite 
direction, the traversing cone is disconnected from the 
lifting-cone, and is held by a cone fixed on the slidin 
sleeve U. A holding-brake with a foot-treadle P, Figs. 
and 7, is provided for the hoisting gear, and, in 
addition, there is a solenoid brake R provided, which 
comes into action in case the current fails. 

The gear is driven by a reversing-motor, the speed 
being regulated by the controller 8. The traversing 
can be performed at any position in the height of the 
lift, and the load can be hoisted or lowered at any 
point in the boom. The change of motion from lift- 
ing to traversing, or vice versd, can be performed at any 
moment. A plain hook is used on the hoisting-chain 
without a pear weight, as a weight is found to be 
not necessary. The speed of hoisting can be regulated 
up to the maximum of 200 ft. per minute, and the 
racking up to 1200 ft. per minute. 

The jenny is made A peer plates and angles, rigidly 
braced together, and runs on four cast-steel wheels, 
keyed to axles revolving in bearings on the jenny- 
frame. A pulley and storage drum are contained in 
the jenny, the drum being capable of receiving ,',-in. 
diameter chain; it has a storage a. sufficient 
for a total height of lift of about 60 ft. The lifting 
cup-drum on the jenny is connected to the bevel spur- 
wheel and the driving-pulley connected to the bevel 
pinion. The ratio of the gear between the rope-driven 
pulley and the cup-drum is 6 tol. There is a cast- 
steel chain guide on the lower portion of the jenny 
which may be seen projecting in Fig. 4. This guide 
prevents the chain from twisting or getting across. 

The motor L is of 25 brake horse-power, of the 
enclosed ventilated type, suitable for three-phase cur- 
rent, 60 cycles, 200 volts, and is fitted with reversible 
controller and metallic resistances. A switch with 
fuses, pilot lamp, &c., is provided in the driver's cabin. 
There are two cargo lamps on the jib, one at the nose 
and the other at the inner end, as well as a sufficient 
number of incandescent lamps in the driver’s cabin. 
The winding-drums for raising the boom and the plat- 
form are put in and out of gear by means of clutches. 
The driver’s house is of galvanised corrugated sheet- 
ing, carried on a steel framing. All the shafts are of 
steel, and are machined where necessary, and all the 
bearings are bushed with gun-metal and have efficient 
means of lubrication. 





50-HORSE-POWER OIL-TRACTOR. 

On this page, Fig. 1, and on page 390, Figs. 2 to 8, we 
illustrate a powerful oil traction-engine recently con- 
structed by Messrs. John Fowler and Co. (Leeds), 
Limited, of the Steam-Plough and Locomotive Works, 
Leeds. The engine is intended todo the work of an 
ordinary steam traction-engine, whilst having the 
ability to carry a supply of fuel sufficient for two or 
three days’ work. It has undergone an exhaustive 
series of tests at the hands of its builders, the pro- 
gramme gone through comprising the driving of a 
thrashing - machine, the hauling of a five- furrow 
balance plough, working 6 in. to 8 in. deep, and the 
taking of a load of 10 tons up an incline of 1 in 10. 
Moreover, on a test made with one of the engines at 
the builders’ works, a pull equivalent to the hauling of 
a load of 32 tons on the level was measured by a dyna- 
mometer brake. A 10 hours’ continuous run with 
a gross load of 10 tons behind the draw-bar was made 
without replenishing the supply of cooling water, so 
that the tractor is obviously well adapted for service 
in regions where fresh supplies of water and fuel are 
only obtainable at a few widely-separated points. 

As our engravings show, in general appearance the 
tractor resembles a steam eaptien-cuen somewhat 
closely, but the ‘‘ boiler” barrel is really a fuel tank, 
and serves at the same time as a support for the forward 
end of the engine proper, whilst the ‘‘fire-box” sup- 
ports the other end of the engine, and at the same time 
forms a rigid support for the various gears and shafting 
in a position where they are well protected from dust. 

The engine has four cylinders, arranged in pairs vis- 
a-vis, but on opposite cranks, so that the reciprocating 
parts are practically perfectly balanced. The cylinders 
are each 64 in. in diameter by 7 in. stroke, and can 
develop an aggregate of 50-brake horse-power when 
run at 750 revolutions per minute. The valves are all 
of a special quality of nickel steel, and both inlet and 
exhaust-valves are open | operated. Special 
care has been taken to ensure that the valve-seaiings 
are as effectively water-jacketed as are the bodies of 
the cylinders. e circulating pump is of the rotary 
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type, driven by a pitch chain, as indicated in Fig. 2. 
he crank-shaft is of chrome steel, ground to size at each 
pin and bearing, and is drilled for forced lubrication. 
Atone end of the crank-shaft is the fly-wheel, which is 
a steel casting turned all over, and at the other is a 
leather-faced cone friction-clutch, which is operated by 
a hand-lever, much the same in position and movement 
as the regulator lever of an ordinary steam traction- 
engine. 
his cone-clutch couples up the engine to the change- 
gearing, which, as already stated, is located in what 
would be the fire-box of a steam-tractor. The whole 
of these change-gears are of forged steel, with cut teeth. 
Three changes of speed forward—viz., 14, 3, and 6 
miles per hour—are provided, in addition to a reverse. 
Changes of speed are effected by a single lever working 
on the gate principle. With the low gear in operation 
a motion of the change-speed lever ben the neutral 
position into the forward notch sends the tractor for- 
ward, whilst pulling it back to the rear notch reverses 
the direction of motion. The operation is therefore 
much the same as that of the reversing lever of a 
steam-tractor, and, as will be seen from Fig. 2, the 
position of the two levers also corresponds. To get 
the other s s of three and of six miles an hour 
the lever is taken through a gate. 

=. engine be fitted with a Davis eerie, 
specially designed for the purpose. This is driven by 
belting, and a governor ia peortaed which automati- 
cally adjusts the mixture according to the demand. 
The carburettor is kept hot by the exhaust, and the 
paratiin is very thoroughly gasified before it enters 
the cylinders. The plan view of the engine, Fig. 4, 
shows how the inlet-pipe is jacketed by exhaust. 

Normally the engine is started by compressed gases 
stored in a rear tank, as shown, and kept pumped up 
through non-return valves connected to the cylinders. 
Some of the cylinder gases pass through this valve 
into the tank whenever the pressure there falls too 
low. In starting, a special valve is employed, the 
construction of which is shown in Figs. 5 and 6. The 
normal position of the starting-lever when running is 
in the line marked No. 3, Fig. 5 ; but when the engine 
has been stopped, and it is Sesieed to re-start it, this 
lever is moved over into position No. 1. In _ this 
position it holds open the admission-valve, which is 
coupled up to the compressed-air tank, and at the same 
time, by means of the spiral spring shown, forces 
home on to its seat the peer He 4 distributing-valve. 
This, as indicated, is rotated by an axial shaft geared 
to the engine, and as it turns allows the compressed air 
to pass in turn through the ports numbered 1, 2, 3, and 
4inFig.6. These ports are connected to the cylinders 
through non-return valves, and the engine is thus set in 
rotation by the stored gases, which are exhausted 
through the ordinary exhaust-valves. Once the 
— is fairly away, the starting-lever is moved over 
to No. 3 position, and the supply from the carburettor 
then enters the cylinder, and is compressed and fired 
in the usual way. Double ignition by magneto and by 
coil is eee for. The engine can also be started 
by hand, using a handle geared 1 to 2 by pitch chain to 
= crank-shaft, as indicated by the dotted lines in 

‘ig. 2. 

A very efficient silencer is provided in the funnel, as 
shown in Fig. 2. The radiator, it will be seen, is in two 
sections, the air being drawn at the front through the 
one section by the action of the fan shown, whilst a 
further supply is taken through the water-cooling 
tower by a second fan, as indicated. Forced lubrica- 
tion is provided to all the cylinders, the spent oil 
being passed through a strainer and used over again. 
The road-wheels are 3 ft. 63 in. by 5 in. wide at the 
front, and 5 ft. 6 in. in diameter by 12 in. at the 
back. The final drive to the wheel is fitted with the 
standard differential-gear used on the makers’ steam- 
tractor. 

The rings of gear on the driving-wheels and the spur- 
pinions engaging with them are steel castings, and are 

rotected from dirt by sheet-steel castings. Powerful 

rakes are arranged to act on the external faces of the 
gear-rings. The back axle is spring - mounted, the 
details of which are shown to an enlarged scale in 
Figs. 7and 8. A winding-drum is also provided, and 
is fixed at the middle of the frames, giving a central 
lead to the winding-rope. In ordinary work the 
engine consumes about 3 gals. of oil per hour. 





CANADIAN RAILWAY PROGRESS. 
THE progress of the Canadian Pacific Railway Com- 
pany in the first half of this yea: was highlysatisfactory, 
the ot being able to exhibit an abounding pros- 
perity in all directions. The working expenses cer- 
tainly show a slight tendency to increase ; but they 
are relatively moderate as compared with those of the 
still incomplete Grand Trunk system, the ratio comin 
out at 64.77 per cent. of the receipts, as compa: 
with 64.38 per cent. in the corresponding period of 
1910. The gross earnings of the system in the first 
half of this year were 104,167,808 dols., the net earn- 
ings being 37,818,180 dols. Of the surplus remaining 
after provision had been made for fixed charges, it 


was decided to devote 1,000,000 dols. to the steamer 
replacement account, and 80,000 dols. to the pension 
fund. After this had been done the amount available 
for dividend upon the company’s stocks was 26,727,109 
dols. The land grant of the Canadian Pacific Railway 
has been of immense service to the undertaking, and 
largely explains its relative prosperity, as compared 
with the long suffering and still depressed Grand Trunk 
Railway Company, which was not similarly assisted. 
The Canadian Pacific Railway sold 650,874 acres of its 
land grant in the six months ending June 30 for 
9,558,427 dols., being an average of 14.69 dols. per 
acre. The areas sold included 19,097 acres of irrigated 
land which realised 33.63 dols. per acre. The plus 
value resulting from irrigation was, of course, satis- 
factory ; but it was not obtained without considerable 
expense and effort, an outlay of 5,018,953 dols. having 
been made by the company upon irrigation works. 
It is, of course, only fair to add that the full results 
of this outlay have not at present been realised. The 
Hudson Bay Company had parcels of land scattered 
through the irrigation belt ; and in order that the 
company might control the belt and receive the full 
advantage of its expenditure for irrigation, the Cana- 
dian Pacific Railway directors decided to acquire these 
Hudson Bay lands, and 102,174 acres were purchased 
at 134 dols. per acre. It is expected that all these 
lands will be sold later on at a _ substantial 
profit. The land grant originally made to the Cana- 
dian Pacific Railway proper was 26,710,400 acres, 
reduced to 19,917,386 acres by an oe 
made with the Dominion Government under an 
agreement of March 30, 1886. The quantity of 
land sold to the close of June, 1911, was 13,156,224 
acres ; and after allowing for the lands acquired from 
the Hudson Bay Company, 6,863,336 acres still 
remained unsold. The value of this asset may 
roughly estimated at 18,000,000/. sterling. At the 
close of June, this year, the Canadian Pacitic Railway 
had also 97,118 acres of land unsold in connection with 
the Manitoba South-Western Railway, and 100,730 
acres unsold in connection with the Great North-West 
Central Railway, so that altogether it still owned 
agricultural lands at the close of June, 1911, to the 
extent of 7,061,184 acres. This total does not include 
lands owned by the company in British Columbia, 
where it is proprietor of a further 4,427,811 acres. 
Altogether, the Canadian Pacific Railway has still 
lands in hand to the approximate value of 30,000,000/. 
sterling. That this is no idle estimate is shown 
by the fact that the 13,156,224 acres sold from 
the original land grant to the close of June this 
year in Canada, properly so called, realised 85,377,178 
dols., giving an average of about 64 dols. per 
acre, while, as we have just shown, more recent 
sales have been made at an average of between 14 dols. 
and 15 dols. per acre. Our estimate of 30,000,000/. 
sterling as the present value of the company’s unsold 
lands is thus probably considerably below the mark, 
since, as Canada fills up, Canadian land has an irre- 
sistible tendency to appreciate in price. 

The Canadian Pacific Railway Company has ac- 
uired 30,000 shares in the Alberta Railway and 
texigntiom Company, the coal-mines, lands, and other 
assets of which have been taken over by the 
Canadian Pacific Company upon a lease. The under- 
taking of the Alberta Company has, indeed, been 
virtually transferred to the Canadian Pacific Railway 
Company during the life of the lease ; and, worked in 
conjunction with the Canadian Pacific system, the 
Alberta undertaking is not only expected to be profit- 
able in itself, but to be useful in connection with all 
future extensions in Southern Alberta. By the con- 
struction of a line, 16} miles in length, between 
Hamilton and Guelph Junction, in the province of 
Ontario, the distance from Hamilton to points on 
Canadian Pacific lines in Western Ontario will be 
materially abridged, and a provisional agreement has 
accordingly been entered into with the South Ontario 
Pacitic Railway for the construction of the line, and 
for a lease of it to the Canadian Pacific Company for 
999 years. 

In order to provide transport facilities for incoming 
settlers the Canadian Pacific directors consider that 
the following branches should be constructed without 
delay :—Moose Jaw, south-west, 35 miles ; Kerrobert, 
north-east, 25 miles; Weyburn branch extension, 
21 miles; Esteran branch, 55 miles; Swift Current, 
south-east, 45 miles; Swift Current, north-west, 
35 miles; Wilkie, north-west, 32 miles; Wilkie, 
south-east, 31 miles; Kininvie branch extension, 
37 miles; Bassano to Kininvie Junction, 36 miles ; 





| 379 miles. 
‘has placed an order with the Fairfield Shipbuilding 





Kipp branch extension, 27 miles; or, altogether, 
The Canadian Pacific Railway Company 


Company, of Glasgow, for two steamers 570 ft. long 
and 68 ft. beam ; these vessels are to steam at the rate 
of 18 knots, and are intended to supplement the com- 
pany’s fleet now engaged in Pacific trade between 
Vancouver, Yokohama, and Hong Kong. The approxi- 
mate cost of the new steamers will be 440, . each, 
and they are to be delivered early in 1913. During 
the past year the Canadian Pacific Railway Company 


added 103 locomotives, 204 passenger-cars, and 38(s 
freight cars to its equipment at a cost of 9,000,000 dols, 
in round figures ; and the company has further orders 
outstanding for cars and locomotives to the amount 
of 7,000,000 dols. At the close of June, 1911, the 
Canadian Pacific Railway was equipped with 1637 
locomotives, 1689 passenger, baggage, and sleeping. 
cars ; 318 first-class sleeping, dining, and coffee-cars : 
pod te official, and paymaster-cars ; 52,602 freight 
and cattle-cars ; 923 conductors’ vans ; and 3896 board- 
ing, tool, and auxiliary cars and steam shovels. ‘The 
enlargement of terminal yards and the providing 
additional shops and machinery, laying many miles of 
passing tracks, extending telegraph lines, and gene- 
rally providing additional working facilities, is receiv 
ing careful attention ; the amount expended for this 
purpose during the t year was 18,000,000 dols. in 
round figures. A double track between Winnipeg 
and Brandon is approaching completion, and a further 
second track is in contemplation on some portion of 
the main line between Brandon and Calgary. 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was quietly steady, and the dealings con- 
sisted of 2000 tons of Cleveland warrants at 46s. 9d. cash 
and 47s. one month. For these positions closing sellers 
quoted 4d. more, and 47s. 7d. three months. In the 
afternoon the market was decidedly weaker, and only 
one lot of Cleveland warrants changed hands at 46s. 8d. 
cash, with sellers over at that figure, and at 46s. 11d. one 
month, and 47s. 5d. three months. On Friday morning 
there was nothing doing, and business was at a standstill. 
The closing quotations for Cleveland warrants were 
firmer, sellers quoting 46s. 9d. cash, 47s. one month, and 


be | 47s. 6d. three months, while buyers named 1d. less in each 


case. In the afternoon there was little change in the 
tone of the market, and a small business of 1000 tons of 
Cleveland warrants was put through at 46s. 8d. cash and 
46s. 1ld. one month. At the close of the session there were 
sellers at 46s. 84d. cash, 46s. 11d. one month, and 47s. 6d. 
three months. On Monday morning quietness again ruled, 
and only one lot of Cleveland warrants changed hands at 
46s. 9d. eight days, and closing sellers quoted 46s. 9d. 
cash, 47s. one month, and 47s. 7d. three months. In the 
afternoon the dealings were limited to 1000 tons of 
Cleveland warrants at 46s. 84d. cash, with sellers over. 
For the other positions sellers quoted 46s. 114d. one 
month and 47s. 7d. three months. On Tuesday morning 
the market was idle, but Cleveland warrants were 
nominally steady, with sellers quoting 46s. 9d. cash, 
47s. one month, and 47s. 64d. three months. There 
was again nothing doing at the afternoon session, and 

rices were the turn easier. Closing quotations for 

leveland warrants were 46s. 8d. cash, 46s. 114d. one 
month, and 47s. 6d. three months sellers. When the 
market opened to-day (Wednesday) there was still no 
improvement, and Cleveland warrants continued in a 
dull and lifeless condition. No dealings were recorded 
and prices were easier, with sellers quoting 46s. 7d. cash, 
46s. 10d. one month, and 47s. 44d. three months. The 
afternoon session was another blank as regards business— 
the fourth in succession. The tone of the market was a 
shade better, and closing sellers of Cleveland warrants 
quoted 46s. 74d. cash, 46s. 10}d. one month, and 47s. 5d. 
three months. The following are the market quotations 
for makers’ (No. 1) iron :—Clyde, 61s. ; Calder, 61s.; Gart- 
sherrie, 61s. 6d.; Summerlee, 63s.; Langloan, 63s. 6d.; 
and Coltness, 82s. 6d. (all shipped at Glasgow); Glengar- 
nock (at Ardrossan), 63s. ; Shotts (at Leith), 62s. 6d.; and 
Carron (at Grangemouth), 63s. 6d. 


Sulphate of Ammonia.—The demand for sulphate of 
ammonia has not appreciably increased since last report, 
and the market remains quiet. The current price is 
14/. 2s. 6d. per ton, Glasgow or Leith, for prompt lots. 
The amount shipped from Leith Harbour last week was 
4226 tons. 


Scotch Steel Trade ; Proposed Preference Scheme.—The 
severe foreign competition which has been experienced 
by Scotch steel-makers for some years has been a great 
source of annoyance, and although grumbling has often 
been indulged in, little has yet been done to try effectively 
to overcome the trouble. The matter has frequently 
been discussed, and a scheme has now been formulated 
which will have, it is believed, the effect of checking a 
good part of the foreign competition, which has been 
severely felt by local producers. The scheme, which it 
is proposed to adopt, isto be sent out in circular form to 
the various users of steel, but as yet the proposals 
have not been adopted by the Scottish Steel Trade 
Association. Considerable opposition to the scheme 
has been made during the past few days; even 
the members of the association are not all im favour 
of the arrangements proposed, and at a meeting on 
Monday no definite conclusion was arrived at. The 

roposed circular is as follows: — Notice to Ship- 
fuilders, Bridge-builders, &c.—*‘Shipbuilders, bridge- 
builders, and other consumers of steel are respectfully 
informed that the Scottish Steel-Makers’ Association will 
pay them a rebate of 5s. per ton on all steel bought and 
received by them after July 1, 1911, which has been 
manufactured at any of the associated makers’ works, and 
controlled by the association, whether such steel has 
been bought direct from the associated makers or 
otherwise, subject to the undernoted conditions :—(1) 
The rebate will be computed for twelve months, say 





up to June 30, and be payable six months after- 
wards, but only to those consumers who have up to 
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date, and since, confined their purchases and 
a steel (to the class or classes manufactured by the 
associated makers) to that manufactured by such asso- 
ciated makers. (2) Statements of claim for such rebate 
must be made on a form as annexed within three 
months from the date for which payment falls due, 
and sent to the Secretary of the Scottish Steel-Makers’ 
Association, accompanied by certificates of deliveries 
issued by the respective associated makers with their 
consignments. (3) Consumers will understand from above 
that the rebate will only be payable on contract or pur- 
chases made after the date of this circular, and on pro- 
duction of Associated Steel-Makers’ certificates, which 
should accompany their claims.” The general state of 
the Scotch steel trade shows little change from last week, 
and rolling-mills are turning out a lot of material. The 
demand for delivery, which has recently m rather 
pressing, is now less active, but nevertheless producers are 
well supplied with specifications, although fresh business 
is again on the slow side. Sheet-makers continue to be 
actively employed, and good inquiries are in the market 
for thin plates and angles for Australia, Japan, and South 
America, while structural sections are in demand for 
Canada. 

Malleable-Iron Trade.—The malleable-iron trade of the 
West of Scotland is unchanged, and although a fair 
amount of work is going through, prices are still based on 
6. per ton, less 5 per cent. for crown bars. 


Scotch Pig-Iron Trade.—A steady business is being put 
through in Scotch pig iron with local consumers, and a 
fair amount of shipping is taking place. There are 
inquiries in the market at present for moderate quantities 
of Nos. 1 and 3 iron for the Continent and for India, 
Canada, and South America. The demand for hematite 
is quiet, but the general consumption is fairly large. The 
price named for fresh business 1s 65s. per ton, delivered 
at the steel works, but buyers decline to give that figure. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Coal and Iron Companies’ Reports.—In the report on 
the year’s working of the Sheepbridge Coal and Iron 
Company, to be presented to the directors at the annual 
meeting next week, stress is laid upon the increased costs 
of production which have been added to considerably by 
the expense entailed through the Eight-Hours Act and 
the Workmen’s ae ema Act. In iron the higher 
prices of raw material have also augmented working costs. 
As the company had made many contracts prior to the 
fall in the value of coal at the end of last year, the 
realised price was not seriously de iated for the whole 
of the year. The company were able to make a net profit 
of 96,716/., and recommend a dividend for the year of 10 
per cent. The dividend for the past two years has been 
74 per cent. The report also states that the development 
of the Maltby Main Colliery has made good progress 
during the year; that the a has been admitted 
into the South Yorkshire Steam-Coalowners’ Association, 
and that the directors have, in conjunction with Messrs. 
John Brown and Co., Limited, formed a company called 
the Rossington Main Colliery Company, Limited, for the 

urpose of acquiring and developing about 9000 acres of 


3arnsley coal near Doncaster. The Stavely Coal and | ph, 


Iron Company, in their annual report recently issued, 
show a balance of net profit, after meeting certain claims, 
of 127,125/., which is a slight increase on the previous year, 
and the directors recommend a dividend of 10 per cent. 


South Yorkshire Coal Trade.—Hard coal continues to 
occupy @ very strong position. The demand both for 
shipment and from manufacturers is, in fact, so consider- 
able as to cause a good deal of difficulty both at pits and 
at ports, where the effects of the recent labour disturb- 
ances have not yet subsided. In some instances buyers 
are having to wait six or seven days for wagons to be got 
through from the pits. This means a scarcity of wagons 
and consequent interference with the normal working at 
the collieries. The market in its present state has ened 
benefited from the holiday at the South Yorkshire pits 
during Doncaster race week. A good deal of the coal being 
obtained for industrial consumption is going into stocks. 
Prices generally are firm.. Slacks are well placed, and there 
is a keen competition for the supplies available of best 
qualities. The better conditions at house-coal pits are 
responsible for a bigger weight of coking smalls on the 
market. Inquiries for house coal are coming forward in 
very satisfactory quantity, although there is not so much 
pressure upon merchants now as a couple of weeks ago. 
The largest inquiry is for best qualities. The higher 
prices now ruling are probably checking some of the rus 
of orders. Large supplies are being taken on contracts. 
There is a possibility of a further price advance shortly. 
Quotations on ’Change at the week-end were :—Best 
branch hand-picked, 14s. to 15s.; Best Barnsley Silk- 
stone, 11s. 6d. to 12s. 6d. ; Silkstone, 10s. 6d. to 11s. 6d. ; 
Derbyshire, 8s. 6d. to 9s. 6d.; best large nuts, 8s. 6d. 
to 9s. 6d.; small nuts, 8s. to 9s.; rbyshire best 
brights, 11s. te 12s.; Yorkshire hards, 8s. 3d. to 9s. 3d.; 
ay eee hards, 8s. to 9s.; washed nuts, 7s. 6d. to 
8s. 6d. ; rough slacks, 5s. 3d. to 7s.; seconds, 4s. 3d. to 
5s. 3d.; smalls, 2s. to 3s. 


Iron and Stcel.—Business in the iron market is still in 
a dull state. Hematites are decidedly weaker. The 
official quotation for East Coast mixed numbers is not a 
very strong one, and a good deal of material has changed 
hands at an even lower figure. It may be pointed out 
that this is not due to any limiting of demands in the Shef- 
field district, but to other causes. Asa matter of fact, 
the prosperity of the steel trades of the city is responsible 


for a very heavy consumption of hematite. Notwithstand- | disagreed 


ing the apathy of buyers, the Lincolnshire and Derbyshire 


common iron producers decline to bid for business by 
reducing their quotations. Derbyshire forge, however, 
is considerably cheaper than the Lincolnshire brand. 
Evidence as to the general prosperity of the Sheffield 
industries accumulates in abundance. Practically all the 
branches of the heavy and light trades are fully occu- 
pied. Certainly, in heavy forgings the weight of 
orders is hardly satisfactory, owing to causes over 
which makers have little or no control. The fact 
is that keen competition has to be faced from pro- 


other hand, the foundries are particularly well engaged, 
and a few of them are experiencing a difficulty in getting 
through the work on their books up to contract time. 
The rolling-mills also are exceedingly busy, and the 
amount of work at present in hand seems to foreshadow 
extensions of plant in the near future. The activity in 
armaments is, of course, responsible for a good deal of the 
prosperity in the dependent trades, and the armament 
firms appear to be well secured in rd to orders for 
several months to come. At the same time manufacturers 


of labour unrest, which is still cast over the market, 
and which may materialise into an unpleasant reality. 
The railway steel manufacturers are in receipt of good 
orders, both on home and foreign account. Manufac- 
turers of tools and tool steel report favourably upon their 
position. Most of them are doing a very big export 
trade. The agricultural implement branch continues to 
receive large orders from Russia, not only for implements 
themselves, but also for steel to be used in the construc- 
tion of these articles over there. There is a satisfactory 
output of mining tools and machinery. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Quietness continues to 
characterise the pig-iron trade. Statistically there is 
some improvement, but business, especially on forward 
account, is seriously hampered by the political situation, 
and by the great unrest in the labour market. Traders 
are not likely to operate to any extent so long as labour 
troubles threaten industrial undertakings. With the 
opening out of the inland waterways abroad after the 
prolonged drought, deliveries of pig to the Continent are 
expected to increase, for they have been delayed for long 
owing to the shortage of water in the rivers and canals. 
Demand for pig iron delivered over the fall of the year 
threatens, however, to be less than usual. That there is 
still some confidence in the early future, however, is em- 
phasised by the fact that both makers and merchants ask 
rather more on forward account than for early delivery. 
Values of Cleveland pig have fallen a little. No. 3 
g-m.b. is on sale at 46s. 104d. f.o.b.; sellers are quite 
prepared to accept 50s. 9d. for No. 1, and some would 
not refuse 50s. 74d.; whilst No. 4 foundry and No. 4 forge 
are each 46s. 44d.; and mottled and white iron, each 
45s. 10}d.—all for early delivery. There is little or 
nothing doing in hematite pig iron. The general market 
quotation for early delivery of Nos. 1, 2, and 3 East Coast 
brands is 61s., but it is understood that purchases could 
made at a little below that figure. Foreign ore con- 
tinues very quiet, and consumers declare that rates will 
have to be substantially reduced before business to any 
extent can be done. Market rates were still nominally 
based on 19s. ex-ship Tees for best Rubio. Coke was 
plentiful and rather quiet, notwithstanding heavy local 
consumption. Average blast-furnace qualities are put at 
14s. 6d. delivered here. 


Stocks and Shipments of Pig Iron.—Stocks of Cleveland 
pig iron in the public warrant stores are being reduced a 
little, but they still stand at over 590,000 tons. To date 
this month the warrant stores have been drawn upon at 
the rate of 175 tons per working day. Shipments of pig 
iron this month are on a very satisfactory scale. To date 
they average 4133 tons per working day, as compared with 
a daily average of 3900 tons to the same date last month, 
and an average of 4113 tons per working day for the cor- 
responding part of September last year. 


Manufactured Iron and Steel.—Producers of nearly 
all descriptions of manufactured iron and steel are well 
placed. Most of them report a very lange output, good 
order-books, and continued inquiries. nder such con- 
ditions values are stiff, and advances are looked for, 
but up tothe present prices have not been actually 
raised. Principal market quotations still stand :— 


h | Common iron rs, 7/.; best bars, 7/. 7s. 6d.; best 


best bars, 7/. 15s.; packing iron, 5/. 15s. ; iron ship- 
plates, 6/. 10s.; iron ship-angles, 7/.; iron ship-rivets, 
7l. 5s.; iron boiler-plates, 7/. 7s. 6d.; steel bars, 6/. 5s.; 
steel ship-plates, 6/. 15s.; steel ship-angles, 61. 7s. 6d.; 
steel boiler-plates, 7/. 10s.; steel strip, 6/. 10s.; steel 
hoops, 61. 12s. 6d. ; steel joists, 6/. 10s. ; cast-iron railway 
chairs, 3/. 12s. 6d. ; light iron rails, 6/. 10s. ; heavy steel 
rails, 5/. 12s. 6d. ; steel railway sleepers, 6/. 10s. ; and 
galvanised corrugated sheets, 11/. 5s.—sheets less 4 per 
cent. f.o.b., railway material net at works, and all other 
descriptions less 24 per cent. discount. 





PracticAL STANDARDS FOR ELEcTRICAL MEASURE- 
MENTS.—Mr. A. P. Trotter informs us_ that his name has 
been attached to the Report of the British Association 
Committee on Practical Standards for Electrical Measure- 
ments without his authority, and doubtless as the result of 
amistake. But it compels him to state that he withdrew 
from the Committee in July, 1910, because he strongly 
i with some of their resolutions, and with the 
mode in which their business was conducted. 





ducers who are more favourably situated. On the | 


in many of the local industries are not without anxiety | 
as to how far trade may be affected by the shadow| 


NOTES FROM THE SOUTH-WEST. 


| Cardiff.—The steam-coal trade has ruled quiet, upon the 

whole, although chartering has been more active. Some 
arrears of deliveries bave been cleared off, but stocks are 
still in excess of current requirements. The best large 
| steam coal has made 17s. 6d. to 17s. 9d. per ton; while 
secondary qualities have ranged between 15s. 9d. and 
| 17s. 6d. per ton; best bunker smalls between 9s. and 
| 9s. 3d. per ton; and cargo smalls between 6s. 9d. and 
7s. 6d. per ton. The best ordinary household coal has 
been quoted at 14s, 6d. to 16s. 6d. per ton; No. 3 
| Rhondda large at 17s. to 17s. 6d. per ton; and smalls 
10s. 3d. to 10s, 6d. per ton. No. 2 Rhondda large has 
made 12s. to 12s, 6d. per ton; smalls, 7s. to 7s. 6d. per 
ton. Foundry coke has brought 18s. to 20s. 6d. per ton ; 
furnace ditto, 16s. to ao pat ton. As regards iron ore, 
Rubio has realised 18s. 3d. to 18s. 9d. per ton, upon a 
basis of 50 per cent. of iron, and charges, including 
freight, insurance, &c., to Cardiff or Newport. 


Messrs. Pearson and Knowles.—The profits of Messrs, 
Pearson and Knowles, Limited, for the t year 
| amounted to 70,977/., and the balance brought forward 
was 15,968/., making together 86,9462. A dividend at 
the rate of 4 per cent. per annum is proposed on the 
ordinary shares, 15,0002. Sete added to the reserve fund. 
The expenditure on capital account for the year (19,500/.) 
has also been written off, leaving 13,359. to be carried 
forward. The company, in common with other members 
of the coal trade, has suffered from an increased cost of 
production resulting from recent legislation. 


Welsh Coal for the Navy.—With regard to recent 
Admiralty purchases of Welsh coal, it appears that the 
Lords of the Admiralty are not buying more than the 
usual quantities, but that they are taking the coal in a 
different way. Hitherto the coal has been sent to north- 
seater pets by sea, but recently it has been despatched 
from Wales by railway. Apparently the Admiralty are 
trying an experiment to ascertain what time can be gained 
by rail over sea transit. 


Welsh Railway Traffic.—Welsh railway traffic makes 
but a poor showing thus far this half-year. The aggregate 
receipts of the Barry Railway come out at 114,248/., as 
compared with 149,993/.; those of the Brecon and Merthyr 
Railway at 21,927/., as compared with 23,926/.; those of 
the Rhondda and Swansea Bay at 25,092/., as compared 
with 26,584/. ; those of the rene | at 60,673/., as com- 
pared with 70,481/.; and those of the ‘aff Vale at 
170,500/., as compared with 200,777/. 


Dowlais.—The blast-furnaces have had a large output 
of late. On Monday, however, the rail-bank men struck 
for an advance in their wages, the result being that the 
Bessemer furnaces were blown out, while the Goat Mill 
was brought to a standstill. About 700 men have been 
affected by the strike already. 








Tuer University or Bristou.—A copy of the calendar 
of this university for the session 1911-12 has just been 
received. The book is bound in crimson cloth, and 
contains nearly 300 among which are to be found 
an almanack for the session, lists of authorities and 
members, the charter, statutes, and ordinances of the 
university, as well as the regulations for degrees in arts, 
science, engineering, medicine, &c. Particulars of 
scholarships, exhibitions, and prizes are also included. 





WESTMINSTER TECHNICAL INsTITUTE.—We have re- 
ceived from this Institute a copy of a prospectus and 
time-table of evening classes for the session which com- 
menced on the 18th inst. Instruction is given in civil 
engineering, gas engineering, heating and ventilation, 
architecture and building construction, cabinet making, 
&c. Full particulars of the classes in these subjects are 
contained in the prospectus, copies of which can be 
obtained on application tothe Principal. The address of 
the Institute is Vincent-square, Rochester-row, 8. W. 





NorTHern Poiytecunic Institute, Hottoway, N.— 
We have received from this Institute a copy of its pro- 
spectus for the session 1911-12, which commenced on the 
20th inst. Classes and courses of study are arranged for 
| day and evening students in all the subjects required for 

London University degrees in engineering, science and 
arts, and, as the lecturers in these subjects are recognised 
| teachers of the University, students may be registered 
|as internal students. Full day and evening courses are 
| also conducted in the architectural and building trades 
departments. Workshop classes for artisans in the engi- 
neering, metal-working, and building trades are also 
| held. 
SourH-WersTeRN Potytrecunic.—Particulars of the 
| work of this Institute, which is situated in Manresa- 
| road, Chelsea, S.W., are set out in the prospectus, a copy 
of which has been forwarded to us. All the subjects 
required for London University degrees in science, arts, 
and engineering can be taken in the day college and 
evening classes, under lecturers recognised by the Uni- 
| versity, so that students can be registered, and are thus 
| enabled to take the ‘‘internal” degree. Full technical 
| courses in mechanical and electrical engineering, archi- 
| tecture and building construction, chemistry, metallurgy, 
|and other subjects, are also arranged for both day and 
| evening students, except in the case of architecture and 
| building construction ; in these subjects evening courses 
| only are held. The prospectus also gives full particulars 
| of commercial and art classes, and other branches of the 
Institute’s work which do not come within our province. 
The evening classes commence on the 25th inst., while the 
work of the day college starts a week later, 
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THE COST OF LOCOMOTIVE REPAIRS. 

Tae full measure of the economy of operation 
expected from the introduction of locomotives of 
great hauling power has not yet been realised in 
practice, and, especially, the cost of repairs per 
unit of useful work performed has not been reduced 
pari passu with the growth of the revenue per 
train-mile. The practice of to-day as regards these 
large engines is founded upon precedents estab- 
lished by experience gained in the working of 
earlier locomotives of small capacity. The growth 
of dimensions of individual parts, and the employ- 
ment of higher pressures, have, however, been 
accompanied by an increase in the importance of 
secondary stresses, involving a reduction in the 
useful life, and an addition to the frequency of 
detentions for repairs. 

First, as regards fire-boxes, the failure of water- 
space stays is usually attributed to the bending 
stress induced by the differential expansion of the 
plates of the box and of the shell. If this were 
the whole story, the life of such stays might be 
indefinitely prolonged, either by increasing their 
length or by reducing their diameter, with a pro- 
portionate reduction of the pitch im the latter 
case. The.stress induced by a given bending move- 
ment, due to the differential expansion of the 
plates, varies directly as the diameter of the stay 
and inversely as second power of its length. 
Any arrangement for increasing the flexibility, 
such as the provision of ball-and-socket bearings 
under the external heads, would also be beneficial. 
The arrangement of the fire-boxes in current use 
involves bending moments on certain of the con- 
nections, the intensity of which will be found to 
have a surprisingly high value ; a detailed examina- 
tion enables one to predict with some certainty the 
positions where stay troubles may be expected to 
develop. 

During a recent inspection of the work in pro- 
gress in the boiler-shop of one of the largest 
American locomotive builders, it was observed that 
the detail of every type of fire-box then in hand 
involved bending stresses of some magnitude up 
each of the four corners and on the stays adjacent 
thereto. In many cases the upper rows of stays 
at each side were also likely to give trouble. 
Flexible stay-bolts were freely used in these posi- 
tions. Modern American designs provide for the 
renewal of any stay without dismounting the boiler ; 
hence the cost of this class of repair is greatly 
reduced. 

When the width of the front and back water- 
spaces is increased from the foundation-ring up- 
wards, and when the radius of the flanges of the 
shell-plate is not varied so as to be concentric 
throughout with the corner of the box, the areas 
of the flat plates connected by individual stays are 
not equal, and the resultant outward pull exerted on 
each of the upper corner stays is transmitted from 
side to side through the indirect line comprising 
the stay and the adjacent end-plate. This involves 
bending moments of sufticient intensity to account 
for breakages and for the development of cracks in 
the plates. Any system for supporting the crown of 
the box by means of so-called radial, direct, or sling 
stays necessarily balances the vertical components of 
the internal pressures in a round-topped shell. When 
no precautions are taken to balance the horizontal 
components, the variation in the tension around 
the shell-plate im s bending moments on the 
stays attached to the latter ; the most severe stress 
comes upon those which are adjacent to the 
shoulders of the box. 

The cracks which are frequently observed at the 
root of tube-plate flanges are caused by the out- 
ward pull exerted by the pressure on those flat 

rtions of the shell-plate which have no equiva- 
ent in the form of the inner wrapper-plate. The 
radius of the throat-plate flanges diminishes to 
zero at the part where the plane of the shell-plate 
is tangential to the circumference of the barrel. 





There is thus an area at each side, and, in the case | 
of flush-topped Belpaire boxes, a third area ver-' 





tically above the ‘tube-plate, the pressure upon 
which exerts a pull on the adjacent stays which is 
only partially equilibrated by the pressure on the 
inner box. The resultant acts with sufficient 
leverage to ensure distortion of the tube-plate after 
a limited life. The excess of area thus securing 
support at the expense of the tube-plate increases 
with the length of the radius of the throat-plate 
flanges. The failures of stays near the expansion- 
angle brackets, which are experienced with certain 
classes. of engines, are due to the fact that the 
boiler is relied upon to brace the frames for the 
transmission of the lateral forces arising from the 
axles towards the trailing end. When the frames 
are well braced beneath or around the fire-box, the 
breakages referred to do not occur. 

Next as regards valve-gear: cylindrical slide- 
valves have sometimes failed to effect a marked 
reduction of friction with consequent absence of 
wear. The diameter is not always sufticiently 
great to afford a reasonable range of elastic adjust- 
ment with the pattern of packing-ring employed. 
When the steam and exhaust edges are provided 
with light split-rings of angle section separated 
by tubular sleeves or distance-pieces, and when 
the diameter is not less than 11 in., there is little 
appreciable wear. Suitable rings for valves of 
small diameter are not easily designed. The long 
split sleeve which is occasionally employed has a 
marked tendency to grip the liner at its front and 
back edges, and the consequent wear rapidly changes 
the original form toa barrel shape. The action of 
rings of this kind may be compared to that of a 
roll of drawing-paper when withdrawn from a card- 
board tube by a purely axial movement. 

When the joints of the gear are not in the same 
plane, the pins are cross-bound in the bushes, re- 
sulting in a rate of wear and an expenditure of 
lubricant many times greater than is the case with 
a straight-line gear. In some recent examples of 
link-motion the extension-arm of the intermediate 
spindle is thrown out to one side. It is fitted with 
a single-eye bossed out and secured to ‘a crosshead 
of which the jaws are not symmetrical with the 
shank, the total set from the centre line of the 
intermediate guide to that of the valve —— being 
about 44in. The arrangement is flexible laterally ; 
there is cross-binding on the pin connections and 
on the valve spindle. In the result the mainten- 
ance of the rod-packings is costly and the gear does 
not work sweetly at high speed. Eccentric-rods 
which are cranked to clear axles, and which are not 
efticiently stiffened, are also a cause of deterioration. 
In American practice few new engines are built 
with inside biome | the cost of running and 
maintaining an outside gear is appreciably less. 

The adaptation of standard valve-gears to meet 
the altered conditions due to the adoption of slide- 
valves having inside admission, involves the intro- 
duction of short-armed rockers and a multiplicity of 
in-joints. A gear designed on the simplest possible 
ines to suit the general lay-out of the engine would 
save maintenance charges. 

The frame of a locomotive is the foundation of the 
entire machine. In order that the maximum power 
may be transmitted with the greatest efficiency and 
least wear and tear, it is essential that the frame 
should be built square, true, and out of winding, 
and that it should keep so when subject to the 
shocks of high-speed work, and to the lateral 
impact due to interaction of the rails and flanges. 
It is important that definite allowance should be 
made for end movement of the axles in order that 
the wheel-base may be self-adjusting to the sharpest 
curve without springing the frame. The springs 
should also be arranged to permit the wheel- 
treads to accommodate themselves to points of con- 
tact which may be considerably divergent from a 
single plane surface. This divergence may be due 
to the conical form of a savdlengel track, to 
changes of inclination, and to unequal resisting 
power of the rail-joints and of individual sleepers 
and the like. 

Bar-frames are consolidated against lateral and 
torsional deflections by cross-stays united to the 
boiler by means of expansion-plates, but there is 
little provision to resist diagonal deflections in a 
horizontal plane. The thickness is sufficient to 
transmit lateral forces from the axle-boxes to the 
cross-stays without necessitating a large amount of 
material or the provision of special reinforcement in 
the shape of hornblock castings. The centre line 
of each side-frame is coincident with that of the 
bearings, springs, and equalisers, so that the trans- 
ference of the load does not impose any torsional 














































































2 eee < 


Oo ee 





392 


ENGINEERING. 


(Sept. 22, r9rt. 





stresses on the springs or frames, and the cost of 
maintenance of the suspension rigging is reduced. 

Plate-frames of British design are sometimes 
deficient in the matter of effective transverse 
bracing. In order that the lateral pressures on 
the horn-blocks may be safely transmitted through 
the thin slab, it has been found necessary to employ 
plates of excessive depth, to reinforce them by 
means of heavy cast-steel axle-guards, or by the 
use of liner plates. One half of the additional 
weight, used in the form of effective bracing, would 
give a vastly stronger frame, with improvement in 
the riding, and a reduction of the frictional losses. 
The frame-plate is usually without reinforcement 
in the neighbourhood of the projecting spring 
brackets, or of the fulcrum brackets of the equal- 
ising levers, when these are employed. The lack 
of rigidity causes cross-binding in the pin-joints, 
end torsional stresses in the springs and frames. 

When the frame-plates are set in between the 
cylinders and the driving-axle, in order to give 
greater clearance for the bogie wheels, it is im- 
portant that the joggle of the plate should be 
supported ; otherwise the alternating stress pro- 
duced by the steam pressure in the cylinders will 
cause variable deflections, with eventual increase of 
work in the repair-shop. Modern Continental 
practice provides for a more complete system of 
frame bracing, but due provision is made for the 
endwise movement of axles, which would otherwise 
cause lateral deflection of the frame or of the road 
when the engine is passing over a sharp curve. 

In their essential features the frames of the 
larger engines of the present day, whether of the 
bar or plate variety, do not materially differ from 
the practice of a past age, excepting only in the 
matter of increased weight and dimensions. With 
fuller knowledge of the character of the working 
stresses, and of the disposition of the material 
necessary to afford the maximum efficiency with 
minimum dead-weight, it is probable that by a com- 
plete revision of current practice a considerable 
reduction in the first cost, and a saving in running 
and maintenance costs, could be readily effected. 

On certain British railways the numbers of spring 
failures amount to from 10 to 15 per cent. per annum. 
The hangers are of expensive type, and frequent 
adjustment of the weight transmitted to individual 
axles is required. When the engine passes over a 
crossing at moderate speed, or when it travels fast 
over a good road, experiment has demonstrated the 
occurrence of a variation of 100 per cent. over the 
statical loads indicated on the weighbridge. Equa- 
lisers are not generally fitted, as it is difficult to 
make a satisfactory attachment of the heavily-loaded 
fulcrum-bracket to an unstiffened plate-frame, and 
the appearance of the beams and springs when 
tilted out of the horizontal line in the performance 
of their duty is objected to. 

When the entire spring-base is connected up in 
two independent groups, one of them being also 
cross-equalised, there is no further need for the use 
of the weighbridge, or for hangers with screw 
adjustment. The distribution of the weight depends 
only on the position of the centre of gravity, and 
on the proportions of the levers; any further 
adjustment that may be attempted is secured only 
by reason of the friction in the pin-joints, and by 
the grip of the horn-blocks on the axle-boxes. The 
modulus of elasticity of spring steel supplied by 
different makers has been found to vary from a 
minimum of 10,000 up to 12,000 tons per square 
inch. The equalisers will compensate this varia- 
tion without other inconvenience than the tilting 
referred to. The chief trouble resulting from their 
use is that they tend to encourage the employment 
of materials and workmanship of low grade in order 
to effect an unduly great saving in first cost. 

If at any large running-shed the annual cost of 
attending to springs and weighing engines, of 
making good hot boxes, broken axles, and the 
effect of derailments, when such may be directly 
attributed to defects of adjistment, were carefully 
ascertained, a good case would be established for 
revising the design of spring suspension. It is 
essentially necessary for the springs to be equalised 
in two groups, neither more nor less, and that the 
detail of the arrangement should duly provide for 
limitation of the sible amount of movement 
when dealing with a derailed engine, or when re- 
newing any one part of the connected system. Plates 
of different thickness should never be built into 
a spring unless the initial curvature is varied for 
each, in such a manner as to ensure equality of 
stress for all plates under the maximum working 








deflection. Such springs cannot be supplied at 
the minimum cost per hundredweight. 

There are also certain points connected with the 
draw-gear which are, perhaps, not always borne in 
mind. When the reciprocating masses are im- 
perfectly balanced, the connection between the 
engine and tender is subject to alternations of 
stress, the magnitude of which may be many times 
greater than that due to the tractive force developed 
at the wheel-treads. In long engines, especially 
those of the 4-4-2 or 4-6-2 type, the lateral dis- 
placement of the draw-bar pin when on curves may 
be considerable in amount ; unless proper provision 
is made to allow the tender to accommodate itself 
thereto under all conditions, severe lateral pres- 
sures will be set up, with consequent troubles due 
to hot boxes. 

When working heavy trains fitted with con- 
tinuous brakes, the maximum load comes on the 
tender draw-bar when the brakes are applied. It 
is due to the fact that, with few exceptions, the 
percentage of retardation given by the engine brakes 
is very low. The brake-blocks should be so mounted 
on the lever as to receive the pressure from the 
pin, and not from the contact of the lever with the 
toe of the block, and the bogie-wheels should be 
braked up to at least 75 per cent. of the weight 
upon them. 

A latent prejudice against fitting brakes to 
bogies still exists, despite the fact that the all- 
modern locomotives on the Great Western Railway 
—working, perhaps, the finest passenger service in 
the world—are so fitted. The leading bogies of 
electric and auto-car trains are braked as a matter 
of course, and some further assurance may be gained 
from the fact that a long vehicle which persists in 
climbing the outer rail, when an attempt is made 
to push it around a sharp curve, may usually be got 
round quite comfortably when the leading wheels 
are spragged to prevent them from rotating. In 
American and Continental practice the wheels of 
engine bogies are commonly braked. 

The materials employed in the construction of 
British locomotives. and the character of the work- 
manship, are rarely equalled, and never surpassed, 
elsewhere; but there are still distinct possibilities 
for the drawing-oflice to introduce modifications of 
detail which shall give a greater output of power 
per unit of weight and cost, with a substantial 
reduction in the running and maintenance charges 
per unit of gross revenue earned. 








THE “ FORESHORE.” 

Tue rights of the public and other questions 
relating to the ‘‘ foreshore” are rather complicated, 
and on the whole somewhat obscure. A _ large 
number of central and local authorities are con- 
cerned in the control of the foreshore and of the 
coast line and tidal waters; but the jurisdiction 
and powers of these authorities vary considerably. 
The law throughout the United Kingdom is not 
uniform, being different in England and Wales, 
Scotland and Ireland, in many respects. Even 
the meaning of ‘‘ foreshore” is not always clearly 
defined. In England ‘‘foreshore” is that portion 
of the seashore covered by the tides up to the mean 
line of high tides at springs and neaps, but no 
definite seaward limit has been laid down. In 
Scotland the limits of the foreshore lie between 
high water and low water of ordinary springs. In 
Ireland no limits have been formally fixed, but the 
foreshore generally may be taken to be the same as 
in England. According to the Crown Lands Act 
of 1866, however, ‘‘ foreshore ” includes the bed of 
the sea within the three-mile limit, and the bed of 
channels, creeks, bays, estuaries, and navigable 
rivers in the United Kingdom, as far up as the 
tides flow. 

The ownership of the foreshore is vested in the 
Crown except where such ownership has been 
alienated. ‘To establish a claim to ownership in 
England, it is necessary to prove an express grant 
from the Crown, or to produce evidence on which 
such a grant will be presumed. The same applies 
generally to Ireland. In Scotland, however, the 
matter is different. To establish a claim to owner- 
ship a title, duly recorded in the proper register of 
Sasines, is requisite, which is capable of explanation 
as a grant conveying the foreshore. Title may be 
— by showing an express grant from the 

rown, and also by proving a grant defining the 
boundary to be the sea or a tidal river, or a grant 
of land adjoining foreshore de facto, bounded by the 
sea or a tidal river, which, by possession for the 





prescriptive period, is taken to include the fore- 
shore. In Scotland title may also be established 
by proving a grant, not from the Crown, but from 
someone else, even if the latter had no Crown 
grant, provided proof is forthcoming of the posses- 
sion of the foreshore for the prescriptive period. 
In England and Ireland the prescriptive period is 
sixty years, and in Scotland continuous possession 
without lawful interruption for twenty years. The 
taking of wreck or Royal fish, removing materials, 
making erections, &c., are in England and Ireland 
evidence of possession of foreshore as against the 
Crown, but this is not so in Scotland. 

Accretions may come about by alluvion—the 
accumulation of alluvial deposits. and by dereliction 
—the recession of the high-water line. If the 
accretion is by small degrees, the gain is the adjoin- 
ing owner’s ; but if it be sudden and extensive, the 
area gained belongs to the Crown. Where the 
original boundary can be clearly defined, however, 
by marks, maps, or other evidence, the principle 
by which the gain belongs to the adjoining owner 
may not hold good. If accretion be caused by 
works undertaken on the foreshore, it does not 
follow that the party constructing the works 
becomes the owner. 

Encroachment by the sea does not necessarily 
effect a change of ownership to the Crown, par- 
ticularly if subsequently accretion takes place, and 
the boundary of the original property before en- 
croachment can be defined. The law is not quite 
the same in Scotland, and apparently accreted 
areas become the property of the adjoining owner 
in any case. 

The rights of the public or individuals over fore- 
shore, except where extended by statute, grant, 
long use, or established custom, are limited to the 
rights of navigation and fishing. In Scotland these 
rights appear to be more than those of navigation 
and fishing only, and to include the right of passage. 
No grant of foreshore can be given which permits 
any work prejudicial to navigation. 

Jurisdiction over the foreshore, and in the in- 
terests of sea defence, throughout the United King- 
dom rests mainly with the Board of Trade and the 
Commissioners of Woods and Forests. Other 
departments exercise a limited jurisdiction, as, for 
instance, the Board of Agriculture and Fisheries 
and the Local Government Board in England and 
Wales, and the Commiasioners of Public Works, 
Department of Agriculture, and Local Government 
and Congested District Boards in Ireland. The 
Secretaries of State are vested with certain powers 
in connection with the sanctioning of bye-laws 
under various Acts of Parliament, &c. The two 
Duchies of Cornwall and Lancaster control the fore- 
shore (except where alienated) within their respec- 
tive jurisdictions. 

Formerly, with the exception of the Duchies, the 
Commissioners of Woods and Forests looked after 
the rights of the Crown in the foreshore and the 
bed of the sea to the three-mile limit. In 1866, 
however, with certain exceptions, the control exer- 
cised by the Commissioners was transferred to the 
Board of Trade. The Crown has a right of property 
in the soil of the foreshore, which is alienable, and 
a right of jurisdiction for the protection of public 
rights, which is inalienable, except by Act of Parlia- 
ment. The exercise of the latter right was trans- 
ferred in 1862 from the Admiralty to the Board of 
Trade. 

The Duchy of Lancaster claims the bed of the 
sea below low-water mark, as well as the foreshore, 
under its jurisdiction ; but the Board of Trade dis- 
putes the claim, and the proceeds from sales of por- 
tions of the sea-bed are paid into a joint account. 
In the case of the Duchy of Cornwall, the fore- 
shore limits in the County of Cornwall have been 
adopted as low water of highest ordinary spring 
tides and high-water mark of ordinary tides. In 
regard to the areas remaining under the control of 
the Commissioners of Woods and Forests, this 
department inserts, in conveyances and leases of 
foreshore, clauses preventing the construction of 
works below high-water mark which might affect 
navigation, without the consent of the Board of 
Trade. The Board of Trade in respect of public 
works demands small consideration —money or rent 
—under lease, and occasionally issues licences on 
payment of a nominal sum. The Board does not 
attempt to raise revenue out of the foreshore. In 
cases, however, where the public is to be excluded 
or private profit made, the Board demands full 
commercial value. 

When licences only are granted, and no Crown 
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rights alienated, the Commissioners of Woods and 
Forests only require a small acknowledgment ; but 
when the property is conveyed or leased, full value 
is demanded. The terms of the conveyances and 
leases of the two departments are, however, very 
similar. Neither as a rule disposes of foreshores 
except for purposes of useful works. They both grant 
leases tolocal authorities, enabling thelatter to under- 
take the regulation of foreshore adjacent to their 





districts. These leases are usually granted for one 


adequate or sufficiently clearly-defined powers, and 
the areas of jurisdiction require alteration or en- 
largement. The question of rating is also of great 
importance. No uniform system isin force, and the 
whole matter requires revision. Some areas benefit 
from the expenditure incurred by the commissions 
without bearing a portion of the burden. 

The general powers of county and municipal 
authorities do not cover specific duties of sea 
defence, but where a local authority owns the fore- 


year, and renewed from year to year at a rental of shore, or is responsible for the maintenance of 
il. per year. The local authorities in possession of | public roads, for the preservation of which protec- 


leases are empowered to make bye-laws for the regu- 
lation of the user of the foreshore, but not as to the 
removal of material. The removal of material has 
been responsible for much damage and encroach- 
ment on many parts of the coast. The law is not | 
quite clear on this question, and it is desirable that 
it should be improved, and the powers of the Board | 
of Trade or other authorities in prohibiting or | 
regulating the removal of all descriptions of material 
from the sea-shore brought into line and be clearly | 
defined and strengthened. 

The Board can prohibit the removal of shingle, | 
but its powers are by no means clear and definite | 
over all parts of the coast. It has been claimed | 
that orders of the Board in this respect cannot | 
be enforced in areas under private or corporate | 
ownership. The Board has power to issue | 
licences dispensing with the prohibition order in 
areas where such freedom is admissible ; but this 
is limited to ‘* ballast ”—i.e., for ballasting ships— 
and does not include power to permit the removal 
of material for other purposes, such as defence 
works. The only defence works undertaken by the 
Board of Trade are the groynes for the protection 
of Spurn Head. These works were started by the 
Admiralty, and taken over by the Board when the 
jurisdiction of the foreshore was surrendered by 
the Admiralty. It was an exceptional case, and the 
work was undertaken more for the maintenance of 
the channel in the Humber than for coast protection. 

Certain powers in connection with the foreshore 
in England are vested in the Board of Agriculture 
and Fisheries and the Local Government Board. 
The Board of Agriculture has statutory powers per- 
mitting it to sanction loans for sea defence works. 
Under these powers owners may charge their 
property with repayment of the loans, and trustees 
and universities may raise money for, or spend 
capital on, sea defences. The maximum period 
allowed for repayment is 30 years. 

The Board of Agriculture is concerned with the 
formation of commissions of sewers and drainage 
districts, and with the appointment of the com- 
missioners. In connection with drainage districts 
gen orders may be issued by the Board. 

he members of the drainage boards are elected by 
those who will be liable to the sewers rate of the 
district. In districts where there are a number of 
small holders, drainage boards are more usually 
constituted, and commissions of sewers where there 
exist large owners of areas to be protected from 
inundation. Since 1861 the Board has formed only 
two commissions with jurisdiction to the coast or 
banks of tidal rivers, and fourteen drainage districts. 
The only other powers of the Board with respect to 
these authorities consist in the authorisation, after 
inquiry, of the purchase of land for new works, and 
the commutation of the obligations of any persons 
to repair walls or maintain sewers, &c., and the 
borrowing of money to meet expenses on the security 
of the sewers rates. The jurisdiction of the Local 
Government Board consists chiefly in the sanction- 
ing of loans by local authorities, and in approving 
the bye-laws of these authorities as to the user of 
the foreshore. A number of other authorities have 
jurisdiction over foreshore in different parts of the 
Kingdom. These include special commissions 
appointed by award under the General Enclosure 
Acts or other Acts of Parliament, or by Provisional 
Order, and certain harbour authorities, county, 
borough, and urban councils. 

The origin of Commissions of Sewers dates back 
to very early times. The powers exercised by and 
the administration of commissions are very various, 
and great diversity of practice prevails. They are 
founded on a number of statutes dating from the time 
of Henry III., though before that period commis- 
sions were in existence, some of whose customs were 
even then immemorial. The commissions are not 
so much concerned with protection against erosion 
as with prevention of flooding. No doubt many of 
these authorities have carried out the duties placed 





tion from the sea is necessary, it has been held that 
the authority has an implied power to undertake 
works to protect such property or roads. Local 
authorities have obtained in some instances Parlia- 
mentary powers to deal with such cases. 

In the Highways Act, 1835, as applicable to 
England, the right of removal of materials is con- 
ceded from waste or common lands, rivers, or 
brooks, for highway repairs, but it is provided that 
this right shall not include the removal of materials 
thrown up by the sea where such action would cause 
injury to adjoining land, or encroachment by the 
sea. In Scotland and Ireland the law is not the 
same, and difficulties have been encountered by 
county councils in preventing the removal of beach 
materials. On the other hand, some county councils 
in Scotland, by taking material from the foreshore 
for roadway purposes, have caused damage to private 


ray. 

ant of combination on the part of local autho- 
rities and private owners, and of the means whereby 
such combination could be adopted in their efforts 
to fight the sea in their common interests, has been 
a source of difficulty and lack of efficiency in 
schemes of sea defence. One owner may suffer 
injury owing to the neglect of another, and erosion 
at some point of the coast may be directly respon- 
sible for damage to the property of somebody else 
in the vicinity. Again, an authority or owner 
maintaining efficient works on the foreshore may 
by so doing afford protection to large areas of the 
property of adjacent owners who bear no part of 
the cost or upkeep of such works. 








THE INSTITUTE OF METALS. 

Tue Institute of Metals has adopted the capital 
system, inaugurated fifty-five years ago by the 
Institution of Mechanical Engineers, of holding one 
of its general meetings annually at some important 
industrial centre, and this year the choice fell upon 
Newcastle-on-Tyne, where, through the courtesy of 
the University authorities, every facility was pro- 
vided in the rooms of the Armstrong College, 
which is the seat of the scientific faculty of the 
University of Durham. 

The proceedings at the inaugural sitting com- 
prised a welcome, on behalf of the Municipality, by 
the Lord Mayor, Sir William Stephenson, whilst 
the hospitable feelings of the University authorities 
were voiced by Principal Hadow. The thanks of 
the Institute for the courtesies extended to them 
were expressed by Sir Gerard Muntz, the retiring 
President, who said that they hoped to gather in 
many recruits from the Newcastle district, as much 
of the work of the Institute would be more directly 
applicable to marine engineering than to any other 
industry. 

THe New Orricers. 

The Secretary next read the official list of new 
officers which would be balloted for at the next 
meeting. These included the names of Professor 
W. Gowland, F.R.S., as President, and of Mr. 
Summers Hunter, Admiral Sir Henry Oram, 
K.C.B., and Sir Henry Wiggin, as Vice-Presidents. 

Sir Gerard Muntz next deplored the loss the 
society had suffered by the death of Mr. Ristori, 
whose place on the Council had been filled by the 
appointment of Mr. Panizzi Preston. The society, 
headded, now numbered over 600 members. 


Tue Corrosion CoMMITTEE. 


Continuing, Sir Gerard Muntz said that, most 
unfortunately for all, Mr. Bengough was laid up 
and unable to be present to describe personally the 

roposals of the Research Committee on Corrosion. 
Briefly stated, however, they were erecting at 
Liverpool a plant which comprised four small 
surface-condensers, each having a cast-iron body 
and 12 tubes. Through these condensers sea-water 


was to be circulated, a supply of 300 gallons being | 
: é provided in the first instance ; but this would be | ; 
upon them satisfactorily; but many have not | changed at frequent intervals. Provision was mation contributed to their proceedings by Mr, 





made for altering the speed of the water through 
one or more of the small condensers independently 
of the rest. Steam would be supplied from the 
engine driving the circulating pump, and condensed 
inside the four models, being then returned to the 
boiler. At the outset four metals of different 
compositions were to be used in the four con- 
densers. In No. 1 Admiralty practice was to be 
followed, the tubes, & in. in diameter, containing 
70 per cent. copper, 29 per cent. zinc, and 1 per 
cent. tin, whilst the tube plates were to be of 
Naval bronze. The whole would be fitted up on 
Admiralty lines. This model was wientel to 
serve as a standard with which the other three 
would be compared. Of these, No. 2 was to follow 
best commercial practice with }-in. tubes of the 
70-30 alloy and plates of yellow metal. In models 
3 and 4 commercial practice was also to be repro- 
duced, but the tubes in the case of No. 3 would 
contain a certain percentage of lead. As for No. 4, 
the composition of the tubes to be used had not yet 
been settled. Special attention would be paid to 
the effect, on local corrosion, of particles of scale 
adhering to the tubes. Provision was made also 
for measuring temperatures by thermo - couples 
at a number of different points. To complete the 
experiments further substantial subscriptions, in 
addition to the 2511. already received, were badly 
wanted. The initial cost of the plant had been 200/., 
and the annual outlay in operating it would be 501. 
or 601. No results could be expected under two or 
three years’ time, and the money so far received 
would soon be exhausted, the amount now in hand 
being merely sufticient for a few months’ work. 
The University of Liverpool, he might add, had 
been most generous, finding house room, skilled 
assistants, and half the cost of the coal used. In 
reading the correspondence from those asked to 
subscribe, he had been amazed in some cases at the 
way the writers had failed to grasp the value of the 
research. One firm of shipowners, for instance, 
wrote that they had no interest in the inquiry, 
which was an affair of the engineers and tube- 
makers. The speaker could not imagine how any 
shipowner could make such a declaration. He 
wanted the shipowner to realise that the research 
was very much his affair. If tubes failed, he might 
no doubt in some cases squeeze the cost of replace- 
ment out of the engineer or the unfortunate tube- 
maker, but he would have considerable trouble at 
the best. He thought, therefore, they should have 
a more generous response from shipowners and 
shipbuilders, as the inquiry was going to be of very 
great value to both. Papers to be read at that 
very meeting showed how necessary was such an 
investigation, carried out by an independent body, 
on which all interests concerned were fully repre- 
sented. The final report was bound to carry weight, 
and to help the engineer to specify, and the ship- 
owner to acquire, tubes of the best possible nature. 


Non-Ferrovus Metats in Rartway Work. 


In calling on the Secretary to read in abstract: a 
paper by Mr. George Hughes, of the Lancashire 
and Yorkshire Railway Company’s locomotive works 
at Horwich, entitled ‘‘ Non-Ferrous Metals in 
Railway Work,” Sir Gerard Muntz expressed the 
regret of the meeting that the author had been 
prevented from attending by a strike at Horwich, 
where 3200 men were out. He understood that Mr. 
Hughes was experiencing great difliculties, and 
had been threatened with rough treatment by the 
strikers ; the speaker had, indeed, advised him to 
come to Newcastle for safety. 

We commence the publication of this very im- 
portant paper on page 399 of this issue. 

The discussion was opened by Sir W. H. White, 
who said that it was a considerable source of satis- 
faction to him that Mr. Hughes’s membership of the 
Institute had resulted from a visit of the speaker 
to Horwich. One object of the Society was to 
record the experiences of users, and at the first 
meeting two valuable papers of this class had 
been read. It was only by means of information 
of this kind, the result of users’ experience and 
uninfluenced by commercial considerations, that 
advances were likely to be made and difticulties 
minimised. The paper summed up the results of 
a vast mass of experience, and represented years 
of work by Mr. Aspinall and Mr. Hughes. As the 
author had heen careful to point out, different 
results might be realised in different service con- 
ditions, but the speaker was certain they would all 
be unanimous as to the value of the mass of infor- 
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Hughes, and that to him were due their most cordial 
thanks. 

Mr. A. V. Hussey, who followed. said that he 
wished to refer to the question of soldering alumi- 
nium. Two years ago, at a meeting of the Insti- 
tute, it was stated that a satisfactory solder for 
aluminium did not exist, and this was still the 
case. Recently, however, autogenous welding of 
aluminium had come into extended practical use. 
Dr. Seligmann had mentioned the process in the 
paper to which he had already referred, but it was 
not then in general use ; now it had been prac- 
tised on a large scale, and had proved most satis- 
factory. He was therefore surprised that the 
author had not referred to it. Very large panels 
had, perhaps, no advantages ; but he might state 
that the size of sheet which could be obtained by 
using autogenous welding was almost unlimited. 
At the same time, moreover, all other joints could 
be made in the same way, thus dispensing with the 
use of solder, of which, in the true sense of the 
word, a satisfactory type did not exist. 

Mr. Allen, who followed, said that as a marine 
man he had been much interested in the author’s 
record of the excellent results obtained with bronze 
slide-valves. In 1893 he had fitted valves of this 
type to the low-pressure cylinders of destroyer 
engines, and these had given the utmost satisfac- 
tion. He had not, however, hitherto seen any 
record of the use of such valves on high-pressure 
cylinders, and was correspondingly interested in 
the author’s satisfactory experience with them. 

Dr. Cecil Desch said that Mr. Hughes’s paper was 
one of the most valuable yet brought before the 
Institute. It gave authoritative data in a very clear 
and systematic way. He wished to allude to two 

ints only. In the first place, the author said that 
Se had found copper, or rather copper with 0.3 per 
cent. of arsenic, to be of most value for fire-box stays. 
This statement was very interesting, considering 
its source, and the speaker would be glad to have 
it confirmed, since this view was contrary to that 
held by some others, who claimed that for such 
purposes an alloy had distinct advantages. Again, 
as regarded the white metal C, be noted that no 
figures of results with this alloy were given in 
Table VIII. Its composition led one to expect 
rather poor results, and a tendency to brittleness, 
so he would like to know whether systematic tests 
had been made with it. The paper mentioned that 
it was a very stiff alloy, but he should, from its 
composition, expect it to develop defects in course 
of time. 

Mr. Hanna, who spoke next, said that he was 
specially interested in the author’s remarks on 
bearing metals, since the speaker was the inventor 
of a system by which any bearing of any size could 
be cast true to dimension within 4 mil if necessary, 
and from any alloy. This method was in use on 
certain railways ; and such brasses, prepared with- 
out any tooling whatever, had three or four times 
the ordinary life. In his experiments he had, how- 
ever, got some very curious results. A certain com- 
position at one time would give most excellent 
results, but the next batch of the same metal, 
whilst still casting correct to size, would have so 


tory if ordinary mixtures would work satisfactorily 
| under high yo 


Mr. J. A. dicker said that he thought the 
author’s title rather too comprehensive, and that 
it should have read, ‘‘the use of non-ferrous 
metals on the Lancashire and Yorkshire line.” He 
was himself specially interested in nickel alloys, but 
to these the author made two references only. One 
of these contained 98 per cent. of copper and 
2 per cent. of nickel, and this addition had cer- 
tainly greatly improved the copper. As received 
the alloy had a tensile strength of 15.2 tons, which, 
after annealing for 10 hours at 750 deg. Cent., was 
raised to 16.1 tons, and after being heated for nine 
hours in a locomotive fire-box the tensile strength 
was 17.1 tons. Under similar conditions the 
strength of all other copper alloys decreased. The 
only other reference was to Argozoil, used for 
ornamental fittings. Nevertheless, nickel alloys 
were largely used for lavatory fittings, and he 
would much like to have an opportunity of showing 
the author at Birmingham what could be done 
in this way with German silver. 

Professor Henry Louis observed that whilst the 
author had compared copper fire-box plates with 
those of steel, he had made no mention of the use 
for this purpose of the best Yorkshire iron; and 
if comparative data did exist, the speaker would be 
glad to have them supplied. 

Professor R. C. Carpenter said he had been 
struck by the fact that in the specification for copper 
boiler-tubes it was definitely laid down that the 
ends were not to be annealed. He thought this 
remarkable, in view of the pointed statements of 
Dr. Beilby as to the mechanical instability of hard- 
drawn metal. Dr. Beilby recommended, therefore, 
that all copper exposed to superheats should be 
thoroughly annealed at 300 deg. to 350 deg. Cent., 
so as to destroy the amorphous surface film. The 
speaker thought, in view of this unqualified expres- 
sion of opinion by Dr. Beilby, that the specification 
should be reconsidered. 

In closing the discussion, Sir Gerard Muntz said 
that he had been specially interested in the points 
raised by Dr. Desch and Mr. Boeddicker. Mr. 
Hughes’s preference for copper stays was, so far as 
his own experience went, generally held by locomo- 
tive engineers, who told him that they found this 
material the most suitable. The copper-nickel alloy 
referred to by Mr. Boeddicker was receiving atten- 
tion in various locomotive shops, where it was being 
compared with the ordinary plate containing arsenic. 
It was still an open question as to whether the 
nickel alloy was not superior. Once it had been 
= there appeared to be no question of going 
back to the copper-arsenic plates. His own firm 
supplied both, but without any pressure on their 
part; if the CuNi plates were once tried, orders for 
them came again. This alloy, containing 2 per 
cent. nickel, gave phenomenal results. At high 
temperatures, such as 700 deg., it had still a tensile 
strength of 12 to 14 tons per sq. in. At the same 
temperature that of pure copper had fallen to 
6 tons, and of the usual copper-arsenic plate 
to something between the two. In copper fire- 
boxes very high temperatures were pre: and it 





many imperfections as to be useless. He had been 
gran himself to find out the cause, and would | 
ike to get some information as to why one batch | 
should, as stated, give beautiful results, whilst 
with the next there would be numerous draws and 
other imperfections. The system of casting was 
not yet generally known ; but, as stated, it was 
possible to produce by it, without tooling, bearings 
to any degree of fineness desired. | 

Mr. H. L. Woore, who fullowed, said that in 
using phosphor-bronze slide-valves running on cast- 
iron valve-faces he had known wear to take place 
at the rate of 4 in. ina fortnight, whilst in other | 
caves months would elapse without notable wear. 
The bronze mixture was the same, and he was 
therefore inclined to attribute the difference in 
results to differences in the cast-iron valve-face, 
and he would like to ask if the author had had | 
corresponding experiences. 

The next speaker, Professor A. K. Huntingdon, | 
said that the use of aluminium for railway carriage | 
fittings was new, but he thought it would greatly | 
extend within the next few years. The author's | 
experience with bronze slide-valves worked with | 
superheated steam had been very fortunate, but 
the speaker did not think that others had been 
equally so, and he expected that the subject would 
crop up again at the meetings of the Institute in 
the next year or so. It would be most satisfac-— 


| plates than with the CuNi plates. 


was quite evident that something was wanted which 
would withstand them. Again, oxidation was much 
more severe with the copper-arsenic and copper 
Another point 
which must not be lost sight of in discussing copper 
was the influence of oxygen, the value of which fed, 
he thought, not come home to the practical user. 
Two alloys, each containing copper and about 
0.5 per cent. of arsenic, but with 0.02 of oxygen in 
one case and 0.002 in another, showed startling 
differences as to rate of oxidation, tensile strength, 
and elongation, and also as to wearing qualities 
generally. Mr. Hughes’s paper was, he considered, 


'a most useful one, and one of the clearest he had 


read for some time, and he moved that the Secretary 
should send the author an expression of their 
thanks and of their regret at his absence. 


EtectricaL MetHops or DETERMINING THE 
CONSTITUTION OF ALLOys. 

The President next called on Dr. W. M. Guertler, 
of Berlin, to read his paper, entitled ‘‘ The Elec- 
trical Conductivity and Constitution of Alloys.” 
In this paper the author dealt with the limitations 
of the system of ‘‘thermal analysis ” of alloys, 
introduced by Tamman, and suggested as an alter- 
native the measurement of the electrical conduc- 
tivity. The determination of the equilibrium 
diagram of a series of alloys depended, he said, 


upon the possibility of plotting down against tem- 
perature and concentration, as two co-ordinates, a 
third co-ordinate showing the variation of some 
third property as the two former were changed. A 
surface was thus obtained which, in general, exhi- 
bited marked breaks along certain contours, the 
projection of which, in plan, gave the equilibrium 
diagram. In Tamman’s method the third property 
plotted against composition and temperature was 
the heat developed on solidifying, or in the com- 
pletion of other changes. The difficulty was that 
many of these changes took place with extreme 
slowness, and it was thus impossible to measure 
the corresponding liberation of heat. As a substi- 
tute for this procedure he proposed to plot as a 
third co-ordinate both the electrical resistance of a 
series of alloys and the electrical conductivity, and in 
the latter case direct evidence of the existence of 
intermediate compounds was, he stated, readily 
obtained. The resistance of a true solution, Dr. 
Guertler stated, was much higher than that of a con- 
glomerate of the two components merely mixed 
together. In the former case the total resistance 
consisted of two parts, one of which was indepen- 
dent of the temperature, and as a consequence it 
appeared that the ‘‘ absolute” temperature co- 
efficient was unchanged by the formation of solid 
solutions, though the ‘“‘ relative” value decreased 
enormously. ence this temperature coefficient 
might also be taken as a third co-ordinate to plot 
against temperature and concentration in deter- 
mining the boundaries of the equilibrium diagram. 
In conclusion, Dr. Guertler emphasised the im- 
“samageres J of discovering any alloy which should 

ave a greater conductivity than the least resistant 
of its constituents. The most that could be hoped 
for was the production of alloys in which the gain 
in mechanical properties was sufficient to over- 
balance the loss of conductivity. 

The discussion was opened by Dr. Rosenhain, 
who expressed the view that the paper was most 
interesting and extremely valuable, as it drew atten- 
tion to the limitations of the methods generally 
used by metallurgists, and in particular to those of 
the system of ‘‘thermal analysis.” Everyone who 
had used this latter method must have been im- 

ressed by its limitations. In practice, if the 
iberation of heat was to be measured, it must be 
developed at a finite rate, whereas certain changes 
took place with extreme slowness. The limitations 
thus arising were very serious, but it had proved 
possible to get over the difficulty by a study of the 
changes wrought in the micro-structure by prolonged 
annealing. Ina sense, perhaps, this constituted a 
qualitative method of research, but certainly not 
as regarded the detection of the phases, where it 
had proved very accurate and useful in filling up the 
gaps left by thermal analysis. An additional method 
was very welcome, and that dependent on the deter- 
mination of temperature coefficients of resistance 
seemed specially valuable. It had, however, he 
thought, its own limitations. The specimens used 
must be of geometric form, and free from blow- 
holes, and this was not possible with the majority. 
One was thus reduced to make measurements on 
mere fragments. If these were of reasonable size 
and shape, success might be possible ; but when it 
was a case of determining the resistance of powders, 
the coherer had shown us that in such a case the 
resistance was by no means a constant quantity, 
but subject in many cases to seriously large varia- 
tions. Again, he thought that the electrical mea- 
surements would not be easily made at tempera- 
tures above the solidus, so that the method would 
seem to be largely confined to an examination of 
the changes which went on in solid alloys, which, 
however, were the most difficult to determine 
by the methods ordinarily used. Again, it was 
necessary to have the alloy in a state of complete 
equilibrium, which was only attainable after pro- 
longed heating at the right temperature. Thus, if 
an inversion occurred at 600 deg. Cent., it would 
be necessary to get within 15 deg. of this to effect 
the change. Nevertheless, those using thermal 
analysis had, he thought, neglected other methods 
too much, possibly because few had the necessary 
appliances; but he did not question that Dr. 
Guertler’s methods would be largely used in the 
future. 

Dr. Desch, who followed, said that all metal- 
lurgists had many reasons to be grateful to the 
aetber for his original contributions to their science, 
and for the publication of his admirable text-book. 





That day he had raised questions of the utmost 
practical and theoretical importance. One funda- 
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mental question involved was, however, still 
unsolved—viz., In what way should a mixture affect 
the conductivity ? It was not even settled whether 
a plot of the resistance or of the conductivity most 
nearly followed a straight-line law. This affected 
the whole idea as to what was the constitution 
of alloys. Mathiessen had defined his composi- 
tions on a volumetric basis, but it did not appear 
that this plan gave at all the best results. In other 
cases alloys had been specified by their atomic 
percentages, but whether this was justifiable or not 
still remained unsettled. It had, at one time, 
been held that in heterogeneous bodies the con- 
ductivity should be proportional to the composition, 
but actual experience showed this was not the 
case. As to solid solutions, Rayleigh’s theory, 
by which the increase of resistance was attributed 
to the sum of innumerable Peltier effects, had 
been proved wrong. Drude’s theory gave better 
results, but could not be applied satisfactorily 
unt'l the best plan of plotting results had been 
settled. He had been interested in the author’s 
remark that the methods he advocated gave direct 
evidence of the existence of intermetallic com- 
pounds in solid solution. This observation had 
been extended above the solidus curve by Miller, 
who had shown the presence of compounds in the 
liquidus, but the importance of the observation 
had not been appreciated. The definite proof of 
the existence of intermetallic compounds had, how- 
ever, a very important bearing on the whole theory 
of solution. 

Professor Thomas Turner wished to join the 
previous speakers in expressing his pleasure at 
seeing the author, and having so important and 
suggestive a paper from him. With part of it they 
were already familiar from previous publications, 
but much was new. He was glad that attention 
had been drawn to the hopelessness of the attempts 
to obtain an alloy of good conductivity, and to the 
fact that all that might be possible was to improve 
the mechanical qualities to a greater extent than 
the electrical properties deteriorated. This, in 
short, was the bearing of the paper from the prac- 
tical side. As for the theoretical, all engaged in 
research were indebted to the author for pointing 
out the importance of electrical conductivity as a 
guide to constructing the equilibrium diagram. 

Professor R. C. Carpenter said the paper was 
difficult to discuss verbally, but he thought that it 
fitted in well with Mr. Edwards’s views on the 
nature of solid solutions, which was to be discussed 
next day; and he believed that the determination of 
conductivities might throw much light on the ques- 
tion as to how far solid solutions were really homo- 
geneous, 

In reply, Dr. Guertler said he agreed with 
nearly every word which had been spoken in the 
discussion. He had not enlarged on the uses of 
rm Fy as his paper was devoted to a discus- 
sion of the properties of alloys, but he recognised 
its enormous importance. In micrography the phase 
itself was seen, in all other cases its existence was 
more or less an indirect inference. He quite agreed 
as to the necessity of reaching a state of equilibrium 
before determining final values of the conductivity, 
but this, in fact, constituted one of the advantages 
claimed. If, after a few days’ annealing at a cer- 
tain temperature, the conductivity was changed, it 
showed that equilibrium had not been attained, 
and that the experiment must be continued till the 
resistance was constant. It was not, he might add, 
very difficult to measure the conductivity of alloys in 
the liquid state, provided the temperature was not 
high. He used for this purpose quartz tubes in 
which the alloys were melted. On cooling, the con- 
ductivity curve showed all the well-known breaks. 
Dr. Desch had suggested that difficulties might 
arise in plotting when intermetallic compounds 
were formed. In that case, however, the diagrams 
should be divided into sections, and atomic per- 
centages used until the first break was reached, 
after which percentage volumes should be used. 


Harp-Drawn Copper. 


Mr. D. R. Pye’s paper on ‘‘The Mechanical 
Properties of Hard-Drawn Copper” was next read 
by the author. This we publish in full on page 403. 

The discussion was opened by Mr. A. P. Trotter, 
who said that the author had already expressed the 
speaker's own view that further information was 
highly desirable. The tests of Bolton were, it was 
true, very concordant, but were confined to material 
supplied by one maker. Others, who perhaps made 
Just as good copper, were more diffident when it 








came i aye their results. Additional tests | 
| Neville had, he said, studied them very minutely, 


might afford further information. For example, the 
effect of dissolving off the hardened skin might be 
investigated, and micrographic examination of the 
cross-sections might also prove valuable. Again, the 
whole process of wire-drawing was largely a mys- 
tery to outsiders. There was a difficulty in getting 
makers to describe their processes, and one had to 
take what could be got, and not what one wished 
for. The process was not suitable for being con- 
ducted in the laboratory, but it would be of great 
interest to have it examined from the scientific 
standpoint. It was known, for example, that the 
wire was ‘‘slack” in the hole through which it had 
been drawn, but why this was so no one had dis- 
covered. In some cases ‘‘ ripples” had been seen 
on the shoulder of the wire on its way through 
the die. Apparently the phenomena were allied to 
the formation of a vena contracta with jets of liquid. 

Mr. Gaywood said that the only point which he 
desired to raise was that an overhead trolley-wire 
had to stand wear, and therefore it was advisable 
to fix a maximum limit to the elongation, in order 
to avoid the risk of a soft wire. Professor Henry 
Louis asked why the ordinary system of wire- 
testing had not been followed. In practice no 
oe was attached to elongation, but tensile 
and torsional tests were made, and the number 
of twists determined which the wire would stand 
without fracture. In some cases a ‘‘ to-and-fro” 
bending test was also employed, but generally 
reliance was placed solely on tension and torsion 
tests. The view of wire-makers was that the amount 
of extension was of very little importance, and he 
would therefore like to know why the torsion test 
should not be applied to hard-drawn wire. 

In closing the discussion, Sir Gerard Muntz said 
that, as a manufacturer, he considered the paper 
to be of a highly desirable type. It was, indeed, 
curious how desirous most people seemed to be 
to omit from their specifications all mention of the 
work put on a metal. For wires of No. 16 gauge 
and of 3 in. in diameter the specification was often 
precisely the same. This sort of error was parti- 
cularly frequent when one engineer borrowed 
another’s specification. A recognition of the effect 
of differences of diameter was absolutely essential, 
and Mr. Pye had been very right in insisting on it. 

In reply, Mr. Pye said that the use of rolled rods 
had made it necessary to insist on a minimum of 
extension. Thespecification of the tensile strength 
would in itself suffice to guard against the supply 
of unduly soft wires. If the strength s cited 
were secured, the hardness would be satisfactory, 
however great the extension. As to Professor 
Louis’ suggestion that torsion tests should be 
included, the plan actually followed had been 
adopted for simplicity’s sake; and he thought, 
moreover, that there would be a difficulty in de- 
vising grips which would allow of a satisfactory 
torsion test on hard-drawn wires. 


VoLuME CHANGES IN THE CoprpEeR-TIn ALLOys. 


A paper entitled ‘‘ Volume Changes in the Alloys 
of Copper and Tin” was then read by Mr. J. L. 
Haughton, who was joint author with Professor 
Thomas Turner. It described further developments 
of Professor Turner’s method of measuring volume 
changes of cast alloys. The bar was cast in the 
form of a T, and an extensometer applied to the 
stalk, and the indications of this extensometer were 
claimed to be proportional to the actual changes in 
volume, which may result in solidification or in 
inversions occurring later. Mr. Haughton had 
modified the apparatus so that both the pyrometer 
and extensometer could be simultaneously read by 
the same observer. The materials used in the 
research were pure electrolytic copper and tin, 
assaying 99.9 percent. The T-bar was } in. square 
in section, and extensions were read by a mirror 
extensometer. The hars varied in composition 
from pure copper up to pure tin in steps of 5 per 
cent. The results obtained agreed well, it was 
stated, over certain ranges with the equilibrium 
diagram as established in other ways, but in other 
places there were marked divergencies, though the 
authors claim that every important line crossed in 
the equilibrium diagram was accompanied by a 
change in the rate of contraction as shown by the 
extensometer. 

Professor Turner, who spoke next, said he need 
not remind members of the importance of the 
alloys investigated in this research, many of which 
had been in use for over 2000 years, the bronze, 
bell metal, and speculum metal of the Romans 


being the same as used to-day. Heycock and 
but there was still room for much further research, 
About twenty-five years ago he had examined the 
researches of Riche to try to find some connection 
between composition and the density of the alloys 
examined, but could find none. This he considered 
to some extent due to the presence of blow- 
holes in Riche’s castings, but this explanation was 
not sufficient. The divergences were also due in 
part to differences in crystal sizes and in the rate of 
cooling, and further to changes occurring after 
solidification. The divergences of the equilibrium 
diagrams of Heycock and Neville, Shepherd and 
Blough, Giolitti and Tavanti, particularly at 70 per 
cent. copper, showed how complicated the research 
was. The speaker further stated that all the alloys 
used in Mr. Haughton’s research had been analysed 
after manufacture, as serious error arose when it 
was attempted to realise definite compositions by 

ure synthesis. In some cases, he might add, Mr. 

aughton’s observations were not clear. This arose 
from the rapid rate of cooling, since with the 
copper-zinc series certain changes only developed 
when the cooling was very slow. 

Dr. Rosenhain, called on by the President, said 
he had not intended tospeak, but, if he must do so, 
he could only say that if the method were offered 
merely as a rough means of analysis in practical 
foundry work, it might have its uses; but as a 
method of studying the constitution of so com- 
plicated a series of alloys as those of copper and 
zinc, he felt it was entirely out of court. The rate 
of cooling was too rapid for equilibrium to be 
attained, and the temperature was not constant 
throughout the bar. Something no doubt was 
observed which might serve certain practical ends, 
but this was all. He was very loth to speak in 
this way of a paper on which so much work and 
ingenuity had been expended, but as he had been 
called on for his opinion, he felt bound to say that 
he thought the energy shown might have been 
— to more useful purpose. 

r. Cecil Desch, who followed, said that his 
criticism of Birmingham methods of measuring 
volume changes threatened to become an annual 
event. He did not think the method was capable 
of measuring volume changes at all, and in par- 
ticular those ensuing on solidification. After the 
outer shell was formed, the extensometer simply 
measured changes in this outer shell, and any 
volume changes down to complete solidification 
would not necessarily be recorded. The defect of 
the method was well shown by bismuth. With 
this metal the apparatus failed to record any 
expansion on solidification, though that such an 
expansion actually occurred was now undoubted, 
and could be easily observed by placing melted 
bismuth in a quartz tube, in which case the changes 
could be read as easily asa thermometer. In this 
way it bad been found that Bi expanded 3 per cent. 
on solidification. This, however, was not recorded 
on the Birmingham apparatus, which appeared to be 
correspondingly untrustworthy. He believed the 
whole effect observed was due to crystal thrust, as 
those metals which showed most expansion with the 
apparatus were just those which gave most thrust. 

As the time set for the conclusion of the sitting 
had been reached, the author’s reply was postponed 
till the next day. 

(To be continued.) 








HEAT-INSULATING MATERIALS: THE 
RELATION BETWEEN SURFACE 
TEMPERATURE AND EFFICIENCY. 


By Cuas. R. Darure, A.R.C.Se.I., Wh. Ex., 
F.1.C., &c. 

Tue surface temperature of a lagging, when in 
use, is commonly supposed by engineers to furnish 
a clue to its efficiency, and conclusions are often 
formed from the sensation of heat experienced when 
the hand is placed on the surface. Another test, 
frequently employed, is to make a small hole in the 
lagging, into which the bulb of a thermometer is 
inserted ; and it is then assumed that the material 
in which the lowest reading is obtained possesses a 
superiority in respect to insulating power. Whilst 
acorrect measurement of the temperature of the 
surface is of value in conjunction with other tests, 
it will be shown that if taken alone an entirely 
erroneous opinion of the merit of the material may 
be formed. 








The important factor which is not taken into 








396 


ENGINEERING. 


(Sept. 22, 1911. 





account in the above rough-and-ready test is the 
nature of the surface with respect to its radiating 

wer. A lagging with a rough exterior radiates 

eat with much greater freedom than one which is 
finished smooth, and the latter, which is superior 
as an insulator, owing to retention of heat by the 
surface, will feel hotter than the former when 
touched by the hand. Hence it follows that a given 
non-conducting coating, if improved by painting 
and varnishing the surface, would appear to have 
suffered in insulating power if judged by its surface 
temperature only. To avoid such a fallacious con- 
clusion, it is evident that the radiating power must 
also be taken into account, and only when this is 
done can a correct inference be drawn. During a 
general investigation of the efficiency of heat-insu- 
lating materials (the chief results of which were 
published in Enatneertnea for July 9, 1909), the 
author obtained a number of results bearing on the 
question of surface temperature, which serve to 
show the extent to which this particular measure- 
ment may act as a guide, and a description of these 
experiments will now be given. 

A pipe was coated with a lagging 2 in. thick, and 
small thermal junctions were inserted at intervals 
of } in. through the material. The junctions were 
made by soldering thin iron and constantan wires 
to a thin iron disc, and were connected to a cold 
junction and mirror galvanometer, the scale of 
which was calibrated to read temperatures directly. 
In taking the external temperature, a junction was 
pressed on the surface until the reading became 
stationary. In the first trial the surface of the 
lagging was composed of thin untreated asbestos 
cloth ; in the second the surface was covered with 
a coating of aluminium paint. The readings of the 
various junctions are shown in the accompanying 
figure, in which A represents the untreated and B 
the painted lagging. The internal temperature of 
the covering was brought to the same point in each 
case by regulating an electric heater in the pipe, 
thus enabling the effect of the aluminium paint to 
be deduced from the temperature gradient. 

Several interesting points are disclosed by the 
two curves. The gradient, in the case of A, would, 
if produced, cut the Jine corresponding to the 
exterior at a height representing 96 deg. Fahr., 
whereas a junction aelel to the surface recorded 
only 80 deg. Fahr., as indicated by the X. Simi- 
larly, in B, the respective temperatures are 
115 deg. Fahr. and 105 deg. Fahr. The differences 
are, no doubt, due to the loss of heat by surface 
radiation, the higher figures, obtained by producing 
the gradient, representing temperatures on the 
inner side of the surface, and the lower values 
those on the outer side. It will be noted that the 
effect of the metallic paint has been to produce a 
less steep temperature gradient throughout the 
material, and although the surface temperature, as 
measured directly, was 25 deg. Fahr. higher than 
before, -the actual quantity of heat escaping was 
7 percent. less. Assuming that the law of thermal 
conductivity holds in this case—that the quantity 
transmitted varies directly as the difference in tem- 
perature between the hot and cold faces—it follows 
that, with a constant internal temperature, the 
heat escaping will diminish as the external tem- 
perature rises, a result quite opposite to the idea 
entertained by many engineers on this point. 

When two different materials, possessing the 
same radiating surface, are tested, however, it may 
legitimately be concluded that the one possessing 
the hotter surface is permitting the greater escape 
of heat. This may readily be shown by reference 
to the Stefan- Boltzmann radiation law :— 


E = 1.28 x 10-” x (T,‘-T,*) x K 


where E = heat radiated in calories per square 
centimetre per second ; T, = absolute temperature 
of the radiating surface in deg. Cent. ; T, = abso- 
lute temperature of surroundings in deg. Cent. ; 
and K = a constant, which expresses the ratio of 
the radiating power of the surface to that of a 
‘*black body.” Evidently, if K be identical in 
the two cases, the quantities of heat radiated per 
unit of area will be proportional to T,‘ — T,'; 
and if T,, the absolute temperature of the sur- 
roundings, be also the same for both, it follows 
that more heat is leaving the hotter surface per 
second, and therefore more heat must flow through 
the lagging per second. Moreover, a small difference 
in surface temperature indicates a considerable 
divergence in the quantity radiated, as will be seen 
by reference to a numerical example. Taking T, 
as 40 deg. Cent. in one case, and 50 deg, Cent, in 





the other, and T, as 27 deg. Cent. for both, the 


relative amounts radiated are as 1: 1.8, a difference | 
of 10 deg. Cent. thus representing nearly twice the | 
It follows, therefore, that | 
when the radiating surfaces are identical, the surface | 


amount of radiation. 


se es furnishes a reliable and delicate guide 
to the insulating powers of different materials. The 
above formula also explains why a smooth metallic 
surface, such as aluminium paint, may be hotter 
than an unprepared surface, and yet radiate less, 
for in this case the value of K may be only a quarter 
or less than that which holds for the unpainted 
lagging. 

A further reference to the curves in the figure 
will make clear the unsatisfactory nature of the 
test in which a thermometer bulb is placed in a hole 
made for the purpose in the outer part of the 
lagging, into which it is customary to pour mercury 
to secure a good contact between the material and 
the bulb of the thermometer. It is difficult to say 
what the reading indicates, as the temperature 
recorded will be the mean of that existing between 
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the end of the bulb and the surface ; and, more- | 


over, the normal condition of the lagging at this 
part is entirely changed by the introduction of the 
mercury and thermometer bulb. One thing is 
certain : that the reading affords no clue to the 
surface temperature it is supposed to measure ; and 
in this respect the test is inferior to the application 
of the hand. The thermal-junction method is 
undoubtedly the best for obtaining a definite read- 
ing of the surface temperature ; and as it is now 
possible to obtain cheap portable indicators for use 
with a junction, it is to be hoped that other so- 
called measurements will be definitely abandoned. 

The relations between surface temperature and 
efficiency may be summarised in two statements, as 
follow :— 

1. When the surface of a given insulating material 
is treated so as to reduce its radiating power, the 
temperature is higher although the heat escaping 
is less. 

2. If two different materials possess identical 
surfaces, that which has the higher surface tem- 

rature, under given conditions, is the worse 
insulator. 

A recognition of these two points will prevent 
engineers from being led astray by the extravagant 
claims frequently put forward for compositions, 
based entirely on imperfect surface temperature 
measurements. It is also hoped that the advantage 
of finishing the surface with aluminium paint, 


instead of ordinary paint and varnish, will be recog- | 


nised, as not only is the insulating power improved, 
but the finished work has a better appearance. The 
fact that such a surface feels warmer to the touch 
is in this instance nota proof of inferiority, but of 
the contrary. 








NOTES. 
Tue DrEPENING OF THE CLYDE. 

Tue Clyde is recognised as the world’s greatest 
shipbuilding centre, and upon ifs waters have been 
first borne the greatest of merchant and naval 
ships; but the navigation authorities have not 
been too ready to recognise the demands of in- 
creasing size and draught of ships until this was 
brought home by the needs of the shipping frequent- 
ing the port. The explanation is to be found in 
the fact that shipping provides an enormously 
greater revenue than shipbuilding, and it is always 


| difficult for patriotism to triumph over financial 
commitments. That such great work has been 
possible to the Clyde shipbuilders is, perhaps, 
some proof of satisfactory, if tardy, progress. The 
requirements, when clearly demonstrated, have 
| been met in a way, although the navigation of great 
|new ships down the channel has been an anxious 
| process, and several of them have had to go else- 
| where to be dry-docked. For the present, however, a 
| more generous policy is being pursued. A graving 
|dock of adequate dimensions is about to be con- 
| structed, the worst bend in the river is being cut 
away, and now there is for that part of the river— 
| nearly 20 miles long—within the jurisdiction of the 
|Clyde Navigation Trust, a minimum depth of 
| 24 ft. 6 in. at low water of spring tides, and ships 
| drawing 30 ft. are trading to and from Glasgow. 
With these and other improvements, and the really 
|admirable harbour and dock facilities, the Clyde 
| will maintain its traditional place as a shipbuilding 
,andshipping centre. But, unfortunately, the juris- 
diction of the Trustees does not extend to the sea. 
The channel past Port Glasgow and Greenock, with 
| separate harbour authorities, and beyond these ports 
|to the Firth and thence to the sea, is under the 
| Clyde Lighthouses Trustees, who have only power, 
obtained in 1880, to deepen the channel to 23 ft. 
| It is now pro,osed to apply to Parliament to enable 
| the depth of this part of the channel to be increased 
| to 27 ft. at low water of spring tides, so that the 
| heaviest laden vessels may leave Glasgow at high 
water without fear of being prevented from reach- 
|ing the sea before the tide ebbs too far. An 
interesting engineering question is raised, as the 
channel passes close to wharves in Greenock, and 
| the question arises as to what effect the dredging 
will have on the foundations of these wharves and 
| the adjoining docks. The engineers of the Clyde 
| Lighthouses Trustees and of the Greenock Harbour 
| authorities are considering the question, and no 
| doubt a means can be found, by underpinning if 
necessary, to preserve these foundations, and thus 
obviate the opposition of the Greenock authorities. 
This preservative work is imperative, for, as it is, 
Greenock Harbour will be further injured com- 
mercially by this improved facility to ships passing 
| their dock-gates on their way to the harbour of 
| their great and rich neighbour further inland. 


THE SECRETARY OF THE ADMIRALTY. 


To the student of administration methods the 
organisation of the Admiralty seems at first most 
| complex ; but fuller knowledge discloses a well- 
| defined scheme, whereby work is accomplished with 
|remarkable exactitude, so long as each unit in the 
personnel fulfils his function with precision, fore- 
thought, andaccuracy. As in all large institutions, 
there may be weak links in the chain, and thus, 
even at the Admiralty, delays arise, sometimes 
with far-reaching effects. But it may be claimed 
that, for many years, the Admiralty has been 
|exemplary among Government departments, and 
| this superiority can be attributed in great part 
to the Permanent Secretary, who is, in brief, 
the medium through which co-ordination of diffe- 
rent, and sometimes conflicting, departments is 
achieved. It is true that the Permanent Secre- 
| tary in this case is not the sole link of continuity 
| during change of Governments, as in some other 
| departments, since, fortunately, the Sea Lords and 
the Controller do not change with each Government, 
|as was once the case, and these members of the 
| Board, and particularly the latter, exercise great 
|influence in ensuring continuity. The technical 
| ofticers, too, are more or less permanent, and their 
| work conduces to the same end ; but they are not 





| concerned with questions of policy, naval or adminis- 
trative, so that with changes in the constitution of 
the Board, due to Governments passing, to Sea 
Lords resigning or going afloat, the secretarial 
department exercises a great influence. Moreover, 
it falls to the Secretary to promulgate the decisions 
of the Board ; no decision is valid unless issued 
by him. The holder of this important office must 
| possess not only complete knowledge of Admiralty 
work and great organising ability, but must have 
also in a high degree judgment, tact, firmness, and 
a full sense of justice, since in many ways he can 
|influence the Board, and must communicate un- 
pleasant decisions as well as gratifying announce- 
|ments. It must be confessed that in recent appoint- 
ments those responsible have been specially feli- 
citous. Sir Evan MacGregor, after holding office 
|for twenty-three years, was succeeded by Sir 
Inigo Thomas, whose retirement is now announced, 
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and Sir William Graham Greene now succeeds 
worthily to the high office. Sir Inigo Thomas, 
although he has only been Secretary for little 
more than four years, has won high repute. 
He has given forty-six years’ useful work to the 
Service. He entered it in 1865, and, his merits 
being recognised at an early date, he became 
private secretary to Lord Hood of Avalon and Sir 
K. Commerell, when these distinguished admirals 
were First Lords. He was for a long time head of 
the secret and political branch—than which there 
are fewer better posts of training within the Admi- 
ralty. It was for his work here that he earned his 
C.B. in 1900, and his promotion in 1902 to be 
Assistant Secretary. When in 1907 Sir Evan Mac- 
Gregor retired, there was no difficulty in the choice 
of a new secretary. No appointment has been more 
fully justified by results, and, in view of Sir Inigo’s 
age, he will be able, doubtless, to devote some of 
his energy and great ability to the advancement of 
some other department of naval activity for the 
benefit of industry and of the Service. He was 
advanced from K.C.B. to G.C.B. at the time of the 
coronation. With equal appropriateness will the 
Service and the country welcome the promotion of 
Sir W. G. Greene, who was made a K.C.B. at the 
coronation. Like Sir Inigo, he entered the Service 
when young, in fact at twenty-two years of age, 
and has already thirty-two years of service to his 
credit. He was private secretary to four successive 
First Lords, and after serving in several depart- 
ments, succeeded Sir Inigo as Assistant Secretary 
in 1907. The shipbuilding and engineering con- 
tractors to the Admiralty will find in him as desir- 
able a Secretary to the Admiralty as his predecessor ; 
more cannot be wished for. 





INDUSTRIAL NOTES. 

Accorp1NG to the Board of Trade Gazette, issued 
on the 16th inst., the state of the labour market in 
August was as follows :— 

Employment was, on the whole, not quite so good as 
in July, and many industries were adversely affected by 
the disputes in the railway and other transport trades. 

As compared with a year ago, employment in most 
of the principal industries showed an improvement. 
There was, however, a marked decline at blast- 
furnaces and in the jute and lace industries. 

In the 394 trade unions, with a net membership of 
769,367, making returns, 25,075 (or 3.3 per cent.) were 
returned as unemployed at the end of August, 1911, 
compared with 2.9 per cent. at the end of ‘' 19)1, 
and 4 per cent. at the end of August, 1910. eturns 
from firms employing 447,200 workpeople in the week 
ending August 26, 1911, showed a decrease of 3.7 per 
cent. in the amount of wages paid compared with a 
month ago, and an increase of 1.8 per cent. compared 
with a year ago. 

The changes in rates of wages taking effect in August 
affected 228,600 workpeople, who received a net 
increase of nearly 9400/. per week. The principal 
increases affec 2700 building trade operatives in 
Southampton, 15,000 workpeople in engineering works 
at Leeds, Oldham, and Leicester, and 68,000 transport 
workers in London. The principal decreases affected 
130,000 coal-miners in Durham and 4700 blastfurnace- 
men in Scotland and North Lincolnshire. Amongst 
those whose hours of labour were reduced during the 
month were 39,000 carters, &c., and lightermen in 
London. 

The transport trades were much affected by disputes 
during August, the most important being those involv- 
ing about 140,000 railway workers, 78,000 dock 
labourers, carmen, and other transport workers in 
London, 35,000 dock workers, seamen, &c., at Liver- 
pool and Birkenhead, 3000 carters at Manchester, and 
2500 and 1000 tramwaymen at Glasgow and Leeds 
respectively. Other important disputes were those 
involving 12,000 coal-miners in the Rhondda Valley, 
1400 coal-miners at Wigan, 3000 engineering appren- 
tices at Leeds, and 1500 cotton operatives at Skipton. 
The number of new disputes beginning in August was 
10), and the total number of workpeople involved in 
all disputes in progress during the month was 373,615, 
or 184.507 more than in the previous month, and 
356,256 more than in August, 1910. The total number 
of working days lost during the month by these work- 
people was 2,323,800, or 1,050,500 more than in July, 
1911, and 2,183,300 more than in August, 1910. 

Cases dealt with under the Conciliation Act inelude 
those affecting the railway workers of the United 
Kingdom, transport workers in London, Liverpool, 
Manchester, Cardiff, and Grangemouth, coal-miners at 
Bristol, plumbers at Glasgow, confectionery workers 
in London, warp weavers at Skipton, tube workers at 
Landore, machine tenters at Cleckheaton, and boot 
and shoe operatives in London. 





We understand from the monthly report of the 








Amalgamated Tool-Makers’ Society for September 
that the steady growth of membership in the society 
continues, the membership having increased from 
5000 in April last to nearly 5500 at the present time, 
while the increase since August, last year, to August, 
this year, was 1120. There was, however, an increase 
of 12 in the number of the unemployed, the numbers 
being 83 and 95 in 1910 and 1911 respectively. In 
the same time the reserve funds aveenell aie 17,2002. 
to 23,200/. respectively. 

The monthly returns of the United Society of 
Boiler-Makers and Iron and Steel Shipbuilders for 
August show an increase in the number of the unem- 
ployed during the month; but this is said to be due, 
to some extent, to the members in various districts 
being idle on account of disputes of helpers, heater- 
lads, &c. It is also an unfortunate circumstance that 
in some districts there are men out of work while in 
others thére are not enough men to fill the vacant jobs. 
The expenses in August were higher than in July, the 
increase amounting to 1442/. lls. 3d., and the total 
increase in membership was 389. 





Not willing, apparently, to be left behind in the 
desire to disturb what remained of industrial peace 
on the termination of the late railway strike in this 
country, Ireland is now to the front, having engi- 
neered a railway strike of her own. It appears 
to have originated in the strike of two railway 
men in the goods department of the Great Southern 
and Western Railway at Kingsbridge on Friday 
last. This soon developed, and assumed proportions 
that caused alarm. The original cause of the trouble 
was the fact that two men objected to handle some 
timber from a firm in the city whose men were on 
strike. This ridiculous attitude was unfortunately 
supported by all the men in the goods department, 
numbering about 400, who stopped work, being 
joined at night by the majority of the platform 
men, including the checkers. On Satu ay and 
Sunday the passenger traffic was carried on by the 
clerical staffs. In reply to a request from the men that 
the company should not require them to handle any 
traffic from firms in the city whose men were on strike, 
Mr. Dent, the general manager, naturally pointed 
out that, having regard to their legal obligations, 
it was quite impossible to accede to such a request. 
It was therefore announced that a general strike 
would be proclaimed on the Great Southern and 
Western Railway, and the men at the inchicore works 
left work. The strike spread to the men at the 
North Wall Station, who marched to Kingsbridge 
Station, and at 30’clock on Sunday they were followed 
by the goods staff of the Great Northern Railway 
Company, and the Midland Railway men followed 
suit. The platform men on the Midland and the Great 
Northern Railways remained at work, neither did the 
Broadstone employees of the Midland Railway come 
out. It was stated on Monday that the drivers, 
firemen, and cleaners had decided to cease work, and 
there was no improvement generally in matters on 
Monday, the strike continuing to spread, with conse- 

uent dislocation of traffic. There was a meeting in 

ublin on Tuesday of the executive committee of the 
Amalgamated Society of Railway Servants to consider 
an appeal made to them from the members of the society 
that their interests should be safeguarded by rallying 
other workers to their aid. It is reported that the 
railway companies, with the exception of the Dublin 
and South-Eastern, are quite firm in their determina- 
tion to adopt an attitude of resistance towards the 
demands of the men. There is little doubt that a 
general strike is threatened, but if it take place it 
will not be on the question of wages or hours, nor even 
on an absurd demand for ‘‘ recognition ;” the issue at 
stake being whether the Irish companies are, or are 
not, to fulfil their obligations to the public. It is 
said that public sympathy is on the side of the em- 
ployers who refuse to accept the intolerant demand of 
the men. If the public are really on the side of the 
companies, the strike is doomed to a speedy termina- 
tion. There is, indeed, a very clear indication that 
the public are becoming heartily sick of these con- 
jel recurring strikes, and will, if thin go 
much further, take means of putting an effectual stop 
to them. 

Things were very bad at Limerick on Monday, the 
strikers having matters pretty much their own way. 
The difficulty of the companies was the old one— 
namely, insufficient protection, for although in many 
cases plenty of men can be obtained to do the work, 
there is difficulty in obtaining protection for them. 
Men who are intimidated, assaulted, and injured, are 
allowed in many cases to be so treated because the 
authorities are either too weak or are unwilling to 
protect them. 

By the middle of this week the strike had spread 
throughout Ireland, some of the lines being almost ata 
standstill, and many tourists in the district of Killarney 
found it impossible to get home, and agriculturists 
and traders are in many cases placed in a most serious 


position, for they cannot get their perishable goods 
to England. As a natural consequence of the ‘I'rades 
Disputes Act, as in England so in Ireland, there has 
been molestation and intimidation where the men 
still remain loyal, so that drivers, firemen, and others 
are afraid to work. It is the same story that 
we became so accustomed to during the late rail- 
way strike in this country, and strengthens (if any- 
thing were needed to strengthen) the opinion that the 
law relating to ‘‘ peaceful picketing” requires speedy 
revision. 

At the time of going to press matters appear to 
have come to a deadlock, inasmuch as the directors 
and managers of the railways affected have definitely 
refused to reply to the ultimatum sent them by the 
Executive of the Amalgamated Society of Railway 
Servants. 





There was another outbreak of trouble in the Clyde 
shipbuilding trade on Monday last, owing to the action 
of about 1 holders-on employed in the shipyards 
declining to start work. The men who caused the trouble 
were practically all at work in the federated yards. The 
strike was a direct refusal to obey instructions, as they 
were Officially asked to remain at work until last night, 
when there was to be a conference between the repre- 
sentatives of the two sides. The men’s union is in 
rather a dilemma, because if the men go out they 
ought to be fined, under the national supplementary 
agreement, whereas if the men refuse to pay the fines 
they ought, according to the rules of the society, to 
be excluded from membership, in which case it is 
thought that the men might organise a trade union of 
their own. 





The telegraph lads in the West Riding of Yorkshire 
have been moved by a desire to improve their con- 
dition, and, apparently acting on the example of other 
sections of the industrial community, have drawn up a 
programme setting forth their grievances. Among other 
things they claim that lads commencing between the ages 
of fourteen and fifteen years shall receive not less than 
12s. a week, with ls. a week increase per annum, 
and receive the minimum of 14s. a week on attain- 
ing the age of sixteen years, irrespective of the date 
of the last increase they received. Lads commencing 
between the ages of fifteen and sixteen years to 
receive not less than 13s. a week, and the mini- 
mum of 14s. a week on attaining sixteen years of 
age, irrespective cf the date they commenced in the 
service. If they enter at the age of sixteen years, the 
minimum wage to be not less than 14s. a week, and 
1s. a week increase on attaining the age of seventeen, 
and an additional 1s. a week increase per annum until 
they attain the age of nineteen years. An eight hours’ 
day is also claimed, with all overtime at the rate of 
time and a quarter. Sunday duty to be paid at the 
rate of time and a half from twelve midnight Saturday 
to 12 midnight Sunday. The lads maintain that at 
the age of nineteen they should be allowed to pass the 
doctor at once, and be paid from that date at the rate 
of a man porter’s ordinary wage, irrespective of the 
position held. 





In his evidence before the Railway Commission on 
Monday last, Lord Claud Hamilton, M.P., the chair- 
man of the Great Eastern Railway Company, declared 
in no uncertain words his opinion of the methods of 
the Amalgamated Society of Railway Servants, and his 
remarks formed one of the severest indictments of trade 
unionism ever framed. Moreover, what he said was not 
the opinion of a man of little experience and small 
knowledge of his subject, but the ripe conviction of 
one who for thirty-nine years has been a director of 
one of the important railways of the country, during 
which time he occupied the position of deputy-chair- 
man for eighteen years, and chairman for eighteen 
years, and he claimed to speak not only on behalf of his 
company, but on behalf of the great majority of his men. 
His indictment was that the railwaymen’s unions exer- 
cise intolerance and intimidation. They work for war, 
and not for peace, because in peace they languish. 
They have forfeited all right to be trusted in the 
future. Their actions are calculated to bring discip- 
line into disrepute by holding up directors an officials 
to the hatred and execration of the staff, and en- 
courage men to be disloyal and unfaithful to those 
who employed them; they are also controlled by 
Socialist agitators. 

There is apparently a strong feeling growing 
amongst a large section of railway workers themselves 
against the intolerable tyranny of trade unions, 
apropos of which there was a meeting of non-union 
railway men held last Monday night at Widnes to 
protest against this tyranny. The principal speaker 
stated that the time had come when non-unionists 
should combine against the force of State Socialism, 
with which trade-unionism was synonymous. The 
resolution passed was the following:—‘‘That the 
continued attempts of coercion on the part of trade 





unions make it imperative for workers who desire to 
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remain free to organise in self-defence, and it is 
resolved to establish a society called the Lancashire 
Railway Society of Free Workers, for the purpose of 
maintaining the principles of personal responsibility, 
and especially to protect by every means in its power 
the right of individual members to live and work in 
freedom, so long as they do nothing to interfere with 
the enjoyment of a like freedom by all others.” 





Under the present state of labour in this country 
and the unruly condition of the trade unions, it is 
almost tragic that we should have to announce the 
death, on Saturday last, of Mr. Robert Knight, one of 
the very ablest, and certainly one of the strongest, 
leaders of trade unionists there has been. Unlike 
many of those now in office, he was able to control his 
men, and he would tolerate no insubordination in the 
ranks of unionists with whom he was connected. We 
say it is almost tragic because such men are now so 
much needed that the removal of one of them is a 
serious loss. Mr. Knight was an old man, having 
been born on September 8, 1833, and he had therefore 
completed his seventy-eighth year. He was the son 
of an engineer and general smith at Lifton, in Devon- 
shire, and served his apprenticeship at the Roya) Steam 
Factory at Keyham, Devonport, where he remained 
fourteen years. He was, from the commencement of 
his career, connected with labour matters, and during 
his time at Keyham was appointed one of two dele- 
gates to attend before a Select Committee of the House 
of Commons to advocate the claims of his fellow- 
workmen for superannuation. He also was for some 
time a strong supporter of the wages movement com- 
mittee in Devonport. It was not until March 1, 1871, 
that Mr. Knight became general secretary of the 
Boiler-Makers and Iron-Shipbuilders’ Society, a position 
which he ably filled until the time of his resignation 
in 1899. He was a governor of Newcastle Infirmary, 
and of the Armstrong College, at Newcastle, and was 
also closely associated with the co-operative move- 
ment, as well as that of the friendly societies. He 
was a Liberal in politics, and became a magistrate in 
1892. He, some years ago, refused the offer of an 
appointment under the rd of Trade. Probably 
Mr. Knight’s most remarkable characteristic was the 
power of control over the men of the society whose 
secretary he was, and if there were more men of his 
stamp among trade-union leaders of the present day, 
we should hear less of the disloyalty to the wishes of 
the executive, and less of the breaking of solemn 
agreements than we do at present. Mr. Knight leaves 
a widow, two sons, and one daughter. 





Last week the boiler-makers’ dispute at Lincoln was 
settled, and the men returned to work on the Thurs- 
day. By the agreement arrived at the men secure Is. 
a week advance and 24 per cent. on piece-work rates. 
The agreement is to remain in force for two years. 





The wages of shipyard skilled workers are to be 
increased by ls. a week on time rates and by 5 per 
cent. on piece prices from about October 11, according 
to the days on which the pays are made up. This is 
the result of a confirmation by the Newcastle associa- 
tions connected with the Shipbuilding Employers’ 
Federation of the recommendation of the executive 
board formulated at a meeting at Edinburgh on 
August 30 last. 
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AERONAUTICAL RESEARCH SOCIETY, 
EAST LONDON COLLEGE. 
To THE EpitoR OF ENGINEERING. 

Srr,—May I avail myself of the publicity of your 
columns to make it known that, owing to the generosity 
of Mr. P. Y. Alexander and of the Governors of the East 
London College, the aero-dynamical laboratory in that 
college will again be open for experimental research 
during the winter. 

The Council of the Aero. Research Society would gladly 
welcome a few gentlemen desirous of experimenting. 
ay age for admission to the society should be made 
to the hon. secretary. 

Thanking you in anticipation, 

Tam, Sir, yours truly, 
R. W Waseem Hon. Sec. 








‘““THE ROYAL ENGINEERS OF THE 
TERRITORIAL FORCE.” 
To THE Eprtor OF ENGINEERING. 

Sir,—Your issue of August 25 contained an article of 
much interest on the question of the supply of duly 
—— engineers for the commissioned ranks of the 

oyal Engineers of the Territorial Force. As a com- 
manding officer of a unit of Territorial Royal Engineers 
I shall be grateful if you will allow me to make a few 
observations and a suggestion on the subject. 

As you pointed out, the bulk of the Territorial force is 
organised into fourteen divisions, of approximately 17,000 
men, and included in each division is the proportion of 
engineer units, corresponding to that laid down for the 
regular army, and each division has to depend for its 
engineer services upon these units. 

A few years ago I devoted some time to comparing 
carefully the commissioned ranks of the various engineer 
units (apart from the engineer and railway staff corps). 
as set out in the army list, with the lists of members of 
all grades of the Institutions of Civil Engineers, Mecha- 
nical Engineers, and Electrical Engineers, also the Royal 
Institution of British Architects. I found that of the 
officers serving in all the engineer units (with the excep- 
tion of the staff corps I have mentioned) at that time 
only 5 per cent. belonged to one or other of the great 

rofessional bodies, and of these the Institution of 

‘lectrical Engineers held the foremost position. 

Without going over the work in, I cannot say if 
the same proportion holds good to-day, though from my 
knowledge of the subject, I believe I am right in asserting 
that thingsare much as they were ; but even assuming 
10 per cent. as being the correct proportion (and this, if 
anything, errs on the side of liberality) it means that out 
of 465 officers of the Territorial Royal Engineers serving 
at the present moment only 47 are connected with the 
leading professional institutions, each of which numbers 
its membership by thousands. This condition can scarcely 
be described as satisfactory, and I venture to make a 
proposal which I think may bring about some improve- 
ment. 

My suggestion is that the councils of the engineering 
institutions favourably consider a scheme whereby the 
professional examinations for admittance to the various 
grades of oe be either modified or dispensed 
with for engineers who hold commissivns for a term of 
years in the Territorial Force, and who the examina- 
tions, including attendance at the School of Military 
Engineering at Chatham, laid down in the Territorial 
Regulations. 

It must be remembered that the duties of an officer in 
the Territorial Force are very different from those required 
in the Volunteers of twenty-five years ago, and if a young 
officer in an engineer unit does his work ert » he 
finds that drills, musketry, riding, attendance at cam 
and examinations, absorb all his spare time ; and doubt- 
less many young men working as engineers, with exami- 
uations to pass, feel they are weal to undertake the 








duties which a commission in the Territorial Royal 
Engineers entails. 

If, with proper safeguards, a scheme of this kind were 
adopted, it would enable young engineers who desire to 
serve their country todo their share without disadvantage 
to themselves. 

I trust nothing in this letter will be taken as suggesting 
that officers who at present constitute the commissioned 
ranks of the Territorial Royal Engineers are in any degree 
incapable. Speaking for my own unit, I can strongly 
testify to the contrary, and it is surprising how quickly 
young and zealous officers attain a sound knowledge of 
their duties; but, as you have already pointed out in your 
article, a trained engineer naturally has special qualifica- 
tions for Royal Engineers’ work, which it is not reason- 
able to expect in a man engaged in business or in another 
profession. 


September 20, 1911. 


Your obedient servant, 
E. 8S. Stxnort, M. Inst. C.E. 








Prrsonat.—Mr. Philip Kemp, M.Sc. Tech., has been 
appointed lecturer in electrical engineering at the East 
London ——— (University of London) in succession to 
Mr. L. Murphy, who has resigned to take up the posi- 
tion of managing engineer to the Perry Barr Fan 
Works, Birmingham.—Messrs. Dunlop, Bremner, and 
Co., Limited, have acquired the shipbuilding, engineer- 
ing, boilermaking, and repairing business established by 
Messrs. Cunliffe and Dunlop in 1871, and since 1882 
carried on by the late Mr. D. J. Dunlop, under the title 
D. J. Dunlop and Co. Mr. Donald Bremner, who was 
associated with the Clyde Shipbuilding and Engineering 
Company, Limited, for nine years, and formerly for 
many years associated with the Clydebank Shipbuilding 
and Engineering Works, is the managing director. The 
engineering director is Mr. Thos. Paton, lately engineer- 
ing manager to Messrs. D. and W. Henderson and Co., 
Limited, Glasgow, and formerly with the Clyde Ship- 
building and Engineering Company, Limited, Port G.as- 
Fr; Messrs. Dunsmuir and Jackson, Govan, and Messrs. 

. Rowan and Co., Glasgow. The shipbuilding director 
is Mr. Geo. G. Parker, lately with the Clyde Shipbuild- 
ing and Engineering Company, Limited, Port Glasgow, 
and formerly with Messrs. Raylton Dixon and Co., 
Limited, Middlesbrough, and Messrs. Harland and Wolff, 
Limited, Belfast. 


Tue Tron AND Steet InstiruTr.—It is announced that 
the Italian meeting of the Iron and Steel Institute has 
had to be abandoned, and that all arrangements for hold- 
ing it have been cancelled. When the preparations were 
first begun a large attendance was anticipated, but it 
appears that, owing to various circumstances, numerous 
withdrawals have been notified within the last fortnight, 
by which the numbers were very seriously diminished. 
It was felt by the Council that to hold a meeting at which 
only a small numberof members waspresent would not form 
an adequate response to the extremely hospitable inten- 
tions evinced by all those concerned with the reception of 
theInstitutein Italy. Under these circumstances, and with 
extreme reluctance and deep regret, the Council has there- 
fore decided that it would be undesirable to hold a meeting 
in Italy this year. The falling off is attributed largely to 
the disturbed labour conditions in Great Britain and, 
more recently, to the present political situation in Europe. 
The somewhat exaggerated rumours which have lately 
been current as to the prevalence of cholera in Italy may 
also have had some effect in deciding those who were 
already hesitating to withdraw. At the same time, the 
statutory requirements of the charter necessitate a meet- 
ing being held in the autumn, and arrangements have been 
made with this object. The meeting will be held on 
Thursday, October 5, at the Institution of Civil Engineers, 
by kind permission, when the usual autumn ballot for 
membership will take place and the papers down for 








reading at the Turin meeting will be read and discursed., 
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NON-FERROUS METALS IN RAILWAY 
WORK.* 


By Grorce Hvucues, M. Inst. C.E., M.I. Mech. E., 
Member of Council (Chief Mechanical Engineer, 
Lancashire and Yorkshire Railway). 


INTRODUCTION. 


In order that this paper may be confined to reasonable 
limits, the author pro to state exactly the proposi- 
tion he intends to submit. He does not design to go 
beyond the locomotive and carriage departments—that is 
to say, he will exclude the use of non-ferrous metals in 
the hydraulic, goods yards machinery, gas, electric tele- 

graphy, electrical traction, and marine departments. He 
cannot avoid the occasional mention of the ferrous metals, 
where it is necessary to give reasons for the use of the 
non-ferrous. 

The whole scheme is to lay before the members the 
ractical side of the subject, stating difficulties in manu- 
~ ‘ture, and some means of overcoming them ; wear and 
tear ; and the life of the various non ferrous component 
rts of rolling-stock, with the object of eliciting « vom- 
lined practical and ‘scientific discussion, and specific 
points in the paper will be emphasised in order to bring 

this out. 

The author has given attention to the valuable uses 
attending the employment of copper in the shape of the 
plates, stays, and tubes, particularly in the forms under 
which this material is actually obtained from contractors 
and used in locomotives. Analyses, testis at normal, and 
at temperatures equivalent to modern locomotive boiler 
conditions, are shown, together with life of material, 
worked up into fire-boxes, and some samples of wear and 
failure are brought forward and exhibited on the table. 

A section on some of the various brass-foundry alloys 
used as brass castings on the Lancashire and Yorkshire 
Railway rolling-stock has been added, together with 
information regarding manufacture, composition, tests, 
and life, under arte ny he conditions of railway service. 

Finally, a short account of the bearing metals used, 
under the name of white metals and other alloys, has 
been included, together with a notice of non-ferrous 
metals in the carriage and wagon departments. 

The modern British locomotive, as exampled in Fig. 1, 
page 398, is one uf the four-cylinder passenger engines of 
the Lancashire and Yorkshire Railway. In the design 
and construction of this type of engine the author, moved 
by ap ¥- considerations, has kept down the use of 
copper and brass mainly to those parts for which no 

reliable substitute has yet been obtained. 

On this locomotive, having a total weight of 87 tons 
Bon cwt. empty, the weight of copper and brass is as 
follows :— 

Tons Cwt. Per Cent. 





Copper plates - on 2 15 3.1 
- stays mn © 0 16 0.9 

m pipes hie = 0 5 0.3 
Brass-work ... _ a S § 2.4 
Total brass and copper ... 5 18 6.7 
Other material _... sine 81 17 93.3 
Total be 87 15 100.0 


This table excludes copper tubes, which are only used 
on some engines of this class. When copper tubes are 
included, the weights and percentages become :— 


Tons Cwt. Per Cent. 





Total brass and copper ... = 6 12.9 

Other material... wn 7668 87.1 

Total is isin 87 15 100.0 
CopPER. 


Plates for Locomotive Fire-Boxes.—Although steel has 
been used experimentally, more or less, copper is the 
standard practice for Great Britain, the Colonies and 
Dependencies, the Eastern Hemisphere, and South 
America, whilst steel is the practice of the United tates 
and Canada. The experience of the Eastern Hemisphere 
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14.81 | 45.5 | 45.9 
14.85 49.6 | 54.5% 
14.96 | 45.5 | 50.8 


Copper wrapper-plates ..| “*D” 








Average test .. ve] ee | oe | 14.66 48.36 | 45.9 








in regard to steel fire- boxes is that, owing to serious corro- 
sion on the water side, and cracki < the plates after a 
very short service, this material has been abandoned. 
Copper plates used on the Lancaskive and Yorkshire 


* Paper read before the Institute of Metals at New- 
castle, September 20, 1911. 
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Railway are purchased to Specification No. 1, shown in | 
the Appendix, which is identical with Olass A of the) 
Engineering Standards Committee’s Specification of 1906, 
and includes chemical analyses and tensile and bend tests, 
every os gt being annealed by the maker. 

Table I. gives examples of the tests obtained from four 
separate makers, the minimum specification of 14 tons 
tenacity with 35 per cent. elongation on 8-in. specimen 
being readily met. 

Typical analyses of plates are :— 


Copper. Arsenic. 
» 99.30 0. ss} 


Combined 
Oxygen. 
99.32 0.43 0.1 

99.3 0.51 


Impurities, chiefly antimony, lead, iron, nickel, tin, and 
sulphur, not exceeding 0.25 per cent. 
langing.—Copper fire-boxes are normally made up of 
three separate plates—viz., firehole door-plate, tube-plate, 
and wrapper. The two former are flanged by hydraulic 
press Fig. 2), the latter plate being bent cold to shape, 
by pulling over a sha) lock (Fig. 3), and the waist is 
formed as shown in Fig. 4. As an example of hydraulic 
flanging, the tube-plate for Belpaire boilers may be noted. 
This plate is obtained from the makers as shown in the 
specification, Appendix I. It is left 1 in. thick in 
oe aun marked for the tube-holes, the rest of the 
plate being hammered down to § in. and annealed by 





Fig.5. 


the maker. It is Sat in the cold state under a 750- 
ton press, using 2000 Ib. oe . in. hydraulic pressure, 
with the aid of cast-iron b saat 2), care being taken 
to allow an easy flow of material round the flanges, which 
are formed without difficulty as regards tearing of the 
material. The plate is then annealed to a temperature 
of 700 deg. Cent. in a reversible gas-fired furnace, and 
finally cooled in water. It is next taken in hand by a 
plater, who inspects it for correctly squared flanges, and 
sets up any part which may not be to gauge. The copper 
scale from the cooling bosh is periodically taken out, 
collected, and dried, when it is found to contain 80 per 
cent. metallic copper. This scale is sold to contractors, or, 
on occasions, reduced to a metallic state in the foundry. 
Life of Fire-Bowes.—It ia difficult to make just com- 
parisons. The life of copper boxes and component parts 
is influenced by many contingencies, such as pressure, 
constant employment, and the admittedly more severe 
use during the past few years; that is to say, the life 
depends more upon the tons hauled than the actual miles 
run, and during the ‘past few years more tons have been 
hauled train-mile than cng as fire-boxes 
on the ) olen and Yorkshire Railway have a life of 
from 10 to 164 years. The older engines, with 140 1 
pressure, are found to run their firé-boxes up to as much 
as 500,000 miles, an average figure for seventy engines 
being 310,000 before replacement by new ones. In stan- 
dard engines, such as the radial-tank and six-wheeled 
coupled ee classes, working at 160 1b. pressure, the 
average life of a copper fire-box is 11 years, with average 
mileages of 272,000 and 235,000 respectively. These 
figures are basec upon records of 120 locomotives. The 
author has not as yet any authoritative figures to Bc 
forward as to the life of fire-boxes of oo Soar - 
paire type of boiler of 180 Ib. pressure. Individual copper 
tube- in the fire-boxes above named require renew- 
ing during the life of the box, and here again the older 
pnb mere longer mileages for the lower pressures. In 





the radial-tank class records of fifty-three tube-plates 
show an average life of 7? yeats with 205,000 miles before ' 


renewing, whilst the six-wheeled goods average 135,000 | 
miles for 144 tube-plates. The remaining plates—viz., 
door and ee evan do not require | — 


replacing during the life of the fire-box, but certain repairs 
and patches are fitted if necessary. Some of these are 
shown in Figs. 5 to 8, below, which illustrate various 
methods of patching, due to.grooving, wear, and other 
causes. These illustrations cover the whole system of 
= ; but such a combination never occurs in one 
“s case is carefully gone into, and decided as to 
whether it is commercially sound to patch or not. 
Referring to the illustrations, patch A is used for 
vertical fractures, due to expansion in the copper tube- 
ange flange, and it is placed inside the fire-box and fixed 


y steel rivets. The tube-holes are tapped, and brass | 


| 


Coe HR): | #2 | 


bushes screwed in and beaded over. The tube ends, after 
drawing down, are finally expanded to the holes. (Sample 
of a fractured plate is shown on the table.) 

Patch B is placed on the water side of the tube-plate, 
and is used to strengthen the copper tube-plate when 
fractured between the tube-holes. The tube-holes are 
bushed similarly to those in patch A. 

Patch C is a half-side of copper, and used in excep- 
tional cases when the plate has worn thin below the brick 
arch, at which part the wear is greatest, caused by 
abrasion and contact with the fuel. A sample shown on 
the table illustrates the heavy wear, mainly in the centre 
of the plate immediately adjoining the foundation-ring, 
as well as certain fractures about the stay-holes. 


e. Ff f 





Figs. 5 to 8. PatcHes on Fire-Box P.uatss. 


Patch D is used occasionally for sides, front, back, and 
roof of fire-box wherever a plate is locally cracked or 
me thin either on the fire or water side. (For 
example, the thinning of the speeimen exhibited would be 
a case for patch D.) 

Patch E is a shoulder patch of copper placed on the 
outside of the steel fire-hole door-plate. Expansion in 
this plate produces vertical fractures or grooves which 
ae — slowly extend from the inside right through the 

-In. plate. 

Similarly E1 is an extension piece used very occa- 
sionally to continue the previous patch. Like the plates, 
the heads of the stays in the fire-box wear by abrasion 
and the action of the fuel, money below the brick arch, 
the specimens showing this very clearly. 


Frre-Box Stays. 


Copper Bolt.—With the exception of the United States, 
copper is the universal material employed for this .pur- 
pose. It is the most reliable. Some proprietary articles 
or mixtures have been tried from time to time, but so far 
without success. In to bronze stays of varied com- 


b. sear they get slack in the plate by reason of the 
1 


fferent expansions, and the heads burn and drop off 
much more readily than copper. There is a tendency for 
the copper plate to bulge round the head of the stay, and 
copper stays withstand this much better than an alloy. 

pper bolt for stays is specified (Appendix II.) to 

contain slightly less arsenic than in the case of plates. 
Table II. shows tests from various consignments, which 
consignments regularly comply with a specified minimum 
— of 14 tons per sq. in., and a 40 per cent. extension 
on 8 in. 

Typical analysis :— 


Copper. Arsenic. 
99.4 0.33 


99.2 0.37 


99.42 0:27 


TaBLe II.—Test of 1-In. Diameter Copper Bolt. 
Length of Specimen, 8 In. 


Per Cent. | 

| = | Percentage 

per /Descrip- of \Oontracti: 

*| Square | tion. | Original |VOD%raction 
Inch. | Length. | Area. 


Tensile | 68.64 


Remarks. 





Close bent test 
double 
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Table III. records tensile tests of this material taken 
| at 200, 300, 400, 500, and 650 deg. Fahr. The apparatus 
| employed (Fig. 9) consists of a sheet-steel tank A riveted 
| to the base B. @ test-piece T P is coupled to the tank 
| and tension-rod T1 by the nut C, which also carries the 
| tube D serving to isolate the test-piece from the heating 
|medium. The upper end of the test-piece is coupled to 





gz 
S 





a 











the tension-rod T2 by the nut E, which fits sufficiently 
close in tube D to prevent free circulation of air. A 
thermo-couple or thermometer inserted through tube F 
has its end in actual contact with the test-piece up to the 
moment of testi A Bunsen -burner serves to heat the 
tank and contents, which may be oil, or, for temperatures 
over 550 deg. Fahr., some metal having a low melting- 
point, such as tin. The material used in the tests con- 
sisted of a bar of 1-in. diameter copper bolt. This was 
annealed by the particular manufacturers from whom bolt 
bar of slightly higher tenacity than usual is regularly 
obtained, this accounting for the 15.3-tons tenacity in the 
normal temperature. 
TaBLE III.—TZemperature Tests of 1-In. Diameter 
Copper Bolt. Length of Specimen, 3 In. 

Strain. Fracture. 


Section. Stress, 


Con- 


Dimensions. Inches | 
Diameter. ' 
Description. 
Ultimate Set. 

Per Cent. of Origi- 
Area in Sq. In. 
Percentage 


Total Tons. 


Temperature. 
Tons per Sq. In, 
| traction of Area. 


Fibrous 


| 


dg. F. | 
Nor- 0.66) 0.342 5.24 15.3 
al 


m: i) 
200 0.66 | 0.842 4.75 13.9) 
| 


300 0.66) 0,349 4.34 12.7/ 
0.68) 0.242 4.36 12.8] 
.66| 0.342 4.10 12.0, 

66) 0.842 4.07 11.9), 
.66 0,342 |3.68 |10.8 
650 0.66) 0.842 8.82! 9.7 





| The figures show a reduction in strength of practically 
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TABLE IV.—TABULATION OF COPPER TESTS FOR COMPARISON. 





ANALYSES, 





MARK DESCRIPTION. 












uly ‘3 
Ss ; s | E | 
Fog alii ili 
A Phosphorised, 1 in. 99.8 | trace trace 0.12 
B Ditto lye in. 99.9 | | 0.08 | trace 
C |\Copper-manganese 90.4 joss on oe 
E High arsenic .- 99.3 | 0.05) .. | 0.07) 048 | 
P Ditto 98.94 0.05 0.09 | 0.87 | 
H High tensile.. .- 99.7 | 0.01 -- | trace) 0.20 | 
N (Copper-nickel .-/ 98.05) 1.92) .. -. | trace! .. | 
F |Copper to L. and ¥./ 99.4 | 0.04 | 0.03 | 0.05 | 0.45 | ... 
specification | 
Fig. 9. HEATING APPARATUS FOR 
TENSILE TESTS. 
EZ 
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(2042.0) Time tr Minutes 

1 ton per sq. in. per each 100 deg. Fahr. increase of tempe- 
rature up to 650 deg. Fahr., and the author gives them 
in this manner for easy digestion. He has every reason 
to consider them accurate, and they confirm his earlier 
experiences. 

Broken copper stays are found chiefly in the top corners 
of the side wrapper-plate, near the fire-hole door, and at 
the brick arch. These positions are indicated in Figs. 10 
and 11. If any of the proprietary alloys now on the 
market have any decided value, it is chiefly in these local 
areas that their advantage will be most apparent, and 
trials to ascertain this are proceeding. 

Table IV. gives particulars of composition, and some 
tests as compared with arsenical copper, but no definite 
success has as yet been recorded. The author leaves for dis- 
cussion the consideration of a higher percentage of arsenic 
in copper stays than the limits of 0.15 to 0.35 per cent. 
stated in Appendix, Specification No. 2. 

Manufactwre.—Copper stays, 1 in. in diameter, screwed 
eleven threads inch, are the standard practice. They 
are screwed at both ends, the centre being turned down 
below the bottom of the thread to J in. diameter. The 
over-all length varies from 44 in. to 74 in.. according to their 






























































Hatching denotes Position of Broken Stays 
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bar on modern automatic machines from round annealed 
bars supplied by the makers and passed through the 
reeling mill before turning. The stays are inspected for 
| threads, flats and seams developed after screwing, 
and correct pitch of thread, a limit of ;4%5 in. being 
allowed at the ends. 
The total rejections are about 2 per cent., the greater 
part being due to the material, and not to the inaccuracy 
of the machines themselves. Broadly speaking, the bolt- 
bar which screws best is that which has the slightly 
higher tenacity after annealing. 
Copper Pipes.—Copper pipes are invariably solid drawn 
and seamless ; they range from small lubricating pipes of 
2 in. in external diameter and No. 16 I.W.G. to main 
steam-pipes 6% in. in external diameter of No. 5 {.W.G. 
The external pipes of the boiler consist of solid-drawn tube, 
in. to 24 in. in diameter, and of No. 10 and 11 I. W.G. 
or the injector and ejector, steam, exhaust, and delivery 
a} Pipes and tubes are obtained to Specification 
o. 3in Appendix. The internal main steam-pipe is a 
straight piece of 6 in. diameter No. 6 I.W.G., with brass 
cone and flange at the ends. The smoke-box <7 
(Figs. 12 and 13) is 5} in. inside diameter, No. 5 1.W.G., 


with flanges at each end. These pipes are received 
hard from the makers, and cut to lengths at the railway 
company’s works. 


Brazing.—Flanges of brazing metal (copper 84 per 
cent., zinc 16 per cent.) are machined inside and on the 
front face. fore a the ~~ pipe is first 
annealed to a temperature of 650 deg. Cent. and allowed 
to cool. After filling with molten resin, and plugging 
each end with lead, it is bent cold to template in an 
hydraulic press, being af to remove 
slight kinks. After warming to melt the resin out, it is 
heated a second time in a furnace to a blood-red heat and 
allowed to cool. It is then fitted with loose flanges whilst 
in its position in the template smoke-box in the copper 
shop, after which the flanges are brazed to the pipe. 


BRAZING. 


The having been fixed to the pipe, as described, 
and te pe | the front with a pening hammer, a 
covering of fireclay is placed on the top and bottom of 





position in the fire-box. They are turned direct from the 





the flange to protect it from the coke Granulated 


















































Hazatep Ten Hours ar 750 pro. C. Hratep Nine Hours ww Loco 
As RRCEIVBD, ANNEALED. (1s LABORATORY). MoTIV® Fire-Box. 
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| ti 
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Fig. 44. 
METHOD OF DETERMINING THE 
TEMPERATURE OF BRAZING, 


























brazing solder (copper, 58.3 per cent. ; zinc, 41.7 per 
cent.) is then put on the top joint, a clay channel 
being formed on the top between the flange and the 
pipe, and ground borax is used as a flux to assist 
the solder to run freely. The pipe and flange are 
embedded in clean foundry coke and air-blast ap- 
plied; liberal use of flux and solder is made, and the 
pipe is heated until the metal runs in the joint satiasfac- 
torily, the e pipe attaining a good red heat for 
about 6 in. above the joint. The operation takes 
15 minutes. Pong any readings show a temperature in 
the centre of the brass flange of 865 deg. Cent. as the 
highest during the operation. The brazing solder used 
has a melting range of 780 deg. to 790 deg. Cent. The 
pipe is now taken off, allowed to cool (the fireclay cover 
and superfluous metal being removed), and subjected to 
an hydraulic test of 350 lb. per sq. in. 

Cold bend tests on strips sawn close to the brass, when 
the brazing has n carefully performed, show no dele- 
terious effects on the material, the strips bending close 
double, as good copper should which has not been spoiled. 
Owing to the fact that copper loses its tenacity at high 
temperatures, and that the range between the brazi 
heat and the melting-point is narrow (865 deg. Cent. an 
1050 deg. Cent.), it follows that the value of a 
joint is in proportion to the skill of the workman, and 
perhaps no operation depends so much upon the opera- 
tor; consequently this is a valuable point for discus- 


s10n. 

To further illustrate the time and tem ture condi- 
tions during this im nt operation, author has 
recorded a heating and cooling curve taken by means of a 
platinum-platinum-iridium couple working in conjunction 
with a thread recorder. In the experiment (Figs. 14and 15) 
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a 4-in. hole was drilled through the brass flange, and after 
fixing the copper pipe ready for brazing, a thermo-couple 
was 1 at the junction of the pipe and flange, and 
attached to the recorder. Both instruments were cali- 
brated before and after use. 

The operation of heating up and brazing occupied a 
ns mae of 8 minutes, the maximum temperature attained 
veing 865 deg. Cent. (Fig. 16). The pipe was then with- 
drawn from the hearth and ied to cool down to 
300 deg. Cent. before finally cooling off. 


WEaR AND TraR or Copper STeaM-Pires. 

Failures of copper steam-pipes may be classified under 
three heads :— 

1. Cracks in the Pipes Close to the Top Flange.—It is 
particularly noteworthy that these cracks occur at the top 
tlange (Figs. 12 and 13), connecting to the boiler T-pipe. 
This suggests that the ‘* breathing” action which occurs 
is concentrated at this spot, in: of the whole length of 
pipe taking its share; the bottom flange, being more in 
the line of direct stress, does not flaw, the expansion 
occurring at thetop, and the remedy is to make an easier 
sweep in the pipe instead of a short, stiff bend. 

2. Wear or Abrasion of the Pipe Body.— Abrasion of the 
body of the pipe is the result of the blast action on the 
fire, both gases and cinders meeting the pipe on their 
passage tothe chimney. The greater wear takes place 
about half-way down, and _ to alleviate this action, pipes 
are bent as much as possible out of the line of draught. 

3. In cases where a brass nipple is brazed in the middle 
of the pipe for lubrication connections, trouble with 
cracks in the pipe has been.experienced, but this practice 
is discontinued. Some of the cracks which the hydraulic 
test disclosed in steam-pi taken from engines under- 
going repairs were ly due to workmanship in 
stripping the connections; others were caused by local 
hardening, due to brazing at this point, and to resistance 
which the nipple would set up to wriggling—+t.c., a con- 
siderable number of small changes of position. 

Steel steam-pipes are now being used to replace copper 
on engines fit with steam-superheaters which attain 
temperatures of 650 deg. Fahr. When the engines are 
at work the smoke-box temperature is from 700 deg. Fahr. 
to 900 deg. Fahr. 

BorLer TuBEs. 

Copper and steel tubes are used, and their life in loco- 
— boilers, taken over a period of eight years, is as 
OULOWS :— 





Miles. 

Copper, first period (new) 110,000 
Copper, second period (drawn) 80,000 
Copper, third period (pieced)... 50,000 
Total 240,000 


and subsequently 30 to 40 per cent. of those pieced are 
treated so again. 


Miles. 
Steel, first period (new) ... 70,000 to 80,000 
Steel, second period (pieced) ... 30,000 to 40,000 


Copper tubes are obtained to Specification No. 4 in 
Appendix, Table V. giving representative tests. They 
are used extensively in this country, although mild steel 
is now the standard practice. 


Taber V.—Tensile Trsts of Copper Boiler- Tubes. 








3 Section. Stress. Strain 
x 
ag ; 
$| E & + Ss 
Sizes, > ie ~~ " a ee bes 
|| Internal B S g $64 
Se Diameters. e = 3 tebe 
|= Inches, q 3 Ec eee 
a* <4 /e |e" j£o- 
14 fr. 10} in. x 2 in.! 
< WLLIW.G. . 8 1,990-1.767 0.658 11.80 17.70 31.25 
14 ft. 104 in. x 2 in. | 
x O/LL LW.G, - 8 1,995-1.755 0.707 | 11.97 | 16.93 | 32.50 
14 ft. 10h im. x 2 in | | 
<x 0/11 LW.G 8 1.990-1.754 | 0.721 | 11.71 16.24 | 32.50 
| 
10 ft. 11} in. x 1} in. | | | 
x 10/12 LW.G. ..| 8  1.738-1.524 | 0.548 9.50 17.33 29.00 
10 ft. 114 in. x 1fin. 
x 10/12 LW.G. ..| 8 | 1,788-1.525 | 0.546; 9.70 17.76 | 26.00 
10 ft. 114 in. x 1}in.| | 
x 10/12 L.W.G,. +] 8 1.788-1.523 0.550 9.55 17.36 30.00 
14 ft. 10) in. x 2 in,} 
x OL LW.G. ... 8 | 1,907-1.764 | 0.688 | 13.07 19.01 32.00 
14 ft. 10, in, x 2 in. 
x O/1L LW.G. ... 8 1,998-1.762 | 0.682 13.05 19.138 32.50 
14 ft. 10h in. x 2 in. | | 
x 9/11 L.W.G, ' 8 | 2,000.1.762 | 0.684 | 11.20 | 16.37 | 39.00 
0 ft. 11} in. x 1} in. 
x 10/12 LW.G, .. 8 | 1.749-1.541 0.637 9.31 17.33 | 26.20 
10 ft. 114 in. x 1} in. 
x 10/12 LW.G. ... 8 1.749-1.542 0.535 9.28 17.32 25.60 
10 ft. 11} in. x 1} in. 
x 10/12 LW.G. .. 8 1749-1.541 | 0.637 «9.26 | 17.24 26.90 
Specification ~ | 17.00 | 25,00 
| 





Brass tubes are used in India, and there exclusively, on 
account of the high percentage of pitting and corrosion in 
steel tubes. 

Copper ALLOoys. 

Before considering specifically these alloys, the author 
thinks it will be interesting to preface this section with 
the method of dealing with the large amount of scra: 
which, in all large establishments, is of considerable 
quantity and importance per annum. This comprises 


articles which, worn out in service, are sent in to the 
central dépot for utilisation and disposal. 


The econo- 





mical working up of this material presents a problem to 
those responsible for the brass-foundry costs and work- 
ings. and some account of its disposal may be of interest. 

nsidered under the headings of ‘‘ home” or “ rolling- 
stock” scrap, and ‘‘outside” material from all other 
departments, the first is fairly readily accounted for by 
separating all articles whose composition is known, and 
using them over again as an addition to the new mixture. 
Slide-valves, for instance, are branded by distinguishing 





into iron chill-moulds in the form of ingots. Such 
ingots, after their composition is ascertained by analyses, 
can then be profitably used in many directions, by form- 
ing the basis of fresh charges, along with other small 
amounts of new metal, to give the desired result. 

_ With the scrap is charged 4001b. of scrap copper shear- 
ings obtained from old fire-box plates in the boiler-shop, 
and 30 lb. of block tin, the whole charge amounting to 
20 cwts. This is melted in two to three hours, and 

















Fie. 17. Tittinc-Furnace, 


TABLE VI.—ANALysgs or Brass INGots MADE FROM SCRAP. 












































Constituent. A. B. Bl, C. cl, D. Di, E. El F. G. G}. 
Copper vee as . 86.36 87.15 86.56 86.75) 86.95 87.35 87.15 | 88.53 85.57 86.56 86.36 87.15 
Tin and antimony .| 7.88 7.80 835 7.72 7.64 741 6.54 5.91 7.96 7.88 7.09 7.09 
Lead i. ve -| 321 3.00 3.z1 2.87 2.87 2.59 3.62 2.73 | 3.89 3.35 3.41 3.14 
Zine .. -| 238 1.93 1.77 2.49 2.33 2.41 2.49 257, 241 1.93 2.97 2.41 
Iron 0.21 0.14 0.14 0.14; 0.21 0.21 0.21 0.21 | 0.14 0.28 0.14 0.21 
99.99 100.02 100.03 99.97, 100.00 | 99.97 100.01 | 99.95 99.97 100.00 99.97 100.00 
Average of six (A, B, C, D, E, and F): tin, 7.49 per cent.; antimony, 0.08 per cent. 
pa six (B!, Cl, D!, El, G, and G1): tin, 6.93 per cent.; antimony, 0.16 per cent. 
ae the twelve ingots: tin, 7.21 per cent.; antimony, 0.12 per cent. 
TABLE VII.—Sampie Day’s Work ON MELTING IN A TILTING-FURNACE, NOVEMBER 29, 1910. 
Day dry and bright. Fuel used, Durham coke. 
Heat. Time. 3 8 | DeTaILs or CHARGE. ae 
$ = | So 
= |8o| feel Osh 
No. 3 at . Charge. Yield. |E4 Used. Remarks. 
Kind. ws | alta 2d | als IS 
b = Sa @ P > ‘ ‘ go £10 ee 
$ & i8e8sic sic 6! Fs 5 4 os 
Rn BE iem~a°/O;alia N| &* Bae = 
t.qr. 1b: vt.gr. Jb. ct.qr. Ib. 
| 022 (" used for 
1 Gun-metal -| 6.30 | 7.30) 1.6) 2) | 352 w 8 ai |. |823 8 82 B10 029 starting 
2 |Slide-valve ../8am.| 9.15 16/2} | 160 10 20 .. 48 200 10 40 0 33 24/090 029 — = old slide- 
| | vaives 
3 Injector metal..| 10.0 11.15 1.6) 2} | 164 5 205 195 250} 40 24 3327 0. 77 029 
| (special) } } | 
4 | Brazing metal... 11.30 12.25 1.6) 2 . 2) 4484 140 2h) 3 8 1732.88) 029 
5 |Copper .. 1.10! 2.15/16) 3 | 345 5 3014 3011 |0.85| 029 (|For tube - hole 
| | | bushes and plugs 
6 Injector metal..| 2.45) 4.15/16)3 | 164, 5 205 10} 248 40 0 3324 (0.90) 029 


7 hours= 2.8 h.p. hours.| .. 


marks cast on, and are used ogy 
gits in proportion of half old valves and half other con- 
stituent metals, these latter not usually new ingots. 
Scrap of unknown value from ‘‘outside,” as well as 
borings and turnings from the machine-shops, cannot be 
dealt with so directly. Brass borings received from the 
machine-shop are generally contaminated with iron and 
steel turnings and sweepings, and also may be mixed with 
white metal from the boring-machines. 

In order to separate these ingredients, borings contain- 
ing white metal alloy are heated on a sloping hot plate 
over a coke fire, so inclined thatas the white metal softens 
and melts, it gradually runs off into a receptacle, leaving 
the brass to be scraped over the top of the plate. 

The whole of the brass borings received for melting-up 
are passed over a magnetising machine to extract the iron 
particles, which are collected and taken away. This 
makes for cleaner castings and more homogeneous material. 

It is then customary to work this up by melting in an 
air-furnace of 25 cwt, capacity, fired by producer-gas. A 
definite composition is arrived at, and subsequently cast 





in together with the shop covered with a small quantit 


| 











= 19.69 lb. of coke 
per cwt. of metal! 
melted _ 


292 


te 


7 22 1 23}7.36) 400 


of sawdust to reduve 
oxidation. Samples are withdrawn and their fracture 
noted, and slight additions of tin or other metal made to 
bring them to one standard fracture; then the charge is 
tapped out into a 5-cwt. ladle, and run into ingots. As 
showing how closely a charge can be represented by indi- 
cation of fracture tests, analyses in Table VI. are given 
of consecutive casts as determined by drillings. 

This metal is also used for the smaller brass axle- boxes, 
radial and tender brasses, and for this purpose is poured 
direct into m sand-moulds, and also cast into ingots 
to form the bulk of many mixtures. f ; 

The metal for the ordinary run of castings is melted in 
a modern type of tilting crucible furnace Fig. 17) of 
400 Ib. capacity, fired by coke and worked by air-blast 
from a small motor-blower attached to the furnace. The 
crucible is permanently fixed in the furnace, thereby 
reducing the risk of cracking due to cooling and handling, 
and careful records of 45 crucibles show an average 
life of 39.6 heats before renewal. This method is found 
to be a distinct improvement over the usual 120 |b, 
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crucible heated in a coke ‘‘ pot” fire and withdrawn for 
pe mtn ey both in te of crucible and amount of 
coke used per cwt. of melted metal. 


Table VII. records a day’s run of such a furnace at | 


Horwich. The coke used was of an average Durham 
quality, having the following composition :— 





ot 
Carbon... aa Sa as ade ‘ile 24 
Sulphur — ut pan oe = 0.86 
Ash ... ais a ‘ec ms wee 9.35 
Moisture 0.55 
100.00 


Loss in MELTING. 

areful check-weighings have been made of metal used 
an melted, tagueber with loss due to oxidation. The 
various charges of metal described in Table VII. have 
been poured into the ladle with an average loss in furnace 
of 1 per cent., excepting charge No. 4, containing a high 
reentage of zinc, which came out at 2.9 per cent. Also 
it may be stated that 450-lb. charges can be cast with a 
further, but recoverable, loss of metal of 31 Ib. in the form 
of shots, skimmings, &c., equal to 0.75 per cent.; this is 
dependent upon the form and quantity of the moulds, 

proportions of gates, &c. 


Brass-Founpry SHOT AND SwEEPINGS. 


All fettler’s dust, moulder’s spent sand, furnace ashes 
and slag, are systematically collected and riddled through 
a }-in. riddle to collect coke and clean shot-metal, which 
is separa Shot-metal and slag or clinker is sent to 
the pug mill and crushed wet, the recovered shot-metal 
being stored separately for disposal, whilst the powdered 
slag, &c., settles and is collected in a water-tank for sub- 
sequent sale. The spent sand containing metal particles 
is also passed through a riddle to collect the larger shot, 
and afterwards washed in warm water in a hair sieve, 
thereby collecting ome particle of metal, whilst the sand 
and any oxide dust is likewise washed off and collected 
for disposal ; thus no particle of sand, scale, or dust is 
thrown away by this procedure. 


SirpE- V ALVEs. 
Slide-valves are made to the following composition :— 


Per Cent. 
Copper ... a ra --- 84.5 
Tin me it a ... 10.0 
Lead... ie 5.0 
Phosphorus 0.5 (added as 15 _ 
cent. phosphor 


copper). 
Tensile tests taken normally and at temperatures up to 
400 deg. Fahr. do not indicate any particular loss in the 
strength of this alloy at these temperatures, as compared 
with the cold state. 

Other mixtures containing as much as 13 per cent. lead 
have been used with fair results, whilst gun-metal valves 
of an alloy of 86 per cent. copper, 12 per cent. tin, 2 per 
cent. zinc, and therefore containing no lead, have not 
justified expectations under comparative tests in service. 

The mixture used is made from half old worn-down 
valves and half new metal, the copper being obtained 
from clean scrap-plate shearings cut from old fire-box 
plates. These ~ 4m are bought to specification contain- 
ing arsenic, 0.35 to 0.5 per cent., with other elements 
(exclusive of combined oxygen), not over 0 25 per cent. 
This mixture was adopted after trials to find the best 
wearing properties both of the valve and the cast-iron 
cylinder port faces. Such valves of varying designs, 
from the simple “ D ” valves to the balanced types, have 
given satisfaction, working under temperatures of from 
450 deg. to 600 deg. Fahr. in the steam-chests. They do 
not fracture in service, and an unbalanced ‘‘ D” slide- 
valve Zin. thick will run 1000 miles with a wear of 
0.035 in. on the face. The wear of the balanced valves is 
not so much as this, careful measurements showing (in 
the case of valves working in a vertical position, known 
as back-to-back balanced valves) a wear of 0.0055 in. per 
1000 miles run. These valves are allowed to wear down 
§ in. for both valves, the total mileage being 114,266. 

_ Modern conditions of superheat have caused the ques- 
tion of valves to again come under revision. The author 
has pleasure in stating that he has had running for two 
years a pair of ordinary slide-valves at a temperature of 
600 deg. Fahr., with only a wear of 0.013 in. per 1000 
miles. He has also just turned twenty engines into 
traffic with a modified form of slide-valve for superheat. 
In the strict sense of the term these are slide-valves, and, 
so far, have given good results. Slide-valves are moulded 
in sand from plate-patterns. Considerable care has to be 
exercised in moulding, rapping, and drawing the patterns, 
as the valves when cast must pass limit-gauges of j4-in. 
margin before proceeding to the machine-shop for grind- 
ing on the face, and to fit the buckles. 


(To be continued.) 





_CANADIAN Trans-ConTINENTAL Rattway.—The Na- 
tional Trans-Continental Railway in Canada is making 
rapid progress. The expenditure made on capital account 
during the fiscal year ending March, 1911, was 23,487,853 
dols., making the total construction expenditure since the 


THE MECHANICAL PROPERTIES OF 
HARD-DRAWN COPPER.* 


By D. R. Pys, B.A., Stud. Inst. C.E. 


ALTHOUGH the possibility of increasing the tensile 
strength of co wire by the process known as “‘ hard 
drawing” has utilised so universally for trolley wires 
and overhead —— transmission lines, yet any satis- 
factory standard specification for the properties of hard- 
| drawn copper seems in this country not to exist. The 
| result is considerable confusion, and the application of 
| the term “‘hard drawn,” by different manufacturers, to 

copper of very various properties. 

The General Post ce some years ago drew up a 
specification for the hard-drawn copper wire made use of 
| by them for telegraph and a construction ; this 
specification, while serving admirably to define the 
properties of the small sizes of hard-drawn copper wire 
required by the Post Office, becomes inadequate, and 
even misleading, if applied to the larger sizes of wire. 

The most important points in the Post Office specifica- 
tion are, firstly, a minimum tensile strength (varying, 
roughly speaking, from 27 tons per sq. in. for wire 0.2 in. 
in diameter to 29.5 tons per sq. in. for wire 0.08 in. in 
diameter) ; and, secondly, *‘the wire shall be capable of 
being wrapped in six turns round wire of its own dia- 
meter, unwrapped, and again wrapped in six turns round 
wire of its own diameter in the same direction as the first 
wrapping, without breaking.” This wrapping test is 
insisted upon to guard — the possibility of the wire 
being hard-drawn to such an extent as to become brittle 
in an ae obtain the requisite tensile strength. _ 

It should be noticed that although the Post Office speci- 
fication contains no reference among the mechanical tests 
to any elongation which the wire may undergo before 
breaking, a limit of elongation was introduced in the 
electrical tests. It became necessary, in defining the 
electrical resistance of copper wire, to recognise the 
difference between soft or annealed wire and hard-drawn 
wire. Matthiessen’s standard of the resistance of pure 
copper hard-drawn was 0.1469 B.A. ohm (0.1449 ohm) for 
a wire 1m. long weighing 1 gramme.t The Post Office, 
allowing for a difference between Matthiessen’s ‘‘ pure” 
and commercial copper, gave 0.1539 ohm for the metre- 
gramme hard-drawn wire, and 0.1508 ohm for the annealed 
wire. For the pu , then, not of a mechanical, but of 
an electrical, specification, the term hard-drawn copper 
was defined as ‘‘that which will not elongate more than 
1 per cent. without fracture.” That definition, forming 
as it did the second resolution of the Report of the Com- 
mittee of the Institution of Electrical Engineerst of 1900, 
was adopted by the Electrical Plant Committee of the 
Engineering Standards Committee, July 26, 1904. It is 
true that the British standard tables of copper conductors 
issued by this Committee deal only with weights, sizes, 
and insulation resistances, and relate to copper wires and 
cables in which low resistance of the conductor is de- 
sirable, and its mechanical strength is of no importance, 
but, nevertheless, this apparently mechanical defini- 
tion, vaguely as it was expressed, was misleading. Nor 
was it improved by a note added in 1909. ‘*N.B.—The 
elongation refe to in Clause 2 is the permanent elon- 

tion at maximum load exclusive of the extension at 

racture.” This seems to su t that the general stretch 

of the wire was to be eal as the elongation, and 
would, perhaps, excuse the omission of the length of the 
test-piece. 

Meanwhile a need was becoming felt for some specifica- 
tion of the mechanical strength of copper wire for pur- 
poses where strength is needed. In 1904 the demand for 
trolley wire had led to the production of a rolled-rod 
instead of a drawn wire. As an electrical conductor it 
was no doubt excellent, it could stand the ordinary 
stresses of tramway work, but it was so soft that it wore 
quickly. It was not necessary to ask for a high tensile 
strength, but since the testing of hardness by the 
sclerometer is not common, and the units in which such 
tests are made are not well understood, the sub-committee 
on Electric Tramways of the Engineering Standards Com- 
mittee fell back on minimum tensile breaking strength as 
a means of specifying for the desirable hardness, since 
these two properties are roughly related. Their report 
(No. 23), perhaps the shortest that has been published by 
the Committee, is as follows :— 

“The following figures are recommended as the mini- 
mum tensile b ing strengths, in tons per square inch, 
for standard trolley wire:—Up to and including 00S. W.G., 
not less than 24; above 00 S. W.G., not less than 22.” 
This ises that high tensile strength is more easily 
secured with smaller sizes than with larger. 

In another branch of electrical engineering—namely, 
overhead lines for the transmission of power—no great 
tensile strength is needed for moderate spans, but it is 
very desirable that the wire should not be brittle. In the 
sizes commonly employed, from No. 6 S8S.W.G. (say 
0.03 sq. in. section) to 000 S.W.G. (0.1087 sq. in.), a wire 
which would break before it elongated 1 per cent. in the 
usual test-length of 10 in. would be a very brittle wire. 
But in the absence of other information, many engineers 
adopted the second resolution of the Report of the Engi- 
neering Standards Committee on Copper Conduction, 
and specified that the elongation heel not exceed 1 per 
cent. This conflicted with a requirement of the Board 








organisation of the commission in re pommel 1904) to 
March, 1911, 95,406,697 dols. The total grading done to 
the close of March, this year, was 1388 miles. The track | 
‘aid at the same date was over 1064 miles of the main | 
ine and 199 miles of sidings. The total contracts let for | 
steel superstructures, bridges, and viaducts to the close of | 
March, this year, amounted to 49,084 tons. e@ com- | 
pleted portion of the system has thus far been worked by 
the Grand Trunk Pacific Railway Company. 


of Trade, that the elongation should not be less than 
2 per cent. in a length of 10 in. This led to another 


* Paper read before the Institute of Metals at New- 
castle, September 20, 1911. 
+ Phi ical Magazine, May, 1865, B.A. Report, 


1864, Latimer Clark’s ‘* Metric Measures,” page 20. 
+ Journal of the Institution of Electrical Engineers, 
vol, xxix., page 170. 








revision of the report, and after much discussion the 
separate resolution about ‘maximum elongation dis- 
suas, and the following sentence was tacked on to 
the first resolution which deals with the resistance of the 
metre-gramme hard-drawn copper wire :—‘‘ For the pur- 
poses of this definition the term ‘hard-drawn copper wire’ 
shall apply to copper wire which does not elongate more 
than 4 percent. on a gauge length of 10 in. when broken by 
tension.” The note excluding the extensivn at fracture 
disappeared, and the statement, whatever value it may 
have *‘ for the purposes of this definition,” is uf no possible 
use for engineers who have to specify for the mechanical 
properties of copper wire where strength is a considera- 


tion. 

No doubt the engineers.of the Post Office, when copper 
wire came into use for telegraph work, first sought for a 
kind of wire which would suit their purpose, then found 
the elongatiou un breaking, and thereupon defined what 
they meant by hard-drawn copper. The distinction 
between hard-drawn and soft-drawn copper wire is purely 
arbitrary. Thirty years ago wroughi iron was su 
to be a distinct material from steel, to-day it is hardly 
possible to discriminate between them, for all inter- 
mediate qualities exist. Similarly, copper wire passes 
from the annealed, high conductivity, weak, soft, and 
inelastic kind to the hard-drawn, lower conductivity, 
higher density, strong, elastic, and even brittle kind, 
through all the intermediate stages. In the process of 
wire-drawing the material goes through these changes, 
and at any point it can be restored to the soft kind by 
annealing. 

Modern —— conductivity copper is always obtained 
electrolytically, and there is = bly very little differ- 
ence in the material; the differences depend almost 
entirely on processes of manufacture—that is to say, in 
rolling and drawing. 

To emphasise mure clearly this relationship between 
the various properties of copper, it may be expressed in 
tabular form as follows :— 

Hard-Drawn Wire. 
se honenes Oe lowe . ira 

igh conductivity . igher density. 

Low tensile strength eg Higher tensile strength. 

Plastic Elastic. 

Soft Hard, and possibly be- 
coming brittle. 

A wire-drawer can therefore supply almost any kind 
with equal facility so long as only one characteristic is 
asked for, or several characteristics which are to be found 
in any one kind. The term “ hard-drawn” is only recog- 
nised by the makers as a general expression covering one 
end of the various kinds with annealed wire at the other. 

Although in tramway work the question of tensile 
strength is not of great importance, since the limits of 
strength are not seriously approached, yet in overhead 
transmission lines, where an increase of span would in- 
volve reduction of expense, it is important to consider 
what combination of desirable properties can be attained. 

The danger to be guarded against in an attempt to 
obtain high tensile strength is the possibility of the wire 
becoming brittle. 

The variation of the mechanical properties of copper, 
after various d of ** hard-drawing,” may be illus- 
trated graphically as follows :— 


Annealed Wire. 








MARO ORAWN 


The straight line I shows the increasing tensile strength 
as the wire from the annealed to the hard-drawn 
condition. The line II represents the desirable property 
which may be called ‘* toughness ;” at one extreme oa 
ness diminishes until softness is reached, in the other 
direction it diminishes until brittleness is reached. 

The most useful quality would be a combination of 
tensile strength with toughness. Now, it is evident that 
it is the diminution of toughness in the direction of 
brittleness which must be guarded against, and it is in 
connection with this that the vexed question of extension 
at fracture is of value. ’ 

The wrapping test of the Post Office specification, 
though it serves admirably to guard against brittleness 
in the small sizes of wire, becomes impossible for the 
larger sizes, and some other test must be resorted to. 

Extension per cent. at fracture may be considered, 
roughly speaking, as the inverse of brittleness, and the 
logical specification for good quality wire would therefore 
fix a minimum tensile strength and a minimum extension 
per cent. i 

On inquiry among the leading manufacturers, it became 
evident that considerable vagueness exists in this country 
as to the properties of hard-drawn copper wires, and 
there is no standard specification to act as a guide as to 
what may be expected in point of tensile strength and 
elongation before fracture. y 

The important point is that tensile strength per square 
inch and elongation are both functions of the diameter 
for similarly manufactured. wires of different sizes. 
Whereas the Post Office specification of a tensile strength 
of 27 tons per sq. in. is quite normal for wires of 0.2 in. 
diameter, a strength of 23 or 24 tons per sq. in. is searcel 
ever attained in wires of 0.5 in. diameter. Again, wit 
wires of the above diameters and similarly manufactured, 
the larger one would probably give an elongation per 
cent. on a 10-in. test-piece of more than double the s er 


Sir. A. P. Trotter, electrical adviser to the Bosrd of 
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Trade, u 
sive definition for 
on to wires of all sizes. He further pointed out 
that such a definition, instead of fixing a maximum elon- 
gation at fracture, should rather state a minimum, since 
elongation, provided the necessary tensile strength is 
obtained, is undoubtedly a desirable property. 

The advantage of ag | a standard specification for 
hard-drawn copper wires o' 
would then exist a fixed standard representing good 
manufacturing practice, and the gp oy has merely to 
insist that the material supplied shall conform to this 
standard. At the present time a number of different 
specifications are in use, almost every tramway or other 
system having one peculiar to itself. 

After studying an account by Mr. Thomas Bolton 
(Electricsl Review, January, 1907), of tests upon hard- 
drawn copper wires, Mr. Trotter came to the conclusion 
that not only was the tensile strength per square inch 
dependent upon the diameter, but that there was a linear 


relation between the two; he su that the tensile 
strength might be expressed by a formula of the form 
T=a-0bD, 


Having no facilities for conducting experiments on his 
own account, he forwarded all his data to Professor 
C. F. Jenkin at the new engineering laboratory at Oxford 
University, su ting that he should make a thorough 
investigation o — of hard-drawn copper, and so 

roduce reliable evidence upon which a definition could 
framed. This investigation the author undertook. 

The unsatisfactory part of such experiments is, of 
course, that the hard-drawn copper uced by no two 
manufacturers is identical; that therefore no experi- 
ments can be said to give accurate information of the 
material as a whole. oreover, it is not possible, as a 
rule, to obtain exact information as to the process which 
the copper has undergone, since most manufacturers 
have secret processes which are jealously guarded. 

On the other hand, if a set of experiments were made 
on a number of samples supplied by the leading manufac- 
turers, it was thought that the information obtained 
would be of real value to engineers, since it would give a 
definite guide as to what may be expected in the way of 
strength and elongation from first quality hard-drawn 
copper. It would establish a standard of manufacture 
obtained by the best makers, below which material should 
not be allowed to fall. 

Specimens of hard-drawn copper wire were obtained 
from four leading firms of wire-drawers, the size of wire 
ranging from 0.079-in. diameter up to 0.5-in. diameter. 
As will be seen later, with the exception of the material 
— by one of these firms, which fell considerably 
below the others in tensile strength, very satisfactory 
uniformity of properties was observed. 

The experiments were carried out on a 5-ton Buckton 
testing machine, and special grips were used for holding 
the specimens at each end. This was found to be 
necessary, since, with the ordinary grips, the specimen 
ulmost invariably broke close up to them, thereby pre- 
cluding satisfactory measurement of the extension over 
a marked length at fracture. The reason for this yielding 
in the grips is probably that, as will be shown later, the 
greater part of the tensile strength of hard-drawn copper 
wire is due to the existence of a hard superficial skin ; 
where the skin is injured by the ordinary method of grip- 
ping, rupture occurs. In the grips used the holding 
surfaces were of chilled steel, and of the nature of a 
smooth file; moreover, several different sets of grips 
were made for different sizes of rod ; only for sizes less 
than } in. in diameter were the grip faces flat ; for larger 
sizes they were grooved, thus giving four holding surfaces 
instead of two. 

With these special grips the trouble of yielding in the 
grips, though not eliminated, was much reduced. Frac- 
ture, of course, never occurs actually in the grips. In the 
worst case a neck forms on the stretched rod just outside 
the grips, and the only real inconvenience caused by this 
happening is that the extension, which is almost entirel 
local, cannot be measured on a 10-in. length marked o 
at the centre of the rod (the total “yoy of the specimens 
was 14 in. in every case). It might be thought that the 
breaking near the grips would give a false value of the 
breaking stress —that the rod, in fact, would be weakened 
by wounding of the surface in the grips; this, however, 
was proved conclusively with the special grips not to be 
the case. In a number of cases two identical rods would 
yield, one of them well in the centre and one near the 
grips, at the load not differing by 1 per cent. In some 
cases the one yielding near the grips supported a slightly 
greater load. The reason for this satisfactory result is 
po sibly that with the special grips, when yield took place 
close to them, this was not so much to wounding of the 
surface (since the neck usually formed just clear of such 
wounds), but rather to slight obliquity of fixing, which 
would give rise to slightly loneenaall stress at one side of 
the rod near the grips. As before stated, with the special 
grips the ter number broke satisfactorily in the centre, 
but in order to obtain evidence of the extension on the 
ones that did not, the specimens were all marked at 2 in. 
and 4 in. from each end ; three 19-in, lengths were thus 
obtained, in one of which the local extension at the point 
of fracture must necessarily fall. The grips were arranged 
so that after the shock of fracture the two halves of the 
specimen were still held in position, and the section re- 
mained perfectly uninjured. The two halves were then 
fitted togetheragain, and measured forextension. It should 
be mentioned, perhaps, that preliminary tests were made to 
determine the satisfactoriness of this method of measuring 
the extension. It was found that measurements of the 
extension taken just tefore fracture, and those taken after 
fracture, were often indistinguishable, and never varied 
by an amount of any importance. 


the desirability of adopting a comprehen- | c 
-drawn gd whieh would be , between fine scratches on the specimens, so that the 


all sizes is obvious, for there | trated every s 








The extensions were obtained by direct measurement 


lengths could be decided with ey f to + to of an inch. 
A large number of specimens of the hard-drawn copper 
were tested to breaking point, and the results of these 


tests as to tensile strength, and extension per cent. on a | 


10-in. length, are plotted on Figs. 2 and 3. 
It must be understood that on these di 
been made to obtain uniform results. In the light of this 
it will be evident that the material supplied by these 
three firms shows very satisfactory uniformity, besides 

interesting properties which will be referred to later. 
fore considering the diagrams in detail, one or two 
words should be said. In the first place, it is stated 
above that the diagrams show the results of every speci- 
men tes ( 
supplied the various sizes in three different qualities, 
caoh perfectly distinct and differently manufactured. On 
the diagram only the first-quality specimens are plotted, 


Fig 2 THE VARIATION AMEE STRENGTH 
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but of these not one is omitted. Moreover, the set of 
specimens supplied by one of the firms all fell so far short 
of those of the other three that these results have not 
been included. It will be understood that the above is 
a reasonable course to adopt ; what it is desirable to do 
is to obtain information of what the best hard-drawn 
copper is or should be. The second and third qualities of 
Messrs. Thomas Bolton, together with the other set of 
specimens omitted, were regarded as not representing 
a desirable standard of quality from the point of view of 
tensile strength. 

A word should perhaps be said of the nature of the 
yield of the specimens. In all the tests shown on the 
diagrams —i.e., for all the good-quality hard-drawn 
copper—the breaking load was perfectly well defined ; as 
the load approached the brevking point there was, of 
course, a certain amount of plastic yield ; this was, how- 
ever, very slow indeed until the breaking load was 
reached, when this creeping was greatly accelerated ; 
moreover, when this point is reached it is at once notice- 
able that the yield, instead of being uniform, gets faster 
and faster, until all of a sudden a ‘‘ neck ” forms, and the 
beam of the testing machine falls on to the stop. Except 
in the case of saat diameter wire with very slight exten- 
sion, fracture has not yet occurred; but the specimen will 
no longer support the load, and breaks after a further 
extension, the amount of which depends upon the dia- 
meter. 

To return to the diagrams :—On Fig. 2 are plotted the 


breaking stresses in tons per square inch of original sec- | 


tion against the diameter in inches. The wires of the 
different manufacturers are distinguished by the symbols 
@. x, A. This diagram shows a remarkably regular 
falling off in tensile strength with increase of diameter, 


the entire number of observations being included between | 
two straight lines whose distance apart corresponds to a | 


rams are illus- | 
imen tested ; no sort of selection has | 


; Messrs. Thomas Bolton and Sons kindly | 





variation of about 4 per cent. above and below the mean. 
Moreover, the diagram shows that the tensile strength 
per square inch decreases lineally with the diameter— 
that is to say, the yielding load, instead of increasing pro- 
portionately to the area of cross-section (i.¢., proportion- 
ately to (diameter)?) only increases proportionately to the 
diameter. The load which the hard-drawn copper wires 
of various sizes will support is proportional to the circum- 
ference of the wire instead of the area. We may seek the 
reason for this in the process of manufacture. Hard- 
drawn copper is fo through dies of progressively 
smaller size; during this process the outer skin loses its 
repent becoming hard and of great tensile strength. 

his hardening is confined to the surface layers, and subse- 

uently the effective strength of the whole wire is due to 
this circumferential hard skin, and becomes proportional 
to the length of the circumference. 

The important point in this result is that it shows up 
the obvious insufficiency of any specification of hard- 
drawn copper which does not differentiate between the 
strength per square inch to be expected in hard-drawn 
wires of different diameters. 

There is drawn on the diagram a straight line repre- 
sented by an equation of the form suggested by Mtr. 
Trotter—namely, 

T = 30 - 20D, 


where 
T = tensile strength in tons per square inch. 
D = diameter me at hed 


This straight line lies just clear below every point on 
the di , and would afford an admirably simple and 
efficient definition of hard-drawn copper from the point 
of view of tensile strength. It should be specified that 

-drawn copper wire shall in no case have a breaking 
strength of less than that given by the formula :— 


T = 30- 20D. 


In this way we have a criterion of strength applicable 
to all sizes, and easily obtainable in first-class manufacture. 

The possible objection to the above definition—that it 
isabsurd, inasmuch as it would make a wire of no dia- 
meter have a strength of 30 tons per sq. in.—is really no 
objection at all. The above formula is given as a defini- 
tion of copper wires which holds good within the limits 
of the experiments. For sizes larger than 0.5 in. in dia- 
meter it may not be expected to hold; such sizes are, 
however, of infrequent occurrence, and can scarcely be 
considered ‘‘ wires” any longer. 

Next as to the extension per cent. at fracture. Fig. 3 
shows this property plotted exactly as before agaiast 
diameter in fakes, e definition of hard-drawn copper 
adopted by the Engineering Standards Committee is 
that it shall at fracture have an extension of not more 
than 4 per cent. on a 10-in. length. Now apart from the 
fact, pointed out by Mr. Trotter, that extension is a de- 
sirable quality provided sufficient tensile strength is 
obtained, it will be evident after looking at Fig. 3 that 
it is thoroughly misleading to have one fixed maximum 
extension for all sizes of copper wire. The diagram 
shows that, for copper of the same quality, the extension 
per cent. increases with the diameter. 

It is not contended that the Engineering Standards 
Committee’s definition is in any way contradictory of the 
true properties of hard-drawn copper ; as will be seen on 
Fig. 3, none of the specimens did, in fact, have an exten- 
sion greater than 4 per cent. What is most strongly 
urged is that in a definition of hard-drawn copper a 
minimum extension per cent. should be given. If copper 
is sufficiently hard-drawn to give the requisite tensile 
strength, sizes up to 0.5 in. in diameter never will have 
an extension greater than about 4 per cent. ; but what is 
desired is tensile strength and at the same time an 
absence of brittleness. To ensure these properties a 
minimum tensile strength should be given coupled with 
a minimum extension per cent. on a 10-in. length. 

Again, Fig. 3 shows that it would be obviously insuf- 
ficient to have one fixed minimum extension for all sizes 
of wire. On the dixgram is drawn a line represented by 


the equation 
E=5D, 


KF, = extension per cent., 
D = diameter in inches. 


This straight line lics just clear below all the observed 
extensions, and would serve as an excellent minimum 
limit. What simpler definition could be desired than 
that ‘‘ hard-drawn copper shall have an extension per 
cent. over a 10-in. Jength, including the point of fracture, 
of not less than 5 D, where D is the diameter in inches? 

Roughly speaking, it may be said that as the tensile 
strength is increased by more severe hard-drawing, the 
extension at fracture decreases ; that on the one hand 
extreme tensile strength can only be obtained at the price 
of brittleness, while, on the other, very large extensions 
are obtained if the copper is left soft. 

The foregoing experiments have shown what can be 
accomplished in g general practice in the way of pro- 
viding the necessary tensile strength while avoiding un- 
desirable brittleness. 

On the basis of these results, it is suggested that a 
satisfactory definition of hard-drawn copper should run 
somewhat as follows :—‘‘ Hard-drawn copper, when in 
the form of circular wires, shall have a tensile strength 
not less than that given by the formula T = 30-20 D, 
and an extension per cent. on a marked 10-in. length, 
including the point of fracture, of not less than that given 
| by the furmula e = 5 D, where in the foregoing formule 


T = tensile strength in tons per square inch of 
original section ; 

e = extension per cent. ; : 

D = diameter of the circular rod in inches. 


where 
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Since these experiments were carried out, Mr. A. P. 
Trotter called the writer’s attention to the specification 
for hard-drawn copper drawn up by the Wire Committee 
of the American iety for Testing Materials, and 
published in the Electrical Engineer, tober, 1909. In 
the American specification a minimum tensile strength 
and minimum elongation at fracture are given for many 
different sizes of wire varying from 0.46 in. to 0.04 in. 
in diameter. When the strength and elongations given 
in these tables were plotted against the diameters, as in 
the foregoing experiments, it was found that the American 
specification followed very closely the suggestions given 
ok The open circular points marked on the diagrams 
are the American specifications for a few sizes of wire, 
and the dotted lines are drawn as nearly as possible 
through these points. ; igi 

On the di m of tensile strengths the line is very 
nearly parallel to the line T = 30 — 20D, but slightly 
above it. It may be represented approximately by the 
formula T = 31 - 20D. As to the elongation, the points 
lie very closely on a curve represented by the expression 


e=4 JD. 

It dois be noticed that the specifications are for 
minimum tensile strength and minimum elongation, and 
are not given as standard values with a margin of allow- 
able variations above and below. In view of this, it will 
be seen that, although nearly all of the specimens tested 
come up in point of tensile strength to the American 
specifications, yet only a few of the larger sizes show the 
required elongation at fracture. ; 

The specification states that ‘‘the elongation shall be 
determined as the permanent increase in length due to 
the breaking of the wire in tension measured between 
two bench-marks placed upon the wire originally 10 in. 
apart. The fracture shall lie between the bench-marks, 
and not less than 1 in. from either of them.” 

The American Committee, moreover, deprecate the use 
of a wrapping or twisting test as being very difficult to 
carry out satisfactorily upon hard-drawn wire, and express 
the opinion that a combination of tests for minimum 
tensile strength and elongation will ensure a quite satis- 
factory standard of quality. 


APPENDIX. 
Tue Errect or ‘‘HARD-DRAWING” UPON THE ELECTRICAL 
PROPERTIES OF COPPER. 


Two papers have recently been published* in America, 
giving the results of some valuable experiments upon the 
electrical properties of copper. In these experiments, 
besides making an accurate determination of the resist- 
ance of annealed copper wire, the authors carried out a 
number of experiments to determine the effect both upon 
resistivity and temperature coefficient of hardening the 
wire by bending or drawing through dies. 

Messrs. Wolff and Dellinger conclude that the best 
value to be assumed for the resistivity of annealed copper 
of specific gravity 8.89 at 20 deg. Cent., for use in the 
preparation of wire tables and in the expression of per 
cent. conductivities, is 0.153022.ohm for a wire 1 m. long 
and weighing 1 gramme; this is equivalent to 1.72128 
micro-ohms per centimetre cube. 

The resistivity in the case of annealed wire was found 

to be independent of the size of the wire, as would be 
expected ; for the hard-drawn wire, however, the resis- 
tivity varies considerably with the size of the wire. 
_ Taking the above value of the resistivity as represent- 
ing copper of 100 per cent. conductivity, and expressing 
the conductivity d wubdouwe copper wires in this way, 
the mean of the results obtained were as follow :— 


Per Cent. Conduc- 


Per Cent. tivity (Annealed) 


| 
B and 8. Wire Diameter in 


Gauge. Inches. Conductivity. | — (Hard- Drawn). 
No. 6 0.162 | 97.7 | 23 
12 0.0808 97.3 | 2.7 
18 0.0403 96.9 3.1 


These results show a marked decrease of conductivity 
as the diameter of the wire decreases, and it is unfortu- 
nate that the figures are not given for a greater variety of 
sizes. In the light of the linear relation between tensile 
strength and diameter, the above evidence of the depen- 
dence upon diameter of the reduction of conductivity due 
to hard-drawing is of especial interest. Messrs. Wolff 
and Dellinger’s comment upon their results is as follows :— 

“Only a few No. 6 and No. 18 wires were experimented 
upon. . . The values are not considered as having much 
weight, being based on such limited experimental evi- 
dence, but they show, as was to be expected, that the 
difference between the conductivity of annealed and 
hard-drawn copper was increased as the diameter of the 
wire decreased. This general conclusion is, however, 
complicated in any particular case by the particular 
practice of the wire drawers in regard to the number of 
drawings between annealing, amount of reduction to 
each drawing, &c.” 

Dr. Beilby, in a recent lecture, gave 2.5 per cent. as the 
reduction of conductivity due to the hard-drawing of 
copper wire ; the size of wire upon which this figure was 
observed was not given, but the value seems to agree 
well with those given above. 

. Turning now to the temperature coefficient of the re- 
sistance of copper, the experiments show that the tem- 
perature coefficient is proportional to the conductivity 
independently of the mechanical treatment of the wire. 


‘The Temperature Coefficient of Copper,” by J. H 


wire :— 


[>= aoa} 
Cc 


Per Cent. . Ax 
Conductivity. % ~ Per Gent. Cond. 

(a) When annealed .. 100.24 0.008952 (003943 
(6) Hardened by draw- 

ing through dies .. 98.96 0.003902 0.003943 
And again asecond sample of wire :— 

Per Cent. 
Conductivity. %%% o. 

(a) When hard-drawn .. 97.46 0.003843 0.003948 
(b) After annealing 100.15 0.003948 0.003942 


The result of these investigations may be expressed in 
the following practical rule :— 

“The 20 deg. Cent. temperature coefficient of a sample 
of copper is given by multiplying the number expressing 
the per cent. conductivity by 0.00394.” 

This rule may be expressed otherwise, thus :— 

“The change of resistivity of a sample of copper is 
0.000598 ohm per metre-gramme, or 0.00681 micro-ohm 
per centimetre cube.” 

A conclusion which follows from these results is that 
the resistance added to that of pure copper by hardening 
or the presence of impurities has no temperature coeffi- 
cient ; that is, when the resistance is changed by the pre- 
sence of impurities or hardening, the absolute change of 
resistance with temperature is unaffected, while the per 
cent. change of resistance is affected. 

Finally, Messrs. Wolff and Dellinger give as the best 
values for the temperature coefficient of good commercial 
annealed copper :— 

ay = 0.00428 gy = 0.00394 
&;5 = 0.00402 ag, = 0.00386 

And in the light of the above results we can calculate 
as the temperature coefficients of good commercial hard- 
drawn copper, taking the mean conductivity as 2.7 per 
cent. less than for the annealed material :— 
ay = 0.00415 doy = 0.00383 
hs = 0.00391 ae, = 0.00376 





FOREIGN ENGINEERING PROJECTS. 


WE give below general data on several foreign engi- 
neering projects. Further information concerning them 
can be obtained from the Commercial Intelligence Branch, 


Board of Trade, 73, Basinghall-street, London, E.C. :— 
Argentina : With reference to the notice on page 168 
of the Board of Trade Journal, of April 28, 1910, relative 
to the proposed construction of a commercial port at San 
Borombon, H.M. Minister at Buenos Aires now reports 
that, as work has only been started on a small scale, a 
decree was issued recently by the Minister of Public 
Works by which a period of 120 days is allowed within 
which a gouge commencement of the work is to be made ; 
in default, the concession is to be declared null and void. 
H.M. Minister also reports that a Bill has been intro- 
duced to provide for the construction of a bridge over the 
River Parana in order to place the provinces of Entre 
Rios and Corrientes and the territory of Misiones in 
direct communication with Buenos Ai the present 
connection by means of trains tr rted by ferry boats 
being unsatisfactory. The project is one of considerable 
magnitude, and would involve a large capital outlay. 
Morocco: H.M. Consul-General at Tangier (Mr. H. E. 
White, C.M.G.) reports that tenders are invited by the 
Special Committee of Public Works for the extension of 
the beach road at that port over a distance of 380 metres. 
The estimated value of the contract is placed at 18,600 
francs (744/.); a deposit of 200 francs (8/.) is required 
with each tender, to be increased by the successful 
tenderer to 1000 francs (40/.). Tenders will be received 
by M. le President du Comité Spécial des Travaux 
Publics, Dar En-Niaba, Tangier, up to 10 a.m. on 
October 30. The contractor must elect domicile in the 
neighbourhood of the works. Copies of the specification, 
conditions, and general regulations (in French) may be 
seen, and copies of the form of tender to be used may 
be obtained, by British contractors at the Commercial 
Intelligence Branch of the Board of Trade, 73, Basing- 
hall-street, London, E.C. 

Italy: The Gazzetta Ufficiale of August 28 contains a 
notice, issued by the Ministero dei Lavori Pubblici, 
Rome, stating that tenders will be opened on Septem- 
ber 26 for the carrying out of harbour works at Viareggio. 
The upset price is put at 973,700 lire (about 38, 950/.). e 
Gazzetta a September 2 notifies that tenders will be 
opened on October 3 at the offices of the Ministero dei 
Lavori Pubblici, Rome, for the carrying out of harbour 
works, including the construction of breakwaters, &c., 
in the harbour of Ortona. The upset price is put at 
2,700,000 lire (108,000/.). Although the above two con- 
tracts will doubtless be awarded to Italian firms, never- 
thele-s the carrying out of the works may necessitate the 


ptember 7 contains a decree granting to the Societa 
Italiana di Industrie Eletiriche, Spezia, a concession for 
the construction and working of an electric tramway from 
Spezia to Cadimare. é 
Spain: The Gaceta of September 9 contains a notice, 
issued by the Ministry of Foniento, awarding to the 
‘*Sindicato Asturiano del Puerto del Musel” a contract 
for the carrying out of extensive harbour works at Gijén 
Musel. The cost of the work is estimated at 2,513,000 
pesetas (about 93,0007. ). 

Christiania: The Commercial Intelligence Branch of 
the Board of Trade is notified by H.M. Consul at 


Christiania (Mr. E. F. Gray) that tenders are invited by 


eocen of some materials out of Italy. The Gazzetta of | P® 


== 


The following figures refer to the same samples of /and 40 axles without wheels. Sealed tenders, marked 


‘Hjul,” will be received at “‘Styrelsens Expeditions- 
kontor, Statsbanerne,” Christiania, up to 10 a.m. on 
October 7. It should be noted that in all Norwegian 
Government contracts a preference (apart from Customs 
duties) is given to Norwegian manufacturers, and that it 
is obligatory that a resident agent (not necessarily a 
a tirm) should act for tenderers not residing in 
orway. 





CATALOGUES. 

Electric Lifts.—We have received from Messrs. Marryat 
and Place, 28, Hatton Garden, E.C., a circular dealing 
with “M.P.” electric pa lifte. This publication 
contains a general specification of the lifts, and gives 
particulars of standard sizes —— for push-button, 
car-switch, and hand-rope control. Electrically-operated 
goods lifts with hand-rope control are also listed. 

Carbon Brushes for Electrical Machinery.—We have 
received from Messrs. William Geipel and Co., Vulcan 
Works, St. Thomas’s-street, 8.E., a price-list of Henrion 
ee carbon brushes for dynamos, motors, &c. 

veral different qualities are made to work under all 
conditions. The price-list also contains illustrations of 
carbons for lightning arresters, battery carbons, carbon 
contacts for circuit-breakers, &c. 


Ball-Bearings.—From the United Motor Industries, 
Limited, 45 and 46, Poland-street, W., a catalogue of 
** D.W.F.” ball-bearings bas reached us. The catalogue, 
after describing the bearings generally, and giving some 
notes on fitting and lubricating them, deals with their 
application to motor-cars, machine-tools, electrical machi- 
nery, and line shafting. Prices and dimensions are then 
iven of journal and thrust-bearings in three patterns for 
ight, medium, and heavy loads ; aspecial type of bearing 
for line shafting is also listed. The catalogue also quotes 
prices for steel balls from ,y in. to 4 in. in diameter, and 
mentions that the firm supplies balls of phosphor-bronze, 
brass, copper, aluminium, and other metals. 


Electrical Equipment of Cinematograph Theatres.—A 
special publication to hand from the British Westinghouse 
‘lectric and Manufacturing Company, Limited, of 
Trafford Park, Manchester, relates to the electrical equip- 
ment of cinemategraph theatres. It is addressed prin- 
cipally to 't~-r- and managers of these entertain- 
ments, and first explains, in a simple manner, the 
necessity for converting the public supply to a suitable 
voltage for the arc lamps, afterwards giving some brief 
general particulars of motor-generator sets for this pur- 
pose ; gas-engine sets, and petrol-electric sets, for use in 
districts where there is no public electric supply, are also 
mentioned. The book also recommends the use of 
Westinghouse ap tus for interior and exterior lighting 
and ventilation of the building. 


Polyphase Induction-Motors.—Messrs. Bruce Peebles 
and Co., Limited, of Edinburgh, have recently issued a 
publication dealing with large polyphase induction- 
motors. A general specification of the machines is 
included, and tabula particulars are given of three- 
phase, slip-ring motors for 50-cycle and 25-cycle circuits, at 
all pressures between 110 and 6600 volts. The capacities 
of these machines ra from 45 to 1750 horse-power. 
They can be supplied with two or three bearings mounted 
on the bed-plate ; the smaller sizes are also made without 
a bed-plate, the bearings being supported by the end 
hoods. The latter arrangement makes a very compact 
motor particularly suitable for direct coupling to fans, 
pumps, &c. 

Arc-Lamp Carbons.—We have received from Messrs. 
William Geipel and Company, Vulcan Works, St. 
Thomas’s-street, 8.E., a price-list of Henrion carbons, for 
which they are the sole agents for the United Kingdom 
and the Colonies. The list includes solid and cored 
carbons suitable for open and enclosed arc-lamps burning 
on continuous - current or alternating-current circuits. 
Carbons for all types of flame arc-lamps, and mineralised 
carbons for use in ordinary open-type lamps, are also 
listed. It is stated that these mineralised carbons give 
four times as much light as ordinary carbons, will burn 
for long periods, and ~ enable three lamps to be run in 
series on a 110-volt circuit. The list also gives particulars 
of carbons for searchlights, cinematograph and theatrical 
lamps, welding and other special purposes. 


Gears and Gear-Cutting.—Messrs. Marryat and Place, 
28, Hatton Garden, E.C., who are the sole agents for 
London and the South of England for the Reid Gear 
Company, of Linwood, near Paisley, have sent us a copy 
of the revised catalogue and price-list of all descriptions 
of gearing manufactured by the latter firm. The cata- 
logue states prices for cutting teeth of spur-wheels, 
annular gears, racks, mitre and bevel-wheels, worm- 
wheels, spiral gears, sprocket-wheels, &c., on blanks 
supplied by customers. Prices are also quoted for com- 
plete cast-iron spur-wheels and raw-hide and compressed- 
per pinions. Besides the foregoing, the catalogue 
includes illustrations and particulars of worm and spur- 
speed reduction gears, and also gives many rules, formule, 
and useful tables relating to gearing generally. For 
example, the pitch-line and outside diameters are given 
for cut spur-wheels having from 10 to 120 teeth, with 
circular pitches ranging from } in. to 4 in. 





Paris MerropouitaN Rattway.—The revenue of the 
Paris Metropolitan Railway for the first eight months 
of this year owed an increase of 337,0791., as com 

with the corresponding collection for the first eight 
months of 1910. This increase is attributable, to some 
extent, to the opening of additional sections; but the 
general business of the undertaking is also steadily 








Dellinger ; ** The Electrical Conductivity of Copper,” by 
F. A. Wolff and J. H. Dellinger, Bulletin of the Brireat 
of Standards, February, 1911, Washington. 





the Norwegian State Railway authorities for the supply 
of 324 axles with wheels, 630 wheel tyres (** Hjulbandager”) 


growing. 
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SELECTED ABSTRAOTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE AOT OF 1907. 

The number of views in the is stated 

dye pated po oe genet as naatatosek the Ipsetiettion is not 


illustrated, 
Where inventions are communicated from abroad, the Names, &c., 
‘ of the Se are — in ope Pp Ope, 
opies of Specifications may be obtained atent Sale 
Branch, 25, Southa Buildings, Chancery-lane, W.C., at 
the uniform of 8d. 
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the Coapense Complete 
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of a Ci 
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pice notion atthe Patent Ofer af oppaiton th 


ELECTRICAL APPARATUS. 


4524/11. G. E. B. Pritch London. tor 
Boxes. (2 Figs.) February 22, 1911.—The invention relates to 
electric sopumalener-bente, 1 is a box having the usual lead 
lining therein. 3 is an electrode supported upon blocks 4. 5 is a 
plate through orifices in which pass the terminals 6 7. The plate 
5 is so placed as to leave only a shallow space 8 below the upper 
edge of the box In the case illustrated, the terminals have 
shoulders 10 which fit into annular recesses in the plate 5, but 
these shoulders and recesses may be dispensed with. When so 
dispensed with any other convenient means may be employed for 
retaining the plate 5 in ition. The level of the electrolyte 
is shown at 12, and is slightly below the under surface of the 
plate 5. 14is an upper plate resting on the rebated shoulder of 
the box. When such a box is in use and is subjected to vibration 
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or concus?ion, the liquid a little way up into the narrow 
space between the edge of the plate 5and the inside of the box 
lining, and the tighter the fit the less far will the liquid penetrate 
upwards into this space. When, however, the vibration or shock 
is great some of the liquid may come above the upper surface of 
the plate 5 into the shallow space 8, but owing to the presence of 
the upper plate 14 any liquid so passing above the plate 5 will not 
be projected above the edges of the box. It will simply be pro- 
pone nst the under surface of the upper p ate 14 and trickle 
sack to its proper position below the plate 5. Owing to the depth 
(thickness) of the plate 5 any liquid projected against the upper 
plate 14 as just described will have lost its force so that this upper 
plate may be a comparatively light one and in ordinary cases need 
not necessarily be screwed down or fastened but simply rest in 
position by its own weight. (Accepted July 12, 1911.) 


18,217/10. J. Stevenson and O. R. Williams, Glas- 
gow. arelamp Suspension, (2 Figs.) August 2, 1910. 

This invention refers to means for automatically taking an arc- 
lamp out of a central carrier-frame placed at a height, Lowering 
it to the ground, raising it and returning it to its frame centrally 
over the supporting column, the whole operation being per- 
formed by the winding and unwinding of a rope by a windlass 
placed conveniently at the foot of the column. Centrally over a 
perpendicular col B is ted a bow-sha’ dle-frame A 
to take the lamp L. The frame C!, C2 is mounted at the top of 
the frame A, and projects out on either side thereof and at right 
angles thereto. Retween the ends of the frame ©!, C2 ismounted 
a rail D!, D2 inclining down towards the centre o the frame A. 











Ssssexe! 























On the rail D!, D® is mounted a carriage saddle E!, with a pulley 
mounted to run free thereon and below the rail, and mounted, 
free to swivel in the saddle E!, is an automatic suspension device 
G, which is fitted with a side pulley To the lower lowering flange 
of this suspension device is fitted the lamp L. Guide-pulleys 
P2, PS are provided to guide the rope R to the winch, placed con- 
veniently at the foot of the column. This rope passes from the 
winch up over the pulleys P%, P2, and runs across to and over the 
pulleys P!, P4, and is attached to the lower lowering flange of 
the suspension gear. The action is as follows :—When the rope R 
is wound, the trolley and pe ay. pulled up the inclined pm 
until it reaches the end of its travel butte against a stop 
formed on the pulley-frame Pl, A slight pull on the 





lifts the lamp off its suspension clutches and frees it for 
lowering. (Accepted July 12, 1911.) 
8392/11. Siemens Brothers’ Dynamo Works, Limi- 
ted, and C. A. B. D. Koettgen, London. 
Electric Machines. [1 Fig.) April 4, 1911.—In alternate- 
current turbo-generators, on the rotors of which are situated the 
excitation windings, there are, according to this invention, three 
separate sets of axial cooling channels, one through ducts in the 
stator core, another axially along the air-gap between stator and 
rotor, and another through ducts in the rotor core, and each is 
provided with a fan. a denotes the shaft, b the stator core, b! 
the stator winding, c the rotor core, c! the rotor winding, d the 


























tant 

fan for forcing air through the stator air-ducts, e the fan for 
drawing air through the rotor air-ducts, / the fan for drawing air 
through the air-gap, g a partition dividing that part of the dynamo 
into which the stator air-currents are discharged from that part 
into which the rotor and air- currents are discharged, h a 
partition separating the fan-blades of ¢ from those of f. The 
paths of the air-currents are shown by arrows, and the action 
need not Le further explained. The partition A is not essential, 
and it could, if desired, be dispen with. (Accepted July 12, 
1911.) 


10,113/11. Siemens Brothers’ o Works, Ltd., 
London. (Siemens Schuckertwerke G.m.b.H., Berlin, Germany.) 
(2 Fiys.] April 26, 1911.—This invention has reference 

to non-interchangeable electric fuses, a characteristic feature cf 
the invention being that the non-interchangeability jor voltage is 
ensured by a relative displacement of the screw-threaded parts of 
fuses for different voltages, this being effected by altering the 
depth of the fuse-socket and the length of the screw-plug. Thus, 
for high voltages, sockets of considerable depth with long screw- 
plugs can be employed, whereas for low voltages, sockets of less 
depth with short screw-plugs can be used, the displacement or 
the difference in the size or graduation for different consecutive 
voltages being at least equal to the length of the screw-threaded 
part of the screw-plug. Referring first to Fig. 1, a represents the 
socket and } the screw-plug of a safety-fuse suitable for employ- 
ment in installations of 500 volts, for example, c representing the 
effective depth of the fuse-socket and d the effective length of the 








plug. Referring now to Fig. 2, the safety-fuse with the screw- 
plug B! is intended in contrast to that shown in Fig. 1, for employ- 
ment in installations of 750 volts, for example. In this safety- 
plug, according to the present invention, the depth c! of the 
fuse-socket is "gay than the depth c in the safety-plug, accord- 
ing to Fig. 1, by an amount equal at least to the length of the 
screw-threaded part of the screw-plug. Consequently the effec- 
tive length d! of the screw-plug for 750 volts is greater by at least 
this length than the effective length d of the screw-plug for 500 
volts. In other words, owing to the relative displacements of the 
screw-threads, the plug shown in Fig. 2 could not be pushed 
sufficiently far into a socket, such as in Fig. 1, for the screw- 
threads to engage properly. The new arrangement therefore has 
the advantage, on the one hand, that the screw-plug for low 
voltages (Fig. 1) cannot be used in sockets for high voltages 
(Fig. 2), and, on the other hand, that the screw-plug for high 
vol cannot be screwed into sockets for low voltages. (Ac- 
ce, July 12, 1911.) 
GAS ENGINES, PRODUCERS, HOLDERS, &c. 
21,435/10. The Birmingham Small Arms Company, 
Limited, Birm and R. Nicholls, Redaiteh 
Internal-Comb on (4 Figs.) September 15, 
1910.—The invention has more particular reference to the 
method of attach t of the gudgeon-pin to the piston of 
iuternal-combustion engines. According to the present invention, 
a plain parallel pin 1 is provided near the one outer end with a 
adap to receive a radially-split spring ring 3. The 
8 may be passed into position by forcing same over the end 
of the gudgeon-pin 1. The groove 2 is preferably of a depth equal 





to the sectional thickness of the ring 3, and the latter in its normal 

condition is of an external diameter greater than the diameter of 

the gudgeon-pin 1, but capable of being compressed into its 

ve to a diameter equal to that of the gudgeon-pin 1, as shown 

. 1 for the purpose hereafter explained. The piston 4 is 

provided with transverse holes 1 in its outer walls to receive the 

gudgeon-pin 1, and in one of the said holes is formed a groove 6, 

ing in shape to the ring 3and adapted to be engaged 

by the ring 3 when the gudgeo is in position. To place 4 
tl 


n-pin 
Sy eet alll in ition, the oui end thereof is 
in the piston and through bush of 





connecting-rod. During its passage the ring 3 is first pressed 
into its groove 2 in the pin 1, as seen in Fig. 1, and is held com. 
pressed in the groove until it comes into alignment with the 
groove 6, when it immediately clicks or expands thereinto, as 
shown in Fig. 2. Approximately one half of the ring 3 is then 
in each groove, thus forming a collar or stop, and effectively 
seouring the gudgeon-pin 1 to the piston 4. When it is desired 
for any purpose to remove the gudgeon-pin 1 from the piston 4, 
it can be readily effected by a smart blow on the plain end thereof, 
which presses or moves the ring 3 from its groove 6 and com. 
— it into the groove 2 in the pin 1, thus permitting the 
latter to be readily removed. (Accepted July 12, 1911.) 


25,336/10. A. Macklow-Smith, London. Gas Calo- 
rimeters. [1 Fig.) November 1, 1910.—This invention relates 
to calorimeters of that kind in which the calorific value of a 
gas is determined by passing watér or other liquid through an 
ordinary gas-calorimeter into a closed vessel containing the gas, 
thereby displacing an equal volume of the gas which is burnt in 
the calorimeter in the usual way. According to the present 
invention, the cock for controlling the flow of gas to the closed 
vessel, and the cock to control the water passing away from the 
tank, are connected so as to be regulated simultaneously. The 
apparatus comprises a closed tank T, to which the gas to be tested 
is supplied through a pipe P provided with a suitable cock S. The 
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upper part of the tank is fitted with a pipe leading to an ordinary 
Bunsen or other burner B, in which the gas is burnt in the 
calorimeter K. Water enters the calorimeter at W and passes 
from the calorimeter along a suitable tube to the tank T, thereby 
displacing an equal volume of gas at any desired pressure, which 
is measured by means of a pressure-gauge G. When the tank is 
full, the drain-cock D is opened by means of the lever H, which 
will also open at the same time the gas-cock S, thereby allowing 
a fresh sample of gas to enter the tank as the water passes away. 
When the tank is full of gas, both cocks S and D are closed, and 
the temperature of the water noted as it enters and leaves the 
calorimeters by thermometers T' and T? or other means, (Ac- 
cepted July 5, 1911.) 


17,048/10. W. Jones, Middlesbrough. Gas -Pro- 
ducers, (2 Figs.) July 18, 1910.—This invention relates to gas- 
producers, and according thereto the walls a of the producer are 
constructed of fire-bricks, which may be contained in a casing of 
iron a1, and at one side of the producer, and at or near to the top 
thereof is a valve-controlled outlet for the gas, consisting of a 
vertical pipe a3 connected with the producer by a narrow neck a2, 
and provided with a cut-off or regulating-valve, whilst at the 
top of the producer is arranged the usual valve-controlled feed- 
hopper a6 for the fuel. Around the base of the producer, and 
beneath the brick walls, is formed an annular chamber or tuyere- 
box b of cast iron, the inner wall of which is, at suitable intervals, 
provided with tuyere openings b2, and the outer wall /* is pro- 
vided with openings clesed by doors ) arranged intermediately of 
the tuyere openings, and through which the tuyere openings are 
visible and easily accessible to the operator, so that any two 
tuyeres ean be pricked from one door. The bottom of the 
annular chamber or tuyere-box / is inclined downwardly and 








a‘* 


inwardly, so as to meet the lower edge of the inner wall, and 
connected with this bottom by its bent lower end is a stand-pipe 
U7 rising to near the top of the producer exteriorly thereof, and 
which supplies the tuyere-box with the steam and air blast. The 
steam and air-blast, on entering the tuyere-box, is divided by a 
vertical partition, so that it is equally distributed amongst the 
—— openings. The producer is. supported upon skeleton 
columns ¢ arranged beneath the tuyere-box, and beneath the 
producer is a trough or basin d having inclined walls and con- 
taining water, aud constituting a water-seal, and the inwardly 
inclined bottom of the tuyere-box is continued down into the 
water-seal, and is supported by outwardly and downwardly 
inclined struts e! from the columns ¢ and struts f1 from a cone 
J in the centre of the trough d. The ashes travel down this cone, 
and are di towards the side of the trough, so that they 
can be easily raked out bet the col ¢c at all parts of its 
circumference when working at full pressure. The tuyere-box b is 
formed in sections, the joints of which rest upon the supporting 
columns¢, Accepted July 5, 1911.) 
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THE INSTITUTE OF METALS. 
(Concluded from page 395.) 

We have now to deal with the proceedings of 
the Institute on the second day of the meeting at 
Newcastle. When the Institute met on Thursday, 
the 21st inst., Professor Thomas Turner replied to 
the discussion which took place on the previous day 
on the paper by Mr. Haughton and himself describ- 
ing experiments on ‘‘ Volume Changes in the Alloys 
of Copper and Tin.” He said that two points had 
been raised by Dr. Rosenhain and Dr. Desch. The 
first of these bore on the method of work, and the 
second on the results secured. He, however, claimed 
that there could be no doubt but that the expan- 
sions and contractions measured had their exact 
counterpart in practical foundry work. In the 
second place, he contended that the measurements 
did accurately represent a real change of volume. 
This had been confirmed, not only in his own 
laboratory, but also by Keep in America and 
Wurst in Germany, though the apparatus and 
methods used were not identical with his own. 
Hence they were dealing with facts which were of 
importance, both from the practical and the theo- 
retical points of view. He would further point out 
that many of the important expansions observed 
occurred at temperatures far below the point of 
complete solidification—in some cases as much as 
400 deg. below. Hence they were not dealing with 
cases of crystal thrust. If, as was the case, they 
could take the bar from the mould and break it in 
two without liquid metal running out, they must be 
dealing with solids, yet in some cases such a bar 
showed expansions at threc different temperatures. 
Again, that the changes were true changes was 
indicated by the fact that other experiments, par- 
ticularly those on iron and steel, showed the metal 
to be specifically lighter after the expansion. Inthe 
case of cast iron the decrease of density was 5 per 
cent. Where no expansions were recorded by his 
apparatus no change of density was observed, so that 
the two hung together. Dr. Rosenhain’s criticism 
was based on a misapprehension. "He assumed 
that they were using the process to determine the 
constitution of the alloys, but this was not the case. 
He had never published an equilibrium diagram 
based on this class of experiment. But whilst he 
had no desire to determine by an observation of 
volume changes the constitution of the alloys, there 
must be some connection between the two. It was 
impossible, for instance, to determine the geological 
structure of a region from a contour map, yet there 
should be a close connection between the two, as 
there was between the authors’ experiments and the 
constitutional diagram. Unfortunately, however, 
they found that the diagrams constructed by dif- 
ferent experimenters differed at important points, 
but they went to these merely to explain their 
own experiments, and did not propose to use 
the latter to correct the diagram. The exist- 
ence of crystal thrust was not denied. An im- 
mediate exparsion of small amount was, he 
thought, often thus occasioned, but in the majority 
of cases it was, he considered, out of question in 
east bars. It had been suggested that the method 
was faulty because it did not show any expansion 
in the case of bismuth. The authors, however, did 
not deny that bismuth expanded on solidification, 
but it did so as water, and not as cast iron. The 
latter expanded little, if at ali, at the actual 
moment of solidification, but increased in volume 
considerably after it was solid. Water and bismuth 
expanded on solidification, but subsequently con- 
tracted. In conclusion, he said that they quite 
appreciated the criticism of their friends, and frank 
criticism would never interfere with his friendships, 


Tue Fatwure or a Brazep Jornt. 


Professor Henry Louis then read a r on 
“The Failure of a Brazed Joint.” This Soanthed 
the results of an examination of a joint which 
failed last year on the s.s. Craven. The pipe was 
5$ in. in diameter and carried 175 1b. steam. The 
joint, which was at the bottom of the pipe, opened 
for a length of 3 ft. 6in., and the braze was found 
to be extensively corroded. The sound portion of 
the braze showed on analysis Cu, 66.60 ; Zn, 31.30; 
Sn, 0.77 ; Pb, 0.40; As, Sb, and Fe, traces ; oxygen 
and loss, 0.63. The analysis of the corroded portion 
showed Cu, 78.40 ; Zn, 13.50; Sn, 0.78; and lead, 
nil; oxygen and loss, 7.32. When etched and 
examined under a high power, the metal was seen 
to consist of crystals of brass embedded in reticula- 
tions of a whitish alloy, along which all the fissures 


absolutely determined. The difference in the frac- 
ture was very a even toa novice. Good 
metal broke right through the crystal grains and was 
thus fine in texture; but if antimonyand arsenic were 
present, it separated with a much coarser crystalli 

sation. Microscopically, however, the two frac 

tures appeared to him to be very similar. With 
certain impurities there was a segregation round the 
crystal grains which constituted planes of weakness 
and led also to corrosion taking place along these 
reticulations. The position of a ace seam in a 
pipe depended, Mr. Milton continued, on the 
design of the pipe. With large 4-in. to 6}-in. pipes 
which had to be bent, the braze must be kept in the 
neutral axis, so that there was not full freedom of 
choice as to the waay it occupied. Hence it was 
quite ible that in the case described by Pro- 
fessor Louis the builders had, in placing the joint 


and lines of corrosion passed. The production of 
this reticulated structure was traced by the author 
to the presence of lead, or, rather, of an alloy of 
lead and tin much more fusible than brass, and 
which solidified about the crystals of the latter. 

The discussion was opened by Mr. J. T. Milton, 
who said that the paper was of extreme interest to | 
marine engineers and copper-pipe makers, as it 
showed the possibility of very serious corrosion 
where it might not be expected to exist. Failures 
of brazed joints occurred more frequently than 
many suspected. His attention had been first 
drawn to the subject by the failure of a brazed 
pipe on the s.s. Prodano, which almost exactly 
paralleled that described by the author. The net 
result of the Board of Trade inquiry then held 
was the conclusion that the seam was defective 
ab origo. His own opinion, however, was that 
in this the assessors were absolutely wrong, be- at the bottom, done the only thing open to them. 
cause both this pipe and a sister-pipe on the same _ In the case of the flange-joints of the Prodano, which 
steamer were in sucha condition at the time of the | did not decay, the builders told him that they con- 
inquiry that the brazing cracked at the least sidered that the best copper they could obtain for 
touch. Nevertheless, when new, both pipes had | the solder was old copper fire-boxes, in which case, 
been bent cold to a sharp curve. As he could | the speaker believed, there was likely to bea certain 
not account for the accident, he suggested to his amount of arsenic nt. 

Committee that further assistance should be ob-| Professor A. K. Huntingdon, who spoke next, 
tained, and specimens were accordingly sent for | congratulated the meeting on having a paper so 
report to Professor Arnold at Sheffield, who made | well suited to provoke discussion. Not long ago he 
chemical and micrographic examinations of the | had himself had to investigate some Naval brass 
deteriorated metal, 4 arrived independently at which had gone wrong. He had shown a piece to 
about the same conclusions as the speaker. In a/ Sir Gerard Muntz, who said that it looked as if the 
os ir eon report, Professor Arnold said that he material were either too low in copper, or that 

ad observed reticulations in the metal which | antimony or arsenic was present. Asa matter of 
apparently corresponded to those noted by Pro- | fact the speaker knew that the copper was particu- 
fessor Louis. These, however, were ignored in| larly pure. He had it examined microscopically 
the final report, where the failure was shown to he | on July 7, this year. This showed the a phase to 
due to the brass being dezincified. In some cases | be present with flakes of a bluish-white constituent, 
Professor Arnold had made sketches showing the | which was a + 8 eutectoid, containing 21 per cent. 
progress of the decay in between the grains of the | of tin. He had been struck, even at low powers, 
alloy, but he did not then attribute it specifically to | with the presence of this, but it was not until he 
the lines of the eutectic. When an alloy soliditied, | tried 500 diameters that he succeeded in getting at 
it did not do so en masse, but the action commenced | the structure of the material between the crystals. 
ata point. In crystallising, any impurities present | When he caw the illustrations in Professor Louis's 
were thrown out, forming a reticulated structure a md he recalled that he had seen something like it 
between adjacent crystals, as was well shown in the | before, and had it looked up. What had happened 
case of copper contaminated by bismuth. Apparently | in this case was the Naval brass was too low in zinc, 
the decay proceeded along these lines of division. and this view was confirmed by analysis. In this 
The fact of this decay was a very serious one, | condition an alloy of tin with a had separated 
but Arnold had traced it to another cause than the | (there was no lead, as in Professor Louis’s specimens), 
author. By examining the decayed metal he had and this was of a very brittle character. The micro- 
shown the presence in it of organic acids derived photograph taken corresponded almost exactly with 
from the oil, since the steamer was not using pure Fig. 4 of the author's paper. The white body was 
mineral oil for lubrication. In his first analysis he | tin-copper, as stated, and something of this kind was 
found that the decayed metal was very low in zinc, | at the root of the whole mischief in brazing. That 
so he fused some of it containing 78 per cent. of operation was a very uncertain one in its results. 


copper and 12 per cent. of zinc under borax, with | At the start the solder contained a large proportion 
the result that the resultant button of metal proved | of zinc, whilst at the end there might be hardly 
to be 98 per cent. of copper, thus showing that even | any. The whole operation was both unscientific 


and unpractical and ought not to be permitted, as 
there were other methods of doing the work, even 
if a little more expensively. Professor Louis had 
stated that the first illustration in his paper showed 
the structure of a typical brass. If, however, it 
were examined closely, it would be seen that all the 
reticulations shown with the higher magnification 
were quite visible, and hence it could not be de- 
scribed as a typical brass. The dark masses were 
cores of a metal, and it was quite probable that these 
were themselves a source of corrosion by setting up 
electrolytic action between the copper-zinc and the 
rest. In fact, there were all possible causes of 
the brazing metal dissolved further copper from | corrosion present, and he thought that the whole 
the pipe, so that finally the metal left in the joint | trouble was due to the uncertainty of the method. 
had a very variable constitution, ranging from the | If tin were present, and the zinc were burnt out, a 
intended 55 Cu and 45 Zn up to two of copper and | copper-tin eutectic would separate. 

one of zinc. Inthe case of the Prodano’s pipes,| Sir Gerard Muntz said that the Muntz metal 
the flanges were brazed on by the engine builders, test mentioned by Mr. Milton was used to test 
and there was absolutely no corrosion in these | every heat made in his works, and could be relied 
joints. The pipe seam, however, though the corro- | on for estimates to an accuracy of 4 of 1 per cent. 
sion was worse inside, was also corroded externally; | One point which had been raised was as to whether 
and the fact that the flange brazing had not suffered, | the trouble arose from lead or from tin. Practical 
though exposed exactly the same way as the outside | experience said it was the latter, and not lead. If 
of the pipe seam, led the speaker to think that | shop foremen were allowed their own way, they 
there might be something in the constitution of the | would always add tin to the brazing metal, as the 
brazing metal. Professor Louis had attributed the | solder was then easier to use, melting and running 
failure described by him to the presence of lead. At | more readily ; but it was, at the same time, more 
the time of the Prodano inquiry the Admiralty had | brittle and more liable to corrosion. He thought, 
in use a test for ascertaining the freedom of copper- | therefore, that the trouble lay with the tin in tho 
zine alloys from antimony and arsenic, which was | case of steam-pipe joints which had failed. The 
known as the Muntz metal test. This was carried | presence of this metal produced the lines of separa- 
out by adding to the alloy sufficient pure zinc to | tion between the crystals along which the corrosion 
make the composition 60 copper and 40 zinc. Ingots | took place. Mr. Milton had raised the point as to 
of this were cast in iron moulds and then eoieaes | whether copper fire-box material was suitable for 
when cold. From an examination of the fracture | the production of brazing metal. The speaker 


the 12 per cent. of zinc present was not in the 
metallic state, but exis’ merely as an oxide. 
Being much concerned at the failure, which he 
thought might be possibly due to defective methods 
of brazing, he had applied to manufacturers for par- 
ticulars of the methods used. He then learnt that 
several attached great importance to the composition 
of the brazing metal, holding it to be essential not 
only that the copper should be free from antimony 
and arsenic, but had got the proportion of copper 
and zinc worked out to two decimal places. In 
brazing a joint, however, the first thing that hap- 
pened was that part of the zinc volatilised. Next 














the presence of antimony and arsenic could be, thought that tough copper was quite unsuited for 
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the manufacture of any brass whatever, and of 
brazing metal in particular. On the other hand, 
copper pipe material if electrolytic might be quite 
suitable, but the use of old ‘‘ tough” copper pipes 
would be highly dangerous. 

Mr. J. M. Allan said, as a maker of bronzes, he 
had found that the use of electrolytic copper reduced 
the tensile strength of the resultant alloy, as com- 
pared with those made with *‘ tough ” copper. 

In reply, Professor Louis said he did not deny 
that the presence of tin might give rise to the 
failure of brazed joints. His paper, however, dealt 
solely with one particular case, in which the pro- 
portion of tin present was insufficient to account 
for the trouble. As would be seen on reference to 
Fig. 6 of his paper, the tin alone did not give rise 
to marked reticulation, but uired for this the 
addition of lead. He felt, therefore, that the latter 
was at least equally guilty. In the decayed metal, 
moreover, the lead was completely dissolved away, 
but only one-seventh part of the tin. Hence, in the 
particular case to which his paper referred, it was 
evident that lead played a very prominent part in 
the disintegration. He fully agreed that brazing 
was an unsatisfactory procedure, and as, moreover, 
the risks attaching to it could be avoided by using 
solid-drawn pipes, there was no reason why it 
should be employed. Mr. Milton had suggested 
that the speaker’s samples should have been fused, 
so as to determine the condition of the residue of 
zinc. This, however, he had not considered neces- 
sary, since, as one-third of the zinc had disappeared, 
it could not matter whether what was left was or 
was not in the metallic state. 


Tue ALLOYs or ALUMINIUM AND ZINC. 

Dr. Rosenhain then read a paper by Mr. 8. L. 
Archbutt and himself, entitled ‘‘The Alloys of 
Aluminium and Zinc,” giving the results of a very 
prolonged research carried out at the National 
Physical Laboratory by the authors. This paper we 
print in full on page 438 of the present issue. The 


alloys were investigated by Tamman’s system of heat 

analysis, combined with careful micrographic inves- 

tigations. On the basis of their results, the authors 

have prepared an equilibrium diagram for the series, 

which we reproduce on page 439, Fig. 2. In intro- 

paper, Dr. Rosenhain drew attention 
a 


ducing the 
to the fact that there was a line missing from the 
diagram, which, as it stood, failed, on the right- 
hand side, to satisfy the phase rule, but he had been 
unable to discover the position of the right-hand 
boundary of the 8 and y+ a areas. Two hypo- 
thetical positions might be assigned to this line, 
but he preferred not to draw in any line for which 
he had not secured definite experimental evidence. 
The new apy in the diagram, he stated, were the 
horizontals at 443 deg. and 250 deg. Cent. respec- 
tively, showing evolutions of heat at these tem- 
peratures. The upper of these terminated in a 
small notch in the liquidus curve at C, which was 
so small that Shepherd had failed to detect it, and 
arose from the formation of a metallic compound 
having the formula Al,Zn,, which in the diagram was 
denoted by 8. This compound was, he stated, 
unstable, breaking up with evolution of heat ata 
temperature of 256 deg. Cent. It was incapable 
of dissolving zinc, but formed an unbroken series 
of solid so‘utions with aluminium. To the right of 
the points H and L, the speaker stated, the alloys 
were difficult to polish, and the microscopic evidence 
was thus inconclusive, and the pyrometer gave no 
evidence of the evolution of heat between K and L. 
a G, H and K, L were continued as dotted 
ines. 

The discussion on the paper was opened by Dr. 
A. G. C. Gwyer, who cell that he Brad had the 
pleasure of examining the complete account of the 
research in the Philosophical Transactions. The 
paper recorded the most careful and accurate appli- 
cation yet made of Tamman’s method of lees 
analysis. Professor Tamman himself used but 
small quantities of metal, und his results were 
in no way comparable in accuracy with those 
recorded at the National Physical Laboratory. 
Much interest attached to the discovery of the 
compound Al, Zn;. This was, he believed, the first 
case recorded in which an intermetallic compound 
decomposed on further cooling. Another interest- 
ing point was, that the composition of this com- 
— was not given by the point C on the diagram, 

ut by the point G, there being thus about 78 per 
cent. of zinc in it. The reason why the corre- 
sponding break in the liquidus curve did not 
occur at the point of the diagram where the com- 





position was that of the compound, had been 
explained in text-buoks, but was still not clearly 
understood by many. A noteworthy point about 
this compound was its small heat of formation, the 
arrest in the cooling curve being so small as to have 
escaped the attention of Shepherd. The authors, he 
noted, had refused to plot in even provisionally the 
limits of the phase fields, since they could find no 
evidence of a duplex structure in the 8 region. 

Dr. Guertler, who followed, congratulated the 
authors on the excellent and accurate work they 
had accomplished. He was, however, very glad 
that they had not done it earlier. The method 
used was so accurate that every small evolution of 
heat was detected, and if it had been applied earlier, 
would have made the equilibrium diagrams so com- 
plicated that no one would have dared to pursue 
the research. It was interesting to note how. dia- 
grams originally simple were, with further research, 
becoming more and more complicated ; that of steel 
was particularly so, mainly because it had been the 
most completely investigated. It would not do, 
however, to be too discouraged. The results so far 
obtained certainly did give at least those phases 
and curves which were most characteristic of each 
series of alloys; and to have, for example, proved the 
existence of the compounds Cu,Sn and Cu,Sn was 
much. As to the authors’ diagram, he hoped they 
would pursue the research, and fill in the boundaries 
of the phase regions, because, as it stood, the diagram 
formed really a difficulty, and it should be definitely 
settled whether the phase rule really would not fit 
or whether some other explanation was possible. 

The next speaker was Mr. A. V. Hussey, who 
said that, as one interested in the practical applica- 
tions of aluminium, he had turned to the paper for 
useful facts. It seemed, however, that the series 
of alloys at the most interesting end of the diagram 
were unserviceable. Most of the useful alloys con- 
tained from 10 to 30 per cent. of zinc; that was, they 
belonged to, say, the 8, yregions. These were used 
for light castings. One of their drawbacks was that 
they were very subject to corrosion, and possibly this 
was due to lack of homogeneity, since the corrosion 
of aluminium sheets seemed to originate in differ- 
ences in the hardness of difterent parts. Hence 
he thought that if the authors could suggest a 
method of getting more homogeneous alloys, these 
would be found more resistant to corrosion. 

Dr. H. C. H. Carpenter said that he thoroughly 
agreed with the authors in only drawing in the 
lines which could be fixed by actual experiment. In 


too many diagrams lines were put in without suffi- | p 


cient evidential basis.. As to the evolution of heat 
at 256 deg. Cent., he thought credit ought to have 
been given to Professor Turner and Mr. Ewan, who 
had independently observed it. He also asked 
within what limits of temperature had the line at 
443 deg. Cent. been fixed. From the paper it 
appeared that here was another case in which the 8 
phase was stable over but a comparatively small 
range of temperature—less than 200 deg. Cent., 
decomposing into two on further cooling. As other 
B phases acted similarly, he suggested that there 
might be some general principle underlying the 
phenomenon. 

In reply, Dr. Rosenhain said that his opening 
remarks, as to lack of accord between the authors’ 
diagram and the phase rule, had been prompted 
by a discussion he had had with Dr. Gwyer on the 
previous evening. Dr. Gwyer had also drawn atten- 
tion to the smallness of the evolution of heat which 
accompanied the formation of the Al,Zn, compound. 
This body, however, gave out heat very vigorously 
when it decomposed, so that the actual liberation 
of heat at 443 deg. Cent. was in reality the diffe- 
rence between the heat of solidification and that 
taken up in the combination which occurred endo- 
thermically. As to Mr. Iussey’s desire for facts 
likely to be useful in practical. metallurgy, he 
would ask him to wait till the publication of 
the next report to the Institution of Mechanical 
Engineers. He might say, however, that appa- 
rently some of the alloys rich in zinc would also 
prove useful, as they had many interesting mecha- 
nical properties. The corrodibility of the alloys 
would also be dealt with later. If, however, the 
zinc were pure enough, it was not serious ; and, 
in fact, it was the impurities which were to blame 
fur the rapid corrosion which sometimes occurred. 
Dr. Carpenter had suggested that, in connection 
with the heat evolution at 256 deg. Cent., mention 
should have been made of the work of Turner and 
Ewan, but the latter had never claimed priority in 
this matter, and the publication had been first made 





by the speaker. In determining the solidus curve 
the alloys were generally annealed for 6 hours, 
though in some cases the annealing was prolonged 
for 100 hours. The position of the line was fixed 
with certainty within a limit of 3 deg. 

Professor Turner then rose, and said that, whilst 
he claimed no priority re the result in debate, he 
might state that this had been observed six months 
before he published it, and that the work of his 
collaborateur and himself, though not so complete 
as that of the authors of the paper just read, had 
independently resulted in the same discovery. 


Sotip SoLvutions. 


Mr. C. A. Edwards then read his paper entitled 
‘‘ Further Notes on the Nature of Solid Solutions.”’ 
This was intended as a reply to some criticisms 
made on a oo read by the same author last 
January. In that paper the author contended that 
solid solutions of two metals or intermetallic com- 
pounds were intimate crystalline mixtures, the 
crystals being so small that the mass appeared quite 
homogeneous, but that nevertheless the crystals 
were large enough to retain their individuality. 
The objection raised to this view was that it was 
opposed to the phase rule, which required that a 
solid solution should be homogeneous.. In his 
Newcastle paper Mr. Edwards argued that in a 
gaseous solution such as air each constituent 
retained its individuality. This was also the case 
where a gas was dissolved in a liquid, and similarly 
certain salts in aqueous solution underwent with 
changes of temperature similar transformations 
as if heated in the solid state. These results, he 
argued, led to the view that the molecules of each 
constituent of a solution remained unchanged by 
the fact that they were dissolved and that no asso- 
ciation with the molecules of the solvent occurred, 
and that, finally, the molecular aggregates of one 
metal dissolved in another were actually minute 
crystals. 

The discussion was opened by Dr. Guertler, who 
said that he thought thanks were due to the author 
for raising the question, as there was, perhaps, a 
tendency to believe too implicitly in accepted 
theories. Two points might be advanced in favour 
of the author’s views. For example, sugar dissolved 
in water could not ee 4 a wall which the 
water molecules could traverse, and it retained the 
power of rotating the plane of polarisation of light 
which it possessed in the solid form. It had not, 
therefore, given up all the properties which it 
ossessed as a solid. Again, sodium dissolved in 
metallic silver retained the power of decomposing 
water. Sulphur in the form of S, dissolved in 
carbon bisulphide still acted as solid S,, and mercury 
dissolved in gold evaporated as ordinary mercury 
did. Mr. Edwards, however, said that solid solutions 
were not homogeneous, and in a sense this was 
necessarily true, as ultimately we must come down 
to the individual atoms. The general opinion was, 
however, that until this limit was reached the solu- 
tion was homogeneous. Further, the author raised 
the question whether a dissolved body retained all 
its properties in the solid. If he was right, with 
bismuth dissolved in solid copper the melting-point 
should show up just as if the metal were isvlated, 
and similarly with mercury in solid solution. The 
general opinion was opposed to this view, and 
changes of this kind could not be recognised in the 
homogeneous field of the equilibrium diagram. In 
fact, if the accepted view was wrong, all equilibrium 
diagrams were wrong. It was true that solid solu- 
tions might not be built up from atoms in as simple 
a fashion as had often been assumed, but there 
was as yet no evidence of the discontinuous changes 
required by the author’s theory. 

Mr. 0. F. Hudson, who spoke next, thought the 
paper of great value as emphasising the importance 
of obtaining a true view of the nature of solid 
solutions, and in drawing attention to the possibility 
of many substances preserving their individuality 
when dissolved. He could not, however, accept 
the author’s view that the solute existed as small 
crystals, as, if so, the solution could not be con- 
sidered homogeneous. 

Dr. Gwyer, who spoke next, said he thought 
there was no evidence in favour of the author’s 
views. In gaseous mixtures it was the molecules 
which remained unchanged ; but the point disputed 
was not that the molecules might remain un- 
changed when dissolved, but that the constituents 
of the solution were molecular aggregates of par- 
ticular orientation. , 

Dr. Rosenhain, who spoke next, said that in so 
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far as the author had abided by what he said last 
January, he was not one bit more in agreement with 
him. A crystal was a large molecular aggregate of, 
perhaps, hundreds of thousands of molecules. Now 
in solid solutions diffusion took place, and he did 
not see how such large units could diffuse, and this, 
he thought, was a final objection to the author’s 
view. The phase rule did not apply to molecular 
mixtures, such as air, but it did to crystal 
boundaries. 

Professor A. K. Huntingdon said that from the 
practical standpoint he did not believe in the author’s 
ultra-microscopical crystals. A crystal was a living 
thing, the essence of it being that it would grow. 
Hence if such existed in solid solutions, the homo- 
geneity would soon be done away with. 

Dr. Cecil Desch, who spoke next, said that the 
dispute as to whether or no solid solutions were 
built up of crystal elements was really old. Mr. 
Edwards’s view was that the structure resembled 
that of a wall built up of red and white bricks. 
Some direct evidence on the point at issue was, he 
thought, provided by recent experiments on colloids. 
One consequence of Mr. Edwards’s view would 
be that transformations would be carried on in the 
same way when a body was in solid solution as 
when free. The only evidence in support of this 
was that a change occurred with brass alloys in the 
a region at the same temperature as a change in 
the 8 area of the diagram. It was not proved, 
however, that the change was the same, and the 
coincidence of the temperatures might be accidental. 
Mr. Edwards, moreover, definitely denied that 
particles of a solute could be in union with particles 
of the solvent. This view was in conflict with what 
was known as to the constitution of aqueous solu- 
tions, where it was more and more clearly estab- 
lished every day that such an association was 
frequent. 

In reply, Mr. Edwards said that he admitted that 
the acceptance of his views required the exercise of 
a good deal of imagination, and as the objection that 
his proposals were in conflict with the phase rule 
had not now been urged, he considered that he had 
gained one point at least. As to Dr. Rosenhain’s 
objection that the speaker’s elementary crystals 
would be incapable of diffusion, his own view was 
that each crystal was necessarily surrounded by an 
atmosphere of its vapour phase, and probably of its 
liquid phase also, both no doubt in very minute 
quantities, but sufficient to permit of diffusion 
taking place. He did not, he added, wish to alter the 
equilibrium diagrams, and could get along well with 
the term ‘‘solid solution,” though he claimed that 
the meaning commonly attached to the term was 
not necessarily correct. 


Tue Corrosion or Brass. 

In the absence of the author, Professor Turner 
then read in abstract a paper by Mr. Paul T. 
Briihl, on ** The Corrosion of Brass, with Special 
Reference to Condenser-Tubes,” of which we com- 
mence the publication on page 436. Professor Turner 








Fie. 1. 


asked the meeting to take into consideration in| 5. Protective coatings are not recommended. 
their criticisms the fact that the paper was the, 6. The importance of ‘* spills ” cannot be exag- 
work of a student. Much of the work described in | gerated. 
the paper was carried out on old condenser-tubes| 7. That the tubes should be flushed with clean 
supplied by Admiral Sir Henry Oram. The | water after use. 
author stated that the corrosion of such tubes; The discussion on the paper was opened by Sir 
might be due to four agencies—viz. : 1. Corrosion | Charles A. Parsons, who said that he had unfortu- 
proper, where the metal was uniformly removed | nately seen hundreds of defective tubes. In view 
over the whole surface. 2. Dezincification, where | of the importance of electrolytic action, it had 
the zinc was preferentially dissolved. 3. Pitting, | occurred to him some years ago that it might be 
which was, he said, the most serious form, greatly worth while experimenting with two tubes, one of 
curtailing the life of the tube. This, he stated, which telescoped tightly into the other. In such a 
was due to galvanic action between a deposit on | case it was very improbable that the hard spots on 
and the metal of the tube. 4. Erosion, where the | the two tubes would coincide. He believed that 
mechanical effect of the stream of water came into | bi-metallic condenser-tubes had been tried without 
play. As to preventive methods, the author stated | success ; but if anything could be done to stop the 
that the use of protective coatings gave little | corrosion of condenser-tubes, it would undoubtedly 
promise of economic usefulness. The principal evils | be a great boon to all engineers. 
arose from the presence of iron hydrate and car-| Mr. F.. A. Anderson, who followed, said that 
bonaceous matter. the paper had a special interest for him, as he 
In the course of his research the author | had been for several years at work on the subject 
measured the position on the electro-chemical scale | of preventing the corrosion, and had succeeded in 
of substances likely to come in contact in practical | devising a system which had found many successful 
condenser practice, using sea-water as the electro-| applications. His starting-point was the old work 
lyte. The order found was as follows :— of Davy on the importance of the protective effect 
of the more electro - positive metals. He had 





Brass. | 7. Iron hydrate. ‘ , : ~ : 
. Zine oxide. 8. Basic zinc carbonate. | tried zinc, but this had proved quite unsatis- 
. Oxychloride. 9. Coke. | factory ; but, on the other hand, aluminium and 


. Iron oxide. 
. Cuprous oxide. 
. Cupric oxide. 


10. pevmepspercashenste, some of its alloys had given good results, being 
11. Tin oxide. superior both to zinc and to iron. Further, the pro- 
7 is : yp tective powers of aluminium were retained until 

The specific resistances measured in the moist state jt was completely dissolved away. It, moreover, 
were also observed, the results being as follow :— | left no deposit. Its superior protective power was 
Ohms. curious, in view of the fact that zinc stood higher 
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- a ai OP 8 ae . od in the electro-chemical scale. Nevertheless, as 
a Se " ~ Se09 —_—s| Stated, he had installed it with success in situations 
‘tienes... «=  . <a | where zinc had wholly failed. In using blocks 
5. Basic copper carbonate 6,500 | of protective material, it was, of course, essential 
6. Zinc oxide ae 7,000 to secure metallic contact between these and what 
. eos 1700 | had to be protected. He could fully corroborate 
eres, He , the author's statements as to the damage that might 


The effect of impurities on the surface of the| be done by stray currents of electricity, and as to 
brass were also investigated, though in measuring | the advantage of giving these alternative paths. In 
the potential differences difficulties arose from the | some cases the plan of passing a mild current 
effects of polarisation. In these experiments the | through the condenser in such a direction as to 
areas in contact were kept approximately the same | protect the tubes had been tried, but apparently 
for each impurity. The effects were found to depend | with not much practical success ; but he was him- 
on the magnitude of these contact areas, and the | self then engaged in studying the possibilities of 
author concluded accordingly that for a given area | this method of protection. In all cases, he might 
of protective metal only a definite amount of the | add, corrosion was easier to prevent than to check 
other metal could be protected. |once it had started, but he had proved that the 

The author's final conclusions he summarised as | latter operation was feasible. 
follows : — Mr. Gerald Stoney said that he had been trying 

1. That the presence of air or an increase of tem- | to collect evidence to ascertain whether in times 
perature up to a certain point accelerates corrosion. | past tubes stood better than now. He was not a 

2. That iron, nickel, and small amounts of lead | metallurgist, but he believed that nowadays elec- 
are injurious ; tin up to about 1 per cent., large | trolytic copper was so pure that a nominal 70—30 
amounts of lead, and aluminium are useful in| tube had actually that composition. In times past 
| diminishing corrosion. there might have been 14 per cent. of impurities ; and 
| 3. That the inlet pipe and the condenser plates | he might say that such evidence as he had been able 
should preferably be made of brass. to get seemed to indicate that such tubes stood 

4. That the condenser should be protected against | better, and there was reason to suppose that the 
stray curients, | presence of arsenic was partioulasiy favourable, 
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One of the difficulties he had met with was that 
on sending tubes for analysis, the chemist simply 
determined the copper, and put down everything 
else as zinc. If, however complete analyses 
were made of some specimens of the old type of 
tubes, he thought very valuable results might be 
attained. 

Professor H. C. H. Carpenter, who spoke next, 
said he agreed that the paper must be judged as 
the work of a student, but much of the work 
described had been already much more thoroughly 
carried out in America, especially that portion 
which had relation to electrolytic actions. Refer- 
ence had been made by the author to work done 
by the speaker and Mr. Edwards, but the latter’s 
name had been improperly omitted. The table 
showing the electro-chemical scale of various sub- 
stances in sea-water would, he thought, be useful ; 
and this he could say was also the opinion of 
Mr. Bengough. The author had been very bold in 
formulating conclusions on a small amount of 
experimental evidence, though these conclusions 
were in some cases in conflict with the long experi- 
ence of the Admiralty. 

Mr. J. M. Allan said that he would confine his 
remarks to the case of corrosion due to mechanical 
defects. He believed that could these be elimi- 
nated, a considerable step would have been made 
towards the cure of corrosion. 

Professor Henry Louis said that the author 
had treated corrosion almost wholly as the result 
of galvanic action, but the speaker was quite con- 
vinced that this was not always to blame. Where 
lead was present, it was dissolved out first, which 
would not be the case if galvanic action were 
involved. He believed, therefore, that there were 
innumerable other agencies at work, and that those 
who fixed their attention exclusively on galvanic 
action would miss a lot. 

Sir W. H. White said he wished to raise a point 
as to the procedure of the Institute. Indulgence 
had been claimed because the paper was the work 
of a student, but surely the Institute did not exist 
to publish students’ work which required a plea of 
that kind. He hoped that the Publications Com- 
mittee would therefore edit the paper thoroughly 
before it appeared in the Proceedings. 

Sir Gerard Muntz, in reply to Sir William White, 
said all communications offered came before a com- 
mittee, who sent them to different referees. If 
there was any fault in this case, it lay with the 
referee. As for himself, he thought the paper 
of a highly desirable type, containing many ad ae, od 
suggestions. Its fault was that it covered too wide 
a ground, but in spite of this his own view was 
that with but slight modifications it was a good 


paper. 
CoNncLUDING PROCEEDINGS. 


Sir Gerard Muntz then said that he was glad to 
inform the apa that Mr. Bengough was improv- 
ing in health, and to add that arrangements had 
been made by which 10 per cent. of any surplus 
realised on the exhibition of non-ferrous metals, to 
be held soon in London, would be given to the funds 
of the Corrosion Committee. He then moved a vote 
of thanks to their hosts in Newcastle, the Corpora- 
tion, the authorities of the Armstrong College, and 
the various firms who had permitted members tovisit 
their works. This was seconded by Sir W. H. White, 
who next moved a vote of thanks to Sir Gerard for 
his services in the chair, in which he had, the 
pp said, more than fulfilled every anticipation. 

e would not, however, say more then, as Sir 
Gerard’s retirement in January next would be a 
more fitting occasion for acknowledging how 
effectively, in spite of his many engagements, he 
had served the Tnstitute. 





ELECTRICAL PLANT FOR DRIVING 
THE REVERSING ROLLING-MILL AT 
THE SKINNINGRIVE IRON WORKS. 

Tue works of the Skinningrove Iron Company are 

situated on the north-east coast of Yorkshire, as 

shown in Fig. 1, page 409, which is a general view 
looking east to west, the building for the new steel 
works being on the left side. Sthe company, in 
constructing their new steel works, have taken the 
utmost care to use to the fullest extent the blast- 
furnace gas and the heat which may be ed as 
the natural resources available from their existing 
iron works, so that the cost of making steel can be 
reduced toa minimum. The whole of the new steel 
works is driven electrically, including the 36-in. 





reversing rolling-mill, the electrical power being 
generated by gas-engine-driven alternators, working 
on blast-furnace gas. A definite volume of gas 
thus yields three times the power that could be 
produced if the gas were burnt under boilers and 
the power generated by steam-engines or turbines. 

The soaking-pits are heated with blast-furnace 
gas—an application of blast-furnace gas which has 
not been previously made in England, although this 
has been done on the Continent. It is interesting 
to note that in starting up the rolling-mill nota 
single pound of coal was used, although, up to the 
present time, whenever a new mill has been started 
in this country a considerable quantity of coal 
has been needed. Steel is made by the Talbot 
continuous process, which uses molten iron from 
the blast-furnaces. The ingots can be rolled down 
to the finished sections in the mill without being 
re-heated, and this is largely made possible by the 
— with which the electrically-driven reversing 
rolling-mill can work. 

The distance between the present cogging-mill 
and the soaking-pits is 300 ft., the ingots being 
brought from the soaking-pits by an electrically- 
driven ingot chariot ; so that should it prove 
necessary to increase the output in the future, there 
is plenty of space to put down a new cogging-mill 
between the soaking-pits and the present cogging- 
mill, when the present ing-mill would prob- 
ably be used as an additional roughing-mill. 

A Siemens-Ilgner electrical equipment is used for 
driving the reversing rolling-mill. This system has 
already been applied for driving twenty-two other 
reversing rolling-mills. The mill consists of a 
36-in. cogging-mill, a 36-in. roughing-mill, and a 
36-in. finishing-mill, all arranged in a line, coupled 
together, and driven by one reversing-mill motor. 
This plant is designed for rolling down ingots, 
weighing from 2 to 4 tons, to rails, beams, angles, 
&c., and to give an output of about 30 tons per 
hour. Ifa larger output should be desired at a 
later date, a second reversing motor could be put 
down at the opposite end of the mill to the pre- 
sent motor, to drive the roughing and finishing- 
mills separately from the cogging-mill, the spindles 
coupling the cogging-mill to the finishing-mill 
being removed. 

Fig. 2 shows in diagrammatic form the arrange- 
ment of the electrical plant for driving the revers- 
ing rolling-mill, and the method of connecting up 
the various machines. By its aid the general prin- 
ciples of the system can be set forth before the 
detailed explanation is entered upon. The revers- 
ing motor, which is coupled to the mill, is shown at 
the top left-hand corner. This reversing motor is 
not supplied directly from the power-house, but a 
Sy-chull eeoaneiiee set is inter , SO as 
to prevent the large variations in current taken by 
the reversing motor being transmitted to the 
power-house, and to ensure that the power-house 
shall only give the average current required, which 
may be only one-seventh of the maximum current 
required by the reversing motor. 

he fly-wheel motor-generator set comprises two 
fly-wheels, a three-phase motor, which is supplied 
with current from the power-house, and twovariable- 
voltage dynamos, which supply the mill - motor. 
The reversing-motor is reversed, started, and 
stopped by controlling the field current of the 
variable-voltage dynamos, the speed of this revers- 
ing motor being proportional to the magnitude and 
direction of the voltage of the variable - voltage 
dynamos. At the lower right-hand side of Fig. 2 is 
shown the main control-lever which reverses the 
mill-motor by reversing the field circuits of the vari- 
able-voltage dynamos, and increases the speed of the 
mill motor by cutting out the resistances in these 
field circuits. The main control-lever has a further 
action in inserting resistances into the mill-motor 
field when it is required to speed up this machine 
still further. The variable-voltage dynamos are 
normally connected in series, but at the top left- 
hand corner of the diagram is shown a series 
parallel switch which can place these dynamos in 
parallel when the mill is required to give an in- 
creased turning moment at a lower speed for special 
purposes. The exciter, which is shown souglet te 
the fly-wheel motor-generator set, is for supplying 
excitation for the mill-motor and for the variable- 
voltage dynamo fields. 

At the lower left-hand corner is shown the 
intermittent slip-regulator which reduces the speed 
of the fly-wheel motor-generator set when the 
reversing-motor requires a large power, so as to 
enable the fly-wheels to give up part of their 





stored energy to supply this power and to prevent 
the demand on the power-house increasing. 

Fig. 3, Plate XLVI., shows one of the larger gas- 
engine-driven alternators in the power-house, the 
output of which is 1600 k.v.a. normal at 109.revo- 
lutions oa minute, three-phase, 40-cycles, 2750 
volts. In order to ensure satisfactery parallel 
running the weight of the revolving field is 86 tons, 
The gas-engine is a two-cylinder tandem, double- 
acting four-cycle machine, manufactured by Messrs. 
Ehrhardt and Sehmer, of Saarbriicken, the makers 
of the large generators being Messrs. Siemens 
Brothers Dynamo Works, Limited, Stafford. 

Figs. 4 to 7 show general views of the electrical 
plant in the mill-motor house. The reversing. 
motor, which is seen in the background in Fig. 5, 
and is shown separately in Fig. 6, Plate XLVII., is 
a direct-current machine, and is direct coupled to 
the bottom pinion of the mill. In the foreground of 
Fig. 5 is seen the fly-wheel motor-generator set, 
consisting of a three-phase driving motor, two direct- 
current variable-voltage dynamos, and a pairof heavy 
fly-wheels. This set is interposed between the power- 
house and the mill-motor, and, as already iabined, 
owing to the effect of the fly-wheels, enables the 
power from the power-house to be maintained at a 
small steady value, although the mill-motor may be 
taking very large powers intermittently. Ic also 
enables the speed of the reversing-motor to be con- 
trolled by varying or reversing the direction of the 
current in the fields of the variable-voltage dy- 
namos, so that there is no loss of power in control- 
ling the speed of the mill-motor, and the size of the 
controlling mechanism can be kept small. If some 
adaptation of the ordinary form of motor-starter were 
made for starting and stopping the mill-motor, it 
is obvious that it would be very large and cumber- 
some, as it would have to deal with currents exceed- 
ing 8000 amperes, rendering it impossible to stop 
and start rapidly. Further, as the reversing motor 
has to be reversed under normal conditions ten to 
r minute, the loss of power in the 
starter would be about as great as the power used 
beneficially. The use of the motor-generator set 
avoids these difficulties. 

The reversing-motor is a double-armature machine 
capable of giving a normal turning moment of 312 
foot-tons, and a maximum turning moment of 475 
foot-tons at all speeds. between 0 and 60 revo- 
lutions per minute, when the armatures of the 
variable-voltage dynamos are connected in series. 
At 60 revolutions .per minute the corresponding 
outputs are 8000 and 12,000 horse-power respec- 
tively. To enable even larger turning moments to 
be obtained at slow speeds during the first few 
passes in the cogging-mill, the two armatures of the 
variable-voltage dynamos can, as already explained, 
be put into parallel by a simple movement of the 
control gear, when a normal turning moment of 
425 foot-tons and a maximum turning moment of 
520 foot-tons can be obtained at all speeds between 
0 and 30 revolutions per minute. 

To provide for the finishing passes, in which 
large turning moments are unnecessary, but high 
speeds are required to get the rails, &c., which 
have become elongated to a considerable length, 
rapidly through the rolls before they have time to 
cool, the speed of the mill-motor may be increased 
by reducing its field current up to 120 revolutions 
per minute, the turning moment being gradually 
reduced as the speed increases to a value of 137 
foot-tons at 120 revolutions per minute. 

It is possible to increase the speed of the mill- 
motor from 0 to 60 revolutions per minute in one 
second, so that a remarkably rapid reversal can 
be obtained ; this materially increases the tonnage 
which it is possible to roll. In order to obtain this 
rapid reversal the fly-wheel effect of the motor 
armature must be kept as low as possible, and to 
do this the motor is built with two armatures 
coupled together and carried in two bearings, which 
permits the diameter of the armature to be kept 
small, while the active length of the armature 1s 
increased. 

As the armatures of the reversing motor are 
rapidly reversed and are seldom running at full 
speed, the ventilation is not so efficient as that of 
armatures which are constantly running at their top 
speed ; and to overcome this difficulty motor-driven 
fans are provided to give forced-draught ventilation. 
This forced-draught ventilation (Figs. 9 and 10, 
page 412) is introduced in the motor between the 
two armatures, and the current of air is guided 
so that part passes radially through the armature 
and through the field-coils, while the remainder 
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circulates under and through the commutator. 
A commutator is provided for each armature, and 
each commutator is constructed in two parts, sepa- 
rated by a space of about 2 in., so that the cooling 
air can pass outwards through this space. This 
commutator construction gives four points of sup- 
port to the commutator-bars, instead of the two in 
the ordinary construction, so that there is four 
times the mechanical strength, and, owing to the 
short length of the bar and the efficient cooling, 
the possible expansion of the bars is reduced to a 
minimum, ensuring good commutation under the 
most severe conditions. The reversing motor is 
provided with commutation-poles and compensating 
windings. As the motor is constantly starting and 
stopping, it is not possible to rely on oil-rings for 
properly lubricating the bearings, and so two 
motor-driven pumps are provided for keeping the 
bearings flooded with oil, one of these being a 
spare. The reversing motor weighs approximately 


‘ings are lubricated by oil under pressure, which 
|is supplied by duplicate oil-pumps, one set of oil- 
pumps being belt-driven from the fly-wheel shaft, 
while the other set is separately driven by an 
electric motor. In addition to the pressure lubri- 
cation, the bearings are provided with oil-rings, and 
if the oil-pressure should fail from any cause, these 
oil-rings provide sufficient lubrication to keep the 
fly-wheels running for half an hour without the 
bearings overheating. If the oil-pressure should 
fail, a loud gong is automatically set ringing to call 
the driver’s attention, so that he has ample time 
either to set the other set of oil-pumps going, or 
else to stop the fly-wheel motor-generator set before 
the bearings can overheat. 

Far greater precautions are thus taken to prevent 
damage if the oil-pressure should fail than is usual 
with other machinery having forced lubrication, and 
the arrangements described above are well tried, as 
they have been used for the fly-wheels of over 100 





194 tons. It is 27} ft. long by 14 ft. wide, and 
the shaft is 30 in. in diameter at the largest part. 


electrically-driven winding-engines and a number 
of reversing rolling-mill plants with every success. 
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Each armature is wound for 530 volts, so that the 
maximum voltage supply is 1060 volts. The maxi- 
mum current is 8400 amperes. 

Figs. 4, 5, and 7, Plates XLVI. and XLVIL., 
show the fly-wheel motor-generator set, Fig. 4 being 
taken from the fly-wheel end, and Fig. 7 from the 
three-phase motor end. This fly-wheel motor- 
generator set may be considered as consisting of 
two parts—namely, the fly-wheels and the electrical 
machines—and these two parts are not rigidly 
coupled together, but are connected by a flexible 
coupling of the steel-needle type (see Fig. 12, 
page 412). This avoids any difficulties in securing 
proper alignment, which might occur owing to the 
weight of the fly-wheels employed, and to the fact 
that the total length of the fly-wheel motor- 
generator set is about 50 ft. 

There are a pair of fly-wheels mounted side by 
side, and supported by two bearings, each wheel 
weighing 23 tons. This arrangement was adopted 
to avoid the difficulty of transporting a single solid 
wheel weighing 46 tons. The fly-wheels are 12ft. 8in. 
in diameter, and, at the maximum speed of 475 
revolutions per minute, the peripheral speed is 
19,000 ft. per minute ; the Psi | energy of the 
two fly-wheels is 178,000 horse-power seconds. 
Exch fly-wheel is a steel casting having a solid web 
and no spokes, and is machined all over and care- 
fully balanced to secure both equal distribution of 
weight and homogeneity of the material. 

As the fly-wheel motor-generator set is driven 
by a three-phase motor, the set cannot run 
away, as it is physically impossible to exceed 480 
revolutions per minute, the synchronous speed 
of the three-phase motor. The fly-wheel bear- 








If the power were switched off from the motor 
driving the fly-wheel motor-generator set, the set 
would run for about two hours before coming to a 
standstill ; a band-brake, having wood blocks on the 
friction surface, is therefore provided for the fly- 
wheels, which enables the fly-wheel motor-generator 
set to be brought to a standstill in less than two 
minutes. The fly-wheel motor-generator set can be 
started and brought to full s in about four 
minutes without exceeding the full-load current of 
the driving-motor. 

The windage of the fiy-wheels causes a certain 
loss of power, which adds to the friction of the 
motor-generator set, so that care must be taken to 
reduce this loss as far as possible, and the most 
effective means has been found to be that of placing 
a sheet-metal casing round the outside of the rims 
of the fly-wheels. Practically all the windage of such 
a fly-wheel is found to be caused by the outside sur- 
face of the rim; and where a sheet-metal casing is 

laced, as described above, to prevent the air being 

iven away by the fiy-wheel, thus preventing the 
fan action of the fly-wheel, the loss ce to windage 
is reduced to quite a small value. The fact that 
the webs of the fiy-wheels produce practically no 
windage can be shown in a striking manner by 
holding a handkerchief against the web, near the 
inner surface of the rim, when the fly-wheel 
is running. It is then seen that there is not 
enough wind to blow the handkerchief out. Some 
of the earlier fly-wheels were entirely cased in 
sheet metal, but this has been found to be unneces- 
sary, while a fly-wheel has been built to run in 
a cast-iron case from which the air was exhausted, 
so that the fly-wheel ran in a vacuum. It was 








found, however, that more power was required to 
maintain the vacuum than was saved by reducing 
the fly-wheel windage. The provision of the sheet- 
iron casing to prevent the fan action of the rim of 
the fly-wheel has been found to be the most prac- 
tical method of producing fly-wheel windage. 

Fig. 12, page 412, shows the steel-needle coupling 
which is used for coupling the fly-wheels to the 
electrical machines forming the motor-generator set. 
It consists of two steel discs about 4 ft. in diameter, 
one of which is keyed to each of the shafts; the 
discs are connected together by forty-four nickel- 
steel rods, which are arranged round the periphery 
of the discs, and whose axes are parallel to the axis 
of the shaft. These nickel-steel rods are rigidly 
bolted to one disc, and rest in spherical seatings in 
the other disc. This steel-needle coupling has to 
transmit powers of about 12,000 horse-power at 
speeds varying between 475 and 380 revolutions 
per minute. The first coupling of this type was 
set to work about four years ago, and a number of 
others are in operation with good results. Such 
couplings have been found to work satisfactorily 
when the shafts which they connect are as much as 
2 mm. out of line. 

The two variable-voltage dynamos of the motor- 
generator set are placed next to the fly-wheel, and 
the three-phase motor driving the motor-generator 
set is placed at the opposite end of the variable- 
voltage dynamos to the fly-wheel. This arrangement 
was adopted because at times the fly-wheel has to 
give about 12,000 horse-power to the variable- 
voltage dynamos, so that it is naturally desirable to 
transmit this large power as short a distance as 

ible. The three-phase motor, on the other 

and, does not give more than 1825 horse-power to 
the variable-voltage dynamos or the fly-wheels, as 
the case may be. 

Two variable-voltage dynamos are installed in 
the motor-generator set instead of one machine, 
because the high spéed at which this set runs is too 
high for the size of dynamo which would be required 
if one machine only were employed. The maximum 
speed of the motor generator is determined by the 
fly-wheel, and such a high-speed wheel cannot be 
built up in sections, but must be a single piece. 
The largest diameter fly-wheel that can be carried 
by rail is 12 ft. 8 in.; as the maximum peripheral 
speed of such a cast-steel wheel. is 20,000 ft. per 
minute, this gives a maximum speed for the fly- 
wheel motor-generator set of 500 revolutions per 
minute ; 480 revolutions per minute is a synchronous 
speed for a 40-cycle motor, so that slightly under 
480 revolutions per minute— namely, 475 revolutions 
per minute—was chosen as the maximum speed of 
the fly-wheel motor-generator set. If a lower speed 
were chosen, so as to enable one variable-voltage 
dynamo to be used, considerably heavier fly- whee 
would have to be used in order to obtain the same 
stored energy, and the saving in capital cost that 
could be made by using one variable-voltage dynamo, 
instead of two, would be less than the increased cost 
due to the extra fly-wheel weight. The maximum 
speed of 475 revolutions per minute is therefore the 
most economical. Each variable-voltage dynamo 
gives 8400 amperes as a maximum at a voltage 
varying between zero and 540 volts, and it should 
be particularly pointed out that when the mill- 
motor is just commencing to move, the variable- 
voltage dynamos have to give this current at prac- 
tically zero voltage. 

As mentioned above, these variable - voltage 
dynamos can be connected in parallel or in series 
according to whether the mill-motor is required to 
aw a high turning moment at a low speed, or a 

wer turning moment at a higher speed. Each 
variable-voltage dynamo is provided with a double 
commutator, commutation-poles, and compensating 
windings; but as these machines run at a con- 
siderable speed, forced-draught ventilation is un- 
necessary, nor is oil pressure lubrication required 
for the bearings, which are provided with the ordi- 
— type of oil-rings. 

e three-phase motor driving the fly-wheel 
motor-generator set has a normal output of 1825 
horse-power on a three-phase 40-cycle circuit, 2650 
volts, and is provided with a slip-ring rotor. 

A’ small exciter (Fig. 7) is coupled to the three- 
phase motor end of the motor-generator set, in 
order to supply the excitation current for the fields 
of the mill-motor and of the variable-voltage 
dynamos. 

The fly-wheels prevent the power taken from 
the power-station from varying. The reversing 
motor may be taking up to 12,000 horse-power 
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for a few seconds, and then may require no power the middle and the end position, when the voltage of 
for a number of seconds, while the motor driving the variable-voltage dynamos has reached the maxi- resistances are gradually cut into the fidld circuit 
the motor-generator set is taking a steady power mum value and the speed of the mill-motor has of the mill-motor, thus increasing the speed of this 


of something less than 1825 horse-power from the 
power-house. The speed of the fly-wheels—that | 
is, the speed of the fly-wheel motor-generator 
set—must fall when the reversing mill-motor 
requires a large power, in order that the fly-wheels 
can give up some of their stored energy, and must 
rise again when the mill-motor requires no power, 
so that the constant power — from the power- 
station may go to increase the stored energy of 
the fly-wheels. The — of the fly-wheel motor- 
generator set rises and falls between 475 and 380, 
revolutions per minute—that is, by 20 per cent.— 
rendering 36 per cent. of the stored energy of the | 
tly-wheels—that is, 64,000 horse-power seconds — 
available for neutralising variations in power. | 

Fig. 13, page 413, shows the intermittent slip | 
regulator, which is used to cause the rise and fall | 
in speed by increasing or diminishing the resistance 
in the rotor circuit of the three-phase motor. This 
regulator consists of three liquid resistances en- 
closed in an iron case, one resistance for each phase 
of the rotor circuit. The lower plates of these 
resistances are fixed, and the top plates are movable, 
being arranged so that they can be moved by a 
motor relay. This relay consists of a small three- 
phase motor, the stator of which is connected toa 
series transformer placed in the stator circuit of the 
main three-phase motor, so that the current flowing 
in the stator of the motor relay is proportional to 
that taken by the main three-phase motor. 

The rotor of the motor relay is restrained from 
freely moving by a spring attached to a lever 
keyed to its shaft. When the turning moment of 
the motor relay exceeds the value which corre- 
sponds to the average current in the main three- 
phase motor, the turning moment of the motor 
relay overbalances that of the spring, causing the 
rotor to move, thereby drawing the movable plates 
away from the fixed plates. This increases the 
resistance of the rotor circuit of the main three- 
phase motor, and the fly-wheel motor-generator 
set falls in speed, enabling the fly-wheels to supply 
the excess of power required above the average 
power which is given by the main three-phase 
motor. On the other hand, if the average power 
required by the mill-motor falls away, so that the 
current in the main three-phase motor tends to 
fall slightly below the average value, the springs 
overbalance the turning moment of the motor 
relay. The movable plates are then brought nearer 
to the fixed plates, and the motor-generator set is 
speeded up, so that the power of the driving-motor 
is taken to increase the stored energy of the fly- 
wheel. 

The average power ee to drive the reversin 
rolling-mill plant naturally varies with the shape an 
section rolled, and the tonnage obtained. In order 
to enable the motor relay to keep the power taken at 
the average value, whatever this average happens to 
be, the series transformer is wound with a number of 
separate coils connected up to a dial-switch. By 
moving this dial-switch the ratio between the motor 
relay and the current of the main motor can be 
altered, and the motor relay set to maintain various 
average currents in accordance with the require- 
ments of the reversing rolling-mill plant. 

Fig. 8, Plate XLVIII., shows the control gear 
which is placed on the driver’s platform, and which 
consists of two levers carried in suitable quadrant 
frames, and a small case containing instruments. 
The lever on the right is the main control-lever, and 
that on the left the emergency lever. The main 
control-lever controls the direction of rotation and 
the speed of the mill-motor by varying the resistances 
in the field circuits of the <aalahipnelions dynamos 
and of the reversing motor. When this control- 


lever is in the middle position the mill is at a stand- | 


still. As it is moved in one direction from the 
middle point the mill-motor increases in speed in 
one direction, and as the control-lever is moved in 
the other direction from the middle point the mill- 
motor increases in speed in the other direction. 

It will thus be seen that the control of the mill- 
motor is most simple, being effected by the plain 
backwards and forwards motion of the control-lever 
in a straight slot. As the control-lever is moved 
from the middle position the speed of the mill- 
motor increases, because the resistances in the field 
circuits of the variable-vol dynamos are gradually 
cut out of circuit. The voltage of these machines 
therefore rises, which, of course, increases the speed 





of the mill-motor until the lever is half-way between 


As the main control-lever is moved further over 
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reached 60 revolutions per minute. During this 
period the field of the mill-motor is maintained 
constant, so that the maximum turning moment 
which the mill-motor can give is also constant. 
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machine. But as this reduces the field of the mill- 
motor, the turning moment is reduced inversely 
as the speed increases until the speed has reached 
120 revolutions per minute, when the normal turn- 
ing moment is 137 foot-tons. The field resistances 
are so graduated that equal displacements of the 
main control-lever cause equal increases of speed, 
while on account of the very rapid acceleration of 
the mill-motor, obtained by special devices, the 
— of the motor increases as fast, or even faster, 
than the control-lever can be moved. The speed of 


| the mill therefore exactly follows the movement of 
| the control-handle, making the mill very easy to 


control. 

As the control-handles are placed opposite the 
cogging-mill, Fig. 9, Plate XLIX.. it may be found 
desirable to place an additional control-lever oppo- 
site the finishing-mill, so that the driver can get 4 
good view of this mill. Arrangements have been 
made so that this can be added if required. There 
will therefore be two sets of control-levers, either of 
which may be used for controlling the mill-motor, 
and they would be so arranged that when one 
control-lever is in use the other one is disconnected. 

The control-handle on the right of the main 
control-lever works the motor-driven series parallel 
switch shown in Fig. 14, page 413, putting the 
variable-voltage dynamos in series or parallel, 
according as high turning moments at low speeds, 
or vice versd, are required. This handle is inter- 
locked with the main control-lever by a small lock- 
ing-bar, so arranged that the handle cannot be 
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moved unless the control-lever is in the middle 
position, and that the control-lever cannot be 
moved from the middle position unless this handle 
is thrown over either one way or the other, 
corresponding either to the series or parallel con- 
nection. This prevents the series parallel switch, 
which may have to carry currents up to 8400 am- 
peres, from being thrown open when it is actually 
carrying current. 

Supposing that the average current were set to a 
low value corresponding to a small output, and that 
the mill were suddenly worked on a much larger 
output without the average current being"adjusted 





the circuit-breaker placed in the circuit between 
the dynamos and the mill-motor, thus stopping the 
mill-motor and cutting off the power. If this has 
been done, the control-lever has to be brought back 
to the middle position, and the emergency lever 
replaced before the mill can b- started again. 

The instrument desk seen between the control- 
levers in Fig. 8, Plate XLVIIL., has two remute- 
controlled speed-indicators, one of which shows the 
speed of the mill-motor, while the other shows the 
speed of the fly-wheel motor-generator set. An 
ammeter showing the current taken by the mill, 
and a voltmeter showing the voltage given by the 














the circuit between the power-house and the three- 
phase motor driving the motor-generator set. ‘The 
three instruments on the top of the panel show 
respectively the amperes, volts, and kilowatts input 
to this motor driving the fly-wheel converter set. 
The lower instrument on the left-hand side is the 
| ammeter showing the current in the circuit between 
| the variable-voltage dynamos and the mill- motor ; 
this meter is graduated up to 11,000 amperes. The 
corresponding instrument on the right-hand side 
is the voltmeter showing the voltage supplied by 





the variable-voltage dynamos to the reversing-mill 
motor. 
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to a larger value, then the extra power required to 
give the large output would have to come from the 
fly-wheels, which would become exhausted after a 
few ingots had been rolled. To prevent this there 
18 4 magnet-operated stop which is brought into 
action when the speed of the fly-wheel motor- 
generator sinks below 380 revolutions per minute. 
It prevents the lever being moved more than half 
way from its middle position, so that the driver 
must either go slower until the fly-wheel motor- 
generator set has regained its speed, or have the 


average current set to a higher value corresponding 
to the required output. 

The emergency lever on the left hand affords a 
ready means of sto 
push 
vol 


f stopping the mill at once; if it is 
ed over, it brings the fields of the variable- 
tage dynamos to zero instantaneously, and opens 
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variable-voltage dynamos, are also placed on this 
desk, so that the driver is always able to see the 
speed of the mill, and the power which he is taking. 

Fig. 15, above, shows the switchboard installed 
in the mill-motor house. The oil switches, instru- 
ment transformers, and other apparatus which are 
connected to the 2750-volt circuit or the 440-volt 
three-phase circuit are placed in cells in a cellar 
below the board, the oil-switches being remote-con- 
trolled, so that any wiring, &c., on the back of this 
switchboard only carries quite low-voltage currents. 
The first panel on the left-hand side of the switch- 
board carries the instruments, switch-gear, &c., 
for controlling the circuits to the fan aM oil-pump 
motors. The next panel is the one controlling the 


Sages motor-generator set and the mill-motor. 


e switch-handle operates the main oil-switch in 





Mortor-Driven Serres-PaRALLeL Switch. 


When the mill is working, it is possible to see 
how the fly-wheels prevent fluctuations in power 
being transmitted from the reversing motor to the 
power-house by comparing the lower instrument on 
the left-hand side, which shows the current taken 
by the reversing-mill motor, with the other instru- 
ment on the right-hand side, showing the current 
taken from the power-house. The handle at the 
bottom of this panel operates the dial-switch con- 
nected to the series transformer, which adjusts the 
motor relay to maintain the particular average cur- 
rent corresponding to the tonnage being rolled. 

The next me is the exciter-panel, the two 
instruments at the top of the panel showing the 
exciter voltage and current respectively. The hand- 
wheel at the bottom of the panel operates the regu- 
lator in the exciter main field circuit. The next 
panel controls the circuits supplying the field 
excitation of the mill-motor and of the variable- 
voltage dynamos. The second panel from the right- 
hand side controls the transformers for transforming 
the 2750-volt current to 440-volt for supplying 
the various live-roll motors, &c., about the mill, 
and a high-voltage feeder leading to other trans- 
formers installed near the finishing banks for 
supplying the small motors on the finishing banks. 
The last panel controls the circuit to the hydraulic 

ump-motor driving the hydraulic — for the 

loom shears, and a space is left blank on this 
nel for an additional feeder should this be required 
in the future. 

Although a motor-generator set is interposed 
between the reversing motor and the circuit from 
the power-house, a very high a can be 
obtained with this electrical plant. ith other 
similar plants, which are in operation, efficiencies 
of over 70 per cent. have been obtained ; that is to 
say, that 70 per cent. of the power taken from the 
power-house is beneficially used to drive the re- 
versing mill. 

The Siemens companies have constructed twenty- 
three electrically-driven reversing-mill equipments 
similar to that installed at Skinningrove, and it is 
worthy of consideration that while forty or fifty 
such plants are installed in different parts of 





the world, only three English steel-makers have 
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decided to adopt this method of driving up to the | pattern, which is drawn downwards through the 


present. . 
The reversing rolling-mill itself was built by the 


| 


Deutsche Maschinenfabrik A.-G. (Werk Bechem | 
and Keetmann), of Duisburg, while the electrical | 


plant for driving this reversing-mill was built at 
the Stafford works of Siemens Brothers Dynamo 
Works Limited. 








FOUNDRY PLANT AND MACHINERY. 
No. XXXII. 


By JoserH Horner. 


Tue comprehensive utilities of hand-operated 
moulding-machines are excellently illustrated in 
the very extensive series manufactured by Henry 
E. Pridmore, of Chicago, Illinois, U.S.A., for 


Fig. 502. 


stripper-plate. The pattern-table is moved up and 
down by a lever or levers and a crank-shaft or 
shafts. Instead of counterweights being employed 
to balance the heavier tables, coiled springs are 
adopted, which are of different strengths, and are 
changed to suit patterns of different weights. 
The ramming is done by hand, though in a few 
recent machines mechanical pressure is introduced. 
Machines are built on these essential principles, 
small and large, round, square, and oblong, and of 
various amounts of lift, and with adjustments for 
variations in amount of lift. The following obser- 
vations and explanations, with the sketches and 
photographs selected, will enable a good idea of the 
utilities of the Pridmore machines to be gathered. 
Figs. 502 to 504 illustrate the round type of 





Fig. 503. 
m Yq 


Pridmore machine in side and front elevations, and 
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Fias. 502 ro 504. Rounp Stanp-Tyre or 
Movutpine-MacuinE; Henry E. Pripmore, 
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whom Messrs. J. W. Jackman and Co., Limited, 
of Caxton House, Westmister, hold the British 
agency. They were originated over twenty years 
ago, and developed by Mr. Pridmore in order to 
render the McCormick Harvesting Machine Com- 
pany independent of their moulders, who had been 
causing much trouble by strikes. From this 
beginning there has grown a big business, manu- 
facturing a large range of machines in different ty 

in many dimensions, between 300 and 400 sizes being 
now built. In all these, large and small alike, with 
the exceptions of the rock-over types, which we do 
not include here, one essential design is embodied. 
It is that of a main frame supporting a stripper- 
plate, and a movable frame Galow carrying the 
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strips and set-screws; and the lower guide. To 
ensure a steady withdrawal, the slides of the yoke- 
frame, or pattern-carrying table—the vee’d guides 
in the upper portion of the main framing—are sepa- 
rated bya considerable distance from the lower guide. 
The effect is that of a long continuous slide. Provi- 
sion is also made for securing durability in the lower 
— by means of its length, and a brass bushing. 

here are also eccentric adjustments for wear on the 
yoke-shaft within 3}, in., the take-up consisting of 
a circle of holes(Fig. 502) and a pin(Fig. 503)inserted 
in either hole as required, and locking an eccentric 
bushing. The yoke is held in its highest position, 
when ramming is being done, by the upper pin in 
the pitman or crank passing slightly beyond the 
centre and engaging withastop. A draw-adjusting 
bolt, Figs. 502 and 503, on which the yoke rests in 
its lowest position, is the means by which the depth 
of draw is adjusted, being included between this 
and its highest position in which it is held by the 
crank-pin, as explained above. A single crank- 
handle effects the vertical movements, its shaft 
turning in a long brass bushed bearing. 

The small type of round machine with a single 
crank, shown in Figs. 502 to 504, is supported on 
a claw and stands 284 in. high, and has a maximum 
draw of 4g in. These small round machines range 
from 10 in. to 20 in. capacity. The small square 
machines range from 7 in. by 12 in. to 18 in. by 18 in. 
The views, Figs. 505 and 506, show a. pair of 
square stand machines on which pattern. parts 
for a sewing-machine head are mounted. These 
and other rectangular machines are sized by the 
first dimension, indicating the maximum width of 





pattern capacity, while the second is the length of 
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Fig. 505. 


lan, pre from a drawing of the 12-in. size. 

mtially it embodies the principles on which all 

the other machines are constructed, the differences 
consisting in modifications rendered necessary by 
differences in dimensions and shapes, with the 
resulting lever arrangements, &c., already men- 
tioned. These essentials are: the main frame 
carrying the stripping-plate ; the yoke-frame carry- 
ing the pattern, moving in guides in vees above, with 





provision for take-up of wear by means of adjusting- 
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the yoke or pattern-carrying frame. But as the 
ends are left open, patterns of several inches greater 
length than that of the machine can be mounted. 
There small stand machines are very useful for 
dealing with the lighter kinds of patterns. Being 
all stripping-plate machines, they are able to take 
gear-wheels, trolley-wheels, grouped patterns with 
flanges, journals, brake-shoes, &c., provided the 
depth of draw does not exceed 4§ in. There are 
besides modifications of these machines made for 
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dealing with special work. Machines built on this 
general design of rigid stand, non-turnover table, 
stripping-plate, hand-rammed, down-draw type are 
also built more powerful in round, square, and 
oblong stand shapes. ; 

The first leading type is an oblong framed machine 
with a single crank-shaft, but having two sets of 
cranks, one at each end. These have a range of 
dimensions from 9 in. wide by 18 in. long in the 
smallest to 20 in. wide by 54 in. long in the largest. 
The cranks are disposed at each end, and each has 
two vee’d guideways above and one lower cylin- 
drical guideway below, situated centrally in relation 
to the others. The maximum draw is 4§ in., and 
the machines stand 25} in. high. The ends of the 
frames are open. These again are built in special 
designs for moulding special articles on. ; 

Following these comes an extensive series of 
machines in which double shafts are used, still 
built in the same designs in re; to the guides 
and provisions for take-up. hey are made of 
square and oblong shapes, being like the previous 
ones, open-ended, and in light and heavy patterns. 
The form of the stand, the number of levers, shafts, 
and cranks, the dimensions, are all matters of ex- 
tensive detail, which do not alter the essential type. 
Thecrank-shaftsare each fitted with eithertwo cranks 
or three, depending on the dimensions. The depth 
of draw is greater than in the previous series, rang- 
ing from 6 in. to 10 in. maximum. Those with a 6-in. 
draw stand 20 in. high, and each additional draw 
of 2in. adds 2 in. to the height of the machine. 
Fig. 507 shows a heavy pattern double-shaft portable 
machine, and Fig. , page 416, is an oblong 
machine of light pattern, with a double shaft, also 
portable. Figs. 509 and 510, on e 416, show a 
12-in. by 12-in. square, heavy double-shaft machine, 
with 7 in. maximum draw. 

In these the main frame which supports the 
stripping-plate is a single heavy casting, and the 
attern-carrying yoke is also a single casting. 
Vithin the frame are the adjustable guideways 
The two crank-shafts have the lower ends of their 
two sets of cranks, which are disposed at the oppo- 
site ends of the machine, keyed at right angles with 
each other. The lower ends are united with con- 
necting-rods. The upper ends of the cranks carry 
the pins which are connected to the pattern-carry- 
ing frame or yoke. One lever on the end of one 
shaft operates the series. Compression springs are 
fitted to counterbalance the weight. Screwed stops 
or bolts are fitted, two or more in number, for 

adjusting the depth of draw. 

The double-shaft machines in a light and in a 
heavy series are built up to 52 in. by 54 in., with 
depths of draw ranging from 6 in. to 12 in., total- 
ling several dozens of different sizes. The light 
series is mounted on wheels, as shown in Fig. 508, 
to give them the advantage of portability, saving 
much walking and carrying of moulds away, since 
the machine can moved back as the floor is 
covered gradually with moulds. 

The large output of moulding-machines has its 
sequel in the portable types, now very extensive, 
in which the machine is moved along the floor, 
leaving its accumulated work behind it, as stated, 
instead of having to carry the moulds along the floor 
to a constantly increasing distance. The nearest 
parallel to such an output occurs in some plate- 
moulded work, notably in railway chairs. hen 
these are moulded on plates by hand, a large area 
of a shop will be covered with moulds when cast- 
ing time begins. In see large foundries convey- 
ing systems are installed for machine-made moulds. 
Alternatively the portable machines are employed. 
They are well adapted to snap-flask work, the 
output of which is large. They are carried on 
plain wheels running anywhere on the sand floor, 
and are suitable only for comparatively light work. 
In shops where pouring is continuous they are not 
required. Their place is in the ordinary foundry, 
in which the moulding is done mostly in the morn- 
ing, and the pouring begins early in the afternoon. 

After the two-shaft machines, a few are built 
with three shafts, eight cranks, and six guide-ways, 
while worm-gear is substituted for the lever of the 
previous machines. These machines are lowered 
into pits to come flush with the floor, enabling the 
moulders to ram with the best advantage. In 
general construction these machines are like those 
just described. Their capacities range from 54 in. 
by 84 in. to 58 in. by 90in., and the maximum 
depth of draw from 4 in. to 10 in. in different 
machines. 

Round, heavy two-shaft machines are built in| 


about sixty standard sizes, with capacities ranging 
from 14 in. to 64 in. in diameter, with depths of 
draw from 5in. to 10 in. The disposition of the 
shafts, cranks, and the adjustments, &c., do not 
differ in any essential from those of the square 
machines. The photographs reproduced in Figs. 511 
to 514, page 416, illustrate one of these machines, 
portable, cna for moulding the cope and drag 
side of a sprocket-wheel. With this example we 
may commence our remarks relative to the methods 
of moulding adopted in the Pridmore machines. 

When the plate which carries a — is not of 
the turnover type, only one side of it can receive a 
pattern or pattern part. Then the top and bottom 
moulding-boxes have both to be rammed on the top 
face, which involves changing the pattern halves or 

But this does not hinder the work, because 
all the tops may be rammed on one machine, and 
all the bottoms on another adjacent, or both tops 
and bottoms may be rammed on pattern-plates 
arranged side by side on one machine of oblong 
type. Asa stripping-plate is always used, except 
for a few very shallow patterns, and as this is 
fastened to the top of the outer main framing of the 
machine, the pattern has to be made deeper than 
the casting by an amount equal to the thickness of 
the stripping-plate, or of as much of its thickness 
as the pattern occupies. 

The machine in Fig. 511 is shown fitted with the 
drag side of a sprocket-wheel, the pattern being at 
its highest position as set for ramming. In the 
next figure the mould has been rammed, and the 
pattern drawn down out of sight, leaving visible 
the stripping-plate on the outside, and the stool- 
plates (internal stripping-plates) occupying the arm- 
spaces. Figs. 513 ot 514 show the similar positions 
corresponding with the cope side of the pattern, 
Fig. 513 being up, Fig. 514 down. 

Figs. 515 to 518, page 417, show the method of 
moulding a spur gear on a circular Pridmore machine. 
The pattern is made in two portions—one, Fig. 516, 
containing the full depth of the rim with its teeth, 
plus the depth which enters the stripping-plate, 
and half the thickness of the arms and half the 
internal depth of the rim portion; Fig. 518 con- 
tains the an, the remaining half of the arm and 
rim, but no portion of the teeth. The pattern 
portions, attached to the yoke frame through 
an intermediary pattern-plate, are drawn down- 
wards through the Ser which are sup- 

rted on the main frame of the machine. The 
internal edges of the arms are stripped with stool- 

lates screwed to stools, which by their bases are 
lted to the lower portion of the machine-framing. 
The stool-plates exactly fill the arm-spaces. The 
stwols in this case are of Yaar g = outlines, as seen 
in their plans in Figs. 515 and 517. The lugs and 
pins which locate the top and bottom boxes also 
serve for the attachment of the stripping-plates to 
the machine-framing. Hence the pattern-plates, 
stripping-plates, and flasks form an interchangeable 
group, and are all drilled alike from a templet 
plate supplied with each machine. The illustra- 
tions, Figs. 515, 516, and 516a, show the fitting 
of the babbitt lining to the iron stripping-plate. 
The latter is roughly cast to the outlines of the 
teeth, with clearances and recesses. The top and 
bottom faces are tooled. With regard to the making 
of these plates, the method employed is as follows : 
—First, the opening gives a plain clearance of about 
4 in. around the pattern. Above this a recess is 
cast of about $in. wide and # in. deep, to hold the 
Babbitt me Holes are drilled here about } in. 
apart, into which wire nails are driven, with their 
heads standing out, but below the surface which 
the babbitt will occupy. The plate is then placed 
on its machine surrounding the pattern-plate. 
Asbestos string is laid around the latter, occupying 
the opening in the lower part of the stripping-plate. 
A haven "of utty is iaid 1 round eee Ws hee a 
trough, pot into this, previously warmed, the 
babbitt is poured. When nearly cold the lever of 
the machine is pulled, drawing the pattern down 
through the babbitt, and any surplus is cut away, 
leaving the plate ready for use. One plate is pre- 
pared first, and the other is made from that on its 
own machine, located by the pins, so that the mould 
parts will match though made on separate machines. 
Figs. 519 to 522, page 417, illustrate the method of 
making a chilled trolley-wheel as done on a Pridmore 
machine. The shape of the casting can be seen by 
the mould section, Fig. 522, with which the pattern- 
parts, Figs. 519 and 521, can be compared. These 





are made as two distinct portions, one specially for 


the drag, Fig. 519, the other, Fig. 521, for the 








cope, so that there is no turning over, and the two 
mould = might be made on separate machines, 
or side key on an oblong machine. The tread 
of the wheel does not exist in the pattern, being 
formed by a heavy chill, Figs. 519 and 522. Only 
one-half of the flange is formed in sand, and this 
is made in the cope portion. The illustration, 
Fig. 522, shows the mould assembled. In this 
—— case the stripping-plates are not required 
or stripping, but they are retained in the scheme 
of interchangeable box-fitting. 

Wooden stripping-plates are used largely for 
wooden patterns mounted on the machine. If they 
are framed with crossing-strips, or half-lap joints, 
according to their shapes, and of hard wood satu- 
rated with oil, they are very durable. The stuff 
may range from } in. to 1} in. thick, the extra 
thickness being, of course, added to the pattern 
depth. The plates may lie on the machine table 
simply, surrounding the pattern; or a special 
cast-iron frame can be made with a recess to receive 
wooden stripping-plates of various shapes, as is 
done in some of the Pridmore machines. In com- 
bination with these, wooden stools are also used 
(see Fig. 523). 





THE BRITISH ASSOCIATION. 
(Continued from page 385.) 
SECTION A.—MATHEMATICAL AND PHYSICAL 
SCIENCE. 


Last week we noticed the communications on 
astronomy and cosmical physics brought before 
Section A. We now turn to general physical papers, 
beginning with the phenomena of spectrum analysis. 


Anomalous Dispersion AND SoLtarR PHENOMENA. 


Professor P. V. Bevan, M.A., Sc.D., of Egham, 
dealt, in a paper on ‘‘ Anomalous Dispersion and 
Solar Phenomena,” with phenomena, as to which 
we should refer our readers to our account of Pro- 
fessor R. W. Wood’s Royal Institution lectures.* 
He stated that, in studying the absorption of 
metallic vapours, he had, when the red potassium 
ray was considerably deviated and not of uniform 
brightness, sometimes observed a double reversal 
of the line. In those cases the image would not 
exactly fall on the slit, and light of wave-length 
just smaller than the absorption line might get into 
the spectroscope. Julius, who had drawn atten- 
tion to the solar phenomena of this type, had not 
been able to explain all the peculiarities. Mr. 
Bevan suggested that clouds of vapour would be 
floating over the photosphere ; though at higher 
levels these clouds need not be hotter than the 
age as had generally been assumed. Light 
alling obliquely from the photosphere might be 
deflected in passing through such a cloud, and this 
light, of nearly the same wave-length as that of the 
absorption line, would enter together with direct 
light and produce a double reversal. 

In the discussion, Professor Turner considered 
the novel interpretation of these phenomena as 
suggestive. Dr. W. J. Humphreys questioned it 
on the strength of experiments of hisown. He had 
coupled two arcs in series, the arrangement being : 
arc [., arc II., slit; the two arcs being in series, 
their temperatures would probably be equal. He 
had then observed double reversals, and when he 
replaced the second arc by a Bunsen burner, he had 
also found reversals, so that he had felt ‘‘ hum- 
bugged.” Mr. Rolston was also sceptical; the 
solar clouds were sometimes observed for three days 
and more, and it was difficult to assume such con- 
stant refraction conditions in the solar atmosphere. 
Mr. Bevan granted the force of the objections ; but 
there might be many small patches of clouds about, 
and he merely wished to suggest one of the possible 
causes of double reversals. 

We may notice here a paper on ‘‘ Absorption and 
Dispersion in Metallic Vapours,” which Professor 
Bevan communicated to Section B. This paper dealt 
with the bearing of spectral research on our views 
concerning the nature of the atom and the vibrat- 
ing systems which give rise to the spectrum lines. 
Professor Wood had, from his study of metallic 
vapours, extended the number of lines of the 
rincipal sodium series from 7 to 48. Extending 
is work to the other alkali metals, Professor Bevan 
said he had found 41 lithium lines, 24 for potas- 
sium, 30 for rubidium, and 31 for cesium, instead 
of the 9, 9, 5, 9 emission lines formerly known. He 








* See ENGINEERING, vol. xci., page 730, June 2, 1911 
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(For Description, see Page 414.) 
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added that absolute measurements were difficult | made absolute measurements by the interference | deduced on Drude’s dispersion theory. From his 
with absorption spectra, and anomalous dispersion | method, and from these and the (rather uncertain) | experiments at 380 deg. Cent., Loria had concluded 


took place at all of these lines. density of the sodium vapour, the number of/|that the ratio of the number of sodium atoms 
Wood and St. Loria (of the Cracow Academy) had | electrons taking part in the effect of light could be | engaged in optical effects to the whule number of 
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atoms was 400:3; experimenting at 644 deg. 
Cent., Professor Bevan found the ratio 12: 1. 
Each line of a series was probably due to a special 
set of atoms, and the complexity of the spectrum 
not due to the complexity of each individual atom, 
but to differences actually existent in the atoms. 
The Zeeman effect and other evidence pointed to 
similar conclusions. 


Tue SpecTRUM OF AN ELEMENT AND Its ATOMIC 
WEIGHT. 


Professor W. M. Hicks, F.R.S., presented a short 
communication on ‘‘The Dependence of the Spec- 
trum of an Element on its Atomic Weight,” a 
subject he had dealt with last year at Sheffield. He 
pointed out that, in addition to the well-known 
series lines of a spectrum, a large number of others 
were directly related to them in the same way as 
the second or third set of a doublet or triplet 
depended upon the first, or as the satellite lines of 
a D series depended upen the more intense set. He 
gave formulz and examples referring to the spectra 
of magnesium, calcium, strontium, barium, with 
special regard to the atomic weight term in the 
formula for the wave-lengths of the lines. The 
atomic weight could indirectly be deduced from 
these wave-lengths with the help of certain differ- 
ences. In the discussion, Dr. J. W. Nicholson 
asked whether those series would help in deter- 
mining the spectra of gases in stellar nebulze. Pro- 
fessor Hicks replied that there were too few lines 
to put them into a series. Dr. Bevan questioned 
the feasibility of the computations of atomic weights; 
Rowland’s tables of wave-lengths were not suffi- 
ciently reliable ; Kayser’s were more reliable, yet in 
dealing with series lines based upon those measure- 
ments errors far greater than Professor Hicks’s 
probable errors would creep in. Sir W. Ramsay 
thought the difficulty was not so great, since most 
observers referred their measurement to the same 
standard lines—those of iron. Professor Hicks 
replied that there was a periodic, though not a 
constant, difference between the Rowland lines 
and the true lines. 


Arc Spectra or Mrrats in THE Inrra-Rep. 

Major E. H. Hills, F.R.S., of London, presented 
an essentially tabular memoir on ‘‘ The Arc Spectra 
of Certain Metals in the Infra-Red.” Abney had ' 
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shown in 1880, he stated, that a collodion bromide 
emulsion could be prepared, which was sensitive to 
infra-red rays as far as \-10,000, and had published 
a map of that portion of the solar spectrum a few 
years later. Little work had, however, been done 
on metals which were generally studied in the 
infra-red with the aid of bolometers, of thermopiles, 
or of photographic plates sensitised with organic 
dyes ; the latter were not sensitive beyond A 8000, 
and adequate resolving power was extremely diffi- 
cult to obtain with thermopiles ; the neglect of 
Abney’s method was hence regrettable. The 
infra-red was important, not because it gave a 
few additional lines, but because those lines were 
favourably situated for deducing the laws governing 
the series, and thus for throwing light on the 
interior dynamics of the molecule. His own appa- 
ratus, Major Hills continued, was a spectroscope of 
two dense flint prisms; the wave-lengths were 
determined by comparison with the solar spectrum 
on Abney’s scale, and the results were probably 
correct within 1 unit. Better results could be 
obtained with gratings, but they would require 
very prolonged explosures. The emulsions were 
prepared essentially after Abney. The tables con- 
cerned the metals lithium, sodium, potassium, 
magnesium, calcium, strontium, barium, and wave- 
lengths from 7600 to 10,000. In the case of 
certain Li, Na, Ba lines, the presence in the solar 
= was doubtful, and Ca gave some strange 
ines. 


Atomic STRUCTURE OF THE ELEMENTS. 


Mr. J. W. Nicholson, M.A., D.Sc., of Cambridge, 
read a very long paper on ‘‘The Atomic Structure 
of the Elements, with Theoretical Determinations 
of the Atomic Weight.” He suggested a theory 
based on a conception of positive electricity as 
existing in volume distribution of uniform density. 
The elements would, in his view, be made up of 
four protyles, or ultimate forms of matter. A pro- 
tyle would contain two, three, four, or five electrons 
in rapid rotation, and a single positive nucleus to 
neutralise the charge, the volume being directly 
proportional to the charge. He calculated his 
atomic weight, he explained, from the inertia of the 
combined positive and negative charges. The four 
protyles were :—(1) Coronium, probablyan enert gas, 
of atomic weight 0.5131, present in the solar corona ; 
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(2) hydrogen, atomic weight 1.008 ; (3) nebulium, 
atomic weight 1.63, the basis of the earlier nebulz ; 
(4) protofluorine, atomic weight 2.36, the cause of 
the third line of the nebular spectra. Helium, which 
next appeared in nebulze, was not one of his pro- 
tyles, but a compound of one atom of nebulium and 
one of protofluorine. That combination would 
readily occur, and the atomic weight would be 3.988, 
the most probable atomic weight found for helium. 
Other atomic weights could be built up by simple 
upings of two or three of these primary elements. 
he weight was due chiefly to the positive elec- 
tricity. On this plan helium would be He= Nu Pf, 
and argon A = 5 (He),; and the paper gave a 
a nape theory of the periodic table, and particu- 
arly of the structure of the inert gases and radio- 
active emanations in terms of these protyles. 
These structures were all very similar, and had 
intimate relations to one another of a kind analogous 
to those met with in organic chemistry. Some of 
the formule which Dr. Nicholson put on the board 
were anything but simple, however—e.g., 


Radium emanation = 2{3 He, (Pf H), 2 Nu, (Pf H;)} 
Thorium emanation would, according to Dr. 
Nicholson, be a radium emanation with a slightly 
different grouping of the protyles ; actinium would 
also belong to the radium group, and would fall 
between terbium and erbium ; the thorium emana- 
tion would liberate icles—not the a 
particles (helium), however, but Hel. e 
atomic weight of radium would be 226.8, which 
would accord with the assumption that it ultimately 
became lead. Many substances, iodine, for in- 
stance, were gradually decomposing into inert gases 
in accordanve with the belief that all matter was 
slightly radioactive. Dr. Nicholson contended that 
all matter would appear to be electrical in origin, and 
he pointed out that his calculated atomic weights 
agreed well with those of the chemist. 

The discussion was of a varied character. Pro- 
fessor Turner was much interested in the very 
striking numerical relationships. Mr. Bateman 
warmly congratulated the author. Mr. Dyson 
objected, from the astronomical point of view, that 
the s of hydrogen and helium were com- 

ratively simpler than that of coronium. Pro- 
~ Bevan inquired whether the spectra revealed 
the combinations. Dr. F. A. Lindemann, of Berlin, 
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said, what many no doubt felt with him, that it’ 
appeared easy to make up correct numbers with 
the aid of electrons; the speculations were inter- 
esting, but he did not understand how Dr. Nichol- 
son dealt with atomic volumes. Dr. W. F. G. 
Swann, of Sheffield, said the crux seemed to be to 
choose the proper ratio between the masses of the 
positive and negative electrons. Dr. Nicholson 
replied that he had no coronium spectrum for 
laboratory comparisons; he assumed a volume 
distribution of positive electricity, not a surface 
distribution, as seemed to have been understvod. 


Tue CorpuscuLtaR Nature or Rays. 
Professor W. H. Bragg, F.R.S., of Leeds, ex- 
unded his views on ‘* The Corpuscular Nature of 
ys” in a charming discourse. A thing was 

corpuscular, he stated, when the ray carrying the 
energy did not distribute the energy over a wider 
and wider area as it advanced. Corpuscular radia- 
tion might be defined as consisting of ‘‘entities ” or 
‘‘quanta” (the Quanten theory of Planck and 
Einstein), each moving in a straight line with 
uniform velocity and unchanging properties, unless 
impressed forces caused a change. But it was a 
separate question whether corpuscular radiations 
were necessarily material. The a and 8 rays were 
corpuscular; sound and light waves, as usually con- 
ceived, were not. Were X rays and y rays cor- 
puscular? The X and the y ray had rather un- 
certain properties, but the one certain power that 
they excited a 8 ray when encountering an atom. 
The speed of the 8 ray depended on the quality 
(soft or hard) of the X ray, not on the nature of the 
atom, and the direction of the 8 ray was more 
(hard rays) or less (soft rays) that of the exciting 
ray. Now § rays produced ionisation, phos- 
phorescence, and photographic action, and experi- 
ments tended to demonstrate that these effects, 
when accompanying X ray absorption, were really 
due to the 8 rays, while the X rays had no direct 
effect of this kind, so that the absorption coefficient 
of a substance was simply a measure of its power 
of prompting the X rays to produce £ rays. 

here did the energy of the 8 ray come from ? 
It could not come from the atom ; for each atom 
should then have its own speed of ejection, inde- 
pendent of the conditions of the X rays, and there 
was no evidence of the existence of induced radio- 
activity implying a release of atomic energy ; thus 
the X ray could not play the part of the trigger of 
the gun. Nor could the energy of the 8 ray be the 
result of an accumulation in the atom of energy 
extracted from many X rays; for it could hardly 
be supposed that the accession of the last infini- 
tesimal amount of energy to fill the store of the atom 
would determine the direction in which the f ray 
was ejected. Therefore it must be supposed that 
one X ray provided the energy for one 8 ray; and 
similarly, that in the X ray bulb, one B ray excited 
one X ray. He (Professor Bragg) had pointed out 
in his presidential address to the Australian Asso- 
ciation for the Advancement of Science, Brisbane, 
1909, that the near equality in the speed of the 8 or 
cathode ray, which produced the X ray in the bulb, 
to the speed of the 8 ray, which that X ray finally 
produced, supported this view, and Whiddington’s 
recent experiments strengthened this argument. 
Little energy was lost in the interchange from 8 
into X ray and back again, and as the speed of the 
secondary § ray was independent of the distance 
which the X ray had travelled, the X ray could not 
diffuse its energy as it moved; that was to say, 
the X ray was a corpuscle. Nor could the X ray 
spend energy on ionisation ; its energy was given 
by the energy of the 8 ray it produced. 

Barkla had shown that many substances emitted 
homogeneous X rays of characteristic penetrating 
power when irradiated by X rays of greater pene- 
trating power. Rays of high speed, such as emitted 
by zinc, would excite rays of lower speed from a 
metal like iron, but not vice versa. In the language 
of the corpuscular thecry, an X corpuscle of 
definite energy was 6 gor ther meee by a sub- 
stance which was under bombardment by X cor- 
puscles of greater energy. According to Whidding- 
ton, only X rays excited by cathode rays of a 
certain minimum energy could excite the charac- 
teristic rays of any substance, and ©. T. R. 
Wilson’s demonstration of the tracks of ionising 
agents in a gas (tracks rendered visible by the 
condensation of water vapour upon them) were 
also illustrations of this theory. The y rays 


4 





travelled through space undetected until they met 
an atom. The corpuscular form of the X (and the y) 


ray, and its energy relation to the 8 ray, which was 
its origin, and to the 8 ray, which was its conclu- 
sion, were the principal things that theory and 
models had to account for. For this reason the 
spreading pulse of Stokes (according to which energy 
was diffused over a broadening surface) failed, and 
the kink in the tube of force of J. J. Thomson, which 
diffused its energy over a lengthening line, also 
failed.* Certain phenomena, the so-called polarisa- 
tion of X rays and the photo-electric properties of 
light, suggested, indeed, links between X rays and 
light ; the nature of these links was not clear yet. 
The corpuscular theory of X rays was an induction 
from experiments, and the ‘‘neutral-pair”’ theory 
(of Professor Bragg) a simple working model. The 
**ether-pulse” theory was at present little more 
than an aspiration. lf these arguments were true, 
Professor Bragg concluded, light should be cor- 
puscular. 

Sir W. Ramsay, in opening the discussion, said 
that they had all listened with the greatest interest. 
It seemed that y rays only became apparent when 
there was something present to detect them ; was it 
not the same with the sun’s heat? According to the 
modern theory, the atom consisted of electrons in 
some sort of motion, and he did not see why energy 
should not be given off when the y ray struck the 
atom. He had kept radium bromide in a glass 
tube, which he placed in a containing vessel of glass, 
copper, &c.; the material of the vessel had changed 
and turned radioactive, and in the case of copper 
the radioactivity could be precipitated with the 
copper sulphide after dissolving the copper. 
How would Professor Bragg explain that ? 0- 
fessor McLennan, of Toronto, and Dr. F. A. Linde- 
mann having also put questions, Professor Bragg 
replied by further referring to J. J. Thomson’s 
electrons with tails; his reply to Sir W. Ramsay 
was that he (Professor Bragg) would have to increase 
his experimental skill, and repeat the experiments, 
before he could give an answer. 


ABSOLUTE MEASUREMENT OF CURRENT. 


Dr. N. E. Dorsey presented a paper on ‘‘ The 
Absolute Measurement of Current at the Bureau of 
Standards, Washington.” The instrument, he 
stated, was designed by Professor E. B. Rosa, and 
the work done—manifestly with exceptional care— 
under his supervision. A balance of the Rayleigh 
type wasused. Thecoils, of squarecross-section, were 
wound bifilarly of enamel-insulated wire wound 
upon brass forms. A novel feature of the fixed 
coils was the provision in the forms and back of 
the windings of a channel through which water 
could be pumped. During the weighing the moving 
coil was surrounded by a double - walled jacket, 
maintained at constant temperature. For the final 
measurements three pairs of fixed coils (two pairs 
of 50 cm. diameter and 36 of layers, each of 18 
double turns ; one pair of 40 cm., 28 layers of 14 
double turns) and two moving coils (one 25 cm., 
12 layers of 6 double turns, one of 20 cm., 14 
layers of 7 double turns) were used. After 
winding, the coils were sdaled with paraffined cloth 
and paraffin, and covered with softer wax; the 
insulation had been found perfect throughout 
the work. The distance between the two fixed 
coils was always such that the sum of the forces 
which they exerted upon the moving coil was a 
maximum. Under that condition the maximum 
force for a given current depended solely upon the 
ratios of the diameter of the moving coil to those 
of the fixed coils, and the actual distance between 
the fixed coils need not be measured. This dia- 
meter ratio was determined by a modification of 
Rayleigh’s electric method. The variations in the 
diameters produced by temperature changes and on 
the load carried were studied experimentally. An 


electrical method was devised for detecting and | 


correcting any slight error that might exist in the 
spacing or in the co-axiality of the fixed coils. The 
selected values for the electromotive force of the 
normal Weston cell at 20 deg. Cent. in terms of 
the international ohm and the Bureau of Standards 
balances gave the mean 1.018224 volt (the last two 
figures being oy agen J 28, 05, 27, and 35). The 
1.01822 was by four parts in 100,000 higher than 
that found in the National Physical Laboratory— 
where four years ago 1.01818 was obtained, not 
with exactly similar cells. 


A Friction PeRMEAMETER. 
Mr. W. H. F. Murdoch, B.Sc., M.I.E.E., 


+ Compare Sir J. J. Thomson's lectures, ENGINEERING, 
vol. xci., page 820, &c. 


exhibited a ‘‘ Friction Permeameter,” a modification 
of an instrument which he brought before the 
Institution of Electrical Engineers some years ago. 
He described it as a simple workshop instru- 
ment which, with properly adjusted springs, gave 
measurements correct within 1 or 2 per cent. at 
ordinary inductions. The magnetic circuit and 
friction were kept constant during a test. The 
apparatus was cylindrical, about 9 in. high, and 
ra yoke was split horizontally into an upper and 
a lower half. The specimen formed the vertical 
axis of the cylinder, the magnetising coil was 
pushed over it ; the top of the yoke carried a dial, 
a spring and a torsion head. In making a test the 
top portion of the yoke was turned about the 
specimen as axis, the upper and lower surfaces 
of the split yoke sliding upon one another, and the 
square root of the “— of torsion was proportional 
to the induction. e same sliding surface was 
used for all specimens. As the readings were 
taken while the pointer and dial were in motion, 
an acceleration error might come in, if different 
observers turned the yoke at different rates ; but 
with slow turning this error could be neglected. 


CONSTRUCTION OF PracticaL ELEcTRIC 
STANDARDS. 


The report of the Committee on ‘* Experiments 
for Improving the Construction of Practical Stan- 
dards for Electrical Measurements,” drawn up by 
its Secretary, Dr. R. T. Glazebrook, was taken as 
read. The report regrets to record the death of its 
distinguished member, Dr. G. Johnstone Stoney, 
and refers to work done on and with the Lorenz 
apparatus, resistance standards, and the silver 
voltameter and standard cells at the National 
Physical Laboratory, and in the joint experiments 
of representatives of the national institutions at 
Washington in the summer of 1910. As the re- 
publication of the early reports from 1862 to 1883 
was not completed yet, this report was not the last ; 
the Committee will, however, probably not have to 
ask for re-appointment next year. 


Tue Laws or SoLvution. 


In presenting a paper on ‘‘The Laws of Solution,” 
Mr. H. Davies remarked that he had been unaware 
that the President of Section B would deal with 
the same — a matter to which we shall 
refer later. r. Davies considered the change of 
the conductivity of electrolytes with dilution and 
the dilution formule of Ostwald, Rudolphi, Van’t 
Hoff, and Kohlrausch. He showed that these for- 
mul and rules could be brought into harmony if 
the solvent were taken into consideration, and if 
water, which, below 15 deg. Cent., he would regard 
as trihydrol (H,O),, dissociated into (H,O), + H,O 
on adding a solute to the water; this dissociation 
proceeded proportionally to the amount of substance 
added. He admitted, however, in reply to Dr. H. 
Borns, that he neglected the changes in volume 
accompanying these additions. 


ADSORPTION OF SALTS BY SILICA. 


Professor F. T. Trouton, F.R.S , read a paper 
on ‘ Peculiarities in the Adsorption of Salts by 
Silica.” Professor Trouton pointed out that when 
the concentration of the salt was plotted as abscissa 
against the weight of salt adsorbed per gramme 
of silica as ordinate, the curve first was con- 
cave to the abscissa, then became horizontal for 
a short distance, and finally took the turn up- 
ward usually depicted. The weight of salt cor- 
responding to the critical point, for which the 
adsorption was independent of the concentration, 
was, in the case of chlorides, decreased when the 
temperature was raised, but was independent of 
the temperature for the sulphates and nitrates 
/examined. With quartz wool the surface per 
|gramme of silica could be estimated, and if the 
|density of the adsorbed salt were assumed to be 
| that of the solid salt, the thickness of the adsorbed 
layer would be 10 » » (10-* cm.) for sulphates and 
nitrates. At higher temperatures the curve turned 
downward first after the horizontal portion, before 
| finally rising ; that showed that the silica actually 
|gave up some salt again as the concentration was 
‘raised, and that the adsorbed layer was then 
|unstable, just as certain thicknesses of oil films 
| (Rayleigh) and of soap films (Reinold and Riicker) 
| were unstable. In the case of chlorides the 
| adsorption was zero for considerable concentration 
, Values; the curve looked as if it were going to 
| cross over to the negative side, and it would appear 
| that water rather than salt was then adsorbed ; 
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Professor Trouton had not been able to verify this 
by direct observations, however. 


Speciric Heats at High TEMPERATURES. 

A first communication on ‘‘ The Specific Heats at 
High Temperatures and the Latent Heats of Fusion 
of Metals,” by Mr. H. C. Greenwood, M.Sc., was 
read by Dr. J. A. Harker, F.R.S. The investiga- 
tion is being carried out in the National Physical 
Laboratory, and we have described in our accounts 
of the work of this institution* how Mr. Greenwood 
has successfully improved and rendered entirely 
automatic Dr. Harker’s clever device of dropping 
the specimen from a vertically-mounted electric 
furnace at the right moment, when it is just over 
the calorimeter, by the fusion of a fine platinum 
suspension loop. The furnace swings round and 
returns to its original position; the transfer of 
heat from the furnace to the calorimeter is hence 
negligibly small, and any radiation from the furnace 
remains the same during the initial and final periods. 
The investigation was undertaken, Dr. Harker ex- 
plained, in order to provide more reliable data for 
the specific heat of metals at high temperatures 
than were at present available, particularly in the 
region of their melting-points, and also to deter- 
mine the latent heats of fusion. 

The metals aluminium and zinc were first studied 
on account of their comparatively low melting-points. 
The previously published data were, in both cases, 
very unsatisfactory. The metals were sealed up 
in silica tubes, which were dropped not directly 
into the calorimeter water, but into a funnel-shaped 
brass tube filled with calcined precipitated hydrate 
of magnesia, which formed a very light aa 
behaving like a liquid. The cracking of the silica 
tubes, caused by the expansion and contraction of 
the metal inside, had first given much trouble. 
The specific heat of silica, which had a fairly large 
temperature coefficient, had to be determined in 
the first instance. The curve for the mean specific 
heat of zinc was found to be continuous above and 
below the melting-point, while the latent heat of 
fusion was about 26 gramme-calories per gramme 
of zinc. Aluminium had proved difficult. Above 
850 deg. Cent. it attacked silica ; near its melting- 
point it could be powdered with the hammer, a 
method which was applied by the British Alumi- 
nium Company. Just before the melting-point the 
specific-heat curve bent sharply upward, probably 
owing to premature fusion of the metal. When 
this heat evolution was included, the latent heat 
of fusion was 95 gramme-calories. Above the 
melting-point the specific-heat curve was steeper 
than immediately below. Professor Trouton and 
Dr. F. A. Lindemann, who has been doing very 
remarkable work on specific heats, atomic volumes 
and cognate problems, at Berlin, in conjunction 
with Professor Nernst, put some questions to 
Dr. Harker. 

PerroLeum TEstine. 


Dr. J. A. Harker, F.R.S., gave, in a rb 
himself and Mr. W. F. Hi ha a brief A moi of 
‘* Methods and ger sed in Petroleum Test- 
ing,” dealing with their inquiry into the causes of 
the differences of flash-point readings taken with 
the Abel, the Abel-Pensky, and similar apparatus. 
We described these interesting researches in our 
account of the work of the National Physical 
Laboratory.+ 


Tue Errects or Arr CURRENTS ON Sounp- WAVES. 


Professor F. R. Watson, of Urbana, Illinois, 
U.S.A., said, in a paper on ‘‘The Effects of Air- 
Currents on Sound- Waves,” that part of his problem 
had been to cure the echoes and reverberation in the 
hall of the University of Illinois. If the ventilation 
were so arranged that a broad sheet of warm air 
moved over the head of the speaker, to be drawn 
out at the rear of the auditorium, the warm air 
should, theoretically, act as a partition, and refract 
and reflect the speaker's utterances. According to 
Rayleigh, reflection at the boundary of gaseous 
media depended on the differences in the velocities 
of sound in the two media. The velocity of sound 


V = Jy p/p would not be affected at constant 
temperature by changes in the air pressure, as p/p 
remained unchanged, but an increase in moisture 
or temperature increased p, and hence V; while 
the presence of carbon-dioxide decreased y and V. 
Total reflection would occur for very oblique inci- 
dence. Refraction also depended on the velocity 








* See ENGINEERING, vol. xci., page 409. 
t Ibid., vol. xci., page 409. 


ratio, and the bent waves might be totally reflected 
at the upper boundary. Further, air in motion car- 
ried sound with it. Thus the effect of an air-current 
as mentioned would be to turn the sound to the 
audience, and the total effect was not inconsider- 
able, though each factor was only small. 


Toe VERNIER ARC. 


Mr. J. W. Gordon, of London, brought a model 
of ‘*The Vernier Arc, a New Form of Micrometer.” 
The paper was finally taken as read. The model 
consisted of a scale and divided arc mounted in 
the focal plane, and a diffraction grating mounted 
behind the eye-lens. This mounting produced in 
the field two images, formed by the diffracted light 
of any image lying in the field; these images flanked 
the original on both sides. A narrow black line 
was traced in the centre of the field, the scale being 
ruled on one side of this line. At the end of the 
line was a broad black are, split along its middle by 
a white line divided into ten arc segments. The 
grating produced two flanking images of this arc, 
which intersected one another and the original arc 
in a point determined by the angular position of 
the grating. The same angular position caused the 
image of the scale to be projected on the narrow 
dark field, and the displacement of the scale could 
be measured by observing the point of intersection 
on the vernier arc. The device was inexpensive, 
the scale lines did not cross the field nor obscure 
it, and there was no divided screw to be read. 


Tue Princrpte or Rexattvirty. 


A discussion on ‘‘The Principle of Relativity” 
was opened by Mr. E. Cunningham, M.A., of St. 
John’s College, Cambridge, in a very able memoir, 
which is to be published in full in the Association 
Report. The subject concerns the space-time and 
the energy and inertia relations, and though a clear 
perception of the fundamental principles is the crux 
of the matter, the treatment is entirely mathema- 
tical, and the discussion does not lend itself to 
abstracting. We will confine ourselves to a few 
general remarks. The term ‘principle of rela- 
tivity,” so often quoted now, was introduced by 
A. Einstein, then at Bern, now at Zurich, in a 

per on ‘‘The Electro- Dynamics of Moving 

ies,” published in 1905 in the Annalen der 
Physik. Einstein pointed out that the electro- 
dynamics of Maxwell, as usually understood, led 
to asymmetry. In the case of the mutual electro- 
dynamical reactions between a magnet and a con- 
ductor, the observed phenomena merely depended 
upon the relative movement of the one body with 
respect to the other, but the explanation had 
to distinguish between movement of the magnet 
and movement of the conductor. Similar con- 
siderations, and the unsolved problems whether or 
not there was a movement of the ether relative to 
the earth, led to the assumption that there were 
not, either in mechanics or in electrodynamics, 
any properties of the phenomena corresponding to 
absolute rest, and that the same electrodynamical 
and optical laws were valid for all systems of co- 
ordinates for which the mechanical laws held. 
This assumption, combined with the assumption 
of a definite velocity of light in vacuo, constituted 
the principle of relativity. The principle dispensed 
with the postulates of space absolutely at rest 
endowed with special properties and of a light 
ether. Like any other electrodynamic theory, it 
was based upon the kinematics of rigid bodies 
(systems of co-ordinates). 

One has to read oneself into this language and 
this principle, which, as such, only says something 
about rigid bodies, clocks, and light signals. But 
the principle of relativity implies that a uniformly- 
driven clock would run more slowly when looked at 
from a system at rest than when the observer moved 
with it ; and on this consideration Einstein showed 
that the Doppler effect, which Stark had believed 
he observed in canal rays, was too large. Before the 
introduction of the principle the deduction of the 
laws of movements of the electron on electro- 
dynamic methods required some definite assump- 
tion as the distribution of electricity on a rigid 
frame built up of the forces which keep the electro- 
dynamic forces in equilibrium. The application of 
the space-time transformation, according to the 
—— of relativity, permits of deducing the 
aws of movement of the rapidly travelling electrons 
from those of the slowly- moving electron, the 
latter based on observation or supposition. Mr. 


| Cunningham’s memoir now dealt chiefly with the 





electron, entities of energy pulses, velocity of light, 





and the Michelson-Morley effect. He pointed out 
that modern science was ready to give up almost 
anything except the conception of time and space, 
and came to the conclusion that the term ‘‘ mass” 
lost its meaning as a constant of a body. 

An animated discussion followed under the 
ten-minutes’ rule. Professor Turner referred to 
the thesis of H. A. Lorentz (1895), that any moving 
body would change its shape ; whether or not 
there was movement of the wther relative to the 
earth could apparently not be decided by experi- 
ments, and mathematicians would have to go on 
irrespective of experiments. Dr. W. Swann, of 
Sheffield, wished to explain the movement of the 
electron ; Professor G. N. Lewis, of the Massachu- 
setts Technological Institute, argued that mass and 
energy were the same thing, and suggested a 
generalisation of Einstein ; Professor Zeeman, of 
Amsterdam, Mr. H. Bateman, Professor A. E. H. 
Love, and Professor H. M. Macdonald, of Aber- 
deen, put questions ; while Dr. C. V. Burton, of 
Oxford, referred to cases in which the principle 
might fail. 

MaruematTicaL Papers. 


Of the mathematical papers we can only mention 
the report of the Committee on ‘‘The Further 
Tabulation of Bessel and Other Functions,” which 
includes contributions by Sir George Greenhill on 
‘* Elliptic Functions,” and by Mr. J. R. Airey on 
‘*Neumann Functions,” and a paper by Mr. H. 
Bateman, of Cambridge, on cine Intinitesimal 
Transformation of an Electro-Magnetic Field into 
Itself.” Mr. Bateman said that Sophus Lie had, 
in 1895, expressed the belief that the processes 
which took place in Nature cculd mathematically 
be represented by infinitesimal transformations, and 
these arguments had been applied by Lie to analy- 
tical dynamics and wave-motion in various media, 
and quite recently by Zorawski and Vessiot to the 
kinematics of a fluid of ndimensions. Mr. Bateman 
followed the work of Hargreaves on the effect of an 
infinitesimal transformation on certain integral 
forms. 

(To be continued.) 





THE ELECTRICAL EXHIBITION AT 
OLYMPIA.—No. I. 

Tue Exhibition which has been promoted by the 
British Electrical and Allied Manufacturers’ Asso- 
ciation, and which opened at Olympia on the 23rd 
inst., is stated to contain the largest collection of 
electrical apparatus ever brought together in one 
building. e do not know if this claim be well 
founded, but certainly there is a notable absence of 
vacant space at Olympia, the whole of the main 
floor and the major part of the galleries being taken 
up with genuine electrical and engineering exhibits. 
There is a sprinkling of extraneous matter, but it 
is not present in sufficient quantity to detract from 
the engineering interest of the show. Compared 
with the corresponding Exhibition held in Man- 
chester in the autumn of 1908, we are inclined, 
however, to think that the present one is a little 
weak in exhibits of the heavier class, and that 
fittings and domestic appliances come in for a larger 
share of attention. This fact is probably to 
be explained, not so much as a direct attempt to 
popularise the Exhibition, as an indication of a 
growing oe eager among manufacturers and 
supply authorities of the importance and _possibili- 
ties of domestic supply in other than its purely 
lighting aspects. e do not wish to suggest that 
machinery, as distinct from appliances, is not well 
represented in the Exhibition, but, none the less, it 
hardly occupies the position which it properly 
should fill. 

The stands containing the display of Messrs. 
Siemens Brothers and Co., Limited, and Siemens 
Brothers Dynamo Works, Limited, Caxton House, 
Westminster, illustrate this greater prominence 
given to the smaller class of electrical goods, and are 
in this sense an epitome of the Exhibition as a whole. 
They contain a wonderfully complete collection of 
cables, jointing materials, telephones, lamps, pyro- 
meters, cells, testing instruments, &c., which it is 
impossible even to enumerate, but they are notably 
deficient in what can reasonably be described as 
machinery. Among the exhibits belonging to this 
latter class there are, however, some of much 
interest. One of them is the ‘‘ Vortex” suction 
cleaner. This differs from the majority of its kind 
in that no dust-filter is used to protect the pump 
and to catch the material drawn in by the nozzle. 





Messrs. Siemens claim that the periodic cleaning 
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EXHIBITS AT THE ELECTRICAL EXHIBITION, OLYMPIA. 
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Fic. 1. Mercury Contact TreaDLe 


Broruers, Limrrep, Lonpon. 


of this filter is a disadvantage of many suction | 


cleaners, and in their arrangement the whule of the 
dust and dirt lifted by the machine is passed through 
the pump, and delivered directly to the drain. e 
device, in essence, consists of a vertical turbine 
pump, driven by a motor fixed above it, and con- 
nected up on its suction side to the cleaning-nozzle 
through an intercepting-tank fitted with baffle- 
lates, which arrest any pieces of string or other 
ae articles which may be lifted by the machine. 
The pump-chamber itself is fitted with a water ser- 
vice, so that the dirt delivered to it is churned up 
with water and forms a sludge, which easily 
to the drain. The machine is made either for fixed 
or portable service ; but in the latter case it is, of 
course, usually necessary to combine with it a tank 
for the service water and a sump-box. 

A further exhibit of Messrs Siemens which may 
be mentioned is the mercury contact treadle for 
railway signalling. The object of the apparatus is 
automatically to close or open an electrical circuit 
by the passage of a train at a given point on a rail- 
way line. There are, of course, various examples 
of this class of device which depend for their action 
on the magnification of the rail deflection by means 
of a system of levers, but in Messrs. Siemens 
apparatus this magnification is obtained owing to 
the difference in area of two chambers containing 
mercury. The ratio between the area of the two 
chambers is 1500 to 1, so that an adequate electrical 
contact is obtained in the second chamber with an 
extremely small rail deflection. The treadle is 
made in various patterns suitable for a variety of 
train signalling purposes, and can be arranged to 
give a continuous contact during the passage of a 
train, or a series of intermittent contacts during the 
same period. It can also be constructed to main- 
tain a normally closed circuit, which is opened by 
the passage of a train. 

The apparatus is shown in section in Fig. 1, on 
this page. It consists of a main treadle casting A, 
secured to the rail, without any drilling, by means 
of the clamps BB. In the centre of the main 
casting there is a shallow trough C, above which a 
steel diaphragm D is held by means of the cover E. 
On the centre of the diaphragm there lies a flat 
plate G, which, on the passage of a train, is 
depressed by the steel plunger F. The space 
between the cover E and the bottom of the rail is 
packed with an elastic joint, which is both dust and 
water-proof. The shallow trough C is filled with 
mercury, and communica y means of the 
passage J, with the valve-box K in such a way that 
the depression of the diaphragm forces the mercury 
up into the box K and makes the necessary contact. 
The head of mercury in K is sufficient to press the 
diaphragm upwards against the bottom of the rail 
with a pressure of 150 lb., so that good mechanical 
contact is ensured. The electrical contacts NN 
are carried in, but insulated from, the cover of the 
contact-box. They are connected up by insulated 
wires, leaving the apparatus as shown in the figure. 

The actual arrangement of the ball-valves and 
contacts depends upon the type of service which is 
required, but the figure shows the construction 
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Fic. 3. 


Inpuction Motor with AuTomatic CenTriFuGAL Starter; Messrs. Bruce 


PEEBLES AND Co., LimrTep, EptINBURGH. 


used when a continuous contact during the passage 
of a train is required. The normal level of the 
mercury is about ,5; in. below the contact pins, but 
when the diaphragm is depressed it rises via the 
delivery ball-valve and reaches the contacts. The 
excess mercury s through the small aperture 
shown into the fen K, and so returns through the 
suction ball-valve into the geJ. The aperture 
connecting the delivery valve with the box K is so 
small that the mercury does not run out quickly 
enough to break circuit between the intermittent 
impulses due to the passage of a train, and yet, at 
the same time, the supply of mercury in K is always 
available to fill ienmeeiiately the passage J when the 
diaphragm rises after the passage of a train, so 
that the apparatus is capable of dealing with the 
| most continuous traffic. Modifications are made in 
| the valves and contacts for other types of service, 
| but it is not necessary to deal with them in detail, 
as the principles of action remain the same in all 
| cases. 

An interesting exhibit is made by Messrs. Bruce 
Peebles and Co., Limited, of Edinburgh. It con- 








sists in the main of electric motors of various 
types, although the most prominent position is 
taken by a fine example of a 475-kw. motor con- 
verter. Itis unnecessary, however, to describe this 
machine, as its essentials have been so frequently 
dealt with already. Among the more novel matter 
there is an induction motor with an automatic 
centrifugal starter, which is illustrated in Fig. 3, 
above. It is of 20 horse- power, and runs at 
750 revolutions per minute on a three-phase 
50-period 500-volt circuit, and has been designed to 
meet the demand for a motor having a compara- 
tively high starting torque and a relatively small 
starting current. Its characteristics are shown in 
the curve given in Fig. 2, on this page. The 
machine is started like an ordinary squirrel-cage 
motor with star-delta starter, and at a predeter- 
mined speed the rotor is short-circuited by the auto- 
matic centrifugal device which is fixed at one end of 
the shaft, and can be clearly seen in Fig. 2. After 
short-circuiting, the switch is moved over to the 


running position, and the motor runs as an ordinary 


induction motor. In cases where it is desired tw start 
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Fig. 4. Etecrricatty-Driven Pump with Automatic Contro.; THe Pra:nix Dynamo 
Company, Limitep, Braprorp, 
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Fic. 6. 20,000-Vorr Compierety-Enciosep Swircu-Gear ; Messrs. Reyroiie anv Co., 
Lisrrep, Hessurn-on-TYNE. 




















EXHIBITS AT THE ELECTRICAL EXHIBITION, OLYMPIA. 























Fia. 5. Sensitive Damir; Tre Poexrx Dynamo 
Company, Limrrep, Braprorp. 
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Fic. 7. Laster’s Liantina Set; Messrs. R. A. 
Lister anp Co., Limitrep, Dursiey. 


the motor from a distance, the star-delta starter 
can be omitted, but in this case the starting current 
would, of course, be greater. Messrs. Bruce 
Peebles also show a direct-current mining-motor, 
and it is interesting to note that the flame-proof 
features of the commutator are secured by entirely 
enclosing it in a gas-tight box with machined joints. 
This, of course, eliminates ventilation, and neces- 
sitates very liberal rating. The firm also exhibit 
a machine described as a split-pole converter. It 
is intended in the main for stepping down from a 
higher to a lower direct-current voltage. The 
machine has but one commutator, on which there 
are four brushes connected to two independent 
armature circuits, but no details of the actual 
arrangement are available. It is stated to have an 
efficiency of from 5 to 12 per cent. higher than a 
motor generator of similar size. 

On the stand of the Phenix Dynamo Manu- 
facturing Company, Limited, Bradford, the main 
exhibit is a new type of plating dynamo forming 
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part of a motor-generator set. The arrangement 
of the machine is of much interest, and we pro- 
pose to return to it in a later issue. For the 
moment, however, we will confine our atten- 
tion to two of the smaller exhibits. These, 
which are shown in Figs. 4 and 5, on page 421, 
consist of an electrically driven automatic pump 
and a sensitive drill. The pump, which is shown 
in operation at the show, and makes an attractive 
exhibit, is intended for supplying water to country 
houses, mills, &c. It is designed to allow of a supply 
of water being obtained at any time on demand, 
without the use of a reservoir. The main feature 
of novelty of the plant lies in the automatic 
starting-gear, which is operated by means of the 
pressure reached in a cylindrical vessel attached to 
the service pipe. The vessel is shown at the right- 
hand side in ig. 4. When no water is being used, 
the pump runs long enough to raise the pressure in 
this vessel to such a height that, by the operation 
of an internal diaphragm, the motor-switch, which 
is fixed on the top of the vessel, is opened. This 
stops the plant, and the state of affairs continues 
until the using of more water causes the pressure 
to fall; this operates the diaphragm, closes the 
switch, and starts the motor, which runs as long as 
any demand is made on thesupply. This sequence of 
operations may, of course, be repeated indefinitely. 

The electric drill, shown in Fig. 5, will be under- 
stood from the illustration, and requires little de- 
scription. The motor drives a small leather-covered 
wheel, which lies below and in contact with a hori- 
zontal disc, on the drill spindle, the arrangement 
giving a friction drive, which is amply powerful for 
the class of work for which the machine is 
intended, and has the advantage that in case 
too much pressure is put on the feeding lever, 
slipping will take place. This renders the break- 
ing of small drills very unlikely. An additional 
feature of the arrangement is that by moving the 
leather-covered wheel along its spindle it may be 
arranged to make contact with the horizontal disc 
at different radii, so that various drill speeds are 
obtained in a very simple way. An operating lever, 
with stops, is fitted for the control of the position 
of the small wheel. The feeding arrangement and 
other features of the drill are on the usual modern 
lines for this class of tool, and are clearly shown in 
the figure. 

Switch-gear is represented at the show by 
exhibits from most of the important makers, and 
we will refer to it again in future articles, for the 
moment confining ourselves to the gear displayed 
by Messrs. A. Reyrolle and Co., Limited, of 
Sitien-en-Feee. As is well known, Messrs. 
Reyrolle specialise in this class of work, and have 

roduced many original and excellent designs. 

heir most striking exhibit at Olympia is a sample 
of their ironclad completely protected gear designed 
for use on a 20,000-volt circuit. The sample is 
one of some hundred units which Messrs. Reyrolle 
are building for use by the North-East Coast power 
companies. The general lines of this type of gear 
have already been fully described in our columns, 
and it is unnecessary to refer to its features in 
detail, but the design and construction of completely 
enclosed gear for a voltage of 20,000 is a develop- 
ment of such interest that we illustrate the unit in 
Fig. 6 on page 421. We much doubt if any gear 
for such voltage approaching this in the complete- 
ness of its ironclad protection has been constructed 
by any other firm or in any other country. The gear 
is, of course, fairly large, as compared with the 
maker’s other apparatus of similar type but for 
lower voltage, as will be gathered from the illus- 
tration. None the less, those conversant with 
20,000-volt switch-gear will appreciate at once the 
very small space taken wp by the apparatus when it 
is compared with gear of the more usual cellular or 
cubicle type. It must be a matter of satisfaction 
to Messrs. Reyrolle to find that their boldness in 
first developing this type of gear has been so well 
repaid by its success ia practice. There are a 
number of other exhibits on Messrs. Reyrolle’s 
stand, many of them intended for mining work, 
and it is interesting to note how very completely a 
flame-proof type of construction, consonant with 
modern ideas, has been adopted in their design. 
In all cases a system involving long machined 
joints has been followed, no reliance being placed 
on packing. A further exhibit worthy of mention 
is a series of porcelain- handle fuses, arranged 
in such a way that no live metal is exposed 
when the fuses are in position on a_ board. 
Me-srs, Reyrolle’s earlier type of porcelain-handle 





fuse was very well known, and was very exten- 
sively employed. We do not know that there 
is any evidence to show that its use ever led to 
an accident, and in its general lines it was, of 
course, similar to many other makes at present in 
use; none the less, in obedience to the new Home 
Office rules, the newer design has been produced. 
As we said, it has the characteristic that the whole 
of the live metal forming the contacts is shrouded 
with porcelain, so that it is impossible for a man 
either unconsciously or deliberately to get a shock. 

One of the most interesting stands at the Ex- 
hibition from the point of view of the general public, 
and by no means the least interesting from the 

int of view of the engineer, is that occupied by 

essrs. R. A. Lister and Co., Limited, of rsley, 
who show their automatic electric-generating plant. 
The apparatus is intended in the main for country 
house lighting and similar service, and consists of 
& petrol or gas-engine driven dynamo which is 
automatically started up or stop in obedience 
to the demand on the mains. The whole system 
is quite a straightforward and simple one, although 
so novel, and appears to work very well in prac- 
tice; while the apparatus used is of a_ well- 
tried type, and contains nothing of a freak nature. 
The essentials of the gear are shown in the small 
diagram given in Fig. 7, on page 421. It contains, 
as will be seen, in addition to the engine and 
dynamo, a small battery, a starter and relay, and 
the usual main switches and fuses. The battery is 
of small capacity only (about 20 ampere-hours) and 
is in service for a few minutes only at a time. 

The action of the plant is as follows :—When 
there are no lamps switched on and the battery is 
fully charged, the engine is standing and its 
starting -switch is open. n lighting up one 
or two lamps the current is at first supplied by 
the battery. When, however, more lamps are 
switched on, the extra current demanded by the 
lamps causes the relay instrument, which is shown 
by its two coils in the diagram, and is in effect an 
automatic switch, to be put into action. The 
result of this is that the relay closes circuit 
through the dynamo - starting switch, which is 
solenoid-operated. The switch accordingly closes 
and starts up the dynamo as a motor. In order 
that the demand on the battery shall not be too 
great, there is a small tripping device also 
operated by the solenoid starter, which relieves 
the engine compression for a few strokes; this 
trip is then released, and the dynamo begins 
to generate, taking the load, and at the same 
time charging up the battery to full voltage. 
This state of affairs then continues while the load is 
on, the battery meanwhile floating on the line. 
When all lamps are switched off, the disappearance 
of the series current in the two-coil relay causes 
the shunt current to again make its influence felt, 
with the result that the starting-switch opens. If, 
in a comparatively large plant, a very small current 
is called for, such as that demanded by a single 
lamp, some time may elapse before the battery 
voltage falls enough to cause the switching-in of 
the dynamo ; but if the load is persistent enough, 
the series of operations described above will take 

lace, no matter how small the demand. It should 
cs said that the whole apparatus appears to be 
well made and of a workmanlike character, and 
that the examples on view at Olympia operate in a 
very ae way. The engine, together with 
its dynamo and starting-switch, is mounted on a 
channel-iron base-plate, so that the whole forms a 
self-contained and easily portable unit. It is not 
the practice to bolt the bed-plate to its foundations, 
the whole arrangement simply being placed on a 
suitably flat floor without fixing of any kind. 





Acoustic Exxgcrric DiscHarce PHENOMENON.—In the 
Annales de la Soc. Seientif. de » vol.. xxxv., 
page 129, Canon R. de Muynck describes some disc 
phenomena which require elucidation. He stretched a 
platinum wire, 0.25 mm. in thickness, over insulated 
supports 55 cm. apart. The end of the wire was brought 
up to the spark-ball of a battery of four jars, c 
from a Holtz ine. The wire could heated by 
electric currents from another source. When the spark- 

p was too great for a spark to pass, and the wire was 
fot, the wire gave out a musical note, and was observed 
to be subjected to oscillations of considerable amplitude 
—about 1 cm.; the sound was not clear, however, and the 
pitch would vary with temperature changes in the wire 
and also for some other reasons not properly understood. 
The cold wire did not oscillate. uynck suggests that 
the wire is attracted by the sphere, moves towards it, and 
is cooled by the partial discharge and the loss of electricity 
accompanying it; the wire then recedes, and it is attraeted 
again, and thus oscillations are set up. 





NOTES FROM THE NORTH. 
: GtLascow, Wednesday. 

_Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was quite idle, but Cleveland warrants 
were nominally steady with sellers quoting 46s. 74d. cash 
46s. 104d. one month, and 47s. 5d. three months. In the 
afternoon there was again no dealing, and Cleveland 
warrants were unchanged from the morning, except that 
cash sellers quoted 4d. less. On Friday morning the 
market remained idle, and the tone was easier. The 
closing quotations for Cleveland warrants were 46s. 64d. 
cash, 46s. 94d. one month, and 47s. 44d. three months 
sellers. Hematite was quoted at 61s. 94d. cash sellers. The 
afternoon session showed little improvement, and business 
was again ata standstill. Sellers of Cleveland warrants 
quoted $d. up at 46s. 7d. cash, 46s. 10d. one month, and 
47s. 5d. three months, but hematite was the turn easier, 
with cash sellers at 61s. 9d. On Monday the market was 
closed all day, being Glasgow Autumn Holiday. Business 
was resumed on Tuesday ‘oy On the tone was dull. 
The dealing was limited to tons of Cleveland 
warrants at 46s. 5d. and 46s. 54d. cash, and 46s. 94d. one 
month, and at the close sellers quoted 46s. 64d. cash, 
46s. 10d. one month, and 47s. 44d. three months. Weak- 
ness prevailed in the afternoon, when a small business of 
some 3000 tons of Cleveland warrants was put through at 
from 46s. 9d. to 46s. 8d. one month. The session closed 
with sellers at 46s. 54d. cash, 46s. 8d. one month, and 
47s. 34d. three months. When the market opened to-day 
(Wednesday) the tone wasinclined to be easier and the turn- 
over was limited to 2000 tons of Cleveland warrants at from 
46s. = to 46s. 74d. one month. Closing sellers quoted 
46s. 5d. cash, 46s. 8d. one month, and 47s. 2d. three months, 
In the afternoon no dealings of any kind were recorded, 
but Sant quotations for Cleveland warrants were 
nominal] er at 46s. 54d. cash, 46s. 84d. one month, 
and 47s. 3d. three months, The following are the market 
Pag se for makers’ (No. 1) iron:—Clyde and Calder, 

1s.; Gartsherrie, 61s. 6d.; Summerlee, 63s.; Langloan, 
63s. 6d.; and Coltness, 82s. 6d. (all ie at Glasgow) ; 
Glengarnock (at Ardrossan), 63s. ; otts (at Leith), 
62s. 6d. ; and Carron (at Grangemouth), 63s. 6d. 


Scotch Steel Trade. — Steady employment continues 
general in the Scotch steel trade this week, although one 
or two firms report that specifications for ship-plates are 
just a shade easier. This latter condition is principally 
on home account, as shipbuilders have recently n 
taking in large deliveries. The export demand is good, 
and there is also a satisfactory inquiry for some lots of 
renege ee for export. New business, although not 
over plentiful, has improved considerably. Structural 
sections, thin sheets, and light plates are all in excellent 
demand for shipment, and makers of light material are 
all actively employed. 


Malleable-Iron Trade.—The contracts -entered into 
some time ago by malleable-iron makers are the means of 
fairly steady employment at present, but most of these 
were fixed , 4 at the low rate which then prevailed— 
namely, on the basis price of 6/. per ton, less 5 per cent. 
for crown bars. That price still rules, but several pro- 
ducers will not consider any more business at that figure, 
and are commanding from 6/. 2. 6d. to 6/. 5s. per ton. 


Scotch Pig-Iron Trade.—Heavy deliveries of the ordi- 
nary qualities of Scotch pig iron have been general of 
late, and not only have local consumers been fair buyers, 
but the inquiries from the South have also been on a 
large scale. The export trade has been good, and the 
ey outlook points to a continuance of this state, as 

ndia, Australia, Canada, and South America are all in 
the market for supplies. Hematite is in poor demand 
still, but contracts are running away with a lot of material. 

Shipbuilding.—Messrs. Napier and Miller, Limited, 
Old Kilpatrick, have secu an order for an auxiliary 
sailing vessel of about 1400 tons displacement. The 
vessel, which is to be used for surveying, is to be schooner- 

d on four masts. Part of her equipment will include 
trawling gear, of the type used by the biggest Grimsby 
trawlers. The auxiliary power will be a gas-engine.— 
Messrs. Wm. Denny and Brothers, Dumbarton, are 
reported to have received orders to build two triple-screw 
steamers for foreign owners.—The Dundee Shipbuilding 
and Engineering Company, Limited, have contracted to 
build a mail and passenger steamer of 900 tons for 4 
Newfoundland firm. 





ConTracts.—The directors of the Great Northern and 
Great Central Railways West Riding Railway Joint 
Committee have accepted the tender of Messrs. Robert 
McAlpine and Sons, of Glasgow and Westminster, for 
the widening of the line from Nostell Station to Hems- 
worth South Junction.—The British Humboldt Engi- 
neering Company, Limited, have recently received 
another order for a Wetherill magnetic separating plant 
from Messrs. Davis and Soper, London, E.C. These 
separators, for treating weakly magnetic ores, have highly 
concentrated magnetic fields, and are in universal use in 
the treatment of tin wolfram oresin the United Kingdom, 
the colonies, and abroad.—Messrs. Babcock and Wilcox, 
Limited, Oriel House, Farringdon-street, London, E.C., 
have, we understand, secured the contract for the com- 
plete plant for charging the open-hearth furnaces at the 
works of the Monmouthshire Steel and Tin-Plate Com- 
pany, Pontymister. The scheme includes an overhead 
crane and lifting-magnet for discharging the pig-iron and 
scrap from the trucks, as well as two of Messrs. Babcock 
and Wilcox’s new ground-type slewing open-hearth 
charging-machines, together with boxes and al] accessories. 
The whole ment was planned under the super- 
vision of Mr. J. H. Louis, manager of the Pontymuister 
Works, with 4 view to maximum economy, 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

A Word of Warning.—With the shadow of a coal strike 
over all branches of industry there is a particular interest 
in some remarks made by Lord Aberconway (Sir Charles 
McLaren) on Monday at the annual meeting in Sheffield 
of the Sheepbridge Coal and Iron Company, Limited. 
Discussing the position of the Midland trade, and 
after pointing out how it had suffered through increased 
outputs on the North-East Coast, he said that there could 
hardly be a worse time chosen for labour disturbances in 
colliery districts in the Midlands than the present. If 
coalowners were not supported by the men in working 
their coal to the best possible advantage, the colliers 
would suffer in the 1 run, because if by arbitrary 
and unreasonable restrictions the miners prevented 
the owners from working their collieries to the best 
advantage, it would be perfectly impossible to main- 
tain wages at their present rate. Several other 
interesting statements were made at the meeting. 
The position of the company was shown to be a satisfac- 
tory one. The profits had increased by 20,000/. in spite 
of increases in working costs occasioned by the opera- 
tion of the Eight Hours Act and the Workmen’s Com- 
pensation Act. Mr. Frederick Fowler, the chairman, 
was, however, pessimistic about the iron trade. He said 
it was in a very unsatisfactory condition, and he did not 
see much prospect of improvement. 


Engineering Feat.—A very smart piece of work was 
done in Sheffield early on Sunday morning last, when 
the big Midland Railway bridge crossing Princess. street, 
Attercliffe-road, was within 24 minutes removed, and 
replaced by a new one, weighing 200 tons. Heavy 
traffic on the line at this point had necessitated a new 
bridge, and the contract for the steelwork was given to 
the Butterley Iron Company. The new structure, the 
girders of which measure 75 ft. in length, was erected 
on huge wooden trestles and rolled into position as the 
old bridge was pulled out. Mr. Godfrey Wright super- 
vised the work for the Butterley Company. The steel- 
work had been made to the designs of the Midland Rail- 
way Company’s engineer. 

South Yorkshire Coal Trade.—A good deal of incon- 
venience is being caused in the export trade and amongst 
users of steam coal generally by the serious shortage of 
wagons. Collieries are pressed for deliveries on contract, 
and are unable to get fuel away with sufficient rapidity. 
The demand for industrial consumption is still a notable 
feature, and, apprehensive of a cual strike, manufacturers 
continue to accumulate stocks. Prices are firm, with an 
upward tendency. Gas fuel, both for stocking and for 
current requirements, is meeting with a very ready sale, 
and shipments have also increased. Slacks are strongly 
held, and there is a somewhat better appearance about 
coking smalls. The wagon difficulty is also affecting house- 
coal pits, which have had a rush of orders, principally from 
the London merchants, and are many of them only working 
half-time. Best coals are in the greatest demand, and 
are not easy to obtain in any considerable quantities 
Official prices have not been altered, but they have a 
firmer tendency, and an advance in the near future is 
very probable. For additional deliveries on contract 
quantities current prices are being quoted. On_the 
local exchange at the week-end quotations were :—Best 
branch hand-picked, 14s. to 1/s.; best Barnsley Silk- 
stone, 11s. 6d. to 12s. 6d. ; Silkstone, 10s. 6d. to 11s. 6d. ; 
Derbyshire, 8s. 6d. to 9s. 6d.; best nuts, 8s. 6d. 
to 9s. 6d.; small nuts, 8s. to 9s. ; rbyshire best 
brights, 11s. to 12s.; Yorkshire hards, 8s. 3d. to 9s. 3d.; 
a hards, 8s. to 9s.; washed nuts, 7s. 6d. to 
8s. 6d. ; rough slacks, 5s. 3d. to 7s.; seconds, 4s. 3d. to 
5s. 3d.; smalls, 2s. to 3s. 


Iron and Steel.—The position in the pig-iron market 
appears to be more satisfactory, an improvement attri- 
buted in some quarters to low prices of hematites having 
attracted buyers. On the other hand, the producers of 
common irons consider that the better business now 
coming forward in their branch is a justification of their 
policy of keeping up prices. Consumers, having gained 
nothing by waiting, have been obliged to come into the 
market. Both forge and foundry qualities in Lincoln- 
shire and Derbyshire are firm. There isa big consump- 
tion of all kindsof iron. Tungsten is in a better position. 
There is a considerable demand for billets. Prospects in 
finished iron are rather better. The majority of the 
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| NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Extreme quietness still 
| characterises the pig-iron trade. This season of the year 
| usually~sees a deal of briskness, but the present 
| occasion finds buyers very backward, and prospects must 
be regarded as discouraging. Producers of pig iron have 
fairly order-books, but few new contracts are being 
entered into. That there is at the same time still some 
confidence in the future is emphasised by the fact 
that rather higher rates can be obtained on forward 
account than for early delivery. The most disturbing 
element is the general feeling of unrest in the labour 
market. Market quotations for Cleveland pig iron 
are lower than they have been for the past three 
months. No. 3 g.m.b. is offered at 46s. 9d. f.o.b., and 
merchants are rather pressing sales at that re, while 
No. 1, which is still anything but plentiful, is 50s. 9d.; 
No. 4 foundry stands at 46s. 3d.; No. 4 forge, 46s. 14d.; 
and mottled and white iron, each 45s. 10}d.—all for early 
delivery. Any inquiry for delivery ahead elicits quota- 
tions of quite 6d. above these rates. East Coast hematite 
ig keeps —— but steady. The eral market price 
or early delivery of Nos. 1, 2, and 3 is 61s., and business 
has been done over the first half of next year at 61s. 6d. 
Values of foreign ore are moving upward. Market rates 
are now based on 19s. 6d. ex-ship Tees for best Rubio, and 
up to 5s. is named for freights Bilbao-Middlesbrough. 
Oke has also been advanced. Average blast-furnace 
kinds are fully 14s. 9d. delivered here, and come sellers 
now name 15s. 


Manufactured Iron and Steel.—The-various branches of 
the manufactured iron and steel industries present no new 
features of moment. In all departments a lot of work is 
being turned out, many firms have contracts made which 

ill keep them well occupied for some months to come, 
and a fair number of inquiries continue to be made. 
Under these favourable circumstances values tend upward, 
but no quotable advances have as yet been made. Prin- 
cipal market rates stand :—Common iron bars, 7/.; best 
bars, 7/. 7s. 6d.; best best bars, 7/. 15s.; packing-iron, 
51. 15s.; iron ~~ Ae 62. 10s.; iron re" “TY 71.3 
iron s8hip-rivets, 7/. 5s.; iron boiler-plates, 7/. 7s. 6d.; steel 
bars, 62. 5s.; steel pee, 61. 15s,; steel shi les, 
61. 7s. 6d.; steel boiler-plates, 7/. 10s.; steel strip, 6/. 10s. ; 
steel hoops, 6/. 12s. 6d.; steel joists, 6/. 10s.; cast-iron rail- 
way chairs, 3/. 12s. 6d.; light iron rails, 6/. 10s.; heavy 
steel rails, 5/. 12s. 6d.; steel railway sleepers, 6/. 10s.; and 
iron and steel galvanised corrugated sheets, 11/. 5s.— 
sheets less 4 ond cent., railway material net, and all other 
descriptions less 24 per cent. 


Non-Unionist Labour at Cleveland Mines.—The Council 
of the Cleveland Ironstone Miners and Quarrymen’s 
Association have agreed that, failing satisfactory arrange- 
ments being made at Grinkle mines with regard to several 
non-union men employed there, if the men continue to 
refuse to join the association, notices will be tendered by 
members of the association as a protest against the em- 
ployment of those men. A report was presented in con- 
nection with a man at Carlin How, who remained outside 
the association in spite of the fact that every means pos- 
sible had been used to persuade him to join. He was at 
present receiving an advance of 1s. 6d. per week, which 
the association had obtained for him after arbitration 
only recently, but the man declared that nothing would 
induce him to join. It was decided that unless the man 
joined the association notices of the members employed 
at the mine in question will be put in. 








O1L-PROPELLED VESSEL CROossES THE ATLANTIC.—The 
twin-screw vessel Toiler arrived at ifax, N.S., on 
Friday morning last, having safely completed her voyage 
from the Tyne. To Messrs. Swan, Hunter, and Wigham 
Richardson, Limited, thus belongs the credit of building 
the first oil-propelled vessel to cross the Atlantic. About 
eighteen months ago this firm, who, in recent years, have 
built several vessels for Canadian waters, decided to 
jally adapted for service on the 
ey took some little time to con- 
sider the various ty of machinery, and after careful 
investigation decided to adopt Diesel engines. Having 
up to that time not had actual experience in building 


construct a vessel s 
jan canals. 





city’s industries are at present well employed, and 
there is a particularly good appearance about the | 
heavy trades. The various departments of the arma- 
ment firms are on full time, with a good weight of 
both home and foreign orders. An improvement in ship- 
building has brought additional work to the foundries, | 
which are, on the whole, very well occupied, but there is | 
still considerable competition from the Continent in 
castings. The forges are not satisfactorily employed. | 
An encouraging amount of work in respect both of home | 
and foreign orders continues to come to hand in the | 
railway-steel departments. General engineering is im- | 
proving, as is manifested in a growing demand for engi- 
neers’ tools. The hand-tool trade, joiners’ tools, &e., | 
has had a good season in the export and in the home | 
wade. Manufacturers report a varying demand for files, 
out the position is good on the whole. 








Doncaster.—The Hatfield Main Colliery Com 
ne commenced the —— of a new colliery ha to the 
ireat ( entral Railway and about half a mile to the north- 
east of Stainforth and Hatfield station. Two shafts are 
- be sunk, each 22 ft. in diameter, and it is expected 
that the Barnsley seam will be reached at a depth of about 
800 vards, assuming that the dip of the seam is fairly 
tveu between Bentley and ‘Lhorne: . | 





fry 2 as half-a-dozen vessels being built which are to 
be fit i 


| taking up the building of larger Diesel engines. They 
| are at present building in their Neptune Engine Works 


this type of engine themselves, they arranged with the 
Aktiebolaget Diesels Motorer, of Stockholm, to provide 
the engines, which are of the two-cycle, reversible, 
marine type, using crude oil. The Toiler was then built, 
and the Diesel engines fitted on board at the firm’s 
Neptune Works. After completing the vessel, trial trips 
were made in light and Toaded conditions, and in order 
to have actual sea experience the vessel was sent two 
voyages loaded, one to Calais and the other to Boulogne, 
returning to the Tyne light. These voyages sufficed to 
show the reliability of the engines, and the builders had 
no hesitation in loading the Toiler and sending her 
across to Canada. There are at present perhaps as 


ted with Diesel engines of 1000 horse-power or 
more. Messrs. Swan, Hunter, and Wigham Richard- 
son, Limited, however, preferred to experiment with 
the comparatively small power of the Toiler before 


a set of 400-horse-power Diesel engines, and expect 
shortly to be dealing with oil-engines of larger power. 
With the Diesel oil-engines there are, of course, no 
boilers, no coals, and no coal-dust and ashes, and, as 
illustrating the saving in the weight of fuel used, it may 
be mentioned that the Toiler consumes Jess than 2 tons 


NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal trade has been rather inactive, 
but prices have shown little change. Colliery.owners are 
taking a somewhat optimistic view of the future course 
of business, those holding Admiralty contracts being 
encouraged by the fact that the naval authorities have 
taken up a larger number of steamers to load for dépéts. 
The best large steam coal has made 17s to 17s. 6d. per 
ton; secondary qualities have between 15s. 3d. 
and 16s. 9d.; best bunker smalls between 8s. 9d. and 
9s.; and cargo smalls between 6s. 9d. and 7s. 3d. per ton. 
The best ordi household coal has been quoted at 
14s. 6d. to 16s. 6d.; No. 3 Rhondda large between 
17s. and 17s. 6d. ; and smalls between 10s. 3d. and 10s. 6d. 
per ton. No. 2 Rhondda large has made 12s. to 12s. 3d.; 
smalls, 6s. 6d. to 7s. per ton. Foundry coke has realised 
18s. to 20s. 6d.; and furnace ditto, 15s. to 17s. per ton. 
As regards iron ore, Rubio has made 18s. 3d. to 18s. 9d. 
per ton, upon a basis of 50 per cent. of iron, and 
charges, including freight, insurance, &c., to Oardiff or 
Newport. 

Weston-super-Mare.—Mr. E. K. North, C.E., an in- 
spector appointed by the Local Government , has 
held an inquiry at Weston-super-Mare with reference to 
an application made by the local urban district council 
for power to borrow 3405/. for the purchase of 8} acres 
of land situate off ord-road, and — to. be 
acquired for the following [rm om ublic abattoirs ; 
(2) cattle market ; (3) a dépét; (4) refuse - destructor ; 
and (5) workmen’s dwellings. A large number of wit- 
nesses were called to prove the need of new abattoirs— 
which was a salient feature of the application, and the 
only one with which the council intends to proceed at 
present—and subsequently the inspector heard objec- 
tions which were advan to the council’s ese. 
The inspector intimated that he would present his report 
at an early date. 


Cardiff Corporation Water Works.—The revenue of the 
Cardiff Corporation Water Works in the last financial year 
was 73,3051. The loan charges of the year were 54,722/., 
and the working expenses 26,835/., making an aggregate of 
81,5571. There was, accordingly, a er on the year 
of 82532. The loan charges, however, included a repay- 
ment of 10,686/. of capital outlay. The revenue of the 


Corporation electric light works, after deducting loan 
charges, showed a surplus of 909/.; this total did not 
make any provision, however, for depreciation. There 


are now upwards of 2000 consumers on the books. The 
tramways account, after allowing for loan charges, showed 
a net profit of 12,034/.; of this amount 6947/, was appro- 
priated for depreciation, and 5087/. was carried to 
reserve. 
The ‘‘ Amphion.”—The Amphion will have only two 
peller shafts. The reduction from four shafts to two 
ioe been rendered ——_ by the introduction of a 
new type of turbine by the Parsons Company. 





Tue PanamMA CANAL. —The excavation effected upon 
the Panama Canal in August amounted to 2,706,223 cubic 
yards of rock and earth. The corresponding extraction 
for the previous month was 2,510,982 cubic yards. Inthe 
course of August also 149,717 cubic yards of concrete were 
laid, as compared with 129,717 cubic yards in July. 





University or Lonpon, Kine’s Coititece.—It is in- 
tended by the faculty of engin ering of the above College 
to deliver courses of advanced lectures eee the coming 
session. These lectures will comprise the a 
Civil and mechanical engineering: (a) October to 3 
ember, lectures, Thursday, 6 to 7 ge Octo- 
ber 19. Mr. N. F. Mackenzie, Hon M.A., M. Inst. 
C.E. (lately Under-Secretary for Irrigation to the 
Government of India), ‘“ Irrigation.” 1awi and 
design: Thursday, 2 to 5. (b) October to April, lec- 
tures, Tuesday, 6 to 7, commencing October 10. Mr. 
D. A. Symons, M. Inst. C.E., M. I. Mech. E., ‘‘ Water 
Supply and Sewage.” Drawing and design: Tuesday, 
2 to5. (c) January to April, lectures, Thursday, 6 to 7, 
commencing January 11. r. G. A. Burls, M. Inst. 
C.E., ‘‘ Internal - Combustion Engines,” with special 
reference to the Petrol - Engine. wing and design : 
Thursday, 2 to 5; laboratory, Tuesday, 10 to 5. (d) 
January to April, lectures, Tuesday, 6 to 7, commencing 
January 16. ‘‘Steam-Turbines.” Drawing and design : 
Thursday, 2 to 5; laboratory, Tuesday, 10 to 5. 
Electrical engineering : (e) October to December, lec- 
tures, Mondays, 6.30 to 7.30, commencing October 9. 
Mr. W. H. Patchell, vice-president Inst. F.E., M. Inst. 
C.E., member of Pate Inst. Mech. E. “ Electric 
Generating Stations.” Drawing, design, and labora- 
tory: Monday, 10 to 5. (f) Ovtober to December, 
lectures, Fridays, 6.30 to 7.30, commencing October 13. 
Mr. F. Lydall, B.Sc., M. Inst. E.E., ‘‘ Electrical Trac- 
tion, Direct and Alternating-Current.” Drawing, 
design, and laboratory: Friday, 10 to 5. (g) January 
to April, lectures, Mondays, 6.30 to 7.30, commencing 
January 15. Mr. W. H. Patchell, ‘* Application of 
Electric Power to Mines and Heavy Industries.” Draw- 
ing, design, and laboratory: Monday, 10 to 5. (h) 
January to April, lectures, Fridays, 6.30 to 7.30, com- 
mencing January 12, Mr. Wm. Brew, M.I.E.E. (lately 
chief expert assistant to Dublin Corporation Electric 
Supply), “ Electric Lighting.” yxy design, and 
laboratory: Friday, 10 to 5. The fee for each of the 
above lecture courses is 1/. ls, If practical work in the 
drawing-office or laboratories is taken, an additional fee 
of 2/. 2s. will be charged for each course. Further parti- 





of crude oil per day, whilst steam-engines of equal power 
would require a consumption of about 8 or 9 tons of coal. 





ing’s 


culars may be obtained from the secretary, 
College. 
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THE ACCIDENT TO THE NAVY AIRSHIP AT BARROW-IN-FURNESS. 
(For Description, see Page 428.) 
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NOTICES OF MEETINGS. 


Tae Srarrorpsnire IRON AND Sree. Instirvre.—Saturday, 
September 30, at 7.15 p.m., at the Institute, Wolverhampton- 
street, Dudley. The President, Mr. Isaac E. Lester, will deliver 
his presidential address. 

Tue Soctety or ENGINEERS (INCORPORATED).—Monday, October 2, 
at 7.30 p.m., ordinary meeting, at the Institution of Electrical 
Engineers, Victoria Embankment, W.C. (south end of Savoy-street, 
| near Waterloo Bridge). A paper will be read on ‘‘ The Necessity 
| for Safer, Quicker, and Cheaper Railways, with some Proposals 
Therefor,” by Mr. C. Reginald Enock, F.R.G.S. 
| THe Instirvure or Marme Enoinesrs.—Monday, October 2, at 
|8 p.m. Discussion on Mr. KF. Shackleton’s paper on ‘* Modern 
| Developments in British and Continental Oil-Engine Practice.” 
| 1 :—** Notes on Two-Cycle Oil-Engines,” by Mr. F. Duncanson, 
| B.Se. 





Tae Iron AnD Steet InstiTuTe.—Thursday, October 5, at 
10.30 am., at the Institution of Civil Engineers, Great George- 
street, Westminster. Autumn meeting in lieu of the intended 
meeting at Turin, which has been abandoned. If 'y the 
meeting will be resumed in the atternoon. The following is the 
list of papers which have been submitted, a selection of which 
will be read and discussed :—1. ‘‘ Reports on the Iron-Ore Re- 
sources of Italy.” (a) ‘‘Sardinia,” by Ing. L. Testa. (b) ** Brem- 
bana Valley,” by Cav. G. Calvi. (cj ‘Central Italy,” by Ing. a. 
Ciampi. (d) Southern Italy and the Island Dependencies,” by 
Professor G. la Valle. 2. ‘‘On Temperature Influences on Oarbon 
and Iron,” hy Mr. E. Adamson, Sheffield. 3. *‘ On the Mechanical 
Influence of Carbon on Alloys of Iron and Manganese,” by 
Professor J. O. Arnold, Sheffield, and Mr. F. K. Knowles, Shef- 
field. 4. ‘‘On the Autogenous Welding of Metals,” by Dr. 
Francesco Carnevali, Turin. 5. ‘‘On the Application of Electric 
Energy to the Manufacture af Iron and Steel in Italy,” by Cav, 
Ing. Remo Catani, Rome. 6. ‘‘ On the Present State of the 
Metallurgical Industry of Italy,” by Signor Comm. Luigi Dompé 
and Cav. Francesco Saverio Pucci, Milan. 7. ‘* On the Origin of 
the Iron Ores of Swedish Lapland,” by Mr. L. L, Fermor, 
Calcutta. 8. ‘‘On New Industrial Processes for the Cementation 
of Steel,” by Cav. Professor Dr. Frederico Giolitti, Turin. 9%. ‘‘On 
Cementation with Gas under Pressure,” by Professor Dr. F. 
Giolitti and Dr. Francesco Carnevali, Turin. 10. ‘‘On the Trans- 
formation of Steel within the Limits of Temperature Employed 
for Heat Treatment,” by Mr. L. Grenet, Argentevil, France. 11. 
‘* Researches on the Nature of the Phosphates Contained in Basic 
Slag Derived from the Thomas-Gilchrist Dephosphorisation Pro- 
cess,” by Mr. Victor Adolphe Kroll, Luxembourg. 

THE ASSOCIATION OF GINEERS-IN-CHARGE.—Saturday, Octo- 
ber 7. Visit by the President and members to the Marconi Wireless 
Telegraph Company’s works at Chelmsford, leaving Liverpool- 
street Station at 1.55 p.m. 
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SCIENCE AND SOCIOLOGY. 

Firty or sixty years ago, in the enthusiasm 
generated by the discovery that in every depart- 
ment of science whole classes of phenomena could 
be reduced to simple arithmetical laws, there arose 
not a few eloquent advocates of a system of 
philosophy which looked forward to explaining, 
in terms of matter and force, not merely the 
physical aspect of Nature, but also consciousness 
and thought. Materialism of this thoroughgoing 
character has long been abandoned, and though 
the physicist still aims at establishing arithmetical 
relationships between the multitudinous co-variants 
offered to his consideration by the cosmos, the laws 
which apparently govern these inter-connections 
are now, as Sir J. J. Thomson has well put it, held 
to be policies rather than creeds. The system of 
philosophy which seems to-day to be finding much 
acceptance is one in which natural laws are regarded 
as mere matters of habit; volition, in the ultimate, 
being involved, it is held, even in such phenomena 
as the formation or destruction of chemical com- 
pounds, and the varied relationships actually 
observed are thus regarded as being merely the 
statistical average of the results of a practically 
infinite number of elementary wills. Such a con- 
ception is interesting, although it is little likely to 
be of direct use either in laboratory research or in 
practical engineering, although in both departments 
of work, when matters persist in going wrong with 
new apparatus or machinery, there is often every 
excuse for the development of a belief in the innate 
malignity of inanimate objects. At such times the 


29| distressed and distracted experimenter may well be 


ready to grant not merely the endowment of matter 
with mind, but to insist that this has been derived 
from an exclusively diabolical source. 

Incidentally, it may be mentioned, the new philo- 
sophy restores to the term ‘‘ force” much of its 
former significance. The idea undoubtedly origi- 
nated in the consciousness of muscular effort, but 
of late years the word in question has been treated 
largely as merely a convenient name for one side of 
an algebraic equation. 

Whatever view may be taken of the newest philo- 
sophy, many must have been struck with certain 
curious analogies in the behaviour of aggregates 
of molecules and of humanity. The study of both 
is, in the main, a study of statistical averages; but 
whilst in the case of inanimate nature statistical 
| facts have been scientifically studied before formu- 











lating the conclusions which we dub ‘natural 
laws,” there has been, so far, but little attempt to 
“pply the same process to the statistics of society. 
Politicians and social reformers, indeed, appear, in 
general, to start with a ready-made set of opinions, 
and, instead of imitating the physicist, and using 
observations and statistics to check their theoretical 
conclusions, they almost invariably ignore all such 
facts and figures as tend to invalidate their views, 
for which their demand is, support, and not criticism. 
Hence political and social theories are commonly 
creeds rather than policies. It is thus easy to 
understand both the tenacity with which such 
theories are held, and the ions aroused by 
opposition to them. In lode no theory is 
accepted as an adequate working hypothesis unless 
it will account for facts not merely qualita- 
tively, but quantitatively. To quote a recent 
instance, the pressure of light is sufficient, from 
the qualitative standpoint, to account for the 
formation of cometary tails; but. a quantitative 
calculation throws great doubt on its adequacy. 
Politicians and many-sociologists seem, on the other 
hand, quite content to accept without further 
investigation theories which + to them quali- 
tatively sufficient to account for the phenomena 
with which they are concerned. Ardent tempe- 
rance advocates, for example, en on drink as 
a cause of crime, though statistics show that whilst 
drunkenness is frequéntly associated with minor 
breaches of the law, there are large classes of very 
serious crime in which it is in no way concerned. 
This is largely true, even in the case of murder. 

Again, reasoning on what appears to be the fact 
that slum-dwellers are commonly somewhat below 
par, physically and mentally, certain sociologists 
state that slums_render those who live in them defec- 
tive, whereas the investigations of students of 
eugenics seem to point to the conclusion that in 
most cases the ple dwell in the slums because 
they are congenitally either mentally or physically 
inefficient. Obviously a knowledge as to where the 
truth lies in this matter is of the utmost importance 
in considering remedies for the evils of poverty. 
Again, the statement is frequently made-that the 
half-time system in Lancashire dulls the wits of the 
children, and teachers are prepared to come forward 
and testify to this being the case. Actually, however, 
these witnesses have hardly the data on which to 
form an inexpugnable opinion, All they know is that 
certain children, quite smart up to the age of going 
into the mills, suddenly became incapable, after half 
a day's labour, of doing decent work at the school. 
It is quite natural that the half-time system should 
be held responsible for the change, and it is, indeed, 
quite possible that it really is at fault. The ques- 
tion is, however, by no means one to be settled off- 
hand, as there is much independent testimony that 
at the age of from twelve to fourteen many children 
ap to develop stupidity quite apart from the 
conditions of their life. Grodkow in secondary 
schools have assured us that a considerable propor- 
tion of the scholarship children proceeding there 
from the elementary schools prove incapable of 
making. any substantial progress beyond the 
standard already attained. Again, it has been 
stated that if negro and white children are 
educated together, the advantage generally lies 
with the negro until the age of twelve or thirteen 
is reached. If, therefore, these latter statements 
are well founded, it is by no means certain that the 
apparent loss of brightness of many half-time 
children is really due to their labours in the mills. 
Here again is a statistical problem which should be 
studied with the same care and insight as are corre- 
sponding statistics in molecular physics. 

Unfortunately this is, however, not the method 
of the politician or the ordinary run of sociologist. 
A well-known polemist, for instance, has asserted 
that the present system of employing boy labour 
is sapping the mental and physical vigour of the 
nation. Such an assertion is easily made and as 
easily supported by quoting the opinions of this 
and that doctor or school-master, but it can only be 
proved or disproved by a laborious and scientific 
study of statistics which have still, for the most 

to be compiled, and for the accurate analysis 

of which only a very small number of individuals 
have, as yet, the requisite mathematical knowledge. 
Investigations of this kind wil] no doubt be greatly 
forwarded by Professor Karl Pearson’s acceptance 
of the recently-founded Chair of Eugenics. 

The analogy between sociology and molecular 
physics may, however, be pushed somewhat further 
than is involved in the circumstance that both are 
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essentially based on statistics. An equipotential 
system, for instance, is useless for the production 
of useful work, and’certainly there is much reason 
for believing that our conquest of Nature advances 
fastest when there is a considerable concentration 
of wealth in a few capable hands. 

As experience shows, there is much truth in the 
old Lancashire saw that there are but three genera- 
tions from clogs to clogs, so that there is a tendency 
to a dissipation of wealth as there is of available 
energy. Maxwell pointed out many years ago 
that by the assistance of his hypothetical demons, 
able to deal with individual maliodiee ofa that 
is to say, by the mediation of mind—the dissipation 
of available energy could be checked, or, indeed, 
availability could even be created, and mind, having 
fairly free play in human society, no doubt renders 
the increase of social entropy less rapid than it 
otherwise would be; delaying, in some instances for 
generations, the natural dissipation of wealth. 

According to one school of economics, aggrega- 
tions of wealth are produced solely by certain 
human atoms robbing others with which they come 
into contact ; just as the more swiftly-moving mole- 
cules of a gas have acquired their temporary surplus 
of energy by abstraction from the bulk. Cases of 
this no doubt occur, and, if popular report is to be 
credited, the founders of the great American railway 
systems did acquire in this way much of the concen- 
tration of capital essential to their success But 
this accumulation was used to render useful to the 
community at large sources of wealth previously 
quite inaccessible. In fact, most accumulations of 
wealth arise not by such abstractions as are referred 
to above, but by the opening up of new sources of 
supply, a process which increases the affluence of 
the community as a whole, and only a fraction 
of the total increase is ever retained by those 
immediately responsible for the improvement. 

Again, energy which is technically available is 
not always accessible. Indeed, this condition is the 
rule rather than the exception. The solar radia- 
tion, for example, must be a highly available form 
of energy considering the temperature of its source, 
but the only methods yet devised for the practical 
utilisation of it involve a destruction of the greater 
part of its original availability. The energy though 
available is for the present, at any rate, largely 
inaccessible. Similarly, there ara vast stores of 
potential wealth as yet inaccessible, and which 
will, if past experience is to be repeated, become so 
only by the agency of a relatively few able and enter- 
prising individuals controlling more than an average 
share of wealth already existing. It may be contended 
that the concentration of capital necessary for such 
operations might well be provided on a co-opera- 
tive system by the State, or by the municipality ; 
but experience shows that in such case the return, 
or the ‘‘yield,” as the chemists say, is commonly very 

r. Inthe main this arises because the origin of 
wealth lies neither in labour nor in capital, acting 
either alone or conjointly. Many tens of thousands 
of pounds and prodigious labour have from time to 
time been expended in —- to produce 
perpetual motion machines, but the result has been 
a dissipation and not an increase of wealth. Mate- 
rialism is, in fact, as unsatisfactory in economics as 
in philosophy, and the production of wealth requires 
the intervention of mind as well as of brute force 
and matter, to which some economists alone appear 
to make appeal. Of course, the term ‘‘ labour” 
may be used with a very wide signification, in which 
it would include the work of a Charles Dickens or a 
Cecil Rhodes, as well as that of the highly-useful 
individual who puts in long hours wheeling pig 
iron at a blast-furnace. Actually, however, the 
two have no common denominator, but are different 
in kind, and should be separately classified. When 
a street-corner orator tells his audience that their 
labour is solely responsible for such wealth as they 
see around them, his statement only fails to appear 
grotesque to his hearers because certain writers 
have lumped together in the common term ‘‘ labour” 
the operations of both mind and muscle. 

The inapplicability of co-operative methods to 
the development of really noteworthy advances in 
the mechanical arts is well illustrated ie the recent 
history of aerial navigation. Various governments 
have expended very large sums for its development, 
and have done this, moreover, under so-called expert 
advice, yet the net return for this wastage of 
capital has been trivial. All the real advances have, 
in fact, been made by independent workers, mainly 
of a type which would never rise to a position of 


power and responsibility under the eonditiens which 





almost of necessity govern promotion in public 
departments. The reason is not far to seek. The 
regulations as to advancement in such departments 
are necessarily laid down to suit the case of the 
average man, who may be both industrious and 
intelligent, but who never engineers a new departure 
or inaugurates anovelidea. According to Professor 
Ostwald, university education in Germany is now 
regulated on similar lines, and, as a consequence, he 
remarks that had Kelvin or Leibnitz had the mis- 
fortune to be born in this generation, their early 
development would have been of no avail, and they 
would still be sitting on school-benches at an age 
when, in their lives as they actually lived them, they 
had already gained prominent positions in science. 
Men of their class often develop remarkably early. 
Newton, for example, had invented the calculus, 
arrived at the theory of gravitation, and analysed 
light before he was twenty-five years old, and 
men of exceptional practical ability are commonly 
equally precocious—Bessemer being a noteworthy 
example. In public departments it is, however, 
uite impracticable to promote a genius of twenty- 
five into a 
of fairly able men of forty or fifty, and thus it is 
that no Government railway, no State telegraph 
service, or Government factory has ever been re- 
sponsible for any really notable advance in trans- 
portation, telegraphy, or methods of manufacture. 








LABOUR IN 1910. 

THERE is no doubt that when the history of the 
resent year is written the record will be one which, 
if it does not surpass previous records in labour 
troubles, will at any rate stand very high, and will, 
it is hoped, be unapproached for a long time to come. 
We, however, anticipate somewhat, its record not 
yet being complete. The record of 1910, how- 
ever, is known, and although it will fall short of 
1911, yet it stands as one in which labour dis- 
utes wasted an enormous amount of time, and 
eft a feeling of unrest that may take years really 
to pacify. The record of that year has now been 
published by the Labour Department of the Board 
of Trade, and can be studied by anyone suftliciently 
interested in the subject, and from this source 
figures may be derived and comparisons made 
with previous years. The publication containing 
these figures is prefaced by an introductory note 
by Sir George R. Askwith, who has rendered such 
good service of late in the settlement of industrial 
disputes, and who has earned the thanks of the 
community, and a knighthood, on this account. 

As before stated, 1910 was marked by consider- 
able industrial disturbances, and the number of 
workpeople involved in disputes commencing during 
the year amounted to 515,165, which was a greater 
number than in any year since 1893, when it was 
634,301. The aggregate number of working days 
lost appears at first sight almost appalling, amount- 
ing as it did to 9,894,831 ; and, indeed, it has only 
been exceeded on four occasions during the last 
eighteen years—in 1908, with 10.834,189 working 
days lost; in 1898, with 15,289,479 working days 
lost ; in 1897, with 10,345,523 working days lost ; 
and in 1893, with 30,467,765 working days 
lost. These figures, however, do not convey to 
the mind what they might do, for their very 
magnitude is confusing. Put rather differently, 
the working days lost in 1910 represent the labour 
of one man toiling nine hours a day for nearly 
13,000 years. We all of us have some sort of 
an idea of the amount of work an average work- 
man employed at any trade—brick-laying, car- 
pentering, moulding, painting, or what not—-will 
perform in a day, and can therefore to some extent 
understand how much the world is poorer by these 
labour troubles. The high figures for 1910 were 
due to great disputes in the coal trade of Northum- 
berland, Durham, and South Wales, in the ship- 
building industry in the North of England and in 
Scotland, and in the cotton-spinning industry of 
Lancashire and Cheshire. As many as 265,100 
workpeople were affected by these disputes alone, 
the loss of time caused thereby being over 6} mil- 
lion working days ; and this was not all, for it takes 
no account of the effect on other industries, which 
was no doubt considerable. 

Of all the workpeople directly affected by 
disputes in 1910, as many as 30 per cent. were 
involved in disputes connected with the employ- 
ment of particular classes of persons, while 24 per 
cent, were disputes as to hours of labour, both 
of these percentages being particularly high. 
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What is usually the most frequent cause of dis- 
putes—the question of wages—involved, in the 
year 1910, only 20 per cent. of the workpeople 
directly affected by disputes. Compromises were 
arranged for about two-thirds of the total number 
of workpeople directly affected in all disputes, 
and a few disputes still remain unsettled. In 
the remainder, about half the workpeople were 
successful and half unsuccessful. Methods of con- 
ciliation and arbitration, as in other recent years, 
were extensively used in the settlement and pre- 
vention of labour disputes. The number of work- 
people directly involved in disputes settled by such 
means during the year in question was the highest 
recorded in the decennial period for which statistics 
are presented in the report. The number of cases 
annually settled by permanent boards of concilia- 
tion, which in previous years had risen to a high 
figure, showed a further increase in 1910. This, 
of course, is very satisfactory in the face of much 
that encourages doubt and despondency, and _ is 
one of the hopeful features of the report, particu- 
larly when viewed in connection with the present 


ear. 
If we study the report more in detail, we find 
that the lead in the amount of time lost in disputes 
was, as it has been for the last sixteen years, still 
maintained by men who labour at mines and 
quarries, and was followed by the men engaged in 
the metal, engineering, and shipbuilding trades, 
who form a good second. The dispute in the ship- 
building industries in the North of England and in 
Scotland caused a loss of 2,850,800 days, and the 
iron and steel manufacture accounted for 160,894 
working days, as compared with 54,555 days in 
1909. A considerable decrease, however, took place 
in other metal trades when compared with the 
previous year. The textile trades stood very high 
in the matter of loss of time during the year ; 
indeed, higher than in any of the other years of the 
decennial period with the exception of 1908. 

Of late years it must have been noticed by all 
who take any interest in the subject, how frequently 
disputes have been caused by a refusal of union 
men to work with non-unionists, and it is a feature 
that must cause grave anxiety, for it indicates an 
utterly selfish outiook on the part of the unionists, 
which, if not checked, can only lead to a form of 
tyranny that will become unendurable. Itis, indeed, 
one of the grave dangers of modern unionists, this 
refusal to grant equal rights of freedom to other men 
that they claim for themselves. If men are allowed 
the right to strike when they think it is to their 
advantage to do so, they should also have the right 
to work if they so wish, and any interference with 
this right on the part of unionists amounts to 
gross tyranny, and should be sternly suppressed 
by law. It is, however, if we judge by the report, 
undoubtedly certain that this interference with 
the rights of non-unionists has of late caused 
more disputes than was at one time the case. In 
fact, it is not so very long ago that trouble on this 
account was, if not altogether unknown, at any rate 
very rare. The number of disputes in 1910 arising 
from this cause and from other questions of trade- 
union principle was higher than in the two pre- 
ceding years, and the number of men involved was 
also considerably greater than the average of the 
nine preceding years. In 1910 as many as 32,777 
workpeople were involved in these disputes, and of 
these, 28,950, or 80 per cent., were engaged in the 
coal-mining industry, 20,726 of them being em- 
ployed in South Wales and Monmouthshire. That 
these figures for that part of the country, and for 
the industry named, are high does not surprise us, 
becauseit has for long been evident that the unionists 
of the mining population have been to the front in the 
unjust endeavours to coerce all men to see as they 
do themselves or make them suffer the consequences 
of their independence. Their shibboleth is member- 
ship of the South Wales Miners’ Federation, and 
they would have all who do not believe with them 
made outcasts. 

In cases where demands for increased wages 
caused disputes it is worthy of note that only 
10 per cent. of the workpeople obtained complete 
success. On the other hand, there were compro- 
mises, representing some advances in wages. These 
compromises were arranged by 74 per cent. of the 
workpeople, while some 14 per cent. failed to obtain 
any success. In disputes arising out of resistance to 
proposed reductions in wages compromises were 
arranged by 84 percent. of the workpeople directly 
involved, while 10 per cent. were successful, and 
about 5 per cent. were unsuccessfnl; Where the 
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hours of labour were concerned, the great majority 
of the workpeople were involved in disputes in con- 
nection with the rearrangement of hours under 
the Coal Mines Act, 1908, in which amicable 
settlements were effected between the workpeople 
at a great number of the collieries involved. In 
disputes on trade-union principles the great majority 
of the strikes were successful, but in a number 
of cases the disputes were between one body of 
work people and another, and not between employers 
and workpeople. Inall other classes of disputes the 
balance of success was, on the whole, against the 
workpeople, who were completely successful as 
regards 32 per cent. of their number, while 49 per 
cent. were unsuccessful, and 19 per cent. resulted in 
compromises. Taking all the disputes of the year 
together, only 16.3 per cent. of the workpeople 
directly involved were completely successful in 
attaining their object ; and this proportion would 
be materially reduced if disputes concerning the 
employment of non-unionists (which do not usually 
concern the employers to the same extent as 
other disputes) were excluded. The workpeople 
who were unsuccessful were 13.6 per cent., and 
those who effected compromises amounted to 69.5 
per cent. Some few workpeople are still involved 
in disputes yet in progress. Tables given in the 
report show that the proportion of workpeople 
effecting compromises was higher than the pro- 
portion of those who were completely successful 
or unsuccessful in four of the eight groups of 
trades—namely, building, mining and quarrying, 
metal, engineering and shipbuilding, textile, 
clothing, transport, miscellaneous trades, and 
employees of local authorities. In these occu- 
pations, with the exception of textiles, transport, 
miscellaneous, and employees of local authorities, 
the proportion of workpeople completely successful 
was higher than of those of unsuccessful. It has, 
however, to be borne in mind that, in the successful 
disputes, questions of refusal to work with non- 
unionists are included, which, as already stated, 
are more frequently between two bodies of the 
workpeople than between workpeople and em- 
ployers. In other occupations the results were in 
some cases evenly divided between employers and 
workpeople, whilst in others the balance of success 
favoured the employers. 

Coming now to conciliation and arbitration, those 
most important elements in labour disputes, which 
have been particularly to the front of late years, we 
find that of the 531 disputes which began in 1910, 
58 of these, involving 171,773 workpeople, or 44.6 
per cent. of the total directly involved in all the 
disputes of the year, were brought to an end by 
conciliation, by which is meant the mediation of a 
third party or board, or by reference to arbitration. 
In some of these, however, a settlement was not 
arrived at till 1911. Disputes which began previous 
to 1910arenotincluded. The number of a le 
directly involved in such settlements was higher 
than in any year previously tiil 1901, which fact 
was largely due to disputes in the cotton and ship- 
building trades, which involved over 137,000 work- 
pore. Conciliatory methods of settling disputes 

ave been, during the last ten years, adopted more 
frequently in the mining and quarrying industries 
than in any other of the trades we have mentioned, 
for out of 414 disputes, directly involving 484,960 
workpeople, settled by conciliation or arbitration 
during the period 1901-10, as many as 124, directly 
involving 143,516 workpeople, occurred in these 
industries. The number of disputes settled by 
conciliation im 1910 was only one short of 
that recorded in each of the two previous 
years, while the number of workpeople involved 
was the highest in the period under review. 

Arrangements are now in existence between em- 
ployers and workpeople for the settlement of 
disputes by conciliatory means which do not quite 
fall within the description of what is usually under- 
stood by conciliation boards. Such arrangements 
exist in the cotton, engineering, and shipbuilding 
trades, and there is, of course, the railway con- 
ciliation board. In the cotton-spinning industry 
the means of settling disputes is through the 
Brooklands Agreement, which provides for the re- 
ference of disputes over a large part of Lancashire 
and the adjoining counties. In the engineering 
trades it is what is known as the ‘‘ Terms of Settle- 
ment,” which provides for local and central con- 
ferences to discuss disputed questions, while in the 
shipbuilding industry an agreement covering all 


—. was signed in March, 1909, and revised in 

We have, of course, in the above only been able 
to give an outline of what is contained in the 
report, but on the whole, although it may not be 
regarded as cheerful reading, the report contains 
much that is encouraging, and points to the fact 
that conciliation is what must in the future be 
looked to as the best means we, at present, have 
of extending industrial peace. If, however, there 
is to be any real confidence in the efficacy of con- 
ciliation and arbitration boards, their decisions must 
be adhered to on each side with the strictest honour. 





GERMANY AND THE IRON ORES OF 
MOROCCO. 

GERMANY's apprehensions as to her future supply 
of iron ore have frequently found expression, and 
have also resulted in the uirement of iron-ore 
deposits in foreign lands. In fact, the Morocco 
affair, which has now for several months engaged 
the attention of the world, rested, to a great extent, 
according to some influential German journals, on 
a question of iron ore, and the Government was 
vehemently urged not to sacrifice Germany’s 
vital interests. Interesting statistics have been 
compiled, and the matter is altogether engrossing 
public attention. 

Germany, says the leading paper, Frankfurter 
Zeitung, uses foreign iron to such an extent that 
no less than one-third of the German iron produc- 
tion is of foreign origin. Still it would be erroneous 
to conclude from this fact that Germany is depen- 
dent upon imported ore. On the contrary, Germany 
is by far the richest country in iron ore in Europe, 
and could supply her industry with raw material 
for many years. Still the import which, from 
geographical, technical, or purely economic reasons, 
is taking place cannot be stopped without very 
serious consequences, and it is therefore necessary 
to provide that Germany shall not be in a worse 

ition in the future than she is to-day in the 
international competition. 

The Morocco iron-ore deposits, compared with 
the German, are of but small importance, as far as 
quantity goes, but the export from these deposits, 
all the same, plays a very important as a 
regulator in the European iron-ore market. For 
the future we principally have to look to Spain, 
North Africa, and Seeded as iron-ore exporting 
countries. As Spain’s export of iron ore must 
decrease, on account of the exhaustion of her ore 
deposits, and as Sweden’s exports are regulated 
and limited by the large iron-ore companies’ com- 
pact with the Swedish State, only the African 
export remains as an uncertain, yet highly im- 
portant, factor. Morocco alone offers the mutually 
sens ore-consuming countries—Germany and 
England—an opportunity of acquiring iron ore, 
which is cudubale insufficient to cover their import 
requirements of iron ore, but which yet plays an 
important part in the regulation of prices. The 
keener the competition between Germany and 
England becomes in the matter of securing Spanish 
and Swedish ore, the better the two exporting coun- 
tries are in a position to make capital out of this 
situation by raising the prices. But were Germany 
in possession of Morocco iron-ore deposits, which 
can compete fully with the Rubio and Gellivara 
ores, then Germany, by an increased import of 
Morocco ore, would be able to meet excessive 
demands, and again bring back the market to a 
normal position. 

England’s acquirement of, or control of, Morocco’s 
iron-ore deposits would, of course, have an entirely 
opposite effect ; but worst of all for Germany 
would be a French control of the Morocco iron-ore 
deposits. It would be possible then for the 
Swedish, the Spanish, and the French owners of 
mines to form a ring for the purpose of forcing 
up prices, and in a period of great activity a 
position of much unpleasantness might arise both 
for Germany and England. Hence Germany’s 
desire to obtain control of the Morocco iron-ore 
deposits. 

Another German journal, specially devoted to the 
interests of the iron works, voices the same view in 
a still more decisive manner, giving at the same 
time some interesting particulars bearing upon the 
question. The iron-ore deposits of Morocco are 
described as immense, unlikely to be exhausted for 
centuries, and a source for the most important raw 
material of the German industry. The age is more 





workers, except labourers in the shipyards of the 
members of the Shipbuilding Employers’ Federa- 








and more becoming an age of iron, and Germany 





is taking a leading part in the transformation. 
Germany, which now boasts the second 
among the countries of the world which produce 
iron, the United States occupying the first place 
and Great Britain the thine, has about tripled 
its production of pig iron during the last twenty 
ears. The consumption of pig iron per inha- 

itant in Germany is now about 190 kg., against 
barely 140 kg. ten years ago. In the year 1909 
Germany imported iron ore amounting in value to 
126,600,000 marks, whilst in 1902 the value of 
foreign iron ore imported into Germany did not 
amount to even half that amount—viz., 60,000,000 
marks. The figures of 1909, when the reaction after 
the boom of 1907 had set in, were even con- 
siderably surpassed in the year 1910, when foreign 
iron ore was imported into Germany to the vast 
amount of 162,000,000 marks. Of the imports 
of 1909, ore for an aggregate of 89,000,000 marks 
came from Sweden and Spain, 50,000,000 marks from 
the former and 39,000,000 marks from the latter 
country. The imports from France amounted to 
8,000,000 marks, those from European Russia to 
6,000,000 marks, from Asiatic Russia to 5,000,000 
marks, from Algiers to 4,000,000 marks, and the 
rest from different countries. 

The estimates of the world’s wealth of iron ore 
are, as is well-known, of a somewhat problematical 
nature, but with Europe’s present immense con- 
sumption, the exhaustion of the existing or pre- 
sently known deposits of iron ore cannot by any 
means be looked upon as a mere apprehensive 
fancy. The following official figures about Ger- 
many’s production and consumption of iron ore for 
the years 1900-1908 tell their own tale :— 

Quantity of Iron 


Production of 
om Gen. Ore Smelted 

wn. 

Tons. Tons. 
1900 18,964, 300 24,291,800 
1901 16,570,200 22, 162, 900 
1902 17,963,600 23,725,700 
1903 21,230,700 27,942,400 
1904 22.047,400 28,033, 500 
1905 33,444, 100 30,417,000 
1906 26,734,600 34,704, 900 
1907 x 27,697,100 38, 930, 400 
1908 24,278,200 33,037,400 


Under the existing conditions of iron-ore con- 
sumption and iron-ore supply there is only one 
course open for Germany, says the paper in ques- 
tion. The open door in Morocco—that is, free access 
to the country’s iron mines, with every possible 
political and industrial increase of German influence 
in Morocco. Various compensations have been sug- 
gested, but’ the journal in question cannot imagine 
any SS Sere which could warrant the giving 
up of Morocco’s iron-ore deposits in view of the 
German iron industry. Germany’s present wealth, 
as well as her political power, rests for the greatest 
part on her iron industry, and it is urged that 
this industry must insist upon the German Govern- 
ment and nation showing no weakness in. this 
matter. 

Sweden is also watching the development of this 
question with much interest, but the German views 
as to the importance of the Morocco iron ore are 
there considered somewhat exaggerated. Noteven 
if the Morocco mines were owned and exploited by. 
Germans would the Morocco iron ore be able to 
replace Swedish iron ore, the former bein r in 
phosphorus and unsuitable for those works which 
are now based upon Swedish ore rich in phosphorus. 
On the other hand, the Morocco iron ore can very 
well be used as a substitute for the Rubio ore, and 
it would no doubt be a serious matter for England 
should Germany secure the control of the Morocco 
mines, which otherwise seem destined to become a 
substitute for the rapidly decreasing Bilbao ore. 
It will, however, in any case take some consider- 
able time before the Morocco mines can be worked 
on a more extensive scale, and before the railway 
connection with the coast can be established. The 
exports from Morocco may not go much further 
than to make up for the shortage in Bilbao ore. 

As far as Sweden is concerned, it must also be 
remembered that she no longer relies upon Europe 
alone for her market ; America is already buyin 
Swedish iron ore on a fairly extensive scale, an 
will probably become a large consumer. 








ACCIDENTS WITH EXPLOSIVES. 
Tue number and variety of substances, mixtures, 
and compounds manufactured and classed under the 
heading of “explosives” is verylarge. It ranges from 





toy fireworks to explosives of the most powerful 
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description. There is always a certain element of 
danger in handling and using explosives, though 
with some of the manufactures classed as such the 
word ‘‘danger” may be too strong. It is, however, 
advisable always to act, in all cases, with the pru- 
dence engendered by the belief that a dangerous 
substance is being dealt with. No liberties should 
be taken, and familiarity must not be allowed to 
lessen the care and precautions. This is too often 
the case, though no accident may result from thus 
tempting providence. 

Prominent among the causes or contributory 
causes of accidents with explosives, is the ramming 
or stemming of the charge. This operation is always 
attended by some risk, and it cannot be too strongly 
insisted that it should be effected with the least 
possible exercise of force. Important precautions 
are the prevention of the use of drills that have 
become worn, and care to secure that the diameter 
of the cartridges admits of sufficient clearance in 
the hole, even if the drills are worn. A suggestion 
has been made to various manufacturers by the 
inspecting officers under the Explosives Act that 
the diameter of cartridges should be standardised, 
and all made to fixed ‘‘over-all” diameters. At 
present some diversity of practice obtains, some 
makers taking a 1-in. cartridge to be one which 
has been put through a l1-in. die, whilst others 
make an allowance for the paper wrappers. Other 
essential precautions are to avoid inserting several 
cartridges at the same time, the use only of wooden 
rammers, and the thorough softening of all nitro- 
glycerine explosives before use. he greatest 
element of danger, however, is the application of 
undue force. 

The majority of accidents with explosives due to 
‘‘ramming,” &c., boring into unexploded charges, 
and striking unexploded charges into débris, in the 
case of explosives containing over 10 per cent. of 
nitro-glycerine, occur in the first three months of 
the year. Very few indeed oceur in the summer, 
and the number increases again as the weather 

rows colder. Most of this class of accidents may 
attributed to the use of frozen explosive. There- 
fore it is most desirable that users of these explo- 
sives should establish a regular practice of using a 
warming-pan during winter and spring. This con- 
stitutes undoubtedly a very important, and we might 
say essential, precaution. Explosives which have 
become hardened, owing to the solidification of the 
nitro-glycerine, exhibit less tendency to freeze than 
those which have once been frozen and subsequently 
thawed. 

The report of His Majesty’s Inspectors of Explo- 
sives for the year ended December 31, 1910, shows 
that 450 accidents were reported in that period, 
causing the death of 66 and injury to 442 persons. 
All. mining accidents from explosives are now 
reported by His Majesty’s Inspector of Mines, 
though prior to 1900 such accidents were not 
reported except where the circumstances called for 
investigation by, or were likely to afford useful 
information to, the err of explosives. 

Over 91 per cent. of the accidents reported for 
the year 1910 resulting in death or personal injury, 
occurred in the use of explosives under conditions 
to which the controlling provisions of the Explosives 
Act, 1875, do not apply. 

The Act applies to the manufacture, storage, and 
conveyance of explosives, and accidents in their use 
are olen reported unless causing personal injury. 
The accidents recorded were 65 in manufacture, 
11 in keeping or storage, and 374 in use and mis- 
cellaneous causes, the latter category being that 
to which the controlling provisions of the Explo- 
sives Act are not intended to apply, and it is in 
connection with these accidents that a perusal of 
the report, and appendix referring thereto, is likely 
te be especially profitable to those engaged in works 
where explosives are used. This appendix consists 
of a table stating the date of each accident, nature 
of explosive, where the accident occurred, and the 
circumstances cf the accident sc far as ascertained, 
and the number of persons killed or injured. From 
a study of the notes relating to the circumstances 
of the accidents, many useful hints as to the precau- 
tions to be taken, and the way in which accidents 
are apt to occur, and consequently of methods to 
be avoided, may be obtained. 

The inspectors make a practice of studying as 
many accidents as — arising from the use of 
explosives, and of drawing the attention of those 
concerned to measures for their prevention which 
may suggest themselves, though they have no 
power to enforce such suggestions. The report is 








accompanied by tables showing the number and 
nature of the accidents caused a each description 
of explosives, and from these the explosives most 
liable to accident from any given cause may be 
ascertained. 

We have not space to comment on the numerous 
other causes, or contributory causes, of accidents 
with explosives, or on the various safeguards and 
precautions that may be adopted. As instancing 
the need of rigid routine and extreme caution 
necessary in all such matters, an accident, reported 
by Dr. H. E. Miller, of San Francisco, which 
occurred at Pinole in October, 1910, may, however, 
be mentioned. It appears that an employee at 
the powder works lighted a cigar, and an explosion 
ensued. His finger and thumb were stripped of 
flesh to the bone, and there seems to be no doubt 
that the explosion was due to an accumulation of 
nitro-glycerine under his tinger-nails. 





NOTES. 


THe German Navy ProcRamMe. 


Att the warships provided for in the current 
year’s navy programme by the German Govern- 
ment have now been ordered, and in several cases 
considerable progress has been made in the pro- 
vision of material. In the case of the British 
programme, on the other hand, none of the capital 
ships or cruisers have been arranged for, and only 
a few of the destroyers have been given out to 
contract. It is not expected that any material 
progress will be made with our battleships until 
the beginning of the year. German shipbuilders 
have recently shown that they can complete a 
battleship in about twenty-seven months, and in 
only exceptional cases are our battleships finished 
in a less period, so that the German vessels of this 
year’s programme are likely to be ready sooner 
than the vessels of the British programme. No 

articulars are available regarding the German 

ttleships, but it is pretty certain that they will 
be larger, and will carry heavier guns than the 12-in. 
type. One battleship, ‘‘S,” to be built at the 
Imperial Yard at Wilhelmshaven, will be fitted with 
Parsons turbines built by the Imperial Yard. One 
battleship, Ersatz Kaiser Friedrich Wilhelm, is to 
be constructed at the Vulkan Yard, Hamburg, and 
will have Vulkan A.E.G. turbines built at Ham- 
burg. The third battleship, Krsatz Weissenburg, 
has been ordered from the Weser Yard, and for her 
Weser-Bergmann turbines will be made. One 
battleship cruiser, ‘‘K,” is to be built by Messrs. 
Blohm and Voss, and, like her predecessors, will 
have Parsons turbines also built by them. A 
second-class cruiser, Ersatz Geier, is to be con- 
structed by the Howaldt Werke at Kiel, and the 
Parsons turbines in this case will be built by 
Messrs. Brown Boveri at Mannheim. The second 
cruiser, Ersatz Seeadler, has been ordered from the 
Germania Werft, and is to have Germania-Zoelly 
turbines. Six destroyers are to be built by the 
Germania Werft, with Parsons turbines built by 
Messrs. Brown Boveri at Mannheim, and six by 
the Vulkan Company, with A.E.G.-Curtis tur- 
bines, It is particularly notable that the Schichau- 
Melms and Pfenniger turbines do not appear in 
the list. There is, indeed, an almost complete 
disappearance of the multi-wheel type of turbine 
from the list, which is significant in view of the 
results claimed for earlier installations in the 
German ships. It is interesting to note also that 
one battleship, one battleship cruiser, one scout 
cruiser, and six of the destroyers will have Parsons 
turbines, making up about 280,000 horse-power, or 
58 per cent. of the total. Of the remaining 42 per 
cent. of other types nearly all are of the Parsons 
drum construction, the exception being the six 
destroyers to be built by the Vulcan Company. 


CaUsSE AND EFFECT OF THE AIRSHIP 
ACCIDENT. 


It would be a mistake to attach much importance 
to the accident on Sunday to the naval airship. The 
airship is still, like the aeroplane, in an experimental 
stage, and that built for the Admiralty, although its 
design has been evolved at the Admiralty and War 
Office, with the assistance of the Government Aero- 
nautical Research Committee, must be regarded as a 
great practical experiment, in which the results of 
trial and error, when carefully analysed, must yield 
important lessons. It may be that too much has 
been sought for in the matter of carrying capacity, 
in the praiseworthy aim of excelling in power 





of | if the inspector is not satisfied that the vehicle is 





attack anything yet achieved by any navy; but 
that is only in consonance with British mili- 
tary and naval history. We must lead, and to 
do so we must risk much, and the important 
point is that our risk has so far been only 
financial. The airship had been tested during last 
week as to stability and carrying capacity, accord- 
ing to the terms of the agreement between the 
Admiralty and the builders, whose responsibilities 
were limited, as with all navy ships, to those of 
constructors, and not of designers. On Sunday the 
atmospheric conditions suggested a trial flight, and 
the vessel, in the sole charge of the navy officers, 
was being taken out of its shed when the accident 
happened. The material used for the outer enve- 
lope proved of high resisting quality, only yielding 
where there was abnormal tension. The duralumin, 
cf which the girder work is built up, proved very 
ductile and of great tensile strength against the 
racking stresses set up. The material of which the 
ballonets are made, as supplied through the War 
Department, has all along been a source of uncer- 
tainty and of little accidents, and the facts point 
to the cause of the collapse on Sunday being due 
to the rupture of a gas-bag when the vessel was 
being drawn out of the shed. The adjacent wires 
which form the braces between the horizontal and 
circumferential girders broke, owing to over-strain 
and Jack of support, and the girders next to the 
ruptured ballonet collapsed. The damage was local. 
Fig. 1, on page 424, shows the collapse, this view 
illustrating the airship as it was being dragged back 
to the shed, while Fig. 2 shows the damaged 
portion. The forward and after parts-stood well 
the severe strain, and it will be noted that the 
point of collapse was not coincident with either 
point of suspension of the load carried—the gon- 
dolas containing machinery, &c. Those responsible 
for the work, and particularly Captain Sueter and 
Messrs. Vickers, Limited, are to be sympathised 
with in this set-back to a splendid piece of experi- 
mental engineering work ; but it is satisfactory to 
reflect that neither they nor the Admiralty and 
War Office will be daunted by the untoward event. 
As with all developments in mechanical science, 
misfortune is only regarded as temporary, and is 
but an incentive to further effort. 


GoveRNMENT Perrot Mortor-Lorry 
SuBSIDIEs. 


Particulars have been issued in the course of the 
last few days of a provisional scheme for subsidis- 
ing petrol motor-lorries by the War Department. 
This scheme is to stand until one now pending 
comes into force, under which it is proposed to 
subsidise vehicles built to specifications issued by 
the War Department. The motors covered by the 
present provisional scheme are of the two classes— 
viz., for 3-ton and for 30-cwt. loads. Such vehicles 
will not be enrolled for use at manceuvres, or for 
hire, but for purchase in case of national emergency, 
the subsidy taking the form of an initial payment, 
to which is added an annual sum. The period for 
which the subsidy will remain in force is two years. 
The amount of the initial subsidy is dependent 
on the type of lorry, 121. being paid for live-axle 
lorries, 10/. for chain-driven machines if the chains 
are encased, 8l. if thechainsare open. The annual 
subsidy in all cases is 151. per machine, paid in 
arrear after satisfactory inspection. Only compara- 
tively new machines will, of course, be accepted, the 
earliest date of building being placed at January 1, 
1910. The engines must be of the internal-combus- 
tion type, using petrol, and by preference having 
four cylinders. In the case of the 3-ton class the 
cylinders must have a minimum bore of 44 in., 
and for the 30-cwt. class, 3} in. Two-cylinder 
vehicles may be accepted in the latter class. As 
regards ies, some van and box bodies will be 
accepted, but platform bodies with 1-ft. 8-in. sides 
and ends appear to be most in requisition, the 
platforms to be not less than 11 ft. 6 in. by 5 ft. 6 in. 
for the 3-ton class, and 8 ft. 6 in. by 5 ft. for the 
30-cwt. class. Towing-hooks to special design must 
he fitted. An additional initial subsidy of 10/. will 
be given for a second magneto, preference being 
given to all lorries having high-tension magneto 
ignition. There are ther regulations with regard 
to lamps, housing, &c. The 3-ton class of machine 
is required to make 10 miles per hour fully loaded, 
and the 30-cwt. machine, 12 miles per hour. Inspec- 
tion will be carried out by the War Department 
prior to enrolment, and at six months’ intervals 
subsequently, and the subsidy may be withdrawn 
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THE COLLISION BETWEEN H.M.S. “HAWKE” AND 
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Fic, 1. THe Damacep Bow or H.M.S. ‘‘ Hawke.” Fie. 2. 
none pe yee te ——- — — agp scientific and technical societies all over 
chase will only take place ina case of national |the globe. The Press is particularly invited to 
emergency, notice being given by telegraph or other | provide the committee with onion of » comments 
— Rergesr pgs ng Ag peo cams 3 of heyy | on > pa re ome  ? should appear in ep columns, 
he ow 8 e _machine over 1e | and contributors of papers are reques ) express 
W re at any — pas pe ay | their — on the tentative rules for sectional 
order and with spares. ‘The price paid wi on | procedure before December 1, 1911. We are struck 
a depreciation basis plus a pnnetinn e. Deprecia- | a the very large number of sections and sub-sec- 
aot will be ——- a _ of 73 per 2 a a 1 there will be no fewer than twenty- 
alf year and deduc rom first cost, and to the | four, each with its own executive committee and sec- 
ss = = added a — = to 25 per a rey committee, for which separate rooms will have 
of the amount thus arrived at. In no case, how- | to be found, as well as rs and audiences. Each 
—_ — the amount paid exceed the first cost of | organising ‘abeodinnl comuiiian has its own 
the vehicle. In case of disablement of an enrolled | address somewhere in the United States. There 
vehicle the owner is to notify the War Department, | were only seventeen sections and sub-sections at 
and if he cannot provide another suitable vehicle the London Congress of 1909, and the dreary pro- 
within three months, part of the subsidy nen arg ceedings and poor attendances not rarely suggested 
tional to the unexpired period will be reclaimed. | that contributions had been offered, or asked for, 





A similar return of money will be demanded in case 
of withdrawal before the termination of the agreed 
period. The sale of a vehicle during the period of 
subsidy will naturally be accompanied by similar 


which had far better been left to some local society. 
The first congress was held at Brussels in 1894, 
and deliberated in four sections. At the Vienna 
Congress of 1898 the number of sections had 








risen to twelve. The Berlin Congress of 1903 
was attended by 2533 members, 479 papers were 
presented, and the final reports filled several 
volumes, aggregating 4044 pages. At Rome, 
in 1906, the figures were: 2375 members, 658 
ue 2 papers, 5500 pages; at London, in 1909, 4100 
Chemistry is to assemble next year on September 4, | members, 985 papers, 4173 pages. The London 
1912, at Washington, D.C., under the patronage of | Congress was decidedly overburdened with papers, 
the President of the United States, and to hold its|and the reports were not of a kind to be much 
scientific and business meetings subsequently at | quoted in scientific and technical literature. Excur- 
New York from Friday, September 6, to Friday, | sions and visits to works are not mentioned in the 
September 13. Great preparations are being made | provisional publications for the eighth Congress ; 
for thie Congress, and pamphlets are issued in the | such visits will certainly be arranged for, however, 

nited States to chemical manufacturers, to cham- and it might be advisable to direct attention to 
bers of commerce, to educational institutions, and, | them, though the attendances in the section rooms 
further, to the members of the United States suffer from excursions. The Honorary President 
consular service abroad, as well as to members of the | will be Professor E. W. Morley, the President Mr. 
foreign consular service in the United States. This| William H. Nichols, Sc.D., the Secretary is Dr. 
is in addition, of course, to circular letters sent tothe! Bernhard C. Hesse, of 25, Broad-street, New 
members of previous congresses, and to the in-! York, 


requirements unless the new owner is willing to 
take over the contract. 


INTERNATIONAL CONGRESS OF APPLIED 
CHEMISTRY. 


The eighth International Congress of Applied | 








THE T.-S.S. “OLYMPIC.” 


THE STARBOARD QUARTER OF THE ‘ OLYMPIC.” 


THECOLLISION BETWEEN THE *“ HAWKE” 
AND THE ‘“ OLYMPIC.” 

WE publish above illustrations showing the damage 
suffered respectively by the Hawke and the Olympic 
as the result of the naval vessel ramming the latter as 
she was passing through Cowes Roads last Wednesday 
on her journey to New York. The Olympic, which 
was described very fully in our issue of October 21 


last, is the largest ship in service, — a displace- 
ment of 62,000 tons at load draught, and is = 
ine, 


with two engines and an exhaust-steam tur 
developing collectively some 45,000 horse-power. Her 
over-all length is 882 ft. 9 in., and extreme breadth 
92 ft. The Hawke is a second-class cruiser, of 7350 
tons displacement and 20 knots speed, and was launched 
at Chatham in 1891. 

The Olympic, it is stated, was steaming at about 
15 knots speed, and was overtaken by the other vessel. 
Through some misjudgment on one side or the other, 
the two boats came into collision, the Hawke ramming 
the liner on her starboard quarter at a point about 
90 ft. forward of the rudder post. The damage which 
resulted is well shown in Fig. 2. The triangular gap 
illustrated is about 10 ft. wide at the top and nearly 
20 ft. deep. A smaller hole was also made at the 
water-line. The Olympic was unable to proceed on 
her journey, though she had a full past enger-list, and 
came to anchor, but was taken up to Southampton the 
next day. The Hawke, in spite of the wholesale de- 
struction of her bows, as shown in Fig. 1, was able to 
proceed to Portsmouth under her own steam, where 
an examination in dry dock has, it is stated, shown 
the damage done to be even more serious than might 
be anticipated from our illustration. The stem cast- 
ing, weighing upwards of 20 tons, has entirely dis- 
appeared. From the way that the bow-plates are 
bent over to starboard, it would seem that the blow 
must have been of a glancing character, and this 
doubtless diminished the damage done to the Olympic. 
The latter will be repaired at the works of her builders, 
Messrs. Harland and Wolff, Belfast. 





PersonaL.—Messrs. Parker and H rty advise us 
that, owing to the termination of their lease, their address 





is now 6 and 8, Lime-street-square, E 
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INDUSTRIAL NOTES. 


In spite of the proclamation of a general railway 
strike in Ireland, the trains on all the lines, except 
the Great Western and Southern, were run as usual 
at the end of last week. The state of affairs on each 
of the four lines at the time named was reported as 
follows:—On the Midland Company’s line only a 
small. proportion of the men were on strike and the 
trains ran as usual, On the Dublin and South- 
Eastern the traffic was worked as usual, as the line 
was exempted by the men’s executive from a strike. 
The position on the Great Southern and Western was 
serious and a general sto e was threatened ; and 
on the Great Northern per cent. of the men at 
Dublin and Belfast were on strike, but there was not 
much response in the pe i districts to the call of 
the leaders to cease work, and the trains ran as usual. 
There were grave fears, however, that the strike might 
extend, although there was evidence of dissatisfaction 
with their calves amongst the men. One cause of 
dissatisfaction was said to be that the strike had not 
spread to Great Britain, and in another case pique caused 
friction, the engine-drivers and firemen complaining 
that their society had not been consulted. On Friday 
evening last the Lord Mayor of Dublin issued a warn- 
ing appeal to the men — out to them that if the 
fight continued for a few weeks more it would mean 
the shattering of the hopes of the country in the pro- 

ress that is now so promising, and would result in 
death and privation such as had not been experienced 
for many years. 

In spite of all the efforts of the Amalgamated Society 
of Ratlwa Servants, in spite of the bombastic threats 
of the leaders of that society, the general strike on the 
Irish railways, about which we have heard so much 
of late, has failed. All the vapouring of the leaders has 
ended in what is ing 2 much like a fiasco ; and, naturally, 
when they see how futile their efforts have been to bring 
about a complete stoppage of railway work first in Great 
Britain and then in [reland, their disappointment has 
been bitter, and they have pr wind wens boasting, and 
have in place of it tried to terrify the men with 
threats. The general secretary of the General Railway 
Workers’ Union, speaking at Darlington, said: 
‘* Although we have had a bit of a flutter, I think 
you may well prepare for another one. I advise those 
outside the union to take a tip and come inside before 
something happens which would cause them incon- 
venience.” Such words as these show clearly enough 
what we may expect if the management of the rail- 
ways ever got into the hands of the unions, as 
there will be a great danger of its doing if they are 
‘* recognised” by the companies. At the end of last 
week only 1000 employees of the Great Northern and 
Midland lines were on strike, and all the trains on 
those lines were running as usual. There were also 
signs that those men who went on strike were inclined 
to return to work. 

On Monday there was everywhere evidence of a 
collapse of the strike, and these signs increased as 

ublic indignation grew, and the men at Belfast, 
Dublin, Banagher, and Kilkenny returned to their 
work, or abel that they might doso. As an indica- 
tion that the leaders have lost their power over the 
men, @ meeting held at Drogheda is an example. At 
this meeting a member of the executive of the Amalga- 
mated Society of Railway Servants arrived to address 
the local railway men. He left the town hurriedly, 
however, as only two men are said to have turned up to 
listen to him. The conduct of ‘‘ the irresponsible agita- 
tors” was also strongly condemned at a public meeting 
convened by the Mayor of Clonmel, at. which meetin 
persons of all classes and creeds attended, and pledged 
themselves to give every possible support to the 
railway companies in carrying out their statutory 
obligations ; the Government was called upon to give 
ample protection to the public, to the railway pro- 
perty, and to the railway »mployees. The combination 
of merchants and manufacturers was also called for by 
the Dublin Employers’ Federation to secure the free 
import and export of food and merchandise, for the 
organisation of convoys of supplies, and for the dis- 
missal of every mT? who refuses to work under 
these conditions. It is really quite a cheering feature 
among these pitiful performances that the public has 
been so energetic, and has shown the men that there is 
@ point beyond which it is useless for them to go ; the 
voice of the public, whichever side it takes, must in 
such cases be final. At the tine of going to press it 
does not appear as though the strike would continue 
much longer. 





About 400 boiler-scalers employed on the Tyne 
decided on Saturday last to come out on strike because 
the employers had declined to accede to the demands 
which they had made for increased wages. These 
demands are that chargemen shall be paid 6s. 6d. per 
day instead of 5s. 6d. per day ; tube-cutters, 6s. per 
day instead of 5s. 6d.; chippers, 5s. per day instead of 


the masters that owing to the contract —_ for the 

resent year being cut down to the very lowest figure, 
it was impossible to entertain the idea of an advance. 
The men therefore decided not to resume work until 
their demands had been agreed to. In the Tyne ship- 
repairing industry the boiler-scalers occupy a very 
important place, and it will be interesting to note how 
things develop. 


Trouble occurred at the Dowlais Steel Works last 
week owing to a strike of rail bankmen ; the other 
workmen followed in sympathy, and the blast-fur- 
naces were damped down. There had been unsettle- 
ment — men for some time previous, the 
grievances being that the trade unions were not 
officially recognised, and that all departments had 
not had their claims attended to. The number 
of men thrown idle at the steel works amounted to 
about 2000. The number of men employed at the 
collieries in connection with the steel works is 
about 8000, and all the collieries are more or less 
dependent on the departments of the steel works. 
The strike, however, was fortunately not of long 
duration, for it was announced at a mass meeting of 
the leaders of the men on Friday that an agreement 
had been come to with the general manager which 
provided for the recognition of all unions involved, 
and the raising of the rates of wages of all depart- 
ments to the standard prevailing in other works. 
The amount of these advances is to be arranged 
between the employers and the representatives of the 
men. 








There is again trouble among the Bradford wool- 
combers, or, rather, among the officials of their union, 
which has a membership of about 12,000. The causes 
of the trouble this time appear to be internal differ- 
ences. Since the strike which took place some months 
ago there has been dissatisfaction with the officials. 
The officials have, in consequence, resigned in a body, 
and a ballot for the election of new ones was arranged. 
The retiring officials offer themselves for re-election. 


On Friday last the employees at the works of 
Messrs. J. Parkinson and Son, machine-tool makers, 
Shipley, came out on strike to the number of about 
one hundred. It appears that trouble has existed for 
some time among the members of the Amalgamated 
Society of Engineers employed by the firm on account 
of the employment of another class of men on certain 
work. The firm bad notice given them that unless 
the workmen objected to were withdrawn, the members 
of the Amalgamated Society of Engineers and other 
allied unions would cease work. On the firm refusing 
to grant this request the unionists declined to 
commence work on Friday morning, and pickets were 
placed at various points leading to the works. The 
police being in attendance, however, the peace was 
not broken. 





The great strike in Spain ended last week, and it is 
stated that, on the Thursday, Madrid presented its 
normal aspect, with the exception that there was a 
dearth of cabs, and some of the building yards had 
not commenced work. The country generally appears 
to be settling down. 


According to the 7imes an educational movement 
is to be started in North Staffordshire during the 
coming winter. It will consist of a Miners’ Higher 
Education Association, which will be formed to 
enable lectures to be given in mining districts, not so 
much on technical subjects as in support of general 
culture. At the first lecture, on October 7, at Stoke, 
Mr. Enoch Edwards, M.P., president of the Miners’ 
Federation of Great Britain, will preside, and Pro- 
fessor Turner, of Oxford, will lecture on ‘‘ Comets.” 





On Monday last the loyalty of the railway men 
who stuck to their work on the North-Eastern 
Railway during the late strike was liberally acknow- 
ledged by the com Ever since the termina- 
tion of the strike the directors and officials of the 
company had intended to recognise the services of all 
those men who remained at work or discharged special 
duties for the company. The original intention was 
to pay for all the work done during the strike at the 
rate of time and a half, but at a meeting of the directors 
on Friday last (the first since the dispute was settled) 
a bonus pay-bill ona more liberal basis was sanctioned, 
with the result that about double pay for all the time 
worked has been received by the men. The total 
amount disbursed was just over 20,000U. 





Sunday labour, a decision by which a threatened strike 
has been averted. 





The Swedish lock-out, which has now lasted for more 
than two months, is nearly over, and has in some direc- 
tions betrayed a lack of discipline a employers, 
which was not expected. Not only have a large number 
of unorganised hands been engaged, but also many 
organised men, although accurate statistics are not 
available. Still the Employers’ Union states that of 
late its members have shown all desirable solidarity ; 
although work is progressing in manv places, it is only 
on @ redu scale, with perhaps 25 or 30 per cent. of 
the number of hands employed at the commencement 
of the lock-out, and those 7 unorganised men. 
Of renewed negotiations or mediation there seems no 
question at present. 





The problem of finding labour for the unemployed is 
at present being dealt with in several countries, and 
the Danish Government, for instance, is preparing a 
measure dealing with this question. A draft proposal 
providing for municipal labour bureaux has been sub- 
mitted to various organisations interested in the 
matter, and the opinions voiced in their replies are 
entirely divergent. The Union of Employers and the 
Joint Industrial Representation hold that the only 
satisfactory solution can be attained by means of a 
State institution. The co-operating municipal councils’ 
unions do not consider the time has come for 
labour bureaux in each parish of the country ; they 
pro to commence with the towns, and otherwise 
leave to the different municipalities the establishment 
of labour bureaux. When after a few years it has 
been ascertained how they work, then it will be time 
to consider the question of erecting, compulsorily, 
labour bureaux in each parish. The trade unions, on 
the other hand, maintain that the labour bureaux 
must be attached to the unemployed funds in all trades 
which have such funds, and that any other arrange- 
ment, as far as skilled hands are concerned, will be 
equally detrimental to men and masters alike. For 
hands outside the unemployed funds they recommend 
municipal labour bureaux. 





RuyMNEY VALLEY SEwEeRAGE.—We understand that 
the Rhymney Valley Joint Sewerage Committee has 
decided to promote a Bill in Parliament for the purpose 
of forming a joint board, and constructing a trunk sewer 
for the whole valley, with an outfall into the Bristol 
Channel. Messrs. Wilcox, Raikes, and Reed, and Mr. 
J. 8S. Alford have been retained as engineers, and the 
scheme is estimated to cost about 250,000/. 





THE INSTITUTION OF AUTOMOBILE ENGINEERS:—We 
understand that the proposed change of name of the above 
Institution has now been sanctioned by the Board of 
Trade, and the Institution will in future be known as 
“The Institution of Automobile Engineers,” the word 
‘*Incorporated” being omitted. It is anticipated that 
the new programme for the session 1911-12, which con- 
tains a list of papers on various subjects, will be published 
at an early date. 





UNIVERSITY OF LONDON, BRITISH Musgum, AND VIc- 
TORIA AND ALBERT MousEum Lecturges.—Mr. Banister 
Fletcher, F.R.1.B.A., will commence a course of twenty- 
four University Extension Lectures on ‘‘ Ancient Archi- 
tecture” at the British Museum (by permission of the 
Trustees), on Tuesday, October 3, at 4.30 p.m. Also a 
course of twenty-four lectures on ‘‘ Renaissance Archi- 
tecture” at the Victoria and Albert Museum (by per- 
mission of the Board of Education), on Monday, October 2, 
at 5 p.m. These courses are to be fully illustrated by 
lantern-slides, photographs, diagrams, and models. The 
will, it is hapel, appeal not only to architects, but to all 
lovers of art and the public in general, to whom a know- 
ledge of architecture enhances a hundred-fold the pleasures 
of travel. museums abound in ancient and Renais- 
sance examples, which will be visited and explained by 
the lecturer during the class held at the end oF each dis- 
course. Full particulars may be obtained from Miss 
Gaudet, 120, Cheyne-walk, Chelsea, 8. W. 





WIRELESS TELEGRAPHY AT THE GENERAL Post-OFFICE. 
—The recent erection of two masts on the roof of the 
General Post-Office, St. Martin’s-le-Grand, has no doubt 
attracted the attention of the public. The masts, which 
are 50 ft. high, and stand 240 ft. apart, support a system 
of bare copper wires forming the antenne or aerial of 
a wireless station in connection with the laboratory of 
the G.P.O. Engineering Department. The main purpose 
of this installation is experimental. Developments of 
the theory and practice of wireless communications 
are p ing at a very rapid rate, and in the pro- 
jection of the new stations, as well as in the maintenance 
of existing stations, much work of an experimental 





Under the chairmanship of His Honour Judge 
O’Connor, a court of arbitration recently sat at Glas- 
ow on the subject of the -workers’ demand for 
improved rates of pay. Mr. 
the employers in the Scottish steel-making industry, 
and Mr. A. Henderson, M.P., represented the workers. 





4s. 6d.; small chippers, 4s. 6d. per day instead of 4s.;; The decision of the arbitrators will be announced 
and lads a minimum of 4s. The men belong to the 
Amalgamated Union of Labour. They were told by 


| 


‘ 


officially by the Board of Trade, but it is understood 
that the decision awards time-and-a-half rates for 





pton Clark represented | 


nature has to be carried out. It has often been neces- 
sary in the past, when traffic conditions would permit, 
| to convert temporarily a commercial station into & 
| laboratory or test-room for experimental purposes. e 
wireless equipment referred to will allow experimental 
work to be undertaken more easily and more economically 
' than heretofore, and will also enable new devices, whic 
inventors submit to the Postmaster-General for trial, to 
be placed under closer observation than formerly, and 
to be tested under practical conditions. 
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A SCHOOL OF FORESTRY. 


Ix 1904 the Commissioners of Woods and Forests 
started a school of forestry on a small scale in the 
Forest of Dean, where a small number of men are 
trained each year to be foresters or woodmen. Pre- 
viously to 1 no school was available where working 
men could receive a theoretical and practical trainin 
in forestry. In the neighbourhood of the Forest o 
Dean there are about 24,000 acres of forest affording 
opportunities for the observation of the growth of 
trees under various conditions. 

The admissions to the school at present are limited 
to twelve a year, and the age limit is from twenty to 
twenty-five, save in exceptional cases. No entrance 
examination is in force; the students are selected 
from the applicants for admission, preference being 
given to those who have already worked in woods or 
nurseries and who are well recommended. The 
students work under the same conditions as Crown 
workmen under the orders of the woodman of the 
district in which they are located. As a rule two 
afternoons @ week are spent in the class-room under 
an instructor. The students are paid at the rate 
of 15s. a week, or 2s. 6d. a day, but do not draw 
pay when, owing to bad weather or other reasons, 
no work is done. No guarantee of employment at 
the end of the course is given, but the men are 
assisted when possible to obtain situations. Progress 
is periodically tested by examinations, theoretica and 
practical, and all who acquit themselves satisfactorily 
receive a certificate. The education is given without 
fee, and includes sylviculture, forest protection and 
mensuration, the felling of timber, &c., and elementary 
botany, surveying, arithmetic, and accounts. Atten- 
tion is also given to fencing, hedging, and draining, 
and to rough carpentry and —- No diffi- 
culty, so far, has been found in finding places for 
students after the completion of the course, which is of 
two years duration. ‘Il he number who have received full 
certificates up to June last is forty, all of whom are in 
situations or employment, and all except three con- 
nected with forestry. There are now seventeen men 
at the school, of whom nine will leave this month. 
Only two of these had not been provided for on 
September 1. 

The school buildings are at Parkend, and include a 
dormitory for eight men and a living-room. An insti- 
tute and miniature rifle-range are also provided, under 
separate management, for those students who choose 
to join and pay the subscriptions to these clubs. 
The first-year students are lodged at the school for 
lls. a week, including board, lodging, and wash- 
ing. Subsequently they live in private lodgings, 
which can be got in Parkend for about a similar sum. 
Applications for admission should be made to Mr. 
V. F. Leese, Deputy Surveyor, Whitemead, Parkend, 
near Sydney, Glos., from whom full particulars are 
obtainable. 

Such a school as this appears to be has a most useful 
réle to fill, and its existence and aims ought to be 
more widely known. Anything in a practical way 
that is done in the interests of arboriculture and 
forestry is at the present day not only of great interest, 
but also of immense importance. 








ScHOLARSHIP EXAMINATIONS IN Science, 1912.—The 
Science Examinations to be held in 1912, in connection 
with the Board of Education, for the pur of the award 
of scholarships (see the regulations for Scholarships, 
Exhibitions, &c., in Science. for 1912, and the pro- 
spectus of the competition in 1912 for Sir Joseph 
Whitworth’s Scholarships, &c.) will be based upon the 
syllabuses for the subjects and stages concerned which are 
contained in the 1910-11 volume, except in the case of the 
Stage 2 examinations in those subjects in which the Board 
will hold a general examination. The scholarship exami- 
nations in Stage 2 of these subjects (a list of which is given 
in ace pe lof the Appendix to Circular 776) will be 
identical with the lower examinations of the new scheme, 
and will be based on the revised syllabuses referred to in 
the paragraph. 


SprcraL Typz Destrorer.—H.M.S. Ariel, a to o- 
boat destroyer of the special type included in the 1910-11 
armor and built to the design of Messrs. John I. 
Thornycroft and Co., Limited, was launched at noon on 
Tuesday from their Woolston Works, Southam ton, the 
naming ceremony being performed by Miss Christine 
Noll, a of Engineer-Commander Noll, R.N., 
Engineer verseer for the Admiralty at the Woolston 
Works. The vessel is rather over 250 ft. in length, and 
the propelling machinery consists of a twin set of turbines 
of the Parsons type, designed to give a speed of 29 knots, 
steam being supplied by three oe water-tube boilers 
fired by oil fuel. The armament consists of two 4-in. and 
two 12-ponnder guns, and the vessel also carries two 
torpedo-tubes. The vessel is in an advanced state, the 





turbines, boilers, and armament being already fitted on | th 


board. It will be remembered that a sister-ship to 
H.M.S. Ariel—namely, H.M.S. Acheron—was launched a 
short time ago from the Woolston Works, being the first 
of the six special destroyers ordered in the Admiralty 
orogramme of last year to take the water. This vessel 


LINCOLN WATER WORKS. 


on October 3 and 4, the following brief account o 
Water Wo: 


of the Corporation thirty-six years ago. 
formation of the original company the water used b 

the inhabitants was obtained from wells and from the old 
conduit fountains, which are still in existence, although 
the supply from the spring to the fountains has recently 
been cut off owing to the source being liable to pollution. 
The original company under the Act of 1846 constructed 


Prial Brook at Hartsholme, ab ut 20,000,000 gallons 
being available for the supply of the city. From Harts- 
holme Lake to the pumping-station at Boultham an 
aqueduct 24 miles long was also constructed, with filter- 
beds, engine-house, &c. In the year 1871 the under- 
taking was transferred to the Corporation. Since then 
additions have from time to time been made as the 
demand for water increased, and about the year 1881 an 
additional supply of water was obtained from the ballast- 
pits and the River Witham. The quality of the water 
supplied from all sources was, however, only indifferent, 
and about five Fo ago works were constructed by means 
of which the Witham water could, in times of flood, be 
entirely dispensed with. The filtration works at Boult- 
ham were at the same time brought up to date, and the 
system was made one of the best in the country. A new 
aerating-tank and clear-water reservoir were also con- 
structed. The designing and construction of these 
later works has been in the charge of Mr. Neil 
McKechnie Barron, water engineer to the Corporation 
of Lincoln. 

As the population of the city increased an entirely new 

—< water had to be sought, and in the year 1901 a 
deep-bore well on the water-works ground at Boultham 
into the new red sandstone was commenced, and was 
completed in 1906, its depth being 2200 ft., or greater than 
any other well in the country. Over 1,000,000 gallons per 
day were available, and as regards quantity this was found 
satisfactory. Its quality, however, was unsatisfactory, for 
it contained such a large amount of mineral salts in solu- 
tion as to be unfit for domestic and trade purposes. A 
completely new scheme was then undertaken, which con- 
sisted of bringing water from Elkesley, in the county of 
Nottingham. This water is derived from the pebble 
beds of the new red sandstone, which extend from the 
city of Nottingham in the South to beyond Bawtry in 
the North, covering an area of over 200 square miles. 
The available quantity of water calculated on the three 
| years’ basis is said to be 
gallons per diem. 
The collecting works for Lincoln are situated about 
22 miles from the city, and at oe consist of four bore- 
holes carried to within 30 ft. of the base of the pebble-beds, 
the depth of the boreholes being 570 ft. Their diameter at 
the surface is 36 in.; at a depth of 300 ft. they are 28 in., 
from which point to the bottom the diameter is 20 in. 
They are lined to a depth of 90 ft. with 33-in. lap-welded 
steel tubes, and grouted, and to a further depth of 
80 ft. with 294-in. lap- welded tubes, and grouted. 
Pumping trials were carried out, and showed that 
— umping-levels for different quantities of water were 
as follow:— . 


approximately 30 million 





Quantity of | Natural Rest- Pumping Level 
Water, Gallons| Level of Water of Water Below; Reduction. 





per 24 Hours. | Below Datum. Datum. 
tt. tt. | 
500,000 | 28 48 20 
1,000,000 | 28 64 36 
1,500,000 28 81 53 
} 


' 


The above results were considered satisfactory, particu- 
larly as the quality of the water, as is usually the case 
from this outcrop of pebbles, is excellent, with only from 
7 deg. to 8 deg. of hardness. The quantity and quality 
of the water being satisfactory, the large works for convey- 
ing it to Lincoln were commenced. 

fn addition to the works we have mentioned there have 
been constructed the pumping-station at Elkesley, an 
engineer’s - house and offices, with workmen’s cot 
close to the engine-house ; the rising main, 21 in. in dia- 
— and 22 —_ mn a steel tank at Lincoln, 
with a capacity o' y supported on @& 
brick and stone tower 110 ft. high; the city trunk 
main, and a new reservoir at Bracebridge Heath to the 
south of Lincoln. The scheme for this new water supply 
was adopted by the Corporation on the recommendation 
of Mr. ) tay who, as water-works engineer, was re- 
sponsible both for the design and carrying out of the 
undertaking, the estimated cost of which was 248,000/. 
The contractors for the boreholes and test pumping were 
Messrs. A. C, Potter and Co., Lant-street, Secegh, S.E. 





University or Bristo..—A record of the occupations 
of former engineering students of the University of 
Bristol has been forwarded to us from the Dean. The 
faculty of engineering at this University was formed by 

© amalgamation of the staffs and students of the Mer- 
chant Venturers’ Technical College, and the late Univer- 
sity College, Bristol, so that names of former students 
at these colleges are included in the record. Former 
present whereabouts and occupations to the Dean, so that 
the list may be k 





as since comin’ her trials, and is shortly to be handed 
over to the Admiralty. 


intended to republish it at intervals. 


In view of the inauguration of the new water supply 
for the city of Lincoln and district, which will take co 
e 


wotertaing may prove aontey mao — original ——— 
r mpany was form y Act of Parliament . : : - : 
in the year 1846, the undertaking passing into the hands rapidly, and there is no known furnace which will admit 
revious to the 


a reservoir, having a capacity of 40,000,000 gallons, on the | 


| “SMOKE ABATEMENT.” 
To THE Epitor oF ENGINEERING. 
Sin,— Under the above heading a very interesting paper 
|— before the British Association—appears in your 
issue of the 15th inst. The author states :— 

“It may be necessary to fire up fresh boilers very 





of the smokeless combustion of bituminous coal.” 

| This statement we are prepared to disprove to you or 
| anyone interested in combustion. 

| Weare manufacturing the Betti n boiler for burning 
| pulverised and other coals smokelessly, and we wil! be 
| pleased to demonstrate to Dr. Owens or any other interested 
| party, at any time convenient to themselves, the absolute 
smokelessness of this system. 

As you may be aware, in this system of firing the coal 
is first pulverised in a special mechanical solid-fuel car- 
| burettor, where it is intimately mixed with the proper pro- 
| portion of air, and then burnt at the end of the fuel pipe 
exactly like a flame. One of the special features of 
this atomised-fuel furnace is that it is quite independent 
of the hot brickwork of the furnace for ignition, and is 
therefore smokeless from the commencement of firing. 

Yours faithfully, 
FRAsee® AND CHALMERS, LIMITED. 

3, London Wall-buildings, London, E.C., 

September 21, 1911. 





GrounD AND StakeD Liwz.—An account is given by 
the West of Scotland Agricultural College bulletin of a 
method of slaking burnt lime to produce a powder as 
easily distributable as ground lime, and at less cost. A 
ton of lime shells was slaked with 20 gallons of water, 
being immediately covered with a few inches of earth. 
About twelve hours later it was turned over, and water 
was | em on all lumps remaining unslaked. The lime 
was then put through a 4-in. riddle, and the slaked lime 
thus riddled remained in the form of a very fine powder ; 
if left, however, it becomes sticky. This method is said 
to produce a much finer powder than is obtainable by 
grinding. The cost per ton is given as 13s. 8d., compared 
with 18s. per ton of ground lime. 





Tue Lonpon Potyrecunic.—It is intended during the 
coming winter session to deliver a special course of 
lectures at the Polytechnic, 309-311, Regent-street, W., 
on the subject of ‘Illuminating Engineering.” The 
lectures will be delivered on puscing evenings at 7.30, 
commencing October 31, and on Thursday evenings 
commencing January 11, 1912. The following is the 
syllabus:—1. Electric lighting, including the early 
history of the subject; electric supply ; incandescent 
lamps; use of small transformers on lighting circuits ; 
low-voltage lamps; large candle-power lamps for public 
lighting, &c. 2. Electric lighting (continued): arc-lamps; 
flame arc-lamps; colour, efficiency, burning hours, Xv. ; 
enclosed flame arc-lamps ; vapour lamps, &c, 3. Gas- 
lighting, including the early history of the industry; 
luminous-flame burners, flat flame, argand, albo-carbon, 
and regenerative systems; incandescent lighting, requi- 
sites of a good mantle, &c. 4. Gas-lighting (continued), 
including self-intensified systems of gas-lighting, and the 
production of high-power units at ordinary district pres- 
sures ; recent ; high-pressure systems ; calorific 
power and illuminating power standards, &c. 5. Light- 
ing with oil, petrol-air gas, acetylene, &. 6. Illumina- 
tion from the standpoint of the eye. 7. The measurement 
of light. 8. Illumination and its measurement. 9. Shades 
and reflectors. 10. Daylight and artificial lighting com- 

. 11. Colour of artificial illuminants. 12. Prac- 
tical lighting problems. The lectures will be under the 
supervision of Mr. L. Gaster, editor of the Uwminati 
Engineer. The fee for the course of twelve lectures will 
be 12s. 6d., and for any single lecture 2s. 6d. Further 
particulars may be obtained from the Polytechnic. 





City anp Guitps TrcunicaL CoLieer, Finspury.— 
We have received from this Institute a copy of its pro- 
= for the ensuing session, which commences on 

onday next, the 2nd prox. The programme, besides 
giving full particulars of the day and evening classes, 
contains numerous reproductions of pheteqpents of the 
laboratories of the Institute, and also includes a com- 
plete list of certificated students. The day classes give 
complete courses of theoretical and practical instruction, 
extending over two or three years, in mechanical en- 
gineering and applied mathematics, electrical engineer- 
ing and applied physics, and industrial and technical 
chemistry. Evening classes in similar subjects are also 
provided for those engaged during the daytime. Appren- 
tices under twenty years of age are admitted to these 
classes at half the normal fees, which are already very 
moderate. Full courses have been arranged in the depart- 
ments of mechanical and electrical engineering, indus- 


* | trial chemistry, and art, and, although students are 


recommended to follow these courses, they are at 
liberty to select the classes best suited to their in- 
dividual requirements. The mechanical engineering 
course includes lectures and laboratory work in the 
subjects of practical mechanics, s h of materials, 
theory of structures, heat-engines, hydraulics, machine 
drawing, and mathematics. Special evening courses 
of lectures will also be given in the calorimetry of 
fuels, and on petrol-engines; these courses commence 
on October 4 and November 7 respectively. An inau- 
ae lecture on the by Mr. G. K. B. 





students are invited to send information relating to their | 


as up-to-date as possible. It is|Guilds Technical College, 
| London, E.C. - 


phinstone, of Messrs. Elliott Brothers, has also been 
arranged to be delivered on October 3. Further parti- 
culars can be obtained from foe Revatene, City and 


insbury, 
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THE EXPLOSION ON THE FRENCH BATTLESHIP 
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Tue explosion on the battleship Liberté, at about 
6 a.m. on Monday last, has resulted in a disaster 
to the French Navy even more serious than that 
occasioned by the loss of the Jena in 1907. The loss 
of life is unfortunately much greater, and the loss of 
the battleship in this instance appears to be almost 
complete, as is shown by the views reproduced 
herewith. The number of the killed amounts to 
226, and of injured to about 180. Reports differ 
as to the cause of this catastrophe. At first it was 
stated that the primary cause was a fire, which 
got to the magazines before they could be flooded. 
Subsequently, however, the opinion seems to have 
gained ground that the accident was due altogether to 












spontaneous combustion of the so-called ‘‘B” powder 
used in the French Navy. Aj statement made by | 
Admiral Bellue, of the squadron to which the Liberté | 
belonged, supports this view. The Admiral states 
that there were two reports, and 19 minutes later the | 
vessel blew up. This lapse of time is stated to 
agree with what occurred in the case of the | 
Jena, and to conform to what might be expected | 
to happen under certain conditions with this powder. 
The vessel carried, in common with other ships 
of the squadron, a certain amount of defective 
shells which were to be used as soon as possible, and 
the Admiral has issued instructions that all the rest 


of this ammunition in the fleet shall be landed at; vessel itself. The damage done was widespread, 
once. A feature of the disaster was the blowing up| numbers of casualties occurring 
of the deck of the vessel, which doubled back on the! vessels, The République, lying some distance away, 


on neighbouring 





Fic. 3. 


























was hit by a mass of armour-plate which has been 
estimated to weigh 37 tons, and had to be taken into 
dock for this to be removed, 
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NON-FERROUS METALS IN RAILWAY 
WORK.* 


By Ggorce Hucues, M. Inst. C.E., M.I. Mech. E., 
‘Member of Council (Chief Mechanical Engineer, 
Lancashire and Yorkshire Railway). 

(Concluded from page 403.) 
Gun-MRTAL. 
Tus is made to the well-known Admiralty specifica- 
tion :— 


Copper, 88 ; tin, 10; zine, 2. 


Certain work, such as valve-seatings, bushes, steam- 
regulator slides, and some slide-valves, are cast in this 


so clearly set forth in ing issues of this journal. 
The following tests have been obtained :— 
Tenacity, tons per square inch = 16.01, 
Per cent. elongation on 3 in. = 10.1. 


This is an average of twenty-eight tests. 


InsecToR METAL AND FITTINGs. 

Copper, 84.0; tin, 8.5; zinc, 5.0; lead, 2.5. 

This metal has given good results in injectors, ejectors, 
gauge-cocks, and general details. It results in a clean 
casting, free from oxidation and scum in the intricate 
cores of the injector. The metal runs freely, and whilst 
the lead present may not appear to the mind of everyone 
as necessary, it assists nerkialan, an‘ the author, feeling 


























;. 18. Movunp ror InJector. 
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Fies. 20 to 27. Insector-Movu.p, Cores, anp Core-[Rons. 


metal, though other less expensive alloys containing lead 
are used for bearing 
The alloy casts clean and sound into m sand or 
skin-dried moulds, and should some of the constituent 
metals or scrap used be coated with scale entailing a 
tendency to oxidation, a small piece of phosphor-copper 
"—> added to clarify the whole, with good results. 
© casting temperature and the fairly rapid cooling of 
the casting in the mould are important factors in the 
ame of good castings, otherwise crystallisation 
mes pronounced according to the laws of equilibrium, 
= Paper read before the Institute of Metals at New- 
castle, September 20, 1911. 




































































that he has no grounds for omitting it, would like to have 
some comments on this point. 
Injectors give no trouble on the score of unsound 
castings, in machining, and under steam tests and service. 
_Seatings and clacks require re-grinding from time to 
time. 
Tensile tests are good, averaging 14 tons tenacity with 
11 cent. elongation on 3 in. 
few samples of wear in an injector are on the table 
for inspection, and the steam action in erosion may 
noted. 
MovLpine. 
In moulding many of the operations are common to all 


the subject; it would involve too long a dissertation, 
reiterating facts well known to all workers in non-ferrous 
metals ; but he thinks that to place on record the moulding 
of an injector in detail, toge her with the illustrations, 
"|; 18 to 27, below, and Fig. 28, page 434, will be useful. 

he operation demands a pattern in four parts, num- 
bered 1, 2, 3, and 4 (Fig. 20), and five boxes for the cores, 
lettered a, b, c, d, e (Fig. 21). Four parts are also required 
for the moulding-box, these being lettered A, B, OC, D 
oe to 27), and also a drawback lettered E (Figs. 20 
an ; 


The first part of the moulding operation is to place 
the part pattern No. 1 on to the hollow board marked 5 
(Fig. 20), which is large enough to receive the box part A. 

his box part is fitted with projecting irons or fixed 
geayers g (Figs. 26 and 27) at each side, te carry the 
overhanging sand. The sand is rammed round the 
pattern, the seating for part pattern No. 2 being kept 
clear. As it is necessary to make a joint at this place, 
oe sand is put on where required (as shown in Fig. 20). 

reparation is made at one end of this box for a pouring 
gate A (Figs. 20 and 22), and when this is done it is 
— box part B to be fixed on. This part is also 
fitted with projecting irons or fixed gaggers, & (Figs. 23, 
26, and 27), which carry the thin portion of sand between 
the body pattern 1 and 2and the flange marked 3 (Fig. 20). 
Before putting this box on, however, a layer of sand 
must be p! on that portion of the pattern which will 
be covered by the projecting irons, as it will be difficult 
to get it underneath after the box is in position. 6 
flange 3 (Fig. 20) is now put on, and the sand packed well 
underneath it. The box is then filled with sand and 
rammed up, provision being made for a joint round the 
flange. is joint is required to enable the flange to be 
withdrawn. 

Box part C is next put on, and after being rammed up 
the whole is turned over, the follow board 5 removed, the 
oegry faced off and made ready to receive part pattern 
No. 4, 

The parting-plate f, to carry the drawback E (Figs. 20 
and 23), is prepared, and laid over the leg end of the 
pattern. A layer of sand is put on this plate, and three 
gaggers / (Figs. 22 and 23) are placed on each side to 
carry the overhanging part of the joint. The part pattern 
No. 4 is then ded to make an impression over the 
plate. It is then removed, and two nails p (Fig. 21) are 
placed across to carry the portion of sand between the 
overflow and delivery-pipes. The pattern is replaced, 
and the sand made level to the half of pattern No. 4, and 
"_ sprinkled over, making ready for box part 

: hen this is at in position a gating-plug is 
gy — the gate h (Figs. 20 and 22), already provided 
in box B. 

A layer of sand is now placed in the cavity r (Figs. 22 
and 23) to receive three gaggers n, which are to carry the 
proud portion of the sand at this place. When this box 
is filled and rammed, the box parts are taken asunder, 
and the pattern parts withdrawn in the reverse order 
that they were put in. 

On reference to Figs. 20 and 22 it will be seen that the 
metal is run in down a gate having two branches. After 
the pouring gate is completed, the mould is dusted with 
powdered plumbago, then skin-dried, and made ready to 
receive the cores. Whilst the pattern is being moulded 
the cores have been made and dried. 

In making the cores, red sand, manure, and coal-dust 
only are used, no epecial material being required. For 
the large core d (Figs. 21, 22, 25 to 27), owing to the com- 
plicated bends in it, one core-iron is bent and fitted to 
the box, and is then used as a pattern, and cast in brass. 
This enables a correctly shaped core-iron for each suc- 
ing core to be made, so that no time is wasted in 
bending core-irons for each injector. For the small cores 
a special iron is bent each time a core is uired. One 
half the core-box is filled with sand, and before being 
rammed tight the core-iron is clay-washed and laid in the 
soft bed of sand. More sand is then put in and ramm 
lightly, and parted off to the level of the core-box. The 
tn alf is also rammed with sand, and cleaned off to 
the joint. Each half is then clay-washed, and a wax 
vent v (Figs. 21 to 27) is laid right through ; the box is 
then joined together, and hammered with a mallet, after 
which the ends are rammed with sand to make them level. 
The core is then taken from the box and placed in the 
stove. All the cores are dealt with in « similar manner 
except those that are straight and do not uire wax 
vents, string vents w (Figs. 21 to 27) ey | used instead, 
When the cores are dried they are taken from the stove, 
dressed off, subjected to a thick coat of blacking, and 
again dried, after which they are ready for the moulder. 
It is essential that the core-boxes for injectors should be 
made of strong and well-seasoned timber, so that they 
will retain their roger shape after being in use for a 
considerable time. e prints on the core-boxes should 
also be dead —— to the prints on the patterns, so that 
the moulder will have no rubbing whatever to do when 
these cores are being fitted in the mould. 
The cores are assembled in the following order :— 
Box parts B and C are first fastened together. Oore a 
is then placed in position, one stud s (Fig. 23) being put 
under the overhanging — of the ejector steam pas- 
. Box A is then put on, and another stud ¢ 
(Fig. 26) is inserted between this and the top of the same 
core, to keep it from lifting when the metal is being 


poured. ag : 
Core 6 comes next, and this is kept steady by having 

a long print on the bottom. ; 

The overflow core c is then fixed, and over the leg of this 


be | is placed the draw-back plate f (Figs. 21 and 23). 


Owing to the construction of cores d and ¢, it is 
necessary to insert core ¢ into core d, and lower both 
together into the mould. When this is done, a piece of 





castings. The author does not propose to generalise upon 


string is inserted into the vent holes at the three ende of 
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cores a andd ; this string is withdrawn after the box part 
D has been secured in position, thus we free vent 
through the mould from the cores. A_holding-down 
chaplet q (Fig. 21) is placed over the arched portion of 
core d, and fastened into box part D, which is then put 
on and secured. 

A runner box is prepared and placed over the gate, and 
this completes the moulding process. 

It is important to reduce the number of cores to a 
minimum, and consequently the joints, thereby mini- 
mising the risk of flashes, and producing free passages for 
the flow of water. 

Plate-patterns are used in infinite variety, as illustrated 
by Fig. 29, 435. They include all sizes of nuts up 
to 2}in., spindles, injector and ejector details, wheels, 
oil siphons, cylinder cocks, and a variety of plugs, &c. 

PHOSPHOR BRONZE. 

Mr. Arnold Philip’s paper on phosphor bronze to the 
Institute of Metals* has now become a standard refer- 
ence, and the author will not be expected to proceed to 
lengthy detail here. The composition of the phosphor 
bronze used by the Lancashire and Yorkshire Railway 
Company is as follows :— 

Per Cent. 

.. 86.0 

-. 10.0 
r cent. phos- } 
phor copper .. 4.0 


Per Cent. 


Copper -- 89.5 
Phosphorus. . 


100.0 100.0 


It is os pc exis from clean-picked Lay and — 
ingot tin, and phosphor copper. It is u or genera. 
om irs to heavy machinery, also for mill bearings and 
wheae and pinions, where great wear takes place. : 

This mixture has given general satisfaction in gearing 
at goods yards and docks, working in worm-wheels in 
conjunction with steel worms. It is chiefly moulded in 
dry sand, and nye little trouble in casting. It is 
practically free from slag, which fact is a result of the 
cleanliness of the materials used. It casts clean, and is 
readily dressed 


Copper 
Tin.. 
15 


To give by 
analysis 


‘ Other Mixtures in Use. 


| | | 
|Copper.| Zinc. Lead. |Tin.| 
67 | «30 3 . ‘For cab - rings, 
| | name-plates, &c. 
& | PA .. |Pipe - flanges, col- 
| ars, &. 
7.5 7.5 | 65 Small castings 
| | 


Yellow brass 
Brazing metal .. 


Telegraph metal 80 


Alumi- 
nium. 


Copper. Zinc. 

a For ne a 
caps, grids, an 
some carriage 
fittings 


alumi- / ws }; 6 | 


1) 85 a a Wel 
Field bl 


Light 
nium alloys 





Wuite Mera.. 

The chief object in mixing a white metal suitable for 
lining bearings, axle-boxes, and big end-brasses for loco- 
motive connecting-rods, is to avoid overheating of any of 
the component metals. Thus, in preparing alloy *C” a 
primary melt is made of equal parts of copper and tin, 
which is cast into chills and subsequently broken into 
pieces to be re-melted in the required amount ther 
with the antimony, the remaining tin being added from 
time to time, with careful stirring. This method is prefer- 
able to the simpler one of melting the copper and anti- 
mony direct, and is found to result in cleaner metalled 
surfaces. The product is cast into heavy iron chill moulds 
for use as required in the metal shop. 


Waite Merats For Bearings. 
_ Three types of white metals are used for lining bear- 
ings :—- 


; - 
“p” | “BEB” 


per | r 
Cent. dent. 
54.0 85.0 
11,0 7.0 


1.0 8.0 


“ Cc ” | 
per 

Cent. 
80.0 
10.0 
10.0 


“an 
per | 

Cent. 
82.0 
14.0 
4.0 





Te. «- 
Antimony 
Copper 

Le 2 34.0 


| 
| 100.0 





100.0 100.0 | 100.0 





‘‘A” is used for high-class axle-bearings on the pinion 
and commutator ends of motors on the electrical rolling- 
stock running on the eashire and Yorkshire Railway, 
between Liverpool, Southport, and ns. The motors 
have a speed of 780 revolutions per minute at 50 miles 

r hour, developing 150 horse-power at the _— 
Dnder trying conditions of service ‘‘A” was adopted 
after careful comparisons with solid gun-metal bearings 
and other alloys of tin and lead. : 

Table VIII. is a record of tests made on four types of 
bearing metals, showing percentage hot beari broken 
collars, days in use, &c., in which the suitability of this 
metal is clearly seen. The solid brass was the gun-metal 
mixture shown on page 433. 

For locomotive work a harder variety, ‘‘C,” of this 
metal, containing 10 per cent. copper and ~ cent. 
antimony, is in big end-brasses, coupling- bushes, 
c eads, and certain other parts uiring a stiffer 
alloy than type “ B” with a basis of lead—that is to say, 
‘*B” withstands pressure well, but not the hammering 


* Journal of the Institute of Metals, No. 1, vol. i, 
page 164. 





TABLE VIII. 





Solid “Dp” “BE” | 


Conditions. Brass. | Metal. | Metal. 





Number on test ~ ° 
Number taken off due wear ..| | 9 
Number taken off hot.. ot 3 

Number taken off with broken 
collars .. ee oe - 2 | 8 
Number still running... —.. | 1 3 

Average life of warn bearings) 
| 193 263 


days) 
Average life of hot henson 


| 
| 
| 


35 
17 


141 
281 
280 


ys) 

Average life of bearings with) 
broken collars -. days) 
Average life of bearings still | 
— i .. days! 
Ave ife of total bearings, 
oe - days, 
Per cent. of hot bearings to 
total .. ee oe “2 8.5 } 6.1 


brought about ~ the reversal of motion. It has done 
service in lining-up main axle-boxes, radial-wheel 
rasses, reversing-shafts, &c. 
The success of a bearing-metal alloy depends more upon 
structure than absolute composition, the proper distribu- 
tion of a number of the tin-antimony crystals in a softer 





matrix of tin or lead being essential. e alloy must run 





panel, and prevents buckling, this being more apparent 
when the panel is placed vertically flat on the side of the 
vehicle. Another feature is that if the latter panels 
assume too large an area, especially if of thin gauge—i.c., 
18 or 20S.W.G.—the varying temperatures cause the 
panels to become wavy. 

The following comparison between aluminium, bay- 
wood eo and steel sheets, used for the outside 
panelling of a 60-ft. electric car will be of interest :— 


Weight per Car. Cost per Car. 
Lb. re 
340—@ in. thick. 9.3 
535—20 S.W.G. 3.4 
Aluminium 225—18 S.W.G. 13.9 

The cost — for baywood mahogany allows for 
interest on the storage of timber for seasoning, repairs, 
depreciation, and insurance of seasoning sheds. 

Although the initial cost of the aluminium panels is 
much greater than for mahogany or steel, a reduction in 
the cost of haulage of nearly 33 per cent. in favour of 
aluminium as compared with baywood, and nearly 60 per 
cent. as compared with steel, is obtained. 

The special feature for which aluminium commends 
itself for use in car construction is the lessening of the 
dead-weight, which, especially in the case of electric 
trains subject to frequent stops where rapid acceleration 
and retardation are essential to gain the desired advan- 


“— is of great commercial importance. 
he soldering of aluminium is undoubtedly a difficult 


Baywood mahogany ... 
Steel __... eel” fare 








~~ 








cool without any cutting of the axle-journal, and the wear 
on this should be reduced to a minimum. 


WHitTe METALLING AxLE-Boxss. 


As an example of this process, a radial axle-box brass 
will be dealt with, as shown in Figs. 30 and 31. This 
consists of a cast-iron box a having three sides and a heavy 
base, and a plate } resting on the base of, and secured to, 
the box, by four links and cotters d and e, to which is 
attached the cast-iron chill c. The combined plate and 
chill 6 and c having been removed, the brass f is placed 
in the ~eY formed by the three sides of the box ; the 
plate and chill is secured in position as aforementioned, 
and the white metal poured in from the top, filling 
the space y. The same procedure is adopted when 
the brasses are metalled in the first instance. The old 
metal having been melted out of the box, the recesses are 
well cleaned and rasped with a coarse file. All dirt 
having been thoroughly removed, the box is placed on a 
coke fire and slowly heated. By the use of sal ammoniac 
and tin a very thin swe & produced for uniting with 
the white metal, which is then cast into the bearing. The 
metal (type ““B”) is cast at a temperature of 450 deg. 
Cent. from the oper: pan fire. 

Other white-metal mixtures are :— 


| 
Lead. 


92 Ko 4 8 
7 "4 18 





Tin. Antimony. 





For packing ball-joint water-pipes. 
|Metallic packings. 





NON-FERROUS METALS IN RAILWAY CAR. 
RIAGE AND WAGON CONSTRUCTION. 
ALUMINIUM. 

It is only in quite recent years, after a considerable 
reduction in price has been made, that the use of alumi- 
nium can be shown to be a commercial advantage in 
many branches of railway engineering and rolling-stock, 
where it is slowly supplanting the use of other metals. 


Car-PaneELs, 


The outside panels of electric cars built for the Liver- 
ee and Southport line of the Lancashire and Yorkshire 
way to work in conjunction with the severgens Over- 
head line are made of aluminium No. 16 S.W.G., the 


8 in. wide. These cars have a turn-under, which, 





wore on the side of the car being 6 ft. 74 in. long 
t. 
taking a convex shape, adds considerable strength to the 


Fic. 28. Insectror Castine. 


problem to be satisfactorily solved. This is not only a 

uestion of the composition of the solder, but the fact 
that the surface of aluminium is always covered with an 
almost imperceptible, but yet very persistent, film of 
oxide, and although the surface may be freshly cleaned, 
the oxide immediately forms. Another point is the con- 
ductivity of the metal which removes the heat from the 
soldering point. Of various compositions of aluminium 
solders experimented with, zinc appears to alloy with 
aluminium more readily than any other metal, as the 
constituent part of the solder. 

Mouldings and Fascias and Inside Furniture Fittings 
for Steel Cars used on the Tube Railways.—The extended 
use of steel cars for tube and surface railways, and the 
consequent increase in dead-weight as compared with 
the older form of timber construction, has led to the 
adoption of various forms of aluminium mouldings, 
fascias, &c., to compensate to some extent for the addi- 
tional weight of the steel girders, angles, channels, &c., 
used in the designs. 

Bearings for Carriage and Wagon Azle-Boxes.—It is 
reported that the Northern Railway of France is sub- 
stituting for the bronze bearings hitherto in use on roll- 
ing-stock, bearings made of an alloy of 92 per cent. 
aluminium with 8 per cent. copper, and that certain 
bearings of this alloy have run 50,000 miles without show- 
ing any trace of wear, and, owing to its relative lightness, 
the cost has m considerably reduced. Experiments 
on the Lancashire and Yorkshire Railway do not yet 
confirm this satisfactory result, it being found that the 
material is and brittle, and considerable labour is 
involved in properly bedding the bearings to the journals, 
and preventing heating under normal running conditions. 


ANTI-FricTion ALLOYS. 


White Metals, for the lining of rolling-stock bearings, 
are largely used, although the lining for a pulley-shaft 
bearing and that used for a railway vehicle will differ, 
owing to the variation in the load, method of lubrication, 
and conditions under which they are working. 

Of the metals forming anti-friction alloys, it is unusual 
to find more than three in any particular mixture ; a very 
common alloy used is that for the lining of carriage and 
=—— bearings, which consists of antimony 15 per cent., 
] 70 per cent., and tin 15 per cent. I is common 
practice for the bearings, after being lined with about 
Ke in. thickness of alloy, to be bored out in a machine and 

nished off by hand; but successful results have been 
made by casting a better finished surface from the mould, 





and ding it direct on to the journal. c : 
The following types of brass bearings are lined with 
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jy-in. white-metal alloy for railway bearings :—10-ton, 
12-ton, 15-ton, 20-ton, and 30-ton wag: and all bearings 
for carriage stock, and the same applies to private owners’ 
wagons, with the exception of wagons of 8 tons and 10 tons 
capacity, which are specified in brass; the thickness of 
the white-metal lining in these vehicles varies from ,‘; in. 


t 


of dining-cars, for draining-boards, sinks, &c., and also 
for various other sundry purposes, such as filter-linings, 





&e. 
Copper.—Copper is used in the construction of the | 
various types of brine-pipes for 


iece left on both ends of the plate. Plates to be inspected 
‘or surface defects. The weight must be painted on each 


plate. (See Figs. 33 and 34, page 436.) 


Bending Test.—Pieces of the plate shall be tested, both 
cold and at a red heat, by being doubled over on them- 
selves—that is, bent through an angle of 180 deg.—with- 
o #5 in. 5 ade out showing either crack or flaw on the outside of the 

Sheet Tin.—Sheet tin is used in kitchens and pantries | bend 


md. 
Flanging.—Plates must not show any defects in flanging. 


Tensile Test.— Ultimate breaking load, 14 tons per square 


inch ; elongation, 35 per cent. in 8 in. 


Analytical Test.—To be made at the contractor’s ex- 
fish-vans, gas-lamps, | pense. The‘copper upon analysis to give the following 


making the prescribed tests, the manufacturer shall bear 
the cost of carrying out the tests elsewhere. 





APPENDIX II. 
Specification of Copper Bolt (Best Quality). 

To be annealed and sawn off square at the ends. 

Must be free from surface defects and parallel. The 
fin.» 1-in., and 1),-in. in diameter must also have the 
ollowing limits of accuracy—viz.: a minimum of y4, of 
an inch over size, and the maximum of yy, of an inch 
over size. 

Bending Test.—Every bar tested to stand bending close, 























water lavatory tanks and heaters, kitchen and pantry 
sinks and utensils on dining-cars, the latter of which are 
tinned to prevent any chemical action taking place on 
the copper. 

Lead.—Lead, in its rolled sheet form, is used for the 
linings of ‘acid tanks, yo emp me cells and plates, 
roof coverings, floors of dining-car kitchens, &c. 

Brass.—Brass is used in car construction for such pur- 
po-:es as gas and electric fittings, parcel racks, hat and 
coat hooks, ash-trays, hinges, outside door-handles and | 
commodes, and various other details for which it is parti- 
cularly suitable. 

Zinc.—Zinc is usefully employed in its sheet form for 
ventilators, roof-coverings, and mouldings. | 

Asa matter of convenience the following table gives in 
a concise form the composition of these alloys :— | 
| 


Table of Alloys Mentioned in the Paper. 








| 
Used for } | 





Jou 
Sn 
© | Sb. 
Zn, 
Pb. 
Fe. 
P 


Scrap ingot metal 
Slide-valves .. 
Gun-metal pe 
Injector metal. . 
Phosphor bronze 
to give = ea 
Yellow brass for cab) 
rings, name-plates, | 


SEERES 
AOOSUM 
ad 
Se2eeen 
COnson 


= 





—s— 





o 
ad 


a oe ..|67.0 
Aluminium alloys for) 

motor dust-caps . 
Brazing metal. . oo (06.0) .. | .. 
Telegraph metal --|80.0} 5.0) .. | 
Aluminium alloys for 

some carriage fittings |1 | 


EEo 
So 


5. 
White metal, “‘ A” 4. 
White metal, ““B” ..| 3. 
White metal, ‘U” = ../10. 
White metal for pack- | 

ing ball joints. ..|../.. 80| .. [920 
a metal for me- 

tallic kin; ++] «- |17.018.0} .. |700 
White eal a car- 

riage and wagon 

bearings e oo] o- |15.0/16.0] .. 
Ordinary axle - box) | 

bearings ' --|80.0) 6 ee | oe (16.0) — | — | — 4 
20-ton wagon bearings|64.0| 5.0' .. | .. |30.0) — — | — 1 
Argozoil (ornamental } 

ttings) me «- /54.0] 20) .. 
Solder (electric _ fit- | | | 

tings) .. oa See ee edt _ |j—-|— 
Solder (plumbers’) ..| .. |50.0) .. | .. \s5 —|- 
Solder (tinsmiths’) .. 60.C & 40.0 — - 


0 

0 ~ |—|- 
0|11.5/13.t| .. |72.0 —|— 
0 | » 








70.0; — - - —| 


[28,0] 2.0) .. | ..| ..| |16 











Fig. 32 is a general view of the Lancashire and York- 
shire Railway Company’s brass foundry at Horwich. 


APPENDIX I. 
Specification for Copper Plate (Best Quality). 

The maker’s name, register number, and date of manu- 
facture must be legibly stamped on every plate and sheet 
# in. thick and upwards, within 12 in. from the bottom. 
All plates and sheets under § in. thick to have the infor- 
mation painted upon them. A piece 2 in. wide to be left 
on each fire-box plate for tensile and bend test purposes, 
to be sheared within 2 in. of edge of plate as shown on 
sketch, Wrapper-plates over 15 ft. long to havea similar 
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results :—Arsenic, not less than 0.35 per cent. nor more 
than 0.55 per cent.; other foreign elements, exclusive of 
combined oxygen, not to uel 0.25 per cent. 

Inspection.—The railway company’s inspector to have 
free access to the manufacturer’s worke at all reasonable 
times, to be at liberty to inspect the manufacture at any 
stage, and to reject any material he may consider defec- 
tive in quality or workmanship. No plate will be accepted 
which will not stand the specified tests, or which upon 
analysis is found to exceed the limits stated for the 
chemical composition. 

Testing Facilities.—The manufacturer shall supply the 
material required for testing free of charge, and shall, at 
his own cost, furnish and prepare the necessary test- 
pieces, and supply labour appliances for such testin 
as may be carried out on his premises in accordance wi 
this specification. Failing facilities at his own works for 


both cold and at a red heat, without any signs of fracture 
or failure appearing. 

Tensile Test.— Ultimate breaking load, 14 tons per sq. in. ; 
elongation, 40 per cent. in 8 in. 

Stamping.—The maker's name to be stamped on each 
bar, not more than 6 in. from the end. 

Analytical Test.—To be made at the contractor's ex- 
pense. To contain not less than 99.25 per cent. of copper 
and 0.15 per cent. to 0.35 per cent. of arsenic. The manu- 
facturer shall supply an analysis when required to do so. 

Inspection.—The railway company’s inspector to have 
free access to the manufacturer’s works at all reasonable 
times, to be at liberty to inspect the manufacture at any 
stage, and to reject any material he may consider defec- 
tive in quality or workmanship. No bolt will be accepted 
| which will not stand the specified teste, or which upon 
analysis is found to ex the limits stated for chemical 
| composition. 
| Zesteng Facilities.—The manufacturer shall supply the 

material required for testing free of charge, and aa » at 
his own cost, furnish and pare the necessary test- 
pieces, and supply labour and appliances for such testin 
as may be carried out on his premises in accordance with 
this specification. Failing facilities at his own works for 
making the prescribed tests, the manufacturer shall bear 
the cost of carrying out the tests elsewhere. 








APPENDIX III. 
Specification of Copper Tubing (Best Quality). 

Freedom from Defects.—The tubing is to be solid-drawn, 
and left hard, to be clean and smooth, and free from 
defects or longitudinal grooving, internally and externally, 
and the ends must be clean and square. It must be 
straight, cylindrical, and of uniform thickness, and, unless 
otherwise specificd, of uniform diameter throughout. 

Analytical Test.—To be made at the contractor’s ex- 
pense. The tubing must contain not less than 99.25 per 
cent. of copper and 0.25 to 0.45 per cent. of arsenic. The 
manufacturer must supply an analysis when required to 


O 80. 

Mechanical Test.—The manufacturer shall provide, at 
his own expense, extra tubing at the rate of 1 per cent. 
of each diameter ordered under contract. The railway 
company’s inspector shall select and test such of the 
tubing as he shall think proper. 

Drifting Test.—The tubing as supplied must stand 
drifting, without showing either crack or flaw, until the 
diameter of the drifted end measures at least 25 per cent. 
greater than the original diameter. 

Flattening and Doubling-Over Test.—The tubing must 
be capable of standing the following test, both cold and 
at a red heat, without showing either a crack or flaw. A 
piece of tubing shall be flattened down until the interior 
surfaces meet, and then be doubled over on itself—that 
is, bent through an angle of 180 deg., the bend being at 
right angles to the direction of the length of the tubing. 

Hydraulic Test.—All copper tubing shall be tested 
before delivery by such internal hydraulic pressure as 
shall be determined by the railway company’s inspector. 

Inspection.—The railway company’s inspector to have 
free access to the manufacturer's works at all reasonable 
times, to be at liberty to — oy the manufacture at any 
stage, to witness the nape ic test, and to direct tensile 
and drifting tests of tubing taken from the bulk, rejecting 
any tubing or materials which, in his opinion, are im- 
perfect in quality and workmanship. 





Testing Facilitics.—The manufacturer shall supply 
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material required for testing free of charge, and shall, at | 
his own cost, furnish and prepare the necessary test- | 
pieces, and supply labour al appliances for such testin, 
as may be carried out on his premises in accordance wit 
this specification. Fuiling facilities at his own works 
for making the seseninal taste, the manufacturer shall 
bear the cost of carrying out the test e'sewhere. 
Branding.—The maker’s name and date to be clearly | 
stamped on the outside of each piece of tubing 12 in. | 
from one end. 
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Lube Ends and Parallel Tubes. 





Weight in Pounds per Foot Run. 
Outside Diameter 
of Tube. 
| 91.W.G, | 10 LW.G. | 111. W.G. | 12 LW.G. 





2.10 


1} 2.30 
2.40 


¢ Skene = A | | 
2 2.65 








Flattening and Doubling Over Test.—The tubes must 
be capable of standing the following tests, both cold and 
at a red heat, without showing either crack or flaw: A 
piece of the tube shall be flattened down until the 
interior surfaces of the tube meet, and then be doubled 
over on itself—that is, bent through an angle of 180 deg., 
the bend being at right angles to the direction of tte 
length of the tube. 

Hydraulic Test.—Each"tube to be capable ig standing, 


without leakage, an internal pressure of 1000]b. per sq. ir. 





























Fie, 32. GENERAL View or Horwicu Brass Founpry. 


APPENDIX IV. 
Specification of Copper Boiler-Tubes and Copper Tube- 
Ends for Piecing Purposes (Best Quality). 

Freedom from Defects. —The tubes are to be solid drawn, 
perfectly sound, and well finished, the ends to be clean 
and square, and the surface free from defects, and to stand 
the expanding without showing the least sign of splittin; 
or chipping whatever. The tubes are not to be anneal 
at the ends, but made “half hard ” throughout. 

Analytical Test.—To be made at the contractor’s ex- 
pense. The tubes must contain not less than 99 per cent. 
of copper and 0.35 to 0.55 per cent. of arsenic. The 
manufacturer must supply an analysis when required to 
do so. 

General.—-Each tube to be of exact length and outside 
diameter given on the order, and in thickness within one- 
half a gauge above or below the specified gauge. 

The tubes are to be parallel for a length of 12in. at the 
heavy gauge end, then taper in a length of 18 in. to the 
smaller gauge, and the remainder of the tube to be 
parallel and of the smaller gauge. 

The thin end of every tube to be swelled ,', in. larger 

or alength of 3 in. to facilitate withdrawal unless other- 
wise specified on order. 

The tubes are to be clean and fres from dirt inside and 
outside, and must be within 5 per cent. above or below 
the following weights :— 


Comp'ete Tubes 





Outside Diameter 


Weight of one 
of Tube. Tube. 


Length. 


1.W.G, 


Ib. 
23.9 
23.5 
41.1 
40.2 


10 and 12 
10 12 
9 ll 
9 ll 


24 

e: 
oe 
wy 





Fig .33_ HAMMERED PLATES. 
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Mechanical Tests.—The manufacturer shall provide, at 
his own expense, extra tubes at the rate of 1 per cent. of 
each diameter of tubes ordered under contract. 

The drifting. tensile, and flattening tests are to be 
made on the tubes in the half-hard state without anueal- 
ing, but further annealing tests may be taken at the dis- 
cretion of the railway company’s inspector. 

Drifting Test.—The tubes must stand drifting, without 
showing either crack or flaw, until the diameter of the 
drifted end measures at least 25 per cent. greater than 
the original diameter of the tube. 

Tensile Test.—Ultimate breaking load 17 tons per 
sq. in., with an elongation of 25 per cent. on 8 in. 


All tubes shall be tested before delivery by such internal 
hydraulic pressure as sha'l be determined by the railway 
company’s inspector. 

Inspection.—The railway company’s inspector to have 
free access to the manufacturer’s works at all reasonable 
times, to be at liberty to inspect the manufacture at any 
stage, to witness the hydraulic test, and to direct tensile 
and drifting tests of tubes taken from the bulk, rejecting 
any tubes or materials which, in his opinion, are imperfect 
in quality or workmanship. 

Testing Fuctlities.—The manufacturer shall supply the 
material required for testing free of charge, and shall, at 
his own cost, furnish and prepare the necessary test-pieces, 
and supply labour and appliances for such testing as may 
be carried out on his premises in accordance with this 
specification. Failing facilities at his own works for 
making the prescribed tests, the manufacturer shall 
bear the cost of carrying out the tests elsewhere. 

Branding.—The maker’s name and date to be clearly 
stamped on the outside of each tube 12 in. from one end. 








| THE CORROSION OF BRASS, WITH SPECIAL 
REFERENCE TO CONDENSER-TUBES.* 


By Paut T. Brut, M.Sc. (Bowen Research Scholar, 
University of Birmingham). 

INTRODUCTION. , 

Tue problem of corrosion has heen a subject of investi- 
gation for many years, and much work has been done in 
connection with this important subject. Iron and steel 
practically monopolised attention for a considerable 
period, with the consequence that the corrosion of copper 
and brass was somewhat neglected. The enormous in- 
dustrial importance of the copper-zine alloys at the 


* Paper read before the Institute of Metals at New- 
castle, September 21, 1911. 
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resent day, and their frequent failure, have gradually 
Frought ae to both manufacturers and users the 
necessity for fuller investigation. A committee appointed 
by the Institute of Metals has been collecting data on the 
subject and inouguratng a systematic and complete 
series of experiments. ere can be little doubt that so 
active a crusade will sooner or later be productive of much 
good. 

HIsTORICAL. 

The first work published in connection with corro- 
sion is probably that done by Sir H. Davy in 1824. 
He, from a consideration of the protective influence 
exerted by one metal when in contact with another 
metal more electro-negative, was led to make an im- 
portant practical application of this principle. It was 
at that time generally supposed that some impurity of 
the metal or some defect imparted to it during manufac- 
ture was responsible for the occasional marked effect of 
sea water on CO b btless a considerable element 
of truth lies in this conception. To protect the copper, 
therefore, Davy used zinc in juxtaposition to it, the ratio 
of the area of zinc to copper being from as 1 : 4 down toas 
low as 1: 150. Though in this way the life of the copper 
was considerably prolonged, the method nevertheless had 
the disadvantage of precipitating the calcium and mag- 
nesium carbonates from the sea water in the form of a 
crust favourable to the development of weeds and of 
certain marine animals. The s of the vessel was in 
consequence much retarded. is trouble could be over- 
come by diminishing the ratio of zine to copper; the 
method, however, was abandoned, as Muntz metal was 
shortly afterwards introduced for ships’ sheathing. 


tion, There exists between the undissociated salt and 
its ions a definite quantitative equilibrium, the two 
bounding limits of which are regulated by the molar 
concentrations of the solution—by concentration 
being meant the reciprocal of the volume in which 
a molecule of substance is contained. The one limit 
is arrived at by an increase of concentration, which 
tends to the formation of salt ; the other by 
extreme dilution, which results in the complete ionisation 
of the salt. : 

An interesting pe in connection with solution pres- 
sure is illustrated by what is known as the passive state 
of metals. Iron, for instance, after immersion in certain 
strong oxidising mts no longer exhibits its tendency 
to dissolve in electrolytes. Various explanations 
have been offered. Faraday considered the effect to be 
due to the production of a thin oxide film, others thought 
it the result of polarisation following on the retention of 
oxygen by the metal surface. The same effect can, how- 
ever, be observed under cixcumstances where oxygen 
cannot possibly play a part. The production of a higher 
valency and an allotropic modification of uhe metal have 
also been advanced as probable causes of passivity. 

— us Raey ene —s the li Ap the electrolytic 
theory, what happens when a speck of negative impurity 
is formed on the surface of brass. It may be represented 
diagrammatically thus :— 








correspondingly greater. The copper and zinc do not dis- 
solve out at the same rate, the latter being removed about 
six times as fast as the former ; the ratio, however, varies 
with circumstances. In one instance the author found 
that the synthetic sea water, in which 70/30 brass (with a 
surface of 92 sq. in.) had stood for fourteen days, gave 


only a trace of copper, but a zinc content of 0.016 gramme 


per 100c.c. The corrosion pane which formed during 
the same period, and which was y non- rent, 
assayed at 48.85 per cent. and 20.41 per cent. zinc. 


cop) 

As a result of this unequal ms a of solution of its con- 
stituents, brass plates and tubes very often look ‘‘coppery ” 
in places, as a result of corrosion. Mr. Rhodin has found 
that when electrolytically corroded with Muntz metal, the 
copper and zinc go into solution at about the same speed. 
This is due partly to simultaneous removal and y to 
‘*exfoliation of the a crystals, loosened by solution of the 
inter-crystalline 8 constituent.” The following two dia- 
grams, illustrating this of the subject, are taken from 
Dr. Desch’s book on ‘‘ Metallography.” 

In Fig. 1 is given “‘ the weight of the corrosion product 
and the weight of copper in it plotted against the original 
composition of the test-pieces. 

In Fig. 2 “‘ the percen’ of zinc in the corrosion pro- 
duct is plotted against the percentage in the original 
| specimen.” 

There is reason to believe that the corrosion of 60/40 
brass commences in the 8 constituent, which is richer in 
zinc and more electro-positive. After some time the a 
constituent begins to go into solution, because as zinc is 
removed more rapidly than copper, the 8 gradually 
becomes more and more electro-negative, due to copper 























































































































In 1886 Sir W. Tilden published a paper, in which it PpP——-— N <- ——_ P enrichment, and its protective influence is, therefore, 
was suggested that the basic chloride and copper oxide gradually lost. The various ions which are formed on 
formed during the corrosion of brass were possibly the the dissociation of sea water do not, of course, 
most harmful of the deposits on a condenser-tube. A the same mobility—that is to say, the velocity of mi 
proper cleaning out of the condenser at the end of a tion of the anions differs from that of the cations. Con- 
voyage was recommended. . P centration accordingly takes place at the one or the other 

Milton and Larke, in 1903, came to the conclusion, as a : ; : electrode. In the case of sea water, such concentration 
result of their researches, that the presence of more than| If the impurity be a conductor of electricity, the brass! would occur at the 8 areas, and the rate of corrosion 
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hase in the alloy rendered its corrosion the more 
ak and pitting was attributed to segregated im- 
purities. They recommended the avoidance of lead and 
iron in the brass, and advocated the introduction of 
tin ; they also pointed out the necessity of having smooth 
surfaces, and referred to the influence of stray electric 
currents. 

Other workers have shown the effect of certain lubri- 
cating oils, and experimented on one or another form of 
protective coating. The literature of the subject being 
extensive, fuller particulars cannot be given here; but 
bee es one = . to ae ——— Fay a and 

bli phy prepa y Mr. Bengough for the Corro- 
sion ‘Conmitten, and presented at the meeting of this 
Institute held in January, 1911. 


Tue Nature OF CoRROSION. 


It is important to discuss the fundamental principles 
on which any question depends before the phenomena 
which arise from them are dealt with in any way ; and, 
therefore, although the electrolytic theory of corrosion 
has been more than once explained, a brief restatement 
of it here needs no apology. 

According to this theory, when a metal is immersed in 
an electrolyte or liquid conductor of electricity, it tends 
to enter into solution from points of maximum solution 
pressure which are electro-positive to the rest of the metal. 
The entering metallic ions assume thé positive charges of 
the hydrogen ions, which, as a result of their loss, plate 
out at cathodic areas as bubbles of gas. If the electrolyte 
is neutral, the metallic ions acquire their cha from the 
metal, which, therefore, becomes negatively charged. 
According to Hittorf, when the positive charge of the 
solution becomes equivalent to the negative one of the 
metal surface, further action is rendered impossible by the 
formation of an ‘‘electrolytic double layer.” The action 
may be represented— 

Solution pressure [> electrostatic tension + osmotic 

pressure. 

In the presence, however, of hydrogen ions the fact 
that the metal is positive to hydrogen results in the break- 
ing up of the double layer and in a readjustment of equi- 
librium ; the hydrogen ions are forced out of the system, 
and further solution can again take place. 

If now we take the case of a salt, we find it undergoes 
electrolytic dissociation on solution, the action being a 
reversible one, as the salt can be recovered by evapora- 





the ionic state by the dis- 
placement of the hydrogen 
ions, and consequently a 
moat will form round the negative centre. 
impurity happen to be positive, it will itself pass into 
solution with the production of a pit. 


(2443.8) 


THe Corrosion OF BRASSES. 


The brasses we need consider may be classified under 
two heads—namely, those which contain more than 64 a 
cent. copper, and those which contain less than that 
amount down to about 50 per cent. copper. The former 
class has hitherto been thought to consist of one phase 
only, but a recent paper published by Professor Carpenter 
would appear to throw some doubt on this conception. 
From a consideration of the fact that a thermal poem 
occurs at about 470 deg. Cent. in alloys which need not 
contain a and , but contain some f, the change is attri- 
— . variation in oe B. ‘ - are — as to 
why the change cannot be a polymorphic one, but a passage 
of the 8 intoa+-y. As this change is observed in the ‘‘a 
brasses,” the view is held that a really is ‘‘a very intimate 
mixture of copper and 8,” and that 8 tends to pass, even 
in solid solution, into a and y. One difficulty at once 
suggests itself. If the embrittlement of 70/30 brass at 
470 deg. Cent. is due to the passage of 8 into a + y, which 
is the stable form at lower temperatures, why should the 
metal be malleable in the cold?* It would seem advisable 
at present to consider the-.brasses, 100 — 64 per cent. 
copper, to consist of one phase only, although the 
necessity for some modification in our views is apparent. 


If the | 





The brasses of slightly lower copper content consist of two 
phases, a + 8. Corrosion in both cases would in the cast | 
metal be accelerated by the Jack of homogeneity, due 
to ‘‘coring”—that is to say, to local enrichments due to | 
the prevention of diffusion by quick cooling. But this 
defect is quite obliterated by work and annealing. 70/30 
brass, therefore, which is built up of a mass of a crystals 
only, will provide no such incentive to corrosion as a 60/40 | 
brass, which consists of a mass of § crystals in a ground- | 
work of a. The § being strongly positive to the a, will set | 
up electrolytic action, and the rate of corrosion will now be 





* (To this objection Professor Carpenter has replied in 
the Journal of the Institute of Metals, No. 1, 1911, 
vol. v,—Ep. 


B-Battery. G -Galvanometer. C - Standard Cell. X-UnkownPotential 


would consequently be accelerated, were it not for the 
fact that the microscopic distance apart of the two phases 
renders this practically impossible, due to the ease with 
which diffusion can take place. It must be remembered 
that differences of potential are impossible in the same 
metal; what we have in the case of Muntz metal is a 
difference of potential between the liquid near the § and 
that near the a phase. 

The rationale of the corrosion of brass in sea water is 
probably as follows:—A certain amount of oxidation takes 
place, zinc and cuprous oxides being formed, and both 
zinc and copper go into solution as chlorides, which, under 
the action of oxygen and water, are precipitated as the 
bluish-green oxy-chlorides, the copper salt corresponding 


to the formula 
3Cu0 . CuCl, . 4H,0. 


Some of the zinc and copper also dissolve out as carbo- 
nates, and are later thrown down on the basic salts. 
According to Charpy, the action of sea water on copper 


is as follows :— 
4Cu + 20, = 4Cu0 


4Cu0+2NaCl+CO,+3H,0 =Na,CO,+(3Cv0,Cu0le,3H,0) 


3Cu0, CuCl, 3H,0 + 4Cu = CuCl, + 3CusO0 + 3H,0 
30u,Cl, + 30 + 3H,O = 30u0. CuCl,. 3H,0. 


The insoluble salts formed as indicated above would 
not, under working conditions, be likely to adhere to the 
surface of the condenser tubes owing to the velocity of 
the incoming water. Their presence would constitute 
the maximum danger when the vessel should have arrived 
in harbour, and the condenser be no longer in use. When 
water is once again passed through the tubes most of the 
precipitated salts would be washed away, but patches 
would remain here and there along the surface. The 
oxychlorides being unstable, salts would gradually become 
converted (commencing nearest the metal) into cu 
oxide and cuprous chloride. The latter is dissolved out, 
whilst the former is either oxidised to cupric oxide or 
reduced to metallic copper by nascent hydrogen. 

It is su ted that the deposit on the tube may aid 
corrosion by acting as a nucleus for further precipitation 
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by lowering in uence the concentration of the 
cupric ions in the solution. 
CLASSIFICATION OF CORROSION. 

The corrosion of brass condenser-tubes may conveniently 
be classed under four heads :— 

1. Corrosion proper; where the metal is uniformly 
removed over the whole surface. _ . : 

2. Dezincification ; where the zinc being preferentially 
more rapidly removed than the copper, the surface of the 
metal becomes copper-rich in p The action does 
not usually extend much below the surface, although it 
= occasionally be so marked as to result in copper 
se u Tad P 

B Fitting. This is by far the most serious form of 
corrosion, as it considerably curtails the life of the tube. 
It is due to vanic action between the deposit on and 
the metal of the condenser-tube. It may occur in any 


portion of the tube—that is to say, in the roof and sides |}, 


as well as along the floor. It most often occurs in the 
lowest portions of the tube, because of the natural down- 
ward gravitation of any extraneous sediment, or of any 
insoluble product of corrosion. 

4. Erosion. Here the mechanical influence of the 
stream of cooling water comes into play. Its effect is 
small and, under ordinary circumstances, uniform. 


EXAMINATION OF SOME CORRODED SPECIMENS OF 
CoNDENSER-TUBING. 


The following description of five selected cases may 
serve to illustrate the effects observed in practice. The 
samples were supplied through the kindness of Engineer 
Vice-Admiral Sir H. Oram. ’ ‘ 

Specimen 1.—This tube, four years old, was situated in 
the eighth row from the top ; the water circulated through 
the sabe, and, entering at the bottom of the condenser, 
discharged at the top. The quality was e 70/29/1. Serious 
pitting, which in places had pierced the tube, had 
occurred, the pits being roughly funnel-sha with the 
larger diameter on the water side. sides the usual 
corrosion products, both iron hydrate and insoluble matter 
were present. Specks of spony copper were common. 
The pit was not unfrequently filled up by the deposit. 

Specimen 2.—The tube (70/29/1) was seven years old, 
and taken from the bottom row. The circulating water 
— through the tube, entering at the top of the con- 

enser. The deposit was principally the green basic 
chloride. Dezincification was not pronounced, for the 
lustre of a freshly scratched surface was quite normal ; 
the interior surface of the tube was smooth, and one small 
hole only had formed along a line of season cracking.* 
imen 3.—The tube was a 70/29/1, two years old, 
and taken from the sixth row from the bottom of the 
condenser. The circulating water was outside the tube, 
the inlet being at the bottom of the condenser. The 
deposit was dark brown in eolour, the | soe oxychloride 
being practically absent. The edges of its seemed to 
be somewhat steeper than in the two puoesling instances. 

Specimen 4.—The tube (70/29/1) was five years old, and 
taken from one of the top rows of the auxiliary condenser. 
The circulating water passed through the tubes, entering 
at the bottom and discharging at the top. There was 
very little deposit and no pitting, the tube having been 
rejected use of incipient season cracking. 

Specimen 5.—The tube (70/29/1), four years old, was one 
of a number removed at random from the condenser for 
inspection. The circulating water passed through the 
tubes, entering at the bottom and discharging at the top. 
The deposit was rich in iron hydrate, and poor in the 
basic chloride. Dezincification was marked. 

The examination of these tubes seemed to show that 
iron hydrate is by far the most injurious constituent of 
the deposit, being more electro-negative than cupric oxide 
and the basic chloride. Specimen 1, which had a deposit 
assaying 8.6 per cent. ferric oxide and 0.27 per cent. 
insoluble matter, was much more pitted than specimen 5, 
which gave the values 1.5 per cent. and 0.41 per cent. for 
the same impurities. Tube 2, which had been in use for 
seven years, was hardly affected at all, though well 
covered with a thin film of the green oxychloride. 


Svuccrstep REMEDIES. 


A remedy which suggests itself immediately is the use 
of some protective a which should electro- 
negative preferably to iron hydrate. Tinning is certainly 
useful, though by no means a sovereign “om use 
the layer of tin is not always intact. The application of 
a coating of iron oxide by the method suggested by Mr. 
Uthemann is excellent so long as it affords complete pro 
tection over the entire surface. But the method appears 
somewhat risky, as any discontinuity would only aggra- 
vate the evil it was intended to counteract. 

Another coating is that suggested by B. Miillauer. It 
is the oxide formed on copper or brass by heating a 5 per 
cent. sodium hydrate solution to 100 deg. Cent., and 
adding 1 per cent. potassium persulphate. The article to 
be coated is immersed in this bath, and kept moving to 


* Season cracking is attributed to excessive work with 
insufficient annealing. The resulting strained condition 
of the crystals leads in time toa split. According to the 
Brass World, it is due in most cases to the contact of the 
brass tubes either with ammonia water or with substances 
of which it is a product of decomposition. Hard-drawn 
seamless tubing (66 per cent. copper, 34 per cent. zinc) 
was seriously affected by ammonia water, the fracture 
along the split being strongly crystalline. Professor 
Carpenter regards the cracking as due to the gradual 
change of the unstable § into the brittle a + +. 

Perhaps some rough handling of the tubes when in the 
neighbourhood of the critical temperature (470 deg. Cent. ), 
as may well occur during annealing, may act as a predis- 
posing cause to season cracking. 





and fro. The deposit so obtained is said to be strongly 
adherent, but was found to scale off in sea water after 
some four weeks. Its protective action, even when the 
coating was intact, was not very apparent. The plates 
showed no signs of any action for three or four days, after 
which the green oxychloride was slowly formed, probably 
according to the equation :— 
4Cu0 + 2NaCl+ CO,+3H,0 = Na,CO;+ 
(3CuO. CuCl,. 3H,0). 


The loss in weight was :— 
Copper. 
P 0.00094 0.0005 gramme 
per square inch. 


T. B. Allen heats the metal in contact with silicon to a 
temperature below the melting points of either in a non- 
oxidising atmosphere. An alloy of silicon and the metal 
is thereby produced on the surface, which is then said to 
more corrosion-proof. 

On the whole, however, the question of lessening 
corrusion by protective coatings does not promise to be 
of economic usefulness in the case of condenser-tubes. 
The line along which future investigation ought to be 
made is the study of the alloys of brass with one or even 
more other substances, with a view to obtaining a mixture 
which will give the requisite mechanical properties, and, 
at the same time, be the least influen by sea water. 
Were there no reasons against the circulation of the 
cooling water along the outside of the tubes, the use 
of zinc, as has been pointed out by Bengough, might at 
once put an end to the trouble. The addition of 1 per 
cent. tin, as in the usual Admiralty specification, does not 
appreciably affect the E.M.F. Its protective action 
probably depends on the comparatively inert tin oxide 
produced. The principal evils to be contended against are 
iron hydrate and carbonaceous matter. It is admitted 
that vessels which — the greater portion of their 
time at sea beyond the limits where town sewage 
and river dirt contaminate the water experience fewer 
troubles from pitting than vessels which ply up and 
down foul rivers. It follows that the marine engineer 
should make a point of flushing out his condenser- 
with clean water on arriving in port. The iron hydrate 
is derived, no doubt, from the cast-iron end-cover and 
the inlet-pipe, although scale may be drawn in wit 
the cooling water. It would therefore appear advisable 
for the end-cover and inlet-pipe to be made of brass.* 
Further, the use of some form of filter for the incoming 
water would be advantageous. Of these filters many 
forms are on the market, and some in actual use in elec- 
trical installations which obtain their water-supply from 
dirty canals. 


Brass. 
0.1 week 


Errect or STrain. 

The irregular distribution of strain on any metallic 
surface gives rise to differences of potential. In order to 
investigate this point short lengths were procured of 
condenser-tubing of the following compositions :— 


Per Cent. Per Cent. 
Copper 70 


70 
30 Zinc ... ve 29 
.. ao él 1 
These lengths were wiped down with cotton waste, and 
then dipped into potash and clean water to remove any 
adherent grease. The potential differences of the two 
ends were next immediately ascertained by comparison 
with a standard electrode. The electrolyte used was 
synthetic sea water of the following composition :— 


Copper 
Zinc ... 


Sodium chloride a 
Magnesium chloride ... 
Magnesium sulphate... 
Calcium sulphate... 
Potassium chloride ... 


The first endeavour made was to obtain a standard 
electrode against which various condenser-tubes could be 
com with respect to potential differences. An 
amalgamated zinc strip immersed in the deci-normal 
solution of the sulphate was tried, but found unsatisfae- 
tory. A calomel electrode was then prepared, with satis- 
factory results. To prevent any error from the mutual 
interdiffusion of the electrolyte and the Hg,Cl, - KCl 
solution of the standard electrode, the solution in the 
standard was replaced thrice daily, while the electrolyte 
was still more frequently re As a result of the 
tests it was found that no tubes showed a difference of 

tential between the two ends of more than 0.0002 volt. 

t was noticed that when a comparatively slight strain 
was put on such a tube, as by gentle polishing with emer 
paper, the result was an appreciable rise of potenti 
which tended to reach a maximum with further polishing. 
The solution pressure of tubes of the 70/29/1 mixture was 
very similar to that of the 70/30. The above experiments 
proved a condenser-tube does exhibit differences of 
potential along its length ; but these differences are not 
sufficiently large and abrupt to explain any corrosion 
other than a more or less uniform one extending over the 
whole surface. 

The potentiometer used was obtuined from the Cam- 
bridge Scientific Instrument Company ; it was sensitive 
to the hundredth we of a millivolt, and was constructed 
as shown in Fig. 3. 

An exact balance is first obtained between the standard 


cell and the battery, when the whole circuit becomes | 


accurately adjusted to a fall of potential of 1 volt per 
50 ohms circuit resistance. 


(To be continued.) 


* Although the author is aware that the British 
Admiralty hold strongly to the view that cast iron is best 
suited for the manufacture of the end-covers., 


h | 1 deg. Cent. in four seconds, 


THE ALLOYS OF ALUMINIUM AND ZINC.* 


By Wa trsr Rosenual, B.A., D.Sc. (Member of Council), 
and Sypyry L. Arcusutt, A.I.C. (Both of the 
National Physical Laboratory.) 

IN a paper presented to the Royal Society on February 16, 
1911,+ the present authors have given a detailed account 
of an investigation of the constitution of the aluminium. 
zinc alloys. For the rps of opening the subject for 
discussion, however, it has been thought desiratle to 
present to this Institute a summary of the principal 
methods and results of that investigation, leaving it to 
those particularly interested to refer to the fuller account 
for any details not dealt with in the present paper. 

The alloys of aluminium and zinc have been investigated 
y Heycock and Neville,t Shepherd,§ and Ewen and 

urner.|| The present authors had occasion to study these 

alloys in connection with an extended research on light 
alloys of aluminium which they have been engaged upon 
on behalf of the Alloys Research Committee of the 
Institution of Mechanical Engineers. At the outset of 
their researeh they hoped to be able to depend upon the 
equilibrium di m as given by Shepherd, but a few 
preliminary cooling-curves at once showed that important 
transformations took place in these alloys which Rad not 
been described or explained by Shepherd, and this obser- 
vation rendered a complete study of the constitution of 
this binary system imperative. 

Materials Employed.—The materials employed were of 
the highest available purity. The aluminium, presented 
by the British Aluminium Company, contained 99.63 per 
cent. of aluminium; while the zinc, presented by Sir 
John Brunner, contained at least 99.98 per cent. of zinc. 

Preparation of the Alloys.—Weighed quantities of the 
two metals were melted together in salamander crucibles, 
a previously prepared 50 per cent. alloy being used in 
some cases. No flux was employed. The furnace used 
was heated either by gas or electrically. All ingots used 
for cooling-curve purposes were chemically analysed, and 
results very close to the values calculated from synthesis 
were obtained (usually within 0.5 per cent.). 

Thermal Study of the Alloys.—Cooling-curves were taken 
of = pod of the alloys weighing 300 grammes, and it was 
found necessary to use a very slow rate of cooling—about 
decreasing to 1 deg. Cent. in 
twenty seconds as the temperature falls—in order to 
obtain indications of all the thermal changes. The tem- 
perature measurements were made by means of a platinum- 
platinum-iridium thermo-couple and a delicate potentio- 
meter, the same thermo-couple being used throughout the 
research and frequently standardixed. 

In many cases the cooling-curves of individual ingots 
were re several times in order to eliminate acci- 
dental disturbances in the rate of cooling. The “ inverse 
rate” method was used throughout, and the curves were 
originally plotted on a large scale. Some typical examples 
are reproduced on a greatly diminished ne in Fig. 1. 

The equilibrium diagram, as finally arrived at on the 
basis of the cooling-curves, together with the data derived 
from microscopical examination, both of specimens of the 
alloys as ordinarily cooled and after special treatment, 
such as annealing and quenching, is given in Fig. 2. On 
this diagram the observed temperatures of arrests or 
retardations of cooling are shown as crosses, while the 
results of quenching experiments are indicated by dots 
surrounded by s circles or squares. The points 
plotted include all those observed. 
uidus (curve of initial freezing) is given in the 

y the lines AB, BC, CD, which differ from 


oa li 
iagram 
the corresponding curve as given by Shepherd only in 
— of the small break at the point C. The insertion 
of this break in the liquidus is justified by the fact that, 
in the first place, the accuracy with which points on this 


curve have m determined precludes an experimental 
error large enough to allow a smooth curve to be drawn 
through the plotted points ; the observations near C have 
been repeatedly checked in order to determine this point 
satisfactorily. There is, further, theoretical ground for 
the existence of a break in the liquidus at the point C, 
since it is shown by evidence to be described later that 
the crystals deposited along the branch BC and the 
branch C D are two distinct phases. 

The solidus of the diagram is given by the lines A E, 
EB, BF, FG, GH, and HD. This statement rests 
largely on microscopical evidence, deduced from experi- 
ments on specimens of the alloys subjected to prolonged 
annealing, followed in some cases by quenching. 

The eutectic horizontal, E B F, as regards temperature, 
and also in respect of the position of the eutectic point B, 
agrees closely with the corresponding line as given by 
Shepherd, but there is an important divergence between 
the results of Shepherd and those of the present authors 
concerning the length of this line. The authors’ eutectic 
line is only drawn as far as a concentration of 78.3 per 
cent. aluminium (F in the diagram), although in the 
cooling-curves the eutectic arrest is still noticed down to 
concentrations of 60 per cent. zinc. The reason for this 
apparent divergence lies in the fact that the existence of 
the eutectic beyond the point F is entirely metastable ; 
when alloys lying to the right of that point are heated to 
430 deg. Cent. for a considerable time, the eutectic dis- 





* Paper read before the Institute of Metals at New- 
castle, September 21, 1911. : : 
Proceedings of the <p mee Society and Philosophical 
| Transactions of the Royal Society. is ‘ 
|  t “ The Freezing-Points of Alloys Containing Zinc and 
Journal of the Chemi Society, 
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appears entirely both as | the arrest-point on the 
cooling-curves and as microstructure. Compara- 
tive cooling-curves taken at the same rate on ingots cooled 
slowly direct from fusion, and on others cooled after an 
exposure of 100 hours to 430 deg. Cent., clearly establish 
this point. . : 

The estimation of the concentration at which the 
eutectic disap was further attempted by the method 
of measuring the quantities of heat evolved at the eutectic 
arrests. It must, of course, borne in mind that even 
with the special precautions taken in these experiments 
this method of measuring heat-evolutions is not capable 
of any great degree of accuracy. By whatever method 
the quantity of heat is to be estimated, the result 
depends upon the point which is taken as represent- 
ing the end of the heat-evolution, and there is no 
well-defined symptom by which the end of a reaction can 
be ascertained in taking cooling-curve observations. The 
authors plotted their observations, taken with special 
precautions to ensure constancy of cooling rate, &c., in 
the form of large scale inverse rate curves, and measured 
the areas of the peaks on these curves. The ‘‘end-points” 
of each of the heat evolutions was inserted by estimation 
at that part of the curve where the backward sweep which 
follows the peak proper has nearly reached its full ampli- 
tude, the endeavour being made to place these points at 
corresponding parts of the various curves. The results 
of these measurements are plotted in Fig. 3 (a), and the 
points thus obtained lie practically on a straight line 
which cuts the axis of zero heat evolution at a concentra- 
tion lying close to 78.8 per cent. of aluminium. This 


Fig.7. 
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result is in close agreement with the concentration at 
which the most sensitive pyrometer ceases to detect an 
signs of the eutectic arrest in annealed alloys, and it wi 
appear later than the end of the eutectic line coincides 
with the concentration of the compound A].Zng. 

The nature of the heat evolutions along the lines CH 
and I L of the equilibrium diagram has now to be con- 
sidered. In view of the fact that some earlier observers 
have not noticed these heat evolutions at all, it may be 
remarked that the arrest-points, or rather retardations, 
along the line C H are decidedly small, and would not be 
observed except by the aid of delicate apparatus, and, 
more particularly, would be entirely overlooked if even 
moderately — rates of cooling were adopted. The 
arrest-points along the lines IL, on the other hand, are 
decidedly large and well marked, and the only reason 
why they have not been observed earlier may be sought 
in the fact that they occur at a comparatively low 
temperature (256 deg. Cent.), and the cooling-curve 
observations of earlier workers may not have been pur- 
sued down to that region. It is further to be noted that 
these lower arrest-points, especially beyond the concen- 
tration of 85 per cent. zinc, depend upon the extent to 
which the upper reaction (at 430 deg. Cent.) has been 
allowed to complete itself, so that with somewhat rapidly 
cooled alloys these lower arrest-points may also be to 
some extent ae 
_ The upper line of arrest-points (C H) does not lend 
itself to detailed thermal study, since the arrest-points 
themselves are small and lie so close to the arrest of 
initial freezing that the cooling curve is still in a disturbed 
condition, rendering heat estimation impracticable. The 
authors therefore contented themselves with ey ss gm | 
the fact that the heat evolutions along the line CH an 
those along the line I L were generically connected. 
This connection was demonstrated by means of a series 
of comparative cooling curves which showed, for a number 
of the alloys, that when the rate of cooling through the 
temperature of the line C H (443 deg. Cent.) was rapid, 
and the reaction at C H was thereby more or less com- 
pletely inhibited, then the arrest-point at 256 deg. Cent. 
was al ougpoeeee’, while the same alloy, after — 
at 430 deg. Cent. soas to allow the reaction of the line C 
to complete itself, exhibited a very large arrest-point at 
256 deg. Cent. This thermal evidence was supplemented 
by microscopical observations to be described later, the 
conclusion arrived at being that the line C H represented 
the formation of a definite compound by a reaction between 
the solid crystals and the mother-liquid, while the line I L 
represents the decomposition of this compound. In order 
to obtain thermal data as to the composition of this com- 
pound it was therefore sufficient to study the heat evolu- 
tions along the line I L, since the maximum of this line of 
arrests would coincide with the composition of the 
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tions by means of observations made on a series of alloys 
cooled slowly, and at a constant rate, from fusion ; this 
series yielded a curve of heat values giving a well-defined 
maximum lying at a concentration of about 85 per cent. 
zinc, thus coinciding with the pe C (the break in the 
liquidus), and not with the end of the eutectic line (F). 

e reason for this discrepancy becomes evident on con- 
sidering that to the left of the point C the compound 
crystallises direct from the molten alloys, while to the 
right of the point C the compound is only formed by a 
reaction between solid crystals and a surrounding mother- 
liquor; now the first stage of such a reaction always 
results in the formation of sheaths of the compound 
surrounding the solid crystals, and the eompletion of the 
reaction is retarded, since it is dependent upon diffusion 
through these sheaths. Microscopic evidence has shown 
these sheaths very clearly, and thus confirms the thermal 
results. The whole matter, however, serves to illustrate 
the fact that the method of ‘‘thermal analysis” must 
be applied with considerable caution. In order to avoid 
the influence of the change in the rate of formation of 
the compound on the two sides of the point O, a second 
series of cooling-curves were taken, but on this occasion 
the ingots of all the alloys were first subjected toa process 
of annealing at 425 deg. Cent. for a prolonged period 
(about 100 hours). The resulting curve of quantities of 
heat evolved is plotted in the curve of Fig. 3 (6), which 
now shows a well-defined maximum lying just above 
77 per cent. of zinc. Within the limits of error insepar- 








compound. 


An attempt was first made to study these heat-evolu- | defini 


able from this method, the concentration thus found 
agrees well with that of the eutectic line and with the 





tions of this series in a region where the alloys are already 
completely solid. The only inference which the authors 
would s t is that this series of small heat evolutions 
is dependent upon the action of a third a such 
as one of the impurities (iron or silicon) which are always 
present in the aluminium, so that this line of arrest-points 
may be regarded as yg bys to the outer of 
a diagram than to the binary diagram of alumi- 
nium and zinc. 

Microstructures of the Alloys.—Reference has already 
been made to the fact that the equilibrium di of 
Fig. 2 is largely based on microscopic evidence su = somo 
ing the thermal data. The description of the micro- 
structures of the alloys will therefore be given from this 
point of view. 

At the zine end of the diagram (Fig. 2) we have first a 
narrow area marked a ; the a meteral is either pure zinc 
or a solid solution of zinc containing aluminium—or more 
probably a compound of zinc and aluminium. The limits 
of this solid solution have not been exactly determined, 
but an alloy containing only 1 per cent. of zinc still shows 

of the presence of eutectic after annealing for 
twenty-four hours at a oy just below the freez- 
ing-point of the eutectic. nless the rate of solution is 
extremely slow, therefore, the limit of solid solubility lies 
within 1 per cent. of aluminium. In the diagram the line 
we pn | this limit has only been dotted, and is drawn 
—for convenience—further from the zinc end than the 
results indicate. 





























Immedi = | below the portion A B of the liquidus we 
have the usual region of a + liquid, and below this again 
Fig.2 
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zine). 

The demonstration of the fact that the line GH really 
represents a portion of the solidus curve having 
obtained entirely by microscopic evidence will be dealt 
with in that connection, and the same remark applies to 
the determination of the position of the solidus curve 
from H to D. There is, however, another series of small 
arrest-points which are found on the cooling-curves of the 
alloys lying between 65 and 0 per cent. of zinc which are 

lotted to the diagram without being connected with any 
ine, and these require some consideration. It will be 
seen that they constitute a series of small heat evolutions 
commencing in the “‘ pure” aluminium at a temperature 
just below the freezing-point (about 25 deg. Cent.), and 
ending at a temperature well below 500 deg. Cent. at a 
concentration of about 65 per cent. of zinc. e ** pure” 
aluminium, however, is far from chemically pure, so that 
it still remains doubtful whether such a t evolution 
would occur in the entire absence of impurities. The 
difficulty in regarding these points as arising from an 
allotropic transformation of aluminium lies in the cir- 
cumstance that they occur at varying temperatures 
throughout a ope = sag region. Now in such a region 
the solid which is, at a given temperature, in 
equilibrium with the liquid, possesses a constant con- 
centration throughout the region, and even if the 
transformation of the solid phase in question be de- 
pressed in temperature by the addition of zine, yet 


this condition of constant concentration also implies a 
constant temperature of transformation of the solid 
phase. Now the fact that the transformation occurs 
in the solid and not in the liquid phase is proved by the 
te occurrence of at least two observed heat evolu- 








the usual region of a embedded in a typical eutectic. 
Above the line I J the constituents of this eutectic are the 
two phases a and §, but below that line they are shown 
asa and y. Under moderate magnifications, the alloys 
of this region, whether slowly cooled or quenched from a 
temperature above I J, exhibit the typical appearance of 
a eutectiferous alloy, but under higher magnifications it 
is seen that in the case of alloys quenched from a tem- 
perature above I J, the dark-etching constituents of the 
eutectic (8) are quite homogeneous; in alloys slowly cooled 
through IJ, however, the dark-etching constituent of 
the eutectic has become nny | duplex. This feature 
is illustrated in Fig. 4, page , where the eutectic is 
shown under a magnification of 1000 diameters. 

The thermal and microscopic data me in placing 
the eutectic point at a concentration of almost exactly 
5 per cent. of aluminium. The typical structure of this 
eutectic is shown in Fig. 5, 440, under a magnifica- 
tion of 2000 diameters. It will be seen that the relative 
areas of the two constituents of this eutectic are not very 
different, in spite of the fact that the eutectic, point lies 
so near the zinc end of the series. is fact arises from 
the presence of a large proportion of zinc in the dark- 
etching constituent, points with some degree of 
probability to the existence of a definite compound in 
the series. 

To the right of the eutectic point (95 per cent. zinc) 
the diagram shows a region of 8 + eutectic above the line 
J K, and of a + y belowthat line. The ge structure 
of the 8 + eutectic region is shown in . 6, page 440, 
The six-rayed dendrite of the 8 meteral there shown is 
characteristic of the strongly-marked tendency of this 
body to assume six-rayed forms and to exhibit dendrites 
having 60 deg. angles, thus differing markedly from most 
roetals, which usually exhibit 90 deg. and 45 deg. angles 
in their dendrites. is characteristic feature is in itself 
evidence that the 8 body is a definite onecne. The 
close relation between the dendrite and the dark-etching 
constituent of the eutectic is clearly shown in the photo- 
graph, where the eutectic crystallisation appears to 
radiate from the arms of the dendrite. 

Tf an alloy of this up (7.¢., lying between 95 and 85 
per cent. of zinc) is allowed to cool owly in the yn A 
way, a careful examination of the ‘8’ 8! reveals 
the fact that this substance exhibits a duplex structure ; 
| rolonged annealing at a ye ust below that 
of the line J K (256 deg. Cent.) this duplex structure can 
be rendered very apparent, the “8” body then assuming 
a structure which, in ite laminated app closely 
resembles an ordinary fine-grained eutectic or the ‘‘ pear- 
lite” of a slowly-cooled carbon steel. This duplex 
character of the slowly-cooled or annealed alloys is 
shown in Fig. 7, page 440, under a magnification of 450 
diameters. e same alloy, quenched from a tempera- 
ture above 256 deg. Cent. shows the § body to be per- 
fectly homogeneous, microscopic evidence, there- 
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fore, shows that the reaction along the line I J K repre- | tion of the sheath of 8, which thus remains hom 
sents the decomposition of the 8 phase into two phases, | In Fig. 9 we have the same alloy, after ann 
and phase-rule considerations make it plain that these  helow 443 d 


neous. 
ing just 
. Cent. and quenched above 256 deg. Cent. 


two phases must be the a and y phases occurring in other | This process has al!owed the reaction 


adjacent fields of the diagram. 

Along the branch BC of the liquidus, the § meteral 
crystallises direct from the fusion, but to the right of the 
point C the crystals first deposited consist of the y meteral, 
and according to the diagram the y body reacts with the 
residual liquid at the temperature of the line CH to 
form the 8 phase, the first result of such an action will be 


the formation of sheaths of 8 around the original ¥ crystals, | 
while these again will be embedded in eutectic, derived | 


from the residual liquid. When the alloy in question 


lies to the left of the concentration of the pure 8 body, 








Fig. 12. 


7 + liquid = 8 

to be completed, while the subsequent quenching has 

revented the decomposition of the 8 meteral at deg. 
Bent. We thus have homogeneous § surrounded b 
eutectic, but the latter appears white in the photograp! 
in consequence of the segregation which the heat treat- 
ment received hy the specimen has caused in the eutectic. 
Finally, in Fig. 10, below, we have the same alloy so 
treated that first the formation of 8 was completed, and 
then again annealed just below 256 deg. Cent., so as to 


Fic. 14, . 


Fie. 13. 





were employed to determine the position of the curved 
portion of the solidus H D. 

The evidence just described has been completed by 
examining a series of the alloys lying near the concentra- 
tion of the point G in order to ascertain the limit of the 

resence of eutectic in alloys which have attained equili- 
rium. In an alloy containing 80 per cent. of aluminium 
even very prolonged annealing did not entirely remove 
the microscopic signs of the presence of eutectic, as shown 
in Fig. 11, below, while in an alloy containing 77 per 
cent. of aluminium the eutectic disappeared completely 
after moderately prolonged annealing, as shown in Fig. 12, 
below. These results taken together form strong con- 
firmation of the thermal evidence to the effect that the 
B body is the definite compound Al,Zn;, whore concen 








Fie. 15, 


the residual liquid will remain in a stable condition down | allow of the complete decomposition of the 8 body. The | tration is given by the line GFK. To the right of 


to the eut-ctic line, and will then soldify as stable 
eutectic, and this condition is found in the alloys lying 
in the region between the points C and G ; to the right of 
G, however, stable equilibrium would require the com- 
plete absorption of the mother-liquor by the reaction :— 
y + liquid = 8; 

but in ordinary cooling this is not attained, and some 
residual liquid reaches the eutectic temperature, and 
remains as metastable eutectic. ry ay al annealing at 
a temperature just below G H (443 deg. t.), however, 
results in the complete absorption of the residual liquid. 

_ The microscopic evidence entirely confirms these deduc- 
tions from the diagram, although only a few of the most 
typical of the resulting structures can be shown here. 

he formation of sheaths by the reaction along the line 
C G H is illustrated in Fig. rd above, under a magnifica- 
tion of 150 diameters, representing an alloy containing 
84 per cent. of aluminium cooled from fusion down to a 
temperature just above 256 deg. Cent. (I K L) and 
quenched ; this quenching has prevented the decomposi- 


laminated duplex structure is clearly seen in the photo- 


| the concentration of the pure § meteral we find a region, 


marked 6 in the diagram, in which the alloys, when 
annealed below the line G H and quenched above the 








graph. 

The next step in the microscopic evidence lies in the 
determination of the fact that after attainment of equili- | line K L, are completely homogeneous, resembling the 
brium the alloys to the right of the point G are completely | photo-micrograph of Fig. 12. This result indicates that 
solid immediately below the line GH. This evidence |the 8 meteral forms a series of solid solutions with 
was obtained by a series of experiments in which speci- | aluminium (or 7), and for a considerable distance to the 
mens of the alloys were first annealed for a Fang me |right of the point K the decomposition of the 8 body 
period at a temperature just below 443 deg. Cent., and | entering into this solid solution can be definitely traced 
were then quenched and examined under the microscope, | both thermally and by the microscoye, but to the right of 
duplicate experiments being made at a temperature just | the point L in the diagram even the most sensitive pyro- 
above the line GH. The results are indicated in the | meter fails to detect any heat evolution, while the 
en by means of dots surrounded by small circles | microscopic evidence also becomes inconclusive, owing to 
and squares respectively. The circlesindicate that micro- | the difficulty of preparing a polished surface of these 


scopic examination of the —— specimens showed | very soft alloys sufficiently perfect to make a distinction 


the well-known microscopic features due to the presence | between slight surface irregularities and slight decompo- 
of minute traces of liquid metal at the moment of quench- | sition clearly evident. For that reason the line K L has 
ing, while the squares indicate the complete absence of | been continued tentatively as a dotted line, the same 
these features. These results definitely establish the fact | course being adopted with the line representing the for- 
that when oy is attained the alloys are entirely | mation of the 8 compound The question arises down to 
solid below the line GH. The same kind of observations what concentration such 9 compound exists in & solid 
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ion as @ compound 
eae must be in onder that the compound may be com- 
pletely dissociated. This is a point which could perhaps 
be determined by other methods of investigation, but 
does not lend itself to thermal or microscopic study. 

To the left of the points H and L, however, both the 
formation and decomposition of the 8 compound can be 
very clearly traced by the microscope. Thus in the case 
of an alloy containing 75 per cent. of aluminium, Fig. 13 
(150 diameters), page 440, shows the structure resulting 
from ordinary slow cooling from fusion ; the microstruc- 
ture shows central very dark-etched cores of the original 
-y body, surrounded by sheaths of 8 which have become 
decom on further cooling, and the whole embedded 
in metastable eutectic, appearing white in the photo- 
graph. The same alloy, rendered homogeneous by 
annealing at a temperature just below that of the line 
GH. and retained in this condition by quenching from a 
temperature just above 256 deg. Cent. (K L), is illustrated 
by the photomicrograph of Fig. 12. ‘The decomposition 
of this homogeneous structure resulting from annealing 
just below 256 deg. Cent. is shown in Fig. 14, page 440, 
where the duplex laminated structure is well developed. 
In Fig. 15 (200 diameters), page 440, is shown the — 
ance of this alloy after being heated at 473 deg. Cent. 
for 30 minutes and then quenched. 


solu 


SumMMARY. 


The results of the thermal and microscopic investiga- 
tion of the alloys of aluminium 9 A poe in 
the equilibrium diagram given in Fig. 2. is di 
differs from that given by Shepherd and others in ~ amg 
ing two horizontal lines. of heat evolutions, lying at 
443 deg. and 256 deg. Cent. respectively, the former 
cutting the liquidus curve at a concentration close to 
85 per cent. of aluminium, where a small break occurs 
in the liquidus. The eutectic line has been shown to 
end in alloys which have attained equilibrium, at a con- 
centration near 78 per cent. of aluminium, while the 
maximum of the heat evolutions at 256 deg. Cent. has 
also been shown to lie near this concentration. These 
facts, together with microscopic data, lead to the conclu- 
sion that the heat-evolutions at 443 deg. Cent. represent 
the formation of the definite compound A],Zn; (called 8 
in the paper), while the heat-evolutions at 256 deg. Cent. 
represent the decomposition of this substance. The 8 
compound is incapable of dissolving zinc, but forms an 
unbroken series fs solid solutions with aluminium. The 
exact position of the solidus curves has heen determined 
by quenching experiments, and has been found to accord 
with the equilibrium diagram as given above. ‘ 

The researches described in this paper have been carried 
out in the National Physical Laboratory (metallurgy 
department), and the authors desire to express their 
thanks to various members of the staff who have assisted 
them, and especially to the director, Dr. R. T. Glaze- 
brook, C.B., F.R.S., for his interest in the work. 








COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

WE give below a list of colonial and foreign engineering 

rojects, for some of which tenders are asked. Further 
information concerning them can be obtained from the 
Commercial Intelligence Branch, Board of Trade, 73, 
Basinghall-street, London, E.C. 

Quecnsland: The Commercial Intelligence branch of 
the Board of Trade is in receipt of a copy of the report of 
the Board of Inquiry which was appointed in March last 
by the Queensland Government to inquire into and report 
upon the question of a harbour scheme for the port of 
Mackay. The Board of Inquiry are of opinion that the 
construction of an outer harbour at Flat Top Island, with 
connection with the mainland, will meet the require- 
ments of the case. They therefore recommend the con- 
struction of two breakwaters, and of one or more jetties 
for berthage projecting out from the island between the 
breakwaters ; and also the construction of a viaduct, in 
ae concrete, connecting the island with the main- 
and. 


—in fact, how dilute such a solid ing of a steam tramway from Orihuela to ag ee yA yo 
e 
Norte 


Gaceta of September 14 contains a notice, issued 
Ministerio de Fomento, Ganias to the Compaiiia I 
Central Espafiol Bilbao Vitoria y Extensiones a ninety- 
| nine 


ears’ concession for the construction and working of 


|shops have been enlarged, and a general] extension of 
the works is being carried out, as orders have fre- 
quently had to be declined. A paper mill, capable of 
turning out 30 tons a day, is being erected by the Govern- 
ment at a cost of 2,000,000 taels (about 268,000/.). The ma- 


a railway which, starting from Villarreal (Alava), will | chinery came from the United States of America and from 


join the Bilbao-Durango line at Lemona. The rolling- 
| stock required will consist of six locomotives with tenders, 
| four brake-vans, twenty passenger-coaches, and sixty 
wagons. 


notice, issued by the Ministerio de Fomento, grantin . Fe 

of | Pekin. 
| twelve months in which to draw up and present plans put their product on the market. 
| for the construction of a secondary railway from Colmenar 


the Compafia del Ferrocarril del Tajuiia a peri 


de Oreja to Villarejo de Salvanés. 
Turkey : With reference to the notice on page 416 of the 
Board of Trade Journal of August 31, relative to a call for 


Heraclea Company for use in the Black Sea, the British 
Consul-General at Constantinople (Mr. A. T. 
reports that the tug in question is required not for 
the Heraclea Mining Company, but for the Administration 
des Mines, a Government de ment. He adds that no 
final date has been fixed for the receipt of tenders, nor is 
it clear ohnted ee ae are oa na or oli am — 
contemplated. or further cu. a cation uu. 
Générale, Adr 


Wank 


be made to the Direction ministration des 
Mines, Constantinople. (Local atation is prac 
tically indispensable in the case of Turkish Government 
contracts. A list of British commission agents estab- 
lished in Constantinople may be obtained by British 
firms on application to the Commercial 
Branch of the Board of Trade, 73, Basinghall-street, 
London, E.C.) 


notifies that tenders will be opened on October 1 by Il 
Signor Sindaco, Palazzo Municipale, Trinitapoli, for 
draining the subsoil of Trinitapoli. The upset price is 
ut at 288,000 lire (11,520/.), and a deposit of 14,000 lire 
5607.) will be required to qualify any tender. 
Brazil: The Diario Official of August 25 publishes a 
decree (No. 2430) earmarking, in favour of the Ministry 
of Justice and Home Affairs, an extraordinary credit of 
2,363,336 milreis (about 158,000/.) for the noe of com- 
pleting the building of police cavalry barracks in the 
Avenida Salvador de Sa, Rio de Janeiro. The same issue 
of' the Diario contains a decree (No. 8918) opening, in 
favour of the Ministry of Communications and Public 
Works, a credit of 400,000 milreis (about 27,000/.) for the 
purpose of carrying out surveying operations in connec- 
tion with the proposed extension of the Bahia Railway 
system. . The Diario of August 29 notifies that tenders 
will be received up to November 28, at the offices of the 
Directoria Geral, Ministerio da Viagio e Obras Publicas, 
Rio de Janeiro, for the veg tee d out of important harbour 
works at Jaragud, in-the State of A the cost of 
which is fixed at 11,700,000 milreis (about 780,000/.). The 
form of contract contains provisions for the working 
of the harbour on terms stipulated. The works include 
the construction of wharves, docks, breakwaters, a bridge, 
railway lines; also dredging; and the provision of 
3 locomotives, 30 wagons, 6 movable electric cranes, each 
of 14 tons carrying capacity, and of one fixed 30-ton 
crane, and an electric lighting installation. The work 
must be commenced within 10 months after the signing 
of the contract, and be terminated by December 31, 1915. 
A sum of 40,000 milreis (about 2700/.) must be deposited 
with the National Treasury before tenders are submitted ; 
but, if desired, this amount may be deposited with the 
Brazilian Treasury authorities in London, when notifica- 
tion thereof will be telegraphed to Rio. The above- 
mentioned deposit must increased to 80,000 milreis 
(about 5300/.) by the successful tenderer. Local repre- 
sentation 18 ares , 
Ui y: H.M. Vice-Consul at Montevideo (Mr. H. 
Hall Hall) reports that the municipal authorities of that 
place are about to invite tenders for the paving of some 
80,000 squares metres ofthe streets of the city. The 
material to be used is to be natural or artificial asphalt. 
The value of the contract is estimated at about 148,000/. 





South Africa: H.M. Trade Commissioner reports that 
the Works Committee of the Johannesburg Municipal 
Council recommend the invitation by the Council of | 
tenders from South Africa and abroad for the laying of | 
asphalt or other superior paving material in the roads | 
within the central area of the town, up toa minimum of 
100,000 square yards; the material is to be laid on a! 
foundation of cement concrete 7 in. thick. It is also re- 
commended that tenderers should be required to give the | 
following particulars :—The nature of the material pro- 
posed to be used, and its thickness; the period over | 
which they are prepared to guarantee the material, and | 
to maintain the roads in a satisfactory condition ; the | 
price per —— yard for (a) laying, and (}) maintaining | 
fora period of not less than twenty years; the method | 
of memes required ; the time required to complete the 
work. 

Spain: The Gaccta de Madrid of September 10 con- 
tains a decree to the effect that tenders will be opened | 
on December 12 at the offices of the Direccién General 
de Obras Piiblicas, Ministerio de Fomento, Madrid, for | 
a concession for completing the construction of, and work- | 
ing, a railway from Avila to Salamanca, passing by way | 
of Peiiaranda de Bracamonte. A deposit of 52,862 pesetas | 
(about 1960/.) will be required to qualify any tender. The | 
minimum amount of rolling-stock required for working | 
the railway will consist of three passenger and five goods 
locomotives, together with eight tenders, 29 passenger 
coaches, 22 good 





8 wagons, and 12 brakes. Local repre- | 


sentation is necessary. The Gaceta of September 11 con. | 
tains a notice, issued by the Ministerio de Fomento, 
granting to the Sociedad Anénima Tranvia de Orihuela, | 
of Orihuela, a concession for the construction and work- 


| 


\ 


A deposit of 5000 pesos (about ip be required 
with each tender, to be increased by the. successful 
tenderer to 10 per cent. of the accepted contract price. 
No date has yet been announced for the receipt of tenders. 

Venezuela.—His Majesty’s Vice-Consul at 
(Mr. G. B. Gilliat-Smith) reports that a contract has 

nen into between the Venezuelan Government 
and General Delgado Chalbaud for the construction of a 
system of sewers, the laying of new paving, and the exten- 
sion and purification of the water supply at that town. 

Hayti.—The Bulletin Commercial (Brussels) of Sept- 
ember 16 notifies, on the authority of the Belgian Legation 
at Port-au-Prince, that concessions have been granted :— 
(1) For the construction of a railway, 140 miles long, from 

ne to Cayes, including various branch lines; and 
(2) for the erection of hydro-electric works designed to 
supply electric power to the railway which runs from 
Port-au-Prince to Piéton Town, a distance of 5 miles, and 
to the Port-au-Prince tramways, which have a length of 
11 miles. 

China : The Acting Commissioner of Customs at Han- 
kow, in his report for 1910, states that great y has 
been made by the Yangtze Engineering Wor The 
prediction that these would become a most important 
undertaking is being quickly verified, and it is an excel- 
lent instance of what efficient Chinese management can 
do. It has executed a number of big orders for steel tu 
and e prape bridges, and general structural steel wool, 
as well as repairs. It has on the stocks a steel tugboat of 
120 ft. and 600 horse-power for the iron-works, and two | 
of 115 ft. and 500 horse-power for the Pingsiang Colliery, | 
and several lighters and pontoons. A new wy! for | 
docking vessels up to 125 ft. has been built, the work- 





The Gaceta of September 16 publishes a | product will be bank-note paper. 


tenders for the supply of a steam-tug required by the | 


Intelligence | h; 


Italy : The Gazzetta Ufficiale (Rome) of September 9 | h 


| the United Kingdom. The paper is to be made from rags, 
straw, and bamboo, and a considerable amount of resin 
and china clay will be needed. A large portion of the 
. It is intended entirely 

ting establishment at 
the Hupeh cement works 
e works are at 
| Tayeh, and are pepe d up-to-date. Theraw material 
| is excellent, and the finished article has been submitted 
to severe tests. Asit can undersell the cheapest imported 
| cement, it has met with strong demand, and should de 
— work in supplying local needs. The nail and needle 
| factory has been a disappointment, as it has been worked 
|ataloss. Electric light is in such demand that the electric 
lighting company finds it necessary to erect a second 
plant. A scheme is on foot for the establishment of 
water-works in Wuchang. 


the Government 


to sup 
the summer of 191 


"i. 





Tue Vatvue or Norway's Water-Power.—Norway is 
estimated to possess an aggregate water-power suitable 
for exploitation representing, when duly utilised, a total 
of 4,000,000 constant horse-power all the year round, and 
in addition 1,500,000 horse-power can be reckoned with 
during three-fourths of the year. Consequently Norway 
as 45,000,000,000 horse-power hours per yeas, vepresent- 
ing in coal about 30,000,000 tons. Putting the value of 
coal at 16s. 8d. per ton, the above aggregate of hydraulic 
orse- power hours represents a sum of 20,000,000/. 
annually. 

Tue Exnaust Gases From Gas-Enoines.—The effect 
of the exhaust on iguipes-pige and mice was observed 
by Professor Dr. 8. epine, with the engine working 
under veers conditions of load and of air and gas 
supply. ith the engine fully loaded, the exhaust was 
free from poisonous gases, but was dangerous to human 
beings owing to the large proportion of carbon dioxide 
and the absence of oxygen. When the air supply was 
insufficient for complete combustion, the exhaust con- 
tained up to 44 — of carbon monoxide, and was 
dangerous for inhalation when diluted with less than 50 
volumes of air. Insufficiency of air supply may. arise 
from trivial causes, such as partial blocking of the air- 
=P It is recommended to public authorities that the 

ischarge of exhaust gases into sewers be forbidden, 
and the discharge into any confined space to which persons 
have access should be avoided. 

Larck French Harsour in Icetanp.—For .some 
time there has been a question of constructing a harbour 
in Iceland by French capital, and the plan now appears 
to be approaching its realisation, the very substantial 
capital now having been secured. new harbour is to 
be at Thorlakshiifn, close to the settlement of Eyrar. 
bakki, in South Iceland. Several French engineers have 
been spending the summer in Iceland making the neces- 
sary surveys. The new harbout is being built for the 
benefit of the large French trawling fleet, which has 
hitherto had to go right round to Reykjavik, which means 
a loss of time amounting to five or six days. This time 
can now be saved by the new harbour, where there will be 
large coal and salt dépéts, provision stores, up-to-date 
appliances for discharging and storing, &c. The French 
syndicate, which is understood to have a capital of some 
4,000,0007., also intends to in fish and agricultural 
produce on a very extensive scale. The scheme, which 
also comprises the construction of a railway into the coun- 
try, will, if realised to its full extent, prove a very serious 
| rival to the new harbour at Reykjavik now about to be 
| constructed, to which the Iceland Parliament has recently 
| voted a grant of 400,000 kr. 








SHIPBUILDING IN AusTRIA.—On September 9 there was 
launched from the shipyard of Messrs. Cosulich Brothers, 
at Monfalcone, Austria, a ne twin-screw mger 

| steamer, the Kaiser Franz Josef I., for Messrs. Cosulich’s 

| passenger and emigrant service between the Mediterranean 

'and America. Special interest attaches to the launch of this 

| vessel as being the largest and finest built yet in Austria. 
The christening and launching ceremony was performed by 
her Imperial and Royal Highness the Archduchess Maria 
Gioseffa, there being present H.R.H. the Princess of 
Saxonia and other representatives of the Austrian Court 
and State. The vessel, which is expected to attain a 
speed of about 19 knots, is in length 500 ft. ; breadth, 
62 ft. ; depth to shelter-deck, 42 ft. 9 in. ; depth to boat- 
deck, 69 ft. 9in. ; displacement, 16,500 tons at 26 ft. 
draught : register, 12,500 tons; dead-weight capacity 
at 26 ft. draught, 7500 tons. The propelling machinery, 

| designed and constructed by Messrs. David Rowan and 
Co., of Glasgow, consists of twin-screw quadruple-expan- 
|sion engines, balanced on the Yarrow-Schlick-Tweedy 
system, capable of indicating 13,000 horse-power, and 
| having six double-ended and one single-ended boilers, all 
| fitted with Howden’s forced draught. The auxiliaries 


|include Weir dual air-pumps, automatic feed-pumps, 


bilge-pumps, sanitary wre &c. There are two 
refrigerating-engines and a complete system of cold- 
storage rooms for beef, fish, vegetables, wines, &c. 
Among other work the firm has on hand is the construc- 
tion of a 9600-ton dead-weight cargo steamer, a steamer 
of 11,000 tons dead-weight, and two steamers, each of 
8000 tons dead-weight, besides six smaller vessels. This 
busy yard png into existence, and built their first 
vessel, only three years ago; their general manager is Mr. 
James Stewart. 
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CATALOGUES. 


Arce Lamps.—¥From the Globe Electric Company, 
Limited, 11, Farringdon-avenue, E.C., we have received 
a pamphlet dealing with arc lamps for photographic 
»urposes. The list gives prices and full particulars of 
senda suitable for portraiture, copying, process work, 
blue-printing, and other purposes. 

Gear Wheels. ~From Greenwoods’ Standard Gear- 
Cutting Company, Limited, of New Bond-street, Halifax, 
we have received a price-list of machine-cut gear wheels. 
Prices are quoted for batches of spur wheels with 20 to 120 
teeth of 5, 6. 7, 8, 10, and 12 diametrical pitch, and also 
for sets of change wheels and metric wheels. The teeth 
of all these wheels are of Brown and Sharpe’s involute 
form. 

Second-Hand Rolling-Stock and Machinery.—We have 
received from Mr. John F. Wake, of Geneva Wagon and 
Engineering Works, Darlington, a copy of a list of 
second-hand machinery, plant, and rolling-stock for sale, 
hire, or exchange. e list, which is arranged alpha- 
betically, gives brief particulars, with prices, of air-com- 
pressing plant, cranes and steam-navvies, steam-engines 
and boilers, gas-engines, electrical machinery, machine- 
tools, pumps, locomotives, wagons, railway material, and 
« variety of miscellaneous machinery. Illustrations of 
several of the items are included. 

Sewage Disposal Apparatus.—We have received’. from 
Mr. W..E. Horsman, ‘‘ Rosewyn,” Pendle-road, Streat- 
ham, 8.W., the London cagrenrpeetion of Messrs. George 
Waller and Son, of Stroud, Gloucestershire, a pamphlet 
relating to ‘‘E.F.B.” automatic apparatus for use in 
connection with the bacterial treatment of sewage. The 
pamphlet deals with a cylindrical revolving screen or 
strainer, an alternating device for controlling the flow of 
liquor to and from contact beds, and a sewage distributor 
operating on the Barker’s mill principle. The ap tus 
is illustrated and fully described, and the special features 
of each part are pointed out. 


Grinding- Wheels, «&:c.—We have received from Messrs, 
Buck cut Widheoen: Limited,‘'2 and 4, Whitechapel-road, 
K., a catalogue of ‘‘A.E. W.” grinding-wheels and speciali- 
ties. These wheels are made of Canadian corundum by 
the American Emery Wheel Works. Vitrified, silicate, 


and elastic wheels are supplied in‘grades suitable for all | 


purposes. The catalogue gives particulars and states 
prices of ordinary wheels, cup-wheels, cylinders, and 
wheels of special shapes for use on grinding-machines, 
tool and cutter-grinders, &c. Prices are also stated for 
ring-wheel chucks, wheel-dressing tools, rubbing-bricks, 
sticks, slip-stones, &c. 

Dynamos and Motors. — The Electrical .Company, 
Limited, 122 to 124, Charing Cross-road, W.C., have sent 
us a copy of their latest list of standard direct-current 
dynamos and motors. This list deals with machines from 
the smallest size up to 100 brake horse-power. Many of 
the sizes listed are kept in stock for immediate delivery, 
and the particulars of these machines are printed in 
heavy type in order to distinguish them. Full particulars, 
including specifications, prices, and dimensions of the 
machines are given, and instructions for setting them up 
and running them are also included. Prices are quo 
for spare parts, and for accessories, such as shunt regu- 
lators, starters, &c. Particulars are also included of 
motor-generator sets and rotary converters for cinemato- 
graph work, &c. 


Wireless Telegraphic Apparatus. — Messrs. Siemens 


Brothers and Co., Limited, Caxton House, Westminster, | 


8. W., having obtained the rights, in the United Kingdom, 
and some of the colonies, for the ‘‘ Telefunken” system 
of wireless telegraphy, have issued a a eae dealing 
with the origin and development of this system. ‘The 
pamphlet also illustrates and fully describes all the appa- 
ratus, and gives particulars of standard installations 
ranging in size from a small set for use on lightships, 
trawlers, &c., to one in which the oscillating energy of 
the antenna is 25 kw., the latter size being suitable for 
large land stations. Particulars are also given of portabie 
military stations. Numerous installations of widel 
varying capacities are illustrated, and data relating to 
the power and range of some of them are included. 


Universal Machine-Tool.—A pamphlet containing full 
rticulars of the Drummond-Barreto universal machine 
or turning, boring, drilling, screw-cutting, milling, and 
gear-cutting, has reached us from Messrs. Drummond 
Brothers, Limited, of Guildford, who have designed and 
built the machine from the sketches and specifications of 
Baron Barreto for repair-work on his steam-yacht. The 
firm is now putting this machine on the market for use on 
steamships or in motor-garages, repair-shops, factories, 
&c., where there is insufficient work to warrant the instal- 
lation of separate tools to perform the above-mentioned 
operations. The pamphlet illustrates the tool, contains a 
specification, and gives the principal dimensions ; prices 
are also stated. This machine was iiustrated antl described 
in ENGINEERING of September 2, 1910, on page 332. 


Loud-Speaking Telephones.—A leaflet relating to their 
water-tight, loud-speaking, marine-type Bislcaes, has 
come to hand from Messrs. Siemens Brothers and Co., 
Limited, Caxton House, Westminster, S.W. These 
instruments are manufactured in two types, known re- 
P sarater o as the ordinary tyre and the engine-room type, 

hose of the latter type, being intended for use in very 
noisy situations, are each D ge my with two movable ear- 
trumpets, which can be held close up to the ears of the 
user. The ordinary instruments have only one fixed 
trumpet or receiver. This type can be supplied mounted 
in a box supported ona column for use on deck. With 
both types a bell or indicator, or both, may be used for 
calling up. The firm states that in these instruments 


the loud speaking is not obtained by using large currents | 
in the microphone, but by means of the system of connec- | 
tions, and by special construction of the microphone. 


Superheated-Steam Engines.—We have received from 
the firm of Mr. R. Wolf, of Magdeburg-Buckau and 
Salbke, whose London address is Norfolk House, 7, 
Laurence Pountney Hill, E.C., a copy of a catalogue 
illustrating and describing the latest types of their well- 
know superheated-steam Iccomobiles. These engines, 
one of which was illustrated and. described in our 
issue of October 8, 1909, on page 478, are made in 
a great range of sizes from 12 to 800 horse-power. 
The catalogue, after fully describing the construction 
of the engines and boilers, and explaining their 
special features, gives general particulars of the various 
types made, which include single-cylinder engines, com- 





able engines. A few types without superheaters are | 
listed for use in cases where fuel economy is of secondary | 
importance. The boilers can, if desired, be fitted with | 
mechanical stokers or arranged for burning oil-fuel. The | 
catalogue also illustrates special furnaces for Menger | 
| inferior coal, wood-chips, shavings, tan-bark residue, an 

| other waste fuels. 


Roller Chains and Sprockcts.—From Messrs. Hans 
Renold, Limited, Progress Works, Brook-street, Man- | 
| chester, we have received a copy of a sectional catalogue | 
| devoted to their bush and roller chains and sprockets for | 
| power transmission. These chains are made in four 
standard series, known as short, medium, and long pitch | 
and extra strong. The three latter classes are derived 
| from the short-pitch chains by increasing or decreasing 
the pitch of the side plates without altering the dimen- | 
sions of the studs, bushes, and rollers. Full particulars, | 
with prices, are given of the different sizes made in each | 
series. Prices are also — for component parts, 
joints, and repair parts. e catalogue contains much 
information intended to serve as a guide to customers in | 
| the selection of chains suitable for their requirements, 
and also includes numerous useful notes on installing, | 
running, and repairing them. Another useful feature | 
included is a diagram, by means of which the working | 
load for a chain under various running conditions can be 
very easily determined. Prices and particulars are given 
of sprocket-wheels for use with these chains, and also of | 
© iaeaeaas for cutting the teeth on customers’ own | 
an 


Ventilators.—Two circulars, illustrating and stating 
prices of Morgan’s patent mushroom type ventilators for 
steamers, railway trains, &c., have been received from | 
Messrs. H. D. Morgan and Co., 12, Jordan-street, Liver- 
pool. The ventilator consists of a flanged tube of cast | 
iron or brass, fixed to the roof of the apartment to be | 
ventilated, and containing another casting in the shape of | 
a small tube with four radially projecting plates The) 





} 
' 





inner casting extends above the top of the outer tube, and | 
| is surmounted by a dome, which is heid in I ees by a} 
| bolt passing through the small central tube. The dome is | 
| somewhat larger in diameter than the outer tube, the | 
| whole arrangement of the upper part being such that a | 
| current of fresh air is led down into the room from the | 
| windward side, while a similar quantity of foul air is | 
| extracted from the leeward side. One circular states | 
| prices for ventilators from 3 in. to 8 in. in diameter in | 
cast iron or brass, or with brass domes, and mentions that | 
larger sizes are made in wrought iron. The other circular | 
deals with special ventilators for railway carriages. They | 
are of similar construction to those previously described, | 
but are provided with Clayton’s patent blizzard-proof | 
and cinder-proof screens. 


Gas-Engines and Suction-Gas Plants.—We have re- 
ceived from the Dudbridge Iron Works, Limited, of | 
| Stroud, Gloucestershire, a copy of their catologue of gas- | 
| engines and suction-gas producers. The catalogue contains | 
| ageneral description, with illustrations, of single-cylinder | 
| engines, which are made in twelve sizes, ranging from 15 | 
| to 120 brake pet yy Two types are made, for | 
| ordinary purposes and for electric lighting, respectively. | 
| These engines are regulated on the variable-admission 
| principle, the governor controlling the lift of tne com- | 
bined gas and air-valves, so that the quantity of explosive 
| mixture drawn into the cylinder is proportional to the | 
|load. A working stroke is thus obtained in every cycle. | 
| Ignition is by low-tension magneto, and the sparking | 
| plug is provided with a thick glass window, to enable the 
attendant to observe the spark while the engine is 
| running. Special attention has been given to the matter 
of lubrication, the arrangements being such that the 
| engines are capable of running continuously for long 

riods. The catalogue also illustrates and describes the 
| Dudbridge suction-gas producers, for use with anthracite, 
| coke, or charcoal, and gives particulars of fourteen sizes, | 
| eee for engines ranging from 3 to 225 brake horse- 
power. 


Sugar Machinery.—Messrs. George Fletcher and Co., 
| Limited, of Masson and Atlas Works, Derby, are issuing 
a revised catalogue of their machinery and apparatus 
for the manufacture of cane sugar, and have sent us a 
copy of the first section, which deals with machinery for | 
the extraction of the juice. The catalogue first gives | 
general particulars of standard steam-engines for outputs 
ranging from 8 to 710 horse-power at 100 lb. pressure. | 
These are followed by particulars of single crushing 
mills, Krajewski crushers, and crushing mills arranged | 
in series with preliminary crushers, the necessary heavy | 
gearing bei 





pound condensing and non-condensing engines, and port- | gra’ 


type. The catalogue also deals with accessory apparatus 
such as feed and delivery tables, cane carriers, megass 
carriers, mechanical’ ‘juice strainers, juice pumps, &e. 
For the convenience of foreign clients, the particulars 
given include weights and shipping dimensions of each 
piece of machinery ; every facility is also given to cnable 
telegraphic inquiries to be made. 

Gas-Producer.—From Messrs. Smeeton and Brewer, 
56, Victoria-street, Westminster, S.W., we have received 
a pamphlet Mpaswating sud describing the Rehmann gas. 
producer, for which they are thé sole British licensees 
and manufacturers. This producer is fitted with a revoly. 
ing grate and an arrangement for automatically removing 
the ashes and clinkers. It is claimed to be = Ae to work 
continuously with low-grade coals of all kinds, with the 
minimum production of CO,. The special feature of the 
te is the nature and arrangement of the air and steam 
inlets. * These consist of four conical projections provided 
with annular slots through which the air and steam pass. 
Downwardly-extending flanges are provided over the 
slots to prevent them from becoming blocked up. The 
four cones are situated at the centre and apices of an 
equilateral triangle, the middle one being a small distance 
away from the axis of rotation of the grate. Thus all four 
cones describe circles of different radii, and in doing so 
thoroughly stir the fuel in the lower part of the producer, 
thereby preventing it from caking, and effectually remov- 
ing the ashes and clinkers. These fall into a water-trough 
surrounding the grate, and are continuously removd 
from this trough by an automatic device. The pamphlet 
also illustrates Rehmann’s automatic charging apparatus, 
which has been designed to distribute the coal uniformly 
over the whole surface of the producer. y 


Dynamometers.— Messrs. Heenan and Froude, Limited, 
of 4, Chapel-walks, Manchester, have sent us a copy of a 
pamphlet issued by them, relating to the Froude water- 
dynamometer. This dynamometer is of the absorption 
type, and is largely used for measuring the power deve- 
loped by engines, turbines, motors, and other prime 
movers. It consists essentially of a rotor mounted on a 
shaft, and arranged to rotate inside a stationary casing 
containing water. The rotor is in the form of a disc, 
having an annular channel of semi-elliptical section on 
each end-face, and these channels are divided into nume- 
rous compartments by means of oblique vanes. The 
inner faces of the casing are of similar formation, and 
only a small space is left between the stationary and 
moving vanes. When the rotor is driven by the engine 
under test, the water, being set in motion by the rotating 
vanes, tends to turn the casing, which is mounted on 
friction rollersand provided with a balanced lever, <o that 
the turning moment thus exerted can be measured. The 
power absorbed is expended in heating the water, which 
1s “+ to the casing ay flexible pipes at the 
rate of about two gallons per horse-power hour. The 
brake is controlled by the water inlet and outlet valves, 
it being possible to vary the aged absorbed at any specd 
from practically nothing to the maximum capacity. Tin 
standard sizes are made for speeds up to 4000 revolutions 
per minute, and horse-powers up to 5560, but the firm 
states that these dynamometers can be made for any 
power at any speed. ‘hey are claimed to be absolutely 
accurate, and to maintain a constant resistance for any 
length of time. It is also mentioned that the design has 
recently been improved and modified, so that the cost of 
construction has been greatly reduced. 


Railway Si ang Apparatus. — Messrs. Siemens 
Brothers and Co., Limited, Caxton House, Westminster, 
S.W., have sent us a copy of a pamphlet illustrating and 


| describing their mercury-contact treadle for use in con- 


nection with railway signalling. Its object is to make or 
break an electrical circuit when a train passes the place 
where the treadle is fixed. The apparatus consists of a 
shallow circular cast-iron box, containing a thin steel 
diaphragm, beneath which is a space filled with mercury. 
On one side of the diaphragm box, and in communication 
with it, is a smaller dealin, in which the mercury rises 
when the diaphragm is depressed, until it reaches two 
contacts at the top of the chamber, and thus completes a 
circuit controlling any signalling instruments. ‘This 
contact-chamber is provided with ball-valves, which may 
be arranged in three ways to give continuous or inter- 
mittent contacts during the passage of a train, or to open 
a circuit which is normally cl Adjustments can be 
made so that the signals are maintained for a period 
varying from one to eight seconds after the passage 
of the last wheel. The apparatus is provided with 
two clamps, by means of which it is attached to 
the bottom flange of the rail, between two sleepers, 
the diaphragm being directly connected to the base 
of the rail by means of a short plunger situated midway 


| between the clamps. When a train passes, the small 


deflection of the rail is communicated to the diaphragm 
by the plunger, sufficient mercury being thereby displaced 
from the diaphragm chamber to produce a considerable 
rise of level in the contact chamber, since the area of the 


former is about 1500 times that of the latter. The makers 


|claim for this apparatus, that it can be used with any 
| kind of rolling-stock travelling at high or low speeds, 1s 


very sensitive, and unaffected by temperature changes ; 
they also state that it is dust and water-proof, self-con- 
tained, and very easily installed. Complete instructions 
for this operation are included in the pamphlet. 





Locomotives 1x GermMaNy.—The central railway office 


also dealt with. A large number of small | at Berlin is about to commence negotiations with Germs . 
plans are included to show how the mills, engines, and | mechanical construction establishments for the supply © 
gearing may be arranged. The mills can be fitted with | 525 locomotives of various ty 

either hydraulic or spring-toggle pressure regulators, | are to be put upon Prussian State lin 
particulars of both types being given, as well as of pres-| the German Empire lines. Deliveries 
sure pumps and accumulators for use with the hydraulic | before the close of September, 1912, 


Of these engines, °10 
tate lines and fifteen upen 
are to be mace 
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SELECTED ABSTRAOTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE AOT OF 1907, “ 
The number of views gum oy Sate Faber gene 


Where ¢ communicated from abroad, the Names, &c., 
of the Communicators are given in italvs. 

Copi of Spertseations may So easeined of the Peet Or es 
Branch, s nen Buildings, Chancery-lane, W.C., at 
the unt eee : 

edvertionnont of the of a Complete | 

a BE S, is, in each case, after the abetract, | 
Patent has been sealed, u ] ven. | 

Any person may, at any time within two months from the date of | 
the adnertiorneet Fons Glo of oeationte te prom @ 3| 

‘Patent on any of the mentioned in the Act. 

GUNS AND EXPLOSIVES. 


. Fried. Krupp Aktiengesellschaft, Essen, | 
Pn Projectiles. [5 Figs.) June 20, 1910,—This | 
invention relates to an illuminating projectile, the illuminating | 
devices being provided with a parachute, &nd is characterised by 
the fact that the parachute is formed by wings pivotally arranged 
on the casing of the illuminating device, and which, when in the 
position cf rest, surround the side walls of the casing. The 
illuminsting projectile is constructed, as regards its general 
arrang ement, similarly to a base chamber shrapnel. The illuni- 
nating composition, for the ignition of which a pellet of powder 
is provided, almost fills the entire casing F! of the illuminating 
device F, which forms a hollow prism of hexagonal section, and is 


Fig.i f? 
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open at one end. On the end of the casing F!, which is closed b; 
a transverse wail f*, are arranged six wings J, which wings forin 
a parachute, and the cross-section of which is suited to the cross- 
sectional form of the casing F!. The wings J are hinged to the 
casing F1, and are acted upon by helical tension springs attached 

on the one hand, to the transverse wall f2 of the casing F!, and, 
on the other hand, to tapered lugs on the wings. The springs 
tend to rotate the wings J into the operative position shown. In 
this position the helices of the springs lie close together, so that 
any further rotation of the wings beyond this position, which the 
resistance of the air would tend to cause during the descent of 
the illuminating device, is impossible. (Accepted July 12, 1911.) 


8002/11. Whitehead and Co., Actiengesellschaft, 
Fiume, Hungary. Automobile Torpedoes. [1 Fig.) 
November 19, 1910.—This invention has for its object controlling 
means for the fly-wheels of gyroscopes of automobile torpedoes by 
means of a jet or motor fluid supplied through two diametrically 
opposite tuyeres, and consists in dividing each of the two dia- 
metrically opposite tuyeres into two , of which the part a is 
mounted upon the pivot } or ¢ of the vertical ring d of the gyro- 
scope, and connected with the members supplying the motor 
fluid, while the other part f is mounted upon this vertical ring d, 
which is capable of rotation relatively to the fly-wheel g. When 
the fly-wheel is at rest the two age al and /f! of each tuyere 
are arranged opposite each other, and maintained in this position 
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by the usual anew y J mechanism until the torpedo is launched, 
After the fly-wheel has been started the ring d and the portion 
oi the tuyere carried by it can be displaced relatively to the 
fl\-wheel g without inconvenience. This arrangement presents 
the advantage of not necessitating any modification in the form 
ol the ring d, which merely presents a slight protuberance at the 
place through which the tuyeres pass, thereby effecting an 
important reduction of volume as compared with the usual two 
tuyere devices, in which the rin comprises a very large protuber- 
ance with curved slot, permitting of its displacement around the 
fi\ed tuyeres. The arrangement also permits of preserving the 
WIT) pin formation for the lower pivot ¢. (Accepted July 12, 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


6047/11. W. J. Still, Southall. Internal-Combus- 
tion Engines. [1 Fig.) March 22, 1910.—This invention 





relates to a scavenging-engine having scavenging air inlet and 
*\haust ports disposed at opposite ends of the cylinder, the inlet 





ports being arranged symmetrically around the cylinder, and con- 
sists in a piston with a concave head free from projections or the 
like and preferably of a radius of curvature equal to the bore of 
the cylinder. The cylinder casting a is provided with three rings 
of ports qoute into the cylinder g, which comprise b the exhaust 
ame ¢ the combustible ports, and d the scavenging air inlets. 

e piston e, which co-acts with the latter, is provided with a 
smooth concave face /, the radius of curvature of which is equal to 
the bore of the cylinderg. In this case now, as soon as the piston 
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e uncovers the ring of ports d, air will rush in to effect scavenging, 
but owing to the form of the piston the same will not break up 
into eddies but will advance as a more or less uniform mass to 
expel the products of combustion through the exhaust ports b. 
The piston / is also shown as having a concave: head, but this 
feature isnotessential It will be understood that it is of import- 
ance to have the largest port area possible and also to have a 
symmetrical port arrangement which features are most easily 
attained by a port arrangement of the nature above described. 
(Accepted July 5, 1911.) 


LIFTING AND HAULING APPLIANCES. 


19,533/10. J. W. Smallman, Leamington. Haulage 
Clip. {7 Figs.) August 20, 1910.—The invention relates to 
haulage clips employed in collieries and mines for attaching the 
tubs to endless wire-ropes, and comprises two rocking shells, 
a central adjustable device for loosely connecting the shells, and 
a lever furnished with a trunnion-peg, the head of the lever 
working along inclines on the upper part of the shells. The 
coupling for effecting attachment to the draw-bar of the tub or 
wagon is secured to the clip by a pin and split-cotter. R is the 
—— shell, L being the left-hand shell. A is a central 

justable bolt, having a bearing surface of ‘‘ ball” shape. + is 


~ 
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a shallow ‘‘cup,” formed on the boss of the shell R. Bisatrunnion- 
nut, into which the bolt A screws. C is the lever with large 
lateral stops C1, C* being the handle. cis the trunnion-peg, upon 
which the lever C is pivoted. c! is the back of the head of the 
lever, and c* a wedge-like continuation. The lever C is auto- 
matically locked by the catch D that turns on the joint-pin d. 
d* are front projections. E is the coupling attached to the clip 
by the pine. F and F! are liners riveted in the jaws k and k!, 
N and N! are the inclines (without stops) along which work the 
back c! and continuation c* of the head of the leverC. P is the 
hooked spring, p and p! being the recesses for the hooks. (4c- 
cepted July 12, 1911.) 


MINING, METALLURGY, AND METAL- 
WORKING. 


20.956/10. A. Drummond, Guildford. Boring- 
Machi aes, [2 igs.) September 8, 1910.—This invention relates 
to norizontal boring-1 es, and the like, in which the table 
that is — to carry the work is mounted upon a saddle that 
is moved along a bed or try during the operation of the tool. 
This movement of the le necessitates a more accurate method 
of guiding the same than is required in that class of machine in 
which the saddle is fixed to the bed during the aforesaid opera- 
tion. A represents the bed or gantry, B the rear support or 
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sliding-head, and C the saddle. According to this invention, the 
bed A is formed with a central bearing surface a which extends 
below the front and back shears a!, a? respectively. The base 
of the sliding-head B embraces the back shear a2, and is formed 
with an extension b which rests upon the central bearing surface 
a, and is capable of being clamped thereto by a bolt 6). The 
saddle © rests upon the front and back shears, and is recessed 








along the front portion to form a narrow guiding surface which 
embraces the front shear a! and is continued in a wing c that clears | 
the extension b of the rear support or sliding-head when traversed 


tt the same The arrangement of bed and rear support above 
escribed enables the saddle to be formed with a long and accu- 
rate guiding surface without sacrificing the bearing surface of the 
sliding head or rear support in order to prevent the same from 
fouling the saddle wing. (Sealed September 14, 1911.) 


PUMPS. 


15,820/10, H. A. Hum » London. Pumps. [4 Fiys.) 
July 1, 1911.—This invention relates to that class of internal- 
combustion pumps in which a column of liquid is propelled out- 
wardly from a combustion chamber by the energy of expansion 
of an ignited combustible mixture, and in which a column of 
_ flows inwardly towards a combustion chamber to compress 
a fresh combustible charge. According to the present invention, 
an outward movement of the liquid is employed to compress an 
elastic fluid, os a combustible mixture or a constituent 
thereof, some of which is supplied under pressure to act upon the 
combustion chamber end of the column of liquid, and some of which 
is allowed to act upon the o; ite end of the column. Thus a 
portion of the compressed fuk may be stored and subsequently 

dmitted to the bustion chamber or chambers, while the rest 
of the compressed fluid is allowed to expand after the outwardly- 
flowing column has come to rest, and so produce or assist an 
inward flow. 1 and 2 are the combustion chambers of a pump 
of the type described in Specification No. 19,341, of 1907, and 
the supply liquid is taken in from the tank 8, through liquid 
inlet-valves 4, and discharged through non-return delivery valves 5 
leaving the apparatus at outlet 6 inst the head or pres 
sure to which the liquid is to be raised or forced. The play 
pipe 7 communicates with the air-vessel 8, which, in the present 
case, is to contain gas and air mixture, and also through 
valves 5 with a second air-vessel 9. is second vessel should 
have sufficient capacity to maintain the discharge from 6 
as regular as may be desired. Air vessel 8 has an inlet valve 10 
normally held closed by a light spring, but opening under suc- 
tion ; also a valve 12, which opens under its own weight, and may 
close, if the rising liquid reaches it, by the impact of the liquid. 
In pipe 14, between valve 12 and reservoir15, is a non-return valve 
13. A valve 16, adapted to open under its own weight and to he 
closed by impact or pressure of liquid, is carried by pipe 17 having 
slots opening into ber 19. Pipe 17 projects into vessel 8 to 
an extent adjustable by wheel 20. Gas and air are delivered to 
chamber 19 through openings 23 and 24. The reservoir 15 for 
compressed combustible mixture is preferably connected by three- 
way cock 28 witha pipe 26 for admission of liquid and a pipe 27 
for rejection thereof, so that by admitting liquid or discharging 
it the capacity of the reservoir for storing combustible mixture 
may be varied. Suitable pipes convey the combustible mixture 
from reservoir 15 to the admission valves 29 and 30, fitted 
respectively to the two busti hambers 1 and 2 of the 
pump, which also have the usual exhaust valves 3! and 32 adapted 
to open under their own weight to close by impact of liquid. 
Assuming that reservoir 15 contains a charge of combustible 
mixture compressed to the pressure at which liquid is to be 
delivered, that there is a compressed combustible charge in the 
top of chamber 2, liquid in chamber 1 except for a small elastic 














cushion in the top of the chamber, and that valves 29, 30, 31, 32, 
and 4 are al) closed, the cycle commences by ignition of the charge 
in chamber 2. Combustion and expansion occur, velocity is 
imparted to the column of liquid, which is forced outwards in 

ipe 7. As the gases expand in chamber 2, the pressure falls in 
0th chambers, and a moment will arrive when the pressure in 
chamber 1 is equal to that of the compressed mixture in receiver 
15, and this moment may be advantageously chosen to open 
valve 29 and establish communication between chamber 1 and 
reservoir 15. As expansion in ch 2 continues, combustible 
mixture enters chamber 1 and forces the liquid in this chamber 
downwards, thus assisting in the outward propulsion of liquid 
in pipe 7. It is generally desirable to close valve 29 before expansion 
is complete, and before the pressure in vessel 8 is high enough to 
open valve 13. Suppose that valve 29 is closed, for example, at two 
atmospheres gauge pressure, then the last part of expansion 
occurs after communication with receiver 15 has been cut off and 
the pressure falls low enough in both chambers 1 and 2 to permit 
an intake of fresh liquid through valves 4, and to allow exhaust- 
valve 32 to open ender its own weight in the manner explained 
in Specification No. 19,341 of 1907. Considering what occurs at 
the other end of pipe 7, and assuming that the level of liquid in 
vesse] 8 was at a, a when the outward motion of the liquid column 
started, then, while the level rises to that at which the liquid 
shuts valve 16, the work done upon the column will have been 
converted into kinetic energy, for there is practically no resist- 
ance offered to the rising liquid while driving combustible mixture 
past valve 16, through pipe 17, slots 18, and openings 23 and 24 
towards the sources of supply of the combustible constituents, 
which may be gas and air. As soon, however, as valve 16 is shut, 
further escape is cut off and the pressure rises in vessel 8 sufti- 
ciently to open valve 13 and deliver combustible mixture through 
pipe 14 into the receiver 15, this delivery continuing until the 
pressure is that at which valves 5 open, whereupon liquid is 
delivered into air vessel 9. The remaining kinetic energy of the 
column is thus completely utilised in forcing liquid into vessel 9 
until the movement of the column ceases. It is not intended 
that the liquid should rise high enough in vessel 8 to shut valve 
12, and the latter is rather a safety device to ensure a cushion 
of elastic gases being retained in the top of vessel 8, The cycle 
has now arrived at that stage when chamber 1 contains 
combustible mixture, chamber 2 contains burnt products, 
exhaust valve 32 is open, and the pressure in both chambers 
is approximately atmospheric. In the upper part of vessel 8 
thefe remains some combustible mixture comp to the 
Pressure at which liquid is delivered. Thus there is a higher 
pressure acting upon the liquid in vessel 8 than exists in chambers 
l.and 2, and the column of liquid in pipe 7 is forced to return 
towards the chambers. As the liquid column returns, the pres- 
sure falls in vessel 8, but valve 13 prevents any return of mixture 
trom receiver 15, and valves 5 prevent any return of liquid from 
vessel 9. When the pressure falls to —- tely at pheric 
pressure, valve 10 opens against its lig t spring, and gas and air 
are drawn into vessel 8 as the liquid leaves it. Valve 16 also 
opens, and when uncovered by the liquid some of the mixture 
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may enter past this valve. Meanwhile, the liquid in pipe 7, being 
driven towards chambers 1 and 2, first rises in chamber 2, dis- 
placing burnt products therefrom until it reaches the exhaust 
valve and shuts it, and then rises in chamber 1, compressing the 
combustible charge therein until the column_of liquid has ex- 
pended its energy, and has come to rest. Everything is then 
ready to start a fresh cycle’ by the ignition of the compressed 
charge in chamber 1, but the functions of chambers 1 and 2 are 
reversed. (Sealed September 14, 1911.) 


SHIPS AND NAUTICAL APPLIANCES. 


16,346/10. C. A. Parsons, Newcastle-on-Tyne, and 
8. S. Cook, Wallsend-on-Tyne. Marine Propulsion 
Ins tions. [1 Fig.| July 8, 1910.—The invention consists 
in a three-shaft installation, having two of the shafts thereof 
driven by reciprocating engines, which exhaust into low-pressure 
turbines driving through gearing the third shaft. The reciprocat- 
ing engines are preferably arranged on the two side shafts, the 
turbines thus pH wm the central shaft, while means may be pro- 
vided to enable the reciprocating engines to exhaust directly into 


: rs 


directly upon the primary spindle b which would, in that case, be | 
prolon and would be — in bali-bearings located on both 
sides of the governor a. governor a, primary spindle b, and 
log mechanism may be all contained within a single enclosed | 
casing 1, closed at the primary spindle end by means of a water- | 
tight cap, and at the opposite or log mechanism end by means of 
a flan, cover-plate. (Accepted July 12, 1911.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


9790/10. W. H. Cheyne, Brentford, and G. R. 
Mewb London. Scaling Boiler-Tubes. [4 Figs.) | 
April 22, 1910.—The invention relates to rapid-action steam- | 
hammers more especially intended for use with tools for scaling | 
boiler-tubes. The drawing illustrates a steam-hammer in accord- | 
ance with this invention. a is the outer case, or jacket, and b the | 
inner case, or cylinder, which is surrounded by a space c, which | 
constitutes a steani-jacket to the cylinder b. Within the cylinder | 
b is arran a steam-cylinder d, at the head of which is provided | 
a dome d!, and this dome is, by a pipe d*, connected with the 
steam: supply, and the dome d! is, by ports d?, connected with 

h 1 ing to the outer, or opposite, end of the cylinder d. | 





the condenser when going astern or under other cir if 
desired. a and b are the two side propeller-shafts, each driven by 
a set of reciprocating engines ¢ and d respectively, while in the 
space between the side shafts a, b two independent low-pressure 
turbines f, g are mounted on separate shafts h, k, and are suitably 
geared to the central propeller-shaft m by gearing n. The instal- 
lation is thus composed of two parts, each comprising a recipro- 
cating engine and a-low-pressure turbine. A pipe connection p and 
¢ fromthe exhaust of each reciprocating engine c and d carries the 
working fluid exhausted therefrom to the inlet of the correspond- 
ing low-pressure turbine f and g, and after being exhausted from 
the latter the fluid passes to the condenser 7 and 4, one of which is 


3%) 


provided for each part of the installation. In addition to the pipe 
connection between the reciprocating engine, say, c on the side 
shaft a,and the turbine /, another pipe conuection ¢ allows the 
engine ¢ to exhaust directly into the condenser r, and thus, if 
desired, to be run alone, a similar connection u being provided 
between engine d and condenser x. In operation, the high-pressure 
working fluid is supplied to each of the reciprocating engines ¢ 
and d, from which the fluid thereafter passes by the pipe p and q 
to the corresponding low-pressure turbine / and g and the con- 
denser v and s, each turbine thus being in series with a reciprocating 
engine. It will be understood, of course, that the connections 
between the turbine and the engine are similar on each side of the 
ship. When the ship is going astern, the reer ayo J engine on 
each side of the ship is directly connected with its respective con- 
denser by the connection ¢ and u respectively, the turbines / and 
y geared to the central shaft m being thus idle. The provision of 
a special reversing-turbine is thus rendered unnecessary by this 
arrangement. For the purpose of manwuvring the reciprocating 
engine ¢ and d respectively on each side shaft can be operating 
independently either both ahead or both astern, or one ahead and 
the other astern, as desired. (Accepted July 12, 1911.) 


15,809/10. Thomas Walker and Son, Limited, and 

. S. er, m Ships’ Log Ap tus. 
(4 Figs.) July 1, 1910.—In ships’ log apparatus, of the type in 
which the revolutions of a rotator in the water are transmitted 
by means of a rotating tow-line to the registering apparatus, a 
fly-wheel governor is mounted upon a shaft supported in ball 
bearings located on both sides of the governor instead of, as 
hitherto, upon one side only, the whole (with or without an 
enclosing casing) being supported upon trunnions, either in a 
sling of substantially usual form suspended overboard, or in 
ordinary gimbals upon the taffrail. a is a fly-wheel governor 


located intermediate of, and co-axially with, the primary or first- 
motion spindle 6 and the second-motion spindle c of the log 
mechanism.: At its outer extremity the primary spindle } is 
provided with the usual eye d whereby-the towing-line.may be 
attached so as to transmit the revolutions of the rotator to the 
primary spindle >, and through the fly-wheel governor @ to the 
leg mechanism. The governor a is supported upon an independent 
shaft g, mounted in ball-bearings situated on both sides of said 
governor, and said shaft g is connected rotatably by clutch con- 
nections to the primary spindle b and second-motion spindie « 
respectively. Or, alternately, the governor a might be mounted 





Within the cylinder d is arranged a piston ¢, having a rod e! of a | 
diameter only slightly smaller than that of the piston e, so that 
the area of the acting surface of the piston e on the outer face is 
very small, whilst on the opposite face the entire area of the 
iston is available for the steam to act upon. The piston-rod e! 
is prolonged beyond the steam-cylinder d. Near to its outer end | 
the piston-rod e is of reduced diameter for part of its length, 
forming an lar chamber b! bet it and the cylinder b, and 
exhaust ports L? are provided, which connect the annular chamber 
b1 with the steam jacket ¢ and that part of the piston-rod el 
beyond the reduced part constitutes a valve, which opens and 
closes the exhaust ports l°, Near to the head of the cylinder 
d is a set of ports d+, and assuming the piston e to be at 
the end of its outward stroke, a set of ports d> is arranged 





in such a position that they are closed to the steam supply by 
the piston ¢, which acts as its valve, and these two sets of ports 
are connected by channels, A set of ports l* is provided in the 
chamber b1, and these ports are always open to the annular 
chamber, and are connected with the set of ports d4 and d5 of the 
cylinder d. Steam is constantly supplied from the steam dome 
d\, ports d2, and the channels d* to the inner end of the cylinder 
d, and acts upon the reduced diameter of the piston e to effect its 
return stroke. When the piston e is near the termination of its 
return stroke, the exhaust ports /° are closed, and the ports d° of 
the cylinder d are opened to the steam supply by the piston e 
passing beyond them, with the result that steam is admitted to | 
the steam cylinder d through the ports d° and ports d4, and, | 
acting upon the larger area of the piston e, drives it forward, 

overcoming the lesser resistance of the steam upon the smaller | 
area on the opposite face of the piston ¢, and which steam acts as | 
a cushion and the ports d° are again closed. At or near the | 
termination of the outward stroke of the piston e the exhaust- | 
ports J? from the annular chamber ! are opened, and the steam | 
from the cylinder d is exhausted through the ports d4 and b* into | 
the jacket ¢. On the return stroke of the piston e the exhaust- | 
ports b? are closed, and the above-described operations are | 
repeated. Beyond the piston-rod e! is, or may be, arranged a | 
reciprocating rod f, the extremity of which is provided with a 

tool-holder. The rod / is acted upon percussively by the end of 

the piston-rod e! on the outward stroke of the latter. (Accepted | 
July 5, 1911.) | 


14,175/10. J. W. Thomas and T. A. | 
Rhondda, and C. Millard, Pontypridd. Fire-Grates. 
{11 Figs.] June 11, 1910.—This invention relates to grates for 
steam-generators of the type in which transverse fire-bars, some 
or all of which ead gnc with two faces capable of supporting 
fuel, are mounted on spindles di d longitudinally of the 
generator, and adapted to be rotated or rocked. Grates of this 
type, as hitherto constructed, have been provided with fixed bars 
next to the side of the furnace ; but in grates made in accordance 
with this invention the side-bars are adapted to be rocked or 
rotated, and no fixed side-bars or plates are employed. In the 
tubular furnace illustrated, the fire-bars A are not adapted to be 
moved through a complete revolution. In wider and in other 
types and shapes of furnaces the bars A “y | be arranged to be so 
turned. The spindles C on which the fire-bars are slung are 
mounted in bearings E, provided in the front end-plate D. At the 
other end of the grate the spindles are supported in bearings | 
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or ways provided in the bridge-rest F. 
side-spindles are the fire-bars A. These fire-bars each com- 
prise a member, which extends inwards towards the middle of | 
the grate, and two members extending outwards. The fire-bars B | 
mounted on the centre spindle have top and bottom members as | 
shown, and the arrangement is such that the inwardly-extending 
members of the bars A project inwards beyond the outer ends of 
the bars B, as seen more particularly at Fig. 1. The members | 
ofthe bars on the respective spindles can accordingly pass one 
another freely when the spindles C are turned. The apertures in 
the bars A and B through. which the spindles C ae are square 
or rectangular in section, and the bars turn with the spindles. 
The bars B os ———- and — be a member | 
uppermost. e draught spaces between the on the respec- | 
tive spindles are maintained by projections provided at each side | 
of the bars, and abutting against one another. At such times as 
it is required to clean the grate, the fire is cleared off the fire- 
bars A at one side of the grate, and together with the fire on the 


Mounted on the two | 


bars B, is moved on to the bars A at the opposite side of the grate 
The spindles C carrying the bars B and the bars A at the fire. 
cleared side are then turned on end and are rocked and shak: n 
The clinker, ash, dirt, and other refuse having been thus dis. 
lodged, the fire is shifted back and the bars A from which the 
fire is withdrawn are cleared of refuse in like manner. (Accepted 
July 12, 1911.) 


15,328/10. J. Davidson, Pendleton, and W. ©. Lar- 
muth, Salford. Valve-Gear. [7 Figs.) June 27, 1910, 
In uniflow steam-engines the exhaust takes place through ports 
arcund the middle of the cylinder barrel, which are uncovered 
by the piston when nearing the end of its stroke. The outlet for 
the steam is therefore cut off very early on the return stroke, 
and, consequently, the steam is compressed for the greater part 
of the return stroke. So long as the engine exhausts to a con. 
denser, the final pressure caused by compression is not excessi\e 
but when the vacuum fails, the compression pressure increases 
rapidly, and the final pressure would generally exceed the initial 
pressure of the steam, unless means are provided to prevent it. 
By means to be described, it is possible to so adjust the appa- 
ratus, that when the vacuum fails, the lead of the steam inlet 
valves is increased, so that they just commence to open when 
the compression pressure reaches the pressure of steam in the 
steam-chest. As the piston then completes the remainder of its 


stroke, the steam in the cylinder is forced out through the inlet- 


valve back into the steam-chest. g isa piston inacylinder j, and 
when working under normal conditions the piston g is retained 
at one end of the cylinder by a spring *; at the end of the 
cylinder is a yo oe coupled to a valve m in the cylinder. 
One side of the diaphragm closes a suitable chamber which is 
connected to the exhaust pipe of the engine at m, and the other 
is open to the atmosphere. At one end of the cylinder between 
the valve and the diaphragm is connected an oil-pressure main, 
or steam-pipe py. When the vacuum is good, the pressure of the 
atmosphere will keep the valve closed, but immediately it fails, 
the pressure of oil or steam, or other fluid, will open the said 
valve and the fluid enters the cylinder, and causes the piston g to 
move to the other end, and by means of the link / will cause the 
valve of the engine that is actuated by a roller e¢ and cam to 
open earlier, the escape of the fluid when the vacuum has again 
been obtained will be effected by means of a spring-loaded valve. 
(Accepted July 12, 1911.) 


22,969/10. C. A. Parsons, Newcastle -on-Tyne. 
Turbines. [1 Fig.j July 15, 1910.—This invention relates to 
turbines of the type which comprise one or more stages, each 
having annular or segmental jets formed by a radial restriction of 
the space between the fixed and rotating parts, and adapted to 
convey the working fluid in an axial direction while imparting 
velocity thereto, the fiuid being then given angular direction 
without substantial change of velocity before delivery to the 
blading of the velocity absorption type, in which part of the 
energy of the fluid is abstracted, the remaining energy of the low- 
pressure expansion stages’ being then abstracted in suitable 
blading, such as multiple rows of Parsons’ fixed and moving blades. 
The invention consists in a turbine having a high-pressure part 
comprising one or more impulse stages, from which part of the 
fluid is delivered to intermediate and low-pressure stages, which 
are formed as a combined turbine of the type first referred to. 
The drawing shows one form of turbine of the disc-and-drum 
type, constructed according to the present invention. Turbines of 
this type may have any number of high-pressure impulse 
stages ; but in the one shown there is only one impulse stage 
placed at the high-pressure end of the turbine. This impulse 
stage comprises one or more nozzles a, fixed to part of the 
turbine casing }, the kinetic energy which the working fluid 

enerates in expanding in said nozzles being then abstracted in 
blades of the velocity-absorption type carried by the disc-wheel d, 
and alternating with guide-blades suitably attached to the casing 

6 


\) 
—p 


N Ss 
RK ae — 4 | 
vt gine tpi ety é 
S WS wTe 
.* 


SS 
e 


Wltpisp bssssssK No 2 





SAK 
uty 


‘ 
N 
8 


SSS 


(22.969) 


b. The steam on being discharged from the impulse-wheel d then 
passes to the intermediate pressure stages, consisting of annular 
jets or one or more segmental jets formed by radially restricting 
the space between the drum / and the casing b by means of pro- 
jecting parts fixed to the casing b. The steam, after having been 
expanded in such jets, is delivered to a row of crescent-shaped 
blading fixed to the drum h, and then passes to guide-blades of 
crescent-shaped form fixed to the casing b, and causing the fluid 
to be again delivered to another row of blading carried by the 
rotor. Preferably only two rows of moving blades are provided 


in each stage, and it is advisable to form both set of blades with a 


radial dimension which is gradually increased towards the low- 
pressure end of the turbine. By this means the increasing 
volume of the steam is allowed for while at the same time com 
pensating for the loss of velocity due to the friction in the 
moving and fixed blades. Suitable guide blades are provided in 
the restrictions or jets, such blades being of such a forw that the 
steam is completely expanded while being given velocity in on 
axial direction, and on completion of this expansion the direction 
of this velocity ie ch: to a circumferential one before the 
steam is finally delivered to the first row of rm | nl 
a rule three such stages comprising jets and fixed and m £ 
blading are sufficient, and after the steam has passed through all 
these stages, it is delivered into the low-pressure part p of the 
turbine, this part being preferably of the Parsons’ annular admis- 
sion tvnre comurising rows of movine blades alternating with 
rows of fixed blades. (Accepted July 26, 1911.) 
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FEED-WATER HEATING AND SUPER- 
HEATING ON LOCOMOTIVES.—No. IV. 


ComprneD Feep-WaTer HEatINo AND 
SuPERHEATING. 


Tue last two articles on this subject* have dealt 
with the economies which, from such general data 
as are available, might be logically expected from 
the application of smoke-tube and waste-gas super- 
heaters to locomotives. In an earlier series of 
articles,t it will be remembered, the advantages of 
feed-water heating were set forth. The two-stage 
system then described embodied a method of first 
utilising part of the exhaust steam from the cylinders 
to heat the feed-water, and following this up by 
further heating the water by the waste gases from 
the boiler before they pass out of the chimney. It 
will be evident that the first stage of this system— 
namely, that of feed-heating by exhaust steam— 
is applicable to any engine, and can equally well 
be applied even if the engine be fitted with one or 
the other form of superheater. It does not interfere 
in any way with the latter, and these two systems of 
securing economy may therefore be employed con- 
currently. It will be also readily recognised that, 
owing to the high temperature of supérheated steam, 
the use of superheaters, according to either method 
of application, results in comparatively high final 
temperatures for the waste gases, and from these, 
therefore, further heat may appropriately be ab- 
stracted, if convenient, by continuing the feed- 
heating into the second stage named above, after the 
superheating. Whether it is worth while proceeding 
with the combination of the two systems to these 
lengths in practice, depends on certain matters 
which will be considered later. 

At the close of the last article a diagram, 
Fig. 11 (page 344 ante), was given showing the 
calculated theoretical efficiency of engines using 
different degrees of superheat on the two systems 
of waste-gas, and smoke-tube, superheating. This 
curve can be translated into one giving coal con- 
sumptions. This has been done in Fig. 12 here- 
with, the line abcde giving pounds of coal per 
draw-bar horse-power hour for different degrees 
of superheat. Actually the lines be and de are 
slightly curved, but, drawn to so small a scale, 
this can scarcely be made evident. Up to the 
point c the system considered is that on the waste- 
gas heater principle ; beyond, the line represents 
what might be expected with the smoke-tube 
system. The consumptions have been figured out 
on a basis of 14,500 B.Th.U. to the 1 lb. of coal. 
The line does not suggest quite so large a saving 
as is well known to be realised in practice, at 
the higher temperatures. . Possible reasons for 
this are discussed below. The consumptions have 
been calculated at the various efficiencies neces- 
sary for the production of one draw-bar horse- 
power hour (taken as 2546.6 B.Th.U.). Success- 
ful feed-heating diminishes the heat to be produced 
in the ratio which the heat added in the feed water 
bears to the total heat in the steam generated. This 
is clear from the entropy diagram. In Fig. 4, given 
in Article III.,{ the area to the left of the line pq, 
for instance, is, when the feed-heating is effected 
by waste products, removed from the diagram to the 
temperature corresponding to the point p. The heat 
to be provided, therefore, is reduced to the area 
q pl m in the case of saturated steam ; corresponding 
areas are, of course, obtained for other cases. The 
expression giving coal consumptions in pounds per 
draw-bar horse-power hour, starting, as formerly, 
with feed at 60 deg. Fahr., for which the efficiencies 
have been worked out, is :— 


_ heat in feed-water — 28.08 
heat in 11b. steam — 28.08/° 
uticiency x 14,! 


In this expression, 2546.6 is taken as the heat 
equivalent of one draw-bar horse-power hour, and 
28.08 B.Th.U. as the amount of heat required to 
raise feed from 32 deg. to 60 deg. Fahr. 

It was shown in a former article§ that with the 
two-stage method of feed-water heating as adop- 
ted by Mr. F. H. Trevithick, feed temperatures 
of 270 and more deg. Fahr. had easily been 
attained by utilising the heat in waste products 
only. In a later system, to be described below, 









2546.6 x 100 x (1 








* See pages 271 and 341 ante. 
342 See ENGINEERING, vol. xci., pages 143, 211, 271, and 


+ Page 341 ante. 
5 See ENGINEERING, vol. xci., page 343, 











temperatures of 284 deg. Fahr. were commonly 
reached, but in order to avoid anything in the way 
of exaggeration, the lower figure has been used for 
the present purpose. It has been amply demon- 
strated in these columns that such feed tempera- 
tures must result in appreciable coal-saving, unless 
off-set by some handicap arising in connection with 
the method of application. Experience has proved 
that there need o no fear of this, if the system 
be carefully worked out. The figures recorded in 
previous articles are sufficiently convincing on this 
oint. 
. If feed-water heating, instead of being employed 
alone, be combined with moderate superheating 
or steam-drying by the waste gases, it follows 
that some apportionment of the total waste heat 
available must be made between the two. While, 
on the one hand, both the exhaust steam and waste 
gases are useful in heating feed-water, since, in 
each case, the temperature head is considerable, 
the former is manifestly of no use for superheating. 
For the latter process, therefore, only the waste 
gases are available, and the range of possible ordinary 
combinations thus extends between applying all 
the waste heat to feed-heating, on the one hand, 
and, on the other, applying the heat in the exhaust 
steam to feed-heating, and that in the waste gases to 
superheating. When combining feed-heating and 
steam-heating, therefore, the possible feed tem- 
peratures decrease while the superheat tempera- 
tures increase. The range is from something over 
270 deg. Fahr. for feed-heating alone to feed-heating 
to temperatures of about 206—212 deg. Fahr. 





FigJ2 CALCULATED COAL CONSUMPTIONS WITH 

“© DIFFERENT DEGREES OF SUPERHEATING & 
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combined with superheating to 90—100 deg. Fahr. 
Since, however, the ideal is not attainable in 
practice of transferring all the heat in the waste 
gases to the steam, owing to the high temperature 
of the latter, there still remains, after superheating, 
some heat which, in special combinations to be dealt 
with later, may be extracted from them. If the 
further feed-heating stage be introduced, the feed 
temperatures do not decrease nearly so rapidly, of 
course. For instance, feed temperatures approach- 
ing 270 deg. Fahr. huve been secured with super- 
heat of 60 deg. Fahr. 

Dealing first with the lower superheat tempera- 
tures, the coal consumption line in Fig. 12 com- 
mences at a, with steam of about 4.5 per cent. 
moisture, and falls to b on the steam being dried. 
It then slopes down to ¢ at about 100 deg. Fahr. 
superheat, beyond which it is not possible to go in 
the waste-gas system. If now feed-heating be 
introduced, ordinate lengths, represented by points 
on the line fghk, are deducted ; that is, for the 
saturated engine f x is deducted from a x, leaving 
la, and so on. If sufficient heat be taken away 
from feed-heating just to dry the steam, feed- 
heating would result in the deduction of g x instead 
of fx. Deducting this from bx, a consumption 
given by m-<x is obtained by feed-heating and 
steam-drying. At 80 deg. Fahr. superheat the 
deduction due to feed-heating has decreased to h y, 
while, with the same feed temperatures, it is still 
further decreased at 100 deg. Fahr. owing to the 
smaller proportion the heat in the feed then to 
the total heat of the steam. The coal consumption 
line for this range of superheat, combined with 
feed-heating, is therefore represented by | m no. 

he consumption with higher degrees of super- 
heating alone is represented by de. Feed-heating 








with the exhaust steam effects deductions corre- 
sponding to the length of the ordinates’ below k p, 
which, for such combinations, brings the coal line 
down to qr. If, in addition, by special arrange- 
ments higher feed temperatures are obtained, 
further deductions, represented by the distance 
apart of the lines kp and st, may be made, and the 
coal line then falls to vw. Special combinations 
involving additional apparatus are also possible in 
the lower ranges, the figured coal consumption 


| being given, for instance, by the line a’b’ for a 


case of 65 deg. Fahr. superheat and 269 deg. Fahr. 
feed temperature. 

It will be noticed that the coal figures thus arrived 
at for the highest feed- water temperatures, and also 
for the combination embodying feed-heating with 
the highest temperatures attained in waste - gas 
superheating, are lower than those shown for super- 
heating alone to 220 deg. Fahr. From these lines 
in fact it appears that superheating, if used alone, 
must be carried to about 260 deg. Fahr. in order 
to bring down the coal consumption to that possible 
with the combination of feed-heating and moderate 
superheating. It is interesting to note that the 
amount of the saving shown, according to these 
calculations, by the combination arrangement giving 
feed temperatures of about 210 deg. Fahr., with 
superheating to 80 deg. Fahr., amounts to 22.7 per 
cent. of the consumption of the saturated engine 
with no feed-heating. Further, of this saving just 
about half is due to the feed-heating and half to 
superheating. 

‘These conclusions make no allowance for possible 
modi: ~*ativa for the better or the reverse, arising 
out of che manner of practical application of the 
systems, so that they are not advanced as by any 
means decisive. Nevertheless, they afford very 
good ground for the contention that both systems, 
unless practically heavily handicapped, must result 
in economy. Not only so, but, on account of a 
factor which cannot be properly introduced into 
these calculations, the probability is that the position 
in favour of feed-heating, and of the combination 
system, as well as that of the high degree system, 
is in reality better than these figures would suggest. 
A study of the St. Louis and of other tests will 
conclusively prove that the over-all efficiency of 
a locomotive boiler falls as the rate of firing in- 
creases. As typical of this tendency, it may be 
noted that one test showed a boiler efticiency of 
55 per cent. when firing was at the rate of 70 lb. 
per square foot of grate area per hour, rising to 
65 per cent. when the rate of firing fell to 50 1b. per 
square foot. 

The consumption shown in Fig. 12 for the satu- 
rated engine (a x) corresponds in the Purdue tests 
to a rate of firing of about 70 lb. per square foot of 
grate per hour. The reduced consumptions repre- 
sented by 1x, ny, and ez have, therefore, in all 
probability, a reflex influence on the boiler 
efficiencies, with the result that the latter are 
in all likelihood greater than those directly accom- 
panying the introduction of the superheaters, as 
worked out in Article II.* As bearing on this 
point it must not. be forgotten that the use of 
part of the exhaust steam for feed-heating pur- 
poses most probably accounts indirectly, accord- 
ing to circumstantial evidence, for some of the 
saving realised. This was fully gone into on a 
previous occasion,t+ and will aes be enlarged upon 
again. The conolusions then arrived at apply 
similarly to the combination arrangement now 
under consideration, the hot feed relieving the 
boiler, with the result that a much larger blast- 
pipe top, and lower smoke-box vacuum, may be 
employed, not only without loss of effect, but with 
a considerable reduction in the loss in unburnt 
coal. For these reasons, among others, the actual 
economies might well be expected to exceed those 
shown, always on the understanding, of course, that 
the manner of application is an effective one. In 
corroboration of this suggestion it may be pointed 
out that, while calculations show feed-heating to 
210 deg. Fahr. to result in some 11 or 12 per cent. 
economy, or half the total economy {when feed- 
heating to that temperature and superheating to 
80 deg. Fahr., it was found in the evaporative tests, 
of which an account was given in ENGINEERING, 
vol. xci., page 834, that feed-heating to 215 deg. 
Fahr. resulted in an increased boiler output of 
14.1 per cent., which, with equal outputs, would 
mean an economy of about that amount. So far 





* See page 275 ante. ; 
| See ENGINEERING, vol. xci., page 344, 
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as this is concerned, therefore, the calculations 
appear to be in fair agreement with practical results. 


Tue Practica APPLICATION OF THE COMBINATION 
or Frep-Heatina AND MopERATE SUPERHEATING. 


The apparatus introduced on the Egyptian State 
Railways for feed - water heating, of the form 
described and illustrated in ENGINEERING, vol. xci., 
page 211, was soon found to be susceptible of con- 
siderable improvement, and though resulting, as we 
have shown, in very great economy, it was not 
largely applied for ra reasons. It was bulky, 
po consequently weighty, besides being incon- 
venient to handle in case of repairs, &c. It was 
also found that the lower part of the outer shell 
plating deteriorated rapidly. This apparatus was 
therefore replaced by a type of heater which over- 
came all these drawbacks, weighing only one- 
third as much, being out of the way, and removed 
from all danger of deterioration. 

The new apparatus consisted of two small barrel 
or tubular heaters placed in the upper part of the 
smoke-box. It is ieee in Figs. 13 to 16, on the 
present page. Each heater consisted of a drum made 
of #-in. steel plate, lap-welded, and 35 in. long by 
174 in. internal diameter. Flanged tube-plates were 
set 30 in. apart, and between these ran 253 tubes 





of ? in. external and %} in. internal diameter. In- 
ternal longitudinal copper diaphragms, 27 in. long, 
butted against the tube-plates at alternate ends, 
thus ensuring circulation along a definite path. 
The heating surface provided in the two heaters 
together amounted to 228 sq. ft., and the aggregate 
flue area to 157 sq. in. Supported at the front ends 
by cross-bars and brackets, at the back the drums 
protruded through a vertical plate running across 
the upper part of the smoke-box. On the boiler side 
of this plate an enclosed space was formed, the 
equivalent of the outer chamber of the earlier 
design. Into this enclosed space the blast was 
ejected, the gases from the boiler being drawn, as 
before, through the return flues in the heater, by 
its action. This blast-chamber took various forms 
during the experiments, according to the arrange- 
ment of heaters in use. In one modification the 
heaters were placed as far forward as possible, so 
that the ends scarcely projected through the vertical 
plate above referred to. In another, as illustrated 
in Figs. 13 to 16, they were pushed far back, in 
order to see what the effect on their performance, of 
introducing them into a short smoke-box, would be. 
The heaters were also tried close together, and also 
as widely separated as ible. 

With this radical departure in the type of heater 





Fie. 16, 


the spark-arrester underwent a change of form. 
As fitted with the drum heaters it at first consisted 
partly of a vertical wire screen attached to the door, 
and swung out on opening the same, and of hori- 
zontal wire netting placed across the smoke-box 
below the heaters and extending from the screen 
attached to the door, in front, to the vertical plate 
running across the upper part of the smoke-box. 
All the gases had thus to pass through the wire 
screen before entering the heaters, and as the 
arrangement of the latter drew the gases well 
forward, the cinders carried through from the boiler 
tubes were distributed evenly over the bottom of 
the box. There was no tendency for them to bank 
up in any particular place, as in the earlier design, 
or to block the netting ; and as the quantity of ash 
brought through was small, for reasons already 
pointed out in a previous article dealing with feed- 
water heating, and referred to briefly above, the use 
of the ash-hopper, described in connection with a 
former development, was discontinued. 

With the comparatively trifling alterations of 
connections, this apparatus could be used equally 
conveniently either for feed-water heating or for 
steam superheating, or, again, part for feed-heating 
and part for superheating. In Figs. 13 to 16 it is 
shown as used for superheating, and it was with 
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this furm of apparatus that the first. trials in this 
direction were made on the Egyptian State Rail- 
ways, feed-heating by means of part of the cylinder 
exhaust being simultaneously utili This was 
the first stage in the combination system of feed- 
heating and superheating by waste products deve- 
loped by Mr. F..H. Trevithick. The.smoke-box 
heater here illustrated will be seen to conform in 
essential principles with. that illustrated in Fig. 2 of 
Article ib. which was there sfiown to be of. an 
efficient design. The results..obtained with the 
twin-heater arrangement were satisfactory. The 


great advance in type is evident when it is stated | part 


that the smoke-box heater last illustrated in con- 
nection with feed-heating* furnished only 5.8 sq. ft. 
of heating surface per 1 cwt. In the new design 
no less than 24 sq. ft. were obtained per 1 cwt. 

Fitted in the same engine with which so much of 
the later experimental work had been performed— 
viz., No. 694—fully described when dealing with the 
large feed-water smoke-box heater, the new arrange- 
ment gave feed temperatures of between 200 and 
210 deg. Fahr., the steam being superheated to about 
76 deg. Fahr. Under these conditions records show 
the engine to have taken, as the average for a large 
number of runs, express trains of 350 tons tare 
behind tender at a coal consumption of 0.0959 lb. 
per ton mile. Of a class normally intended for 
trains of 270 tons weight behind tender, this engine 
could take with ease loads of 400 tons tare at an 
economical coal consumption, and could handle to 
time, though naturally at slightly greater cost, 
trains of 433 tons behind tender. It may beas well 
to mention here that the figure of 76 deg. Fahr. 
superheat has been well surpassed in later types. 

The photograph reproduced in Fig. 16 shows the 
twin-heater arrangement applied to one of a class 
of goods engines having cylinders 19 in. by 26 in., 
a working pressure of 180 lb., the boiler having a 
heating surface of 1961 sq. ft. The weight of the 
engine is 54 tons. The exhaust-steam heaters, 
though of slightly altered dimensions, provided the 
same heating surface as those previously described. 
The smoke-box heaters, however, had a larger 
aggregate flue area to suit the larger grate of this 
class of engine. It was enlarged to 184.8 sq. in., 
while the total heating surface provided by the 
smoke-box heaters was 231 sq. ft. The two heaters 
together weighed, empty, 8 cwt. This apparatus 
was accommodated in the original 4-ft. 6-in. smoke- 
box, without enlargement of the latter. It gave very 
good results, though, unfortunately, the manner in 
which the records for goods working are kept on 
the Egyptian State Railways precludes anything 
neal approximate conclusions in this instance. 
No records of tonnage hauled, or of the class of train 
worked, are available, and the statistics refer only to 
the figure of coal per mile, which, though employed 
on home railways to such an extent, is, after all, 
without additional data, of limited value. Engine 
No. 464 showed the highest consumption of her 
class before being fitted, and afterwards by much 
the lowest. Compared with sister engines, this one 
fitted with heaters showed an economy of 13.5 per 
cent. in coal per mile. Gauged by the performance 
of the whole class up till the time No. 464 was 
fitted, it showed an economy of 17.7 per cent. after 
application of the heaters, while compared with its 
own performance, before and after fitting with the 
additional apparatus, an economy was shown of 
25.3 per cent. under the latter conditions. In 
view of the none too favourable conditions of goods 
working, these must be considered as very favour- 
able indications. It is to be tted, however, 
that figures are not available allowing of rather 
more definite conclusions. 

Still another modification was subsequently tried 
with a view to further simplifying the apparatus. 
The twin smoke-box heaters were replaced by a 
single heater, with the result that a still greater 
reduction in weight was effected. This heater was 
first tried with the blast-chamber constructed, as in 
Figs. 13 to 16, by means of vertical and horizontal 
running across the upper part of the smoke- 

x. The effect of this was rather curious. The 
blast drew the only through the centre tubes 
of the heater, the others becoming choked with the 
fine dust passing through the netting. On con- 
sideration of this phenomenon, it was concluded 
that the air within the chamber itself must have 
continually expanded and contracted to such a 
degree, in response to the pulsations of the blast, 





* See ENGINEERING, vol, xci., Plates XIV. and XV., 
rage 212, 





that conditions were satisfied if gases were drawn 
at high velocity through the heater-tubes just in the 
area of greatest suction. The size of the blast- 
chamber was therefore reduced to the minimum, 
and with satisfactory results. All the tubes proved 
then to be self-clearing, and capable, therefore, of 
rforming useful work for continuous periods. 
The smoke-box arrangement had thus been brought 
down to the form shown diagrammatically in Fig. 2 
(page 275 ante), and illustrated more completely 
on page 447, herewith, by Figs. 17 to 21. 
e experimental work continued for the most 
to be carried out with engine No. -694, the 
single-barrel heater fitted to her being 28 in. long 
and 23,3, in. in internal diameter, made of ;',-in. 
plate. It contained 798 tubes, 247 in. long between 
tube-plates, 4 in. internal diameter. Weighing only 
7 cwt., it provided 253 sq. ft. of heating surface 
and a flue area of 156 sq. in. The gradual advance 
in the design of the smoke-box heaters is shown in 
the following table, the weight per unit of heating 
surface having been reduced in the course of the 
evolution to about one-tenth of what it was 


originally :— 


TaBLe V.—Particulars Showing Development of Waste- 
Gas Smoke- Box Heaters on Egyptian State Ratlways. 


Sq. Ft. of 
wate, ong Heating 
Full. |'g Ft. Surface 
~~ per 1 Cwt. 


— Type of Heater. 


.. |2.25 tons) 





620 | Annular shell heater* 
694 (Annular tubular heatert j1.5 ee 
694 /Twin-barrel tubular heater .'9.5 cwt. 
694 |Single-barrel tubular heater|7.0__,, 


159 
175 
228 
253 


* Described in ENGINEERING, vol. xci., page 146. 
t Ibid., page 211. 

The single heater has, as a rule, been used for 
steam, but it has also been used for feed-heating, 
for which simple changes in connections are all 
that is required. With it steam temperatures 
equivalent to 76 deg. Fahr. were obtained on 
engine No. 694, or water temperatures (in con- 
junction with preliminary heating by exhaust 
steam) of 283 deg. Fahr. and more. Between 
these two methods of utilising the apparatus there 
is very little choice, as regards the effect on coal 
consumption, though it is considered ‘that the latter 
gives rather the better engine at maximum loads. 
Superheating has, however, certain practical advan- 
tages which have resulted in its adoption in pre- 
ference to feed-heating. 

On the satisfactory development of this single 
heater it was decided to equip a number of pas- 
senger locomotives on the Upper Egypt section 
of the Egyptian State Railways, on which the 
need had arisen for engines of greater power. 
Since the existing stock very nearly reached the 
geen loads on this part of the system, and 
or certain reasons it was not desirable then to 

urchase new stock, existing engines were taken 
into the shops, and heaters added. These engines 
have already been described in ENorIneERinc.* 
They were locomotives of the 4-4-0 type, with 
18-in. by 24-in. cylinders, 6-ft. 3-in. driving- 
wheels and 160 lb. working pressure. The 
boiler- heating surface was 1235 sq. ft., and 
the grate area 21.33 sq. ft. The feed and steam- 
heating apparatus fitted to them is shown in Figs. 
17 to 21. The system included the use of a 
Worthington pump, a small heater making use of 
the pump exhaust, two large feed-heaters and the 
smoke-box waste-gas superheater. 

The small exhaust-steam heater, giving 9 sq. ft. 
of heating surface, was placed on the suction side 
of the pump, the feed, in being drawn through it, 
being raised about 30 deg. Fahr. It was a tubular 
heater, similar to that described in a former article. 
From the pump the feed was forced past a clack 
and then through two large tubular heaters, one on 
either side of the smoke-box, on the running-board. 
These each provided 75 sq. ft. of heating surface, 
and were supplied by part of the exhaust steam 
from the cylinders. A diaphragm in each com- 
pelled the water to flow to the far end and back 
again before leaving. It | in succession 
through both heaters and then to the boiler by way 
of a clack, likewise described in the article above 
referred to. 

The superheater fitted consisted of a drum of 
#-in. plate, 258 in. internal diameter, and provided 
with -in. tube-plates 24? in. apart. It contained 

* See —* of engine No, 620 in ENGINEERING, 
vol. xci., page 146, 


792 tubes 4 in. in diameter, the whcle giving 270 
sq. ft. of heating surface and 155 sq. in. of fiue 
area. To the back of the heater-drum was fitted 
an inverted cowl, depending from, and forming a 
continuation of, the chimney. Into the space so 
formed the blast-pipe top projected, as shown in 
Fig. 17. This cowl, or hood, forming the blast- 
chamber, is shown in Fig. 20. With this heater 
and hcod it was possible to increase still further 
the area of the spark-arrester netting, which now 
ran across the whole of the smoke-box for its ful] 
length (Fig. 19), and connected at the front with a 
vertical screen fixed to the door. With this ample 
area all danger of clogging, found to be present in 
former cases in which the area of netting had been 
restricted, was obviated. In order to bring the 
engine to proper trim, a cast-iron slab was placed 
on the foot-plate in the cab, the total additional 
weight on the engine being thus brought up to about 
3 tons, distributed over four axles. 

In view of the illustrations (Figs. 17 to 21) and 
the notes thereon, further description is scarcely 
needed. Fig. 21 is a view of the smoke-box of one 
of the engines, No. 613, as it took part in a com- 
prehensive test, which will be dealt with in our 
next article. 





THE COTEAU RAILROAD BRIDGE 
ACROSS THE ST. LAWRENCE RIVER. 
By Frank W. SKinnER, M. Am. Soc. C.E. 

Tue original crossing of the Grand Trunk Rail- 
way over the St. Lawrence River, about 37 miles 
west of Montreal, and one mile above the swift 
Coteau Rapids, was by a car ferry, which, in 1888, 
was replaced by a single-track through bridge, 
about 4025 ft. long and 25 ft. clear above the water. 
This, as shown in the plan, Fig. 1, subjoined, was 
built over two islands and three channels. Here 
the water was 23 ft. in maximum depth, witha 
current which at times attained 8} miles per hour, 
moving over a bottom of smooth hard rock overlaid 
with 3 ft. to 6 ft. of cemented gravel and boulders, 
The river is not, however, subject to freshets, and 
for about seven months in the year is navigable at 
this point for large boats going down stream. In 
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the spring the channel is filled with enormous 
quantities of heavy ice. 

There were four 223-ft. spans over the south 
channel, ten 217-ft. spans over the middle channel, 
two 175-ft. and one 139-ft. fixed spans, and one 
355-ft. swing span over the steam-boat channel, 
which, as the plan shows, is adjacent to the north 
shore. The superstructure, weighing about 2750 
tons, had double intersection trusses with riveted 
connections, and was supported on 8-ft. by 24-ft. 
masonry piers on concrete footings, built in open 
wooden cofferdams, and located by measurements 
made on the ice. 

The cofferdams for the fifteen fixed river piers 
were 20 ft. wide and 67 ft. long, with pointed ends 
and braced walls of 12-in. by 12-in. timber. They 
were built about a mile up-stream from the bridge 
site, and floated to position suspended from a pair 
of 24-in. by 24-in. oak beams on 20-ft. towers on 
the decks of a pair of barges towed by from two to 
five tugs. When within 800 ft. of the site, they 
were secured by five heavy anchors, the tugs 
released, and the anchor cables slacked off until the 
cofferdam was about 25 ft. up-stream of the required 
position, when it was heavily loaded with steel rails 
and lowered nearly to the bottom by the four nine- 
part tackles previously used to lift it while passing 
through shoal water. Both anchor and suspension 
tackles were then simultaneously slacked to land it 
|in exact position. The cofferdams were sunk in 
| pits excavated to rock in about 15 days each by 
two dipper dredges. The swift current frequently 
, broke the 18-in, by 20-in. oak anchor spuds of the 
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dredges, and on one occasion overturned a cofferdam 
in 30 ft. of water, depositing its rail ballast in the 
vit. 
After landing, the cofferdams were additionally 
loaded, and canvas curtains, previously nailed to the 
inner walls 2 ft. above the bottom, were unrolled 
and spread over the bottom by divers, who piled 
bags of concrete on them. Concrete was then con- 
tinuously deposited by one and two-yard bottom 
dump-buckets and levelled 12 ft. below water-level. 
After it had set 48 hours, the water was pumped out 
in 30 minutes by an 8-in. centrifugal pump, and the 
masonry was built in the dry. 

The fixed spans, weighing about 156 tons each, 
were erected on falsework on an island a mile above 
the bridge site, skidded on to barges, towed be- 
tween the piers, and deposited on them by admis- 
sion of water ballast to the barges The bridge 
was put in service 10 months and 20 days after 
work on the substructure was commenced. 

In order to provide for increased traffic and 
heavier loads the old superstructure was replaced 
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in 1910 by a much heavier new one, on the same 
substructure, without seriously interrupting traffic, 
jand the methods adopted in executing this work 
are illustrated on Plate L., which also shows details 
of the new bridge, and on the present page and 
page 450. Fig. 2, above, shows the work of re- 
placement at an advanced stage. As will be seen, 
|seven of the channel spans are new, the three 
/remaining ones being old trusses still in place. 
The new spans, like the old ones, were made and 
|erected by the Dominion Bridge Company, Mon- 
treal, under the direction of Mr. Phelps Johnson, 
manager. As shown by Figs. 3 to 8, Plate L., 
the structure is riveted throughout. Its details 
were proportioned to take a load of two ten-wheel 
engines and tenders, followed by a uniform load of 
5000 lb. per foot run, as shown in Fig. 9, but the 
floor-beams and stringers were also made strong 
enough to carry two concentrated loads of 62,000 lb. 
each, spaced at 7-ft. centres, as shown in Fig. 10. 
The strain-sheet, which gives also the amount of 
metal provided in each member, is reproduced in 








and 
ig. 13 


Fig. 11, whilst similar data as to the to 
bottom lateral systems are given in Fig. 12. 
shows the amount of camber allowed on erection 


at each panel point. The floor is of wooden ties. 
Guard-timbers, measuring 8 in. by 10 in., are 
provided, as indicated in Fig. 14. The most 
interesting feature of the bridge is, however, the 
method used to erect it and transfer it to place. 
A low pile falsework, 550 ft. long and 20 ft. high, 
was built on the shore of one of the islands crossed 
by the bridge (see Figs. 15, 16, and 17), and the steel, 
delivered from the shops alongside, was unloaded 
from the cars and erected on it by a travelling stiff- 
leg derrick moving from end to end of the false- 
work on a 32}-ft. gauge track on an independent 
falsework trestle. 

The assembled spans, weighing 325 tons each, 
were supported at the second panel points from the 
ends on rollers moving on pile trestle piers about 
200 ft. long, perpendicular to the erection falsework. 
The piers, 162 ft. apart, carried roller-tracks made 
of three lines of 15-in. I-beams graded down 2 per 
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cent. towards the river end. The field-rivets were 
driven while the next span was being erected in 
the same manner; ‘after which it was moved out and 
riveted, and so on until seven spans were-on the 
piers and an eighth on the erection falsework. A 
group of the spans thus finished -and ready for 
transfer is shown in Fig. 19, annexed: 

To effect the transfer two 38-ft. by 100-ft. steel- 
frame barges, Figs. 21 and “22, page 449, braced 

er, 81 ft. apart on centres in the case of the 
main span, and less in that of the shore, were partly 
filled with water ballast, and placed under the outer- 
most span on the piers. e water ballast: was 
pum out, allowing the barges to rise until the 
span took bearing, at the second and third panel 
points from each end of each truss, on wooden 
towers, 14 ft. high, on the decks of the barges (see 
Fig. 24), and were lifted clear of the piers. 
he barges, with a draught of 3} ft. and a free- 
board of 44 ft., were then towed to a point a 
little up-stream of the piers, and secured to an 
anchored scow, as shown in Fig. 18, Plate L., and 
Fig. 20, annexed. Their tackles were then slacked, 
and they were carefully eased down-stream, and 
water ballast was readmitted to sink them until they 
deposited the -——— on the piers, after which they 
were towed back to the erecting-yard for another 
span, and so on for eleven of the fixed spans, the 
remaining six being erected in the usual manner, on 
ordinary falsework in shallow water at the bridgesite. 

While each new span was being lifted from the 
erection piers, floated down-stream and placed in 
permanent position on the piers, the corresponding 
old span was conversely lifted from the same piers 
by a pair of smaller .wooden barges, Figs. 25 and 
26, page 449, operated “by water ballast, towed 
up-stream, and deposited on the erection piers 
at the opposite end of the island falsework. It 
was then rolled down a 2 per cent. grade, to 
the shore ends of the falsework piers, and there 
taken apart by a wrecking-car, and the next span 
brought in, and so on. The movement of the 
spans was so arranged as to occur during the 
longest intervals between regular trains, and as it 
occupied but a few hours for each exchange of an 
old for a new span, little interference with the train 
service was occasioned. 

Solid-steel live rollers, 24 in. in diameter, were 
put under the spans on the falsework piers, and the 
spans were moved by two potag ony tackles operated 
by the hoisting engine on the erecting traveller. 
The new-span barges were stiffened by five longi- 
tudinal steel trusses (see Fig. 22); they drew 19 in. 
light, and were equipped with one 8-in. centrifugal 
pump on each, to handle the water ballast in and 
out. The old span barges had a draught of 15 in. 
light and 21 in. loaded, and were each provided 
with a 6-in. gate and a 6-in. centrifugal pump sup- 
plied with steam from a boiler on deck. 

The new bridge was designed and erected under 
the direction of the engineering department of the 
Grand Trunk Railway system, Mr. Howard G. 
Kelley being the chief engineer. 








THE BRITISH ASSOCIATION. 
(Concluded from page 419.) 
SECTION B.—CHEMISTRY. 


Tue Chemical Section came out with a well- 


arranged, commpest, and instructive provisional pro- | 
hu 


gramme on rsday, August 31, discussed the 
twenty-seven papers and reports in the order 
arranged, with praiseworthy punctuality, and dis- 
posed of the programme in four mornings, as in- 
tended. _ The Section and its officers may thus be 
congratulated upon asuccessful meeting. The chief 
questions discussed concerned physical chemistry, 
colloids, indicators and colour, and the part played 
by enzymes in the economy of plants and animals. 
There were hardly any strictly chemical contribu- 
tions, and the chief interest of a communication on 
optically - active substances not containing any 
asymmetric atom in the molecule, whose details only 
the chemist could apprecia\e, was again physical. 
The reports were more of a chemical character ; but 
it has become the custom to distribute reports and 
to ‘take them as read, though they often represent 
the best work brought before the Section. In the 
interest of facilitating intercommunication between 
the different sections, it was fortunate that Section B, 
which had originally been quartered in the Secon- 
dary School near Fratton Station, was able to move 
over to the Portsmouth Municipal College, in which 
Sections A, C, and G were meeting. 
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The officers of the Section were :—President : 
Professor James Walker, D.Sc., F.R.S., of Edin- 
burgh. Vice-Presidents : Dr. J. E. Stead, F.R.S.; 
Professors A. Béhal and Albin Haller, of Paris ; 
Professor W. J. Pope, F.R.S., of Cambridge ; and 
Professor A. Senier, M.D., Ph.D., of Galway. 
Secretaries: Messrs. E. Frankland Armstrong, 
D.Sc., of Reading (Recorder) ; C..H: Desch, D.Sc., 
of Glasgow ; T. M. Lowry, D.Sc., of London ; and 
F. Beddow, D.Sc., of Portsmouth. 


THEORIES OF SOLUTION. 


In introducing his presidential address, Professor 
Walker said that the nature of solutions had been 
discussed at Leeds in 1890, the first meeting that 
he had attended. Van’t Hoff had then been pre- 
sent, and he had hoped to be present again. But 
they had to mourn the departure of Van’t Hoff, the 
founder of the modern theory of solution, whose 
name would remain one of the greatest in theoretical 
chemistry ; in time to come, Professor Walker 
thought, it would be considered almost the greatest. 
A general theory of solutions must be binding to 
all solutions, to mere intermixture between solvent 
and solute as well as to those in which solute and 
solvent were’ bound together to what could not 
—- be distinguished from chemical union, and 
to all grades of intermediate binding. 

Where no affinity existed between solute and 








” 


solvent, the solution was practically of the type of 
the mixture of two gases which did not chemically 
act on each other. Saturated hydrocarbons, like 
pentane and hexane, formed such mixtures. There 
was no evidence of union, the heat of solution was 
practically nil, the volume of the mixture was 
practically the sum of the volumes of the com- 
ponents, and the vapour pressure of each com- 
ponent was reduced as if by dilution with the 
other. Yet there was some interaction, but rather 
of a physical kind, as in the case of compressed 
inert gases, whilst liquid argon and nitrogen seemed 
really devoid of affinity. At the other extreme end 
stood solutions like that of sulphuric acid and water. 
There was every physical evidence of chemical 
union ; the amount of heat evolved in mixing was 
very great, the resulting volume was by no means 
equal to the sum of the component volumes, the 
mixture conducted the electric current whilst the 
component were insulators. The influence of the 
solvent on the solute was chemical in character. 
Any such influence would be reciprocal; hence 
there could be no chemical action in mixtures 
if one constituent were an inert substance like 
argon or the hydrocarbons, which were inert, 4s 
their name (paraffins) indicated. The effect of 
solvents on solutes could conveniently be illustrated 
by the behaviour of a coloured substance in a series 
of colourless solvents ; if the substance were un- 
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affecte: the solvent, the colour of the solution 
attocted ae to be the same as that of the 
vapour of the substance. Iodine gave a violet 
vapour ; its solutions in carbon disulphide, in 
chloroform and hydrocarbons, had the same colour ; 
the solutions in water and alcohols were brown ; 
the solution in a glacial acetic acid was brown in 
the cold, and pink at boiling, suggesting that com- 
pounds formed were decomposed by heat. : 

Van't Hoff’s osmotic pressure theory now applied 
equally to mixtures of gases, of inert liquids, and 
of sulphuric acid and water, and as long as the 
solutions were diluted, simple relations were found 
to connect osmotic pressure and other easily measur- 
able properties of solutions. It had, unfortunately, 
been the custom to oppose the osmotic theory to the 
hydrate, or more generally the solvate, theory, in 
which combination between solute and solvent was 
assumed. But the solvate theory was not a general 
theory, and was, moreover, perfectly compatible 
with the osmotic pressure theory. The great 
practical advantages bequeathed to chemists by the 
genius of Van’t Hoff was the assimilation of sub- 
stances in dilute solution to substances in the 
gaseous state—very diluted solutions, of course, 
only, as Van’t Hoff himself emphasised, for even 
simple gases diverged widely from the gas laws 
when compressed. There had been a tendency 
in thermodynamical quarters to belittle the import- 
ance of the conception of osmotic pressure. It was 
true that, from the mathematical point, it-might be 
relegated to a second place, or dispensed with, for 
it was thermodynamically related to other magni- 
tudes ; but without it the cultivators of thermo- 
dynamic methods would hardly have arrived at 
their results. The investigator might choose one 
of severa) equivalent methods according to his 
personal idiosyneracy. The teacher had no open 
choice, he had to take the most intelligible 
method, least likely to be misunderstood. . The 
student could grasp the osmotic pressure concep- 
tion, but Professor Walker would be sorry to have 
to teach the theory of solution by means of thermo- 
dynamic functions. The latter method was mathe- 
matically more elegant, and even simpler; but 
it did not give the student an opportunity to 
submit his method to a practical check or test, and 
it would often lead to error and confusion. 

The outstanding practical problem in the domain 
of electrolyticsolutions, Professor Walker continued, 
was to show why strong electyolytes* were not 
subservient to the same laws as govern weak 
electrolytes. According to the general law of 
mass-action, the activity of a substance was pro- 
portional to its concentration. If we applied that 
law to the ions and to the un-ionised (or non- 
dissociated) molecules, a certain formula, known as 
Ostwald’s dilution law, connected concentration 
and ionisation, the latter being deduced from the 
electrolytic conductivity, according to Arrhenius. 
But Ostwald’s law was only applicable to feeble 
electrolytes, not to strong electrolytes. In order 
to explain this peculiarity, it had been suggested 
that the rule of Arrhenius failed in the case of 
strong electrolytes ; that suggestion was now aban- 
doned. The other explanation suggested that the 
law of mass-action failed, because complexes were 
formed, such as Na,Cl + and NaCl, — from Na,Cl,; 
the simple formation of hydrate, NaCl. 2H,0 
would not create any difficulty. Professor Walker 
now proposed that it was not, as had often been 
thought, the ions of strong electrolytes which 
behaved abnormally, but the undissociated mole- 
cules, and he explained his views with refer- 
ence to acetic acid and its salts and derivatives, 
and to other compounds, and with regard to the 
modifications of Ostwald’s laws by Van’t Hoff, 
and also to the constant ionic solubility pro- 
duct of Nernst. There was closed equilibrium 
between ions, non-ionised salt, and solid salt, 
and when the abnormality was attributed to the 
ion-ionised portion, theory and experiment agreed. 
Why some molecules should behave abnormally 
was not known. Nor had the laws of dissociation 
been worked out yet for other solvents than water ; 
it was rather peculiar that Professor Walker said 
So little about his part of the problem, which has 
assiduously been investigated of late. 

_ Voneluding, he stated that it was time that all 
the irrelevant and intemperate things that had 
been said and written by the supporters of the 


might be 





* Solutions of strongly dissociated salts and acids. 


The degree of dissociation depends upon the substance, 


and some molecules always remain non-dissociated. 








osmotic pressure and electrolytic dissociation theory, 
on the one hand, and by those of the hydrate 
theory, on the other, should be forgotten. 


Tue Dirrusion or Gases THROUGH WATER. 


Professor Carl Barus, of Providence, Rhode 
Island, described experiments on ‘‘ The Diffusion of 
Gases through Water,” which, he explained, per- 
mitted of a remarkable accuracy. The apparatus 
was a Cartesian diver. The diver itself was an oval 
vessel of glass, open below, partly filled with water 
so as to keep some gas imprisoned; the diver 
floated in a large container of water, in which it 
rose or descended, according to its weight, and the 
weight and the pressure on the gas bubble could 
exactly be determined. ~The diver came to rest 
on a wire grating ; it was not allowed-to touch the 
bottom of the container. The gas would, in the 
course of hours and weeks, slowly diffuse through 
the water into the gas above the water of the con- 
tainer ; the inner and the outer gas were the same 
or different ; air, oxygen, and hydrogen had, so far, 
been experimented with. The curious fact resulted 
that gases would sometimes diffuse against the 
apparent pressure gradient ; that could be explained 
in terms of the partial pressure of the mixed gases 
within the diver as compared to the simple gas 
without. Thus there call eteidiiens be an initial 
rise of the diver followed by a fall. The tempe- 
rature of the water was kept constant; but in some 
cases the regular curves showed ripples due to 
temperature fluctuations. If the cvefticient of diffu- 
sion were known, the density of the gas could be 
calculated, and by the aid of Stokes’s formula the 
virtual viscosity of the medium, through which a 
single molecule of gas transpired between the mole- 
cular forces of the liquid, could be deduced. It is 
especially from this point of view that a continua- 
tion, by so distinguished an investigator as Pro- 
fessor Barus, of these experiments with many gases 
and liquids appears desirable. 

MoLecuLaR VOLUMES AND CoNSsTITUTION. 

Mr. Gervaise Le Bas, B.Sc., of Jersey, read a 
very suggestive paper on ‘‘ The Influence of Con- 
stitution on the Molecular Volumes of Compounds 
at the Boiling Point.” The communication con- 
cerns a subject which he has been studying for some 
years, starting originally with the molecular volumes 
of solids at their melting-points. He now stated that 
if an examination of the molecular volumes M V 
and atomic volumes A V proved the relation M V 
= = A V to be nearly true for related compounds, 
it would probably be true for the individual com- 
pounds. The molecular volumes at boiling-points 
might be regarded as proportional to the molecular 
volumes at absolute zero, and thus to the real mole- 
cular volume. It would follow that the molecule was 
a compact arrangementof spheresof atomicinfluence, 
such that. the intramolecular interstices should be 
negligible [which points to ‘‘close packing ”’]. 

The atomic volume would depend upon the nature 
of the atom, the pressure and temperature, and 
the environment at the boiling-point, and, as the 
latter would be very different for an element and 
its compounds, the atomic play-spaces should differ 
as they did. But the volume ratio appeared to 
remain constant throughout the liquid and solid 
states, in spite of complexity of constitution. 
Thus, taking the volume of the hydrogen atom H 
as unit, carbon gave the relative volume 4H, oxygen 
2H or 3H, trivalent nitrogen 3H, chlorine 6H, &c. 
In many cases the molecular volumes of compounds 
could be calculated with very fair accuracy. The 
relation being mutual, it would then appear that 
an atom entering a compound had a certain volume 
impressed upon itself, and impressed a correspond- 
ing volume upon the other lodngen equivalents 
in the molecule. The constitution had some in- 
fluence, however, because the resulting volumes 
were frequently smaller (sometimes even er) 
than those calculated from the constituents. e 
total volume was hence contracted (or enlarged), and 
the contraction was ascribed to a residual affinity. 
The contraction was marked in certain ty of 
compounds, quantitative particulars of which ewe 
given, and it might induce a curved configuration, 
which would change a straight-chain arrangement 
into a partial ring. It was interesting that the 
polyterpenes formed bridged-ring compounds, lead- 
ing over to compounds resembling india-rubber. 

INFLUENCE OF SUBSTITUENTS ON REACTION 
VELOCITIES. 


Professor Rudolf Wegscheider, of Vienna, com- 
municated a paper on ‘‘ Influences of Substituents 





on Reaction Velocities,’ a subject on which he has 
presented many memoirs to the Vienna Academy 
of Sciences. He pointed out that the changes of 
free energy connected with the chemical transfor- 
mations doubtless determined the direction of 
possible transformations. But the velocity of the 
transformation of organic compounds, with which 
the paper dealt, was generally small, and was not 
alone, and not even chiefly sometimes, determined 
by the changes of free energy. When the two com- 
ponents were brought into reaction, the saponifica- 
tion, esterification, or other reaction, woul euials 
with a certain velocity ; that velocity would be 
altered by introducing various elements into the 
compounds, and the influence of these substituents 
would depend upon the electrolytic dissociation 
(the negatifying or positifying effect) of the substi- 
tuent and upon other properties as well, some of 
which Professor Wegscheider would, for the present, 
comprise under the term ‘‘ steric hindering.” 


ABSORPTION SPECTRA OF VAPOURS AND SOLUTIONS. 


Professor J. E. Purvis, of Tokio, Japan, contri- 
buted a paper on ‘‘ The Ultra-Violet Absorption 
Spectra of Vapours of Various Organic Substances 
Compared with the Absorption of these Substances 
in Solutions and in Thin Films,” a subject on 
which he has been engaged for some years. In the 
present paper he dealt with pyridines, nicotine, 
quinoline, coniine, anilines, and chloro- and bromo- 
benzenes, &c., and he considered the general 
results and the influences which the nature, weight, 
type, and orientation of the atoms would have 
on their movements. The extent of free path, 
the impact of symmetrically and asymmetrically 
oriented molecules, and radiant energy would also 
have to be studied. The vapour molecules, he 
concluded, had considerable freedom of move- 
ment, and many bands would be produced, unless 
(pyridines and anilines) the asymmetrical orienta- 
tion destroyed the rhythmical oscillation. The 
solvent of a solution restrained the vibrations 
and the number of encounters, and also absorbed 
radiant energy, so that the narrow bands of 
‘vapours would become broader and more diffused. 
In thin films the closer packing would further 
restrict the molecular movements; but the selec- 
tive absorption would probably be as in solutions, 
with the bands of the thin films shifted towards 
the less refrangible regions. Professor P. V. 
Bevan’s paper on ‘‘ Absorption Spectra and Refrac- 
tive Power of Vapours ” has already been noticed 
in connection with his Section A paper. 

OptTicaLLy AcTIVE SysTEmMs. 

Professors W. H. Perkin, F.R.S., of Manchester, 
and W. J. Pope, F.R.S., of Cambridge, presented 
a paper of high theoretical interest on ‘* Optically 
Active Substances which contain no Asymmetric 
Atom in the Molecule.” In explaining their re- 
searches Professor Pope stated that Van’t Hoff, 
when examining the relation between molecular 
configuration and optical activity, had clearly indi- 
cated that it was not only solutions of compounds 
containing an asymmetric atom in the molecule [an 
atom, carbon atom in the first instance, asym- 
metrically linked with others] that should be 
optically active, but also compounds of enantio- 
morphous configuration [in which the two groups 
linked to an atom would be the mirror images of 
one another, or like the right and left hand). 
Whilst now optically active compounds in the 
amorphous or dissolved condition containing 
quinquavalent phosphorus or nitrogen, or tetra- 
valent silicon, sulphur, selenium, and tin had been 
discovered, optically active compounds of the 
enantiomorphous or centro-asymmetry type, with- 
out asymmetric atom, had not: been prepared until 
quite recently. After years of experimenting they 
had decided that the 1-methyl-cyclo-hexylidene- 
4-acetic acid should be of this type, and had 
synthetically prepared it. Curiously enough, 
Marckwald and Meth had simultaneously carried 
out a similar investigation. The compound men- 
tioned, Professor Pope explained with the aid of 
models, gave optically active and inactive deriva- 
tives, as anticipated, and his exposition was a 
beautiful demonstration of the fidelity with which 
the constitutional formule of the chemist can depict 
molecular configuration. 

Reports ON ORGANIC AND ANALYTICAL CHEMISTRY. 

We mention committee reports presented, with 
the names of the secretaries in brackets / On 
‘** Dynamic Isomerism ” (Dr. T. M. Lowry), dealing 
with the general and specific absorption in the 
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ultra-violet in its relation to constitution, a very 
valuable contribution to these problems ; on ‘‘ The 
ge of Hydroaromatic Substances” (Professor 
A. W. Crossley); on ‘‘The Transformation of 
Aromatic Nitroamines and Allied Substances and its 
Relation to Substitution in Benzene Derivatives ” 
(Professor K. J. P. Orton), embodying rs by 
Mr. Harold King, M.Sc., and Miss "GC. Ei ards; 
and on ‘‘ Electro-Analysis” (Dr. H. J. 8S. Sand), 
embodying a contribution by Dr. F. Mollwo Perkin 
on the electrolysis of alkali salts with a mercury 
cathode, so as to determine both the metal and the 
acid, after the method of J. F. Hildebrand and 
Edgar F. Smith. 

e may also mention a paper by Dr. J. F. 
Thorpe, F.R.S , of Sheffield, on ‘* The Chemistry 
of Glutaconic Acid.”’ 


THE CoMPRESSIBILITY OF MERCURY. 


Dr. W. C. McC. Lewis, of University College, 
Jiondon, gave an account of an inquiry into the 
‘*Compressibility of Mercury.” For the majority 
of normal liquids, he stated, the formula L ta/p B 
was found to hold, in which L was the latent heat 
of vaporisation of the liquid, T the absolute tem- 
perature, a the expansion coefficient of the liquid, 
8 its compressibility, and p its density. In the 
vase of. mercury the discrepancy between the ob- 
served and the calculated I. was great, and he 
suggested that the ne was due to errors in 
the accepted value of 8, the compressibility of 
mercury. From the L of Knudsen, Callendar and 
Moss had calculated 8 = 1.3 . 10-6 per kilogramme 
per square centimetre, while P. Bridgman had 
recently found 8 = 3.7. 10-6. Experimental errors, 
all leading to too high f values, Dr. Lewis suggested, 
might arise from an absorbed layer of air or moisture 
between the mercury and the walls of the vessel, 
from the unavoidable slip of the mercury past the 
piston, and from the incomplete removal of the 
mixture into which the piston was di em before 
insertion inthe mercury. Dr. Lewis did not speak 
of any experiments of his own. 


CoLLorps. 


The discussion on ‘‘ Colloids” was opened by 
Professor H. Freundlich, of Leipzig, in a lucid 
summary of the ‘‘ Theory of Colloids.” The ultra- 
microscope of Zsigmondy, he pointed out, had 
shown colloids to be two-phase systems, containing 
suspended particles, and the quantitative experi- 
ments of Perrin and Svedberg on Brownian move- 
ments proved the colloids to form a connecting- 
link between coarse suspensions and true solutions. 
In true solutions combination between the dissolved 
substance and the solvent undoubtedly occurred. 
Coarse suspensions consisted of sparingly soluble 
substances, which had little tendency to react with 
the solvent. Colloidal solutions stood between the 


two extremes; they might be classified as suspension- | 


colloids or lyophobic sols, comprising colloidal 
metals, sulphides, many hydroxides, and distin- 
guished from coarse suspensions by the ultra- 
microscopic dimensions of their particles, and emul- 
sion colloids or lyophilic sols, comprising albumin, 
gelatin, starch, &c., substances approaching true 
solutions, but more irregular in their behaviour, 
and comparatively little studied so far. The par- 
ticles were, in many cases, certainly amorphous, 
but might possibly retain crystalline properties. 
Adsorption was chiefly manifested by amorphous 
substances, and the adsorbed substances were 
frequently of high molecular weight. Adsorption 
was probably an effect of surface condensation, but 
solid solution and chemical combination might be 
concerned, Owing to the high adsorbing power of 
amorphous substances, it was almost impossible 
to obtain pure colloidal solutions, and as the 
presence of impurity lessened the tendency to 
crystallise, the maintenance of the colloidal state 
was favoured. 

Among the factors affecting the stability of 
colloids were internal friction, and the electric 
charge of the particles The addition of an 
electrolyte discharged the particles and facilitated 
coagulation. The order o: this influence was for 
positively charged sols (metallic hydroxides), the 
reverse of that for negatively charged sols (col- 
loidal metals and sulphides). Experiments by 
Elisejeff and Freundlich on the influence of eles- 
trolytes in diminishing the electro-endosmosis of 
a solvent showed that a complete lelism 
existed between this effect and the discharging 
effect of the same electrolytes of a hydrosol. These 
electric conditions were of little importance in 





the case of emulsion colloids. In conclusion, 
Professor Freundlich emphasised the, now acknow- 
ledged, importance of colloidal and, in a wider 
sense, of capillary chemistry in its bearing on 
physiological and also technical problems. 

After a general discussion by Professor C. J. 
Martin, of the Lister Institute, Sir William Ramsay, 
Professor Trouton, and others, Dr. G. Barger, of 
London, followed with papers on ‘‘ Colloids in 
Pharmacy” and on ‘‘ The Adsorption of Iodine by 
the Glucocide Saponarin,” a pure substance of 
definite composition and molecular weight, 468, 
eS to starch (molecular weight unknown) 
or such studies. 


CoLLorpaL CopPER. 


Mr. H. H. Paine, M.A., B.Sc., of Newport, 
Mon., described ‘‘The Rate of Coagulation of 
Colloidal Copper,” prepared after Bredig’s method 
by ing the electric current through electrodes 
of the metal dipping into water or some other liquid. 
The solution was, he said, gradually—not at once— 
precipitated by salts (sodium oo eer &c.); the 
precipitated gel would settle, and could be sepa- 
rated from the clear liquid ; the copper could be 
determined in both these portions, and the rate 
of coagulation thus be studied. The results 
suggested a distinction between salts containing a 
divalent anion (sodium sulphate) and those con- 
taining a monovalent anion (potassium nitrate or 
chloride). 


Tue Cottom THeory or CEMENTS. 


In a paper on ‘‘ The Colloid Theory of Cement,” 
Dr. Cecil H. Desch, of Glasgow, said that the old 
explanation of the setting of calcareous cements, 
as caused by the crystallisation of the products of 
hydrolysis from a super-saturated solution, failed to 
account for the great mechanical strength of cements. 
The colloid theory of Michaelis, whose death we 
reported in our issue of June 16 last,* attributed 
the setting to the formation of a gel of calcium 
silicate, which subsequently hardened by loss of 
water and adsorption of the free lime in the cement, 
and this view was confirmed by microscopical exam- 
ination. The complex substances contained in the 
so-called alite of the cement were alone hydrolised ; 
calcium aluminate crystallised first (the initial 
setting) ; the insoluble calcium monosilicate separ- 
ated afterwards more slowly as a colloidal gel. i 
gel adsorbed some lime, while another portion of 
the lime could be detected as plate crystals of 
calcium hydroxide. Dr. Desch stains the colloids 
with dyes such as methylene blue, patent blue and 
safranin in these microscopical studies, and as the 
cement is too brittle to permit of the preparation 
of very thin sections, he grinds and polishes the 
surface and examines them, as in metallography, 
under vertical illumination after etching or staining. 


INDICATORS AND CoLOURS. 


The discussion on ‘‘ Indicators and Colours ” was 
opened by Dr. V. H. Veley, F.R.S., of London, by 
a paper on ‘‘The Application of Methyl Orange 
for the Determination of the Affinity Constants of 
Weak Acids and Bases, with a Discussion of the 
Errors.” | By indicators the chemist understands 
substances which are added in small quantities to 
compounds under reaction, not to take part in the 
reacbion, but to indicate, mostly by colour changes, 
whether there is still an excess of the one or the 
other reagent present. The most common indicator 
is litmus, whose neutral violet colour changes into 
red when there is a slight excess of acidity (any 
acid), and into blue when the base predominates. 
The chemist applies a variety of indicators, and 
Mr. Veley gave an account of their use, and 
especially of methyl orange, of the advantages 
and limitations of their application in determining 
affinity values, and of the concentration of the 
hydrogen ion, which is characteristic for all acids. 


Tue SENSITIVENESS OF INDICATORS. 


Mr. H. T. Tizard, of Oxford, contributed an 
important memoir, on ‘‘ The Sensitiveness of 
Indicators,’ which is to be printed in extenso. 
He pointed out that indicators were now regarded 
as pseudo-acids or pseudo-bases. They consisted 
of two or more tautomeric forms in equilibrium 
capable of undergoing almost instantaneous tauto- 
meric changes. This view did not affect Ostwald’s 
method of treatment. The ions might still be 
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regarded as coloured differently from the ‘‘ undis- | 
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sociated molecule,” if that expression were under. 
stood to mean not one particular molecular species 
but the equilibrium mixture of the various forms 
which the indicator could assume in its undissociated 
form. Applying Ostwald’s dilution law, it was 
easy to show that, when the colour of an indicator 
was exactly midway between the extreme colours 
of its dissociated and its undissociated form, then 
the concentration of the hydrogen ions (Cy) in the 
solution should numerically be equal to the dis- 
sociation constant of the indicator K,, and that 
the colour changes should take place mainly he- 
tween the concentrations 10 K, and 0.1 K,. The 
most useful indicators would hence be those of a 
dissuciation constant of about 10~’; that is to say, 
that the concentration of the hydrogen ions should, 
at the time of ‘‘neutral point,” lie between 10- 
and 10-*. Indicators which were very weak or very 
strong acids or bases would hence be of little use, 
Mr. Tizard proceeded to demonstrate with the aid 
of curves, showing the concentration of the H ions 
in a salt on addition of small quantities of bases or 
acids, how the accuracy of a titration depended 
upon the choice of the indicator. 


ENZYMES IN THE Economy oF PLANTS aANp 
ANIMALS, 


** The Part Played by Enzymes in the Economy 
of Plants and Animals” was discussed in a joint 
meeting of Section B and the Agricultural Sub-Sec- 
tion of Section K—Botany. The Recorder of 
Section B, Dr. E. Frankland Armstrong, opened 
the discussion. It concerns a branch of physio- 
logical chemistry which appeals to everyone. We 
should refer our readers to our remarks on the 
exhibits of Professor H. E. Armstrong and Dr. 
E. F. Armstrong, which excited so much interest 
at the recent soirées of the Royal Society.* 

By enzymes Dr. Armstrong understands the 
agents which bring about the changes in the plant 
and animal that are commonly regarded as vital, 
The enzymes act as catalysts, obey the physical 
laws of catalysts, and are distinguished by the 
specific character of their action. Each enzyme 
promotes a particular interaction, and no other ; 
most of them bring about hydrolysis, some oxida- 
tion, some act synthetically. They are not proteins, 
and nothing definite is known as to their chemical 
character; our readers will remember the old 
definition of enzymes—unorganised ferments. 

One function of enzymes, Dr. Armstrong pointed 
out, was to break down complexes in the cell; 
there was a necessity for some restriction of this 
action, otherwise the cell would be killed, and 
Dr. Armstrong described the safeguards of Nature. 
He showed how the leaves of the cherry laurel, 
which gave off prussic acid, or those of the Japanese 
laurel, which were blackened, could be used to indi- 
cate that changes were taking place in the plant cell, 
and how the resting leaf could be stimulated into 
activity by certain substances, such as toluene 
and chloroform, which had little affinity for water, 
and were as a class chemically inert. It was sug- 
gested that such substances, to which the general 
name of ‘‘hormones” was applied, were able to pene- 
trate the cell and to bring about hydrolytic changes 
within it. A large number of substances, which 
acted as very weak hormones, were found in plants 
combined with glucose in the so-called glucosides. 
Each glucoside required an appropriate enzyme to 
hydrolyse it before its products would be effective 
as hormones, and the speaker alluded to the wide 
distribution of glucosides in plants and gave an 
account of the work done in studying and localising 
their appropriate enzyme. Whereas the leaves of 
a plant contained, as a rule, an enzyme adapted 
cule for the glucoside contained in the leaves, the 
seeds of the same plant contained an enzyme or 4 
mixture of enzymes able to attack a variety of 
glucosides. Dr. Armstrong illustrated the applica- 
tion of these investigations to various problems of 
animal and vegetable physiology and agriculture. 

The discussion mainly turned on controversial 
points in Dr. Armstrong’s chain of reasoning, and 
it was generally agreed that the theory, whether it 
could be upheld in the future or not, marked a 
material advance in the chemical conception of 
metabolism. 


TREATMENT OF WHEATEN FLOUR. 
We mention a paper by Mr. A. E. yore 
on ‘*Some Points in the Treatment of Wheaten 
Flour ;” the bread problem was, of course, dis- 


* See ENGINEERING, vol. xci., pages 626 and 797. 
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cussed in different Sections at Portsmouth. What 
Mr. Humphries advocated was the addition of water 
—and, if necessary, of salts—to the flour some time 
before making the dough, with the object: of increas- 
ing the strength of the flour, an important question 
for storage and transport. 


Exectric Sreet-MELTING. 


We have left two reports on iron and steel last, 
not because they are unimportant, but because 
they stand apart. The report by Professor Andrew 
McWilliam, M.Met., of Sheffield, on ‘*The Present 
Position of Steel-Melting,” is indeed to be printed 
in extenso. Professor McWilliam pointed out that 
electric steel-melting had passed the experimental 
stage, but had not emerged from it in the sense 
that most steel processes were continually being 
experimented with. The product of the are furnace 
from slightly impure materials just about took its 
place near Swedish open-hearth and Bessemer 
steels, and the induction-furnace products from 
pure materials equalled anything but the very 
highest qualities of crucible steel. But it should 
not be forgotten that the electric furnace, of 
whatever design, could not make good steel 
automatically ; the metallurgical skill of the old 
processes had to be expended on the proper 
finishing and killing. Having critically reviewed 
the chief features of different electric furnaces, 
Professor McWilliam gave statistics. In June, 
1910, the number of furnaces installed of all 
types amounted to 118, of which 70 had been 
working, 38 were being built, and 10 not work- 
ing. Of the 77 arc furnaces, 29 were accredited 
to Héroult, 17 to Girod, 13 to Stassano, and 
6 to Keller; the pig-iron furnaces in Norway 
and Trotthittan were each to produce 7500 tons 
annually. The total capacity of the Héroult 
furnaces was 80 tons per charge (those being 
built had an aggregate capacity of 50 tons); 
the corresponding figures for Girod were 38 (26) 
tons, Keller 13 (5) tons, and 20 (13) tons for the 
others. Of induction furnaces, there were 14 
Kjellin furnaces with a total capacity of 35 tons, 
15 Réchling-Rodenhauser furnaces with a capacity 
of 30 tons in work and 18 tons, being built ; the 
capacity of the other induction furnaces was 18 
tons. That gave a total capacity of 250 tons for 
arc, and 100 tons for induction furnaces, 350 tons 
per charge for all electric steel melting. 

Professor McWilliam added special lists for the 
Kjellin and Réchling-Rodenhauser furnaces (mostly 
single-phase), and for the Héroult furnaces; in both 
lists Germany leads. The most powerful Héroult 
furnaces mentioned are those of the Deutscher 
Kaiser Stahlwerke, Bruckhausen (25 tons), the 
two 15-ton furnaces of the United States Steel 
Corporation (at Chicago and Worcester), and the 
15-ton furnace of the Skinningrove Iron Com- 
pany Yorkshire (being built). The output of 
electric steel in Germany, Austria-Hungary, and 
the United States amounted to 112,000 tons in 
1910 (63,000 tons in 1909). In 1911 England 
would for the first time appear as regular producer, 
with about 13,000 tons probably ; in 1910 the 
Héroult furnace of Messrs. Edgar Allen, in Shef- 
field, was the only one in steady operation. Since 
January last three Héroult furnaces had_ been 
commenced at Vickers, Thomas Firth and Sons, 
and at Lake and Elliott’s, Braintree ; Kjellin fur- 
naces had been working at Vickers, at Jessop’s, 
and in the University of Sheffield, and a Grénwall 
furnace had also been started at Sheffield in 
January. Electric furnaces were being employed 
to replace crucibles, as cheaper ; for foundries, to 
replace Swedish Bessemer steel, for steel of axle and 
tyre quality ; for weldless tubes (Mannesmann 
Company, Héroult furnaces) ; in combination with 
‘Talbot furnaces, to increase their output and life 
(at Skinningrove for making rail steel) ; for melt- 
ing high-speed turning: and for making culinary 
vessels of pure nickel (Kjellin furnace). 


THe Corrosion oF STEEL. 

A committee, of which Professor J. O. Arnold is 
chairman, and Dr. W. E. S. Turner is secretary, 
reported upon ‘‘ The Influence of Carbon and other 
Elements on the Corrosion of Steels.” Pure iron- 
carbon alloys had been prepared in Sheffield Uni- 
versity from Swedish iron and charcoal, ing from 


0.1 to 0.96 per cent. of carbon; they were free from 
manganese sulphide, which favours electrolytic 
corrosion. Polished cylinders, 44 in. long, 2 in. in 
diameter, of these alloys were separately kept in 
In the rolled, 


sea-water for thirteen weeks. 





normalised, and annealed specimens (in which, it 
was pointed out, the carbide existed either as the 
diffused, normal variety, or as the laminated variety 
of pearlite) the corrodibility increased to a maximum 
at saturation point, 0.89 per cent. of carbon, and 
then fecal ge upon the appearance of cementite. 
In the hardened or tempered specimens (in which 
the carbide had been converted into hardenite 
or the emulsified variety of pearlite) the corrodi- 
bility rose continuously without reaching any 
maximum. The deposit was light brown and easily 
removable on the top, and bluish black underneath; 
the latter adhesive deposit was found especially at 
the lower end of the bar. 

In the tests of the solubility in acids, in which 
1 por cent. sulphuric and hydrochloric acid gave 
substantially the same results, bars of # in., 14 in. 
long, were separately immersed for forty-eight 
hours. The results differed from those of Heyn and 
Bauer, inasmuch as they showed a maximum corrodi- 
bility at 0.22 percent. of carbon, which Heyn failed 
to observe, probably because he had no steel 
between 0.14 and 0 30 per cent. of carbon ; Heyn 

ut the maximum solubility at 0.4 or 0.5 per cent. 

ese figures concerned normalised, annealed, and 
rolled specimens ; in the tempered steels the solu- 
bility rose up to 0.3 per cent., and again up to 0.55 
per cent. of carbon; the tempering temperature (500 
or 400 deg. Cent.) had aninfluence. The report states 
that smooth curves were drawn through the experi- 
mental points, instead of joining the points by 
straight lines. Those curves look neh quvedh, 
There is, for instance, a fine § curve, traced through 
five points which do not mark the maxima and 
minima. If there were really not more than five 
determinations, the smoothness of those and other 
curves does not appear convincing. Solution pres- 
sures (potential differences) were also determined. 
The chief point, again brought out by these 
tests, is that different irons behave differently in 
sea-water, acid, and in vanic couples, so that 
no single method of testing can be regarded as a 
reliable criterion. 

We cannot report the proceedings of the other 
sections, but reserve special subjects for future 
consideration. 


Tue Eveninc Discourses. 


The first evening discourse was delivered by Dr. 
Leonard Hill, F.R.S., on ‘‘ The Physiology of 
Submarine Work.” Dr. Hill had made great pre- 
parations for his discourse That increased air 
pressure did not prevent the regular beating of the 
heart, he showed with the aid of a frog’s heart. 
The danger came with decompression, as Paul 
Bert had demonstrated in 1879, because nitrogen 
was dissolved by the blood and afterwards released 
in bubbles which blocked the capillaries ; when the 
pressure exceeded 8 atmospheres, the oxygen might 
act as a poison, but divers seldom went down to 
more than 60 ft. or 70 ft. Old; fat, intemperate 
men, especially when fatigued, suffered most. Men 
working in short riods of compression and 
decompression were lool affected ; the humidity 
and heat of the air-lock probably caused more 
discomfort than the carbon dioxide. The Admi- 
ralty had adopted the stage-decompression of Dr. 
Haldane, which Dr. Hill thought valuable for men 
not working very long and very hard. His own 
ideal method of decompression was :—1. Oxygen 
breathing for five minutes, rapid decompression to 
2 atmospheres; 2. pause for taking exercise and 
breathing oxygen ; 3. rapid decompression to one 
atmosphere, breathing and exercise being continued. 
In this way men working in the East River Tunnel 
at New York had truly been raised from the dead. 
He had designed a double-chambered diving-bell, 
with a manhole connecting the two chambers. The 
divers entered the inner chamber after completing 
their work and were raised in safety and decom- 
pressed by the stage method, without exposure to 
cold and the roughness of the waves. 

Professor A. C. Seward, F.R.S., delivered the 
second discourse on ‘‘ Links with the Past in the 
Plant World.” The crowd which the lecture to 
operative classes by Dr. H. R. Mill on ‘‘ Rain” 
attracted testified to the general interest now taken 
in meteorological observations. 


ConcLupinc REMARKS. 


Portsmouth, with its 1241 members and associates, 
will not rank with the t meetings. It was a 
good meeting scientifically, however. The small 
attendance was chiefly due to the absence of the 
local element. The old members had remained 








faithful, and the number of foreign visitors was 
large. The official list counted thirty-one especially 
invited foreigners ; but many more foreign scien- 
tists had come privately. It was almost ~ less, 
however, to find a name in the original list of 
members, in which names were arranged in batches, 
copenaine as the members had registered. That 
the second list was incomplete was probably the 
fault of members who had neglected to enter their 
names. We have praised the guide-book for its 
historical notes ; it did not deserve praise in other 
respects. 

he excursions—all on the Saturday—to the 
New Forest, Isle of Wight, Arundel, Chichester, 
and Goodwood, were not particularly noteworthy. 
Among works thrown open to members were the 
Portsmouth Water Works and Pumping Stations, 
the Municipal Electricity and Destructor Works 
and Sewage Pumping-Stations, the Portsea Island 
Gas Works at Hilsea, the Locomotive Works at 
Eastleigh, and also the Southampton Docks and 
Messrs. Thornycroft’s works at Southampton— 
quite a sufficient number, especially in view of a 
special visit to Portsmouth Dockyard, and a Naval 
Display for all members. For the latter the 
gunnery ship Revenge took the large party down 
Spithead into the open sea, where ten torpedo- 
boats and three submarines made torpedo attacks 
on the Revenge. Under the circumstances, Admiral 
Sir Arthur W. Moore naturally was singled out 
for a special vote of thanks at the concluding 
meeting. 

The grants made at Portsmouth amount to 
1050/., which is the average sum; but several 
demands had been cut down considerably. They 
include a grant of 301. to the International Commis- 
sion on Annual Tables of Physical, Chemical, and 
Technological Constants, for which Dr. N. T. M. 
Wilsmore, of University College, the British member 
of the executive committee, enlisted new friends. 
When the Association assembles next year at 
Dundee, there will be twelve sections, instead of 
eleven, Agriculture, for several years a sub-section, 
having been raised to the rank of an independent 
Section M. It is hoped that farmers will be 
attracted to this new section in their own interest ; 
they may not have felt comfortable as visitors 
among biologists, botanists, or chemists. The 
accretion of new members is desirable. But there 
is danger in splitting off sections, quite apart from 
the fact that twelve sections—not reckoning the 
separate sub-sections—means twelve section rooms 
and committee rooms, and that all the sections 
should deliberate close to one another. Up till 1883 
there were eight sections; D, Biology, then comprised 
zoology, botany, physiology, and anthropology. An- 
thropology split off first, and has certainly become 
one of the most instructive and attractive sections. 
Physiology, I, and Botany, K, followed. Then L, 
Education, was created, which has undoubtedly 
justified its right of existence. But the very essence 
of the Association lies in common discussions, and 
a member cannot be in more than one of the twelve 
or sixteen section rooms at the time. We are sorry, 
therefore, to notice a strong current in Section A 
in favour of division ; the simultaneously-meeting 
departments are sufficiently awkward. Some reform 
seems to be needed, and the question is receiving the 
earnest attention of the Council of the Association. 

The British Association will meet at Dundee, on 
September 4, 1912, under the presidency of Dr. 
E. A. Schifer, F.R.S., Professor of Physiology at 
Edinburgh. 





THE ELECTRICAL EXHIBITION AT 
OLYMPIA.—No. II. 

Tue tendency of the exhibitors at Olympia to 
display small apparatus rather than large, referred 
to in our article of last week, is perhaps less illus- 
trated on the stands devoted to switch-gear than on 
those dealing with some other types of plant, and, 
in as far as it is possible to display switch-gear at 
an exhibition at all, the matter shown is of much 
interest. We have already dealt with the exhibit 
of Messrs. Reyrolle, and now illustrate of the 
large display made by Messrs. Ferranti, Limited, 
of Hollinwood. Apart from the gear shown on 
their stand, Messrs. Ferranti have contributed a 
three-panel switchboard controlling the 300-kw. 
rotary converter, by Messrs. Vickers, Limited, 
which converts current for use in the Exhibition. 
This board, being alive and enclosed, is not readily 
accessible for inspection, and as, in addition, it is 
of a standard type, we will not attempt to describe 
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SWITCH-GEAR EXHIBITS AT OLYMPIA. 


CONSTRUCTED BY MESSRS. FERRANTI, LIMITED, ENGINEERS, HOLLINWOOD, MANCHESTER. 























Fie. 14. Rear View or Semi-Portasie 5000-Voit SwitcHBoaRD. 
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it in detail, contenting ourselves with a reference to 
some of the apparatus shown on Messrs. Ferranti’s 
stand. 

An enclosed sheet - steel switchboard of the 
semi-portable type occupies the most prominent 

ition, and forms the most striking object in 

essrs. Ferranti’s display. It illustrates a form 
of gear of which the firm have supplied some 
eighty panels to the Birmingham Corporation for use 
in large consumers’ sub-stations. Each panel is 
made up as an independent unit, the only connec- 
tion between them being made by the bus-bars, 
and as the whole of the live gear is carried inside 
the steel boxes forming the various panels, the 
arrangement is both safe and very readily installed 
in a works or factory. No foundation is necessary 
beyond an adequately strong flat floor, and as the 
cable-boxes form an integral part of the gear, in- 
stallation involves little more than putting the 
gear in place and connecting up. Further, the 
panels may, of course, easily be taken apart, and re- 
erected in a new order, or in a different place. The 
board is illustrated very clearly in Figs. 8 to 16, on 
pages 454 and 455, and requires little further 
description. It consists of two incoming feeder- 
panels for a ring or a main, and a consumer's 
panel, The oil-switch chambers are quite separate 
from the isolating-switch and bus-bars, and the 
isolating-switches chamber doors are interlocked 
with the oil-switches. 

Among the large selection of apparatus making 
up the remainder of Messrs. Ferranti’s exhibit 
there are a number of interesting regulating and 
starting resistances of unusual type. In these 
the usual contacts, with resistance connections 
between them, are done away with, and their place 
‘is taken by a column, or series of columns, of thin 
carbon disks assembled inside stesl tubes lined 
with refractory material. The columns of disks 
form the resistances, the current being carried 
through them from end to end. The resistance is 
varied by mechanical end-compression on the 
columns, such compression, of course, decreasing 
the over-all resistance. It will be realised that 
the system is not a new one, such variable carbon 
resistances having been used for laboratory pur- 
poses for many years, but Messrs. Ferranti would 
appear to have made a new and highly practical 
application of the principle. An example of a 
simple starting resistance made on this method is 
illustrated in Fig. 17, on page 455. 

Messrs. Ferranti also show a new range of fuses 
with fibre handles, designed to comply with the new 
Home Office regulations, and arranged so that when 
the holder isin place there is no live metal exposed. 
They also exhibit a new type of electric radiator of 
novel and very pleasing design. In it the resist- 
ance unit consists of a flat spiral of nickel-steel 
ribbon insulated with mica, and mounted behind a 
flat circular plate of thin quartz. This plate is in 
turn mounted in the centre of a polished copper 
bowl. When the current is on, the spiral glows to 
a dull red, which is reflected in the inside of the 
bowl, a very warm and satisfactory effect being pro- 
duced. The collection of Ferranti meters, dating 
back to the earliest, of 1884, should also be men- 
tioned as one of the points of interest of the 
stand. 

A number of firms exhibit control gear, one of the 
most complete displays being made by the Adams 
Manufacturing Company, Limited, of Bedford. It 
is difficult to select among the wealth of material 
shown on the stand of this company, but mention 
may be made of the theatre dimmers, which are dis- 
played. These are of the ‘ Igranic” type, in which 
the resistance consists of wire wound radially on 
soap-stone slabs. The arrangement results in a 
design which, in its over-all dimensions, compares 
very favourably with the more usual liquid type. 
It should be of particular value for places in which 
space is limited. The firm exhibit various hand- 
operated and automatic starters, among the most 
interesting being the series relay device, in which 
the succeeding steps of a resistance are cut in by 
relays which are themselves operated by the motor- 
starting current, so that che rate of cutting out 
resistance varies a in terms of the load. 
Control gear is also exhibited by the Electrical 
Apparatus Company, Limited, of Vauxhall Works, 
South Lambeth-road, London, 8.W., one of their 
most striking exhibits being a slow-motion motor- 
starter, in which a spring-controlled pawl carried 
at the end of the handle alternately fouls and 
springs clear of a number of ratchet-teeth carried 
by a segmental casting bolted to the starter base, 





When the handle is moved slowly, the pawl has 
sufficient time to clear the teeth, but any attempt 
to move it too quickly at once results in — 
The device, which is, of course, purely mechanical, 
is a very pretty one, and should work well in 
practice. 

An interesting display of electro-magnetic sepa- 
rators is made by the Rapid Magnétting Machine 
Company, Limited, of 10, The Crescent, Birming- 
ham. The first machine shown is of the firm’s 
‘Standard ” type, and is intended for removing 
iron from metal turnings and similar material, 
pore when it is present in large percentage. 

t consists of a rotating drum fitted with fins or 
baffles on the outside and parallel to the axis, 
which lies horizontally. The material to be sorted 
is fed on to the top of the drum from a hopper 
situated above it and furnished with a jigging 
delivery spout. On reaching the drum the iron in 
the material is attracted and held by electro-magnets 
situated inside it. The magnets are fixed and 
independent of the drum, which revolves outside 
them. They are arranged with alternate poles 
running the full length of the drum, the effect of 
the arrangement being that as the mixed material 
is carried forward by the moving fins the iron 
in it is carried from the field of one magnet 
into that of the next. The travel of the iron 
particles is not, however, a uniform and steady 
one, since, although the drum revolves uniformly, 
the effect of the different magnetic fields is to make 
the iron jump forward into the strongest part 
of the leading field as soon as the moving fins 
have carried it into a weaker part of the field it is 
leaving. The effect of this jumping is that the 
mixed material is thoroughly stirred up, so that any 
brass or other non-magnetic substance it contains 
has every opportunity of being separated from the 
iron. The mixture is carried round to the under- 
side of the drum, from field to field, the brass, &c., 
dropping off into a bin below, while the iron is 
carried to the back of the machinery, where no 
magnets are fixed, so that it too finally falls off into 
a second bin. The arrangement appears a very 
effective one, and it is stated mixtures containing 
99 per cent. of iron can be sorted by it. 

The second machine shown is illustrated in Fig. 18, 
on page 458. Itis intended for use with mixtures 
containing a very small percentage of iron, and 
may be used for a final treatment of material 
which has already been passed through the 
machine described above. It is also adapted 
for treating cotton-seed, fire-clay, ground bones, 
and similar materials. The arrangement of the 
machine will be followed from the figure. It con- 
sists of a jigging-shoot, with electromagnets of 
alternate polarity running from side to side, like 
the rungs of a ladder. The mixed material is slowly 
passed down the shoot, the iron being gradually 

icked out by the magnets ; any escaping the first 
ew is caught lower down. The series arrange- 
ment of the magnets makes the machine very 
searching and thorough. The collected iron is 
cleared from the shoot by simply switching off the 
current, when the jigging motion shakes the par- 
ticles down. A special receptacle is, of course, 
placed below during this process. A third machine, 
illustrated in Fig. 19, on page 458, is intended for 
removing iron from large material, such as de- 
structor-furnace clinker and packing-room refuse. 
The machine is similar to the standard type in that 
no cut-off is used, the iron being carried by the 
drum out of the range of the magnetic field. Its 
difference lies in the fact that the collecting magnet 
poles are arranged circumferentially along the drum, 
and that the drum itself is made up with iron pole- 

ieces instead of being entirely non-magnetic, as 
in the case of the standard machine. The drum 
pole-pieces are magnetised by induction, and their 
object is to give the strong field which is necessary 
to gather iron particles from a heavy material like 
destructor clinker. The collected iron is finally 
dropped off the back of the machine when it has 
passed the magnets. The feeding-shoot has a 
reciprocating motion, in order to distribute the 
incoming material. 

The Sunderland Forge and Engineering Com- 
pany, Limited, of Pallion, Sunderland, have a 
good exhibit of their products. This includes 
open-type vertical steam-engines coupled to electric 
generators for ship-lighting and similar work, con- 
tinuous and alternating-current motors, and electric 
winches. Most of this gear is of well-known type, 
but the winches represent a class of apparatus 
whose manufacture has as yet been taken up by 





but few firms. We illustrate one of the winches 
in Fig. 20, on page 458. It is of 2 tons capacity, and 
is intended for installation on shipboard for handling 
boats or ngers’ baggage. The drum is worm. 
driven, the gearing running in an oil-bath, and the 
end thrust being taken by a ball-thrust block. The 
winch is fitted with a foot-brake and an electrically- 
operated brake, which is always on except when tiie 
motor is running, the driving current being used to 
release the brake. An interlock is fitted between 
the foot-brake lever and the controllor, so that when 
the latter is depressed to put on the brakes, the 
controller is first thrown into the off position. The 
controller is of the reversing type, and, together 
with the motor and starting resistances, is com- 
pletely enclosed, so that it is unaffected by the 
worst weather. The motor is of the series type, 
and is specially designed for severe service. 

On the stand of the Lancashire Dynamo and 
Motor Company, Limited, of Trafford Park, Man- 
chester, there are shown a number of both alter- 
nating and continuous-current motors, but the most 
important exhibit is a 4-ft. by 4-ft. by 10-ft. Buckton 
planing-machine driven by the Lancashire patent 
reversing motor-drive. The system of operation 
involves the use of a motor generator supplying 
the driving motor with direct current. The 
reversing of the table is obtained by reversing 
the field of the generator, while the speed of the 
table is similarly controlled by the adjustment of 
this field. The gear for operating the switch and 
regulator connected to the field is operated bya 
tappet from the table. A feature of the system is 
that only this small field current is handled by the 
gear, so that there is no trouble with the arcing of 
heavy brushes. There is an additional attachment 
of much interest, which the makers term the 
‘accelerating device.” It is operated by adjustable 
tappets from the table, and its function is to 
accelerate the table when the tool is passing over 
a portion of a job where no machining is required. 
When the space has been passed, a second tappet, 
acting on gear controlling the field, causes the 
speed to be reduced again to that proper for 
cutting. The arrangement should prove of much 
value, and should lead to increased output on some 
classes of work. In addition, it should be said that 
the latter part of the stroke of the table may be 
retarded by the same gear, so that, if a heavy cut 
is being taken, the end of the work is not 
broken. Inthe machine shown the cutting speed 
may be varied from 25 ft. to 75 ft. per minute, 
and the return speed from 120 ft. to 220 ft. per 
minute. 

The only two prime movers of other than small 
size in the Exhibition are displayed on the stands 
of Messrs. Mirrlees, Bickerton, and Day, of Hazel 
Grove, Stockport, and the Brush Electrical Engi- 
neering Company, Limited, of Falcon Works, 
Loughborough. The first of these is a 160-brake- 
horse-power four-cylinder four-cycle Diesel oil- 
engine, which is illustrated in Figs. 21 to 24, on 

e 459. The engine is coupled to a dynamo, and 
is shown in operation on oils of varying quality, an 
arrangement of four fuel oil-tanks being fitted for 
the purpose. The general lines of the engine do 
not ditfer greatly from those of Diesel engines by 
other makers, although, as is well known, Messrs. 
Mirrlees have put in much original work during the 
development of their engine, their practice having 
to some extent resulted in modification of the 
designs of some other makers. The example shown 
is of the completely-enclosed type, with forced 
lubrication, and is a duplicate of many that the firm 
have built for the British Navy. The details of 
the engine will be seen from the illustration, Fig. 24 
being a cross-section to an enlarged scale through 
one of the cylinder-heads. It is interesting to note 
that the cylinders, with the whole of their gears, 
are made up as standard units, and carried in stock 
by the firm, so that an engine of any number of 
cylinders may be built up at short notice. 

The prime mover on the stand of the Brush 
Company is a fine example of a 400-kw. Brush- 
Parsons combined action and reaction mixed-pres- 
sure steam-turbine coupled to a 220-volt direct- 
current dynamo. The set makes an excellent 
exhibit, but it is not necessary to describe it, as we 
have frequently dealt with the Brush Companys 
machine. In addition to this the firm exhibit 
22.5-kw. steam-dynamo, various electric motors, and 
two samples of electric pulley-blocks. These latter 
are, we Gales, a new line of manufacture for the 


company. 


The motors driving them are operated 
from reversible controllers manipulated by wire- 
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cords from below, the handles on the ends of the 
cords being sufficiently heavy to pull the controller 
into the off position, in case they are loosened by 
the man operating the blocks. 





INDUSTRIAL NOTES. 

Ar the end of last week the railway strike in 
Ireland was practically at an end on all the lines 
except the Great Southern and Western, all the 
strikers on the other lines having approached their 
companies in order to obtain reinstatement. The 
companies, however, stipulated that the men should 
send in written applications for employment in order 
that their names might be considered for any vacancies 
that might exist. Even on the Great Southern line 
things even then appeared to be slowly improving. It 
was among the men of this company that the baneful 
influence ot the executive of the Amalgamated Society 
of Railway Servants lingered longest. It is thought 
by the public that the companies fought for a great prin- 
ciple, and that they took up an impregnable position. 
There were some few people who appeared to have had 
the idea that the companies ought to have reinstated the 
strikers as soon as they applied to be taken back, but 
this view is not entertained by the great majority of 
the people. Such an act would have been fraught 
with the gravest danger of injustice to loyal men 
and to those who filled the eon of the strikers. 
Members of trade unions are ming far too ready 
to rush into a strike without fully counting the cost. 
Men who have recently been promoted to fill the 
places of the strikers ought not to be reduced simply 
to give place to the strikers, who do not appear ever to 
give a thought to the intolerable inconvenience to 
which the public are put only to satisfy some silly 
whim of the union leaders. Why should men who 
have been willing to work all through the trouble be 
treated in the unjust way recommended by some 
people ? 

At the beginning of this week the only change in 
the situation caused by the Irish railway strike was 
an offer by the chairman of the Great Southern Rail- 
way Company to reinstate to their old positions all 
old locomotive men now on strike, and the majority of 
the other men, if they applied on Monday. This offer 
was conveyed in these words :—‘‘ My board, being of 
opinion that the majority of the men who have left 
work did so under the most severe compulsion, are 
prepared to let every man returning to duty have the 
benefit of his past service if application is made by 
12 o’clock on Monday. After this hour all men taken 
on will be regarded as new hands.” 

On Monday a fair number of the Great Southern 
and Western Railway Company’s strikers offered 
themselves for work at provincial stations, in spite 
of the unfortunate intervention of the Nationalist 
Parliamentary Party. At Waterford the whole staffs 
of the locomotive and traffic departments had gone 
back to work, and it is understood that the majority 
of them have been reinstated in their old positions. 

On Tuesday afternoon a deputation representing the 
employees in the locomotive and traffic departments of 
the Great Southern and Western Railway were received 
by the directors, and, although the proceedings were 
private, it was understood that the directors offered to 
reinstate 90 per cent. of the traffic men and the whole 
of the locomotive men without penalty. They declined, 
however, to reduce any of the men who had been pro- 
moted, or to dismiss men recently engaged. The men 
were given to 12 o’clock on Wednesday to decide what 
they would do. Afterwards Sir William Goulding gave 
the following letter to the Press :— 

‘IT beg to inform you that the strike on this line 
has to-day been definitely settled, a deputation from 
all departments having accepted the directors’ offer of 
yesterday—viz.:—The board undertake to take back 
at once all the locomotive and permanent-way and 
90 per cent. of the traffic men. The company must 
have an absolute withdrawal of the manifesto put 
forward in Checker O‘Meara’s letter of September 15, 
with an expression of regret for leaving work without 
notice, and an undertaking to handle all traffic offered 
and to obey all the commands of the officers. All 
promotions made to stand, and men taken on to be 
retained in the service. 

‘This undertaking was signed on behalf of the 
trattic and permanent-way men by Checker Joseph 
O‘Meara, and on behalf of the locomotive men by Driver 
John Byrne. Work on the line and at the various 
works will be resumed as quickly as possible. The 
Board will grant the men taken back credit for their 
past services,” 

: It was understood that the Great Northern and Mid- 
land Railways had offered similar terms to their men. 

[n connection with the strike Mr. Burt, M.P., in his 
monthly circular to the Northumberland Miners’ Asso- 
ciation says :—‘* It would seem that the strikers and 
those who have advocated the strike have acted in a 
most high-handed and arbitrary way. Such action 
would certainly be highly resented and bitterly de- 
nounced if it proceeded from employers. At any time 
such methods would be open to criticism, but, when a 


strong case is being presented for recognition of the 
unions, the action described is not only peculiarly ill- 
timed, but it is in every respect deplorable. ose 
who thus act render a very ill-service to the trade- 
union movement, which they discredit, and they inevit- 
— weaken, if they do not tend to shatter, the prin- 
ciple of collective bargaining.” 


On Friday, last week, a conference was held between 
the coal-owners and the miners’ representatives with 
& view to coming to an agreement which would settle 
the unrest that now exists, and remove the risk of any 
further strikes. It ended, however, without any 
settlement being effected. The conference was the 
result of the miners’ meeting held last July, when it 
was agreed that before resorting to extreme measures 
the executive should endeavour to meet the masters. 
The great difficulty appears to be with the miners of 
South Wales, where the owners, in framing their 
Conciliation Act, inserted a condition that for a period 
of five years, ending in 1913, the abnormal places 
question should not be touched. The owners in 
other districts, however, last week over-ruled the 
South Wales owners, and agreed to confer with 
the Federation officials. At the Conference on 
Friday last the coalowners made the following sug- 
gestions :—1. The owners recognise the right of work- 
men who are engaged in places which are abnormal to 
receive wages commensurate with work performed. 
2. The customs and circumstances of the different 
districts vary so much that it is, in the opinion of 
the coalowners, impossible to deal with the question 
collectively as applying to the whole of the United 
Kingdom, and therefore the methods of dealing with 
it can only be satisfactorily settled locally in the dif- 
ferent districts. 3. This collective meeting of coal- 
owners, therefore, recommends the coalowners in the 
various districts to meet the representatives of the 
miners in their respective districts when requested 
to do so. 4. It must be understood that, in coming 
to the foregoing resolution, the meeting must not be 
assumed to have done anything to abrogate existin 
agreements. From the men the following proposa 
was made :—‘‘ That this joint conference of coalowners’ 
and miners’ representatives recognises the right of 
miners working at the coal face at fixed tonnage rates 
to receive full wages when employed in an abnormal 
place, the rate to be the averaye rate of wages pre- 
viously earned by the workmen under normal condi- 
tions, which dian be less than the recognised mini- 
mum or average rate paid in each district. Further, 
machinery rom. v} be set up in the different districts for 
the purpose of deciding on the question as to whether 
the place in dispute is abnormal. Pending the settle- 
ment of a dispute as to whether the place is abnormal 
or not, the men to be paid the district rate.” It was 
arranged last week to consider the application of the 
Northumberland miners for a national strike on the fol- 
lowing Thursday, which was ay sm but up to the 
time of going to press the result has not been received. 

The failure of the conference of Friday last rendered 
critical the situation in Durham and Northumberland, 
because it is thought that the men there want a strike 
on some pretext or another, and the pretext of abnor- 
mal places is as good as any, although that question 
is not an acute one in the north. In Derbyshire also 
the situation is viewed with alarm as tending to 
increase the possibility of a national coal strike. In 
Lanarkshire and Fifeshire the coalowners have inti- 
mated an advance in the price of house coal of ls. per 
ton, to take effect at once. 








The court of arbitration in the Norwegian mining 
district, to which several points in the recent dispute 
were referred, and which consists of.the two arbi- 
trators, has now given its verdict. It is to the effect 
that the present minimum rates of pay for the eight 
mining concerns affected by the dispute continue 
until mber 31, 1913, after which date the mini- 
mum pay is to be increased by 1 dre (0.135d.) per hour. 
The ide. and the arguments upon which it rests, 
are equally objectionable to the men, both the arbi- 
trators having accepted and admitted the justice of 
the masters’ statements as to conditions of labour and 
the conditions of the market. The men first held out 
for an increase of 5 dre (0.675d.) per hour, and after- 
wards 2 dre (0.27d.) per hour from 1913. Had they 
been willing to accept the 1 ére which has now been 
awarded, both strike and lock-out would probably 
have been avoided. 


At a conference under the chairmanship of Sir 
Charles Macara, held in Manchester on Friday last, 
between the Emergency Committee of the Federated 
Cotton-Spinners’ Associations and the Executive Com- 
mittee of the Card-Room Workers’ Amalgamation, the 
Operative Spinners’ Amalgamation and the Northern 
Counties Weavers’ Association, a proposal to amend 
the Brooklands agreement, with a view of securing the 
continuance of negotiations whenever a dispute occurs 
in the cotton trade, was adopted. It was proposed 
that the ment should be extended to provide | 








that when a dispute has passed all the stages of nego- 


tiation already provided by the agreement, and has 
resulted in oa of work, there shall be periodical 
meetings afterwards between the representatives of 
the employers and the operatives, in order to take 
advantage of any changes of the situation calculated 
to lead towards a settlement. It was decided that a 
new clause be added to the agreement, providing that, 
when a strike or lock-out has been begun, the parties 
to the dispute shall meet within two weeks, and, if 
no settlement is then reached, they shall meet regu- 
larly afterwards at monthly intervals till the dispute 
is ended. After the meeting there was a feeling that 
the cotton trade had in led the way in the direo- 
tion of settling labour disputes by peaceful measures, 
and set an example to other industries. 





It is stated that the scheme which is on foot for 
the establishment of a daily paper devoted to labour 
interests is receiving considerable support from the 
trade unions, and it is announced that the British 
Steel Smelters and the Boiler-Makers’ Society are 
each to invest 1000/., and the Amalgamated Society of 
Railway Servants propose to subscribe 2500/. The 
new paper is, it is said, to be called the Daily Citizen. 





The grievances at the workshops of the Lancashire 
and Yorkshire Railway Company at Horwich have 
been satisfactorily arranged, as the result of the inter- 
vention of Mr. Cummings, of the Board of Trade. A 
workshop management committee is to be formed, on 
which the men are to be .epresented, and it was 
arranged that the question of the labourers’ minimum 
wage should be dealt with on the resumption of work 
last Tuesday. 


On Monday last the Amalgamated Society of Rail- 
way Servants began their annual meeting at Carlisle, 
a civic reception being = by the Mayor, Sir Ben- 
jamin Scott, After the formal opening of the Congress 
the retiring President, Mr. Sale was re-elected. 
The main trend of his remarks, when returning thanks, 
was a plaint against what he termed the flouting of 
their society, and a rejoicing over the dislocation of the 
railway industry (which, by the way, put the public to 
so much inconvenience). He said he had come to the 
conclusion that the constitution of one trade union for 
all railway workers was more than ever the end to 
which all their efforts should be directed. 

The proceedings continued on Tuesday, the 
nationalisation of railways coming in for a large share 
of attention, and a motion was carried declaring that 
no satisfactory solution of the present position of 
affairs could be found outside the national ownership 
and control of the railways. Another resolution 
unanimously carried was in favour of Mr. Hudson’s 
Eight Hours Bill for railway workers. Tho Nee) 
also expressed regret that Labour Exchanges had been 
used in some instances in a way detrimental to trade- 
unionism. On Wednesday the National Insurance 
Bill was discussed, and drastic alterations in it were 
advocated before it could be acceptable to the trade- 
unionists. A resolution was passed to that effect. 
The subject of employing Royal Engineers on the 
Irish railways in the place of strikers was also con- 
demned, while Mr. Gore, of Kentish Town, used 
threatening language against Mr. Asquith, which 
language he, however, afterwards withdrew. 








Tue Russtan Navat Deve.ropment.—The first stone 
has been laid of a great basin at Cronstadt, which is to be 
named after the heir to the Russian throne, Prince Alexia 
Nicolaievitch. The basin will be 836 ft. 8 in. long, and 
35 ft. 8 in. deep below the ordinary water-level. The 
Russian Minister of Marine has proposed an extension of 
the Russian Admiralty yards in the Gabeeren Isles. The 
land pro to be uired, and the buildings to be 
built, will involve an estimated outlay of 1,080,000/. 





NorTHampron Potytecanic InstrrvTe.—At this poly- 
technic, the address of which is St. John-street, Clerken- 
well, E.C., day and evening classes and courses of study 
are conducted in technological and trade subjects, par- 
ticular attention being paid to the requirements of the 
district in which the institute is situated. Full par- 
tieulars of the work, which commenced in the evening 
classes on the 25th ult., and in the day classes on the 
2nd inst., are set out in the prospectus, a copy of which 
has recently been received. The subjects dealt with 
include mechanical and electrical engineering, automo- 
bile engineering, technical optics, horology, technical 
chemistry, and artistic crafts. Theoretical and prac- 
tical instruction is given in these and in other subjects, 
the institute being furnished with numerous laboratories 
and workshops for the practical part of the work. The 
Northampton Institute is d by the London 
University, so that students preparing for the degree 
in engineering = y registered as internal students of 
the University. e note that the evening courses in 
aeronautical engineering, commenced two sessions ago, 
are being continued, and that this session it is proposed 
to establish complete day courses of instruction in this 
subject. Also a course of ten evening lectures on the 








distribution of light, intended to serve asan introduc- 
tion to the subject of illumination, will be commenced 
on January 16, oe see a sufficiently large number 


of applications for admission is received by November 1, 
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ELECTRICAL EXHIBITS AT OLYMPIA. 


(For Description, see Page 453.) 

































































Fie, 18. Lapper-Tyer Evectro-Maenetic Separator ; THE Rapp Fic. 19. Rotary Type or Maenetic SePaRAtToR FoR DeEsTRUCTOR 
Maonetring Macuine Co., Lrp., BrrmincHaM. Cuinker ; THe Raprp Maenetrine Macuine Co., Lrp., BrrMincHAM. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, September 27. 

A NUMBER of railway systems have just presented 
inquiries for steel oars and for wooden cars with steel 
underframes. The orders will run into many thou- 
sands. Among the large railroad buyers is the Penn- 
sylvania Railroad, which, in addition to its recent 
order for 730 freight cars for its western system, is 
now about to arrange for 1000 cars for its eastern 
system. The ’Frisco refrigerating line that handles 
enormous quantities of Californian fruit for shipment 
across the continent has contracted for 2500 refrigerator 
cars for immediate construction, The Grand Trunk 
Pacific Railroad has ordered 25 engines from the Cana- 
dian Locomotive Works. The Norfolk and Western 
Railroad will probably close an order this week or 
next for 30,000 tons of rails to be delivered next 
year. The downward tendency in prices noted 
recently still continues. There is not exactly a 
demoralisation in the trade, but there is great un- 
rest. Hundreds of holders of stock in the United 
States Steel Corporation have sold out over the 
apprehension that the Federal Government may 
attack this corporation with a view of bringing about 
its dissolution. The positive course of action by the 
Government — 80 many corporations is the cause 
of a great deal of unrest in stock-jobbing circles as 
well as in general trade conditions. There has been 
a further curtailment in tin-plate mill operations, 
which is quite at variance with the statements recently 
made as to continued activity. Very few tin-plate 
manufacturers have opened their books for 1912 busi- 
ness. The tone of the market is weaker and the 
cutting of prices is causing much apprehension. The 
cut rates have not yet resulted in a very large volume 
of business. The wire tradeis an exception to the rule, 
and prices are high and stron;.. 








Fie. 20. T'wo-Ton Execrric Baccacse-Horst ; THe SUNDERLAND Force AND ENGINEERING 
Company, Lrp., Patition, SUNDERLAND. 





Tue Roap Boarp.—During the months of July, August, : , ; 
and September, 1911, the Road Board, with the approval | Tae Brirish Association: ERratuM.—Two figures | hand. Besides the technical day school, this polytechnic 
of the Treasury, have made advances amounting to | should be corrected in our report of Mr. Greenwood’s paper | conducts evening classes and courses of theoretical and 
131,7642. from the Road Improvement Fund to county | on “‘ Specific Heats at High Temperatures,” published on | practical instruction in mechanical and electrical engi- 
councils and other highway authorities, mostly for improve- | page 419 of last week’s issue. Aluminium attacks silica | neering, metal-working, building work, printing, book - 
ments to road crusts. The work of putting down trial | above 750 deg. Cent. (not 850), and its latent heat of fusion | binding, and other trades, as well as in commercial and 
lengths of twenty-three different kinds of road material | is 93 (not 95) gramme-calories per gramme of aluminium. | scientific subjects, languages, and arts. Particular atten- 
on a section of the London-Folkestone road between New — | tion is given to practical work in the trade classes, the 
Eltham and Sidcup has now been completed. Five trial| BorovgH Potyrrcunic InstiTUTE.—A copy of the pro- | institute being provided with well-equipped laboratories 
lengths have also been put down on the Portsmouth road | spectus for the session, which commenced on the 25th ult., and workshops for this purpose. The social and recrea- 
in the Borough of Wandsworth, between Wimbledon | giving detailed particulars of the varied work carried on | tion side of the work is also well developed at this poly- 
Common and Robin Hood Gate, in this and other affiliated institutes, has recently come to | technic, the address of which is 103, Borough-road, S.E. 
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160-H.-P. FOUR-CYLINDER FOUR-CYCLE DIESEL ENGINE AT OLYMPIA. 
BICKERTON, AND DAY, LIMITED, HAZEL GROVE, NEAR STOCKPORT. 


(For Description, see Page 453.) 
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PxrRsoNaL.—We have been asked to announce that 
Mr. William Scott Taggart has taken an office in Man- 
chester, at 22, Bridge-street, as consulting engineer in 
general engineering and textile work.—We are informed 
that the Westinghouse Companies’ Publishing Depart, 
ment, Trafford Park, Manchester, has opened an office for 
direct representation at 35, Lime-street, London, E.C.— 
The Cargo Fleet Iron Company, Limited, have opened 
offices at 35, Lime-street, London, E.C., for the direct sale 


|of all materials manufactured at their works.—Meesrs. 


Roe and Harrison, Limited, Iron-Founders, of Derby, have 
appointed Mr. T. S. Smith, of 5, Idol-lane, Eastcheap, 
London, E.C., as sole agent for the sale of their castin 
in London and district.—The Baldwin Locomotive Wor 
having terminated the contract by which Messrs. Sanders 


| and . acted as their ee ?—m, have appointed 


Mr. Lawford H. Fry, M.I. as their Euro 
representative. Mr. Fry has transferred his office from 
Paris to 34, Victoria-street, London, 8. W. 





Tue Copper Market.—According to the monthly 
report of Mesers. James Lewis and Sons, the copper 
market has withstood the many depressing events of the 
past month with but slight depreciation—1/. 3s. 9d. per 
ton—standard falling from 56/. 3s. 9d. for cash on the 
Ist ult. to 541. 17s. 6d. on the 14th, recovering to 55/. 12s. 6d. 
on the 18th, declining to 54/. 5s. on the 25th, and closing 
at 55. Several circumstances have tended to unsettle 
the market, among them being the great depreciation in 
the value of securities on the New York, London, Paris, 
and Berlin Stock Exchanges, the advance rates on the 
Bank of England and other countries, and the trouble 


|over Morocco. The firmness of the copper market in the 


face of these unfavourable factors is due to the fact that 
consumption continues to exceed production and stocks 
steadily decrease. High conductivity wire-bars have 
been sold down to 571, per ton net cif. American 
shipments for the month are advised at 25,745 tons, 
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THE IRON AND STEEL INSTITUTE. 


THE autumn meeting of the Iron and Steel Institute 
was held in London yesterday at the Institution of 
Civil Engineers. The President, His Grace the Duke 
of Devonshire, was in the chair. The meeting was, 
unfortunately, not very well attended, owing, doubt- 
less, to the unavoidable change in plans, the first 
arrangements having been to hold this meeting in 
Italy. A large number of papers had been presented 
for reading and discussion, many of them by members 
of the Italian Association, with which the meet- 
ing had been planned. These papers were taken as 
read at the meeting, which, after the formal busi- 
ness, on to the consideration of three papers. 
A full report of the proceedings will oy rd in next 
week’sissue. In the meantime, it may be stated that 
a resolution was regretting the unavoidable 
abandonment of the Italian meeting, and acknow- 
ledging the arrangements which been made for 
the Institute’s entertainment. The meeting desired 
to place on record an expression of its most 
sincere regret that circumstances had arisen to 
deprive the Institute of the honour and privilege 
of holding the autumn meeting at Turin under 
the auspices of its kindred organisation, the Asso- 
ciation of the Italian Metallurgical Industry. At 
the same time it desired to convey its sense of the 
great obligation under which the Institute had been 
placed towards that Association, and _particularl 
towards its distinguished president, Mr. G. E. 
Falck, and to others, who had made extensive 
arrangements for the Institute’s private and official 
reception and entertainment, the abandonment of 
which, on the eve of realisation, had undoubtedly 
caused serious disappointment. The papers discussed 
at the meeting were—(1) ‘‘The Transformations of 
Steel Within the Limits of the Temperatures Em- 
ployed in Heat Treatment,” by M. L. Grenet; 
(2) **The Mechanical Influence of Carbon on Alloys 
of Iron and Manganese,” by Professor J. O. Arnold 
and Mr. F. K. Knowles; and (3) ‘‘ Temperature 
Influences on Carbon and Iron,” by Mr. E. Adamson. 
A Ly by Mr. L. L. Fermor, ‘‘ On the Origin of the 
Iron Ores of Swedish Lapland,” was also read, but no 
discussion followed thereon. We print Professor 
Arnold’s paper in this issue. 





University of Lonpon, UNiversity CoLLEcr.—A 
copy of the college calendar for the 1911-12 session, which 
commenced on the 2nd inst., has just reached us in the 
form of a cloth-bound book containing over 700 pages. 
The contents include a brief history of the college ; lists 
of staff, officers, and students; particulars of scholarships 
and prizes ; regulations; a list of original papers and 
publications emanating from the college ; and the exami- 
nation papers set during last session. Full particulars 
are also given of courses of study in the faculties of arts, 
science, laws, economics, medicine, and engineering. In 
the latter faculty a new lectureship in ventilation and 
heating has been instituted, and Mr. Arthur Barker, 
B.A., B.Se., has been appointed thereto. We have also 
received a leaflet giving some ee of special after- 
noon and evening lectures, with drawing-office and labora- 
tory work, suitable for engineers in practice and graduates 
in science and eam © be delivered during the 
session. The subjects to dealt with include, among 
others, heating and ventilation, electrical design, steam- 
turbines, structural design, photo-micrographic study of 
metals, aeroplane design, railway engineering, water- 
ways, harbours, docks, and municipal engineering. Appli- 
cation for admission to these lectures, some of which 
commence next week, should be addressed to Mr. Walter 
W. Seton, M.A., Secretary, University College, London. 
The number admitted to each course will be limited, so as 
to secure individual attention. 





ARMSTRONG COLLEGE, NEWCASTLE-ON-TYNE.—We have 
recently received a copy of the calendar for the session 
1911-12 of the Armstrong College of the University of 
Durham. The first term of this session commenced on 
the 25th ult. The book, which contains nearly 500 pages, 
gives a list of officers, graduates, students, and others 
connected with the college, and includes particulars of 
scholarships, prizes, &c., ther with full information 
as to courses of study for degrees in arts, science, agri- 
culture, engineering, naval architecture, mining, and 
metallurgy. College diplomas are granted to students 
unable to take a complete course for a degree, provided 
they follow a specified course, and attain a sufficiently high 
standard in the examinations. The college has secured the 
co-operation of several important engineering and ship- 
building firms, who have agreed to permit their pupils to 
sandwich two or three sessions of college training in 
between periods spent in the shops or drawing-oftice. 
Parents are free to make their own arrangements with 
the firms, but the course recommended takes five-and-a- 
half years, the time being divided up as follows :—One 
session at college, fifteen months in works; two sessions 
at col and eighteen months in works. It is considered 
that this system enables students to derive the greatest 
possible benefit from their college training. The college 
also holds evening classes in engineering, naval architec- 





ture, and other subjects. All communications and in- 
quiries should be addressed to the secretary, Armstrong | 
College, Newcastle-on-Tyne. 


NOTES FROM THE NORTH. 
Gtascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
ig-iron market was quiet, and the tone was ratuer flat. 
he dealing in heed warrants consisted of 2000 tons 
at 46s. 64d., 46s. 7d., and 46s. 64d. one month, and closin 
sellers quoted 46s. 34d. cash, 46s. 7d. one month, an 
47s. 14d. three months. One lot of hematite changed 
hands at 61s. 9d. one month, with sellers over. he 
afternoon session was also quiet, and only one Cleve- 
land warrant was done at 47s. three months, with 
sellers over. For the other positions sellers’ prices 
were down to 46s. 24d. cash, and 46s. 6d. one month. 
On Friday morning the market was again quiet, and 
Cleveland warrants were easier. The turnover amounted 
to 2000 tons at 46s. cash, and 46s. 2}d. one month, and 
closing sellers quoted 45s. 114d. cash, 46s. 3d. one month, 
and 46s. 10d. three months. A better tone prevailed in 
the afternoon, but the business was limi to 500 tons of 
Cleveland warrants at 46s. 1d. cash. At the close there 
were sellers at 46s. 14d. cash, 46s. 54d. one month, and 
47s. three months. On Monday morning the market was 
quite idle, but sellers of Cleveland warrants quoted firmer 
at 46s. 2)d. cash, 463. 6d. one month, and 47s. three 
months. In ‘the afternoon the tone remained firm, but 
no dealings were recorded. Closing quotations for 
Cleveland warrants were called at 46s. 3d. cash, 46s. 6d. 
one month, and 47s. three months sellers. On Tuesday 
morning a hardening tendency prevailed, but business 
was quiet, and only one lot of Cleveland warrants was 
dealt in at 46s. 6d. one month. Closing quotavions were 
all up, and sellers named 46s. 44d. cash, 46s. 8d. one 
month, and 47s. 3d. three months. The tone continued 
good in the afternoon, but the turnover was again small, 
and consisted of 1500 tons of Cleveland warrants at 46s. 44d. 
and 46s. 5d. cash. The market closed strong, with sellers 
uoting 46s. 54d. cash, 46s. 94d. one munth, and 47s. 44d. 
three months. When the market opened to-day ia 
nesday) Cleveland warrants were again firm, and 2000 
tons were done at 46s. 54d. cash and 47s. 4d. three 
months, with buyers over in each case, and sellers at 
46s. 6d. cash, 46s. 94d. one month, and 47s. 5d. three 
months. There was little change in the afternoon, when 
1500 tons of Cleveland warrants changed hands at 
46s. 54d. cash and 46s. 9d. one month. At the close 
sellers quoted 46s. 6d. cash, 46s. 10d. one month, and 
47s. 44d. three months. The following are the market 
py ee for makers’ (No. 1) iron:—Clyde and Calder, 
1s.; Gartsherrie, 61s. 6d.; Summerlee, 63s.; gloan, 
63s. 6d.; and Coltness, 82s. 6d. (all shipped at Glasgow) ; 
Glengarnock (at Ardrossan), 63s.; Shotts (at Leith), 
62s. 6d. ; and Carron (at Grangemouth), 63s. 6d. ° 


Sulphate of Ammonia.—A little better demand is re- 

rted for sulphate of ammonia this week, and the general 
inquiry for forward parcels also shows signs of increasing, 
The price has advanced slightly, and the current figure is 
now called 14/. 5s. per ton for prompt delivery, Glasgow 
or Leith. Last week the amount shipped from Leith 
Harbour was 350 tons. 


Scotch Steel Trade.—Fairly active conditions continue 
to rule in the Scotch steel trade, and rolling-mills are all 
running steadily. Specifications for ship and boiler-plates 
are more plentiful and the demand for heavy material 
generally is exceedingly good, but new contracts are still 
rather slow. Angles are in better demand and prices have 
a firmer tendency. There is no falling-off in the trade in 
black and galvanised sheets, and makers are busy, while 
in the case of thin plates the demand for lots for ship- 
ment is very good. xport business is quite satisfactory 
and large lots of general material are being put through ; 
Canada and New Zealand are this week reported to have 
fixed up fairly large lots of light steel for constructional 
purposes. 

Malleable-Iron Trade. — The West of Scotland malleable- 
iron makers are well employed at present, and are 
supplied with sufficient specifications to ensure steady 
working for the next week or two. Prices, however, 
exhibit little sign of improvement. 


_ Scottish Shipbuilding.—Considerable activity is general 
in the various shipyards in Scotland at present, and the 
output for the year to date is highly satisfactory. The 
figures for the month of September are above the average 
month of the year, and the following are the totals :— 


Vessels. Tons, 
: 21 





The Clyde , ve o 60,628 
The Forth .. aa Be me 3 600 
The Tay ia - wa ath 3 2,599 
The Dee $e : ; - 4 700 

Total Oy ee iol! oa 54,427 


The Clyde output is interesting from the fact that it is 
nine years since the tonnage of over 50,000 was recorded 
during the month of September. In that year—1902— 
the total amounted to 53,045 tons, which is still the record 
figure for a September output. For the nine months of 
this year the Clyde total now stands at 433,218 tons, 
representing 195 vessels ; but, = as that total is, it isa 
bit behind the years 1906 and 1907. The output from all 
the shipyards in Scotland for the past nine months is :— 





Vessels, Tons « 
The Clyde. ey an -- 196 433,218 
The Forth... ; an 20 10,256 
The Tay me J ; ‘ 14 14,106 
The Dee ~* a ’ a. 53 8,177 
Total ‘ 282 465,757 


With ard to new contracts, it cannot be denied that 
bouking has been rather quieter during the past month, 
although some good orders have been fixed up. In addi- 
tion to those a reported, several others have 
recently been booked. Messrs. Napier and Miller, 





Old Kilpatrick, have contracted to build a small 
steamer for a firm of owners in New South Wales. — 
Messrs. Scotts’ Shipbuilding and Engineering Company, 
Limited, Greenock, have secured-an order to build 
a cargo and passenger steamer, of about 12,000 tons, 
for the Australian trade of Messrs. Alfred Holt and 
Co., Liverpool. e@ same firm have also received 
the contract to repair the popular Clyde turbine pas. 
senger steamer Queen Alexandra, which was recently 
much damaged by fire. The cost of this job is estimated 
to reach nearly 9000/.—Messrs. Murdoch and Murray, 
Port Glasgow, have booked an order for a new saloon 
paddle passenger-steamer for the Clyde. This vess«] 
which is for Mr. John Williamson’s ffeet, will be supplied 
with compound surface-condensing engines by Messrs. 
Rankin and Blackmore, Greenock, and will be ready for 
service by next summer. 


Wages in the Iron Trade.—Messrs. James C. Bishop 
and James Gavin, joint secretaries of the Scottish Manu- 
factured Iron Trade Conciliation and Arbitration Board, 
have received the following intimation from Mr. John M. 
MacLeod, C.A., Glasgow :—*‘ In terms of the remit, I 
have examined the employers’ books for July and August, 
1911, and I certify the average realised net selling price 
at works brought out is 6/. 0s. 11.13d. per ton.” This 
means no change in the wages of the workmen. 


Scotch Pig-Iron Trade.—There has been little change 
in the Scotch pig-iron industry during the past week, 
but inquiries from the South are a shade easier. Good 
deliveries are being made both on home and foreign 
account, and in the latter connection a fair volume of 
business has lately gone ——. for India, Australia, 
Japan, and South America. The hematite position is 
still unchanged, and although deliveries against contracts 
are fairly large, new bookings are practically nil. Prices 
are poor and mostly a matter of arrangement. 





Contracts.—We are informed by the British Westing- 
house Electric and Manufacturing Company, Limited, 
that they have recently received some important orders, 
among which are the following :—One 150-kw. alternator, 
with exciter and rheostat, for Messrs. Montague Higginson 
and Co.; one 1200-kw. rotary converter, transformer, and 
switch-gear for the Metropolitan District Railway ; one 
1200-kw. rotary converter, with transformer and switch- 
eee forty T.I.F. controllers for Noyes Brothers, Mel- 

urne, for the Adelaide tramways; and one 200-kw. 
rotary converter, transformer, and switch-gear. 


THe CommerctaL Moror-Users’ Association. —We 
understand that the committee of the Commercial 
Motor-Users’ Association has now completed its careful 
consideration of the conditions ——_ to govern the 
sixth Annual Parade of Commercial Motor Vehicles. A 
parade, which has for its object the encouragement, by 
means of money prizes and other awards, of drivers of 
commercial motor vehicles and tractors to take a personal 
interest in the driving and condition of their machines, 
will be held during the morning of Whit Monday, June 10, 
1912, in London. Certain modifications have been made 
in the conditions of entry and award of prizes, and these 
are set out in detail in the circular issued. The vehicles 
will not be examined on parade, but an inspection of the 
store-sheds, the drivers, and the vehicles will be previously 
carried out by an engineer appointed by the association. 
Members’ vehicles will be allowed entrance free, and those 
of non-members on payment of a fee of 10s. per vehicle. 
Entries will close on January 1, 1912, but late entries 
will be allowed up to March 31 on payment of a fine of 
1 guinea per vehicle, and from March 31 to May 9 on 
payment of a fine of 2 guineas per vehicle. Further 

articulars may be obtained from the secretary, 89, 

‘all Mall, London, 8.W. 

Movine Stairway AT Earvt’s Court Stration.—On 
Tuesday last there was a demonstration of a very inte- 
resting addition to the means of communication between 
the District Railway and the Piccadilly Tube at Earl’s 
Court Station. This addition consists of a moving stair- 
way, which is similar to a number that have for some 
time been in, use in the United States, where they are 
said to have given every satisfaction, and it is the first 
that has been fixed in a tubular tunnel. The stairway 
is to replace lifts, and it begins as a level platform, which 
moves forwards until it forms into steps, which then rise 
slowly as a complete staircase, the motion being very 
quiet and steady. There is also a hand-rail of flexible 
material which travels with the staircase. Two of 
these stairways are placed side by side, one of them 
rising while the other descends. he passengers step 
on the platform of the staircase, either at the top or 
bottom, without any inconvenience, and on arrival at the 
top or bottom there is no danger of injury if they forget to 
step from the platform, for they are gently pushed, with 
a sliding motion, from it ; also anything dropped on the 
stairs is treated in the same way. Passengers are raised 
and lowered without any exertion to themselves, as in a 
lift, but they can, if they choose, walk up or down the 
stairs, and so save time. There are 3600 steps rise and 
fall per hour, each step being 4 ft. 6 in. wide, 8 in, rise, 
and 18 in. tread, and each capable of holding three 
people comfortably. The stairway is capable of carry- 
ing 10,800 ple per hour from the Tube to the 
District Railway, and the same number in the opposite 
direction. The advantages claimed for the appliance 
are that there is no waiting, as in the case of lifts, for the 
stairway is always as mgers are carried 
practically to the point of their destination ; and there 
are no long connecting passage-ways. In case of break- 
down, passengers can walk up or down the stairs, and the 
stairway will deliver the same number of people for 4 
short or long rise. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Master Cutler.—In the new Master Cutler, Mr. 
Arthur Balfour, managing director of the well-known 
steel firm of Messrs. Seebohm and Dieckstahl, Dannemora 
Works, Sheffield has honoured one of her citizens, who, 
in the ranks of industry, takes a prominent place. ’ 
Balfour’s career has been a triumph of youth. At the age 
of thirty-eight he is the youngest member of the Cutlers’ 
Company, with two exceptions, to be appointed to the 
mastership. He commenced his career with Messrs. 
Seebohm and Dieckstahl at the —< fourteen, went to 
America in his nineteenth year, me works manager 
for the New York Car-Wheel Company, Buffalo, before 
he was twenty-one, was promoted general manager, 
returned to England, and was then appointed works 
manager at the Dannemora Works. A few years later 
he became managing director. The success of the 
firm under Mr. our’s leadership has been largely 
due to his wide knowledge of foreign markets, obtained 
by extensive travel, his personal grip of the essentials of 
the business, and his belief in the value of science applied 
to industry. The firm were one of the first to produce 
high-speed steel, and have always been in the front rank 
of modern developments. They one of the best- 
equipped laboratories in the city for chemical research in 
relation to steel. Mr. Balfour is likely to prove a popular 
choice as Master Cutler. His business experience will be 
of inestimable value, and he has a personality which will 
make for success in the fulfilment of the large number of 
social duties which the Master Cutler is called upon to 
erform. Mr. Balfour is the Vice-Consul for Denmark 
in Sheffield. 

South Yorkshire Coal Trade.—Although there is wide- 
spread anxiety as to the ibility of a winter coal strike, 
it is urged in local colliery circles that this catastrophe 
is considerably discounted by the fact that the vexed 
question of abnormal working places only affects a very 
small number of men, and in South Yorkshire, where 
there are so many new collieries, scarcely exists. It was 
reported on the local Exchange last week-end that the 
steam-coal trade had received a setback, exports having 
fallen off considerably. There is still, however, a big 
demand on industrial account, and many manufacturers 
continue to lay in stocks. The difficully occasioned by 
the shortage of wagons has become acute and is curtailing 
working hours at collieries. At the same time pits have 
agood many orders on hand, and consequently they are 
placed in the position of being considerably in arrears on 
contracts. Gas fuel is going away well, and extra quan- 
tities of these sorts are che put into stock. Slacks and 
coking smalls are in a stronger position. Good business is 
being done at house-coal dépéts, though most of the orders 
for any? coals have been got through. It is in the best 
zrades that the — demand is experienced. These, 
 seomchn are difficult to obtain. Collieries are strong] 
pressed for supplies, and prices have been further Z 
vanced from 6d. to a 1s. since the previous week. 
Exchange prices at the week-end were :—Best branch 
hand-picked, 14s. to 15s.; best Barnsley Silkstone, 12s. 
to 18s.; Silkstone, 11s. to 12s.; Derbyshire, 8s. 6d. to 
9s. 6d.; best large nuts, 8s. 6d. to 9s. 6d. ;,small nuts, 
8s. to 9s.; Derbyshire best brights, 11s. te 12s. ; York- 
shire hards, 8s. 3d. to 9s. 3d.; Decteubies hards, 8s. to 
93. ; washed nuts, 7s. 6d. to 8s. 6d.; rough slacks, 5s. 3d. 
to 7s.; seconds, 4s. 3d. to 5s. 3d.; smalls, 2s. to 3s. 


Tron and Steel.—Without having changed much during 
the week, the pig-iron market may be said to be in a 
somewhat stronger position. A good deal of hematite 
has changed hands, indicative of growing consumption. 
The common irons have been selling more freely, and 
both Lincolnshire and Derbyshire sorts are firm. In 
finished iron an interesting announcement was made last 
week. After a very long period of unchanged prices, the 
South Yorkshire Bar-Iron Association decided to make a 
5s. increase upon bars, bringing the present quotation up 
to 7/. The increase synchronises with a trade revival ; 
most of the makers are fully occupied, and there is a 
good outlook. This improvement in finished iron may be 
expected to influence favourably the condition of pig iron. 
The iron foundries are busier. Reports from the general 
trades of the city show that these continue to be actively 
engaged, though manufacturers are not free from anxiety 
as to possible trouble in the coal world. e is a 
being hampered to a certain extent by railway delays, a 
difficulty occasioned by the fact that the companies, in 
spite of recent ordering, are short of rolling-stock. Rail- 
way steel manufacturers have had a good deal of work in 
hand lately, but have not been able to work under the 
best conditions, because of the irregularity with which 
orders have come forward, causing alternating periods of 
pressure and slackness. This is neither good for the 
employers nor the workmen. Industries relying upon 
the condition of shipbuilding are doing well just now, 
and the activity on the North-East Coast is having a very 
beneficial effect upon the metal trades. Forgings an 
castings and engineers’ and machine-tools are being 
turned out in large quantities. The condition both of 
the heavy and light branches of the general trades is very 
good, and the home trade is beginning to show some of 
the satisfactory activity which has for a considerable 
time characterised exports. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Some little improvement 
can be reported in the pig-iron trade, but buyers still act 
with great caution, and, as a rule, continue to confine 
their operation to purchases of small lots for early de- 











livery. lt is gratifying, however, to be able to report a 
better feeling, notwithstanding war troubles abroad and 
a continued under-current of unrest in the labour market 
at home. There are undoubted indications of returnin 

confidence, and several traders now express the belie 

that a large business will be done over the remainder of 
the autumn. More satisfactory reports from the United 
States, and the more favourable condition of the stock 
market, are the principal causes of the better tone of the 
iron market. No. 3g.m.b. Cleveland pig is firm at 46s. 9d. 
f.o.b., at which price several sales have been made, and 
considerably above that figure has been realised for 
certain named brands ; whilst No. 1 is fully 50s. 3d.; No. 4 
foundry and No. 4 forge each 46s. 3d.; and mottled and 
white iron 46s.—all for early delivery. There is 
little business ing in hematite pig iron. Makers 
adhere to 61s. for early delivery of Nos. 1, 2, and 3, but 
second hands are prepared to sell at a little below that 
figure. There is a persistent report that a well-known 
hematite pig-iron-ma eT will change hands 
very shortly. The likelihood of this happening was fore- 
shadowed by the chairman of the company at the annual 
meeting of shareholders a month or two ago. It is stated 
that negotiations for the transfer are now complete, and 
ate segs will be made public very shortly. Business in 
oreign ore isat a standstill, but dealers are very firm, and 
market quotations are still based on 19s. 6d. ex-ship Tees 
for Rubio of 50 per cent. quality. Coke is steady and in 
good request for local consumption. Average blast- 
furnace kinds stand at 143. 9d. delivered here. 


Manufactured Iron and Steel.—The various branches of 
the manufactured iron and steel industries present few 
new features of moment. Not only is production heavy, 
but manufacturers have large contracts made, and there 
are substantial inquiries still in the market. Under these 
favourable conditions values show an upward tendency, 
but, as yet, no quotable advances have been announced. 
Principal market rates stand :—Common iron bars, 7/.; 
best bars, 7/. 7s. 6d.; best best bars, 7/. 15s.; packing- 
iron, 5/. 15s. ; iron ship-plates, 6. 10s.; iron ship-angles, 71. ; 
iron ship-rivets, 7/. 5s.; iron girder sheets, 6/. 17s. 6d.; iron 
boiler-plates, 7/. 7s. 6d. ; no bars, 6/. 5s. ; steel ship-plates, 
61. 15s.; steel ship angles, 61. 7s. 6d.; steel boiler-plates, 
71. 10s.; steel strip, 6/. 10s.; steel hoops, 6/. 12s. 6d.; steel 
joists, 6/. 7s. 6d. to 6/. 10s. ; cast-iron railway chairs, 
3l. 12s. 6d. ; light iron rails, 6/. 10s.; heavy steel rails, 
5l. 12s. 6d.; steel sleepers, 67. 10s.; and iron and steel 
galvanised corrugated sheets, 11/. 5s.—sheets less the 
usual 4 per cent. f.o.b., railway material net at works, and 
all other descriptions less the customary 24 per cent. 


Shipments of Iron and Stecl.—Shipments of iron and 
steel during September realised expectations. Those of 
ig iron reached 106,693 tons, and as substantial de- 
iveries toforeign customers have yet to be made, shipments 
to buyers abroad promise to be maintained, at all events 
for a while. Of the pig iron despatched last month, 92,538 
tons went from Mildlesbrough, and 14,155 tons from the 
neighbouring little port of Skinningrove. For the pre- 
vious month the total clearances of pig were officially 
we at 101,336 tons, and the loadings for September of 
ast year were returned at 107,536 tons. Of the pig 
shipped at Skinningrove last month, 541 tons went to the 
Continent and 13,614 tons to Scotland. Of the pig loaded 
at Middlesbrough last month, 56,457 tons went to cus- 
tomers abroad and 36,071 tons to coastwise buyers, Scot- 
land once more being the largest customer, receiving 
27,245 tons, whilst Italy imported 12,056 tons; France, 
8016 tons ; Japan, 6811 tons ; Belgium, 4765 tons : Wales, 
4154 tons; and Russia, Sweden, Germany, and Canada, 
each over 3000 tons. Of the 20,740 tons of manufactured 
iron despatched last month, 12,876 tons went to foreign 
ports, and 7864 tons coastwise; and of the 48,506 tons of 
steel shipped, no less than 41,186 tons went abroad, and 
only 7320 tons coastwise. India was the largest customer 
for both manufactured iron and steel, importing 4795 tons 
of the former and 15,567 tons of the latter. Other prin- 
cipal customers for manufactured iron were the Argen- 
tine, 4436 tons, and China, 2331 tons; whilst the other 
chief importers of steel were the Argentine, 8147 tons, 
and Japan, 5180 tons. 








Tue INSTITUTE OF MARINE ENGINEERS.—On Monday 


Iso | evening, October 2, the adjourned discussion on Mr. E. 


Shackleton’s paper on ‘‘ Modern Developments in British 
and Continental Oil-Engine Practice” took place. The 
chairman remarked at the commencement of the meeting 
that he considered it highly necessary, in the face of the 
fact that Diesel engines were now so much to the front, 
and were taking the place of steam-engines in sea-going 
ships, that marine engineers should have not only a 
eneral knowledge of them, but also an intimate know- 
edge. The author of the paper stated that it appeared 
desirable to lose a little in propeller efficiency and 
have a higher revolution engine, as the lower speeds 


| involved to some extent a tarry deposit on the piston. 


Mr. F. M. Simpson thought that most of the discredit 
attached to the motor industry was due to the fact that 
makers of land engines for land work had constructed 
marine engines without a knowledge of marine condi- 
tions, and he did not consider that horizontal engines 
would find a place in marine work. Mr. J. T. Milton 
did not agree with the author that engineers of large 
experience in the making of marine engines should have 
no voice in determining the different sizes of internal- 
combustion engines. he matter should not be left 
entirely in the hands of ine makers. He also 
considered the vertical type of engine superior to the hori- 
zontal for marine work. The discussion was adjourned 
until Monday, October 9, when the paper, ‘‘Notes on 
Two-Oycle Oil-Engines,” by Mr. F. Duncanson will be 


NOTES FROM THE SOUTH-WEST. ' 


Cardi ff.—The steam-coal trade has been rather irregular 
and uncertain, but colliery owners anticipate favourable 
results from the activity of Italian Government agents in 
arranging for prompt supplies. The best large steam coal 
has made 16s. 9d. to 17s. 3d. per ton; secondary qualities 
have ranged between 15s. 3d. and 16s. 6d. per ton; best 
bunker smalls between 8s. 3d. and 8s. 9d. per ton ; and 
cargo smalls between 6s, 6d. and 7s. per ton. The best 
ordinary household coal has made 14s. 6d. to 16s. 6d. 
per ton; No. 3 Rhondda 1 , 17s. to 17s. 6d. per ton ; 
and smalls, 10s. 3d. to 10s. 6d. per ton. Nu. 2 Rhondda 
large has been quoted at 12s. to 12s. 3d. per ton; and 
smalls, at 6s. 3d. to7s. perton. Foundry coke has brought 
18s. to 20s. 6d. per ton ; and furnace ditto, 16s. to 17s. per 
ton. As iron ore, Rubio has realised 18s. 6d. to 
19s. 6d. per ton, upon a basis of 50 per cent. of iron, and 
charges, including freight, insurance, &c., to Cardiff or 
Newport. 

Welsh Coal for Italy.—There was much activity on 
Friday among the Italian Government officials at Cardiff 
who buy coal for the Italian Navy and the Italian State 
Railways. Instructions were given diverting the vessels 
loading on their account to Syracuse and other Sicilian 
ports instead of to the destinations originally arranged, 
while several additional steamers were chartered at high 
freights to load immediately. 


More Welsh Coal.—The officials of the Wernos Colliery, 
Pontyffynon, have struck the Stanllyd vein. Thesinkings 
started from the Pumpquart vein, and passed through 
two other veins before the Stanllyd was reached. The 
coal obtained appears to be of good quality. The first 
sod of a new pit at Ynyscorrwg Farm, Glyncourwg, was 
cut on Wednesday by Mr. T. F. Thomas, director of the 
Ynyscourwg Colliery Company. Mr. M. Evans, the 
manager, and other officials, were also present. The new 
ha be a house-coal shaft, and the estimated depth is 

50 yards. 


Inundy Island.—Telegraphic communication between 
Lundy Island and the neighbouring mainland was inter- 
rupted on Friday. The service is to be re-established 
without delay. 


Abertillery.—Mr. G. Jones presided at the last meeting 
of the Abertillery and District Water Board at Newport 
on Wednesday. The engineer (Mr. Baldwin Latham) 
reported that he and the solicitor (Mr. T. 8. Edwards) 
had come to a satisfactory agreement with the London 
and North-Western Railway Company and the Great 
Western Railway Company for the Board’s mains cross- 
ing the lines of those companies. The Great Western 
Company demanded that a depth of 5 ft. of water should 
be provided for after the mains had been laid under their 
Monmouthshire canal. This would increase the cost of 
the works. 

The Eddystone.—The Trinity House proposes to estab- 
lish a bell-buoy, which will be fitted with a submarine 
bell, in a position 3 cables 8S. 17 W. from the Eddy- 
stone Lighthouse. The bell will be worked by the 
movement of the buoy, so that the number of strokes 
per minute will not be uniform. 


Dowlais.—Labour difficulties having been adjusted, 
operations have been resumed in all departments. The 
Goat Mill was the first to return to work, some urgent 
orders for light rails requiring attention. 


Bristol Docks.—Mr. Ross Johnson has been appointed 
eneral traffic manager of the Bristol Docks by the Bristol 
lity Council, at a salary of 1000/. per annum rising to 

1200/. He is at present secretary of the Indian Railway 
Conference Association, but he will return at once to 
Bristol. 





Marine Gas-Enoines.—Since the trials of the Holt- 
zapfel I. (the first sea-going cargo vessel fitted with gas- 
engines), the public has not heard a great deal about the 
ship’s performances and movements. There were several 
reasons for this. When the vessel first started off she met 
with a collision; there were also other delays arising 
from the newness of the machinery and from the lack of 
familiarity of the certified engineers with the type of 
machinery. Before the vessel could do regular and satis- 
factory work various adjustments had to be made, and 
the owners naturally preferred to say nothing until they 
had some substantial facts on which to base their 
opinions. The required experience has now been gained, 
and we are able to state what the vessel is ableto do. She 
has already carried the following cargoes :--Tyne to 
London, 242 tons of coke; London to Llanelly, 330 tons 
of scrap iron; Llanelly to London, 330 tons of lime; 
London to Cork, 330 tons of hardwood and cement ; 
Cork to Newhaven, 251 tons of granite ; London to Tyne, 
340 tons of chalk. These voyages were, we understand, 
all performed in a satisfactory manner, the consumption 
of fuel varying from 25 cwt. to 33 ewt. of coal per 24 hours, 
which is regarded as moderate, other vessels of the same 
size driven by steam engines consuming more than double 
that quantity. Since the vessel started some improve- 
ments have been made in her machinery, and she is now 
undergoing a general overhaul at South Shields. The 
owners appear quite satisfied with her performance, and 
see no difficulty in fitting larger vessels with gas-engines. 
We understand that plans have been completed in con- 
junction with the Power-Gas Corporation of Stockton- 
on-Tees for installing on board cargo vessels of consider- 
able size gas plant able to consume practically any class of 
coal, and fitted with tar-extractors. The Holtzapfel 
Marine Gas-Power Syndicate, 57, Fenchurch - street, 
London, E.C., inform us that they will be pleased to supply 
anformation to shipbuilders, ship-owners, and engineers 





concerning these gas plants. 
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ARMOURED MOTOR-LAUNCHES FOR TURKEY. 
CONSTRUCIED BY MESSRS. JOHN I. THORNYCROFT AND CO., LIMITED, ENGINEERS, SOUTHAMPTON. 
(For Description, see Page 470.) 
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THE “LIBERTE” DISASTER AND 
PROPELLANT POWDERS. 

Waite it would be, to say the least, premature 
definitely to ascribe the disaster to the French 
battleship Liberté to the spontaneous combustion 
of the propellant powder on board, there is suffi- 
cient justification for some examination of the 
subject, in view, firstly, of the tendency of naval 
opinion in France in favour of this theory, and, 
secondly, of the question which has been raised in 
this country, owing to inadequate information, as 
to the immunity, or otherwise, of our ewn ships 
from similar catastrophe. Asa court of inquiry is 
to be held into the cause of the Liberté disaster, 
we shall refrain from attempting any investigation 
of the subject. But consideration can profitably 
be given to the main points of comparison between 
the two classes of propellant powder used in the 
respeetive navies in order to set at rest any mis- 
givings which may exist in this country as to the 
likelihood of similar accidents in our own ships. 
This, too, can be done without injuring the suscepti- 
bilities of our friends in the French service, with 
whom all sympathise. They themselves, in large 
numbers, are disposed to attribute the accident 
to the spontaneous combustion of the powder, as 
the events immediately preceding the actual prin- 
cipal explosion are reported from reliable sources 
to have resembled greatly those which occurred in 
the case of the Jena explosion, which was officially 
ascribed to the spontaneous combustion of the 
propellant powder on board. Moreover, it is of 
much lenllenne that an order has been issued 
withdrawing from service all the propellant powders 
of a certain age still in the French ships. If the 
reports as to the newspaper interview with Admiral 
Bellue, commanding the Second Squadron, are 
correct, it would also appear that that officer has 
no doubts whatever in his own mind that the 
accident was due to spontaneous decomposition of 
the propellant powder, in the same way as occurred 
on the ena. 

In speaking of this powder, it will be noticed 
that we emphasise the word ‘‘ propellant,” and we 
do so advisedly, inasmuch as many writers in the 
daily journals confuse this class of powder with 
high explosives or shell powders used for destruc- 
tive p . Briefly, a ~?— > powder is 
the powder used in the gun for projecting the 
shot therefrom. Being generally of a colloidal type, 
the speed of combustion is entirely under the control 
of the manufacturer, in that it burns from the sur- 
face only, and therefore can be manufactured to 
burn slowly or quickly according to the size of the 
gun for which it is intended. High explosives, 
however, being designed for use in shells and 
to do the greatest amount of damage by disrup- 
tion of the shells containing them, it is essential 


468 | that their combustion should be as rapid as pos- 


sible, and if they can be detonated, so much the 


469| better; detonation has been defined as ‘‘instan- 


taneous decomposition throughout the mass.” It 
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trinitrotoluol, &c., are very stable bodies, so no 
fear need be entertained that they are to blame. 
Propellant powders, on the other hand, are far 
more complex, and susceptible to various influences 


79 | and consequent changes in their characteristics and 
430 | behaviour, which constitute at all times a certain 


element of anxiety. It is only by the utmost care 
in the choice of a propellant and in the manufacture 
thereof, combined with a most thorough system of 








periodical inspection, testing, and proper conditions 
of storage at moderate temperatures, that disasters 
similar to those which have, unfortunately, occurred 
elsewhere have been avoided in our Navy. 

There is a broad distinction between the types 
of propellant powders used by Great Britain 
and France, the one being what is known as the 
nitroglycerine type, the other the nitrocellulose 
type. Besides Great Britain the following coun- 
tries use the a type for their navies :— 
Germany, Italy, Japan, Brazil, Argentina, whilst 
those which use the nitrocellulose type are France, 
the United States, and Russia. It is a somewhat 
striking fact that, with the exception of Russia, it 
is the navies that use a nitrocellulose propellant 

wder which have had most trouble and accidents. 

ussia, however, has not had a very severe trial, 
as her ships mostly lie in cold climates, and not 
being so often at sea, and consequently, with steam 
up, the magazines are seldom warmed to high 
temperatures, or, even if so, are not kept at high 
temperatures for long periods. In all navies maga- 
zine cooling has done a great deal towards mini- 
mising ticks with either class of powder; but 
magazine cooling alone is insufticient for safety 
unless accompanied by a proper system of inspection 
and testing. 

A nitroglycerine propellant powder consists of 
an intimate mixture of nitrocotton, and _nitro- 
glycerine to which is generally added a small per- 
centage of non-volatile matter, the most usual being 
‘* mineral-jelly,” popularly known as vaseline. 
The nitrocotton, of which gun-cotton is a high 
grade, is mixed with the nitroglycerine by hand in 
suitable proportions, generally about two or three 
parts of nitrocotton to one of nitroglycerine, and is 
then machine - mixed with acetone and mineral 
jelly, passed through suitable dies, &c., and finally 
dried in hot-air stoves. The acetone breaks down 
the structure of the nitrocotton, and {is said to 
gelatinise it—i.e., change it more or less into a 
colloid, and, as the nitroglycerine and mineral 
jelly are already colloids, it follows that the resultant 
mass when squeezed into cords or tubes through 
suitable dies, or rolled out into strips, is also colloidal; 
in other words, the omens state of the finished 
article is such that combustion takes place only on 
the surface instead of penetrating the mass. The 
mineral jelly also has, so to say, a ‘‘ waterproofing” 
effect which preserves the propellant against the 
deleterious influence of changes in atmospheric 
conditions, and prevents alterations in the per- 
centage of the residual moisture which it is impos- 
sible completely to extract or dry out. This isa 
most important point, as will be shown presently. 

A nitrocellulose powder consists almost entirely 
of nitrocellulose, another grade of nitrocotton con- 
taining less nitrogen than the gun-cotton used in 
a nitroglycerine powder. The solvent or gela- 
tinising agent employed with nitrocellulose pro- 
pellants is a mixture of ether and alcohol ; acetone 
will not do, as it makes the finished article too 
brittle, and, further, would gelatinise it to too 
great an extent, rendering the powder difficult 
to burn. Consequently, as nitrocellulose powders 
are not of such a colloidal nature as nitroglycerine 
powders, and as it is impossible to incorporate 
mineral jelly with them, they are thus consider- 
ably telenied by differences of temperature, 
moisture, &c., necessitating their storage in 
hermetically sealed cases. This is a necessity, from 
a ballistic point of view, for the reason that even 
very small fluctuations in the percentage of 
residual moisture have a very large influence upon 
the behaviour of the powder in the gun, with 
consequent loss of accuracy in the shooting. On 
the other hand, hermetically to seal up a case of 
powder is distinctly deleterious in the long run 
to the chemical stability of that powder, more 
particularly in hot climates or in hot magazines ; 
for if the gaseous products of decomposition are not 
allowed to escape, they havea cumulative effect upon 
the rest of the powder. It may here be remarked that 
all modern propellant smokeless powders of the 
nitro type, being, as it were, in a state of strain, 
eommence a slow, though gradual, decomposition 
from the moment they are made ; consequently, 
any influence which tends to hasten such decompo- 
sition, or which causes a cumulative effect in such 
decomposition, is to be carefullyavoided. In addi- 
tion, therefore, to keeping modern propellants cool, 
it is necessary that they should be aerated, and 
not bottled up in hermetically closed cases, other- 
wise a time will come when the decomposition will 
become so accentuated and rapid that the accumu- 
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lation of the gaseous products of decomposition in 
the sealed cases will engender sufficient heat to 
burst into flame. Then, in an enclosed space, 
such as a ship’s magazine, the gases of the burning 
powder, not being able to escape sufficiently rapidly, 
will set up such a pressure as to reach the critical 
point, when the burning will change to explosion of 
a violent character and the ship will be destroyed. 

In comparing the nitroglycerine and nitrocellu- 
lose types of propellant powders we have two 
entirely different sets of factors. With the nitro- 
glycerine type we have a powder which, from the 
nature of its composition, is more stable, which 
can be safely left in non-air-tight cases and allowed 
to aerate freely, and which is not so subject to the 
great influence of fluctuations in moisture content, 
and which, conseyuently, gives very even shooting 
results. 

On the other hand, a nitrocellulose powder is 
inherently less stable, is greatly influenced by 
fluctuations in percentage of moisture content, wit 
consequent loss of accuracy in shooting, necessitat- 
ing its enclosure in hermetically sealed cases, which 


not only prevent its aeration, but also render its| p 


systematic inspection and testing much more diffi- 
cult. From the above considerations it is evident 
that, at any rate for naval purposes, a nitrocellulose 
a powder cannot compare as regards sta- 

ility with a nitroglycerine propellant powder. The 
only point in its favour is the claim that it gives 
less erosion, but this has, in recent years, been 
found to be based on a wrong premise—viz., that 
the temperature of combustion of a nitrocellulose 
powder being lower than that of a nitroglycerine 
powder, the erosion with the former is less. Experi- 
ments have shown, however, that erosion is not 
only a function of the temperature of explosion, 
but also of other factors which tend to counter- 
balance the advantage of the lower explosion tem- 
perature. 

It is somewhat surprising, therefore, to see the 
French Navy adhering to a powder which offers, 
apparently, no advantages, and, indeed, would 
appear to be distinctiy inferior, from every point 
of view, to a nitroglycerine powder, if we are to 
judge from the experience of those navies which, 
presumably having tried both classes of powder, 
decided, for naval purposes, to adopt the nitro- 
glycerine type. It is interesting to note that 
Germany, Japan, Brazil, and Argentina, though 
using a nitrocellulose powder for their armies, 
use, so far, only nitroglycerine powders for their 
navies. (reat Britain uses the latter for both 
Navy and Army. In any case, even with the 
more stable nitroglycerine powder, a rigid and 
thorough system of inspection and testing must 
be carried out, not only during manufacture and 
on proof, but also during subsequent storage and 
use in the Service. It is satisfactory to know 
that in no country in the world is such scrupulous 
care taken in these respects as inthis country. We 
make ‘no apology for referring to two articles on 
the subject of ‘‘ Nitrocellulose Powder for Naval 
Purposes,” which appeared in ENGINEERING of 
August 18, 1911, and May 20, 1910. The latter, 
written a short time after the Jena disaster, 
quotes from the ‘‘ Memorial des Poudres et Salt- 
petres,” a French Government publication, and 
also from ofticial United States instructions, all of 
which fully bear out the arguments put forward 
above in support of our contention that for naval 
purposes a nitrocellulose powder is unsuitable, and 
will ibly be found to be the cause of the terrible 
accident to the Liberté, which we, as a nation, 
deplore as deeply as our friends in France, 


PAPERS FOR DISCUSSION. 

Wir a brief space now programmes of the 
technical and scientific societies will be issued, and 
the activities accompanying the winter sessions 
will be renewed. For the majority of such bodies 
the winter meetings constitute the chief means of 
attaining their end, which is, of course, the dissemi- 
nation and advancement of knowledge. Probably 
there are few societies of this class but make some 
reference to this line of work, either in their by-laws, 
regulations, or charter ; for this, for most of them, is 
one of their chief reasons for existence. In the ideal, 
what could better assist progress, in fact, than the 
consideration and healthy criticism, by a body of 
specialists, of the views advanced by an expert in 
close touch in daily life with the subject he brings 
forward? With liberal handling an opportunity of 
this kind must almost certainly result in some 











good. It may even be fruitful of valuable con- 
clusions, or, if finality be not possible, it should at 
least be conducive to progress along sound lines. 

Whatever opinions the cynics may hold to be the 
object, the desire to contribute to the general 
knowledge still prompts many a communication, 
although perhaps this incentive may not be the 
prime mover so tery | as it was in early days, 
when the membership lists were smaller, and 
friends and acquaintances formed a larger propor- 
tion of the audiences than they do now. he 
lengthy lists of medals, prizes, and premiums often 
suggest to the less charitable that now-a-days an 
author is probably, in the first place, a seeker of 
reward, notoriety, or what is collectively known 
as kudos, and only in the second place a dispenser 
of information which he has had unique oppor- 
tunities of acquiring, but which ordinary members 
find difficult to come by. 

It does not follow that the sole criterion as to 
the value of a paper for discussion at a meeting 
rests in the uniqueness of its information. The 
councils responsible for the selection are naturally 
laced in a difficult position here, in knowing just 
what will lead to instructive debate. A contribution 
may, for instance, be so erudite and specialised as 
to render oral discussion impossible, or, at any 
rate, completely lacking in interest to the assembled 
members. Such a paper should not be brought 
before a meeting, but placed before the members, 
if possible, in some other way, in which facilities 
for discussion by correspondence would be pro- 
vided. On the other hand, one of the most satis- 
factory forms of contribution appears to be that 
which, though dealing with simpler subjects, gives 
the results of experience in usage. There are, 
then, almost certain to be some other engineers 
working along similar lines, or at least pushing in 
a similar direction, who may be willing to give 
details of their experience, when often an interest- 
ing debate will result. 

t may be taken that pure descriptions of works 
are apt to engender speechifying, full of platitudes 
and compliments, of little value to anybody, and 
most annoying to the members present, and such 
a paper is often serviceable only as a record of a 
large undertaking, which has probably been 
adequately dealt with months previously in the 
technical Press. It is the unwritten rule of many 
of the technical bodies that subjects dealt with at 
meetings shall be restricted to work actually done. 
This does not apply, of course, to presidential 
addresses ; but the practice is undoubtedly a safe- 
guard against abuse by individuals having pet 
hobbies to advance. In certain directions some 
speculation is not only allowable but welcome, but 
to be so it must be limited to those whose standing 
in the profession makes their views of interest and 
of value in further work. Technical societies are 
not intended to be vehicles for the conveyance of 
the lucubrations of fertile imaginations. For this 
purpose the Patent Office has been provided. 
he ideal of a paper would be one to which, in 
all sincerity and not merely as a complimentary 
formality, resolutions might apply such as those 
recorded for our entertainment as having been 

d on the historic occasion of the reading of 

. Pickwick’s ‘‘ Speculations on the Source of the 
Hampstead Ponds, with some Observations on the 
Theory of Tittlebats.” The reading of a valuable 
paper should undoubtedly produce ‘‘ feelings of 
unmingled satisfaction,” and should have made the 
assembled members ‘‘deeply sensible of the advan- 
tages which must accrue to the cause of science from 
the production to which they have just adverted, no 
less than from the unwearied researches of” the 
author. Well received though Mr. Pickwick’s paper 
was, and therefore to be emulated in this respect, 
that gentleman’s subsequent style of oration is not 
to be encouraged, or meetings may be lacking in the 
- to which our modern institutions aspire. 

erhaps we may dwell for a moment upon one 
of the more coherent portions of that famous 
speech, which has a — application in our 
present argument. ‘‘ Travelling,” said Mr. Pick- 
wick, ‘‘ was in a troubled state, and the minds of 
coachmen were unsettled. Let them look abroad 
and contemplate the scenes which were enacti 
around them. Stage-coaches were upsetting in al 
directions, horses were bolting, boats were over- 
turning, and boilers were bursting.” We have got 
beyond stage-coaches, but it will not be denied that 
travelling is ina troubled state. The air is full of 
strikes and rumours of strikes, andif some people 
had their way they would also have us believe that we 














are suffering from an altogether inordinate number 
of railway accidents. This may seem to be an 
altogether irrelevant digression, but our purpose is 
now to point a moral. 

Before a certain society, which need not be named, 
a few days since a paper was read, which proved 
to be in many ways the reverse of what we would 
wish to see down for discussion. In this paper 
the author set out to prove the need of safer, 
quicker, and cheaper railways. In it in the first 
place, in the endeavour to show that the rail- 
ways of the United Kingdom were unsafe, it was 
stated that 27,186 people were killed or injured on 
them in 1907. Referring, however, to the Board of 
Trade returns, we find that actually only 9928 
casualties of all kinds occurred in that year through 
the movement of rolling-stock, and only 817 in 
accidents to trains. Railway travel proper is only 
responsible for a very small proportion of these. 
For instance, 980 casualties to passengers occurred 
in entering and alighting from trains ; 630 from the 
closing of carriage-doors ; trespassers and suicides 
account for 580 casualties. Among the employees, 
570 casualties were due to moving vehicles with 
capstans ; 438 to crossing the line while on duty, 
while 2899 occurred in the loading and unload- 
ing of wagons at rest ; 2363 while attending to 
engines at rest ; 1495 from falling off engines at 
rest ; and 1049 were due to stumbling while walking 
on the line—all of which facts show how grossly 
exaggerated was the case made against the railways 
by this author, who was ostensibly considering 
accidents due, to borrow words from his paper, 
to ‘* hurtling through space with a living freight at 
a mile a minute.” The author seems to have been 
inspired with a love for the sensational, quite out 
of place in the proceedings of a technical society, 
for though, after pointing to the largest figures he 
can procure, he goes into the investigation a little 
more closely, his detailed treatment of the subject 
is altogether inadequate, and calculated to convey a 
wrong impression. Proceeding to the question of 
the proportion of casualties to travellers, again an 
erroneous presentation of facts is made. The vast 
body of season-ticket holders is ignored, se that, 
though the journeys of a business-man travelling 
13 or 20 miles or more twice a day, six days a week, 
are not taken into account, a market-woman travel- 
ling on a Saturday, 5 or 7 miles perhaps, would be 
credited with two journeys. Again, ‘‘ turning from 
effect to cause,” the author tacitly implies that the 
large number of casualties he cited arose, at least 
in part, from 4890 accidents recorded. Actually 
nothing of the kind occurs. Many of the accidents 
reported are trivial, and result neither in loss of 
life nor in injury. 

We no not propose to criticise this paper in detail. 
Our object is to show why a paper of the style 
we are alluding to should not be read at a meeting, 
and offered for discussion. The facts, as we have 
shown (we might produce other examples by the 
score), have not been fairly presented. Their 
proper appreciation only renders the more ridi- 
culous much of the remainder of the paper. 
With extraordinary inconsistency, the author, 
for instance, first proposes the use of a weird 
armour-plated buffer carriage, necessarily of great 
weight, which, he plaintively remarks, six of 
the leading railways of the country have shown 
no disposition to adopt, while he subsequently 
suggests that weight should be cut down in all 
directions. That he must not be taken too seriously 
in his suggestions will be evident when it is re- 
marked that a proposal is made by the author that 
a specially trained observer should sit in a specially 
constructed vantage point in the front of express 
engines, this man to be provided with binoculars to 
see if the road is clear! We could improve upon 
that even. We might put the man on an extension 
in front of the engine, and thus place him a few 
feet still further ahead, and we could provide him 
with extension mirrors long enough for him to see 
round all curves on the road! Like all reformers, 
the author thinks railways will be cheapened by 
scrapping the whole existing system, which it has 
cost some 1300 million sterling, in round numbers, 
to produce, replacing it with a new-fangled construc- 
tion of his own, embodying single-unit trains fitted 
with aeroplanes. The effect of the planes would be 
to lift the cars, and driving would be on to side and 
overhead rails. The author, unfortunately, over- 
looks the fact that by this ingeniously roundabout 
method he would get increased head resistance and 
reduced driving effort. : 

We need not take further pains to show that this 
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ras not & r for serious consideration at a tech- 
iene a It was demolished after the reading 
by a gentleman who, though not an engineer, had a 
sound knowledge of facts. The facts as presented 
we have shown to be inaccurate ; the paper dealt 
in an altogether superficial manner with actualities, 
and it indulged largely in fantastic speculation. In 
language it was extravagant. Tittlebats have, we 
doubt not, pursued the even tenour of their ways 
since 1827, quite indifferent to the theories ad- 
vanced by Mr. Pickwick. Our railways and the 
public will similarly be unmoved, except perhaps 
in the direction of merriment, by the aper 
we have regretfully felt compelled to criticise 
somewhat severely. The point that we would 
lay stress upon is this, that it is in the general 
interest of the profession that only rational 
papers should be brought forward for discus- 
sion, by the ccuncil of any technical society. 
Within the society itself papers of the impos- 
sible type may afford an evening’s amusement, 
but it is a dangerous experiment to lay before 
the members the ridiculous merely to arouse 
criticism and artificially to foster debate. The 
experiment would be rash enough in the case of an 
old society permeated with the spirit of good- 
fellowship, but in the case of one only just re- 
constructed, and attempting to qualify for a stand- 
ing among the leading professional societies, it may 
not improbably result in lowering its reputation to 
such an extent that it is likely to find its work 
hampered for years subsequently. 








BRITISH BATTLESHIP BUILDING 
PROGRAMME. 

Tue only lesson which the unfortunate outbreak 
of war between Italy and Turkey has, so far, taught, 
or appears likely to teach, is the need of complete 
preparedness for war at all times, since once more it 
has been demonstrated that the ‘‘ bolt from the blue” 
is not the mere imagery of the poet. As with 
Japan, so with Italy, the issue of the ultimatum, or 
declaration of war, was instantly followed by mili- 
tary operations. Although such action may not of 
itself ensure in all cases ultimate success, it confers 
a considerable advantage in the initial stage, 
which may influence greatly the final issue. It is 
therefore gratifying to note the unequivocal pro- 
nouncement of the First Lord of the Aduiralty in 
reference to our building programme, which is an 
important item in any scheme of preparedness 
for war. Like every other citizen, he is anxious 
for the minimising of naval expenditure as far as 
prudence permits, but he has once more laid down 
the dictum that our programme must be determined 
with full conception of the effect in war strength, 
at any future loin of the building operations of 
possible combatants. Thus he naturally awaits the 
issue of the estimates of foreign Powers before 
completing the preparation of his financial and 
shipbuilding pro Is for next ome 

In the meantime it is agreeable to record simul- 
taneously the satisfactory completion of the search- 
ing trials of the first of our ships fitted with the 
13.5-in. gun, the prospective launch within the 
next three months of four of our new battle- 
ships, the issue of orders to Portsmouth and 
Devonport Dockyards each to prepare for the 
building of a battleship, and the sending of invita- 
tions to private firms to tender for the building of 
two battleships included in the current year’s pro 
gramme. In addition to these four battleships, 
closely resembling the four ships of the Kin 
George V. class, soon to be launched, there will 
be a fifth armoured ship. This will be a cruiser of 
the Lion type, and will also be built by contract. 
This vessel will complete a cruiser fleet unit of four 
such ships of 28 knots speed, with practically the 
fighting power of battleships. The differences in the 
new battleships,as compared with the King George V. 
class, are unimportant, although it is probable that 
an advance will be made in connection with the 
torpedo-repelling guns. There will be a slight in- 
crease in displacement to over 24,000 tons, and 
the horse-power will be increased to 29,000 shaft 
horse-power, in order that the same speed of 21 
knots may be easily realised. More it might not 
be patriotic to divulge at the present moment, and 
we ee from this part of the subject with the 
remark that the Admiralty obviously intend to 
place the orders for the three contract armoured 
ships, and for the machinery for the two ships to 
be built in the dockyards, before the end of the 
year, since the tenders for the battleship work are 





to be at the Admiralty by the 31st of the present 
month. 

The King Geo V. is to be launched on 
Monday from the Festatniet Dockyard, the Cen- 


turion from the Devonport Dockyard a month later, | armour. 


moderate velocity, which tends to prolong the life of 
the gun, sufticient penetration was possible at long 
ranges, while the increased calibre ensured greater 
destruction as soon as the shot penetrated the 
The trials of the 13.5-in. gun on the 


and in December the Scotts’ Shipbuilding and | proving-ground fully realised the aim of the Admi- 


Engineering Company will launch the Ajax, and 
Messrs. Cammell Laird and Co. the Audacious. 
All four ships are in a satisfactorily advanced stage, 


so that, notwithstanding the labour troubles, they | 


are likely to be completed in two years from the 


date of laying the keel; but it is probable that they | 


will not be ready for commission before the begin- 
ning of 1913. These ships are a development of the 
Orion class. It seems almost inevitable that the 
demands of the strategist and tactician should, in the 
case of each successive ship, involve increased dis- 
placement. Thus the original Dreadnought was 
490 ft. long, the St. Vincent was 500 ft., the 
Neptune 510 ft., and the Orion 545 ft., while 
the King George V. is 555 ft. in length. The 
increase in tonnage is from 16,350 to 22,680 tons 
in the case of the Orion, and just over 23,000 tons 
in the case of the King George V. A still more 
important increase, however, has been made in the 
beam, the 82 ft. of the Dreadnought being increased 
to 89 ft. in the case of the King George V., which 
is 6 in. more than in the Orion. This has been 
done to minimise the draught, notwithstanding 
the greater displacement consequent upon the 
fitting of larger guns, and thus the advance in 
draught has only been 6 in., the King George V. 
having a mean load draught of 27 ft. 6in. The 
ships have therefore very fine ends, the block 
co-efficient being less than 0.6. So far as form is 
concerned, the result has been an increase of pro- 
pulsive efficiency, because the earlier Dreadnoughts 
required from 1.27 to 1.3 horse-power per ton of 
displacement to attain 21 knots, whereas the pro- 
vision made in the later ships is for about 1.17. 
The speed trials of the Orion are therefore of 
interest, and it must at once be said that the results 
got were most satisfactory. 

The machinery, as in all of the later battleships, 
is of the Parsons type, and the constructors were 
the Wallsend Slipway and Engineering Company. 
The two low-pressure turbines are in one centre 
engine-room, and the low-pressure astern turbines 
are incorporated in the same casing as the ahead 
turbines. Each wing-shaft has a separate high- 
pressure ahead and astern turbine, the ahead 
turbines being arranged with cruising blading, to 
be cut out when the vessel is running at high 
or a by-pass valve is fitted for this purpose. 

he boilers are of the Babcock and Wilcox 
type, fitted to burn coal and oil, and, as 
in the usual Admiralty practice, quite 2 sq. ft. of 
heating surface is allowed for each horse-power 
to be developed, the ratio of heating to grate 
surface being about 35 to 1. The condensers 
are of Weir’s ‘‘ Uniflux” type, with Weir's dual- 
type pumps. On the trials, which were attended 
by Mr. Andrew Laing, the managing director of 
the contracting company, and by Engineer-Captain 
Onyon, on behalf of the Engineer-in-Chief, the 
results were in excess of those anticipated in the 
designs. ‘Trials were run at progressive speeds, in 
order to determine the radius of action at given 
speeds. The principal trial was that of 30 hours’ 
duration at two-thirds power (18,500). On this 
trial the mean revolutions of the turbines were 
298, and the horse-power developed 18,960, the fuel 
consumption being 1.8 lb. per shaft horse-power 
per hour. During this trial six runs were made 
over the measured distance at Polperro, when the 
speed was found to be 19.5 knots with the engines 
developing 18,900 shaft horse-power. On the eight 
hours’ full-power trial the mean revolutions were 
346, and the shaft horse-power 27,600, the four 
runs giving a mean speed of 21.02 knots, with the 
engines developing 27,400 shaft horse-power. At 
full power the fuel consumption was equal to 
1.62 1b. of coal per shaft horse-power per hour. On 
a subsequent trial, with the engines more fully 
opened up, 29,700 shaft horse-power was main- 
tained. It will thus be seen that the 21 knots 
anticipated in the design were realised, and that, 
in emergency, even a greater speed can be got out 
of the machinery. 

The new battleships, like the Orion, will be fitted 
with ten 13.5-in. guns, a weapon which has proved 
most satisfactory from every point of view. In 
designing the gun the main idea was not so much 
to increase the ballistics as to gain a higher burst- 
ing charge, because it was realised that, with 








| ralty in this respect, and the interesting point about 


the gun performance of the Orion had reference to 
the efficiency of the mountings and to the structural 
strength of the ship. The mountings are of the 
Vickers hydraulic type for loading at any angle of 
elevation, as well as at any arc of training. They 
improvements have been introduced in the details 
of the mechanism and in the material used, in order 
to minimise the area required within the barbette 
and the weight. The gun-mountings stood the 
severe test imposed on them during the trials on the 
Orion with complete efficiency, both guns in several 
of the barbettes being fired simultaneously with 
repeated rounds. Good results, too, were got in 
respect of rapidity of fire, although no effort was 
made to test the guns in this regard; this will be 
undertaken during battle practice, when the Orion 
- into commission. All of the ten guns were 

red on a broadside simultaneously, and with full 
charge. Here again the result was wholly satisfac- 
tory, no damage of any consequence whatever 
resulting from the terrific stress set up by the 
volley ; only some of the internal fittings broke 
loose from their fastenings, a condition which may 
arise even with the discharge of one gun. This is 
not the first occasion of such volley-firing on trial, 
as has been stated in some of the daily papers, nor 
was there any doubt as to the constructional 
strength of the ship to withstand the stress. It 
may be remembered that we illustrated in our issue 
of January 21, 1910, the Brazilian battleship 
Minas Geraes, built by Sir W. G. Armstrong, 
Whitworth, and Co., Limited, firing ten 12-in. 50- 
calibre guns simultaneously, and, later, the sister- 
ship Sio Paulo, built by Messrs. Vickers, Limited, 
fired ten 12-in. 50-calibre and eleven 4.7-in. guns 
ay as recorded in our issue of June 3, 

The King George V. and the new ships will 
have practically the same arrangement of guns as 
the Orion, four being grouped forward and four 
aft, while amidships are two guns in a barbette on 
the centre line between the after funnel and the 
engine casing and after bridge. Thus, four guns 
may fire ahead and four astern, while all ten can 
be fired on either broadside. The disposition of 
the quick-firing guns for repelling torpedo attack, 
however, has n considerably improved. These 
are located within 4-in. armour casemates on the 
upper deck and on the superstructure adjacent to 
the bridge. Forward there are six guns on each 
broadside, and aft two on each broadside. 

As regards the main armour of the ship, which 
appears from'a view of the ship on the slip to 
extend for quite 60 per cent. of the length, there 
are two strakes, one under and one above the water- 
line, of 12 in. thickness, one above this of 9 in., 
and one extending to the upper deck of 8-in, 
thickness. Forward and abaft this the armour is 
continued for nearly the whole length of the ship, 
but is of reduced thickness, varying from 6 in. down- 
wards. In addition there are two protective decks. 
the lower being of 2 in. thickness. It will thus 
be recognised that the increased power of attack 
has not involved any forfeiture in effectiveness of 
protection. 

Another interesting feature of the King George V. 
is that the officers’ quarters are placed in the stern 
of the ship. In the Dreadnought the practice 
was introduced of arranging the officers forward, 
adjacent to the bridge, in order that they might be 
close to their work. This proved quite feasible 
with the former arrangement of guns, but when it 
was found desirable to have all the barbettes in the 
centre line, and consequently to concentrate the 
uptakes from the boiler, difficulties arose in pro- 
viding satisfactory a for the admiral and 
for the officers. oreover, it was felt that the 
crew, when located in the stern, were placed too 
far away from their work. In the case of cruisers 
again, the difficulty was increased owing to the 
extremely fine he ” limiting the width available 
for quarters, and thus some of the rooms were 
placed’ right up in the bow, involving excessive 
discomfort when the vessel was driving through 
heavy seas. In the case of the King Geo e V. 
the old practice has been reverted to of placin 
the admiral’s rooms, the cabins for the officers an 
the ward-room in the after part of the ship. . The 
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admiral’s stern walk has been replaced, so that the 
King George V. aft differs materially in appearance 
from her predecessors; but in one respect we 
may be sure that she will be like them, and that is 
in the general a sa of the design of ship and 
machinery as evolved ha Philip Watts and Sir 
Henry Oram respectively. 








THE LIGHTING EFFICIENCY OF 
METAL-FILAMENT ELECTRIC LAMPS. 
By A. W. E. Harris, B.Sc., Assoc. M. Inst. C.E. 


Ow1ne to a lack of sufficient data relating to the 
variation in illuminating effect produced by the 
different forms of shades used with incandescent 
electric lamps, and further to obtain some definite 
figures as to the relative costs of using metallic and 
carbon-filament lamps, the authorities concerned 
with the management of a large building, comprising 
offices, reading-rooms, &c., instituted the tests 
which we detail below. 

The lighting of the building was originally effected 
entirely by carbon-filament lamps, about 320 being 

- used ; of these, some sixty or seventy were of 25 
candle-power, and the remainder of 16 candle-power. 
The lighting consumption amounted to rather over 
20,000 units per annum at a cost of approximately 
3001. On instituting the experiments with metal- 
filament lamps, the Osram type was selected as 
being most suitable, and the substitution of these 
in place of the carbon lamps has proceeded tenta- 
tively up to the present. There are now about 
fifty of ene lamps in circuit, replacing some eighty 
of the carbon type, but it has not ton thought 
advisable to substitute many more, since the saving 
in current resulting from the employment of a 
25-candle-power metal lamp—the lowest candle- 
power obtainable for 200 volts—in place of a 16- 
candle-power carbon lamp, does not appear to 
warrant the greater capital cost involved. Many 
of the lamps are only in use some 200 hours during 
the year ; others burn much longer. 

Whilst the light produced by an electric incan- 
descent lamp in the horizontal plane is generally 
known, or can be readily ascertained, the actual 
illumination, expressed in candle-feet, given at 
various angles, is not so universally known, espe- 
cially when combined with a globe or shade. Tests 
were therefore made to determine the illumination 
given at ‘‘ table height” with a lamp at a distance 
of 7 ft. from the floor, under the following condi- 
tions :—Two sets of tests were carried out with 
both kinds of lamp, one set having a white ceiling, 
2 ft. above the centre of the lamp, and the other 
with a black ceiling. In each case a series of three 
curves was obtained ; the first corresponding to the 
unshaded lamp and the other two respectively to 
the lamp combined with a shade and with a globe. 

When the new metal-filament lamps came into 
use it was recognised that electric lighting would be 
rendered still more brilliant, the intrinsic brilliancy 
of the metal filament being nearly three times that 
of the carbon. In May, 1908, during the discus- 
sion of a paper* on the use of metallic lamps, Dr. 
Louis Bell stated that in America they were seldom 
used unless in such a ition as to be well out of 
the field of vision, or else with the bulb half-frosted 
and provided with a diffusing shade coming down 
nearly to the tip. He further stated that the effect 
of the unshaded filament on the eye-sight was 
‘*terrific,” and that the new illuminant must be 
treated thus cautiously, or one’s eye-sight would 
suffer. 

These views being considered reasonable, it was 
decided to make comparison between a clear globe 
carbon lamp (Fig. 1) and a semi-obscured metallic 
lamp (Fig. 2). Tests have shown that totally 
obscuring the lamp considerably shortens its life, 
but that partial frosting has not this effect. Partial 
frosting, however, reduces the candle-power about 
2h per cent., and a form of reflector is necessary 
above the lamp, to prevent loss of light upwards 
due to the reflecting agency »f the frosted bowl of 
the lamp. 

The globes and shades used in the building are 
shown in Figs. 3 to 6, those in most general use 
being Figs. 4 globe and 6a shade. These might be 
used in accordance with Dr. Bell’s suggestion, the 
former for lamps placed fairly low, and the latter 
for those well up out of the line of sight. 

The experiments with a blackened ceiling were 
taken on a ‘‘grease spot” photometer with an 


* Journal of the Institution of Electrical Engineers, 
vol, xli., page 665, 











arrangement for revolving the lamp and shade, and 
those with a white ceiling in an ordinary room by 
means of a portable photometer, the ‘‘ceiling” 
being of closely-woven white canvas. The lam 
were hung vertically, cap upwards, 2 ft. from the 
ceiling, and the illumination was taken on or calcu- 
lated for a table-plane 4 ft. below the lamp—i.e., 
3 ft. from the floor, this corresponding with a room 
9 ft. high. 

The 25-candle-power metal-filament lamp was 
new, and gave 22 candle-power horizontally on test. 
The carbon lamp, originally of about 25 candle- 
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power, was therefore run until its light was reduced 
to a similar figure. 

The curves given in Figs. 7, 8, and 9 show the 
illumination in candle-feet produced by the various 
combinations of ceiling and globe or shade, as indi- 
cated, the illumination being measured on a plane 
at right angles to-the light rays at each point, or 
reduced to the corresponding value. It will be seen 
from these curves that at angles below the hori- 
zontal the metal lamp consistently gave less light 
than the carbon lamp, partly due to the effect of 
frosting, already mentioned, and partly owing to 
its lower ratio of mean spherical to mean _hori- 
zontal candle-power, which, as may be calculated 
from the polar diagram in Fig. 11, is about 6 per 
cent. less than for the gpa The lower illu- 
minating effect below the metal lamp is also to be 
seen from the curves in Figs. 7, 8, and 9; and 
taking an average value, omitting only the figures 
relating to the lamp with a black ceiling behind it, 





it was found that the metal lamp was 14 per cent. 
less efficient than the carbon lamp :— 


Less Iltumination. 


Per cent. 

Vertically under the lamp a 9.5 
1 ft. away horizontally... sine 7.2 
2 ft. away horizontally 14.5 
3 ft. away horizontally 18.8 
4 ft. away horizontally 18.4 
5 ft. away horizontally 16.7 
6 ft. away horizontally 15.2 

Average ... 14.3 
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With the lamps close to the ceiling or with a 
more perfect reflector, the two illuminations would 
not differ by much more than the 6 per cent. 
previously mentioned ; but such conditions being 
seldom realised, the figure of 14 per cent. may be 
taken in order to give a fairly accurate com- 
parison as follows :— 





Carbon Lamp. 











Osram Lamp. 
<i 25-Candle-|16-Candle- 32-Candle- 26-Candle- 
Power. Power. Power. Power. 

Actual British candle- 

power ia ne 23.5 16.1 28.5 22.5 
Equivalent  illumi- | 

nating power below | 

the lamp, deduct-| 

ing 14 per cent. for 

metal lam ra 23.5 16.1 24.0 =| 19.3 
Consumption watts 110 —C| 68 40 32 
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These figures are the average results of a number 
of tests on lamps, so that, in making a substitu- 
tion, it would appear that a 32-candle-power metal 
lamp should be used in place of a 25-candle-power 
carbon lamp to produce the same illuminating 
effect ; oe | a 25-candle-power metal in place 
of a 16-candle-power carbon, giving about 20 per 
cent. more light. The economy effected on this 
basis will be seen from the curves in Fig. 10, the 
total costs for current and lamps for 1000 hours 


being :— 





s. d. 

25-candle-power carbon 33 4 
2 ”» isram 16 0 
Difference ... 17 4 

16-candle-power carbon 21 0 
25 “~ Osram 13 6 
Difference ... 7 6 


Thus it will be seen that, on the basis of 74d. 
for carbon, and 4s, 3d. for Osram lamps, the 
difference of cost of the lamps is balanced by 
the saving in current (at 3$d. per univ) after a run 
of about 180 hours for the 32-candle-power lamp, 
and of 350 hours in the case of the 25-candle-power 
lamp. After 1000 hours the proportionate saving 
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would be rather greater, as the life of the Osram 
lamps has been found to average about 2000 hours, 
as against 500 hours for the carbon lamp. 

For ordinary reading and writing work it has 
been found that an illumination of rather over one 
candle-foot is required, and that for long continued 
work this figure should be increased to 1.5 candle- 
feet. A 26-candle-power metal lamp, therefore, 
giving 22 candle-power, though sufficient for a 
small room, would give scarcely enough light for 
working by when combined with a globe, whilst in the 
offices a 16-candle-power carbon lamp is commonly 
used, combined with a conical reflector. Taking 
the average of the two curves for the 22-candle- 
power carbon lamp in Fig. 9, with and without a 
ceiling for the lamp 4 ft. above vertically and 1 ft. 
away horizontally—i.e., 1.62—we should obtain 
an illumination of 1.18 candle-feet for the 16- 
candle-power lamp. A better light for working by 
could be obtained by hanging the lamp lower, since 
the illumination varies as the square of the distance. 

Whilst the globe produces even a better general 
distribution than the unscreened-lamp, the conical 
shade gives a very uneven distribution, and the 
effect of one-half of the paper or book being more 
brilliantly lit than the other is apt to be very 
tiring. It was realised that shades, either larger 


Similar curves for the plain 16-candle-power 
carbon and 25-candle-power Osram lamps, without 
shades, have been given in Fig. 11, and the extent 
to which the light is thrown upwards by the frosted 
bowl of the metal lamp is plainly indicated. In 
Fig. 12 the light distribution from the plain lamp 
is com with that obtained when combined 
with the three types of globe illustrated in we 3 
to 5. The general illuminating effect produced by 
a long lily-shaped globe, Fig. 3, was not quite so 
good as that of the medium (standard) globe, Fig. 4, 
except for angles up to 30 deg. from the vertical ; 
this result might have been expected, as in produc- 
ing diffusion some light is bound to be lost. 

he best distribution for general lighting was 
obtained with the short saucer-shaped globe, Fig. 5, 
of white opaline (the former globes being of fine 
ground-glass). At all angles below the horizontal, 
it will be seen from Fig. 12 a better illumination is 
produced—at 45 deg. some 15 per cent. better than 
the standard globe ; but, of course, the screening 
effect is not so good. In large open spaces, where 
a good general illumination is required, this type of 








globe seems to possess advantages, as it gives a 
large amount of light at angles near the horizontal. 

Where general illumination is not required, and 
the light is only wanted at angles between the ver- 


Fig. ILLUMINATION CURVES WITH VARIOUS GLOBES. 














ON CURVES WITH 
ONICAL REFLECTORS. 





X\ 
ae 
mie 






At 


tical and 45 deg., there is nothing to equal the 
conical reflector, which will increase the light in 
these directions as much as two or three times, 
as shown by the curve in Fig. 13. A Jarger and 
deeper shade (Fig. 6c) gave even better light 
immediately beneath, though the distribution was 


or of different material and form, might produce | not good. The bad effect seems to be due to the 
better effects, and to obtain information on this | glazed nature of the reflecting surface, for on 
point a further series of tests was carried out. | trying a shade of white drawing-papera much more 


For these tests a semi-obscured metal lamp of | 
|of the same size and about the same degree of 


rather larger size and greater candle-power was 


used throughout, and the actual curves obtained | 


even curve was obtained, although the shade was 


opacity. This led to one of the makes of green 


are given in Figs. 12 and 13. These curves show cardboard shades, which are white inside, being 


the actual candle-power given out in any direction | 
expressed as a percentage of the mean horizontal | 


tried (Fig. 6b), and it was found to give a very 
similar distribution to that of the drawing-paper. 


candle-power, the directions being indicated by the | Its superiority to the glazed surface opaline shade 
angle made with the horizontal, and being in the | is apparent from Fig. 13, and, in fact, it gave the 


form of polar diagrams, indicate graphically the 
effects produced by the various shades and globes. 


fhe actual illumination in candle-feet at any point | 


best result in these experiments. There are now 
on the market opaline shades with a roughened 
interior, which, as these experiments indicate, 


can be calculated from these curves, but the effect | should give a much better light distribution than 
of ceilings and walls is, of course, neglected ; still, | those having a bright surface, and should also do 


in a high room this effect is usually very small, 


| away with the glitter that these preduce, 





__As shown by the earlier experiments quoted, the 
illumination may be considerably improved by 
‘‘ceiling effect,” especially at angles just below 
the horizontal (30 deg. and 45 deg.). In the case 
of shades, however, less light being allowed to pass 
upwards, the ceiling effect is not so apparent, but 
with globes it is necessary sometimes to make an 
allowance, as also for the effect of light-coloured 
walls, 

As an example of the improvement that may be 
effected by an alteration of the shades, an actual 
case may be quoted. In one of the oftices complaint 
was made that the light was not good enough for 
continuous work. The lamp in this case was of 
22 candle-power, and was fitted with a 10-in. conical 
shade (similar to Fig. 6a), and gave an illumination 
as tested on the desk of slightly under 1 candle- 
foot. A deeper 12-in. conical shade was fitted, and 
by this means the light was increased to 1.75 
candle-feet at the desk, as measured by the portable 
photometer. This result coincides with the figure 
obtained from the curves in Fig. 13. 

Referring to the curve relating to the 12-in. opal 
shade it will be seen that an increase of 80 per 
cent. over the horizontal candle-power occurs at an 
angle of 80 deg., corresponding with the position of 
the desk in the above example. The distance of 
the lamp from the desk was 4.75 ft., and the metal 
lamp was of 22 candle-power. Thus the illumina- 
tion at the desk would be 22 x 1.8 + (4.75)? = 
1.75 candle-feet. 

The general method of determining the number 
of lamps for incandescent lighting has apparently 
been to allow so much illumination (expressed as 
horizontal candle-power) per square foot of room, 
but this method, though whe = for obtaining a 
given general illumination, does not enable a 
specified illumination to be arranged for a given 
portion of the room. With data obtained from these 
tests, however, a predetermined degree of lighting 
can readily be arranged with the forms of shades, 
&e., vs in the experiments. 

It will be realised that these experiments are to 
a certain extent limited, and no tests have been 
carried out with the various types of prismatic 
globes now made. They will serve to indicate, 
however, the lines on which improvement should 
saan and the — which should generally 

e borne in mind when designing a lighting scheme. 





NOTES. 
Tue Census or Propuction Act, 1906, anp 
THE Buriprne, TRapEs, 

THE ninth of a series of tables summarising the 
returns received under the Census of Production 
Act, 1906, relating mainly to the building and 
contracting trades, quarries, and works of public 
utility, has been issued. The publication sum- 
marises the preliminary results obtained from the 
information received under the Act, and con- 
cludes the series of preliminary tables and reports. 
It is prefaced by a short report to the Secretary 
of the Board of Trade over the signature of Sir 
G. R. Askwith, K.C., and includes a report by the 
Director of the Census, followed by a large 
number of tables showing the value of work 
turned out in the various departments of industry 
considered, cost of materials, wages, &c. The report 
deals with the year 1907. The average number of 
persons employed in 1907 in work covered by the 
tables was about a million, and the total output for 
the year represented anincrease of about 101} million 
Steppe over the value of the materials purchased. 

he average number employed on work covered by 
the census was about 7 millions, and the total 
output resulted in an increase of about 712 million 
— over the value of materials purchased. 

t is ore out that the totals are subject to revi- 
sion, but that the alterations will be of comparatively 
minor importance. The census was taken under the 
Act of 1906, and shows the relative and absolute 
magnitude of all industries within its scope. The 
results of subsequent censuses will afford the 
means of gauging the development of manufac- 
turing and extractive industries of the United 
Kingdom. The Act required information to be 
obtained as to the output, cost of materials used, 
amount paid to other firms for work given out to 
them, and the number of persons employed. For 
the purposes of the Act ‘‘ the exercise and perform- 
ance of a local or other public authority of the powers 
and duties of that authority shall be treated as the 
trade or business of that authority.” Manufacturers 
can only be required under the Act to state the quan- 
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tities of goods made by them in the case of commodi- 
ties entered by quantity in the official export and 
import lists. 1n those trades where the manufac- 
tures cannot be classified in the manner adopted in 
the lists, or where the work does not consist in the 
production of goods for sale, the utput was required 
to be stated in value only. By deducting the cost of 
materials from the value of the gross output for 
any one industry or group of factories the ‘‘ net 
output” of the industry or group is obtained. This 
gives the value added to the raw materials in the 
course of induetrial processes, Out of this result- 
ing figure for any industry the charges for wages, 
salaries, rents, rates and taxes, advertisement, 
depreciation, &c., are met. It will be remembered 
that the year 1907 fell between two years of falling 
wages. The tables require close study ; but if this 
be given, they afford a fund of information to those 
interested in commercial and trade statistics. 


Tue ApMIRALTY LIBRARY. 


The principles of naval strategy are unalterable, 
and, although improvements in the munitions of 
war, due to scientific developments, involve certain 
changes in tactics, the lessons of the past must 
have great influence on all sea operations. The 
Admiralty have therefore done well to reorganise 
the wealth of naval literature possessed by the 
department, and to render it more available for 
the student of strategy and tactics and of naval 
history generally. Indeed, it is surprising that 
no attempt was made to classify and catalogue the 
works possessed by the Admiralty until about fifty 
years ago, and still more remarkable that it is only 
now that many works have been rescued from the 
attics and store-rooms. All are housed in rooms 
where naval officers and lay students will be wel- 
comed and encouraged in the pursuit of knowledge 
of our sea story. The explanation was hinted at 
in the speech of the First Lord of the Admiralty 
in opening the new library. ‘‘ For many years,” 
he said, ‘‘ there was a certain jealousy in the mind 
of a sailor of everything pertaining to book-learn- 
ing ; the simple sailor was supposed to be content 
with his experience at sea.” As in all professions, 
the study of science is considered an essential con- 
comitant of practical experience, so in the Royal 
and merchant navies acquaintance with theory, as 
well as practice, is indispensable, and in the dis- 
criminate blending of these depends in great 
measure the efticiency of the application of know- 
ledge. Unfortunately, as we have had occasion to 
point out, there is difticulty in ensuring the correct 
proportion of time devoted to books and to bridge 
or engine platform ; the swing of the pendulum, 
operated by the mainspring of fashion, tends to 
excesses, and we note with satisfaction Mr. 
McKenna’s pronouncement that ‘‘experience gained 
at sea is overwhelmingly of the first importance.” 
Correspondingly accurate is his view that ‘the 
individual who has acquired it (sea experience) 
should also study.” This has been the burden of 
our argument for years in connection with the train- 
ing of the naval engineer; but for the present 
we content ourselves with this passing reference 
to a special significance of the First Lord’s view, 
and pass to the general application of his words. 
The naval officer in command of strategical or tactical 
operations will succeed in direct proportion to his 
knowledge of the lessons of the past, their signi- 
ficance, and their relation to the altered conditions 
consequent on changes in matériel, as much as to 
his courage, and the efficiency of his staff, his men, 
and the munitions at his command. The extension 
of the Admiralty buildings, the solicitation of the 
secretary, Sir Inigo Thomas, G.C.B., and the 
energy and enthusiasm of Mr. W. G. Perrin, 
recently appointed librarian, and of Mr. J. F. 
Phillips, the deputy librarian, have combined to 
form an important addition to the organisation of 
the department which will be most conducive to the 
efficiency of the Service. Mr. Perrin has shown 
great skill and judgment in the classification of the 
books on biography, gunner,’, history, machinery, 
strategy, tactics, and other subjects—many of the 
books and MS. having been recovered by him 
from bundles which have laid unopened for years. 
These works are accommodated in rooms about 
100 ft. in length on two floors above the arch 
from Trafalgar Square into the Mall, and there 
the naval officer, on presentation of his card, 
or any member of the general public on written 
application, will be able to consult any of the 
works, Sir Inigo Thomas, in his ba at the 
opening, gave us hope that the advantages o. 


marked increase in the number of inquiries on naval 
historical matters received from officers afloat and 
ashore, indicated the need for some centre of infor- 
mation. Mr. Perrin’s obliging disposition will 
assist greatly towards the fulfilment of this need. 


Tue **Paracon” Exectrric Steet FurRNACE. 


The new electric steel furnace of the Gréndal- 
Kjellin Company, which Mr. J. Hirdén described 
in the Faraday Society on Tuesday last, is fitted 
with the auxiliary electrodes of the second class, 
which Rochling and Rodenhauser introduced some 
years ago, but is not in other respects of the Réch- 
ling-Rodenhauser or Kjellin induction type. The 
new furnace combines arc heating with resistance 
heating, and the furnace may be thus likened to 
an open-hearth furnace, which is also heated from 
below and from the. sides. The arcs heat, in the 
first instance, the slags on the top of the metal 
and the surface of the bath; the current entering 
the special electrodes at the sides and in the 
bottom heat the metal directly as a resistance. 
The electrodes are of the so-called second class ; 
that is to say, they consist, like the Nernst glowers, 
of materials which are at ordinary temperature 
insulators, and become conductors only when 
they are hot. These electrodes consist of iron 
cooled at the back, and covered in front with 
mixtures which will conduct, when hot, without 
being corroded by the molten iron ; various com- 
pounds have been proposed by the Gréndal-Kjellin 
Company; for instance, a mixture of dolomite or 
magnesia and tar, and they will at any rate resist for 
a reasonable time. When Kjellin first constructed 
his induction furnace, Mr. Hirdén pointed out, he 
merely aimed at melting high-class crucible steel 
which did not require any further purification. 
For removing sulphur and phosphorus a large slag 
surface was required, and the hotter this surface 
became the better. For this purpose arcs were 
useful ; at the same time, however, the roof of the 
furnace suffered from the intense radiated heat 
of the arc. For other purposes, moreover, a 
direct heating of the metal from below was desir- 
able—namely, for expelling the gases and for 
uniformly heating the metal all through its mass. 
This could be secured with the aid of the special 
electrodes embedded in the walls and bottom of 
the furnace. If part of the current were sent 
through these electrodes, the roof was spared to a 
certain extent. It was, moreover, difficult to 
obtain carbon electrodes for the powerful electric 
steel furnaces now in use. This is certainly a 
serious difficulty in the case of furnaces of the 
Héroult and similar types. The special electrodes 
had to be of considerable area so as to introduce 
currents of large intensity ; for 30-ton furnaces Mr. 
Hiirdén proposed electrodes of 10 in. square; for 
50-ton furnaces, electrodes of 24 in. square. Only 
half of the total energy would in these furnaces 

through the are carbons, and in such large 
urnaces the arc heating could hence be kept toa 
reasonable limit. The new furnaces could also 
partly be heated by gas (gas firing replacing the 
ares), and partly with the aid of the special elec- 
trodes, which would help to expel the gases. The 
question which will occur to the reader is whether 
any profitable heating can be secured by means of 
these electrodes of the second class, since the 
resistance of the hot iron is not large ; we referred 
to this point in a recent note. Mr. Hirdén uses, 
of course, large surfaces. But the point was not 
discussed, the discussion on Mr. Hirdén’s per 
and two others read the same evening being 
adjourned. Trial furnaces of the new type are 
being constructed at the Rochling-Rodenhauser 
Works at Volklingen, in Rhenish Prussia. 


CONDITION OF THE SHIPBUILDING TRADE. 


According to Lloyd’s returns for the quarter 
ending September 30 last, there was, exclusive 
of: war vessels, a slight decrease in both the gross 
number of vessels under construction, as well as in 
the total tonnage, when compared with the state 
of trade on June 30, 1911, but there was a consider- 
able increase over the figures given in the returns 
made in September, 1910. There were under con- 
struction in the United Kingdom at the end of 
September, 1911, as many as 493 merchant vessels, 
with a grosstonnage of 1,446,317, compared with 368 
vessels, of a total tonnage of 1,154,197, at the end 
of the corresponding quarter last year. Of the 493 





vessels now being built, 470 are steamers, 458 of 
which are of steel, and all represent a tonnage of 


the library will be fully utilised ; he said that the , 


1,438,088. There are 23 sailing vessels, of the gross 
tonnage of 7779, of which 16 are of steel and the 
remainder are wood and composite. The Glasgow 
district is responsible for 109 of the vessels now 
under construction, of a gross tonnage of 352,463, of 
which 97, with a tonnage of 348,575, are steamers. 
The Newcastle district comes next, both in point of 
numbers and in tonnage, with 68 vessels, of a gross 
tonnage of 255,247, all of which are steamers. Bel- 
fast has on hand 24 steamers, with a gross tonnage 
of 253,808 ; no sailing ships are being constructed 
there. In Greenock 52 vessels are being built, 
of 215,750 tons, 49 of them being steamers, with 
a tonnage of 214,250. The United Kingdom takes 
the largest proportion of all the vessels that are 
on hand—namely, 339, of 1,189,109 tons—while the 
Colonies will receive 27 vessels, of 53,365 tons. In 
point of tonnage Norway stands next on the list, 
though in numbers some other countries are ahead 
of her. She takes 10 vessels, of a tonnage of 31,113: 
Holland takes 19,310 tons; Spain, 12,640 tons ; 
Russia, 12,000 tons; Brazil, 11,046 tons; Ger- 
many, 10,720 tons; and Sweden, 10,280 tons. 
With regard to the size of the vessels building, 
the greatest number come within the 100-ton 
to 500-ton class, there being in all 127 vessels 
of this class, 115 of them being steamers and 12 sail- 
ing ships. Vessels of between 4000 and 6000 tons 
come next, these numbering 103, all being steamers; 
of vessels over 10,000 tons each, there are 19, of 
which 11 are between 10,000 and 12,000 tons, 
three between 12,000 and 15,000 tons, three between 
15,000 and 20,000 tons, and two over 20,000 
tons. There are now 10 warships building at 
the Royal Dockyards. while at private yards 
there are 59 on hand. The tonnage of those 
at the Royal Dockyards is 87,440, and of those 
in private yards, 331,110. Of those now in hand 
in private yards, all but six are for the British 
Government, and include five battleships, four 
armoured cruisers, seven protected cruisers, twenty- 
eight. torpedo-boats, and nine submarine-bvats. 
Of those building for foreign governments, one is 
a battleship of 27,000 tons displacement, one is an 
armoured cruiser, two are scouts, and two are 
torpedo-boat destroyers. The total of all the war 
vessels building in Government and private yards 
is 69, with a total displacement of 418,550 tons. 
According to the returns, the total number of 
vessels now being constructed abroad, exclusive of 
warships, is 344, of 713,774 tons. Of. these, 307 
are steamers and 37 sailing vessels. As many as 
88 of these vessels, with a tonnage of 273,185, are 
being built in Germany, and 54, with a gross 
tonnage of 88,549, are on hand in the United 
States. Norway is building 37 vessels, with a 
gross tonnage of 18,145; Japan, 35 vessels, with a 
tonnage of 22,038; Holland, 32, with a tonnage 
of 74,256; and France, 29, with a tonnage of 
125,160, 








THE TRADE OF JAPAN. 

THE report on the trade of Japan for the year 
1910 by the Acting Commercial Attaché to His 
Majesty’s Embassy, Tokio, contains a great deal of 
information which will be useful to those who are 
engaged in commercial transactions with Japan, as 
well as to those who study the course of the industrial 
evolution which is going on in the Far Kast, and 
which is certain to have very important results on the 
economic conditions of this and other countries in the 
West. <A few of the more important points may 
therefore be noted. 

The total volume of trade for the year was of the 
value of 94,188,494. , of which 47,390,534/. was imports, 
and 46,797,960/. was exports, being within a small 
amount of the total in 1907, which was a record one 
in the commerce of Japan. The boom of that year was 
followed by two years of depression, but last year 
was one of recovery from the reaction which was the 
direct result of the unfortunate period of over-trading 
witnessed in 1907. Viewed from this standpoint, the 
recovery made in 1910 must be considered satisfactory, 
as it shows evidence of a healthier tone and promise 
of continued expansion, provided the natural laws of 
supply and demand are respected. No doubt, the alter- 
ation in the tariff, which came into operation at mid- 
night on July 16, 1911, had considerable influence on 
the trade of the year, as merchants would stock the 
goods which they thought would be in demand. It 
will be interesting to note the effects of the tariff on 
the operations of the current year. Speaking gene- 
rally, the new tariff may be described as an attempt to 
draw up a schedule which shall be sufficiently high to 
exclude those imported goods which compete with 
domestic manufactures, while at the same time im- 
posing heavy duties on many commodities which cannot 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 





(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
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In the accompanying diagrams each vertical line represents a market day, and each horizontal line 
represents 1s. in the case of tin-plates, hematite, Scotch and Cleveland iron, and 1l. in all other cases. 
The price of quicksilver is per bottle, the contents of which vary in i? from 70 lb. to801b. The metal 


prices are per ton. Heavy steel rails are to Middlesbrough quotations. 


in-plates are per box of I.C. cokes. 
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be produced in Japan, especially those which may be | 
regarded as luxuries. The writer of the report says 
that it is unfortunate that when trade was beginning 
to revive from the depression of 1908-9 such a disturb- 
ing event as an alteration of the import duties should 
occur to unsettle commercial conditions, but that is a 
matter which the Japanese have taken into their own 
hands, and those in authority evidently believe in | 
what is called a scientific tariff. 

lhe most striking increase in the imports was in the 
value of raw cotton, which amounted to 16,111,200/., | 
&s compared with 10,900,800/. the previous year, being | 
&n increase of 5,210,400/. The development of the 
cotton industry in Japan has been of a very remark- | 
able nature, and not only are the Japanese produc- | 


ing a large amount of the cotton yarn required in| 
their country, but the 
quantities to China an 


also export considerable 
other countries. In 1910 





| is beyon 


the value of cotton yarn imported into Japan was 
only 35,000/.—a decrease of 53,000/. as compared 
with the previous year, which seeme to show that this 
part of the trade will soon disappear. The value of 
cotton tissues imported in 1910 was 1,377,200/., as 
compared with 1,421,900/. for the previous year; but 
the Japanese are rapidly extending their weaving 
establishments, and the decrease would have been 
much greater had it been ible to work the new 
cotton-printing factory of the a Seifu Company, 
near Kyoto; but the financial troubles of this company 
have not yet proved capable of adjustment. The factory 

re comparison with anything of its kind in Japan. 
It was desi 
firm of British manufacturers of cotton - printing 
machinery, and finally completed in September, 1909. 
Its position is an excellent one, combining a plentiful 


ed, erected, and fitted by a first-class | 


both Osaka and Kyoto by rail and water. The annual 
capacity of this factory is estimated at 1,000,000 
pieces of 24 yards each—a figure which should, 
however, be accepted with considerable reservations. 
| The import of woollen and worsted yarns for weaving 
| inereased from 2,970,890/. in 1909 to 3,381,700/. in 1910, 
and it ought to be noted thata great part of this trade 
is in the hands of the Germans and the French, the 
share of the United Kingdom being only about one- 
sixth of the whole. Drugs, chemicals. a1.d medicines 
increased from 1,159,100/. in 1909 to 2,249,200/. in 
'1911, showing the development in those industries 
| requiring the use of chemicals. The value of the 
artificial manures imported was 3,717,900/., being an 
| increase of 119,900/. over the previous year. The 
Japanese are applying all the latest developments of 
| science to agriculture, and while devoting great atten- 
| tion to new industries, they are not overlooking the 
| oldest industry of all. They are also producing a 
| large quantity of fertilisers, the latest returns showin 
|a@ value of 3,023,400/. in one year, as compared wit 
the total import mentioned above. When the value 
of the other manures used, such as home manufactured 
vegetable cakes (chiefly rape seed cake), soy refuse, raké 
lees, rice, bran, hay, &c., is included, the total annual 
consumption probably amounts to about 17,000,000/., 
a point which British farmers ought to note. 

The value of the machinery imported in 1910 was 
about 22 per cent. less than that of the preceding 
year. It amounted to 1,606,700/., which was less than 
one-half that imported in 1908. The most important 
items in the list are spinning and weaving machinery, 
which the Japanese cannot yet make themselves. It 
includes almost every kind of machine, The shares in 
this line of business which fell to the principal countries 
were as follows :— United Kingdom, 954, United 
States, 370,500/. ; Germany, 237,800. ; France, 9800/. ; 
other countries, 34,100/. The imports of iron and 
steel, with the exception of pigs and ingots, show 
increases as compared with 1909, but the total for the 
year is still below the totals for 1907-8. It is interest- 
ing to note that there was an astonishing increase in the 
number of motor-cars during the year, and that a 
large proportion of them are of Britich make. With 
a view to encouraging the import of automobiles, 
those intended for the private use of the im- 

rter, and not for sale, are allowed to enter duty. 
ree. The prospects of the motor-car being benaely 
used in Japan are very favourable. There is 4 
large opening for inexpensive cars in, more especially, 
Tokio, Yokohama, Osaka, Kyoto, and Kobe. So far 
they have been little used for the transport of goods 
ont public conveyances, but there is a wide scope for 
their employment in these directions. The two most 
serious obstacles to the greater use of automobiles are 
the bad roads and the lack of efficient chauffeurs and 
mechanicians. An automobile club has been formed in 
Tokio, and numbers some influential Japanese among 
its members. This association will probably be able 
to render considerable assistance in obtaining improved 
roads and in training mechanicians. 

The Japanese are turning their attention to the 
utilisation of the water-power in their country, and a 
Government Commission was appointed for the pur- 
pose of examining and making a record of the avail- 
able water-power resources. By this means the 
Government hope to assist the development of the use 
of water-power, and at the same time to guard against 
the granting of water-power concessions to persons 
seeking to obtain them for speculative purposes. In 
recent years there has been s progress in the 
direction of extending the use of hydro-electric power 
for lighting and industrial purposes, and, besides the 
power-stations already erected, a large number are in 
contemplation or in course of erection. 

The extension work on the Japanese Government 
railways in 1910 does not call for any detailed descrip- 
tion, as it was chiefly of the nature of detaile. Con- 
siderable interest was aroused by the announcement 
of the intention of the Government to bring before the 
Diet a re for the conversion of the main line 
between Tokio and Shimonoreki to the standard 
gauge. The cost was estimated at 230,000,000 yen 
(23,479,000/.), which would be spread over a period 
of thirteen years. The scheme was rejected by the 
Diet in 1911, but will probably be brought up again in 
1912. The chief bales are being improved and 
developed so that they may accommodate the largest 
vessels which come to Japan. The shipping—steam 
and sailing—entered at Japanese ports in 1910 shows 
rather a large decrease in numbers, but a slight 
increase in tonnage. The figures for the last three 
years are as follow :— 


Vessels. Tonnage. 
1908 13,029 20,215,577 
1909 12,330 19,794,451 
1910 11,168 20,173,787 





supply of good water with easy communication with | 





A glance at the tables given at the end of the report 
shows that the Japanese and the German flags have 
not done so wl duten the past year. British 
shipping shows an increase in both vessels and 
tonnage, while Russian shipping has more than 
doubled. 
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ARMOURED MOTOR-LAUNCHES FOR TURKEY. 
CONSTRUCTED BY MESSRS. JOHN I. THORNYCROFT AND CO., LIMITED, ENGINEERS, SOUTHAMPTON. 
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Some months ago an order was placed by the 
Imperial Ottoman Government with Messrs. John I. 
Thornycroft and Co., Limited, of the Woolston Works, 
Southampton, for twenty-two armoured motor patrol 
launches, for the prevention of smuggling and for kin- 
dred purposes along the coast of the Red Sea, Persian 
Gulf, and Mediterranean. Several of these vessels have 
been delivered and two have been captured on their way 
out by the Italians, while others are being held up here 
by the Customs until the conclusion of the present 
hostilities. 

The general arrangement of the boats is clearly 
shown in our illustrations, Figs. 1 toj9, page 462, and 
on this page we give an illustration of the engines and 
of one of the boats at sea. 

The principal dimensions of these craft are :— 
Length, 60 ft.; breadth, 11 ft.; depth, 5 ft.6in. The 
draught of water has been kept down to a mini- 
mum, being only 2 ft. 6 in., thus making the launches 
capable of shallow-river work. The lines of the hull 
have been designed to secure the best results possible 
on the shallow draught. The flat stern gives an eas 
run, and prevents the stern from ‘ pulling down 
when the launch is going at full speed. The speed 
guaranteed as a mean of six runs on a recognised 
measured mile was 11 knots, and this speed had to be 
maintained for a further period of two hours. On official 
trials a speed of over 11.9 knots has been attained with 
engines not fully extended. In fact, all the boats yet 
tried have been capable of about a mile over the contract 
speed. The boats have been proved to be very handy, 
and can turn a complete circle of about a length and a 
half in diameter when running at full speed. Steering is 
effected by means of a hand steering-gear fitted in the 
wheel-house (see Fig. 2), and connected to the tiller on 
the rudder head by wire-rope leads. Protection has 
been afforded to the steersman by constructing the 
wheel-house of bullet-proof nickel steel. Circular 
brass-framed lights, having armoured deadlight plu 
with sight-holes, are fitted to the wheel-house for tight 
and air. The hulls are protected against rifle bullets by 
means of nickel-steel bullet-proof plates. These extend 
from the aft end of the after cabin to the forward 
end of the motor-room, and from the water-line to the 
deck. The casing sides also have been protected for 
the same length up to the height of the motor casing. 
The top of the motor casing is also covered with bullet- 
proof nickel steel inclined at 60 deg. 

The arrangement of the boats is compact (Fig. 4). 
The machinery is placed in a separate water-tight com- 
partment amidships, and is separated from the rest of 
the hull by steel water-tight bvlkheads, The main fuel 
supply is carried at the forward end of the motor space 
in two circular brass tanks, the upper of which is used 
as a service tank, and supplies the motors under gravity. 
There are, in addition, two reserve tanks of brass 
placed in the stern compartment, and connected to the 
forward tanks by means of a semi-rotary pump. The 
total fuel capacity is about 740 gallons of — 
which gives a range of over 600sea-miles at full speed. 
Abaft the machinery space a cabin for officers 
been arranged, with a sofa-seat berth, having cushion 
backs, on each side of the cabin, and the seat-backs are 
arranged to hinge up to form top berths. At the fore 
end of the cabin are located a w.c. and a pantry for 
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officers’ use. The underside of the casing top has been 
lined with Vanesta wood in panels, with air-spaces to 
oe cabin cool. Forward of the machinery room 
a cabin has been provided for the crew, with locker- 
seats on each side to form lower berths, and folding 
pipe-berths with canvas bottom above. A small oil 
cooking-range has been provided and fitted in the crew 
space, and at the forward end of the crew-space a w.c. 
is arranged for the use of the crew. 

The boats are fitted with double-canvas awnings all 
fore and aft (see Fig. 11), carried on ridge wires, and 
supported on wrought-iron stanchions. Two guns 
have been fitted, one forward and one aft, of the 
Vickers-Maxim tent 37-mm. quick-firing type, 
having water-cooled barrels. One thousand rounds 
of ammunition per boat are carried and stowed in 
lockers in the crew and officers’ spaces. The construc- 
tion is practically similar to that adopted by the 
British Admiralty for their 50-ft. and 56-ft. pinnaces. 
The shell consists of two thicknesses of teak, the inner 
thickness laid diagonally, and the outer fore and aft. 
The hull, from the keel to a distance of about 4 in. above 
the water-line, is covered with 12-0z. copper sheath- 
ing. The keel is of oak, with a 1}-in. rubbing strip 
to take the wear. The boats have been built under 
the supervision of Lloyd’s Surveyors, and are equal to 
Class A in their Yacht Register for river service. The 
mild-steel armour has been tested under British 
Admiralty supervision. 

The main engines (Fig. 10, above) consist of two of 
the Thornycroft C/6 type, having six cylinders, 6 in. 
bore, with an 8-in. stroke. At 750 revolutions per 
minute each engine will develop 70 horse-power ; but 
in these boats the speed is limited to 670 revo- 
lutions per minute by means of a spring-controlled 

vernor. The fuel used is commercial paraffin, which 


has | is vaporised in a Thornycroft vaporiser heated by the 


exhaust. Starting is effected on paraffin by heating 
the vaporiser with a blow-lamp, or, if petrol is avail- 
able, by running on petrol for a few minutes. The 
ignition is by high-tension magneto. Lubrication is 








effected by means of the drip method, a pump forcing 
oil into a pipe over the cylinders, from which it runs 
through nipples to each main bearing and connecting- 

The pipe is provided with an overflow into the 
crank-case. ‘This method of lubrication is at once sure, 
fool-proof, and extremely economical in practice. 
Reversing is effected by means of an epicyclic reversing 
gear. There is also an electric lighting set, consisting 
of a Thornycroft M I. paraffin-engine, having cylinders 
44 in. by 6in., connected to a Crompton four-pole 
direct-current dynamo, giving an output of 60 volts 
and 41 amperes at 800 revolutions per minute. This 
dynamo, which can also be driven by a belt off the 
main engines, is used to light the ship (ten electric 
lamps being provided), run three electric fans, and 
work the searchlight. The latter is of the Crompton 
type, with automatic and hand control, and has 4 
projector 16 in. in diameter. 

Four of the boats have been built in steel, and three 
others of the same power andof similar general arrange- 
ment, but of a still shallower draught—viz., 22 in.— 
are about to be put in hand, also of steel. The hulls 
are being built complete at Messrs. Thornycroft’s 
Woolston Works, and as they are put in th» water 
receive their motors, which are made at the company 8 
motor works, Basingstoke. 








THE INSTITUTION OF ELECTRICAL ENGINEERS: STUDENTS’ 
Sxrction.—The attention of those members of the Students 
Section who desire to read papers is called to the fact 
that it is necessary that notice of such intention be sent 
immediately to the hon. sec., Mr. D. Betts, 3, Fordwych- 
road, London, N.W., in order that the annouricement 
may be embodied in the programme of the session. 


INTERNATIONAL MACHINERY AND ENGINEERING EX- 
HIBITION, OLYMPIA.—We understand that at the above 
exhibition, which has been organised by the Machine- 
Tool and Engineering Association, Limited, and which 
will be open at Olympia from October 4 to 28, next 
year, a large amount of 5) has been applied for, and 
it is expected that the Hall will be well filled, 
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CRUDE-OIL MARINE ENGINES.* 

By James H. Rosentuat, M.I.N.A., M.I.M.E., &e. 

Tue problem of converting fuel into power as directly 
as possible is one with which, for many years, engineers 
have been occupied. No doubt the achievements in the 
construction of gas-engines using gas produced from coal 
or coke, as well as in engines using the light distillates of 
oil or spirit, by the dissemination of knowledge of essen- 
tial details connected with their construction, have mate- 
rially assisted in the development of the crude-oil engine, 
which is dealt with in this paper, and great credit is due 
to the designers and constructors of such engines. _ 

Engines using the light distillates of oil or spirit ma, 
be properly led ‘‘explosion engines,” and althoug 
these are used for launches and small pleasure craft to an 
enormous extent, and are now made so simply that they 
can be worked by persons who are not skilled in mechanics, 
the nature of the Foel used being of a low flash-point, and 
necessarily dangerous and high-priced, precludes their use 
and development for large powers. ; : 

The aim which designers of crude-oil marine engines 
have had before them is to get as near as possible to the 
simplicity of the ordinary marine engine, and this aim 
has been achieved to the extent of producing a type of 
crude-oil marine engine which is reversible, and in which 
energy is imparted to each stroke of the piston. 





How far such engines will displace steam for marine 


propulsion no one at the present. time can foretell, but 


Fig 





the general opinion is to the effect that, whilst their sub- | 
stitution for the reciprocating engine up to what are | 
considered in marine practice moderate sizes may be! 
looked for in the near future, as yet they cannot be looked 
upon, even assuming the present conditions of the oil 
supply would admit of it, as a substitute for the steam- 
turbine for marine propulsion. 

The advance so far made with these engines, and the 

energy with which eminent engineers are pursuing the 
subject, leads to the expectation that mechanical diffi- 
culties will not stand in the way of the aforesaid appli- 
cation. 
_ The advantage of these engines, even for small craft, 
is in the greater safety of the fuel, as compared with! 
petrol or paraffin, and as compared with steam, in a’ 
saving in weight and space, and they admit of a larger 
radius of action of a vessel, owing to the fact that the 
same weight of fuel gives more power. 

The use of such engines on submarines is already well 
established in some of the principal navies of the world. 
For cargo vessels and yachts, and vessels of a commercial 
type, trials have already been made, and a good many 
such engines are running and under construction. For 
naval vessels, such as torpedo craft, designs are under 
consideration and large engines are being constructed. 

The question of the oil supply is a very important 
factor; whilsta ship can readily carry enough crude oil for 
three times the distance of travel that it can on the same 
displacement if coal and steam-boilers are provided, yet 
ditficulties of replenishing the oil supply are bound to 
Cause serious consideration to a shipowner before deciding 
to equip his vessel with oil-engines. Moreover, the 
present price of the crude oil being more than double that 
of Welsh coal, and three times that of other classes of 
coal, does not admit of much saving in the cost of fuel in 
running @ vessel, but, even under the present conditions, 
a saving is established in weight and in crew. 

It goes without saying that this relative cost of eoal 
and crude oil does not apply to places in the world which 
are reasonably close to Dh elds, or in which crude oil is 
stored in such quantities that the possibility of obtaining 
it is assured, 

It is not considered necessary in this paper to go into 
the question of places where crude oil can be obtained, 


* Paper (slightly abbreviated) read before the British 





Association at Portsmouth. 





and the price of it in such places, as these are points with 
which shipowners are well acquainted. 

Definite results of the total saving in the working of a ship 
are not generally available, although within a year or two, 
undoubtedly, they will be; but Messrs. Swan, Hunter, 
and Wigham Richardson, the eminent shipbuilders, state, 
as the result of the working of a ship, the Toiler, of 2700 
tons, that the comparison of oil at 45s. per ton and coal 
at 12s. 6d. per ton resulted in a saving in money of 
3l. 18s. 8d. per day. 

Of the ship Vulcanus, of 1900 tons, which is fitted with 
Diesel engines of 450 brake horse-power, in service 
between Rotterdam and Hamburg, the English agents 
write :—‘‘ The average consumption corresponds to 1 ton 
of fuel oil per 100 knots.” 

The two types of engines which are particularly dealt 
with in this paper are the Bolinder engine, as an example 
of a crude-oil reversible marine engine, which is not on 
the Diesel principle, but in which the ignition of the fuel 
takes place in a heated chamber at the top of the cylinder, 
by some termed a ‘hot pot,” and the Diesel engine 
proper. The former type is one which is essentially 
suitable for small craft, and it has been largely fitted on 
fishing vessels and barges. Considerable numbers of them 
have m made for sea-work. Messrs. James Pollock, 
Sons, and Co., the representatives for this engine in 
England, have fitted them in twenty-four barges and 
cargo-boats, three fishing-boats, and eight launches ; and 
Messrs. Babcock and Wilcox, Limited, of Sydney, have 
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Fig, 3.INOICATOR DIAGRAM OF A TWO STROKE 
; OIL ENGINE. 


SCALE 75%-1KG/CM® -751NCH-360LB. PER SQIN. 
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a-b Combustion, b-c Expanston, 

c-d Exhaust and Scavenge 

da Compression. 
fitted them likewise in several fishing-boats running in 
Australian waters. It is found that there is very little 
difficulty in training one of the crew of a fishing vessel to 
work the engine. The sizes generally used run from 
10 to 30 horse-power, although sizes up to 150 horse-power 


have been made and are running. A drifter on the East | p' 


Coast has such an engine of 120 ee The con- 
struction is explained by Fig. 1, and the reversing gear 
by the diagram, Fig. 2, above. A 

Messrs. Bolinders have sent Captain Neilson’s report 
regarding the barge Travers, belonging to Val de Travers 
Asphalte Paving Company, running between Havana 
and the Port of Spain, as follows :— 

Trinidad, January 15, 1911. 

During the voyage of twenty-three days, and a distance of 
about 1850 miles, through gales of wind and high seas, the engine 
has at all times been kept running and at a regular speed, not the 
same as a steam-engine, running at a gallop when the vessel is 
pitching, and nearly stopping when the stern gear goes down. 

Fig. 1 above, shows this engine, which is of a 
two-cycle type, compressing its scavenging air in the 
maniaduealiie. When starting the a to work, a 
blow-lamp is inserted through the cover of the ignition 
chamber When this ignition chamber is heated to a 
dull red (which takes about 10 minutes in the smaller 
sizes), the engine is turned either by hand, in the smaller 
sizes, or by compressed air in the er sizes, and a 
charge of fuel is admitted through the fuel-valve F. It 
is ignited by contact with the heated chamber F. which 
forms the cylinder head. The air for combustion, which, 
by the previous uncovering of the passage H, passed from 
the crank-case into the eee is com by the 
up-stroke of the piston. The port G is the exhaust port ; 
thie commences to be uncovered before the air-admission 
H, and the gases commence to exhaust as soon as it 
is uncovered, and their expulsion. is — by air 
entering through the port H being 7 y compressed 
through previous downward stroke of the piston in the 


-0ase. 
The cylinder is water-cooled, and if sea-water is used, 


port 


although this gets hot, it is kept in continual circulation 


through a pump attached to the engine, and, conse- 
quently, does not get concentrated enough to deposit 
salts. After the engine is started, the blow-lamp can be 
extinguished, as the combustion of the fuel in the 
cylinder keeps the chamber E at a sufficient heat. 

The reversing operation is illustrated by Fig. 2. In 
the diagram A is the fuel-pump case, and B and C are 
the fuel-pump pp ee These are operated by a le 
F at one end of a bell-crank E, and by le T at the 
other end, this bell-crank E being opera’ y an eccen- 
tric on the engine crank-shaft. Normally the toggle F is 
in operation, but when the engine is reversed the 
reversing lever pulls link K on to the friction dise D, and 
alters the position of the bell-crank H. This the 
toggle F out of action, and allows the toggle T to go into 
action on the fuel-pump C, so that the reversing is effected 
by temporarily throwing out of action the fuel-pump 
which, in normal running, injects the fuel at the top of 
the stroke, and substituting for it another pump, timed so 
as to inject a charge before the piston reaches the top of 
the stroke ; this checks its up-stroke, and drives it down 
in the reverse direction. Owing to the previous putting 
out of action of the fesl-poni, engine is slowed down, 
so that the shock of reversing is minimised. When the 
engine has reversed, the bell-crank E resumes its former 
position, and fuel is again injected at the top of the 
stroke for normal running. 

As stated, the larger engines are started by compressed 
air. This is stored in an air-vessel conveniently placed 
in the engine-room. In the first instance this vessel must 
be charged from some independent source, such as a 
hand-pump, but afterwards the engine itself is used for 
err. in the following manner :— 

en the og is finished with for propelling 
purposes, the fuel is cut off one cylinder, the other one 
continuing to drive the engine, the propeller bein 
declutch The cylinder from which fuel is cut o 
continues, in other respects, its normal cycle, and as it 
compresses the air on its up-stroke, this compressed air 
is passed through a valve into the reservoir. The starting 
is effected by poaes the engine just over the top centre, 
and opening the air-valve sharply by hand, thereafter the 
fuel-valve is opened, and the ignition of the fuel takes 
lace. in the hot cylinder-head chamber E, as before 
escribed. 

The type of engine for larger powers is that on the 
Divsel principle, on what is called ¢ the ‘* Diesel cycle of 
combustion.” This cycle of combustion is based upon 
the fact that when air is compi to 450 Ib. per sq. in. 
it attains a temperature of about 1000 deg. Fahr., and 
this ignites the atomised crude oil with which it is brought 
into contact. 

The Maschinenfabrik Augsburg Niirnberg A.-G., Ger- 
many ; Messrs. Carels Fréres, of Ghent ; Messrs. Sulzer, 
of Winterthur ; Messrs. Schneider, of Ureusot ; Messrs. 
Nederlandsche Fabriek van Werktuigen en Spoorweg 
Materiel, Amsterdam, and Messrs. Burmeister and Wain, 
Copenhagen, are the firms principally working at this 
development at present. Messrs. Schneider work with 
Messrs. Carels Fréres, as do also Messrs. Vickers Sons 
and Maxim. 

The firm, however, which so far has done most work 
in developing the two-cycle reversible marine crude-oil 
engine on the Diesel principle is the Maschinenfabrik 
Augsburg Niirnberg. This firm has an enormous experi- 
ence in large gas-engines and in building Diesel engines 
for stationary purposes, and now has several eminent 
marine engineering firms abroad as licensees, and in 
Great Britain the licenses are in the hands of :— 

Messrs. Harland and Wolff ; the Fairfield Shipbuilding 
and Engineering Company, Limited; Sir W. G. Arm- 
strong, Whitworth; and Co., Limited ; Messrs. Cammell 
Laird and Co., Limited; Messrs. J. 8. White and Co., 
Limited ; Messrs, Yarrow and Co., Limited; Messrs. 
Babcock and Wilcox, Limited, and the extensiveness of 
this organisation, and the author’s connection with it, in 
addition to the fact that these engines are, up to the 
resent, the most largely adopted, has led to its being 
put forward as an example of the latest development of 
the reversible two-cycle crude-oil marine engine. It is 
constructed single-acting and ae 

The crude-oil marine engine on the Diesel cycle of 
combustion made by the Maschinenfabrik Augsburg 
Niirnberg, hereinafter referred to briefly as the Niirn- 
berg engine, found its first introduction for propulsion of 
submarines. The before-mentioned advantage of engines 
working with crude oil which is difficult to ignite applies 
most forcibly to such craft, and the advantage of such 
engines being reversible without requiring clutches or 
gearing is a recognised one. 

Submarines are now coming into use which have in 
them as much power as two engines of 900 horse-power 
each, and even larger powers are contemplated, and these 
reversible engines have adopted in the German, 
French, Danish, Dutch, Italian, and American navies. 

From the records which have so far reached the author, 
this engine appears to be the most economical in weight 
for the power produced. In the type used for submarines 
the average weight of fairly large sizes is 35 lb. to 37 Ib, 
per effective horse- power. P t 

This engine for use in submarines, pinnaces, and any 
case where great lightness is required, is run at compara- 
tively high speeds, varying from 550 revolutions per 
minute for a 200-horse-power engine to 420 for an — 
of 900 horse-power. For lightness the framing and - 


lates are made of manganese bronze, and gear-covers, 
—" of aluminium 

The Niirnberg Works have already made twenty-two 
or twenty-four of these engines, and have others in hand. 
Fifteen have been made for submarines. The American 
licensees, the Holland Submarine Boat Company 


have in 





licensees 


band fourteen such engines, and the French 
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four. In this country, Messrs. J. Samuel White and Co. 
are building two engines of 150 brake horse-power for 
pinnaces for the Argentine navy, two 150-horse-power 
engines for a yacht, and one for a pinnace for their own 
use, and Messrs. Yarrow and Co. are building an engine 
of 300 brake horse-power. At Niirnberg two such engines 
of 2400 horse-power each are under construction at the 
present time. : r 

The same principle of engine has been used, but built 
with less regard for saving in weight and at less cost per 
horse-power, for slower running commercial installations, 
These engines run at speeds of from 360 to 160 revolutions 
per minute. Of this type the Niirnberg Company have 
already built sixteen . + for tugs, yachts, cargo, and 
passenger boats. All the before-mentioned engines are 
single-acting. 

he reversible double-acting two-cycle engine is on the 

eve of being tried commercially for long distances on a 
vessel of "the Woermann Line, and on a vessel of the 
Hamburg-Amerika Line, both vessels being built by 
Messrs. Blohm and Voss. In the case of one vessel there 
are two engines of 1000 horse-power, and in the other two 
engines of 1500 horse-power. In all these engines there 
are only thres cylinders. The former engines have gone 
through shop tests, both in the works of the Niirnberg 
Company at Niirnberg and in the works of Messrs. 
Blohm and Voss (one of the engines having been built by 
each firm), and these shop tests have shown them to run 
most satisfactorily. The following are the particulars of 
one of the 1000 horse-power engines :— 


Number of cylinders ede nS: ee 3 
Diameter... &e iA 18.9 in. 
Stroke ... al ee =" my os). ae 
Revolutions of the engines ane ide 125 
Diameter of crank-shaft ... : 12 in. 
Weight of engine ... aa 75 tons 
Limits of speed from 40 to 125 revolutions normally.* 


The double-acting engine most closely resembles the 
reciprocating marine steam-engine, everything below the 
cylinders being practically identical and open for inspec- 
tion. 

Description of Single-Acting Engine.—The single-acting 
engines are made with from four to eight cylinders, 
depending upon the power, six cylinders being the most 
usual arrangement, and ranging from 150 to 900 horse- 
power ; eight cylinders are adopted where the same power 
is to be obtained as on a six-cylinder, but with a lesser 
number of revolutions. 

For all engines on the Diesel principle, an air-com- 
pressor and a means of storing comp air are essen- 
tial. The air-compressor may be attached to the main 
engine, or it may be separate and independently driven. 

he single-acting engines are made entirely enclosed. 
The cylinders are jacketed and cooled with sea or fresh 
water. The connecting-rods are of the usual gudgeon- 
pin type used in single-acting engines. The piston is of 
two diameters, the upper part being the working piston 
above which the combustion takes place. The lower and 
aa diameter works in a liner and forms the guide as 
well as the compressor for the scavenge air. This air is 
drawn in on the down stroke, and on the up stroke is dis- 
charged at a pressure of about 5 lb. into a reservoir formed 
in the upper part of the crank-case, and from this is led 
to the scavenge valves. 

A cam-shaft, running along the tops of the cylinders, 
carries for each cylinder one cam to operate the fuel 
valve, and one for the scavenge valve, as well as the ahead 
and astern manceuvring cams. This shaft is driven from 
the crank-shaft by a vertical spindle, fitted with helical 
wheels at each end. 

The vertical spindle is not solid all the way up, but is 
fitted with a coupling or clutch, which allows the lower 
part to revolve through 30 deg. before driving the upper 
part and the cam- t. Thus, if the engine is reversed, 
the crank-shaft and lower part of the vertical spindle will 
revolve through 30 deg. before the upper part and cam- 
shaft move, and this will bring the cams into a fresh posi- 
tion relative to the crank-shaft. In this new position 
they will give the fuel and scavenge valves the same point 
of opening and closing relative to the piston travel as 
they previously had in the ahead position. The cam- 
shaft, at the forward end, drives a tachometer for showing 
the speed of the engine, and an emergency governor for 
cutting off the fuel supply, should the engine race. 

From this vertical shaft are driven, by worm gear, the 
pumps for supplying lubricating oil to the cylinders. 
There is a visible feed, and the oil is positively de- 
livered by a force-pump vo each cylinder. All the bear- 
ings are lubricated by oil under pressure, which is forced 
round by a pump working at the forward end of the 
engine. This oil is collected in the crank-pit and passes 
through a filter and , and is then pumped round the 
bearings — The thrust-block is made either as part 
of, or at to, the main bed-plate, and ocmbacies 
are turned on the after end of the crank-shaft. The bear- 
ing is adjustable, so that there should be no chance of the 
crank-shaft getting out of line fore and aft with the 
guide position. In the sizes of engine this oil, 
passing th h the cross-he:d and the piston-rod, is 
pumped round the hollow top of the working piston also 
to keep it cool. ; 

Forward of, and in line with, the cylinders is fitted a 
two-s air-compressor, driven from an extra crank. 
This delivers air at about 800 lb, pressure into the injec- 
tion air vessel, which stands —— the engine. From 
this vessel a pipe leads to the fuel valve on each cylinder, 
the pressure of air for yey | the fuel being 
by a valve. The surplus air is led from this to the 


starting air-reservoirs fitted on the side of the engine- | engi 


* The engine hes been run quite satisfactorily up to 
220 revolutions per minute. 


ted | fuel may be cut off one end of 





room, so as to keep up the reserve of air necessary for 
manceuvring. ¢ 
At the extreme forward end of the crank-shaft is an 
eccentric from which motion is given to the lubricating- 
oil pump, the cooling-water = and the fuel-oil pum 
Of these latter there is one for each cylinder, forcing the 
fuel oil into the fuel-valve casing. When the needle-valve 


lifts the chenge of oil in the casing is driven into the 
Tee epend top ~~ ied by regulating th 

e 8 of the engine is vari y ing the 
quantity of this charge of fuel oil, the position of the 
manceuvring lever controlling the lift of the suction valves 
of the fuel-oil erat pee When reversing, the fuel oil 
is cut off automatically by this lever, until the engine starts 
by air in the new direction, when it is again supplied to 

e fuel valves. 

In addition to the fuel and scavenge valves each 
cylinder is fitted with an air starting-valve. This is 
operated by comp air from the reservoirs which, 
acting on top of a — presses the valve —— 

The reversing of the engine is accomplished by the 
operation of either a lever or a hand-wheel on -crank 
tappets, which operate air-valves. The head of each 
cylinder is provided with a fuel-valye, with its injection- 
air attachment, and a scavenger valve, and these are 
operated by two of the cams on the cam-shaft, and, in 

dition, there is a starting air-admission valve arrange- 
ment operated by the other two cams. These cams are 
set for going ahead or going astern, and admit air to the 
piston of the air-valve in the cylinder-head. ’ 

As before stated, there is always one of the pistons in 
a position to go ahead or astern on receiving an impulse 
of compressed air, and as the engine starts to go ahead or 
astern in this manner, the movement of the lever also 
operates the fuel-admission valve, so that before the air is 
entirely shut off the cylinders are firing ; the same takes 

lace in whichever direction the engine is started. The 
Eret movement of the lever from the centre point also 
operates an air-pipe for opening simultaneously the air- 
valves on all the cylinders for an instant, to enable any 
gases in the cylinders to be blown out. 

The capabilities of these engines for manceuvring were 
demonstrated on the tug Niirnberg at Rotterdam. 
Repeatedly on trials and in ordinary work the times 
taken to effect changes have been observed to be :— 

Full speed ahead to full speed a 
ulls to full 5 astern 
Full speed ahead tostop _... al 23 
Stopped to full speed ahead ... — 

The engine having started on fuel, now pursues its 

normal cycle, which is as follows, and is shown by Fig. 3, 


on page 471. 
ust before the piston reaches the top of its stroke, the 
fuel valve opens and a charge of fuel is injected by means 
of the injection air, the ure of which is higher than 
t of the air compuamel an’ the up stroke of the piston. 

The fuel oil is atomised in the fuel valve, and entering 
in a spray mixed with the injection air, it ignites, the 
ignition being due to the sce nr age of the compressed 
air in the cylinder. This combustion continues for about 
one-twelfth of the stroke, when the fuel valve again shuts, 
and the gases expand, driving the piston down, until the 
top of the piston uncovers the exhaust ports. 

The are then free to escape to the atmosphere 
through the silencer. Their expulsion is made certain by 
the admission of scavenging air which has been com- 
pressed to about 5 lb. pressure, and which, entering by 
the scavenge valve, sweeps out the burnt gases and leaves 
the agony! full of fresh air, which is compressed to about 
450 lb. per sq. in. by the up-stroke of the piston. The 
scavenging air is compressed in the case of double-acting 
—— by pumps driven from the main engines. 

The consumption of fuel oil varies from 0.52 1b. in 
small engines to 0.45 Ib. in large engines. This is assum- 
ae tees the oil fuel has a calorific value of about 18,000 
B.Th.U., which is the average for these oils. 

Description of Double-Acting Engine.—The double- 
acting engine is built with three working cylinders and 
the scavenge-air cylinders arranged on either one of two 
plans to suit the exigencies of the ship design. In one 
arrangement these scavenge cylinders are in line with 
the working cylinders, and their pistons worked from a 
continuation of the main crank-shaft. In the second 
arrangement they are placed on the side of the engine 
and worked by rocking levers from the main crossheads. 
This ai ment saves length, and enables the com- 
pressing cylinders to be put on the main frame and 
worked by a continuation of the main shaft. 

The framing below the cylinders is very massive, and 
the c , guides, and connecting-rods are made just 
as in a steam-engine. The pistons not being stepped to 
form scavenging pumps, separate scavenging pumps are 
essential. The cylinders are provided at the bottom end 
with stuffing-boxes, the form of stufting-box being that 
which has been used suscessfully for a number of years in 
the large gas-engines made by the Niirnberg Company 
with most satisfactory results. 

_ The cycle of operation is precisely the same as in the 
single-acting engine, except that it takes place at each 
end of the cylinder alternately, and for this reason there 
are cam-shafts both top and bottom of the cylinders. 

In order to get a better distribution of fuel oil and 
more even burning, the valves at the bottom are in 
duplicate. The reversing and starting gear is similar to 
that on the single-acting engines, but actuates starting 
air-valves at each end of the cylinders. There is also an 
arrangement whereby in starting or running slowly the 
c the cylinders, leaving the 
other end firing only, and so running as a single-acting 


ne. 
‘Lhe bearings, as in the single-acting engines, are lubri- 
cated by oil under pressure, and this same oil is used to 
cool the working pistons, being pumped through the cross- 





heads and piston-rods. The advantage of using oil is 
that, should any | occur, no harm is done, whereas 
if water be used and leaks down into the crank-pit, it 
seriously affects the lubricating quality of the oil circu- 
lating round the bearings. 

For auxiliary purposes, on a ship, non-reversible 
engines are used, driving dynamos to enable the auxi- 
liaries to be worked by electricity, or a separate smal] 
steam installation may be used. On the single-acting 
engines hitherto the compressor has ee been driven 
off the main engine, and is in line with the other cylin. 
ders. In the double-acting engines, which have so far 
been constructed for the vessel for the Woermann Line, 
there are separate compressor engines. This appears to 
have advantages in manceuvring. Designs, however, 
have been got up in which the compressors are driven 
from a continuation of the crank-shaft, the scavenging 
pumps being driven by rocking levers. In all these 
Pestallations a small auxiliary compressor is usually fitted 
for manceuvring. 





THE CORROSION OF BRASS, WITH SPECIAL 
REFERENCE TO CONDENSER-TUBES.* 


By Pau T. Britny, M.Sc. (Bowen Research Scholar, 
University of Birmingham). 
(Concluded from page 438.) 
Tue Errect or CrysTat Sizx. 

To test the influence of crystal size on the rate of 
corrosion, six 70/30 plates were taken in the hard rolled 
condition, three of them being annealed at 700 deg. Cent. 
for 10 minutes, the other three at the same temperature 
for 3 hours. By this means two sets of plates were 
obtained, one with small crystals, the other with crystals 
very much larger; and as both sets were cut from the 
same strip, they were, of course, of identical composition. 
After thorough cleaning with dilute sulphuric acid and 
emery paper, the plates were weighed and immersed in 
synthetic sea-water, which was kept stirred, on an 
average, for 10 hoursa day. No precautions were taken 
to maintain a constant temperature. The plates were 
removed from time to time, washed in a stream of water, 
dried with alcohol, and re-weighed, with the following 
results :— 

LARGE AND SMALL CRYSTAL STRUCTURES. 


Loss in Grammes per 46 Sq. In. of Surface. 


Time in Weeks. 


1-0 


0-3 | 0-9 | 0-12 0-15 


0.5839 
0.5600 
0.5653 





0.2893 | 0.4893 
0.2918 | 0.4905 
0.8186 | 0.4991 


0.0751 
0.0800 
0.0795 


0.0853 
0.0542 


0.0493 
0.0512 
0.0520 


0.8168 | 0.5203 
2996 | 0.53 7 
0.2878 | 0.4996 


0.62538 
0.6518 
0.5994 


0.0518 
0.0456 
0.0445 


rem mam 
onw~ wre 








The loss in weight during the first six weeks shows on 
the whole that a small crystalline structure is conducive 
to more rapid corrosion. If we suppose that the electro- 
motive force remains unchanged with prolonged annealing, 
it might happen that corrosion will be greater with sma 
crystals than with large ones, owing to the greater surface 
ex le 
As a matter of fact, however, the electromotive force is 
raised by annealing—that is to say, the brass, which is 
now built up of large crystals, tends to dissolve faster. 
Therefore, unless the annealing has been very prolonged, 
so as to ensure a sufficient difference in superficial area, 
a coarsely crystalline condition, which is the usual case, 
will mean an inc rate of corrosion. This increase 
is obviously not due to crystal size, but to a rise in the 
electromotive force. The method of manufacture of 
condenser-tubes does not permit of serious variations in 
the crystalline structure, and therefore crystal size plays 
a very insignificant part in the problem of corrosion. 
The figures given indicate that after some twelve weeks 
the small crystalline plates, which had hitherto corroded 
faster, now commence to lose weight more slowly than 
the large crystalline plates. It would be interesting to 
ascertain the reason for such a change. 


Errect OF DIFFERENT ANNEALING TEMPERATURES. 

In order to obtain information on this point, three 
specimens of 70/30 brass were annealed in an electric 
furnace and slowly cooled. The figures show that corro- 
sion increases with the temperature of annealing. It is 
not good, therefore, for the final annealing in the manu- 
fecture of condenser-tubes to be unduly long. 


Specimen 1, annealed half an hour at 350 deg. Cent. 
Specimen 2, annealed half an hour at 470 deg. Cent. 
Specimen 3, annealed half an hour at 600 deg. Cent. 


The microstructure is finest with No. 2 and largest 


with No. 3 
Loss in Grammes. 





IL. IIL 


| 
} 
0.0315 | 
0.0602 


Time in Weeks. | I. 


0.0270 
0.0528 | 
0.0732 0.0772 
0.0968 0.1014 


Q) (quenched from red-heat) = 0.0479 
Qe (quenched from red-heat) = 0.0445 
No, 1 (slowly cooled) = 0.0203 
No. 2 (slowly cooled) = 0.0207 





0.0341 
0.0663 
0.0935 
0.1306 


read before the Institute of “Metals at New: 
ptember 21, 1911. 


* Pa 
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The effect of quenching is to increase the rate of corro- 


" Errrct or Rouuinc. 

3rass, on rolling, becomes more electro-positive, or, in 
a ~ weed more liable to corrosion than the soft metal. 
The energy ee is partly evolved as heat and partly 
stored up in the metal as a kind of potential chemical 
energy ; the rolling results in the production of an amor- 
phous modification which is electro-positive to the crystal- 
line metal, and the resultant voltaic effect causes more 
id solution. To test the effect of rolling, three plates of 


raj brass were hard rolled to different extents and then 


70/30 
immersed in sea-water. 
Plate H, was 0.1 __ in. thick. 
” Hy ” - ‘4 5 ” 
” Hy; ” 0. 075 2° 


The loss in grammes per square inch surface was as 
follows :— 








Time in Weeks. Hj. | Ho. Hs. 
0-2 0.0049 0.0053 0.0058 
0-3 } 0.0053 } 0.0057 0.0062 
0-6 9.0083 0.0085 0.0092 
0-9 0.0098 } 0.1010 0.1070 








The figures show clearly how the rate of corrosion in- 
creases with the amount of work. 

a stri 
wenn hard rolled and the other well annealed, and 
immerse it in dilute HCl, bubbles of hydrogen will 
be disengaged at the cathode—i.e., on the annealed 
limb. After some hours the hard-rolled limb will be 
ractically dissolved away, whilst the other will have 





een markedly less attacked. At the junction of metal 
brass 


and liquid corrosion will be very pronounced, the 


Fig. 4. Fig. S. 

















being eaten through in a suc- 
cession of perforations similar 
to the olen of a postage 
stamp. Any convex bands in 
the metal are harmful, as the 
limbs tend to peel at such 
localities of strain, and the 
gases evolved from below, be- 
coming entangled in the pro- 









—— 
YrE 


jecting scales, help them to breakaway. On rolling, there , 


is a slight increase in density, which must result in a fall of 
electromotive force owing to the now closer agglomeration 
of the molecules; the imparted energy, however, more than 
counterbalances this fall. The depth below the surface 
to which the effect of rolling will be felt will depend upon 
the amount of rolling. It follows, therefore, that a slight 
degree of work will influence the polarity of the brass to 
only a limited extent. The electromotive force cannot 
be raised by work beyond a certain definite value. 
Beilby’s work on the surface effect of rolling well repays 
the trouble of reference; it is from his paper on the 
subject that the following extract has been taken: ‘* Ex- 
tremely slight mechanical treatment will suffice to cause 
molecular movement and flow on the surface of a highly 
crystalline substance. A freedom of movement has been 
conferred on the molecules which enables them to behave 
like liquid molecules. This freedom lasts only so long 
as the molecules are moving over each other. hen the 
movement ceases we must assume that the freedom also 
ceases, but not before the molecular attraction has drawn 
the surface into a continuous covering skin comparable in 
smoothness with the surface of a liquid.” 

In view of the more rapid corrosion of hard rolled 
metal, it would appear advisable, we ge mgr J the thin- 
ness of the tube wall, that the last pinch in the drawing 
of condenser-tubes (after the fi annealing has been 
performed) should be as small as possible. 


EXPERIMENTS ON THE CORROSION OF ANNEALED 70/30 
BRasSS UNDER DIFFERENT CONDITIONS. 

A series of experiments were undertaken to test the 
rate of corrosion under varying conditions, such as are met 
| tee in practice, and the results are given below in tabular 
orm -— 


1. In Stagnant Sea- Water at the Ordinary Temperature. 
Loss in Grammes per Square Inch Surface. 





Period in Weeks. Plate I. Plate II. Average. 
0-1 0.0023 0.0019 U.00207 

0-3 0 0041 | 0.0038 0.00384 

0-6 0.0065 | 0.0063 | 0.00643 

09 _| = acne 0.0077 | __—0.00771 





of brass bent over in the shape of a U, | 


2. In Stagnant Sea- Water at 40 Deg. Cent. 
Loss in Grammes per Square Inch Surface. 











Period in Weeks. Plate I. Plate II Average. 
0-1 0.00181 0.00181 0.00181 
0-3 0.0044 0.00435 0.00438 
0-6 0.0073 0.0076 0.00737 
0-9 0.0106 0.0111 0.01087 





Air was bubbled through the sea-water for seven hours 
a day, when the following results were obtained :— 
3. Effect of Air on Corrosion. 
Loss in Grammes per Square Inch. 








Period in Weeks. Plate I. Plate Il. Average. 
0-1 0.0014 0.00205 0.00172 
0-3 0.00713 0.00593 0.00653 
0-6 0.00957 | 0.00760 0.00886 
0-9 0.0107 0.00811 0.0093 


"4. Effect of § per Cent. NH; in Salt Water. 
Period in Weeks. Loss in Grammes per 












Square Inch. 
0-1 0.0054 
0-3 0.0062 
0-6 0.0087 
0-9 0.0086 
5. Effect of 4 per Cent. HCl in Salt Water. 
0-1 0.0237 
0-3 0 0556 
0-6 0.1263 
0-9 0.1501 
6. Effect of 4 per Cent. KOH in Salt Water. 
0-2 0.00083 
0-6 0.00063 
Fig.7. POLARIZATION CURVES 
— BascG; "‘3Gns dia.x 
-~-- Zinc Oxide 5Gns long 
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Errrct or BinGE-WaTER. 


Bilge-water was always found in the wooden ships of 
former years, and was formed by the contact of sea-water 
with decaying wood. Its effect on copper and brass is, 
as may naturally be expected, much more rapid than that 
of ordinary sea-water, and 9 anchored off jetties near 
which sewage is discharged have frequently been seri- 
ously affected. The action seems to depend on the 
formation of corrosive sulphur compounds, the presence 
of hydrogen sulphide being readily discl by its 
characteristic odour ; hydrochloricacid may also be formed. 
Wood kept immersed in sea-water isimmune from decay, 
rot only setting in on =a to atmospheric agencies. 
Interesting cases are cited by B. F. Isherwood. One ship, 
stationed off West Africa, in the vicinity of a swampy 
eoast, had its copper sheathing attacked with amazing 
rapidity. In the other, the water obtained from a river 
fed partly from swampy areas was so corrosive that the 
boilers in which it was used never gave any trouble from 
scaling. Z shes 

Some lengths of condenser-tubing, containing plugs of 
seaweed, were imm in sea-water for two months. 
They were then cut in half in the direction of their length 
and examined. The outer surface was darkened by a 
film of sulphide, and showed occasional patches of oxy- 
chloride. The inner surface was similarly affected. 
Dezincification had only taken place to a slight extent ; 
and corrosion, though more marked than in the other 
experiments, showed no immediate tendency to become 


dangerous. 
Errect or OIL. 


The oil used in the lubrication of the piston and slide- 
valves should be composed of hydrocarbons only—that is 
to say, it ought always to be of mineral origix. It is not 
advisable to employ organic oils for the purpose, as they 
possess more | at high temperatures than do the 
previous class. ey are soo, on ae other hand, to 
partial decomposition in the presence of steam, giving 
rise to Geetline and free acid, which latter becomes 
a serious danger when in contact with the wall of the 
condenser-tube. Any oil which may find its way into the 
condenser does so in the form of vapour, owing to the 
temperature in the cylinder and the continuous rush of 
steam from it. In the condenser the oil condenses on the | 





tubes in the form of minute globules, which give rise to 
i ular corrosion. 

The figures given leave no doubt that a rise of tempe- 
rature up to a certain extent is favourable to corrosion, as 
it increases the reaction velocity between the brass and 
the sea-water. An increase in the quantity of dissolved 
air also promotes chemical activity. The very imperfect 
agreement between the losses in weight of Plates I. and 
II. is due to the fact that the nozzle of the air-duct was 
for the greater portion of the time placed closer to I. 
than to IT. 

The supply of sea-water was changed every third week ; 


corrosion during this period was most marked just after 
such renewals, the reaction velocity being proportional 
to the concentrations of the salts dissolved in the sea- 


water. As the concentrations must diminish with time, 
the rate of corrosion, other conditions being constant, 
must gradally diminish. 


Relative Rates of Corrosion of Muntz Metal and Copper in 
Salt Wate 





rT. 
| 
. — Muntz Metal. Copper. 
Time in Weeks. | Grammes per Sq. In. | Grammes per Sq. In. 

0-1 0.00223 0.00102 
0-3 0.00305 0.00347 
0-7 0.0076 0.0078 
0-10 0.00843 0.0107 


If predictions based on the constitutions and electro- 
motive forces of the two metals were to be made, one 
would certainly think that Muntz metal, by virtue 
of its dual structure and higher electromotive force, 
would be more liable to corrosion than copper. As a 
matter of fact, such predictions would not _ entirely 
correct. Muntz metal corrodes somewhat more than 
twice as fast as copper during the first week of immersion 
in sea-water. This may naturally be expected. Why, 
then, does copper corrode more rapidly with further 
lapse of time? The most apparent cause is found by an 
examination of the specimens. Copper exhibits a ten- 
dency to peel, thereby incurring a mechanical loss in the 
first place and a chemical one in the second by the 
continual exposure of fresh surfaces. Muntz metal, on 
the other hand, shows no such tendency, although the 
surface becomes roughened by the unequal rate of attack 
of the a and £8 constituents. The ling is certainly 
not due to any strained condition of the surface, as the 
copper was annealed before use. Another explanation of 
the greater durability of Muntz metal is that the oxide 
film which forms on it isa mixture of the oxides of copper 
and zinc, whilst the film that appears on copper is cuprous 
oxide. Zinc oxide is very much less harmful electro- 
chemically than cuprous oxide, because of its smaller 
difference of potential and higher specific resistance. 
Further, as the oxide film forms the cathode, hydrogen 
will be evolved at such negative areas ; cuprous oxide is 
in all probability reduced by nascent hydrogen at the tem- 
perature of the condenser-tube—i.¢., 40 deg. Cent.; that 
it is comparatively easily reduced is seen by the fact that 
ordinary hydrogen reduces it at 155 deg. Cent. The 
reduction of the cuprous oxide may explain the peeling 
referred to above. 


Errect or Srray Evecrric CuRRENTS. 


There can be no doubt that stray currents of electricity 
escaping from imperfect fittings increase the rate of corro- 
sion of condenser-tubes by increasing the velocity of 
removal from the solution of the charged ions. Troubles 
from this source not infrequently arise both on ships 
using continuous current to a great extent, and in tram- 
way ny | stations, where the negative pole is 
earthed. On this subject Mr. Milton, writing on the 
decay of metals, says :— 

‘*If, for instance, there is a leakage from the positive 
cable in such a position that part of it proceeds to the sea 
(earths) through the water flowing through the condenser- 
tubes, which are, of course, clean metal, instead of through 
the hull of the vessel, which is kept painted in order to 
prevent any actual contact between the iron and the sea- 
water, some electrolytic action must take place in the 
tubes themselves.” 

The prevention of corrosion from this source can be 
effec by providing a good path for the stray currents 
outside the condenser. 

“This may be done by making a connection between 
the condenser-tube plates, the cooling-water inlet, the 
outlet piping, and the air-pump suction piping, by means 
of a large cable, which need not be insulated, so that the 
condenser is, so to speak, short-circuited. As a rule, the 
locality of the stray currents can usually be accurately 
determined by careful voltage measurements, and the 
most suitable points for the connection of the short- 
circuiting cable chosen accordingly.” 

The importance of stray electric currents on corrosion 
is further emphasised by the instance cited by another 
writer, who states that two water-pi each close to an 
electric lead, were eaten right through in small holes, 
apparently punched out of the metal. 

Certain Substances Arranged in the Electro-Chemical 
Scale.—By means of the potentiometer certain corrosion 

roducts were ay the electro-chemical scale, 

e products were in glass tubes, and by testing 
one against the other their respective itions were 
ascertained. Sea-water was employed as electrolyte. 


1. Brass. 7. bron hydrate. 
2. Zinc oxide. 8. a zinc carbonate. 
e 


3. Oxychloride. 9. Coke. 

4. Iron oxide. 10. Basic copper carbonate. 
5. Cuprous oxide. 11. Tin oxide. 

6. Cupric oxide. 








as the passage of an electric current between any two 
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of the above substances demonstrates that electro- 
chemical action between the corrosion products them- 
selves must take place to some extent. 

The specific resistances were next measured to see 
whether any one of them would be so high as to be unable 
to function as one pole of a galvanic couple. The appa- 
ratus employed is represented in Fig. 5. 

The zero point having been noted, the deflection D, , 
with the megohm resistance in circuit, was next obtained, 
after which the deflection D, z, with the standard resist- 
ance + the resistance of the corrosion product in circuit, 
was taken. These values were found by the alternate use 
of the keys K, and Ky, whence 


zero deflection -Dsz__—1 
zero deflection -D, 1+ 2 


from which x can be valuated, and from this the specific 

resistance is calculated from the formula 

a x (diameter)? x 0.785 
length 


the length and diameter referring to the dimensions of 


Specific resistance = 


Fic. 11. Conpgenser-Tuse sHowine SEASON 
CRACKING AND Strone Prrtine. 


the cylinder of pamanatil pm which was contained in 
the apparatus represented in Fig. 6. 

It consists simply of a glass tube containing a known 
length of well-rammed corrosion product, and fitting into 
a brass socket. To ensure a good contact between the 
brass rod and the powder, a weight of 50 grammes 
was placed on the seats. The following table gives cer- 
tain substances in the moist state in increasing order of 
resistance per cubic centimetre :— 

Ohms. 


<1,000 
<1,500 


. Coke ‘ ‘ds 

. Cuprous oxid> .. 
3. Tron oxide " és 2,800 

. Basic zinc carbonate ... : ,000 

. Basic copper carbonate os i, 

. Zinc oxide a ca ‘ 

. Oxychloride 

. Cupric oxide 


10,000 


These figures are only approximations, as it is difficult 
to ensure the various powders being of the same degree 


of moistness, although every effort was made to lessen 
errors from this source. 
The values for the dry state were :— 
Megohms. 
0.5 
1.4 


Zinc oxide... 
Ferric oxide 
Cuprous oxide 0.13 
Cupric oxide 10.25 


The thickness of the deposits on a condenser-tube is 
small, and as the specific resistances are not of a high 
order, little opposition will be offered to the p of 
an electric current; hence we may suppose that all the 
products of corrosion, when wet, set up electro-chemical 
action with the brass. From a consideration of the above 
results, we see that the most dangerous substances are 
carbon, cuprous oxide, and iron oxide. Iron hydrate and 
the oxychloride promote chemical action by the absorp- 
tion of oxygen. 


POLARISATION AND DEPOLARISERS. 
By the passage of an electric current from brass to any 








of the corrosion products resting on it, hydrogen is 


Kat 


Fic. 9. Srace 2 1n Corrosion ; Pittina 
Mucu More Pronovuncen. 


Fic. 12. From a PHoToGRAPH ILLUSTRATING 
THE PEELING or CopPeER. 


evolved at the cathode, and, being a high insulator, it 
will tend, unless removed, to stop any further action. 
The cathode is said to be polarised by the hydrogen, but 
as there is always a certain amount of oxygen dissolved in 
sea-water, the hydrogen will be ealdteal cal removed to 
some extent. In the case of a condenser-tube, polarisa- 
tion is a unlikely, as the bubbles of hydrogen are 
mechanically removed by the swirl of water. Some 
experiments were carried out to study the rate of polar- 
isation in still water, and a couple of typical curves are 
given. ‘They show that the substances considered act as 
depolarisers in a small way by absorbing the hydrogen, but 
the current which can pass would eventually very 
slight. 

Schoch, investigating the passivity of a nickel anode in 
sulphate and chloride solutions, attributed the pheno- 
menon to the formation of an oxide film of extreme thin- 
ness, and not to polarisation by oxygen. Reeovery from 
the passive state is quick in acid and slow in neutral 
electro! An anode therefore is either dissolved or 
oxid according to the character of the anions present, 


the tendency to oxidise being represented by the following 
order :— 


1. Halogens. 2 
2. Sulphates. 5. Nitrates. 
3. Acetates. 6. Chromates and hydroxides. 


Some reaction must therefore take place either between 
the anions and the anode, or between the anions and the 
entering metallic ions. ‘‘ Alkaline acetate solutions ar: 
able to convey currents of greater density than sulphates 
on account of anodic depolarisation, resulting from th: 
oxidation of the acetion to methy! alcohol.” he paper 
is suggestive of the causes which govern the behaviour of 
certain anodic segregations in brass, such as, for example 
the behaviour of free lead and tin. C. Russo, working on 
the same point, attributed the passivity of the nickel anode 
to the formation of a solid solution of oxygen with the 
metal surface. The fact that this passivity was observed 
only within the range of certain current densities, 0.1 to 
0.4 ampere, would seem to show that in a ternary brass, 
where the third constituent has partially separated out, 
the ill or beneficial effect of this third constituent wil] 


4. Perchlorates. 








depend upon its potential difference as compared with the 








Fic. 10. Stace 3 1n Corrosion ; Howes 
In TUBE. 





rest of the metal. Free lead, for instance, being easily 
oxidised, retards corrosion. 

Influence of Surface Impuritics.—The influence of im- 
purities on the surface of 70/30 brass is given below, but 
as the difficulties due to polarisation could not be over- 
come under the conditions of the experiment, the poten- 
tial differences cannot be returned in definite terms. As 
far as was possible, equal contact areas of the several 
impurities were added. It was observed that for a given 
area of brass there was in the case of each impurity a 
certain contact area beyond which the effect became very 
marked. Therefore, for a given area of protecting metal 
only a definite extent of the other metal can be rendered 
corrosion proof. 

Effect. 
. Lead increases + in liquid Great 
. Iron increases + in liquid —.. 
. Machine-oil decreases + in liquid 
. Fireclay ... oa : ; 
. Carbon we ~ 
b = oxide... 
. Copper scale 

. Brass scale 

The Localities of Pits.—A 


Slight 


Small 
Slight 
Small 


int of interest and import- 
ance is the consideration of the circumstances which go to 
determine the localities where pitting will take place. 
In the case of 70/30 brass these localities cannot be sup- 
posed to depend upon the distribution of any segregated 
impurity. In fact, as has been pointed out, the presence 
in ener of free lead or tin, or, in fact, of any phase 
besides the a phase, would not, ipso facto, lead to an 
increased rate of corrosion, sea-water being the electro- 
lyte. The use of acid completely alters the conditions 
under which the metal is being destroyed. Here no film 
can form on it, owing to the solvent action of the acid, 
and the effect of the products of corrosion on the metal 
which is of very considerable importance—is altogether 
lost. Therefore it follows that in corrosion experiments 
it would be better not to use an accelerator. 
The positions of the more serious pits are probably 
pace by two factors—the presence of mechanical 
efects such as ‘‘ spills” and of certain deposits. Even 
a comparatively small spill in the tube wall will result, 
when the cooling water ceases to be pum through, in 
the formation of a little reservoir, to which air has com- 
plete access. It is precisely under these conditions that 
corrosion becomes very marked. A brass plate which 
had been immersed in sea-water for several weeks, and 
which had corroded ectly uniformly, was then so placed 
that } in. of the plate stood above the surface of the 
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liquid. In a few days the result was very noticeable ; 
along and just above the junction of liquid and 
air pitting had occurred, and the metal became quite 
bright and crystalline in appearance. The direct effect 
of the reservoir would therefore be an increased rate of 
corrosion along a contour, which would narrow as evapo- 
ation pr . 

: The aaa cause for pitting is the strong electro- 
chemical action set up by certain substances, Of these, 
ferric hydrate and carbon are probably the worst ; and of 
the corrosion products of brass, the oxychloride appears 
to be the most injurious. On two or three of the plates 
small pits were found under the patches of green deposit 
after the lapse of four months. The location of these 
patches depends on the roughness of the surface. The 
causes of abnormally rapid corrosion must be due to the 
presence of stray currents of some magnitude. Corrosion 
may be accelerated by the interaction of the various 
products of corrosion, but it is not rapid and local enough 
to give rise to pitting. 


Tue Errect or Impurities IN Brass, 


To study the influence of lead, tin, aluminium, and 
nickel on brass, some alloys were pre from the 
purest metals available. : . ‘ 

The proportion of copper to zinc aimed at was approxi- 
mately 75 : 25, so as to prevent variations in the electro- 
motive forces so far as the copper-zinc content was 
concerned. Lawrie has shown that the electromotive forces 
of the brasses from 100 to 75 per cent. copper remain con- 
stant, and therefore any fluctuation in the electromotive 
forces of the special alloy can be ascribed to the addition 
of the third metal. The copper was first melted under 
charcoal in a coke-fired wind furnace, the zinc was then 
added, and finally the desired addition. After thorough 
mixing the alloy was cast in iron moulds in the form of 
plates. The nickel was added as cupro-nickel containin 
15 per cent. nitrate. The alloys were rolled with a fina 
annealing at 600 deg. Cent. for 10 minutes. After pickling 
and cleaning they were weighed and immersed in sea- 
water, the loss of weight from time to time being com- 
pared with a standard alloy consisting of copper and zinc 
only. 

. Composition of the Alloys. 
Standard : Copper, 74.5 per cent.; zinc, 25.5 per cent. 


Alloy No. 2. Alloy No. 3. Alloy No. 4. Alloy No. 5. 
Per Cent. Per Cent. Per Cent. Per Cent. 
Cu 74.97 75.20 74.12 75.34 
Zn 24.09 23.82 24.90 23.78 
Pb 0.94 Sn 0.98 Ni 0.98 Al 0.91 

Alloy No. 6. Alloy No. 7. Alloy No. 8. Alloy No. 9. 
Per Cent. Per Cent. Per Cent. Per Cent. 
Cu 74.35 74.85 75.21 73.95 
Zn 23.95 23.28 23.87 24.13 
Pb 1.70 Sn 1.87 Ni 1.92 Al 1.92 


Loss of Weight in Grammes per Square Inch Surface. 


Time in Weeks. Standard. Alloy No. 2. Alloy No. 6. 
_ m 0.0018 0.0016 0.0014 
03°.. 0.0058 0.0056 0.0045 
0-6 .. 0.0126 0.0119 0.0053 

Alloy No. 3. Alloy No. 7 Alloy No. 4. 
_ 0.0014 0.0028 0.0032 
03 .. 0.0061 0.0035 0.0079 
0-6 .. 0.0113 0.0034 0.0129 

Alloy No. 8. Alloy No. 5. Alloy No. 9. 
O-l .. 0.0036 0.0019 0.0005 
03 .. 0.0077 0.0070 + 0.0017 
06 .. 0.0133 0.0112 + 0.0012 


Every alloy may be considered to corrode in two 
stages—the first holding good when the metal is freshly 
immersed in the onvellag liquid, and therefore before 
secondary reactions occur to any appreciable extent ; the 
second when corrosion or oxidation products have been 
deposited or formed on the metal. We may accordingly 
consider that the loss during the first few weeks gives the 
true effect of the added impurity, although the ultimate 
effect may be quite different. This is seen in the relative 
rate of corrosion of 'Muntz metal and copper. The 
figures show that the initial effect of 1 and 2 per cent. 
lead, 1 and 2 per cent. tin, and 1 and 2 per cent. alumi- 
nium, is to increase the resistance to corrosion, whilst 
that of the nickel alloys is to diminish it. 

Unfortunately, the time was not available for a more 
thorough research along these lines. Such a research is 
of importance, as it seems to offer at present the only 
solution to the problem of lessening cofrosion. The 
effects of bismuth, arsenic, antimony; and lead, which are 
present only to small extents in copper, should be studied. 
Small percen s of lead, for instance, increase the rate 
of corrosion, whilst additions which result in the separa- 
tion of free lead retard it markedly. * As a sort of general 
summary, the avoidance of nickel and small amounts of 
lead, and the introduction of 1 per cent. of tin or 2 per 
cent. of aluminium are recommended. The effect of iron 
was not tried, but is in all likelihood an adverse one. 


Some ALuminium BrasszEs. 


As the aluminium brasses gave such 
from the corrosion point of view, a 
following compositions were prepared :— 


peas results 
ew alloys of the 


i Alloy No. 1. Per Cent. Alloy No. 2. Per Cent. 
Cu rs 74.32 Cu * ; 73.00 
Zn 25.21 Za 25.93 
Al oe 0.47 Al 1.07 

_ Alloy No 3. Per Cent. Alloy No. 4. Per Cent. 
Ca : 73.38 Cu i are 72.85 
Z “ os 25.01 Zn 25.12 
A ‘ es 1.61 Al 2.03 

Allor No. 5. Per Cent. 
Cu os ae « 74.35 
Za ia 22.60 
Al os eo . 3.05 





These alloys were immersed in an aqueous solution of 
hydrochloric acid, with the following results :— 
Rate of Corrosion in 600 Cubic Centimetres of 5 per 
Cent. HCl (Three Weeks). 
Loss in Grammes. 


Alloy No. 1 5.8775 
=~ mee 5.0709 
» Nos 4.8457 
<< 4.8237 

No. 5 0.8193 


The Necessity of CO. and Oxygen for Corrosion.—In 
connection with the necessity of both CO, and O, for 
corrosion, a necessity which has m insisted upon by 
Professor Cohen and others, some experiments were 
carried out. 70/30 brass placed in a ied flask of sea- 
water, from which the dissolved gases had been removed 
by boiling, showed no signs whatever of corrosion after 
the lapse of several mont In the presence of oxygen 
only the surface of the metal became oxidised, and there 
was a slight loss of weight after four weeks, although the 
solution did not answer the ammonia colour test for 
copper. The loss in weight may. have been due to the 
removal of some non-adherent oxide when the specimen 
was being washed prior to weighing. The experiment is, 
unfortunately, inconclusive, but it seems difficult to under- 
stand why the presence of CO, should be essential. V. 
Andstrém working on the rusting of iron came to the con- 
clusion that the proportion of O., and not that of CO., was 
the determining factor in the rate of corrosion. 


CONCLUSION. 


It is again urged that so important a subject as the 
corrosion of brass by sea-water, the neglect of which must 
mean no slight expenditure, should induce steamship 
companies to keep records bearing on the subject. It has 
been this lack of data that has hitherto retarded the 
solution of the corrosion problem. All the companies 
with whom correspondence was opened **no 
definite information.” 

The conclusions to be drawn from the paper are :— 

1. That the presence of air or an increase of tempera- 
ture up toa certain point accelerate corrosion. 

2. That iron, nickel, and small amounts of lead are 
injurious; tin up to about 1 per cent., large amounts 
of lead, and aluminium are useful in diminishing corro- 


sion. 

3. That the inlet pipe and the condenser plates should 
preferably be made of brass. ; 

4. That the condenser should be protected against stray 
currents. 

5. Protective coatings are not recommended. 

6. The importance of “ spills” cannot be ex rated. 

7. That the tubes should be flushed with clean water 
after use. 

Finally, the author very cordially thanks Professor 
Turner, under whom the research was conducted, for his 
direction of, and assistance in, the work, and expresses his 
indebtedness to Messrs. O. F. Hudson and D. M. Levy 
for their kindly criticism and help in several ways. 








SUCTION-GAS ENGINES AND PRODUCERS. 


A Comparison of Test Performances, with Results obtained 
in Daily Operation, und Notes upon Working Costs for 
Fuel, Oil, and Labour, &c.* 

By W. A. Tooxry. 


NoTwITHSTANDING that during the last ten years or so 
a very large number of suction-gas engines and producers 
have been installed in all quarters of the globe, with satis- 
faction to purc rs, as 1s evidenced by the increasing 
demand for these simple and economical prime movers, it 
isa fact that reliable figures recording the actual perform- 
ances with regard to fuel consumption, cost of mainten- 
ance, cost of repair, &c., are difficult to obtain. 

Yet in order properly to appreciate the claims advanced 
by the makers of gas-engines and per produeees, it is very 
necessary that such records should be available, so that 
comparisons may be made with competing types of motive- 
power generators, and more particularly with those which, 
according to results published of test-bed performances, 
would appear to compete very closely, if not, indeed, to 
surpass, gas-power plants in reliable and economical 
working. : 

It is the object of the present paper to record in a useful 
form a series of figures representing the actual perform- 
ances of suction-gas power plants of various ty and 
different powers, not only when tested by some form of 
brake dynamometer, but also when the output over the 
period of test can be measured by the generation of elec- 
tric current or by the raising of water, so taking into 
account the combined efficiencies of the electric or pump- 
ing machinery and that of the gas-power plant. 

However, inasmuch as “test” figures are usually 
obtained under what must be admitted to be abnormal 
conditions—no account being taken of stand-by losses, 
wastage of coal in charging and in removal of ashes, 
while the engine and producer are usually at such times 
worked at a constant and regular output for but a limited 
number of hours—further figures are presented which 
enable the ave performances of suction-gas aa 
and pesdeomn of wodente wer to be noted. These 
figures have been compiled from the statements of users 
themselves both in Great Britain and in other parts of 





the world. They take into account the variations of'con- 
sumption due to the different grades of fuel used. They 
reflect the influence of variations of output, of load fluctua- 
tions, of length of stand-by periods. They also show the | 
effect of variation in the human element in maintaining 


ortsmouth, September 5. 





more or less successfully those conditions which make for 
the best gas production and for the lowest consumption 
of fuel per unit of power delivered. 

Mention is made of the recorded performances of 
suction-gas engines and plants with regard to non-stop 
runs, and the experiences of users in connection with the 
cost of maintenance and repairs. It is from information 
of this character that it is ible to realise how reliable 
these installations are, and what little attention is really 
needed, provided the man in charge efficiently discharges 
his duties, that the engine is properly correlated to the 
producer, and the latter to the quality of the fuel and 
the rate of its combustion. 

The question of capital outlay is next considered for 
engines and producers fixed complete upon foundations, 
with piping and all accessories. No figures are indicated 
for buildings or space occupied, as, after all, though these 
items are of importance, they vary so much in value 
according to local circumstances that, in the author’s 
opinion, no useful purpose would be served by any general 
assumption. In many instances buildings bes. already 
been erected within which some space can be set apart 
for the power oe and the comparison from an account- 
ancy point of view would then be concerned with the 
value of the space occupied in relation to the capital cost 
of the whole building. 

_ Having thus dealt with the more important considera- 
tions that come under survey in connection with the 
application of suction-gas power, some attention is given 
to the comparative costs of operation between liquid-fuel 
engines of the Diesel type, which, although more efficient 
as regards utilisation of the heat units available in the 
fuel for conversion into power, yet require the fulfilment 
of several conditions before the higher efficiency becomes 
apparent in the pocket of the power-user. 

imilarly, some points are suggested with regard to the 
relative performances of steam-engines of the high- 
pressure superheated, compound condensing, semi- 
stationary type, to direct attention to the fact that 
although, according to test results, it would appear that 
suction-gas engines and producers are threatened by a 
competitor which offers nearly equal cost of operation, 
there are claims of a negative kind which must incline 
the balance of advantages in the favour of the gas-power 
plant, at all events for moderate powers, for surging !oads, 
and for duties which many vears of experience have 
shown cannot be performed by compound condensing 
steam-engines with highest efficiency. 

Brake-Horse-Power 1'ests.—It has so long been customary 
to state that the consumption of coal—anthracite—by 
suction-gas engines and producers is about 1 1b. per brake 
horse-power per hour, that it is rarely borne in mind that 
such a statement is made by makers merely for the 
pur; of stipulating a safe figure in contract guarantees, 
well knowing that this leaves a margin for contingencies 
which enables them to comply with specified duties with- 
out the risk of incurring penalties which are sometimes 
insisted upon by the purchasers, or by consulting engineers 
on their behalf. 

It will come as a surprise to many, therefore, that in 
the yoy of the tests mentioned in the accompanying 
table the actual consumption of a combined set poms 
and producer working with anthracite, irrespective of 
size, but, naturuly, dependent somewhat upon design 
and the date of manufacture, is between 0.7 Ib. and 
0.85 lb. per brake-horse-power hour. It will be observed 
that the uniformity of coal consumption ranges from 
about 10 to over 220 brake horse-power. A chart has 
been plotted which enables the lesson taught by the 
table to be the more readily appreciated. (See Fig. 1.) 



























































That this is so is confirmed by another table given later 

Fig.1. CHART SHEWING FUEL CONSUMPTION IN 

B.WPTESTS. 
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in the paper referring to the performances, under test 
conditions, of combined suction- engine and dynamo 
seta, wherein the average figure ~~ consumption is 
less than 1.4 Ib. per kilowatt hour, including, as this 
does, the efficiencies of the dynamo, and of the method of 
power transmission employed between the engine and 
the dynamo. 

For the majority of the figures given in Table I., the 
author is indebted to M. Mathot, who, in his book ‘The 
Construction and Worki of Internal - Combustion 
Engines,” gives a lengthy table of test results. 

When allowances are made for the different conditions 
under which the tive tests were conducted, the 
varying qualities of fuel, and the diversities in rate of fuel 
consumption in producers of different designs; the figures 

iven for the coal consumption on the brake-horse-power- 

our basis are remarkably uniform for engines loaded 
more or less up to the full outputs for which they are 
severally capable. It cannot then be doubted that suc- 
tion-gas engines and producers of moderate power and 
modern construction do, in fact, give far better results as 
a thermal efficiency than any other apparatus using 
solid fuel for the purposes of power generation. 

As a matter of; interest to designers of suction-gas 
engines, columns have been included in the table to indi- 
cate the relative cylinder dimensions and piston speeds of 
the various engines. Similarly, when the information has 


been available, note bas been made as to the number of 

explosions taken per minute as a percentage of the maxi- 

= - Bids Lm st - - |mum number possible at the running speed of the respec- 
* Abstract of a paper read before Section G of the | 

British Association at 


tive e 
upon 


ines. In some cases the engines are not governed 
e ‘‘hit-and-miss” principle, and therefore the 
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degree of load in relation to maximum output cannot so 
~~ seen. 
ith a view to comparison of all the engines men- 
tioned upon a similar basis, two columns have been fur- 
nished, in which are noted the total specific piston displace- 
ment of the various engines, expressed in cubic feet per 
cycle per minute, and also the ratio between the brake 
horse-power developed during the test and the figure 
obtained in the manner just mentioned. In order to 
make the matter quite clear, the columns are headed in a 
manner which shows how the figures have been calculated. 
From column 7 and column 2 a second chart (Fig. 2) 
has been plotted to indicate pany the relation 
between the actual piston displacement per cycle per 
minute per brake horse-power developed, and the coal 
consumption in pounds per brake-horse- power hour. 
It will be seen that the limits are closely defined. 
With best fuel and most skilled attention, 1 brake horse- 


Fi "ig. 2. CHART SHEWING RELATION BETWEEN 
CONSUMPTION OF FUEL PER B.H.P-HOUR & SPECIFIC 
ome | DISPLACEMENT PER B.H.PMINUTE . 
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Fig. 3. CHART SHEWING SLIGHT CHANGE IN 
BINED EFFICIENCY OF GAS ENGINE AND 
FULL AND HALF LOAD. 
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wer can be developed with a piston displacement of 
5 cub, ft. ond minute, while with conditions less favour- 
able a displacement of 4.5 cub. ft. per minute per brake 
horse-power is required. There seems to be no diversity 
in the consumption figures as a consequence of variation 
in the size of the unit. 

At the end of Table I. there are a few figures, given in 
a similar manner, which refer to the consumption of fuel 
ral at me and producers when working at about half 
load. From these it would appear that the brake-horse- 
power hour can still be obtained from less than 1 Ib. of 
anthracite under the average conditions of tests. It is 
usually stated that the efficiency of gas-power plants falls 
off very considerably when the output ix low, but this 
does not seem to be borne out by facts. 

In this connection it is interesting to reproduce a chart 
Fig. 3) which represents a consumption curve of a 

interthur engine tested by Professor Aimé Witz in 
March, 1906. This engine was served with town and 
the amount of heat admitted to the engine cylinder in 
the form of gas is plotted against the output of the engine 
in terms of kilowatts. his therefore represents the 
combined efficiency curve of the engine and its dynamo, 
and it will be seen that the consumption in calories per 
kilowatt does not rise appreciably until the load is Giew 
one-half the maximum capacity of the engine. Thus the 
figures noted in Table I. for half-load consumptions are 
confirmed. 

In order to show the relation of rated horse-power to 
hourly consumption of fuel, the accompanying chart has 
been pre (Fig. 4). It will be observed that, not- 
withstanding the great divergence that must exist in the 
different conditions that apply in individual installations, 


Fig. 4. ACTUAL HOURLY CONSUMPTION OF FUEL INCLUDING 

VARIA DUE TO: DIFFERENT GRADES OF FUEL,LOAD 

FLUCTUATIONS, DIFFERENT LOAD FACTORS, LENGTH OF STAND - 

BY PERIODS, ABILITY OF ATTENDANTS, RATE OF COMBUSTION 
IN PRODUCER, ETC. 
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the results, as plotted, are more uniform than one would 
expect to be possible. Only in one or two cases do the 
performances nearly approach the figure that would be 
reached if the fuel consumed amounted to 1 Ib. per rated 
brake-horse-power hour, even when, as in al] the cases 
ssontioned stand-by and all other Lag one jacinta. 2 
appears that practice, as represent y such figures, we 

bears out the claims advanced by the makers of suction- 


gas engines and plants. Speaking generally, it would 

appear that the average consumption of fuel of suction- 

plants is at the rate of 0.6 lb. of fuel per rated brake 
orse-power per hour, inclusive of all losses. 

That such low hourly consumptions can be so univer- 
sally obtained with suction-gas plants proves that the 
attendant is powerless to affect the economy to any 
appreciable extent, and, conversely, that the necessary 
manipulation is so readily learned that the factory owner 
can safely rely upon uniformly economical working. 

To those who know how coal can be wasted by neglect 
to control the combustion during stand-by hours, the 
figures of consumption will be surprising. In one case 
in the author’s experience, owing to the attendant being 
improperly instructed, more coal was burnt through the 
fourteen stand-by hours than during the ten working 
hours of a 90 horse-power producer. In many cases, 
owing to carelessness or neglect, the stand-by losses are 
mene to approach 10 lb. per stand-by hour instead of 
rom 4 lb. to 5 lb, as is the usual figure in practical 
working. The lowest stand-by consumption known to 
the author is one of.1.]b. per hour, but this is rarely 
obtained, it being necessary, in order to ensure the fire 
being in a fairly active state for ready quickening in the 
morning to the pommaiing temperature, to allow rather 
more air to pass through the furnace than is there implied. 
A change in the direction or intensity of the wind may 
result in letting the fire die out if pores the Fo is too slow, 
and it is therefore deemed to be more prudent to ensure 
a@ prompt start in the morning than to cut down the 
stand-by losses (which are already low) to the uttermost. 

Generation of Electricity.—In Table II. particulars are 
given of the test performances of a few combined sets of 
gas-engines, suction-gas plants, and dynamos. The sizes 
vary from 30 to 250 rated horse-power, and the fuel is in 
two cases gas-works coke, and in the others anthracite. 
There is little difference to be noted in the relative per- 
a upon the basis of pounds of fuel per kilowatt- 

our. 
In order to compare the test figures with those obtained 

r kilowatt-hour in actual practice, with bag load 
actors and different conditions of working, Table ITI. is 
also presented. From this it is evident that the average 
consumption, including stand-by losses and other wastage 
of fuel—the latter being burnt at different rates of com- 
bustion and being of different grades of quality—amounts 
to about 2 1b. of anthracite per kilowatt-hour. In cases 
where this figure is exceeded it will be observed that the 
fuel is coke, while in one instance the load is on the 
engine for only four hours out of the twenty-four when 
anthracite is used. 

Pumping Plants.—Table IV. records the performances 
of combined suction-gas engines, producers, and pumping 
| menead <6 tests lasting from oe to a 
ours, with varying types of pumps, ing with quanti- 
ties of water and heights of fit which fodiento that the 
actual water horse-power exerted ranges from less than 
two to sixty-four. In order that these widely different 
duties should be brought to a comparable basis the author 
has computed the number of foot-pounds of work per- 
formed by each set per 100 Ib. of fuel consumed (see 
column 5). 
The results obtained differ greatly, as shown in the 
chart, Fig. 5; but in view of the undoubtedly uniform 
results given by the engines and producers, as evidenced 
by the previous tables, it can be stated with confidence 
that the divergences are due more to the varying effi- 
na of the pumping machinery than to the gas-power 
plant. 

Table V. supplements Table IV. and shows the per- 
formances of the combined pumping sets under ordinary 
conditions of working. It will be seen that the informa- 
tion furnished with to some of the plants is some- 
what incomplete, but in three instances it is possible to 
compare the test figures contained in Table IV. with 
those in Table V. ese variations amount to about from 
72 to 82 per cent. of the test figures. This means that, 
taking into account fuel wastage from all causes, the 
hourly consumption of coal in every-day work is increased 
from 18 to 28 per cent., as compared with the ‘‘ test” 
result. It is worthy of remark in this connection that in 
the Welwyn plant, which appears the least favourable, 
not only is the unit a very small one, but the fire has to 
be raked out each day and the generator allowed to cool 
during the night in order that no accumulation of clinker 
or ash in the small furnace should make it necessary for 
the attendant to pay more than a few visits of inspection 
during the eleven hours of working. 

In Table 1V. the figures relating to the Tendring 
Hundred plant, as in those for the high-lift pumps of the 
Sutton District Water Works, are somewhat abnormal 
when compared with the average results, from which it 
would appear that some mistake has crept in. These 
figures are based upon those given in the paper read a year 
or so ago by Mr. D. H. Irwin before the Association of 
Water Engineers. In his paper it was mentioned that 
they were furnished by the 45" responsible for the 
carrying out of the tests, to his firm (Messrs. Crossley 
Brothers, Limited). 

General Reliability.—F rom the point of view of the power- 
user no saving, even though it might be a large one as 
regards fuel consumption, would be of practical service if 
the working of a suction-gas engine were to be unreliable 
or constantly subject to sudden interruptions from 
derangements of a temporary character. Much has been 
stated at various times with respect to the lack of strength 
or ‘‘sensitiveness” of some portions of the mechanism of 
a gas-engine which makes it unreliable. But, after all, 
the question of reliability is largely dependent upon the 
ability of the attendant. If the driver fails to detect the 





development of a defect, and omits the “‘ stitch in time,” 


sudden interruptions than steam, This does not infer 








it is indisputable that a gas-power plant is more liable to ! aga 


that it is necessary for the attendant to stand by the 
engine during the whole period of working. Occasions] 
inspection only is called for; but this should be given 
carefully, thoughtfully, and systematically. Experience 
soon shows the parts most likely to give trouble, and 
once these are kept under watchful care, long-continued 


operation is secured. 


TaBLe I.—Results Recorded in Brake-Horse-Power Fuil. 
Load and Half-Load Tests. 
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9.0 | 0 855 |Tangye 0.001554 | 0.958 40.1 | 4.45 

20.1 | 0.80 |Tangye 0.00377 | 0.849 85.0 4.23 

21.6 | 0.80 |Kérting ..| 0.00473 |. 104.0 | 4.3 

23.32] 0.82 |Stockport ..| 0.00857 | 0.870 90.0 3.86 

29.90.70 \Tangye ..| 0.008 | .. 102.0 | 3.42 

31.2 | 0.70 Winterthur 0.00522 | 0.82 132.0 4.24 

35.6 | 0.785 |Guldner* ../ 0.00302 |throttle| 76.5 4.30 

85.43) 0.834 |Bollinckx ..| 0.00572 ie 120.9 3.42 

43.53) 0.694 |Winterthur | 0.00704 172.0 | 3.95 

44.63) 0.81 |Onghena ..| 0.00656 151.0 | 3.38 

49.85| 0 716 |Otto Deutz | 0.00812 174.5 | 3.5 

48.4 | 0.805 |Winterthur | 0.00992 216.0 | 4.46 

52.72| 0.765 |Baechtold ..| 0.0116 | 232.0 | 4.4 

62.5 | 0.744 [Schmitz 0.01216 | 255.0 4.08 

65.1 | 0.825 | Deutz .| 0.01022 | .. 220.6 | 3.40 

65.0 | 0.79 [Otto Deutz | 0.01025 | 221.5 | 3.40 

68.6 | 0.72 [Tangye ..| 0.0124 (throttle| 271.0 | 3.95 

72.9 | 0.786 |Guldner ..|Nodetails — _ 

81.12) 0.665 [Tangye ..| 0.0124 (throttle| 271.0 | 3.35 
106.0 | 0.735 |Otto Deutz | 0.018752 386.0 3.54 
122.0 | 0.622 |Guidner ..|No details — i oe 
123.0 | 0.594 Guldner ..|No details — = - 
222.8 | 0.715 \Otto Deutz | 0.0247 850.0 3.82 

Half-Loads. 
5.0 | 0.945 |Tangye ..| 0.001554| 0.656 40.3 8.16 

10.9 | 0.920 ‘Tangye .-| 0.00377 | 0.545 85.5 7.84 

28.28/1.0 [Otto Deutz | 0.00812 | .. 176.5 6.24 

68.2 | 0.718 |Guidner ..'No details) — _ | = 

94.6 | 0. = 
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i * Two-cylinder. 
Tasie II.—Test Performances of Combined Gas-Engine, 











Suction-Gas Plant, and Dynamo Sets. 
. - 
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z =)5 = 
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Anthracite. 
65 | Gardnerengine ; Walton-on-Naze 12; 42.67 1.57 
| Mersey producer| Electric Works 
83 | Benz engine Verreries de Mont- 7 | 21.0] 1.38 
| Piat producer lucon 
39 Tangye Sterling Telephone &' 8 24.5 1.48 
| Electric Co., Ltd. 
68 Ditto | Ditto 8 | 33.3 | 138 
45 | Campbell (one Morris-Hawkins, Ltd. 6 | 24.3 1.24 
cylinder of 90 h.-p., | 
twin engine) | 
Coke. 
Tangye Cie. Anon, Conti- 10 | 26.6 1.675 
| nentale | 
250 Guldner Julius Pintsch, Berlin’ 10 160.2 1.8 


Elasticity of Output.—Recent improvements in design 
have done much to increase the elasticity of the gas- 
engine. The old comparatively erry | engine with 
* hit-and-miss” governing is still looked upon by many 
engineers as being the most economical type ; but at the 

resent time most British makers are offering engines of 
both types of speed regulation ; but there can be little 
doubt that if no question of price c:me into consideration, 
and if no choice were to be submitted, users generally 
would accept the throttle-governed engine and admit its 
great advantages. ; 

But there is another improvement that has synchronised 
with the development of the throttle-governed engine and 
which has been somewhat overlooked, or, at all events, 
not properly appreciated, and that is, the increased rotative 
speed of the later types of gas-engines. It has frequently 
been contended that a quick-running engine must of 
necessity be inferior to one that makes but a compara- 
tively few revolutions per minute. It is unnecessary for 
the author to discuss this question—facts speak louder 
than words. In the author’s opinion, the increase in the 
rate of power generation per unit of time, and eget 
greater ability to deal with sudden increases of load, 
without the slowing of the engine, is a very decided im- 
provement. F 

Consumption of Lubricating Oil.— Another considerable 
improvement that has recently been effected is in connec- 
tion with methods of lubrication. ar) 

In the most modern engines, the lubrication of the 
cylinder and the gudgeon-pin are separately provided for. 

orced lubrication is fitted to the —— and piston, 
the quantity of oil pumped per stroke being adjustable 
to meet varying grades of oil and varying temperatures, 
which affect viscosity. Ths main bearings are provided 
with oiling-rings which, constantly dipping during their 
rotation on the shaft into an oil-well formed below the 
bearings, enable the came oil to be used over and over 
in without waste.. As may be imagined, the consun P- 
tion of lubricating oil has now been brought down to ex- 
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Horse- Maker. User. ~ 
Power. 
~ 49 Gillieron {Société Suisse Elec-| 45 hours per week 
trique Accumulateurs 
Two 20 | Campbell /Great Eastern Railway) 46 hours per week 
Two 60 | Guldner New Berlin Beleuch- 
| tungswerke 
| 
68 Tangye Over 29 months 


| 
One 68\) 
One 39f | Tanaye 


|Gardener e 


{ 


Com ie Anonyme} 
Continentale, Paris 


Sterling Telephone & 
Electric Co., Limited 
Walton-on-Naze 








65 n- 
| gine, Mersey Electric Works 
producer 
70 Campbell Robb Brothers, Birken- 
96 Campbell | Broxburn Electricity 
tion 
96 Campbell eiee - Electricity 
ion 
115 Hornsby- Ascot District Gas and 
Stockport Electric Company 
120 Campbell Workington Bridge 
and Boiler Company 
125 Guldner State Railway, 
| Bettenburg 
Two 132 Tangye Wanganui Electric 
ways 
Two 250 | Westinghouse} Davis and Timmins 
| (Campbell 
| producer) 





} over 12 months 


10 per cent. load- 
factor 


1000 hours per 
annum 


9 hours per day, 
15 hours stand-by 
4 hours per day, 
20 hours stand-by 


53 hours per week 


32 hours } to full, 
30 hours stand-by 
174 hours per day, 
364 days 
273,583 unite per 
need of 27124 
ours 





per 
Hour. 





13.8 
157,796 
kilowatt- 
hours per 
annum, 
including 
stand-by 
27.26 


34.4 


37.9 


31.7 
109 





Kilowatts| 


TABLE III.—Acruat Workine Resuits Osrarnep From Compinep Gas-Enarne, Suction-Gas PLANTs, 
anp Dynamo Sats. 








Fuel. Per | cork K 
e! per Kw.- |per Kw.- 
Annum. Hour. Hour. 
Anthracite 2.125 _ 
Anthracite, at Sls. 6d.,)  45l. 1.935 0.3265 
and waste carbon ends 
Anthracite 1.40 - 
Coke and anthracite 2.5 - 
Anthracite 146’. 10s. 2.0 0.364 
Anthracite 2.9 0.632 
Anthracite at 30s., 381. 0.306 
foundry coke at lis. 6d, 
(mix 
Anthracite at 16s. 9d. 1.48 0.133 
Anthracite at 16s. 9d. 2.43 0.22 
Coke at 16s. 6d. 0.197 
Coke screenings at 8s. 521, 2.9 0.1243 
per ton 
Belgian anthracite 1.475 _ 
Coke 3741. 2.97 0.443 
Anthracite at 30s. 2.15 0.246 















































TABLE IV.—Test PerrormMances or Gas-EncInes, 


Suction-Gas PLant, AND Pump Sets. 













































































| 
1. 2. 3. 4. 5. 6. | 7. 8. | 9. 10. lL. 
— ea eae 5 . op ee t 
» |€ 8 12128 E 
& ~ 1s | 88 les S 
S$ | FL) as <2 Fuel.* Hi | Horee- Maker. User Pum 
fu 3 5S i 18Sa ] Power. ' . ps. 
48 | #/|35/3 PeEE = 
o= | ma |e a” ia | Ae 
3,128 | 120.0 | 1.896} 4.1 91.6 |A at 20s. | 10 6 | Tangye Welwyn Water Works Three-throw deep-well 
| pumps 
6,000 | 145.0) 4.4 | 125 | 69.6 /A at 30s. 6 | Two8 Crossley Spilsby Water Works, Lincs| Three - throw deep - well 
| pumps, each 3000 gallons 
} | | r hour 
6,000 235.0} 7.12) 14.0 | 100.5 |A at 30s. 6 Twos a Alford Water Works, Lincs Ditto 
7,777 | 330.0 | 12.96 | 16.66 | 154.0 |A at 27s. 6d.) 9 29 | Tangye East Kent District Water | Ram pump 
| | Works, Snodland } 
10,597 | 255.0 13.6 | 17.77 | 154.0 |A at 278. 6d.| 9 2 | ss Ditto Three-throw deep-well 
| | pump 
19,500 | 137.6 | 18.6 | 25.6 | 104.6 |0 at 20s. 5 39 | ~ Paris-P! Water Works, | Ditto 
| taples | 
40,000 | 167.6 | 83.8 | 42.5 | 157.5/Aat30s. | 12 63 * Basingstoke Water Works | 
29,600 | 230.0 | 34.4 | 65.0 | 104.9 /A at 30s. | 27 117 Ruston Newport Water Works | Ditto 
Proctor 
52,162 150.0 | 39.5 | 36.0 | 2180 | A at 30s. | 18 100 Crossley Sutton District Water | Low lift 
Works, Woodmansterne 
50,886 | 250.0 64.0 | 52.0 | 240.0/A at 30s. 18 100 i Dit High Lift 
20,000 | 472.0 47.4 | 45.8 | 210.0 /A | 10 70 Guld Aschaffenburg Water (Two-throw high pressure, 
Works, Germany at 75 revs. per min. 
40,000 | 269.0 54.4 | 89.8 | 124.0} Lignite 8 70 - Ditto Single-throw low pressure, 
| at 75 revs. per min. 
30,183 | 402.0 62.0 | 51.0 | 236.0/A 24 | Two90| Crossley | Tendring Hundred Water 
| Works, Essex 
| 
| 
* A = anthracite. OC = coke. 
TABLE V.—ActrvuaL Working Kesutts OsTAINKD FKOM CoMBINED GaAS-ENGINE, 
Suction-Gas PLANT, AND Pump Sets. 
a . D | | 7 . ~~ wen Sar ee, 7” ue 3 
~ | i) (sae } | | 
Eos | E [es ibe | | | | 
tz | ms | 
as/ 2. | Bs Be icts .| Fuel.* | Period | — Maker User. Pumps. 
ss B32 | 22 | ds 2393! | | 
é= o's = 
$2 55 | Sf | BE GEESE! | | 
3,120, 120 | 1.89 |5.275| 71.0 A. 1 week Two 6 Tangye | Welwyn Water Works | 8-throw well pumps, 
| at 25 r.p.m. 
13,240 250 16.75 ‘ Two 28 | Chippenham Water High Fre. 
10,530, 150 | 80 } A. 12 months | | One ie} Campbell PP Works re ite 
= oe om 21.5 ea A. i | 35 Campbell' Bath Water Works 
57,500 64.0 18.6 24.65 149.61 A. at 29s. | 18} hours | { Three 48) | Hornsby-| Esher and Ditton Ram pump. 
| |¢Two 24) | Stockport Sewage Works Air-compressor for 
28, 004 | ee 
) j 
to } | | } Chertsey Sewage Air-compressor for 
30,000 \ a 30.0 A. at 32s. 6d. | 58 | Campbell { Works sewage 
81,302; .. | 66.1 | Cat 20s. 6 months 63 | Tangye | North-Eastern Rail- | 
50. o| | ee Well pump. 
40,000 4 79.0\$ 320 | 49.0 | 129.15 A. l year 63 | Tangye | { Basingstoke ‘ued Low-lift pump. 
ae 195.0} | | bra | \ High-lift pump. 
27,500' +400 55.6 66.0 | 168.0 | A. at34s. | 3 months | 90 | Crossley | Tendring Hundred | 
| average | | Water Works 
13,800 81 7.0 } \Coke breeze | 173} hours | Bolsover Water Works) 3-throw ram-pumps 
11,900 385 20.2 $4.0 | 52.5 at 16s. 6d. | 
29,600 230 34.4 72.0 94.65 A. 27 hours out 117 Ruston Newport Water Works) 3-throw double- 
of 47 hours Proctor acting, at 23.5 r.p.m. 
* A = anthracite. © = coke. 


tremely low figures, while, after filtration, most of the oil | cost of attendance is higher than in the case 
in upon the line shafting and general | factories, where it is possible for the driver to 
| not required for the operation of the 

ful work elsewhere. i 


can be used 
machinery of 


the 


factory. 
Desatinn upon the situation of 


Cost of Attendance.— 


the engine-room with regard to the factory as a whole, remembered that the attendant is 


ut even m such cases it should be 
required to keep the 


and also upon the class of work undertaken, so does the | pumping machinery, as well as the engines, in good order, 
ve been made for this. 


cost of attendance vary. For example, in water-works the and no allowances 








— by doing us: | 


Combined Costs of Fuel, Oil, and Labour.—Table VI. 
has been compiled to show the actual working costs per 
hour of engines of various sizes, using fuel of different 
qualities and at varying prices, as regards the three chief 
items of fuel, oil (including waste, rags, and other stores, 
in some cases), and attendance. 

From Table VI. it ean be claimed, without fear of 
contradiction, that suction-gas engines and ucers 
enable users of power to obtain the means of driving their 
factories at extremely low cost, and in these days of keen 
commercial competition it su its that they may well 
consider whether it would not be economical to instal gas 
power in preference to existing methods of power genera- 
tion, which, although probably adequate as regards power, 
and reliable in everyday work, are inferior to the gas- 
power installation in respect to the whole of the working 
expenses attached to them. 

epairs and Renewals.— Low cost of operation, however, 
would not in itself be a sufficient basis for oe pre 
Consideration must also be given to the amount of repairs 
necessary and the eon attached to renewals. The 
information collected shows that for periods varying from 
one to seven years the Rage for upkeep of the gas- 
power plant is practically negligible. e author's 
experience in this matter extends over many years of 
working of individual installations, and with but one or 
two exceptions he can confirm this statement. Naturally, 
much depends upon the attendant, and if compensation 
for wear and tear be neglected, and if the ‘‘stitch in 
time” is not given, the engine will continue to operate 
until ‘something happens.” Then either a big bill has 
to be faced for an expensive overhaul, or a smaller amount 
is spent in making as good a job as possible for the 
money. 

The chief items of ex occur in the renewal of 
piston rings, refacing and, perhaps, renewal of exhaust 
valve, reboring or renewal of cylinder liner. The beari 
require occasional refitting, but rarely need relining. As 
far as the piston rings are concerned, the usual rate of 
renewal is at the rate of one a year. The exhaust valve 
may need to be replaced about every four or five years, 
while the life of a liner and piston can be taken as an 
average at about seven years. course, these periods 
vary according to the actual number of hours worked 
during the periods referred to, and according to the 
attention given to minor matters, such as es of 
levers, replacement of worn pins and spindles, which, if 
neglected, may cause excessive deterioration of other 
working parts. 

As far as the producer is concerned, the firebricks lining 
the generator uire to be renewed about every two 
years, for which the material costs little; but the time 
occupied in dismantling and re-erecting runs into about 
three days. Generators made with sheet-steel casing will 
usually require patching around the portion exposed to 
the action of the heated moist gases within the ashpit 
after about five years of work, and perhaps renewal of 
this portion about every seven years. Cast iron is pre- 
ferable for this portion of the apparatus, but is only used 
for the smaller powers on account of first cost. rebars 
will be wanted about every two em ay or at longer periods, 
unless the fire is worked at a high temperature, arising 
from an insufficiency of steam, which causes burning out. 

The cost of these renewals and repairs, which from 
their recital would appear to be somewhat high, are not 
actually more than would be required to cover the cost 
of similar work in connection with steam plants, includ- 
ing the cost of cleaning, scaling, and preparing boilers 
for inspection, repairs to feed-pumps, and other auxiliary 
apparatus. 

Capital Outlay.—For the purpose of computing the 
average cost of installing gas-engines and suction-gas 
producers, the author has decided not to take into 
account any approximate figure for the cost of 5 
occupied, or for any special buildings erected for their 
special housing, owing to the very few instances that 
occur in practice when it becomes necessary to do other- 
wise than fit them up in some corner of a factory already 
in existence. The prices indicated in the accompanying 
chart (Fig. 6) includes the cost of the engine, producer, 
pulley, water-circulating tanks, piping (to what gas- 


OUTLAY, INCLUDING ENGINE, PRODUCER, 
FOUNDATIONS & ERECTION. 


ig. 6. CAPITAL 
AND ACCESSORIES, 
160 
140 
120 
7 


8 §8ss 


Brake Horse Power 





(e090) 


engine makers call ‘‘standard arrangement”—that is, 
when the component parts are dis within about 
20 ft. from one central point), foundation and builders’ 
work, and labour in erection. . 

As a basis, the ruling prices listed by two different 
makers have been plotted, additions being made for the 


of ordinary | builders’ work and for labour, according to the author’s 
fill up time | experience of what may be considered average “* fixi we 


These prices are probably on the high side, but will be 
quite sufficiently correct for rough estimating purposes. 
It will be seen that, from 150 to 50 brake horse-power, 
the total cost is at the rate of about 7.5/. to 8/. per brake 
horse-power. From 40 brake horse-power downwards the 
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TABLE VI.—Comsinep Costs 


b 


Horse- | 
Power. 


96 |\Campbell .. Wartin and Co., Hull 
oO ie Butler and Co,, Bristol ai a 
20 | Workington Br. and Boiler Company .. 
32 


Glaholm and Robson, Sunderland 


” | 
70 | a |Robb Brothers, Birkenhead 
|Great Eastern Railway, Hunstanton 


” 


'Dereenalomane Barytes Mines, Limited 
..1V. Rawson, Glasne\ in de ‘os fe. 


| 
..|J. A. Grant and Co., Glasgow 
..| Watkins Brothers, Hereford 
..| Martyn and Co., Wadebridge 
..|Stevenson and Son, Dundonald .. 
..|Smith and Son, Barnard Castle .. 
..|Jno, G, Cooling, Gainsborough .. 
One 140 | | 
& one 40 | Crossley ..|Arrol-Johnstone Car Company .. 
58 |Campbell _..}Chertsey Sewaze Works .. be 
Two 28 
&one 16 Campbell  ..|Chippenham Water Works 
Three 63 |Tangye ..| North-Eastern Railway, York 
365 |Campbell_ . | Bath Corporation P= 
6 | Tangye ..|Welwyn Water Works ae 
| 9 ..| Basingstoke Water Works 





Three 40 | 
& 2 other’ Hornshy .| Esher and Ditton Sewage Works 
68 |Tangye ..|Cie. Anonyme Continentale as 
Two 150 | Westinghouse | Davis and Timmins, Limited 
96 |Campbell -| Broxburn Electric Station ¥ 
50 | Hornsby . |F. B. Grant and Co., Teddington 
70 | - -|Holliday and Greenwood, Brixton 
Bh a ..|O. Hersell, Weybridge fork ras 2 
40 | fa .| David Rees and Sons, Swansea Valley .. 
100 | - .|Crystal Ice Co., Cheetham, Manchester. . 
90 | - ..| Withington Sewage Works ‘ 
39 | Tangye .| Alex. Gray, Buckie, N.B. .. 
39 a ..|Jno. Bryce, Kirkcaldy 
115 | ..|Hutehison, Main, and Co., Glasgow 
44 | ..|). Smith and Co., Wolverhampton 
44 | ..|Wm. McPherson, Stirling .. ve 
8A | ..|Jas. Thorburn and Co., Stranrae’ os 
26 | ..|P. J. Woodruff and Co., Newport, Mon. 
| ..|Thomson Craik and Co., Ltd., Perth .. 





174) :|Jas, Allen and Co., Coatbridge .. 


17 Methil Engineering Works, Fife.. 


39 | ..|Robt. M. Stirling, Glasgow 
4) ..|Fraserand Young, Dalbeattie 
17 |Hornsby __..| Milne and Robb, Peterhead oe re 
94 ee ..|Petty and Sons, Limited, Keading - 
pa ..|Jas. Thomas and Co., Limited, New- 
port, I. W. 
..|W. Hooker and Son, Canterbury 
..|Wakely Bros., Rainham .. ale aly 
..|Wm. Oonolly, Ltd., Goulbourne, N.S. W. 
. |B. Horton and Son, Westerham .. - 





_|Ccoke breeze .. 


.|Anthracite, 104 tons ; coke, 52 tons ; 

. Anthracite, at 308.; coke, at 17s. 6d. ; 

. Anthracite, at 31s. 6d.; carbon ends, at 
3is. 6d. 


..|Anthracite, at 138. 6d.; 25 tons 


ee Labour, portion of 8.2d. per hour 
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..|Anthracite, at 15s. 6d. 
F at 
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‘ at 24 
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5 ’ 82 weeks, 4587 hours 
.|\Nodetails .. : 


‘|Coal, 28s, 6d. ; oil, water, and labour... 
.|Anthracite, at 16s, . 


.|Anthracite, 15s. per week of 66 hours.. 


|20 months, at 9 hours per day .. 


. |Anthracite, at 11s. 6d. 
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* These include repairs. 


rate per brake horse-power increases, ranging from about 
91. to 11.54. in the smallest sizes. 

Comparison with Diesel Engines.—One of the most 
successful engines that have been brought to a high degree 
of efficiency and reliability of late years is the internal- 
combustion engine using heavy liquid fuel, and operating 
upon the Diesel principle. Now that the early patents 
have expired, quite a number of engineering firms, both 
in this country and on the Continent, are taking up the 
construction, and the future seems to promise some keen 
— between the two types in the industrial 
world. 

There is no doubt that the Diesel engine, as made by 
firms possessing wide experience in their design and 
operation, permits a nearer approach to the ideal efficiency 
with ay to the conversion of heat units available into 
work than any other motor yet produced. Repeated 
tests have shown that as much as 42 per cent. of the total 
heat value of the fuel is represented by the work performed 
upon the piston of the engine as recorded by the indicator, 
whereas the —— of a consumption of 0.7 lb. of 
anthracite per brake horse-power with a combination of 
gas-engine and suction-yas producer would represent a 
thermal efficiency, on the indicated horse-power basis, of 
but 31 per cent. 

The consumption of liquid fuel per brake horse-power 
with a Diesel engine is —— at the rate of 0.45 1b. per 
hour. The price of the oil fluctuates according to the 
ruling market prices, and for the present purposes can be 
fixed at 50s. per ton. At this rate, the cost per brake- 
horse-power hour is about 0. 12d. 

Upon the basis of 0.7 Ib. of anthracite per brake-horse- 
power hour at 30s. per ton, the cost of fuel for the suction- 
gas plant is 0.1125d. It will be seen, therefore, that as 
far as fuel-cost alone is concerived there is not very much 
to choose between the Diesel and suction-gas engines, and 
the decision to instal the one or the other must rest upon 
other considerations. One very serious consideration, to 
the disadvantage of the Diesel engine, is the matter of 
capital outlay, involving, as this does, not only increased 
annual standing charges for interest on the sums expended 
beyond the relative cost of a suction-gas installation of 
equal power, but also the allowance for depreciation must 
be increased in proportion. In some instances, when the 
engines are of considerable gine J and are working long 
hours with sufficient load to enable full advantage to be 
taken of the low consumption, and where local conditions 
are least favourable to gas-power plant, the balance 


inclines to the use of the Diesel engine. But, even then 
the gas-power plant, calling, as it does, for attention of a 
less ekilled nature, can frequently be run at a lower rate 
for attendance, while the consumption of lubricating oil 
is usually lower. 

It will be recognised from these remarks that there is 
no warrant for a i assumption of superiority, as 
far as total costs of running are concerned, in favour of 
either one or the other motor ; but for factories in which 
a skilled engineer is not required by the type of industrial 
machinery, it will not be seriously challenged that in that 
factory there is no room for a Diesel engine. Even in 
factories where the daily supervision can be given by an 
engineer, and not an engine-driver, it must be admitted 
that whether the superior thermal efficiency of the Diesel 
engine is likely to be actually shown on the balance-sheet 
or not is a matter that cannot be settled merely by reading 
a magazine article and by giving a nod or a shake of the 
ann to the arguments for and against there incompletely 
stated. ‘ 

Comparison with Semi-Stationary Steam - Engines,— 
S»mi-stationary steam -engines combined with a high- 
pressure boiler with superheater, jet condenser, with two- 
stage or compound expansion, have come to the front 
during recent years. From test results, it has been found 
that under full loads the consumption of fuel per brake. 
horse- power hour has been brought to the low figure of 
approximately one pound of coal, and this being so, the 
steam -engine has been able to show to much better 
advantage than ever before in competition with the 
suction-gas engine. 

From the circumstances inseparable from steam genera- 
tion, however, this remarkably low consumption cannot 
be maintained in actual operation with the same continuity 
as, from the tables presented in this paper, has been 
proved to be existent with the gas-power plant. 

When it is remembered that, for the best results to be 
maintained, it is advisable to adopt some system of water- 
softening and purification, and that the cost of the whole 
equipment is thereby increased far beyond the cost of the 
gas-power plant, it will be recognised that the advantages 
of the latter are still further emphasised. Especially is 
this so when the engine is required to deal with a load 
much above or below the rated power of the plant, or for 
unsteady and widely-varying outputs. In the one case 
the economical limits of condensing steam-engines are 
sharply defined, while the liability of sudden fluctuation 
of load must involve some waste of fuel from the blowing 








off of excess steam from the safety-valves, due to the 
natural anxiety of the stoker to have his plant ready for 
any emergency. P 
uston. —The author is strongly of the opinion that, 

in the near future as in the years that have just passed, 
there is bound to be a great demand for the suction-¢; 
engine and producer. He has dealt only, in the present 
paper, with those installations in which the fuel bas to be 
purchased from outside sources, and not referred to 
the recent developments in the utilisation of materia] 
that is a waste product of industrial processes, such as 
wood chips and sawdust, &c., from sawmills and joinery 
works, from cotton seeds, and similar refuse. Neither 
has he referred to the suction-gas plants that are now 
available for the utilisation of bituminous coal in place of 
anthracite. Sufficient has been said, it is hoped, to enable 
the-actual working results obtained in practice to be 
appreciated at their true value. 

he author’s thanks are tendered to those firms men- 
tioned in the various tables who have been kind enough to 
provide him with such useful data, and who have accorded 
him their permission to use it in this public manner. 








THE MECHANICAL INFLUENCE OF CAR- 
BON ON ALLOYS OF IRON AND MAN. 
GANESE.* 


By J. O. Arnotp, D.Met., and F. K. Know LES, 
B.Met., Respectively Professor and Lecturer of Metal- 
lurgy in the University of Sheffield. 

In the Journal of the Iron and Steel Institute, 1910, No. 1, 
page 172, in their paper on ‘* The Chemical and Mecha- 
nical Relations of [ron Manganese and Carbon,”’+ Arnold 
and Read stated that *‘ the influence of the carbon is 
very considerable, but is by no means the dominating 
factor, which without doubt 1s the manganese. 

The present pape may be regarded as being written 
mainly to prove the truth of the foregoing enunciation. 
The authors have already described the methods adopted 
for the preparation of the steels employed, in the 
Journal of the Iron and Steel Institute, 1906, No. 1, page 
108 et seq.t 

Chemical Compositions.—With reference to elements 
other than carbon and manganese, the sulphur contents 
ranged from 0.02 to 0.04 per cent., the phosphorus from 
0.02 to 0.07 per cent., and the silicon range was from 0.06 
to 0.21 per cent. 

Two series of steels were made, in both of which the 
manganese ranged from about 1 to 20 per cent. 

In one series, however, the carbon was about 0.85 per 
cent., whilst in the other it was — under 0.1 per cent. 

Heat Treatment of the Alloys.—What may be regarded 
almost as the extremes of physical condition were secured 
in both series of alloys by a rapid and bya very slow 
cooling of the 1-in. round bars, which were respectively 
quenched in a tank of cold water from 860 deg. Cent. 
(quenched or Q series), and cooled from a similar tem- 
perature to milk-warm over a period of about three days 
(annealed or A series). 

Turning Propertics.—The authors’ laboratory engi- 
neer, Mr. J. + oat seal reports his observations at the 
lathe during the preparation of the test-pieces as follows : 


TABLE I.—Annealed Series. 


Physical Properties. 





per cent. | percent. | 
Under0.1 | 1.10 —_|Soft. 
- | 813 Soft. 
” | 4.10 |Slightly tough. 
o | 5.50 \Slightly hard. 
ame 10.50 |Very hard and very tough. 
a | 12.90 Hard and very tough. 
ot ee 15.70 |Moderately tough. 
5A -.| 3, | 1985 Tough. 


Steel No. | Carbon. | Manganese. 
| 
| 


The word ‘‘ tough” refers to the capacity of the material 
to curl off in spirals from the nose of the turning tool. 
TaB_E II.—Quenched Series. 


| | 
Steel No. | Carbon. | p..- Physical Properties. 
|_ 

| 





| per cent. per cent 
..| Under0.1) 1.10 (Slightly touch. 
oe o | 3.18 |Slightly hard and slightly tough. 
3 4.10 |Moderately hard. Slightly tough. 
5.50 |Hard and slightly tough. 
| 10.50 | Would not machine. 
|} 12.90 | Ditto 
a 15.70 (Slightly hard. Moderately tough. 
” 19.85 Slightly hard. Very tough. 


The behaviour in the lathe of the carburised series in 
their annealed condition was as follows in Table III. : 


TaB.E III.—Carburised Annealed Series. 





Steel No. Carbon. Manganese. 


Physical Properties. 


t. per cent. 
. 1.16 
3.10 Moderately tough 


per 
J 0. 
0. 
0. 4.98 Tough 
0. 
0. 
0. 


990 A Slightly tough 

996 A 

999 A 

1085 A 10.07 Very hard and very tough 
1065 A 15.11 Hard and very tough 

1084 A 19.59 Slightly hard and very tough 


a The above carburised series in a quenched condition 





* Paper read before the Iron and Steel Institute im 
London on October 5, 1911. 

+ See ENGINEERING, vol. lxxxix., page 626. 

t Ibid., vol. lxxxi., page 670. 
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of Sheffield high-speed turning tool steel. 


| 

Static Mechanical Tests. The comparative tensile tests 
of carburised and nearly carbonless alloys of iron and | _ gre Mia 
the steels being | tion exhibits a martensitic structure o' 


nanganese are embodied in Table [V., 
in their highly annealed state. 


reported as “‘non-machinable” by the highest quality | carbide of iron and manganese in an emulsified condition. 


The segregation of this first variety of manganiferous 
pearlite is obvious} ae. , _ 

Micrograph No. 2.—Manganese, 4. r cent. 1s sec- 

¥ ten well defined. — 

| Micrograph No. 3.—Manganese, 12.9 per cent. This 





MicrocrapPxH No. 1. 


Carbon, under 0.1 per cent. ; manganese, 


Steel No. 9524 { : n 
Magnified 185 diameters. Direct light. 


1.10 per cent. 


MicrocrapH No. 2. 


Steel No. 9614. Carbon, under 0.1 per cent. ; manganese 
4.1 per cent. Magnified 185 diameters. Direct light. 





MicrocraPH No. 3. 
Steel No. 9564. Carbon under 0.1 per cent. ; manganese, 
12.9 per cent, Magnified 185 diameters, Direct light. 


Taste IV. 
All test-pieces 2 in. parallel by 0.564 in. in diameter. 





- . Elongation| Reduc- 
Steel Manga- Yield- Maximum | os 
“ Carbon. * per Cent. | tion of 
No. nese. Point. | Stress. ca 2 In. Area. 
per cent. per cent tons per tons per per cent 
sq. in sq. in 

990A 0.85 1.16 25.76 52.76 10.5 11.7 
952A UnderO.1) 1.10 1904 24.48 43.5 79.7 
996A 0.88 3.10 389.48 59.64 5.0 5.2 
977A Under0.1) 3.13 | 34.56 41.42 25.0 63.2 
961A Under0.1) 4.10 20.56 53.48 26.5 42.4 
999A 0.87 4.98 83.96 54.64 2.0 2.0 
957 A Under 0.1 5.50 38 68 65.96 28.5 38.1 
1085 A 0.95 10.07 30.12 42,22 1.0 1.4 
951A Under0.1 10.50 30.80 57.88 1.0 0 
956A Under 0.1, 12.90 19.80 56.12 6.5 4.6 
1065A 0.82 15.11 | 28.00 49.88 9.5 9.7 
697A Under0.1) 15.70 | 87.80 63.72 17.5 20.6 
1084A 0.93 19.59 | 24.68 52.16 23.5 19.5 
"955A Under0.1, 19.85 | 22.32 55.05 30.0 33.5 


| 

* The mechanical pro} 
may be found in Arnold's 
of Steel,” Journal of the 
page 190, 

Dynamie Stress-Strain Tests.—The alternating tests 
carried out under standard conditions on the Arnold 
machine registered the results recorded in Table V. 

The figures registered in alternation by a quenched 
nearly carbonless series are embodied in Table $1 The 
— nding carburised series were not capable of being 

urn ° 


rties of a 30 per cent. manganese alloy 
per on ‘* The Uniform Nomenclature 
ron and Steel Institute, 1910, No. L, 


MicrocRaPHic Features OF Four TYPICAL NEARLY 
CARBONLESS ALLOys.* 
Micrograph No. 1.—Manganese, 1.1 per cent. This 
consists of allotrimorphic crystals of manganiferous ferrite 
with dark etching troostitic areas containing the double 





* A similar set of carburised alloys are figured by 
Arnold and Read in the Journal of the Iron and Steel 
Institute, 1910, No. 1, page 184. See also ENGINEERING, 
vol, Ixxxix., page 627. 








MicrocrarH No. 4. 


Steel No. 955. 
19.85 per cent. Magnified 185 diameters. 


Carbon, under 0.1 per cent. ; manganese, 
Direct light. 


TaBLe V.—Behaviour in Alternation of the Annealed 
Series. 


Alternations Endured. 





Steel No. Carbon. | Manganese. oar wie — 
First | Second 
Test. Test. Mean. 
per cent. per cent. 
990 A ool 0.85 1.16 160 162 161 
952A --| Under 0.1 1.10 344 356 350 
996 A ee 0.88 3.10 72 19% 89 
977A Under 0.1 3.13 186 182 184 
961A Under 0.1 4.10 b 210 240 225 
999 A 0.87 498 | 28 28 28 
957 A Under 0.1 6.50 | 192 222 | 7 
1085 A 0.95 10.07 | 8 8 8 
951A Under 0.1 10.50 6 6 6 
956 A Under 0.1 12.90 52 36 44 
1065 A 0.82 15.11 | 244 238 | (241 
967 A Under 0.1 15.70 274 306 290 
1084 A 0.93 19.59 226 | 272 249 
955A Under 0.1 19.85 216 214 212 








TaBLe VI.—Alternating Stress Tests on Quenched Alloys. 


Nors.—The 10 to 13 per cent. manganese alloys would not 
machine. 


| | Alternations Endured. 








Manga- 
Steel No. Carbon. nese. es Sts 

lst Test 2nd Test Mean. 

rcent. per cent. 
952 Q .-| UnderO.1 1.10 248 276 262 
1Q .. ool Ca a oe 140 136 138 
97Q .. | « On Se 30 22 26 
97Q .. of pp O83) 286.90 232 188 210 
955Q .. --| of O23) 10.88 208 206 207 


micrograph (visually) speaks for itself. The authors are 
unable to offer any decisive explanation of the curious 
etching effects exhibited. 

Micrograph No. 4.—Manganese, 19.85 per cent. This 
section exhibits the apparently non-crystalline and soft 


alloy, having the colour of e brass, which is typical of 
iron containing, say, from 15 to 35 per cent. of manganese, 
The softness of this type of alloy increases with the 
manganese within the limits named. 

The authors, in conclusion, tender their thanks to their 
colleague, Mr. J. Wreaks, B.Met., for his beautiful and 
exact reproductions of the four micro-sections chosen to 
illustrate the paper, and also to their melter, Mr. Stacey, 
for his skill in carrying out the difficult practical opera- 
tions necessary to produce almost carbonless alloys of iron 
and manganese 








FOREIGN ENGINEERING PROJECTS. 

Ws give below a list of onan engineering projects, for 
some of which tenders are ed. Further information 
concerning them can be obtained from the Commercial 
Intelligence Branch, Board of Trade, 73, Basinghall- 
preety ene Bg E.C. ‘ 

Egypt: The British Acting Consul-General at Alex- 
andna (Mr. E. H. Mulock) reports that tenders are 
invited by the "3 authorities at that place for the 
construction of the Mahmudieh main rain-water sewer 
and its waste-pipe, being part of the Alexandria Main 
Drai Works (see page 112 ante). Sealed tenders, 
encl in two envelopes, the inner marked ‘ Offre pour 
la construction du Collecteur Mahmoudieh et de son 
Déversoir,” and the outer addressed to M. le Président 
de la Commission Municipale, Alexandria, will be received 


by him up to noon on January 9 next. A deposit of 
E 1000/. is required with each tender. Proof of technical 
capabilit, 


is uired from tenderers. A copy (in French) 
of the beter dies charges may be seen by British con- 
tractors at the Commercial Intelligence Branch of the 
Board of Trade, 73, Basinghall-street, London, E.C. 

Turkey: The following information is from the report 
by the British Vice-Consul at Cavalla (Dr. 8S. Pecchioli) 
on the trade of that district in 1910, which will shortly be 
issued :—A plan ef the town has been made with a view 
to the elaboration of a main drainage system, very favour- 
able proposals for the execution of which have been made 
by a German company ; no practical result, however, has 
yet been arrived at. The question of the water works— 
which is, if anything, even more important for the town 
than that of the drains—stands to-day in a slightly more 
hopeful position. A good and abundant supply of water 
has been found at a distance of about 4 miles from the 
town, the necessary plans and estimates have been drawn 
up, and it is ho: that work will really be commenced 
within the s of a few months. 

Austria-Hungary: The Reichsgesetzblatt (Vienna) of 
September 23 publishes a notice granting to Messrs. 
Bruno Pammer and Ernst Porak, of Kienberg, a conces- 
sion for the construction and working of a standard- 

uge railway from Zartlesdorf to Lippner Schwebe via 

ohenfurth. 

Belgium: The Bulletin Commercial (Brussels) of Sept- 
ember 23 notifies, on the authority of the Belgian Consul 
at Batavia, that a company, domiciled in Europe, is on 
the point of obtaining from the Government of the 
Netherlands East Indies a concession for the construction 
of a direct railway from Kamal to Kwanjar (Island of 
Madura). The line will be 10 miles long, and will cost 
200,000 gulden (about 17,000/.) to construct. 

Spain : The Gaceta de Madrid of September 20 contains 
a notice, issued by the Ministry of Fomento, to the effect 
that the contract for the construction of the Tosas Tunnel, 
in connection with the building of the Ripoll-Puigcerda 
Railway, has been awarded to the Sociedad Corsini 
Retuerta y Bruned, of Saragossa. The cost of the work 
is estimated at 6,207,000 pesetas (about 230,000/.). 

Brazil: The Diario Oficial of September 1 publishes 
decrees as follow :—(1) Decree No. 8926, opening, in favour 
of the Ministerio da Viacio e Obras Publicas, a credit of 
700,000 milreis (about 47,000/.) to defray the cost of 
extending the Central Railway of Brazil main linein the 
direction of Montes Claros ; (2) Decree No. 8927, similarly 
providing a credit of 500,000 milreis (about 33,0002.) for 
extending the Itacurussé section of the Central Railway 
of Brazil as far as the town of Angra; and (3) Decree 
No. 8928, providing a credit of 100,000 milreis (about 
7000.) for dredging and clearing the Paruguassi River, 
in Bahia. The Diario of September 3 contains a decree, 
No. 8931, authorising Manoel José da Costa Lisboa to 
construct 124 miles of railway from the iron works which 
he is arranging to erect at Antonina to the Parand 
Railway. 

Norway : The Commercial Intelligence Branch of the 
Board of Trade is informed by H.M. Consul at Chris- 
tiania (Mr. E. F. Gray) that tenders are invited by the 
Norwegian State Railway authorities for the supply of 
various tools and materials. Tenders, marked ‘‘ Anbud 
redskaper og materialier,” and accompanied by drawings, 
models, or samples, should be addressed by the resident 
agents of British manufacturers to ‘‘ Bygningschefens 
kontor,” Trondhjem, where they will be received up to 
7 p.m. on October 14. It should be noted that in all 
Norwegian Government contracts a preference (apart 
from Gusieans duties) is given to Norwegian manufac- 
turers, and that it is obligatory that a resident agent 
(not necessarily a Norwegian firm) should act for 
tenderers not residing in Norway. 








A New Inpustry vor Sourn Arrica.—Measrs. Uart- 
wright and Eaton, Limited, of Johannesburg, 8.A., have 
commenced the erection of an iron and steel works near 
Benoni for the purpose of working up iron and steel scrap 
into products to meet the local requirements, Rolling- 
mills and other machinery are being ship by Messrs. 
Thos. Perry and Sons, Messrs. Francis Berry and Son, 
and others, through Messrs. Mitchell, Cotts, and Co., of 
No. 4, London Wall-buildings. Skilled men are being 
engaged in England to run the plant. 
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‘* ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


ABSTRAOTS OF RECENT PUBLISHED - 
OATIONS eye pe AOT OF 1907. 

The number of views in the Specification Drawings is stated 

nf alan te mentioned, the Specification is not 


Srom abroad, the Names, &c., 
of the Communicators are given in italia. 

may be obtained at the Patent O, Sale 
§ Buildings, Chancery-lane, W.C., at 


person , at time within two months from the date 
theedoereaemant tent fle of sesamiae tat grent io 
atent on any of the mentioned in the Act, 


19,851/10. A. C. Reyrolle and A. Reyrolle and 
, Limited, Hebburn-on-Tyne. Cut-Outs. [4 Figs.) 
August 25, 1910.—This invention relates to cut-outs comprising 
a fuse extending between a pair of i contacts carried by a 
holder of insulating material, and each adapted to be inserted 
between the jaws of a corresponding stationary clip so as to be 
readily removed therefrom, and so that whilst in use its o ite 
faces make contact with both of the said jaws. p homie amared 


5284/11. R. H. S. Bacon and R. Redpath, Coventry. 
Percussion (3 Figs.) March 2, apeth a invention 
consists in a percussion fuse for projectiles wherein an axially 
sliding pl r carrying a percussion  ¢ is designed to move 
under the action of a g against a fixed firing-pin to effect the 
firing of the fuse, in a reverse direction to t in which the 
projectile travels when fired from the gun, the said spring being 
under compression and capable of being slightly further com- 
pressed under the weight of the plunger when the velocity of the 
projectile is suddenly retarded, and wherein there are weights 
normally restraining the plunger from movement towards the 
—e n, which weights, when ge yp moves slightly for- 
ward in compressing the spring, move under cent 7 
action and free the plunger to operate under the action of the 
— to fire the percussion-cap. The body of the fuse con- 
8 of two parts a and b, the part a being a hollow and exter- 
nally screw-threaded portion, di ed to be screwed axiall 
into the end of the projectile, and the part b a plug which 
screwed into the hollow portion a. In the interior of this 
body is formed a chamber ¢, in which the plunger d is arranged, 
the plunger being capable of longitudinal movement in the 
direction of the axis of the projectile, and sliding in a hole e 
formed bet the chamber ¢ and a second chamber / in the 
body part b, a spring g being arranged around the plunger 
between the body part b and a shoulder A on the plunger. 

ring is strong enough to overcome the tendency which the 
plunger d always has to move forward relatively to the fuse, 
owing to the constant retardation of the velocity of the projec- 
tile due to the resistance of the atmosphere, but not strong 
enough to withstand slight compression under the momentum of 
the when the projectile strikes an object. The rear end 








this invention, for the purpose of securing efficient t 

between the opposing faces of each id fuse contact and the 
jaws of the corresponding stationary clip, such rigid contact is 
pivotally secured to its holder. In the example illustrated, 
each self-adjusting contact is in the form of a hollow brass cast- 
ing @ having a flat surface, which is adapted to be pressed by a 
tool introduced through a hole L, so as to produce an externally 
protruding seating that is partially spherical in form, with a 
more or less corresponding internal surface. A screw d having 


ap, 


Lh, 
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a head with a convex surface adapted to engage the concavity 
of the said seating, is —— a hole of larger diameter 
than the screw formed in the seating, so that, with the aid of a 
nut having a concave surface complementary to the convex sur- 
face of the seating, the contact block @ can be clamped in a yield- 
ing manner to a movable porcelain support h. The screw d may 
extend completely through the = support A and be 
secured by an ordinary nut, any suitable cap of insulating material 
being screwed on to the screw d to prevent contact being acci- 
dentally made with the latter. The movement of the contact 
blocks a is limited partly by an asbestos tube k, through which the 
fuse-wires pass, and partly by the shape of the porcelain support h, 
the whole arrangement being such that the contacts are per- 
mitted to yield to suit any inclination which may exist between 
a pair of stationary clips, and so secure good electrical contact. 
n represents bars for clamping the fuse-wires to the contact- 
blocks, (Accepted August 2, 1911.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


17,973/10. C. ¥. Knight, Coventry. Pistons. [1 Fig.) 
July 28, 1910.—This invention relates to trunk pistons of the form 
commonly employed in internal-combustion ——s and consists 
in surrounding a piston substantially throughout its available 
length with a spring sleeve member. The invention further con- 
sists in surrounding that portion of the cylindrical surface of a 
piston unoccupied by the usual pressure-retaining spring-rings 
with a spring member. The piston a is of the usual shape, and 
the portion below the usual pressure-retaining rings ) is reduced 
in diameter, a small flange being left at the bottom —-. This 
portion is surrounded by a broad ring ¢, which is originally turned 
slightly larger than the desired cylinder bore. The ring c is 
split axially in order that it may bear inst the cylinder wall. 
the piston a therefore, when provided with the ring ¢, instead of 














a 
WS Z 
Se, 
- S Y 
VA - 
Che + yy 
ZZ >» i hs S Y, 
A \ 4 SN Y 
ZINN S 'BD7Sswy 
ZY > y A 
QQ Wo Lida Z, 
F YA 
Z VjYHH#0.- Y Mcciéccac 
SS MV _$qy9ounr 
\ Yr . SS 
“4 SS ZZ 
g A 
% Zs 
Y 2C 
CL 
Z 
Z 
G 
Wu v 








having the necessary clearance between the walls of the piston | 
itself and the cylinder, has a clearance between it and the sur- | 
rounding ring ¢, and as the ring has an outward spring action | 
a film of oil is readily formed between the ring c and the piston a. 
According to a modification, the top edge of the broad ring may 
be formed with a flange adapted to engage in the lowest of the 
grooves of the ure-retaining rings. and is thus held from 
shifting longitudinally of the piston ; and in this case the forma- 
tion of an oil film between the wide ring and the piston may be 
aided by tapering the bottom edge of the surrounding ring in an 
out! and downward direction, so that the spring ring has a 
more or less sharp bottom edge, which tends to force the oil 


between the piston and the ring on every down stroke. (4 





August 2, 1911.) 


of the plunger d is constructed to carry the percussion-cap, and 
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is arranged atpegent to the firing-pin j secured to the body part a 
of the fuse. k, kare the blocks or weights which normally pre- 
vent the plunger from moving rearwardly under the action of the 
spring g, these weights being inserted through radial apertures / 
in ths body part @ of the fuse, and the apertures being subse- 
quently closed by caps m, m, whilst springs n, n are provided 
between the said caps and the weights k, k for pressing the latter 
inwards towards the plunger. These weights k, k are provided 
with lips or projections 0, o which engage with corresponding 
projections p, p upon the plunger d in such a manner that, during 
the flight of the projectile, the weights will be prevented from 
moving outwards under the centrifugal action due to the rotation 
of the projectile. From the above-described construction it will 
be seen that, when the projectile is fired from the gun, the 
central plunger d is restrained from movement under the action 
of the spring g by the weights k, k, whilst the weights are at the 
same time restrained by the plunger from radial movement due 
to the centrifugal force arising from the rotation of the projectile. 
When the motion of the projectile, however, is retarded, due to 
its striking any object which suddenly reduces its velocity, the 
central plunger, which is not subject to such retardation, moves 
forward under its momentum and compresses the spring g suffi- 
ciently to release the weights k, k from the restraint of the inter- 
locking projections 0, p, so that they are free to move out radially 
under centrifugal action owing to the rotation of the shell, thus 
freeing the plunger d for longitudinal movement. The forward 
movement of the plunger relative to the shell, due to the sudden 
retardation of the latter, soon ceases, and the plunger is then 
forced rapidly to the rear by the action of the spring g, thus 
fee the percussion cap to strike against the firing-pin and be 
ignited, but, owing to the above-described movement of the 
plunger, at some small interval of time after the first impact of 
the projectile against an object. (Accepted July 26, 1911.) 


PUMPS. 
16,879/10. Mavor and Coulson, Limited,and J. M. 
G ‘oO Air-Compressors. [4 Figs.) 


Dp. Ww. 
July 15, 1910. — This invention relates to mechanism for con- 
trolling the operation of air-compressors of a type in which the 
compressor is provided with valve-gear adapted to be set for the 
purpose of distributing the air to the compressor to produce 
either forward or backward rotation, as may be required, by means 
of which mechanism a connection with a supply of compresssd air 
may be made with and cut off from the engine, and, in the opera- 
tion of making the connection, the distribution of compressed air 
to valve- mechan governed for effecting the required 
setting of the valve-gear. Controlling mechanism consists, accord- 
ing to this invention, in a rotary valve by which compressed air 
from a source of supply may be delive: direct to, or cut off 
from, an engine to be controlled, and in the rotation of the valve, 
for the delivery of air to the engine, a connection made by the 
valve governing the distribution of air from the source of supply 
to valve-gear mechanism for effecting the required setting of the 
valve gear. The controlling device illustrated, which is appro- 
— for use in conjunction with a valve-gear having no ten- 


Fig. 3) formed below the central chamber D. The chest F may 
conveniently be of segmental form, the complementary part of 
the circle constituting with the surrounding portion of the shell A 
an exhaust chamber G, having an exhaust port G!, the chest and 
exhaust-chamber being separated by a wall H, the two peripheral 
face portions of which are adapted to act as closure portions to 
pass over two gear ports K, K! formed in the casing and arranged 
so that by turning the valve C in one direction one of the gear 
ports is put into connection with the main air-supply, while the 
other is put into connection with exhaust. The peripheral face 
age of the wall H are so disposed that when the valve is set 
n what —y be termed a neutral position they cover both the 
gear ports K, K!. In order that the connection with either of 
the gear ports may be established before the through connection 
has been established for the engine, the covering portion ©! which 
controls the out-branch B! is made longer than the covering 
rtion C2 which controls the in-branch B, so that in either direc- 
ion of rotation a connection is first made with the central 
chamber D and with one of the gear ports K or K!, and at a later 
stage in the continued turning of the plug valve © the connection 
between the air-supply from the in-branch B with the out-branch 
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B!, and the engine is established. The covering portion C2 con- 
trolling the in-branch B, as shown, is of less width than its corre- 
sponding port, or it may be entirely dispensed with, so that a 
connection between the central chamber D and the in-branch B 
is always maintained. It will be understood that in the turning 
of the valve when one of the gear ports K or K! is put into con- 
nection with the exhaust, the other is put into connection with 
the air main. For operation, the valve C may be fitted with a 
hand-lever, adapted to be turned into a neutral or central posi- 
tion, and into a backward valve-gear setting and backward work- 
ing position, or into a forward valve-gear setting and forward 
working position. In either of the valve-gear setting positions, 
the connection necessary for moving the valve-gear is first, made, 
the connection of the air-supply with the valve-chest of the 
engine only being completed after passing the gear-setting posi- 
tion when the working position is approached. To indicate the 
respective itions, stops may be provided for the extreme 
positions of the controlling lever, and for indicating when any 
of the intermediate positions are reached the lever may be 
furnished with a spring detent associated with appropriate 
depressions, of which one corresponds to the neutral or central 
position, the others with, say, the backward and the forward 
valve. (Accepted July 26, 1911.) 


RAILWAYS AND TRAMWAYS. 
15,141/10. C. H. Gray, Silvertown. Buffers. [10 Figs.) 


June 23, 1910.—This invention relates to annular buffers of india- 
rubber, and of the type exemplified by the rings employed to 
encircle the stem of a metallic buffer-head in railway rolling- 
stock. According to this invention, there is provided a rubber 
buffer which has approximately parallel ends, is annular, has a 
central rib, and has gutters or depressions whose edges provide a 
set-back portion. If desired, both the inner and outer circum- 
ferences of the annulus may be provided with a central rib, 
gutters, and set-back portions. The contour of the outer circum- 
ference of the buffer is set back at A, so that the interior angle 
between it and the adjacent end is necessarily less than 90 deg. 
Fig. 2 shows the buffer uncompressed and having a cylindrical 
central bore D, the circumference of which is also set back at 
each end, so that the interior angle between it and the adjacent 
end is again necessarily less than 90 deg. The annuli at E and 





Fig.t. 





(15141) 






F are each reduced in width, as com: with the width of corre- 
sponding annuli in old types of rubber buffers, to such an extent 
as to obviate the cracking of the material intermediate of the 
width of each of the said annuli, which cracking has heretofore 
An external central rib R is provided on the 





lency to assume any definite position, or one having a t 'y 
to normally assume a neutral position midway between that for 
fo or backward rotation, ens a shell A having a conical 
bore from which an in-branch B, for connection with a main air- 
supply pipe, and an out-branch B!, for connection with the valve- 
chest of the engine, extend, the two branches B, B! presentin 
ports adapted to be trolled by a conical plug-valve C form 
with a central chamber D, to which communication is established 
with the in-branch B and out-branch B! by a through way, the 
closure of the out-branch being effected by a covering portion 
Cl, As shown, the valve is formed with a portion C2, which is 
not sufficiently wide to cover the rt of the in-branch B. 
From the central chamber D a w extends and forms a per- 
manent connection between the "ceember D and a chest F (see 





n 
buffer, which, co-operating with the set-back portions A and 
gutters G formed thereby, prevents the portions of the buffer 
set-back at A from curling away from the rib towards the com- 
pression-plate. Similarly, a central internal rib R!, co-operating 
with the gutters G1 formed by the set-back portions D!, prevents 
these latter from curling towards the compression-plates from the 
said rib. It will be seen, therefore, that in a buffer thus con- 
structed, with ribs, gutters, and set-back portions, the compres- 
sion will not be able to bring into contact with the compression 
surfaces applied at its endsany portion of the buffer not originally 
in contact with them—that is to say, it is not able to bring into 
contact with them any portion either of the central bore or of 





the outer circumference. (Accepted August 2, 1911.) 
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THE STEAM-TURBINE. 
(Continued from page 374.) 
Ir was stated on page 307 ante that when there 
is no tip leakage the work, W, done by a group of 
blades, per pound of steam passed, is given by the 


relation 
N } 


W= 3 [* (N +4 log , p) b cosa ey 
If there is tip leakage, the work done, in 
the case of standard blades, will be reduced 
__e=s , where h denotes the blade 
h+2.15¢ 

height, and ¢ the tip clearance. The coefficient b is 
equal to 


in the ratio 





1 
yt+1 1-@ 
ae 
1 — pyas 


where y is the index in the expression P VY = 
constant. 

These formul:e may be established as follows :— | 

Consider a group consisting of n stages, half of | 
which are constituted by the fixed rows and half by | 
the moving rows. Let vr, wv, v3... tn be the 
velocities of outflow of the steam from the corre. | 
sponding stages. 

Referring to Fig. 11, let A B = », denote the | 
direction and magnitude of the velocity of the steam | 
as it issues from the first row of guide-blades, and 


A 
Fig.i1. 
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let CB=s denote the speed of rotation of the 
wheel. The momentum of each pound of steam 


as it issues is equal to “!, and the component of 
« 
this momentum in the direction of rotation is 
G B + g, or 
7 COs a 
ia 

Taking now stage No. 2, which is a row of 
moving blades, the steam issues from this with a 
velocity which, measured relatively to the moving 
blades, is given by the line HI=v+,. This, as 
stated, is a relative velocity, and the absolute 
velocity, in space, of the steam as it issues, is ob- 
tained by setting off [J = s and joining HJ. The 
absolute momentum of 1 lb. of the steam as it issues 
is, therefore, equalto HJ ~g. The momentum of 
this in the direction of motion is + 9, 
which, it will be seen, is equal to 

__ Yq COS A—8 
a 

This component is directed in the opposite direc- 
tion toG B, and hence the total change of momentum 
parallel to the direction of its own motion which | 
the moving wheel has effected on the pound of | 
steam is 





GB+ KJ _ v, cosa + wy cosa—s 
g g 


Now, by an elementary principle in mechanics, | 
the force acting on a body is equal to the change of | 
momentum effected per second in the same direc- | 
tion. Hence, if w pounds of steam pass through 

stage No. 2 per second, the force exerted on this | 
mass in the slne of rotation is equal to 








3 {( +t) cosa—s}. 


Since action and reaction are eyual and opposite, 
this is also the force tending to rotate the wheel. 

The total rotating force exerted on a group is 
therefore the sum of a similar quantity to the above 
for every row of moving blades. This may be called 
the impulse on the group, and this impulse is there- 
fore equal to 

~ 7a 
2 , 


- { cos mo 
1 
where N denotes the total number of stages, which 


gy 





| be readily found. The simplest assumption, no 
| doubt, is that the value of V 


is, of course, twice the number of moving rows in 
the group. 

In passing through the various stages of a group 
the steam expands, and its specific volume V in- 
creases. If Q be the area of the passage-way, the 
velocity v is given by the relation Vw =v, so 
that the expression just given may be written 

w fw , Ns 
“ {zoe zv-*} 


N 
where = V denotes the sum of the specific volumes 


1 
of the steam measured at each successive stage. 

In general, V,, the initial volume of the steam, 
is known, as are also p, and p, , where p, denotes the 
pressure on discharge from the group. 

If the law by which V increases stage by stage 


N 
from V, to V, were known, the value of = V could 
1 


plotted against n gives 
a straight line, but this overestimates the work 
done, since the true curve is convex towards the 
axis of n. 

A more accurate assumption is that 


Vu = Vor", 
where » can be obtained from the relation that 
V. = Vo p*, or N log p = log px 
This makes 





whence the impulse on the group is 
wy f g~-l _Ne} 
1 


, 4 eee 2 j 
wii (;.) 


This, though a better approximation to the 
truth than the assumption that the relation 
between V and n is expressed by a straight- 
line law, is still not idehin, and again over- 
estimates the work done ; because the assumed law 
V, »* makes the ratio of expansion the same 
for each successive stage. Since the volume in- 
creases, however, more work is necessarily ex- 
pended at each successive stage in forcing a given 
weight of steam through it, and thus actually the 
ratio of expansion must increase from stage to 
stage, so as to provide for the additional energy 
required. 

An approximation to the true law of increase of 
volume can be established as follows :—It appears 
to be a reasonable assumption that the kinetic 
energy generated at each stage shall be approxi- 
mately proportional to the expansion energy* 
expended in the stage. 

The drop of pressure at each stage is small, and 
calling it 4 P, the expansion energy accounted for 
in the stage, per pound of steam passed, may be 
taken as equal to V AP. 


ale 


We may write, therefore, 


N N . 
P,-P=ZAP=iZP Y 
1 1 
Suppose the ordinates in Fig. 12 represent suc- 
-i s_ -3 
cessive values of P ¥, then P yYis equal to 
1 


the area of the dotted rectangles shown. This 
area is, in its turn, practically equal to that of the 
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curve AEGC, less the 
the rectangle EF G H. 
Since 


rectangle ABCD, plus 


AC=P, 


1 1 
Y ,andEG=P 7, 


-! 
the rectangle A D is numerically equal to$P, 7, 
1 


and the rectangle EH to $P ue 
Hence from (3) we get 
1 


7 


P,-P =U (area AEGC+4P Y-3P, 7 


1 1 1 
= 


P Ydn+ip y- Y 
Differentiating with regard ton we get (since 
P, is constant) 
et « 
dn 


ay 


- -1 
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I 
2Y 


dP? 
ie Fg 


af 
iP 9 


1 
Multiplying by P y this equation may be written 


. -1 
wets. C2 ae 
dn 27° dn 
On integration this gives 
y+ 
l 
- J. .P %=la- gy Be P+A,. (4 


where A is the constant of integration. 

To determine! and A, we note that when n=0, 
P=P,, and when n = N, P=Px, P, and Py being 
respectively the initial and final pressures of the 
steam. 

We thus have 





The kinetic energy per pound of steam leaving | 
we 

29 

Thus, on the assumption above made we may | 


the stage is, of course, equal to 


| write 


VAaP=z=a.e% 
where A is some constant. But v* is proportional 
to V?; hence we may write 


VAP =,V?, 


AP=8£V, 
where 8 is another constant. 
Assuming the relation between P and V to be 
1 


or 


P V’ = constant, we thus get AP =1P 7, where 

l is some constant to be determined later on. 
Now, 4 P is the decrease in pressure for a unit | 

increase in the number of stages, and the solution | 


of the above equation is accordingly a problem in 


| the calculus of finite differences. 


An approximate solution can be obtained as 
follows :— ? 
Obviously, if P, be the initial pressure, and P 


the pressure behind some stage N, we must have | 


: P,-P=2AP (3) | 
1 
the total pressure difference being the sum of the | 


pressure differences at each intervening stage. 


* This may also be called the “‘available heat” expended 
in the stage. 


i 





y+1 
— i ae ee Se 5 
y+i' ° 27 ad sa 
and 
y+l 
“ Y l 
Ps =IN- . log Py +A 
y¥+1 27 . 
Subtracting we get 
af ON ' sy . (log, Py—log, Ps ) | 
y+ y?+1 ) 
= v > Ya Y 
yrl | Fe ' J 


which if = = 2» may be written 
N 


y+1 { y+) 
 % Y 
u(N4 oy Be * )= - Po | 1-( ) J 


But if px be the ratio of the volumes at the begin- 
ning and end of the expansion, we have 
1 


1 


ra 


¥ 
y+1 


px = 2s Y» 
and thus we get 


y 
y¥+1 


y+1 
f 


Po? (1-50, ) +4 


Substituting this value for / in equation (5) we get 


iw N+} log, m 
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+1 " N + 41 . " 2, a 9 
sy . . “a 1 Ts ee i + § loz, px 7¥+1 a aia = =m Gn + og [tant - 2ete=1 cosa] 
ae oy log. P, 1 “1 . ” 
yr pw Iw ee 1/1 0 = s P i 
N+4wpe py 27 Px x 9 e utting 4 
, f ; : N+log, px ‘ : ta = fa Vo 
Hence, substituting in equation (4) the values} _ . Ut? (1 -p "VL -ta tin | Fest 
found for A and J, and letting P denote the peek, Y \ iy, Be = Mow = man t 
pressure after any stage n, and if also = 2, — ~" ” 
Vv 0 Since p’ = x, we get finally ae [ PPn—1+ 8-28 ropn—1 cos «| 
, , ‘ , 29 
whilst — = p, the following relation subsists be- . + : : 
Vo al beg Bes xt ; Now, since experiment has shown that former 
tween n, x, and p. "= : 2 Px ~ 2 Po ideas as to hydraulic shock are erroneous, we may 
1 : , take M as practically constant for every stage. 
n+ jlogeo ‘= “op N + 4 log, p» ‘Fe : It is convenient to assume that there is a 
N+ bhute pe i” = 1 (1 4 ) ‘‘carry in” of energy even in the case of stage 
a - as rare ¥ rx No. 1, and to put this as equal to 
1 ' Values of : M 
’ . a M 1,9 2 Gen 
which, since p=x7Y , may also be written re 29 i tite stn 
‘a1 2 ( 1 y +y ¥+% . The error involved is very small at the most, and 
n fee p Y De the assumption simplifies the mathematics of the 
N + $loge pw ss (6) px problem. 


i. : 
Tx Px 


‘The way the volume increases from stage to stage 
within the group is-well shown in Fig. 13, where 


. 73. 
EXPANSION OF STEAM WITHIN A GROUP OF 


BLADES 
Plotted. from the equation §5 2 ee , where 
“Tn denotes the number of the row or Sthpje. whilst”) 






























































P +f; % being theInitial volume of the Steam 

rs} and Vite volume at row m, whulet xP LA 
SX |[pbeung the uutial pressure and, 
‘3 |Dthe pressure at row n. 
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the ratio of expansion has been plotted against 
the number of the row. 

For many purposes the logarithmic terms on 
the left may be omitted, and we may write simply 


“(yt 
Pp 
ae 
ts Ps 
The object at issue in deducing equation (6) has 
been to evaluate 


n 





Dv, 
1 
Since V = p Vy, we may write 
ZV =V,zp. 
1 1 
Suppose the successive values of p are plotted 
down against n, as in Fig. 14, then the value of 
> p is equal to the area of all the dotted rectangles, 
1 


which, it will be seen, is practically equivalent to 
the area of the curve ST’ V N, minus the rect- 
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angle S U, and plus the rectangle V W. Hence we 


may write 


N 


=e - [re n +4 (08 — po). 
0 
To find t p dn, differentiate equation (6) supra 
with respect to n. 
This gives 


1 N + 4 log, px adel 
dnt -..dp= — -(y+l)p *"*.dp 
-?p © “cm 1 
Pa In 
Whence 
N + } log, px Peng 
pan an Sy She” ta e= Se 
eapen 2 
Pw ty 
Hence 


for different values of x are plotted in Fig. 4, page 
307 ante, both for wet and superheated steam, and 
this expression we may conveniently denote by b. Up 
to values of «=3, the value of b is, with such ranges 
of turbine efficiency as are usual in practice, nearly 
independent of variations in the efficiency » of the 
turbines. 

Thus, taking the case of wet steam, comparative 
values of b for values of y, equal respectively to 
1.108 and 1.0675, are as follow :— 

Pressure ratio, z, = 1.25 1.50 2.0 2.5 
b(y = 1.108) 1.1000 11796 1.2986 1.3836 
b(y = 1.0675) 1.1039 1.1868 1.3108 1.3993 

From Fig. 9, page 374, it will be seen that y=1.108 
corresponds to an efficiency of about 77 per cent., 
and y = 1.065 to one of about 29 per cent. The 
difference between the corresponding values of 
is, it will be seen, very small, even for pressure 
ratios as high as 2.5, whilst in practice this pressure 
ratio is commonly not much more than V2. 

As already proved, the impulse on the blading 
of a group having no tip leakage is equal to 

w fw a. Ns} 

gy ; (0 ‘ ~ Z J 
and: V = Ve e p, which, from the foregoing, 
is equal to V,(N + 4 loge p) b cos a. 

Ilence the impulse may be written in the form 
wf wv, Ns) 
yw 2) 

B w V, 

ut“> = 
finally the impulse on the group is 


. (N + 41log, p)b cosa - 
vt», the velocity at entrance, so that 


” N: 
- { to (N + 4 log, p) beosa — =} 

The work done per second is equal to this im- 
ulse multiplied by s, the blade speed. Whence 
V, the work done per pound of steam passed per 

second, is given by the relation 


W= < {r 
Q.E.D. : 


It now remains to find an expression for the 
value of v, the velocity of the steam at entrance. 

The energy tending to produce flow through any 
row of blades of the group is equal to the energy 
developed by the expansion of the steam as it flows 
through a row, plus the kinetic energy carried over 
from the preceding row. 

Let qn denote the expansion energy, at any row n, 
expressed in foot-pounds per pound of steam passed, 
jand 


(N + 4log p)bcosa—N #} 
€ z) 


72,1 
zy 
the kinetic energy ‘‘ carried in” to the same row. 
The kinetic energy of the steam as it leaves the 
row is equal to 
1, 
2y 
and we have then the relation « 


r2,—1 
=mqn + M 29 


29 
where M and im are coefficients to be determined 
from experiment. 

Then if va—1be the velocity of outflow from row 
(n — 1), and s ke the blade speed, we have from 
Fig. 11 


yy = 1%. + 8? — 28 tn-1 COS 4, 


2 
0 


Adding up the values of ~°?™ for every row 
29 ; 


we get 


72, N N 
7 =— v 
zy" = pn = 8SOe + 
S fd see — 
*] t= pn t+ Ns? - 9 cos a = 
2y 0 7 +N8 8% COS a pn | 


We have already shown that 


=p =| n + 4 (px -1), 
and, similarly, by reference to Fig. 12 or Fig. 14, 
it will be obvious that 


| 


N N 
=~ P=) Pdn + 3 (ps —p%); 


~ 


and p, is, of course, equal to 1. 

Again, the figures in question show that 
= 2 is equal tof d n—} (p?x —1) 
and, similarly, ; 

- dn-4 (px —1). 


0 


n—1 
>> _ 
2 p= 
0 


The value of | p dn has already been found, and 
is equal to : 


L(N + 4 log, px) — Px-1 
‘= 
Hence 
x—1 
= p= (N + } log. p) — (px ~1). 


0 


p* dn we get from (6), 


0 


To obtain the value of J 


above 
ie a wae 
dn + =? = N+ aloe Ps. (y+1).p " “dp. 
2p .< 1 
Ps as 
Whence 
N + 4 loge pw. ¢, “9 
rdn+4pdp= a (y+1).p ‘dp. 
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Therefore 


J 


N + loge ps ¥+1 


Tor] 
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Substituting this value in our equation for ‘ " we 
“9 





get 
° es = 
v9 7. 1 Ix 9 
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33 [ og, p) 3 (reas. 4 (p 
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We thus get 


s . . 
Now > q, is the total wo-k don2 in expansion 
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= .PoVo(1- 2) 
i.¢., = qx roms ° 0 a 


We have thus obtained a rational expression con- 
necting together the steam-speed at entrance to a 
sroup, with p the total ratio of expansion in the 
group, s the blade-speed, and N the number of rows 


n the group. 
wee 





THE IRON AND STEEL INSTITUTE. 

As briefly reported last week, the autumn meet- 
ing of the Iron and Steel Institute was held at 
the Institution of Civil Engineers on Thursday, 
October 5, the President, his Grace the Duke of 
Devonshire, being in the chair. At the commence- 
ment of the meeting the President explained that 
the Council had regretfully concluded that it was 
advisable to postpone the Italian meeting. When 
the time approached the numbers who would have 
been able to go to Turin were greatly reduced, 
chiefly on account of the present labour troubles, 
and it was thought that it was not worth while 
going in only asmall body. They had, therefore, 
had to send their apolegies to the Ltalian Society, and 
he hoped that he wouid shortly be able to see the 
Italian Ambassador and express personally to him 
the regret they felt at the unavoidable change in 
their plans, and, with’their apologies, to thank 
through him all who had made arrangements on 
their behalf. The resolution, of which we gave 
the gist last week, was then read and passed, the 
President proposing, and Sir Hugh Bell seconding 
it. Before proceeding to the papers a proposal 
was made by the President that, as the new Master 
Cutler was to be elected that day, they should 
send a message of congratulation to Mr. A. Balfour 
in connection with that event. This was duly 
approved by the members present. 


TRANSFORMATIONS OF STEEL. 


After some formal business the President an- 
nounced that the first paper to be taken would be 
that by M. L. Grenet, on the ‘* Transforma- 
tions of Steel within the Limits of the Temperatures 
Employed in Heat Treatment.” This paper we com- 
mence to reprint in extenso elsewhere in this issue 
of ENGINEERING, and we will therefore proceed at 
once to the discussion, which was opened by Sir 
Robert A. Hadfield, who thought that the Institute 
was greatly indebted to M. Grenet for the paper, 
although all members would possibly not agree with 
his conclusions. The paper put before the Insti- 
tute the French view of this subject, and it was 
important to them as influencing the French steel- 
makers. In one part of the paper M. Grenet 
used the words ‘‘such rapid cooling does not occa- 
sion variations in the hardness,” while in his conclu- 
sions he remarked that cases were known of 
quenched material being softer than unquenched. 
The statements did not appear quite to agree. Sir 
Robert Hadfield stated that he had himself known 
cases, notably of manganese steel forgings, which 
did not increase in hardness when quenched, but 
rather showed slightly softer. 

Professor J. O. Arnold, who spoke next, said 
that it was a source of great congratulation to him 
to notice from the paper how closely the two rival 
schools of thought on this subject were approaching 
one another. With regard to the statement in the 
paper that martensite might be regarded as a very 
fine aggregate of two, or sometimes three, consti- 
tuents, that, of course, was the view that metallur- 
gists of the Sheftield school had taken from the 
first. Martensite was not a distinct constituent, 
but a structure. It wasa generic structure. M. 
Grenet’s conclusion that ‘‘iron-carbon alloys partake 
of the general category of alloys, and no complica- 
tions due to allotropic transformation of the element 
iron need be takerf into consideration,” was most 
important. The carbonist school had held that 
view for some twenty years, and it was a pleasure 
to find that the Paris school was now coming into 
line with them. 

The next speaker was Dr. J. E. Stead, who said 
the paper was worthy of careful consideration. He 
agreed with Sir R. A. Hadfield in thinking that 
opinions would differ as to the conclusions, but the 
ideas advanced should be discussed in the fullest 
possible manner. He regretted the introduction 


of so many terms into the subject. The ‘“ hot 
stable state” of the paper was, of course, known 
by others under the name of ‘* austenite,” and the 
cold stable state as the ‘‘ a condition.” All said and 
done, the paper gave no definition of what trans- 





formation really was, and the author, towards the 
end, came to the conclusion that ‘‘so far as the 
real cause of hardening is concerned, it cannot be 
said to be known.” All that they knew was that 
when quenched from above some critical point, 
hardening did occur. Before trying to draw dog- 
matic conclusions, he thought it would be wise to 
go into the matter more fully. When the cause of 
hardening became known, it would be possible to 
make some further progress. Until that occurred, 
comparatively speaking, we knew nothing. 

On the subject of » Sate he disagreed with the 
author’s mode of expression. -An alloy was com- 
monly supposed to consist of two or more metals 
melted together, but M. Grenet applied the 
term to pure metals, in which he claimed one of 
the constituents was in the proportion of nil, 
instancing pure, or nearly pure, iron. This was, 
Dr. Stead held, a misapplication of terms. There 
could not be an alloy of one constituent any more 
than there could be a marriage solemnised in the 
absence of one of the two parties. In the case of 
slightly impure metals the impurity would form the 
second constituent of an alley. The author further 
wade a peculiar statement with reference to solid 
solutions, to the effect that when pure iron passed 
through the critical temperature the iron itself 
passed into solid solution. This could scarcely be 
correct, as the iron was already in the form of a 
solid solution before the change. Apparently the 
author considered that iron-carbon alloys below 900 
deg. Cent. were a iron, and all above, yiron. This, 
of course, was not the general view by any means. 

Dr. W. Rosenhain was the last speaker on this 
paper. He said that from the author's conclusions 
as stated in the paper, he apparently differed both 
from the majority of the French workers, and also 
from investigators here. M. Grenet seemed to think 
that hardening was due to transformation under 
difficult conditions. He was willing to explain or 
to discuss hardening without reference to allotropic 
modifications. Dr. Rosenhain considered that in 
this the author was mistaken, as those facts were 
intimately connected with the hardening, as the 
equilibrium diagram clearly explained. The author 
further ignored the heat evolutions which occurred 
in changes from y tof iron. It was clear that there 
were changes in the mechanical properties and in 
the constitution when the temperature was raised. 
These the authcr did not take account of. Perfect 
quenching might be regarded as the perfect per- 
manent retention of the metal in the form it took 
when heated. Some of the changes to which names 
had been given, such as martensite, troostite, &., 
found no place in the equilibrium diagram. These 
should not be named in this way, as it led to 
confusion. 


Tue Mecuanicat INFLUENCE OF CARBON ON 
ALLoys or IRon anp MANGANESE. 


The next paper taken was one by Professor J. O. 
Arnold and Mr. F. K. Knowles. This we re- 
printed in full in our last week’s issue.* It was 
entitled ‘‘ The Mechanical Influence of Carbon on 
Alloys of Iron and Manganese.” The paper was sum- 
marised by Professor Arnold, and the first speaker 
in the discussion was Sir R. A. Hadtield, who 
said that he thought the series of alloys with which 
the paper dealt was a most remarkable one, He 
considered that, in all probability, the laboratory 
of the Sheffield University was the only place where 
the production of such an excellent series of alloys 
was possible. He referred especially to those low 
in carbon. Twenty-five years ago, when he was 
experimenting with manganese alloys, there was no 
pure manganese. Manganese steel owed its pro- 
perties jointly to the manganese and the carbon. 
Without the carbon it would be useless. Professor 
Arnold had supplied him with samples of the alloys 
referred to in the paper, and these he had taken the 
liberty of testing by the Brinell method, after having 
heated them to 1000 deg. Cent., and then quenched 
them. The following figures for the low-carbon series 
were obtained, the specimen numbers and percen- 
tages being as given in Professor Arnold’s paper :— 


Specimen Manganese. Brinell Hardness 
umber. Per Cent. Number. 
952 A 1.10 143 
977 A 3.13 430 
961 A 4.10 418 
957°A 5.50 418 
951 A 10.50 444 
956 A 12.90 302 
967 A 15.70 192 
955 A 19.85 235 








* See page 478 unte. 


It would be noticed that at and after the 13 per 
cent. of manganese the hardness test showed a con- 
siderable drop, which corresponded with the facta 
brought out in Professor Arnold’s paper. He would 
say that the Brinell figure for pure iron was about 
90, and for the hardest steel known between 700 
and 800. The low-carbon series showed a gradual 
increase to about 12 per cent., but the figures for 
the high-carbon series were rather different, as 
would be seen in the following table :— 


Specimen Manganese Brinell Hardness 
Densben. Per Cent. Number. 
990 A 1.16 650 
996 A 3.10 600 
999 A 4.98 286 
1085 A 10.07 179 
1065 A 15.11 196 
1084 A 19.59 192 


This series showed a gradual falling off from 
high figures at the commencement of the series 
down to about 12 per cent., and then an increase. 
He had also carried out bending tests on these 
alloys, and these he would add in his contribution 
to the Proceedings. Briefly, in the low-carbon 
series the low per cent. manganese alloys bent 
easily, but as the percentage increased the alloys 
became brittle and would not bend. After acertain 
amount, however, the bending improved again. The 
bending tests, in fact, correspond: d with the result 
of the hardness tests. In the high-carbon series 
there was the same agreement. The first alloy 
bent very little, while that containing 10 per cent. 
Mn bent to 82 deg., and the alloy of the highest 
manganese content bent double and remained un- 
broken. The micro-photographs in the paper 
were very interesting, and the author was to be 
congratulated on the fact that he had not attempted 
an explanation when he had no sure ground to go 
upon. He thought that many mistakes had arisen 
solely through attempts being made at explanation. 
The fact that a man of Professor Arnold's experi- 
ence admitted that explanation was still lacking 
showed how far we still had to go in such matters. 

Dr. J. E Stead said that a great deal more of the 
kind of work recorded in this paper was wanted 
before conditions accompanying annealing, &c., 
were considered. He was sorry, however, that the 
author left so much out of his paper, as, for in- 
stance, matters relating to recalescence, &c. ad 
Professor Arnold obtained information on such 

ints? What was the final state of the alloys ? 

as there twinning in the case of the alloys with 
the higher percentages of manganese? He had 
found that with austenite steels (as, for instance, 
1.5 per cent. carbon steels) twinning ap d 
throughout the series. On reporting this matter 
to Professor Osmond that gentleman had informed 
him that this was only to be expected. He would 
like to know whether austenite conditions could be 
obtained with low carbon with rapid quenching. 
With reference to the use of the term ‘‘ martensitic 
structure,” he wished members for a moment to 
consider how this could be defined. One definition 
would evidently be that it was a structure sometimes 
taken by a substance called ‘‘martensite.” A sorbitic 
steel would be one containing sorbite. Troostite, 
sorbite, and martensite had no place in the equili- 
brium diagram. Was there any justification for 
the retention of terms which denoted a form instead 
of a substance? For instance, martensite might 
sometimes have a large structure. It was only 
obtained when the heating was carried suffici: ntly 
high. A name for the form taken was essential, 
but it would equally well be described as a trian- 
gular structure, and the name martensite could be 
abolished. 

Professor J. ©. Arnold, in reply, said that with 
regard to the remarks of Dr. Stead, that speaker 
asked for information outside the ground covered 
by the paper. With regard to recalescence points 
none had been obtained, so that it was not possible 
to speak of them, neither had twinning been ob- 
served. He might add that maitensitic structure 
existed in all sorts of material, and was not found 
only in connection with hardenite ; it might occur 
in other steels. 


TemPeratur« INFLUENCES ON CaRBON AND IRON. 


The next paper taken was one by Mr. E. Adamson, 
entitled ‘Temperature Influences on Carbon and 
Iron.” This paper is reproduced verbatim on page 
507 of this issue. The discussion, which followed 
upon the summary of it given by the author, was 
brief. It was opened by Dr. J. E. Stead, who was of 





the opinion that the paper constituted an attack 
upon the analyst. He considered analysts’ work most 
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valuable. The determination of the silicon was 
most important. One might have a No. 1 pig with 


only 0.5 per cent. silicon, but if that were remelted 
it was impossible to reproduce from it pig with 
0.5 per cent. silicon. Analysis helped the founder. 
If there were 2 per cent. of silicon in pig giving a 
close-grain fracture, the analysts’ work led one to 
believe that sulphur must be present also. Frac- 
tures alone were misleading. No.1 pig run to a 
}-in, plate or slab gave a No. 4 fracture. Analysis 
would then be more valuable than the fracture. 
No. 4 pig, with close fracture, cooled very slowly, 
would give a fracture of a —_ below No. 1, 
and so on, so that fracture alone was no indica- 
tion. The analyst considered the total carbon. If 
there were too much carbon, the iron was weak, 
and analysis showed that it should be reduced. All 
elements should be taken into account. Again, the 
analysts’ work was important in that it indicated in 
what way bad irons could be utilised to give good 
results. This knowledge was now put to service, 
and results obtained which had been impossible 
before. He thought it just as well that this subject 
of grading of pig should be brought up from time 
to time, so that they might know where they stood. 

Sir R. A. Hadfield said he thought the paper 
needed some amendment in its title, to which the 
words ‘‘in Pig Iron” should be added, as it was 
wholly concerned with that material. In his own 
experience, it might be interesting to relate, he 
had obtained exactly similar results to those 
obtained with silicon, by employing aluminium 
instead of silicon. In the paper reference was made 
to pig containing 8 per cent. of carbon. This was 
a remarkable percentage, and he thought an effort 
should be made to obtain a sample of it to add to 
the collection gradually forming at the Institute’s 
rooms. 

Mr. Adamson, in reply, stated that Dr. Stead 
had slightly misunderstood him. He was not 
attacking the chemist, who, they would all admit, 
rendered valuable service in pointing out how un- 
satisfactory irons could be utilised. What he did 
attack, however, was the system of grading pig by 
analysis. That meant grading by silicon merely. 
The tables given in his paper did not agree 
altogether with Dr. Stead’s statement as to sulphur 
present with 2 per cent. or so silicon, in conjunc- 
tion with a close-grain fracture. He had found 
many similar results for pigs containing 1 per cent. 
and 3 per cent. silicon. 

As time permitted, a short paper by Mr. L. L. 
Fermor was next read. This was entitled ‘‘On 
the Origin of the Iron Ores of Swedish Lapland.” 
At the close of this paper, on which there was no 
discussion, the President proposed a vote of thanks 
to the Institution of Civil Engineers for allowing 
the Institute the use of their building for the 
meeting. This was duly seconded and adopted. 
It was followed by a vote of thanks to his res 
the Duke of Devonshire for presiding, proposed by 
Sir R. A. Hadfield. This was carried unanimously, 
and, after a few words of acknowledgment by the 
President, the meeting terminated. 


LITERATURE. 


—————— 
Nitrocellulose Industry: A Compendium of the History, 
Chemistry, Manufacture, Commercial Application, and 
Analyses of Nitrates, Acetates, and Xanthates of 
Celiulose as Applied to the Peaceful Arts, with a Chapter 
on Gun-Cotton, Smokeless Powder, and Explosive Cellu- 
lose Nitratcs. By Epwarp Cuauncey Worpkrn, Ph.C., 
M.A. In two volumes. London: Constable and Co., 
Limited, [Price 42s. net.] 
To many it may be a surprise that two pon- 
derous volumes should be required in order to set 
forth the part played by cellulose nitrate in in- 
dustry and the arts. For to few can it be possible 
to apprehend adequately the magnitude of the 
ramifications outside their own experience. The 
manufacturer of explosives takes little interest in 
the formation of lacquers, the preparer of collo- 
dion films is indifferent to th» question of turpen- 
tine substitutes. Cellulose, however, connects 
many apparently independent processes. There 
are, too, others, such as those engaged in producing 
silk filaments, or patent leather, who are willing 
perhaps that their ingenuity should not be too fully 
r nised, and are content to find their reward 
in the consciousness of having benefited their 
fellow-citizens by supplementing a deficient natural 
supply. A very cursory consideration, therefore, 
of the many departments of technical manufacture 








will convince us that if completeness is to be 
achieved, one must have not one book, but many, 
a special Encyclopzedia, whose object must be to 
offer a classified account of original investigations. 
That there must be necessarily much compila- 
tion goes without saying, but this, conducted with 
intelligence, enhances, rather than detracts from, the 
value of the book, An exhaustive bibliographic 
record at the hands of an expert, who carefully 
examines the statements and sifts endless patent 
specifications, has a value of its own, and in this case 
the value is increased by the preservation of an accu- 
rate perspective, extending throughout the many 
branches into which this subject is divided. Having 
in view the number of workers in the field, the inge- 
nuity displayed, and the many directions in which 
it has been illustrated, the wonder is rather that 
sufficient industry should be manifested by one 
authority to examine and digest so many varied 
applications. The index alone runs to 75 pages, 
and we are afraid to say to how many journals and 
thousands of patents reference is made. For if we 
are to have a comprehensive survey of the growth 
of a varied and fascinating industry, there are allied 
subjects which must set be overlooked. 

Such is the history of the discovery and manu- 
facture of the solvents that| have so enormously 
increased the usefulness and extent of cellulose 
application. The author is justified in saying that 
a main factor in the development of the industrial 
uses of cellulose nitrate has been due mainly to the 
discoveries and extensions of the solvents. Viewed 
in the perspective of present knowledge, the failure 
in the early days to advance can be traced to the 
lack of appreciation of the fundamental importance 
attaching to the solvent as distinguished from the 
pyroxylin. Early scientists were not able to dis- 
cern the essential importance of appropriate dis- 
solving liquids, or of converting solids. Many a 
solvent once rejected as unsuitable or uneconomical 
for a particular object, may yet find valuable appli- 
cation in an entirely different combination, so 
limitless is the range into which nitrocellulose 
enters. 

The general scheme of the author can be indi- 
cated in a few words, the industry exhibited in 
carrying it to a successful issue can be best appre- 
ciated by those who have attempted similar analyses, 
and the degree of success can only be judged by 
the technical expert. The raw material destined 
to figure in so many protean forms is cellulose, and 
the author is perhaps indifferent whether this vague 
substance, whose chemical structure eludes exact 
analysis, is to be regarded as a colloidal aggregate, 
or as a highly complex molecule. He is concerned 
in its behaviour under technical treatment, not in 
its constitution, but he tells enough of its compo- 
sition and manufacture to explain the process of 
nitration. By the end of the third chapter we are 
in possession of the cellulose nitrate, but inasmuch 
as in the dry state this preparation, save in the 
single case of explosives and propellants, has little 
commercial value, the author, true to his scheme 
of insisting on the equal importance of the solvents, 
devotes three chapters to the consideration of their 
manufacture and convenient manipulation. Here 
we can follow the exciting tale of the chemistry of 
fusel oil, the amyl] alcohols, and of amy! acetate, 
that made pyroxylin lacquers possible. The interest 
is continued to the latent solvent, camphor, that has 
made celluloid a commodity of daily use, revealing 
both the magnitude and the possibilities of a wide 
extending industry. 

Passing over the preparation of turpentine sub- 
stitutes and paint-removers, which may find a 
wider application in the future, the author next 
traces in detail the preparation of lacquers and 
enamels, artificial and real leather coatings, and 
the production of silk filaments—a rapidly-expand- 
ing industry, which, if it has not yet had a detri- 
mental effect upon the world’s production’ of 
natural silk, may explain the comparative stationary 
condition of the French trade in the product of the 
silkworm. 

These chapters conclude the first volume, and the 
second opens with the account of the formation of 
pyroxylin plastics, typified by celluloid, in which 
chemical ingenuity has been able to imitate so much 
that is beautiful in Nature and Art,and supply 
many of the necessities and luxuries of civilised 
life. Here doubtless the unscrupulous have 
enjoyed opportunities for deceiving the unwary 
amateur, and it is not impossible that many a 
valued cloisonné vase owes its origin to pyroxylin 





into which it is possible for nitrocelluose to enter 


plastics, just as the amber mouthpiece of many a 





costly pipe has little in common with the fossil 
resin it so ingeniously imitates. The author may 
and does tell us much, but we imagine still more 
is unknown, for in many of these plastic pro- 
cesses there is room for the exercise of manipula- 
tive ingenuity and the display of artistic indivi- 
duality. The laboratory and the machine-room 
still guard many secrets. Collodions as applied in 
pharmacy and photography conclude the applica- 
tion of what the author calls the peaceful arts. A 
chapter is added on gun-cotton, smokeless powder, 
and explosives. Cellulose acetates and xanthates 
are also considered, and remembering the all-im- 
portant part played by denatured ethyl alcohol in 
most of the preparations, a final chapter is added 
on this indispensable adjunct. 

This collection of chapter headings, to which we 
have been obliged to limit ourselves, indicates an 
ambitious programme, but is one that the author 
has treated ably. He knows and admits that it is 
not infrequent in industrial works for the text to 
leave off just at the point where specific information 
is most needed. He hopes that he has avoided 
that pitfall. This is a point that can be decided 
only by those who approach the book with a view 
of acquiring precise information on a particular 
difticulty. But it is a book that is addressed to 
the technical expert, and Dr. Worden is no doubt 
sincere when he says that there has been no mental 
reservation whatever in the development of the 
subject. The general plan in the treatment of 
each section is to describe the history of each pro- 
cess, to trace the treatment to which the raw 
materials are submitted in order to attain certain 
results, to describe the formation of allied com- 
pounds with their intermediate and _ subsidiary 
products, followed by an enumeration of the tech- 
nical uses to which these products have been put, 
and the future possibilities in expanding the art. 
This seems to be a natural course, and it is one 
that the author has followed with success. 





La Géologie et les Richesses Minérales de lV Asie: His- 


torique, Industrie, Production, Avenir, and Meétal- 
logenie. Par L. pE Launay, Ingénieur en Chef des 
Mines. Paris: Libraire Polytechnique Ch. Béranger. 


[Price 35 francs. } 

M. pe Launay has entered upon a hard task, but 
one of which his previous researches on the mineral 
wealth of Africa enabled him to gauge the difti- 
culties. To appreciate the scheme upon which 
continents are built, destroyed, reconstituted, and 
reshaped, requires a vivid scientific imagination, 
great mastery of detail, and subtle insight into 
the behaviour of materials submitted to chemical, 
thermal, or physical forces. In a continent such as 
Asia, wide regions of which have not been geo- 
graphically examined, the task is still more onerous, 
since it is necessary to fill up lacunz as best pos- 
sible, and to run the risk of minute correction as 
facts collect. But at times such risks must be 
accepted if we would cultivate the study of struc- 
tural geology on a broad scale, and escape the 
narrowing influences that are apt to accompany the 
contemplation of small areas. The author invites 
us here to consider systems, and systems are not 
decided by small variations or increments due to 
local movements, but by changes that are world 
wide in scope. It is not necessary to suppose that 
sudden and unnatural catastrophes have occurred 
in the earth’s history, or to depart from the accepted 
dogma that geological changes are the consequences 
of processes still in operation ; but it is desirable 
to keep in mind that the rate of progress need not 
be uniform. Long periods of slow change have 
prepared the way for sudden movements and the 
exhibition of unusual energy. The machinery of 
earthquakes affords a familiar example. 

M. de Launay takes us away from the study of 
the minute changes, with which we are too apt to 
content ourselves, to the broader issues for which 
the slow changes are a preparation, but, as the title 
of his book indicates, he keeps in view the economic 
side of geology, and although the petrographer and 
geologist may be more attracted by the inquiry how 
the minerals came into the position they occupy, 
their genesis and mode of aggregation, the author 
recognises that the capitalist, the prospector, or the 
practical miner is more concerned in estimating the 
value of the mineral wealth, and the methods of its 
extraction. He therefore caters for these classes, 
and for a still larger section of the public, who 
watch the gradual development of the country, the 
effect the mining industry will have upon the social 





forces of a district, and the extent to which it will 
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compete with older sources of exploitation. But, 
above all, the author is interested in developing his 
theory of ‘‘ métallogénie” and of ‘* gites métalli- 
foeres,” and we have here but a collection of facts, 
minute and valuable from an industrial, statistical, 
and economical outlook, which we understand will 
be used subsequently to show that the knowledge of 
the tectonic formation of a region will indicate what 
ore bodies will be encountered, as certainly as our 
knowledgeof the stratigraphy ofa district determines 
the possibility of finding coal or petrol. In a country 
so little explored as Asia, we admit the extreme 
importance of an accurate criterion for prospecting, 
and are glad to know that in every case in which 
the author has put his theory to a test he has met 
with ample confirmation. Nevertheless, of the 
three sections into which he has divided his treatise 
1. Industrie; 2. Géologie ; and 3. Métallogénie 
Régionale—it is the two earlier sections which have 
given us the greater satisfaction. 

In the first part details are given of the gradual 
evolution of the industry from ancient times, with 
statistics regarding its present position, the 
influence of the extension of railways in effectin 
the economic development, and the more specia 
conditions prevailing in the principal mines. We 
are invited to consider the future, in which all 
countries having reached an economic equilibrium, 
all will utilise their mineral wealth to the most 
effect. In those days English coal will be driven 
from the Far East by the Japanese supplies, and 
from the Indian Ocean by the stores dormant in 
Hindostan ; while the petroleum supply of the 
Dutcl: Indies and of Japan will monopolise the 
markets of the East to the detriment of the 
American wells. In the meantime the remarks on 
gold-mining, with special reference to the Lena 
Goldfields, are not reassuring. M. de Launay does 
not look with a favourable eye on the permanence of 
the Siberian source of supply. An auriferous 
country can count on continuous mining only when 
the exploitation can be sunk to a considerable 
depth, as in the conglomerates of the Transvaal. 
The Siberian ‘‘ placers” are not in this condition, 
and, with few exceptions, the primitive beds en- 
countered in Siberia are of small value. Theory 
seems to point to the possibility of auriferous con- 
glomerates, like those of the Transvaal, in the 
folded strata on the borders of the Chinese Empire, 
but no trace has yet been announced. 

In the second part on the Geology of Asia, a 
uniform plan is pursued of presenting first a com- 
prehensive glance at the main stratigraphical and 
tectonic features, and then describing the geology 
of the natural divisions in detail. It is on this 
study of the existing conditions combined with a 
general homotaxis, that all ulterior deductions must 
rest. How far the author’s maps, which he has given, 
correctly represent the paleographical history of! 
the continent at contemporaneous epochs, must be 
left to experts; and it may be safely said that in 
the absence of more exact data than are at present 
forthcoming, scarcely two authorities would agree 
even in the principal features. The author is per- 
fectly aware of the uncertainties of contour, and 
the reason for them, but he maintains that there 
is sufficient evidence to prove that from the Cam- 
brian period down to our own times certain pro- 
minent features can be recognised with more or 
less distinctness. This persistence is the more 
remarkable as constant change is the main charac- 
teristic. This persistence is manifested ‘‘(1) pour 
un long sillon marin Est-Ouest, destiné a étre 
remplacé a]’époque tertiare la plus haute des 
chaines montagneuses eatellen, sillon qui va de 
l’Arménie 4 |’Himalaya et aux chaines birmanes ; 
(2) d’une fagon plus hypothétique pour la bordure 
de la mer pacifique, dont l’existence parait avoir 
eté marquée, sur le riyage de |’Asie, dés ce début 
lointain et s’étre constamment perpétuée dans la 
suite; (3) pour la mer arctique qui, a bien des 
epoques vient faire des incursions dans le Nord du 
continent Sibérien, comme si elle était toujours la, 
tres proche de lui, préte & y lancer ses marées.” 

The stratigraphic history is pursued with some 
minuteness through successive systems, and the 
facts or deductions are used to determine the 
course of other movements from which resulted 
the foldi and flexures of strata, injected rocks, 
and metalliferous ‘‘emanations.” The tectonic 


zones, upon whose importance the author insists, 
are well worthy of study, particularly as an attempt 
is made to determine the epoch at which they were 
produced; but the conclusions are suggestive rather 
The exhibition of the data, and the 


than decisive. 








attempt to draw a conclusion from all the material 
available, is a bold and praiseworthy effort, for one 
can easily be lost in the mass of detail, and fail to 
grasp the bearing of any set of facts correctly. 

In the third section, that of ‘* Métallogénie 
Régionale,” the author shows, by the examination 
of different ions, that the ation and 
genesis of lk. are associated with the age and 
type, with the folds and dislocations to which 
orogenic masses have submitted. Unfortunately, 
the theory or scheme by which the origin and 
deposition of metals are explained is too long to be 
+ sameg here. Down at a depth of 10 to 30 

ilometres below the surface, among the crystalline 
rocks, the origin is placed, and successive opera- 
tions are traced upwards to the earth’s surface, 
where the mechanical effects of mountain fuldings 
make themselves felt in determining the character 
and position of metalliferous beds. "te is contended 
that it is possible to trace analogies in virtue of 
which a little known metalliferous field can be com- 

ed with a type that has long been explored. 
ractically it is evident that there is a great advan- 
tage in being able to determine beforehand the 
direction research should take, and its probable 
result. How far the suggestive theory has been 
put to decisive test does not appear very clearly. 
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THE WORKS OF THE BRITISH 
WELDING COMPANY. 

THe ever-increasing demand for welded-steel 
ipe-lines for the distribution of water and gas, and 
or the disposal of sewage, &c., is sufficient evidence 

that the advantages of this type over the older cast- 
iron pipe are becoming more generally appreciated. 
The steel pipes are naturally much lighter than 
cast iron for a given set of conditions, resulting in 
a considerable reduction in the cost of carriage and 
handling. The lesser weight of the pipe, too, 
enables correspondingly longer pieces to be handled, 
with a like reduction in the number of joints 
necessary ; this latter point being especially notice- 
able in the case of the larger sizes of pipe. The 
smoothness of the bore also is an item of consider- 
able importance, resulting in the diminution of 
friction losses and liability to fouling-up, &c., and 
a further advantage is gained in the greater strength 
of the steel pipe, and its practical immunity from 
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fracture, making it specially suitable for use in 
places liable to local subsidences. 

In order to meet the demand for welded-steel 
pipes on a competitive basis, the British Welding 
Company, some two years ago, equipped their 
works at Motherwell with a full complement of 
modern plant, comprising a number of special 
machines. Being situated in the steel-making 
district, with a siding connecting to the Caledonian 
Railway, they are conveniently placed for obtain- 
ing the necessary steel plates, &c. The works at 
present equipped comprise a main machine-shop 
about 300 ft. long, in three. bays of 50 ft. each, 
containing the pipe-making plant, with power- 
house, stores, &c., attached; whilst adjacently 
situated are the gas-producing plants, tarring- 
shed, &c. All the machines are either electrically 
driven or hydraulically operated, the plant in the 

wer-house consisting of a 200-kw. Willans- 
xeneral Electric Company continuous-current set 
and two 200-kw. Parsons turbo-generators, a steam- 
driven air-compressor, and an Lydraulic pump with 
accumulator, &c«. The necessary steam is supplied 
by three Stirling boilers, which are fitted with stokers 
for burning low-grade coal. 

For welding purposes water-gas is employed, two : 
Delwick-Fleischer plants by Messrs. R and J. AEE cpthes 
Dempster, Manchester, being installed in a sepa- — 
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rate building, together capable of generating 50,000 Fic. 6. GENERAL View or Tuse-W 
cub, ft. per hour. The gas from these plants is 
delivered toa gas-holder, from which it is distributed | On account of the great importance of obtaining | adjacent to the annealing and plate-heating fur- 
by mains at a pressure of about 3 Ib. per sq. in.,|a pure gas for welding purposes special scrubbers | nace—which is in the main building—to supply 
to the various welding-machines and blow-pipes.|are employed. A separate producer is installed gas for heating this furnace, the plant in this case 
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being a Duff generator, by Messrs. Mason’s Gas 
Power Company, Limited, of Manchester, and using 
low-grade coal. 

the manufacture of the pipes, 
which at present installed can deal 


the plant for 





14 in. up to 6 ft. in diameter and 
26 ft. long, without circumferen- 
tial welds, proceeds as follows :— 
The plates are first machined on 
the edges to give the required 
scarf for welding, and are then 
transferred to the bending-rolls. 
Plates up to about 4 in. thick are 
dealt with cold, but above this 
thickness they are heated in the 
gas - fired furnace previous to 


bending. The seam is then welded and, after 


| passing a preliminary test and inspection, the tube 


is annealed and trued up on the rolls. The ends 


,are next turned up in a special lathe, and passed | 
with sizes from | on for socketing, or flanging, as the case may be. ' tion to that of the outer. This method, it is stated, 





An hydraulic test is then applied, and after passing 
inspection the pipes are coated with anti-corrosive 
composition on the Angus Smith system, and a final 
serving of tarred hessian given when specially called 
for. Having given a general outline of the manu- 
facture, we will now refer in detail to the special 
machines, &., employed. 

In preparing the plates for welding the edges are 
bevelled as indicated in Fig. 1, the bevel at the 
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edge of the inner plate being in the reverse direc- 
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results in a long scarf being obtained when the 
plates are welded, and consequently in a more satis- 
factory job being effected. The machine used for 
bending the plates, and also employed for truing 
up the tubes after welding, is shown in Fig. 2, 
page 486, whilst details are given in Figs. 3 and 4. 
This machine has four rolls, and is direct driven 
by electric motor, whilst the adjustment of the 
pressure on the rolls is effected by hydraulic 
power. The top roll is arranged to lift up at one 
end to facilitate the removal and placing in position 
of the tubes, the bearing at this ‘‘ lifting ” end of 
the roll being carried in a hinged housing, shown 
in detail in Fig. 4, page 486. This housing is 
operated by hydraulic gear, and is so constructed 
as to swing downwards, thus permitting the free 
end of the roll to lift up, and leave a clear path for 
placing a tube in position on the rolls. The oppo- 
site end of the roll with the elevating gear is 
shown in Fig. 3. From this illustration it will 
be seen that the roll is provided with an extended 
spindle, the outer end of which is engaged by an 
hydraulic gear ; this gear, by pulling downwards, 
elevates the further end of the roll, the housing 
and bearing at this end of the machine being made 
of spherical form to allow for the canting of the 
roll. The bottom roll of the machine is raised and 
lowered by hydraulic rams, and the two side-rolls 
also are adjusted by hydraulic gear. 

The control of the machine is carried out by 
a set of levers placed at the back, and all the 
various motions being operated by power, the work 
can be rapidly dealt with. As » hae mentioned, 
the heavier plates are heated previously to bending, 
and in order to get these heated plates rapidly into 
the machine from the furnace, two electrically- 
operated traversing carriages are provided. The 
traversers are to be seen in Fig. 2, and the method 
of their use will be readily understood by reference 
to the plan given in Fig. 5, page 487, which indi- 
cates the relative positions of the bending-rolls, 
furnace, and plate-handling plant. As will be seen, 
the two carriages run on tracks at right angles to 
one another; the first, which runs in a direction 
parallel to the rolls, is used for drawing the plate 
from the furnace and placing it in position for the 
other carriage to pass it into the rolls. The con- 
trollers for these carriages are fixed adjacent to the 
operating gear of the rolls—the current being taken 
to the carriages by flexible cables—thus enabling 
the man in charge of operations to get the plate 
from the furnace into the bending-machine without 
loss of time. On completion of the bending process 
the tube is drawn off the rolls on to the ‘roller- 
path,” shown alongside the furnace, whence it is 
transferred to the welding-machine. The roller- 
path mentioned consists of a series of inclined 
rollers so placed as to forma YV-shaped trough along 
which tubes can be readily passed. This device is 
also used in connection with the annealing and 
truing up of the tubes after welding. The welded 
tube is placed by a crane upon the traversing car- 
riage, shown at the back of the furnace, the top of 
which is provided with a set of rollers similar to the 
roller-path already described. This carriage is then 
brought to the desired position, and the tube passed 
into the furnace. When the annealing is complete, 
the tube is drawn out on to this traverser, a set 
of hauling-drums being provided for use in the case 
of large tubes. The carriage is then hauled along 
the track until it is in line with the fixed path, 
and the tube transferred along the rollers directly 
on to the bending-machine, where it is trued up. 
The arrangements just described enable a tube to 
taken from the furnace and placed in position on the 
rolls with a minimum loss of heat. 

In Fig. 6, on page 486, is given a general view 
of the welding-machines, of which three are in- 
stalled, while in Fig. 7, on page 498, a more detail 
view is given of one of these machines. From these 
illustrations it will be seen that the tube to be 
welded is mounted upon rollers on a movable car- 
riage, which is travelled along by a hand-wheel as 
the work proceeds. The height of the carriage is 
adjustable for different sizes of tubes, so that the 
weld is brought level with the anvil, which is 
mounted on a balanced arm. This arm also carries 
one of the blow-pipes, and passes inside the tube 
operated upon. A second blow-pipe, which is 
carried by its gas and air-pipes, as will be seen in 
Fig. 7, and which can be raised and lowered as 
required by means of a winch, is provided for heat- 
ing the weld from above. Both sets of blow-pipes 


are employed in making the weld, and as soon as 
the welding heat is reached, the blow-pipes are 
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shut off and the outside one raised out of the way ; 
the tube is then moved back, so that the heated 
portion comes beneath the welding hammer. As 
will be seen from the illustrations, this hammer is 
mounted on a frame spanning the pit in which the 
tube carriage travels, and is of the power pneu- 
matic type, belt-driven from the countershaft at 
the back of the machine. 

The machines, which are belt-driven, have all the 
various operations controlled by a set of levers at 
the side, immediately in front of the welding posi- 
tion, so that the man in charge is able readily to 
manipulate the processes. The movement of the 
carriage and the axial motion of the tube, however, 
are effected by hand. Each machine is provided with 
a separate blower, which — air to the blow- 
pipes at a pressure of about 4 lb. per sq. in. After 
the welding is completed, the joints are carefully 
inspected and tested with oil in the usual manner. 
The tubes are then annealed and rolled true, as 
already described, after which they are taken to the 
lathe, shown in Fig. 8, page 498, in which the ends 
are machined up. 

This machine, which was supplied by Messrs. J. 
Holroyd and Co., Milnrow, has two hollow spindle 
headstocks, mounted on a solid bed-plate, capable of 
taking tubes up to 38 in. in diameter. These 
heads are fitted with traversing motion, and in 
their limiting position allow of a 26-ft. tube being 
lowered directly on to the adjustable rests from the 
overhead crane. The rests are so regulated that 
the tube comes slightly below the centre of the 
lathe ; thus when held in the chucks the tube runs 
clear of the rests. After lowering the tube into 
position the heads are moved along the bed until 
the ends of the tube project through the chucks, and 
the jaws are then y ate. both these motions are 
power operated. The tool-rests, which are mounted 
on the of the headstocks, are provided with 
cross-feed and screw-cutting gear, the latter having 
about 10-in. travel. 

The tube having been dealt with in this machine, 
is ready for the formation of the socket, or the 
fitting of the flanges, as the case may be. The 
standard form of the socket employed by the 
company is shown in Fig. 9, on this page, a special 
feature being the short parallel portion at A, 
having for its object the centering of the pipe 
in the socket when erected. This parallel portion 
practically fits the end of the adjoming pipe, and 
thus prevents the yarn used in making the joint 
from being forced into the pipe when the lead is 
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being caulked in place. Further, the pipe being 
held centrally in the socket ensures a uniform and 
sound a being made, whilst the form of the 
joint allows for expansion and contraction due to 
any variations of temperature. An additional 
advantage is secured in that the lengths of pipe 
being concentric, a full bore is maintained through- 
out the line. 

In the case of flanged pipes the work is carried 
out by hand, the method of preparing the tube 
and flange being indicated in ig. 10, below, 
which shows the work before welding. The tube- 
ends are first heated and slightly opened out, so 
that the pressed-out portion of the steel flange can 
be driven into the tube. The flange is then hand- 
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welded on to the tube, the heating being done by 


portable gas blow-pipes in a similar manner to that 
employed on the welding-machines. T-pieces and 
bends, &c., are also built up by hand-welding by 
means of gas blow-pipes. 

Returning to the formation of sockets on the 
pipes, we give in Figs. 11 and 12, page 487, two 
views of the machine employed, the former being a 
general view of the abies with a tube in place, 
and the latter a view of the socket-forming year. 
As will be seen from Fig. 11, the tube is held in the 
chuck of the driving headstock at one end, the 
opposite end running on the adjustable rollers ; 
the position of the headstock is, of course, varied 
according to the length of tube to be dealt with, 
the traverse being operated by power. Four blow- 

ipes are arranged on a framework, shown to the 
Tete of the general view—and more clearly seen in 
Fig. 12—for heating the end of the pipe, and, being 
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rovided with vertical and lateral adjustments, they 
be put in position for different sizes of pipes as 


P 
can 


necessary. During the heating process the pipe - 
ec 


rotated so as to obtain a uniform heating e 
The headstock is travelled forward as soon as the 
pipe is sufficiently heated, and thus brings the end 
of the pipe into a set of rolls (shown more clearly 
in Fig. 12, page 487), so formed as to give the 
socket the required shape. 

The machine shown in Fig. 13, page 488, is 
designed for facing and drilling the flanges of 
T-pieces, bends, &c. The table on which the pipe 
is clamped is provided with traversing and cross- 
feed; it also ee a swivelling top, with a stop for 
setting accurately to right angles when dealing 
with T-pieces and right-angle bends. The head- 
stock works on a vertical guide and carries a face- 
plate having two tool-boxes and two drilling-heads. 
The tool-rests have radial and axial feeds, and are 
used for facing and turning the edges of flanges, the 
machine being capable of dealing with flanges up 
to 7 ft. in diameter. On completion of the facing 
process the two drill-heads are brought into gear, 
and the bolt-holes drilled in the flange without 
altering the setting of the pipe. During this 
operation the face-plate is locked in position, and 
a dividing arrangement ensures the accurate spac- 
ing of the holes circumferentially ; the radial 
adjustments of the drill-heads are geared together, 
so that the holes are accurately drilled on the 
required pitch circle concentrically with the 
flange. 

re already mentioned, the completed pipes, after 
passing the hydraulic tests and inspection, are 
taken to the tarring-shed, where they are heated 
and coated with a preservative compound on the 
Angus Smith system. An extra protection is also, 
as previously stated, given in some cases by serving 
the pipe with layers of tarred hessian wound on 
spirally in a special machine. 

In addition to the special machines described 
above, the works are equipped with a number of 
modern machines for dealing with the prepara- 
tion and testing of the various welded work turned 
out by the company. Although welded steel pipe- 
work, the manufacture of which has been dealt 
with above, may be taken as the chief work of the 
company, such articles as cylindrical tanks and 
receivers, gas-chambers for buoys, and so on, form 
a by no means unimportant item of their output. 





LONDON AND SOUTH-WESTERN AND 
METROPOLITAN DISTRICT RATL- 
WAY IMPROVEMENTS. 

In recent years important improvements have 

been made on the lines approaching London, not 

only for the convenience of main traffic, but to 
enable the ever-increasing suburban passenger 
service to be accelerated. In many such instances 
flying-bridges have been substituted for cross-over 
roads, with immense advantage to the public. A 
notable instance of such improvement is found on the 
line between Ravenscourt Park and Chiswick Park, 
jointly used by the London and South-Western 
and Metropolitan District Railway companies. The 
line belongs to the former, and the Metropolitan 

District Company have running powers, and conduct 

a heavy traffic to Uxbridge, Ealing, Hounslow, and 

Richmond, sharing this length of line, which has 

only a pair of roads, with the South-Western 

traffic connecting the Northern and Western 
suburban systems and the City, through them, 
with Richmond. 

The widening of this important length in order 
to double its capacity, and the reconstruction of 
the two stations upon the island platform principle, 
have become imperative necessities, owing to the 
rapid increase of the number of the trains. But 
more than this was required in the interests of 
secure and rapid working. The lines of the 
two companies intersect each other at Ravens- 
court Park and Turnham Green junctions, with 
the exception of the District Railway down line to 
Richmond. The proposals therefore also included 
(see Fig. 1, on this page, and Fig. 2, overleaf), 
the raising and lowering of the lines west of 
Turnham Green, with the necessary bridge-work 
to enable each line’s traftic to be worked indepen- 
dently. This will, of course, save much signal 
work, and add considerably to the fluidity of the 
traffic. The small-scale map (Fig. 1) shows the rela- 
tion of these alterations, which are now in pro- 
gress, to the suburban railway system generally of 
the west of the Metropolis. To carry into effect 


. | August, 1910, work was started in the following 








the alteration, the Metropolitan District Railway 
Company obtained the necessary powers from Parlia- 
ment, and the Royal Assent having been given in 


month, according to plans prepared by Mr. A. R. 
Cooper, Assoc. M. Inst. C.E., engineer to the Metro- 
politan District line. Conformably with the carrying 
out of many railway reconstructions elsewhere, in 
which non-interference with existing traftic is a com- 
pelling feature, the elimination of the contractor was 
found desirable. The work is thus being carried out 
departmentally by the London and South-Western 
Railway Company’s engineer, Mr. J. W. Jacomb- 
Hood, M. Inst. C.E., under the immediate super- 
vision of Mr. H. H. Dalrymple Hay, M. Inst. C.E., 
Mr. E. A. Ogilvie acting as resident engineer. 

The widening proper, except for the splayed 
approaches to the reconstructed island platforms, 
is entirely on the north side of the existing 
railway, and is to be devoted to the London 
and South-Western Railway traffic. It begins 
at Galina-road, the junction near which will be 
abolished, the low-level District Railway line 
here attaining the London and South-Western 
Railway high-level, which is maintained westward 
to beyond Turnham Green Station. The widening 
for 50 chains—viz., to the crossing over of the North 
and South-Western Junction Railway—conforms 
to the present line, being on a brickwork viaduct, 
40-ft. elliptic arches included in it being con- 





structed over Ravenscourt-avenue and Prebend- 


The whole of the cutting away in connection with 
this work was carried out by the Sirius Autogenous 
Works Company, Stratford, E., who supplied the 
necessary plant and labour. 

At Turnham Green Station begins the works 
necessary to enable the lines to cross each other 
at different levels; both of them hitherto crossed 
at the same high level, at about 20 ft. over surface. 
This work was facilitated by the fact that there was 
a falling grade from this point of the Richmond 
branch down towards the Thames. Taking the 
metals north to south in order, the arrangement 
made was as follows :—The London and South- 
Western tracks are carried by a falling grade 
extending to about 1000 ft. to westward of Turnham 
Green, where they under, through a girder 
bridge, the whole traftic, except the down Richmond, 
of the District line; thence, using the present 
up track as a down one, and having a new up 
track, they rejoin their original alignment at Acton- 
lane. Turning to the two District Railway tracks 
at Turnham Green, after being diverted and raised 
to pass over the London and South-Western 
Railway, as mentioned, they develop into three 
tracks at Fisher’s-lane, the northernmost one be- 
coming the Richmond up line, which by a falling 
grade , through an arch, under the two 
others at about 2600 ft. beyond Turnham Green, 
rejoining there the present Richmond line at 
Acton-lane. The two other tracks forming the 
branch to Ealing, &c., rejoin the present tracks 
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crossed by through plate girders. On this viaduct 
length a new station will be provided, called 
Stamford Brook, between Goldhawk-road and 
Prebend-gardens. As this station will only be 
used by the District Railway trains, an island 
latform only is provided on the southern side 
Reopens the up and down metals of that line. 
Beyond the railway crossing, and up to Turnham 
Green, just beyond which the widening proper 
ends, the latter is in embankment. The island 
reconstruction of this station necessitates the addi- 
tion of a single-line plate-girder bridge at each side 
of the present one over Turnham Green-terrace, 
which adjoins the station on the west side. — 
tunity has, at the same time, been taken of widen- 
ing the span of this bridge, which will greatly 
—— the _— between Chiswick High Road 
and Bedford Park, to which the terrace leads. The 
local council shares the extra expense of this street 
improvement. 

n removing the old bridge at this point use was 
made of the oxygen-jet cutting process with con- 
siderable success. e structure consisted of main 
plate girders with cross joists and steel decking, 
and is shown in course of demolition in Fig. 3, 
page 490. It was important in this instance to 
maintain the roadway clear for traffic, and the 
method employed enabled this to be done. The 
decking was first removed, being cut away in 
sections by the oxygen jet; the cross joists were 
then cut through close up to the main girders, as 
shown in the illustration. This enabled them to 





be lowered directly on to lorries in the road below. 





mond up line. There remains the District Railway 
Richmond down line. This is a new falling road 
from Turnham Green Station to Fisher’s-lane, 
whence, westward, the trains pass over the present 
London and South-Western Railway down line, 
which, as has been said, is diverted here to its 
former up line. 

The rearrangement just described is in embank- 
ment reinforced on the south side for the greater 
part of the distance between Turnham Green-ter- 
race and Fisher’s-lane, by a concrete retaining- 
wall, so as to avoid encroachment on Acton Green 
Common. The steepest grade on the reconstructed 
works is 1 in 50. 

Considering that the improvements are upon a 
portion of a line, which, as far as railways are con- 
cerned, carries practically the whole of the western 
suburbs’ travelling population to and from the heart 
of London by trains following each other every 
three or four minutes each way—making over 500 
trains per day—there is evidently much difficulty in 
the construction of works while leaving such a traffic 
absolutely unimpeded. Perhaps the most interesting 
of the provisional works for this purpose is that for 
the construction of the skew arch near Acton-lane 
for the Metropolitan District Richmond up line. 
This has to be built in tunnel under the present 
Ealing branch of that railway. Two sets of heavy 
timbering are to be used for the temporary —— 
of the line above, during the excavation and the 
construction of the arch. 

In order to expedite the construction of new 
works west of Turnham Green Station, the junction 
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at that point has been temporarily removed to other 
positions, and temporary inclines formed on the 
existing District line embankment. 

Even greater difficulties, and much expense, are 
being incurred in the provision of the temporary 
arrangements at the two stations for the disposal 
of |the flow of passengers and their requirements 
while the extensive re-modelling is being carried 
out. Needless to say, large alterations are involved 
in connection with the high-tension electric cables, 
upon which the whole motive power for the District 
trains depends. 

The Cleveland Bridge and Engineering Company 
of Darlington are supplying and erecting the steel- 
work for the bridge over Ravenscourt Park, and 
Messrs. E. C. and J. Keay, Limited, Birmingham, 
that at Turnham Green-terrace. 








DEMOLITION OF BRIDLINGTON RAILWAY 
BRIDGE, NORTH-EASTERN RAILWAY. 
Tue Ammonal Explosives, Limited, of London, has 

recently carried out an important operation in blasting 
by demolishing a five-span bridge at the railway station 
at Bridlington, Yorkshire, belonging to the North- 
Eastern Railway Company. The brid e in question 
originally supported a road leading from the high 
road to the railway yard, and, in order to facilitate 
the operation, the surface of the bridge had been 
stripped, leaving simply the crowns of the arches and 
the Gatteesees to be blown down. 

Bridge demolition by means of explosives, although 
by no means a novelty, is an operation which, never- 
theless, has always to be carried out with the greatest 
of caution, and unless the technical experts have 
experience in this particular class of work, it would 
be an easy matter to cause trouble to adjacent pro- 
perty, yas f even danger to life and limb. The bridge 
in question is composed of five arches, each arch 
having a span of about 18 ft., with a width of 37} ft., 
these five arches being built of four courses of hard 
ringing bricks set in cement, thus forming a hard, 
tenacious mass of masonry requiring to be pulverised 
completely and instantaneously. 

The difficulties of this blast were increased owing to 
the near proximity of the main station platform and 
buildings, portions of which were only dheut 8 ft. or 
10 ft. from the crowns of the bridge which had to be 
blown down, and were parallel to the bridge. Owing 
to this fact it was found inadvisable to blast at the 
first operation more than the crowns of the arches 
leaving the buttresses and retaining walls to be taken 
down at a later period for fear of shaking the founda- 
tions of the main station buildings. 

The experts of the Ammonal Explosives Company 
determined to effect this by boring in the five arches 
some 139 holes, 10 in. deep, in: parallel lines, into each 
of which was inserted a 4-oz. cartridge in the sides of 
the crowns, and a 6-oz. cartridge in the centres of the 
crowns, the total quantity of explosive used being 
39}, Ib. of ammonal Ko. 5. 

he actual quantity of explosive used was therefore 
not very great for the amount of work to be accom- 
plished, but the careful distribution of the charges 
effectively accomplished the purpose, and the whole 
operation was concluded with the greatest success, and 
to the sutisfaction of the officials and engineers of the 

North-Eastern Railway. 

Another feature of this operation, which rendered it 
more than usually interesting, and, to a certain extent, 
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England, of an entirely new kind of patent detonating- 
fuse, introduced by Messrs. Bickford, Smith, and Co., 
of Cornwall, and called Bickford’s toluene fuse, or 
** Cordeau ” detonant. 

Hitherto the firing of a large number of small 
charges has been accomplished by the insertion of a 
detonator into each cartridge forming the various 
charges, thus necessitating the employment of a 
number of detonators, and considerably increasing 
the risk and danger of the operation. One of the 
peculiarities and advantages claimed for this new 
detonating fuse is that the use of detonators in each 
charge is dispensed with, for the fuse may either be 
laid alongside or simply inserted into each cartridge, 
and after the main cables and subsidiary lines attached 
thereto have been properly connected, one detonator 
attached to the firing end of the fuse is only really 
necessary to cause the instantaneous detonation of the 
whole mined structure. As is well known, the presence 
of one unexploded cartridge left in a mass of débris 
constitutes a serious danger, and is one of the greatest 
objections to the demolition of masonry by blasting. 
This danger is always present when a large number of 
shots have to be fired simultaneously by electricity, 
for even with the greatest of skill and care misfires 
occur owing to unequal conductivity of the electric 
wires, the possibilities of faulty connections, short- 
circuits, and other factors of incertitude, which one 
would fain see eliminated from such operations. 

On reference to the plan of the bridge on the 
next page, it will be observed that the method of 
coupling up the shots for simultaneous firing by 
the toluene fuse was as follows:—Into each separate 
hole a charge consisting of one cartridge was inserted 
alongside a short length of the fuse, about 15 in long, 
which after stemming would leave about 5 in. of the 





hazardous, was the employment, for the first time in 


fuse free. This fuse end was then slit with a pen- 
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knife into two equal halves, forming a junction similar 
to the letter Y, into the angle of which was laid at 
right angles, embedded in the detonating mixture laid 
bare, a length of subsidiary fuse, running parallel with 
the bore-holes, three on each arch, the slit end of 
the short lengths being transversely wound round the 
parallel fuse, the ends of which were likewise slit, 
and coupled up in a similar manner to the two 
main lengths of fuse running at right angles at the 
outside of the arches for their whole length, the whole 
forming a ladder-like connection of fuses. (See 


Fig. 1.) 

fn order to make assurance doubly sure an electric 
detonator was inserted into each fuse at each end of 
the main cable, and the wire of these electric deto- 
nators coupled in series, the two final wires being then 
connected with the main electric cable and battery for 
firing purposes. The plan on the next page shows 
exactly the position of the four electric detonators and 
their connections. 

It would have been possible to fire the whole 
series of charges by one single detonator, but the inex- 
perience of the ellielaney of the toluene fuse rendered 
it inadvisable to make such an experiment, although 
the experts of the Ammonal Company have now no 
doubt that in any future operation of the same nature 
there should not be the slightest difficulty of firing the 
whole 139 holes, or even ten times that number, by 
one single detonator properly placed. 

After the couplings had been carefully made, and the 
joints where the subsidiary and main fuses were con- 
nected had been covered with waterproofing tape as 8 
| ny song against rain, the charge was eventually 

red from the battery, causing an immense explosion, 
in which the whole debris seemed to be shattered and 
pulverised, raised about 10 ft. into the air, and then 
precipitated with immense force to the ground below. 
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THE DEMOLITION OF THE BRIDLINGTON BRIDGE; NORTH-EASTERN RAILWAY. 
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The report of the explosion was terrific, and was 
accompanied with dense clouds of blue-black smoke, 
which soon passed away, and showed the whole of the 
Operation to have been successfully completed. 

_ As an indication of the enormous rapidity of the 
Getonating wave exerted by the ‘‘ Cordeau” detonant, 
it may be stated that experiments have shown this rate 
to be no less than 6560 yards per second, which is 
practically equivalent for all general purposes to that 
of electricity. Given an explosive, therefore, of the 
type of ammonal, which is eminently suitable for such 
work, being probably the safest wales known, and 
oue of the strongest, the only danger of the whole 
Operation was that from flying débris, and this con- 
tingency had been well provided against by placing 
over the crowns of the arches heavy ship chain cables, 
and between the arches as many railway sleepers as 
could be obtained, thus preventing flying of the 
masonry, and causing the brickwork, ly the weight of 
the chains, to fall on to the ground beneath. 
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The whole operation was carried out in the most 
workmanlike and successful manner, and demonstrated 
the care and efficiency with which the Ammonal 
Explosive Company’s officials had carried out their 
part of the work. The greatest credit is also due 
to the careful work done by the representatives of 
Messrs. Bickford, Smith, and Co., Limited, and 
their technical expert, in the laying of the fuse, 
whose valuable assistance contributed in no small 
measure to the success of the undertaking. 

As an indication of the very great improvements 
which have taken place in later years in the method 
of demolition of masonry by uhsting, it may be 
mentioned as an interesting fact that in the year 1886 
a retaining wall at Galleons Wharf, Victoria Dock, 
London, estimated to weigh 8500 tons, was blown 
down, and that it was found necessary to use 2900 Ib. 
of blasting gelatine, or in the proportion of | Ib. 
blasting gelatine to 3 tons masonry. In comparison 
with this only 394 lb. ammonal was used in the opera- 
tion under review. 

A few words as to the ‘“‘Cordeau” detonant or 
Bickford’s toluene fuse may be interesting. This fuse 
is a blasting medium hitherto unknown in practical use 
in England, but known on the Continent since a short 
ime. It is a fuse of lead supplied in various diameters, 
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and contains throughout its whole length a homogeneous 
core of trinitrotoluol, in itself an explosive of power, and 
possessing equally the safety characteristics of the 
explosive ammonal it was used with. Not having been 
used before, its action is not thoroughly well understood 
in this country yet, and for that reason it requires to 
be somewhat carefully handled and adjusted, for it 
has some remarkable peculiarities which might, in 
the hands of inexperienced persons, cause disappoint- 
ment and misfires. One peculiarity is that the 
detonating wave travels in one direction only, so that 
the explosive force is only exerted in certain fixed 
directions, and, strange as it would appear, the 
detonating wave is ineffective at any junctions of the 
fuses forming a right angle, unless first passing along 
the main portion of the cable. 

This can be best explained by the accompanying 
sketch (Fig. 4), where the direction of the wave is 
shown by the arrows :— 

Should the detonating wave follow the lines D to 
C, the cable A B would simply be split in two at C 
and remain undetonated; whereas, if exerted in 
the direction of A to B, shown by the arrows, 
the detonating wave is communicated effectively at 
the point C along to D, thus firing the charges at the 
extremity D. 

After the limited experience in the above-detailed 
operation, it would be somewhat premature to deter- 
mine precisely the advantages, disadvantages, and 
weak features of this new detonating-fuse, but it is 
safe to anticipate that for certain kinds of blasting it 
should have a great future before it, more especially 
for deep holes in different places, for submarine mines, 
and certainly for detonating simultaneously a large 
number of charges which could not be fired by 
electricity. 

Trinitrotoluol, being a very violent explosive under 
certain conditions, is most suitable for detonatin 

explosives of the nitrate of ammonium class, oak 
as ammonal, which are, comparatively speaking, more 
insensitive to shock than those of the nitro-glycerine 
class, which require detonators of less strength to 
cause complete detonation. Given, therefure, 4 





powerful explosive insensitive to fire, shock, or con- 
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cussion, but which can be detonated by a fuse of the! The Free Labour Association intend to hold their 
nature already described, there is no doubt that an | nineteenth annual congress at the Memorial Hall, 
almost. perfect and safe, and, at the same time, effi- | London, E.C., during the week commencing October 
cient medium of blasting is now at the disposal of 30 Among vther resolutions the following will be 
railway contractors and all those who are interested | brought forward :—‘‘ That this congress of delegates 
in large blasting operations connected with public | representing 800,000 free-labour workmen, having 
works. n eye-witnesses of many acts of violence, intimida- 
| tion, and molestation during —_ labour conflicts, 
| most earnestly places on record the firm conviction 

THE ee en a ll yielded to | that the time has arrived, in the interests of freedom 
and the maintenance of our national trade, for a 1epeal 


| 
| 
| 
| 





pr ger cig tiny, coal - con p Bago rin ye |of the Trades Disputes Act, 1906, which allows so- 
the most ridiculous and flimsy pretext, and never had | °#lled peaceful persuasion during trade disputes, and 


during any part of the time it existed any public | is taken by trade-union pickets as an excuse openly to 


sympathy. Whether its failure will be a check on 
similar foolishness in the future remains to be seen. 
We can hardly believe that it ever really had the 
sympathy of the majority of the men themselves. The 
dispute in the timber trade in Dublin, which was the | 
cause of the trouble, was settled last Friday. It lasted 
six weeks, and indirectly caused great hardship in the 
city. It commenced by a demand for an increase of 
wages and a recognition of the Irish ‘Transport and 
Workers’ Union. All the men who struck belonged 
to this society, but they met with no success, for the 
masters, though willing to discuss the wages question, 
firmly declined to recognise the union or their leader, 


Mr. ‘James Larkin, although it is understood that | Bo# 


pressure was put upon them from Dublin Castle to do 
so. Atter being put to great trouble, inconvenience, 
and loss by the action of the men who picketed the 
works, the employers finally decided to import a full 
staff of workmen, the fear of which ap to have 
brought the strikers to their senses, and negotiations 
were opened with the employers. These resulted in the 
latter agreeing to take back all men on the pay-sheet 
of August 13, with the exception of those who mis- 
conducted themselves during the strike, the condi- 
tioas being that ; (a) the men were to resume work on 
Saturday ; (b) the carters were to deliver goods 
wherever instructed, and, with the labourers, to work 
amicably with all the other hands ; (c) the rate of 
wages and conditions of employment to be similar to 
those existing when the strike commenced ; and 
(d) the question of wages to be considered later on. 





An application by the miners for an advance in 
wages was made at a meeting held on Saturday last 
at Newcastle-on-Tyne between the representatives of 
the Northumberland Coalowners’ Association and the 
Northumberland Miners’ Association. According to 
the 7'imes, the rate of miners’ wages in Northumber- 
land has for some years past been regulated by the 
Conciliation Board, composed of fifteen representa- 
tives of the coalowners and fifteen representatives of 
the miners, with an independent chairman, who 
met quarterly in Newcastle, and decided upon the 
rate of wages for the ensuing three months. The 
changes in wages this year were, so far, a fall of 
1} per cent. in January, a second fall of 3] per cent. 
in April, and an advance of 1} per cent. in July, 
when the men’s wages were 274 per cent. above 
the standard of 1879. The men asked to be paid a 
minimum wage of 30 per cent. above the 1879 basis, 
but this was refused, and the miners thereupon gave 
notice to terminate the Conciliation Board, the last 
meeting of which was held on July 1. A system of 
negotiations then followed, and the men are now con- 
tinuing their —— for a minimum wage. There 
is another trouble in the Northumberland coal trade 
over the alleged victimisation of ex-Ruskin Colle 
students. One of these students at Blackburn, who 
returned three months ago, has not yet been reinstated, 
and the workmen consider that the owners are making 
a dead set against the college, and they consequently 
want to strike. On the other hand, the owners state 
that they have no feeling against the college, but that 
they are under no obligation to re-employ a man after 
leaving colliery employment for a prolonged period. 

The question of a national coal strike was brought 
into the sphere of industrial politics at the closin 
sitting of the Miners’ Federation of Great Britain, hel 
at Southport last Friday, for the demand for a mini- 
mum wage, which hitherto was confined to miners 
working in abnormal places, was discarded, and in 
spite of a moderate policy advocated by the more tem- 
perate men, a minimum wage for all coal-cutters was 
demanded, and a time limit was fixed for negotiations 
in different districts in order to secure this end. This 
subject is discussed in our leading article on page 499. 


The death of Mr. Henry Broadhurst, ex-M.P., at 
the age of seventy-one, took place on Wednesday last 
at Cromer, where he had lived since 1906, when he 
retired from Parliament. Mr. Broadhurst, who did 
invaluable work in winning universal approval for the 
old, and now discarded, system of trade-unionism, was 
the first working-man to have a seat on the Treasury 
Bench. He made the friendship of the late King when 
they were both members of the Royal Commission on 





| resort to intimidation and terrorism.” 





the Housing Question, the King being then Prince of 
Wales. | 





‘** That no solu- 
tion of the labour question of a permanent character 
can be arrived at until fair and equitable boards of con- 


| ciliation and arbitration are established throughout the 


country, mutually satisfactory to employers and work- 


| men, and upon which desirable boards the free labouraud 
| independent workmen are fully represented.” 


** That 
this Congress of Free Labour protests against the 
dangerous precedent made by the present Government 
in creating official positions for trade-union agitators, 
as exem fified in their recent appointments to the 
Labour Department of the Board of Trade, Labour 
Exchanges, Industrial Conciliation and Arbitration 
rds, and so-called labour advisers to the Home 
Office, who have been appointed without competitive 
examination, and urgently urges that a just and 
adequate share under the State Insurance scheme 
should be allotted to free labour representation, so 
that the widespread distrust prevailing amongst the 
millions of non-union workmen throughout the coun- 
try with regard to the Government’s trade-union 
bias, as shown by these appointments, may be allayed, 
and a perfect equality of industrial rights secured 
to trade unionists and non-unionists alike.” ‘‘ That 
the Congress views with the greatest alarm the 
growing tendency of the Employers’ Association 
to enter into ‘closed-shop’ agreements with trade 
unions by which the trade unions seek to make it 
—— for any free and independent workman to 
sell his labour, and calls upon employers of labour 
throughout the country to stand up for their right 
to engage men according to their ability, and irre- 
spective of membership of any trade union or other 
society, as well as their undoubted right to manage 
the businesses which they create, for which they pro- 
vide capital, and for which they are responsible.” 





Last Friday saw the end of the annual Congress of 
the Amalgamated Society of Railway Servants at 
Carlisle. It was announced that the Congress had 
considered the Irish strike in private, and had 
passed the following resolutions :—(1) That this Con- 

, having carefully considered all the facts inci- 
ental to the recent strike in Ireland, expresses 
regret that the railway men on the Great North 
of Ireland and the Midland Great Western Railways 
failed to respond to the call of the executive com- 
mittee which was given after many urgent requests 
on the part of those already on strike, and desires to 
point out that such inaction on their part was not 
only responsible for the failure of the men to obtain 
just terms of settlement, but has resulted in numbers 
of loyal members being victimised. This Congress 
pledges the financial suppurt of the organisation in 
accordance with rule, and also assures those victimised 
that any and every effort will be made by this society 
to take such steps as will ensure their reinstatement. 
(2) That this Congress, having given careful considera- 
tion to the many and varied circumstances in which 
railway men are involved in trade disputes, and the 
enormous danger that follows sectional and _ local 
outbursts, hereby instructs the general secretary to 
ask the Parliamentary Committee of the Trade Union 
Congress to consider this question with the view of a 
uniform policy and concerted action being taken. We 
also instruct the executive committee and the general 
secretary that no support can be given to men who 
leave work without the authority of our executive 
committee. 





It is pointed out in the Journal of the Royal Society 
of Arts how easy it is for workmen to injure them- 
selves even when their demands have been granted, 
as is shown by the recent strike of seamen at Cardiff. 
The number of unemployed sailors in Cardiff is at 
the present time extraordinarily large, and it is a 
direct result of the strike in which they were the 
apparent victors. The exceptional number of the 
unemployed is due to the action of the seamen’s 
leaders in demanding, under the recent ay7eement, a 
minimum wage of 5/. per month, whereas the prevail- 
ing wage in most ports is 4/. 10s. In order to avoid 
being penalised 10s. per month per man, the Cardiff 
shipowners are signing on crews elsewhere. On the 
other hand, many seamen have flocked to Cardiff from 
other ports in the belief that by so doing they would be 
able to secure higher wages. It is now said that the 
leaders of the men are inclined to accept the view that 
the wage secured by the agreement is too high, but 








unfortunately it provides that there shall be no altera- 
tion in the port wage rate until three months’ notice 
has been given by either side. 





A serious condition of things arose last week in 
North and North-East Lancashire because of the refusal 
of trade-unionists at the Yatefield Mill, Burnley, to 
work with non-unionists. A ballot of the spinners was 
taken, which showed that twenty-eight union men 
were prepared to cease work unless four non-unionists 
could be persuaded to join the society, and on Thursday 
last week they gave a week’s notice. As a means ot 
retaliation the employers decided on a lock-out of al! 
the spinners and weavers in North and North-East 
Lancashire should the strike take place. It seems that 
the trouble became centred on the decision of one man, 
for three of the non-unionists expressed their willing- 
ness to join the union if the fourth man would. The 
man finally gave way and joined the union. This 
terminated the difficulty. 


According to the monthly report of the United 
Pattern- Makers’ Association for September it appears 
that the general condition of the trade improved 
during that month, and there were rather fewer 
members signing the vacant-books from involuntary 
causes than hae been the case during the past two 
months. The total number of men idle was 239, 
brought up by 58 members who are on strike at 
Horwich and Oldhan, leaving 181 members unemployed 
owing to slackness of work, or 2.4 per cent. of the 
total membership. It appears that trade is still good 
on the North-East Coast, and there is a very good 
demand for men on the middle reaches of the Tyne. 
Throughout the Clyde district also trade is busy. 
The worst condition of trade seem to be at Belfast, 
at any rate among the marine centres. On the 
Mersey trade is fair, although any demand for men 
can at once be satisfied from local sources. Good 
reports come from the Midland districts, but Man- 
chester and district show a slight falling off from the 
very favourable conditions they have experienced 
during the greater part of the present year. In the 
London district trade is somewhat dull. On the 
whole, the general condition of trade appears to be 
good, with every prospect of a continuance of the 
present favourable conditions for a considerable time 
to come. 





It does not appear as though syndicalism is approved 
of by all unions, for the executive committee of the 
Associated Society of Locomotive Engineers and Fire- 
men issued a manifesto last week to the effect that 
they wished to dissociate themselves from sympathetic 
strikes, on the ground that they considered that con- 
tinuous, spasmodic, and unauthorised strikes under- 
mine and destroy the best results of trade-unionism 
and collective bargaining. The withdrawal of labour 
cannot, they consider, be sanctioned except upon 
constitutional lines. 





On the examination by the Liverpool City Council of 
the special expenses incurred during the recent strikes, 
it has been found that the claims for extra police and 
soldiers, special constables, and overtime for the 
regular police, rewards for injuries and special services, 
and for damage by riot, amounted to 21,000/. After 
some Le by one or two members of the Council, 
a resolution to pass the bill for payment was carried, 
and an extra week’s pay was granted to the police 
force and to the loyal tramway men. 


vanes 5 the circular for October issued by the 
Emigrants’ Information Office, it is now too late in 
the year for emigrants other than female servants to 
go to Canada, unless they are prepared to keep them- 
selves during the winter months. For farmers having 4 
little capital, and farm labourers, especially dairymen, 
there are openings in New South Wales ; mechanics 
also may now, find work there. In Victoria the build- 
ing trades are very prosperous, and work of all kinds 
is plentiful in South Australia. Large sums of money 
are being spent by the Government in the construction 
of railways and other public works, and there is 
employment for most classes of labour. Carpenters, 
coachbuilders, trained mechanics for the construction 
of rolling-stock, and plumbers, will find good openings 
in Western pd Farmers, farm labourers, 
shepherds, and female domestic servants have reduced 

es offered them to New Zealand, and women 
workers are wanted in that colony for the woollen 
mills. Female servants are the only class of workers 
now wanted in South Africa. 








DeaTH oF Sik WILuIAM Ornossiey, Bart.—We regret 
to learn of the death of Sir William Crossley, one of the 
fonnders of the firm of Messrs. Crossley Brothers, 
Limited, the well-known engineering firm of chester, 
which has been so closely identified with the development 
of the internal-combustion engine. The death took place 
on Thursday morning, and we reserve until next week's 
issue w record of the career of Sir William, who was sixty- 
seven years of age. 
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THE BURNLEY CORPORATION GAS- 
WORKS EXTENSION. 


In the pages of ENGINEERING references have been 
made, during the t few years (vol. lxxxviii., 
October, 1909, pages 506, 535, 573, and vol. xci., 
page 181) to the changes taking place in the mode of 
gasifying coal. These may be summarised as follows : 

-(a) Modification of the weight and duration of charge 
to horizontal retorts, with a variety of mechanical means 
for operating the same (see ENGINEERING, vol. lxxx., 
page 444, vol. Ixxxviii., page 573, vol. xci., page 181); 
(b) the use of inclined retorts; (c) the use of vertical 
retorts. 

This order represents broadly the growth of ideas 
in town-gas manufacture, except that (a) includes 
within itself a quite modern procedure, to some extent 
suggested ty the experience gained by means of (b) and 
(c). But all increase of this knowledge is not confined 
to the type (a), for there are many indications that the 
type (c) is meeting with considerable approval in 
schemes of modernisation of gas-works. It is to be 
remembered, in any comparison of these types, that 
each one is capable of being aided very substantially 
by means of a — arrangement of coal and coke- 
handling plant. The latter must, of course, be designed 
to suit the kind of retorts adopted, as well as the 
topographical conditions prevailing in the works and 
site, and as an example of such a combined scheme 
the extension of the Burnley Gas-Works is herein 
described. 

The area available was very restricted, the existing 
works being hemmed in b declan, by a tannery, 
and a cotton-mill, the only remaining vacant land 
being at the foot of the embankment sustaining the 
Leeds and Liverpool Canal, and bounded also by the 
River Calder. hese hydraulic boundaries, whilst 
adding to the cost of construction, are, however, 
valuable in py - facilities for receiving coal by 
barges direct from the adjacent collieries, and by the 
availability of river-water for various cooling pu le 
The level of the canal is 40 ft. above that of the 
gas-works site. 

The contiguity of the gas works to the usual source 
of coal supply—viz., the Burnley Collieries—does 
not do away with the necessity for storing coal, 
as the variations due to stoppage of mines, or to the 
range of consumption of coal from mid-winter to 
mid-summer, apply here with undiminished force. And 
whilst the disorganisation of railway traffic is here 
ordinarily eliminated, there yet remains the fact that 
at times railway-borne coal must be used, and also 
that a canal — J be frozen over at the time when most 
coal is requi for gas-making purposes. The coal- 
store arrangements have Saoselien been made as 
ample and as convenient for working as possible. 
The retort-house has been designed for future, as 
well as present, needs, so that only one-half is at 
present equipped with retorts. It was designed also 
so that either inclined or vertical retorts could be 
adopted ; and until that fundamental question was 
settled, the provision of coke-handling plant was 
deferred. 

Encouraged by the trials made in London of the 
Woodall-Duckham system of continuously operated 
vertical retorts (see ENGINEERING, vol. Ilxxxviii., 
page 535 et seq.), the gas engineer, Mr. J. P. Leather, 
advised his committee to adopt (under satisfactory 

uarantees from the contractors) that method. As 
requently happens with a new departure in technical 
—— various difficulties have presented themselves, 

ut these have been surmounted, and the Corporation 
of Burnley have taken over the vertical retorts, and 
are working them by their own staff. 

The s available for coal-stores was that remain- 
ing of the site after the rectilinear areas devoted to 
the retort-house and coke-yard had been determined. 
The irregular quadrilateral resulting is shown in 
plan in Fig. 2 on our two-page plate. The coal 
from the adjacent canal is brought (by hand at 
present) along a short tramway in trucks holding 
4 cwt., and these are emptied by means of a rotary 
‘‘tippler ” at the end of the overhead girders carry- 
ing the tram-rails. This place is over the part 
marked ‘* receiving hopper ” in Fig. 1, and there it is 
dropped about 30 ft. into a large hopper (Figs. 1, 2, 6, 
and 7), falling campy from thence on to a short 
shaking-screen (Figs. 6 and 7), which removes the 
smalls and the remainder from thence into a breaker 
(Figs. 6 and 7). From the screen and breaker proceed 
shoots delivering the coal into a filler, shown in Fig. 6, 
and more in detail in Figs. 10 and 11. By means of 
this filler the buckets of a gravity bucket-conveyor are 
supplied with the requisite quantum without spilling. 
This conveyor travels outward horizontally from the 
breaker through a subway shown in Fig. 1 (longitudinal 
section), Fig. 2 (plan), and Fig. 3 (cross-section). 

At the gable end of the coal-store a space is reserved 
by a walled partition for the vertical rise of the gravity 
bucket-conveyor, and in the roof the direction is 
changed, passing through the roof trusses. Alongside 
is provided a platform with hand-rai!, and at various 
points the buckets may be tipped by an automatic 





device placed where desired along the house. The 
empty buckets pass onward, past the electric motor 
(Figs. 1 and 2, and in detail in Figs. 8 and 9), down- 
wards through a walled-off compartment, to the ten- 
sion gear (Figs. 1 and 6), and forward to the coal- 
breaker. ; 

Should coal be received from the collieries, not by 
barge, but by railway and road, then the carts would 
discharge into the coal-receiving hopper, gaining access 
thereto by the inclined roadway shown in Figs. 2 
and 3. By these means the coal is received, screened, 
broken, and stored. Whenit is desired to use the coal 
at once,.delivery takes place from the conveyor, down 
the *‘ shoot to elevator boot,” shown in Figs. 1, 2, and 
3. The boot referred to is that of the ordinary bucket- 
elevator, shown in Figs. 2 and 17, delivering coal on 
to a band-conveyor placed in the retort-house roof 
(Figs. 18 and 19). 

hen coal is not coming in, the daily supply is taken 
outof the store by way of the receiving hoppers for the 
travelling filler, shown in the floor of the coal-store 
(Figs. 1, 2, and 3). These are fitted with duplex lever 
valves, shuwn in side elevation (Fig. 10) and eud eleva- 
tion (Fig. 11). The travelling filler, with its regulator 
(West’s patent) is moved into position, the buckets 
are automatically filled, carried and discharged into 
the shoot already referred to. 

The subway containing the ee for the conveyor 
and its chains is covered over by girders and concrete 
filling, whilst access to the subway (which is 7 ft. wide 
by 6 ft. high at the coal-breaker end, and 7 ft. 9 in. 
high at the other end) is gained down steps const ructed 
outside the gable of the coal-store. 

At the canal end of the coal-store is an engine-house, 
containing gas-engine and dynamo, which furnish cur- 
rent to the motor for the screen and coal-breaker 
placed in the adjoining room, shown in Figs. 1, 2, 6, 
and 7; and also to the motor placed in the roof for 
driving the gravity bucket-conveyor (Figs. 1, 2, 8, and 
9), as well as to the motor at the head of the ordinary 
elevator, where it joins the band conveyor (Fig. 17). 
Over this engine-house, whose walls are carried to a 
height above the retort-house roof, is placed a water- 
cistern of 20,000 gallons capacity (see Figs. 1 and 2). 
Figs. 1 and 3 show the disposition of the roof to the 
coal-store, each principal of which is of different span. 
Figs. 2 and 4 show the relation thereto of the retort- 
house, and the photograph reproduced in Fig. 5, on 
page 404, shows the great height of the standards 
supporting the retort-house roof, and at the same time 
the roofs of the two buildings. 

The wall of the coal-store next the retort-house is 
built of concrete, and this is tied near the ground line 
with 8-in. by §-in. bars set at an angle of 45 deg., to 
assist in withstanding the outward pressure of the 
coal. Adjoining this wall are the 18-in. by 7-in. steel 
standards supporting the retort-house roof main 
spans, and the feet of these are anchored to two rolled 
joists embedded in the concrete floor of the coal-store, 
and to the 8-in. tie-bars already mentioned (see 


Fig. 4). 

The apex of the coal-store roof immediately above 
the gravity bucket-conveyor has a continuous open- 
ing for light and ventilation. The coal-store is 138 ft. 
long by 78 ft. wide at the canal end, and 38 ft. at 
the other, and when coal is stored to an average depth 
of 30 ft. it will hold 5000 tons without trimming, and 
probably nearly 5600 tons when trimmed. 

The retort-house is 208 ft. long by 55 ft. wide, inside 
measure. Like the coal-store, the retort-house is built 
of red facing bricks, with stone dressings, carried out 
by the workmen of the Corporation. The roof of the 
retort-house was constructed in two sections. The one 
over the vertical retort settings is of 36-ft. span, and 
the heights of the roof trusses above the main frame- 
work of stanchions and girders are 4 ft. 6 in., 7 ft., and 
16 ft. at the shoe, the horizontal tie, and the venti- 
lator summit respectively ; and the other a lean-to of 
19 ft. 6 in. span, consisting of braced girders, resting 
one shoe at 32 ft. 6 in. and the other at 42. ft. above 
ground-level (see Figs. 4 and 17). This mode of 
grouping keeps down the height of the side walls, and 

rmits of a lighter roof than would have been required 
ie one of the whole span of 55 ft. 6 in. 

The central part has the appearance of an unusually 
high support and a narrow span. The main stanchions 
are composed of 18-in. by 7-in. rolled-steel joists, 
43 ft. high; these stand alongside the concrete 
party-wall of the coal-store, and are spaced at 10-ft. 
centres. Those at the other side of the retort settin 
are 16 in. by 6 in. in section. In the photograph, 
— 5, the roof shown on the left is over the irregu- 
larly-shaped coal-store. This photograph, and the 
sectional drawing of the retort-bench (Fig. 20), show 
the character of the roof and its composite grouping, 
and the stanchions just referred to. At the apex, 
and for the full length of the house, the roof is for a 
width of 3 ft. completely open, while below the lower 
portion of the roof, at the side of the higher portion 
of the roof covering the vertical retort settings, there 
is a louvre ventilator, also the full length of the house. 

The roofs ay agp are covered with slates laid 
on steel angle-laths, and secured with wire nails. 





British steel was used, and the work carried out by 
Messrs. Ed. Wood and Co., Limited, Manchester, 
without the slightest hitch. 

The tall chimney for the retort settings is completely 
detached from the retort-house, the main flue runnin 
underground, 5 ft. 6 in. high by 3 ft. 3 in. wide, wit 
14-in. walls, as shown in cross-section (Fig. 4), and 
receiving the waste gases from each retort setting by 
a series of down-cast flues. Three down-cart flues, 
about 3 ft. 6 in. equare externally, each take the 
waste gases from three retort settings. 

There are erected at present nine settings of four oval 
retorts, each 21 in. by 9 in. cross-section at top, and 
25 ft. long, tapering to 29 in. by 20 in. cross-section 
at the bottom. Each retort is designed to carbonise 
24 tons of coal per 24 hours. Each setting occupies 10 ft. 
by 17 ft. 3 in. from the front to the back buckstaves. 
This installation could be doubled, leaving 10 ft. epace 
between the ends of each of the two sections. The whole 
house would then carbonise 180 to 190 tons of coal per 
day, yielding, without allowance for contingencies, 
about 2} million cubic feet of gas. Experience of there 
retorts has satisfied the engineer that they are capable 
of carbonising on the average 52 cwt. to 55 cwt. of ecal 
od day, yielding 12,600 cub. ft. of gas per ton cf 

urnley coal. The tar produced is of good quality, 
having no more than 56.8 per cent. of pitch (above 
350 deg. Cent.) and 5.6 per cent. of free carbon. 

The gas-producers for heating the retorts are shown 
in vertical section in Fig. 20, and the two gangways for 
access to the top and bottom thereof respectively carried 
by cantilevers from the 16-in. by 6-in. stanchions. They 
are being fed with cold coke, lifted frem the ground floor 
in tippirg-trucks to the higher of the two gangways. 
This hoist is worked by hydraulic pressure of 90 Ib. 
per square inch furnished by a duplex pump. Fig. 20 
also shows the floor at the of the settings, which 
is 9 ft. above the retort-house floor. It is supported 
upon the stanchions of the general framework, with 
the addition of a pillar com of two 10-in. by 5-in. 
joists, and it is made of 14-in. by 6-in. joists, on which 
rest the cast-iron mouthpieces of the vertical retorts. 
The space is filled with concrete, and to the underside 
of the floor thus formed are secured by embedded 


bolts the hoppers and ae gear. Each 
hopper is formed with a sloping back-plate, upcn 
which rests the coke from the retort. Its capacity is 


sufficient for half-an-hour’s make of coke, and it dis- 
charges about four times in the hour. At the bottom 
of this plate is situated the extractor-roll, with its 
helical blades, which move the coke towards the dis- 
charging-drum beneath. The speed of the extractor- 
roll, which is normally 1.2 revolutions per hour, is 
adjustable, being driven by means of a ratchet, the 
stroke of which is regulated by means of a screw attach- 
ment on the main driving-ehaft. It is intended to fix 
an index to the star-wheel over the roll, to show how 
many revolutions have been made in a given time. A 
small quantity of water is introduced into the chamber 
above the extractor-shaft to prevent the shaft and 
discharging-drum getting too hot. One gallon per 
retort per hour is admitted, and with this the coke 
contains less than 4 of 1 per cent. of moisture. Analyses 
of the coke have repeatedly shown not more than 
0.8 per cent. of water and volatile matter combined. 

The discharging-drum works in a casing, and the two 
are turned up and bored out true to fit each other gas- 
tight. It is similar in principle to that by which coal 
is fed into the retort; but instead of continuously 
revolving, it automatically reverses when it has accom- 
plished a little more than half a revolution. Its capa- 
city is sufficient for about half-an-hour’s make of coke, 
mn | it is arranged to discharge about four times in the 
hour. By an alternative arrangement the extractor- 
roll and discharging-drum can be worked by hand. 
At the slow s s mentioned the power required for 
driving the discharging apparatus is small, and is pro- 
vided, along with that for the coal-feeding gear at the 
top of the oe a a 8-horse-power gas- 
engine. Speed is uced by driving from the gas- 
engine by a belt on to a countershaft fitted with a 
worm engaging a worm-wheel on a crank-shaft. The 
latter gives reciprocating motion to both the gear at 
the bottom of the retorts and to that at the top. That 
of the bottom shaft makes two rocks per minute, and 
that of the top fifteen rocks per minute. 

The fireclay retorts themselves are made in 3-ft. 
lengths, with the ends flanged (see Fig. 20), in order 
to give a larger bearing surface at the joint. At the 
top they finish with a cast-iron mouthpiece, to which 
ia fixed the feeding device and the gas outlet pipe. 
From each hopper A and B (Fig. 20) depends a short 
movable shoot, with adjustable door, through which 
runs the coal into the emall hopper of the feed-roll. 
The feeding device is a truly cylindrical drum and 
casing ; the drum, usually making one revolution in 
2} minutes, rotates at such a s that it always 
contains an excess of coal beyond that necessitated by 
the removal of coke from the retort, thus keeping the 
retort quite full. The motion of the drum is given by 
a rod connected to the rocking shaft shown at top of 
Fig. 20. If the drum does not take into the’ retort 
some coal at each revolution, it is then necessary to 
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find the cause of the stoppage. Means are provided 
by which rods can be vendllly Ectovduanl when the coal 
sticks. Stoppages occur most frequently with very 
soft dusty coal, especially if it cakes very readily. 
Nuts containing only a small proportion of dust do not 
cause much trouble. If the hanging of the coal persists 
for — length of time while the extraction of coke 
from the bottom is allowed to continue, then, when the 
obstruction is remedied, there is at once a fall of the 
coal, resulting in an empty space in the upper part of 
the retort. nder these circumstances, the gas given 
off by the charge passing through the empty part is 
over-cracked, resulting in the formation of pitch in the 
foul main and gas off-take pipe. 

The cast-iron mouth-pieces are arranged to allow for 
expansion of the retort when heated, and they also 
have a space wherein water is circulated to keep them 
moderately cool (Fig. 20). 

The heating of the retorts is on the recuperative 
aaa the waste gases ing upwards from the 

se of the retort settings, through flues that run 
parallel with flues, down which the secondary air is 
passing. This recuperator is built within the setting, on 
the opposite side to where the producer is placed, but 
is not delineated in Fig. 20. From the producer the 
gases pass by two vertical flues to the space around 
the top of each retort. Parallel to these gas-flues are 
the secondary air-flues brought from the recuperator 
just mentioned. The gas and heated secondary air 
thus enter the combustion chamber in parallel streams 
through four nostrils of large dimensions, and the gases 
are lighted in the combustion chamber before they 
come in contact with the retorts. The temperature in 
the combustion-chamber round the retort in the upper 
portion, near the top, is 1200 deg. Cent., gradually 
reducing and getting down to 960 deg. Cent. near the 
bottom of the carbonising space. These are the 
temperatures immediately round the retort. 

The products of the combustion pass downwards 
around the four retorts deflected alternately right and 
left by four horizontal rtitions (see Fie 4, on 
page 535 of ENGINEERING, October 22, 1909). 

‘he gas-producer is fitted with a somewhat novel 
cover, which consists of two parts. The inner and 
less heavy lid rests nearest the hot part of the pro- 
ducer, whilst above is a heavier one formed with a 
projecting flange which embeds in a seal of sand pro- 
vided in an outer framework (see Fig. 20). ‘The 
advantage of this effective sealing is that there is no 
flaring at the producers when the bottom doors are 
open, at the time of removing clinker or of shakin 
the grate-bars. The clinker and ash are dropped 
through a flap-door provided in the steel chequer-plate 
floor, into trucks standing on the retort-house floor. 

The gas passes from the vertical retorts through 
pipes 4 in, in diameter into a ‘‘foul main,” which is 
under the pull of the usual exhauster, the vacuum 
being controlled vy a Braddock’s retort-house governor, 
There is practically no difference in pressure between 
the top and the bottom of the retort, except under the 
circumstances named above, when green coal has been 
allowed to get low down in the retort. On the occasion 
of the visit of the writer the gauge indicated a vacuum 
of ys in. water column. The retorts sometimes run 
as much as thirteen weeks without scurfing, although 
an average of six to seven weeks is often the case, for 
instance, at Lausanne, 

Each part is driven by an electric motor, supplied 
with current from the power-house near the canal. 
Herein isinstalled a ‘‘National” gas-engine of 42 effective 
horse-power, direct coupled by flexible coupling with 
a continuous-current dynamo made by Electromotors, 
Limited, Openshaw, giving 220 volts, 118 amperes at 
230 revolutions per minute, equal to 26 kw. The 
winding is compound and the rating is for continuous 
work, The gas-engine has five cooling-water vessels 
(Fig. 2), an anti-fluctuator, and is fitted with tube 
ignition and a hand-pump starter. The capacity of 
the engine and dynamo is 12 electrical horse-power in 
excess of the motors driver—viz. :— 

Motor operating screen snd coal-breaker, 15 horse- 
power when running at 600 revolutions per minute. 

Motor operating gravity bucket-conveyor, 7 horse- 
power when running at 650 revolutions per minute. 

Motor operating ordinary elevator and band con- 
veyor, 8 horse-power when running at 1050 revolutions 
per minute. 

Each of these is of the totally-enclosed and dust- 
proof type; and the electrical starting gear is fitted 
with auto no-volt and overload release. The Berry 
resistance and starting gear was made by Electro- 
motors, Limited. 

The coal-receiving hopper is 6 ft. square at the 
top and 3 ft deep (Figs. 6 and 7), the outlet bein 
large enough to pass lumps 18 in. by 12 in., and fit 
with a regulator to control the flow of coal on to the 
jigging screen. The screen is capable of passing 30 tons 
of coal per hour, rejecting all pieces of more than 1} in. 
cube, deliverin 
breaker is fitt 


and the second set allowing no piece to pass 


THE BURNLEY CORPORATION GAS-WORKS EXTENSION. 


MR. JOHN P. LEATHER, ENGINEER. 
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the screen and the breaker, or from any of the twelve 
outlets with duplex valves fixed in the floor of the 





the latter on to the breaker. The | 
with two sets of rolls provided with | 
jaws, the first set breaking lumps of 18 in. by 12 in., | 
reater | 
than 2} in. cube. The filler receives the coal both from | 


coal-store (see Figs. 6, 10, and 11). 

The gravity buckets are of pressed-steel plate, made 
without seam or joint (see Figs. 12, 13, and 14, above), 
and the chains from which they are suspended (see 
Figs. 12, 13, 14, and 18) are fitted with cast-steel 


renewable bushes which provide for a sufficient area 








of bearing surface for the joint-pins. The detail draw- 
ings given are as follow :—Figs. 12, 13, and 14, side 
elevation, half-plan, and elevation of tippler and 
bucket respectively. Fig. 15, section through chain ; 
Fig. 16, section of West’s automatic oiler. 

The buckets are at 24-in. centres, each capable of 
carrying 28 lb. of coal; they travel at 50 ft. per 
minute, and are arranged so that they can be removed 
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VERTICAL GAS-RETORTS AT THE LAUSANNE MUNICIPAL GAS-WORKS. 
MESSRS. DUCKHAM AND CLOUDSLEY, LIMITED, CONTRACTORS, WESTMINSTER. 
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from the conveyor without disconnecting’ the chain. 
The self-oiling roller is found in use to be an im- 
portant detail. The section shows the cavity in 
which the store of oil is held within the roller itself. 
Figs. 12, 13, and 14 show the handle, and its hold- 
ing-pin, by which the tippler is brought into contact 
with the wings provided on the sides of the buckets, 
in any bay of the coal-store so desired. Twelve 
tipplers are provided—one in the centre of each bay 
of the roof except the end bays ; and these are fixed 
under the angle-steel paths, by means of cast-iron 
hangers shown in Figs. 12 and 14, page 494. 
_ The supports or paths for the rollers are securely 
fixed (a) in the subway on cradles resting upon the 
concrete floor, the same cradles carrying another pair 
- rails for the automatic filler (see Fig. 11) ; 
(5) in the apex of the roof trusses (Fig. 3), upon 
angle-steels (Figs. 12, 13, and 14), resting on the hori- 
— strut provided in the design of the roof truss ; 
ri near the tension gear (Fig. 6), where the direction 
of travel is changed, upon steel angles placed at an 
incline, and having curved ends. Alongside the con- 
Mi in the roof, and depending from the same 
ua ae con “ a gangway made of planks 3 in. 
t . n 8 angers, and 
a — age >A each aa draeticti. 
© gravity bucket-conveyor easily deals with 
= tons of we hour (Figs. 1, 2, pI 3), and the 
cot, constructed of y,-in. steel plates, suspended from 


the horizontal strut and stayed from the shoe of the 








roof, directs the coal towards the boot of the retort- 
house elevator, liberating the coal ata height of 20 ft. 
from the floor, against the shield shown in Fig. 17. 

The 15-in. ordinary bucket-elevator, supplied by 
Messrs. Gibbons, stands central as to the length of the 
retort-house, whilst the boot is just within the coal- 
store, under the shield just referred to. It is formed 
by a framework built of rolled joists covered with steel 
plates, as shown in Fig. 17, and there is a regulating 
slide to control the rate of feed to the boot and con- 
sequently to the buckets. From centre to centre of the 
end drums of the elevator is 61 ft., and from the top 
one the coal descends out of the buckets by means of a 
three-way shoot (see Figs. 17, 18, and 19), fitted with 
hinged flap, into either set of overhead hoppers or on 
to a 16-in. band-conveyor, which, in its turn, delivers 
the coal into the hoppers A and B (Fig. 20) by means 
of one of Gibbons’ improved automatic throw-off car- 
riages. The band itself is of the solid-woven-cotton type, 
3-ply thick, and runs down between two continuous 
lines of hoppers, each of 90 ft., discharging into them 
on either side, by the two-way shoot (see Figs. 18 and 
19), and not by nieans of a cross-conveyor (top of 
Fig. 20). The latter, an alternative proposal, was not 
finally adopted, but the method shown in Figs. 16 and 
17. Their storage capacity is equal to 14 hours’ supply 
of the retorts, whilst the elevator can lift 25 tons per 
hour. The motor and reducing-speed gear are carried 
on @ a, made of chequer-plates and rolled joists 
(see Fig. 19). 
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Reference has been made in the foregoing desorip- 
tion to the fact that working difficulties were experi- 
enced with the vertical retorts; but as these have 
received the attention both of the engineer and of the 
contractors, it is desirable that they should be here 
referred to, with the methods adopted to overcome 
them. Almost coincident with the Burnley instal- 
lation was one at Lausanne, and the improvements 
suggested by the experience at the former works has 
saute modifications to be embodied in the latter, 
which have enabled the retorts to be operated with 
most satisfactory results, mechanically and chemically. 

Experiments were made at Burnley with an arrange- 
ment in which the coal-feed roll is elevated somewhat 
from the retort, thus providing a small store of coal 
between the feed-roll and the retort. This alteration is 
found to conduce to more regular eee The engrav- 
ing given of the Lausanne installation (Fig. 21, above) 
illustrates the principle of this. It is also found advis- 
able to have a partition-plate between the coal-feed 
and the gas off-take, so that the coal may find its way 
into the hot part of the retort before the outflowing 
gas has had any + apna to deposit in the coal 
pitchy matter tending to impede its easy flow. The 
outflow pipes are now being made 5 in. in diameter, 
in lieu of the 4 in. at Burnley. A further development 
of this arrangement, obviating the automatic mecha- 
nical feed, is illustrated in Fig. 22, which shows the 
method adopted most recently. A box is connected 
to the top of the retort, capable of containing two or 
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three hours’ supply of coal, replenished at intervals 
from the overh unkers through what is page seer d 
a simple plug-cock. In this box is provided a simple 
indicator, by inspecting which the downward move- 
ment of the coal may be observed. 

The long rocking-shaft driving the extractor and the 
discharging-clrums has, at Burnley, = considerable 
trouble ; the torsion caused by the discharging-drums 
not working freely resulting in irregularity at the 
different parts of the bench. This has been remedied 
in the Lausanne installation by the better design of the 
rocking-shaft and its method of support, as well as by 
a slight modification of the discharge drums, causing 
them to work more freely and yet certainly. In more 
recent installations, it has, however, been possible to 
replace the rocking-shaft by a reciprocating rod, 
which is not liable to the same faults. 

A further improvement adopted on two of the retorts 
at Burnley is to replace the mechanically-worked 
discharging-drum by a water-sealed door, shown in 
diagram (Fig. 22). Mr. Leather doubted at first the 





extent explain the superior results ; but in any case 
the returns, both as to gross and net calorific power per 
ton of coal, are high. 

At Lausanne the vertical retorts are carbonising 
10 per cent. more coals than were carbonised at the 
old works employing horizontal retorts, and the number 
of men requi is nine per day (three per shift), as 
against forty-five per day (fifteen per shift). Usin 
similar coals to those stated in Table I., the make o 
gas per ton in horizontal retorts was 11,400 cub. ft. 

The cost of the installation of vertical retorts at 
Burnley as described was 10,800/., which is somewhat 
under the usual estimate of I25/. per ton of coal carbon- 
ised perday. The cost of the I Fe i within 
the coal-store was 1670/. The cost of the buildings was 
7163/., which included 2229/. for steel constructional 
work in roofs and stanchions and 352/. for slating. 

For the facilities of the inspections of the writer, 
and for the other generous assistance which has 
enabled this description to be given, we are indebted to 
Mr. John P. Leather, the gas engineer to the Burnley 














TABLE I. 
| {CALORIFIC PowER OF Gas IN BRITISH THERMAL! 
|. Cubic Units per Ousic Foor at 15 Dee. CENT. 
| y ln Feet of AND 760 MILLIMETRES. No 
| Used by M. Cent. > 
Dates in 1911 at Lausanne. bees! = hg | of Fuel pond ed - nine ere es paren meet a. 
| Used. | . | Tes 
Coal. | Differ- Gross per 
| Gross. Net. ence. Ton of Real. 
February 12 to 14 - ie ee Aldwarke 12,863 623 558 65 8,013,649 1 
February 15 to 28 ar ae Saar 13,180 617 651 66 8,132,060 | 2 
April 29 to May 11 Charlesworth 12,648 607 546 61 7,677,386 3 
May 14 to17 e Rother Vale — 13,457 | 603 | 687 | 66 8,114,571 4 
May 1 to June9.. a = s ie | 181 13,174 | 591 iar pe 7,785,834 | 5 
January 17toJune9 .. - és Various | 182 12,676 617 me = 7,821,002 6 
January 17to May3 .. we be Various } 12.1 12,962 | 598 | 682 66 7,751,276 7 
May, 1909, at Nine Elms Gas Works Blackwell and Sutton 12,839 570.8 | 5088 | 62 7,328,501 | 8 


safety of such a modus operandi, as explosions 
might be engendered by the admission at intervals of 
time of air into the retort. Experience has shown, 
however, that if a little water is admitted before open- 
ing the door, the space above the door becomes full of 
steam, which acts as a cushion between the gas and the 
air. 

The new works of the Lausanne Municipality com- 
prise a retort-house entirely fitted with Woodall- 
Dackham vertical retorts. ‘here are twelve beds of 
four retorts each, only one-half of which, however, 
have as yet been required to be worked. The retorts 
themselves and the general arrangements are in many 
important respects similar to those at Burnley ; but 
they are supplemented by a coke-conveyor placed 
under the retorts, and the regenerator is external to the 
retort setting, en route to the underground flue. 

The producer and the regenerator are of the types 
constructed by Messrs. Lachomette, of Lyons, the 
French agents of Messrs. Duckham and Cloudsley, 
Limited. The producer has no permanent grate-bars 
or water ash-pan as in the usual English practice. 
Provision is, of course, made for clinker removal by 
means of the insertion of temporary fire-bars, and the 
inclined grate shown in Fig. 21 is kept cool by water 
spray. The regenerator is built up of tube blocks (as 
ye in section, Fig. 21), through which the secondary 
air passes continuously, the waste gases descending 
around them externally. 

The results in Table I. have been certified by 
M. Cornaz, the municipal gas engineer, from the 
various classes of coal used, and afford an index to 
what would be obtained at Burnley had it been 
possible to measure the gas from the vertical retorts 
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Table I. gives results from several classes of coal, 
and also for mixtures of coals, English and Con- 
tinental, from the day the retorts were started, 
January 17, 1911, to May. All the gas for the town 
being made in these retorts, definite results are avail- 
able tor a period of several months. 

Table II. shows the way in which the heating power 
of the gas is made up, from carbon and hydrogen, an 
these figures enable a comparison to be made with 
those on page 537 of ENGINEERING, October 22, 1909, 
from the working of the Woodall-Duckham — by 
the Gas —_ and Coke Company, at their Nine Elms 
Works. e Yorkshire coals mentioned in the Lau- 





sanne tests are high-class, and, perhaps, may to some 


qd | of his 


Corporation. Further aid has been given by the 
contractors, Messrs. Ed. Wood and ., Limited, 
Manchester, for the roofs &c.; West’s Gas Improve- 
ment Company, Limited, Miles Platting, Manchester, 
for the work within the coal-store; and Messrs. 
Duckham and Cloudsley, Limited, Bridge - street, 
Westminster, for the vertical retorts, including their 
sub-contractors, Messrs. Gibbons Brothers, Limited, 
D.bdale Works, Dudley, for the coal-elevator and 
band-conveyor. To all thanks are due, and are here 
heartily tendered. 








PERSONAL.—We have been asked to state that Mr. 
A. B. Mallinson has severed his connection with Messrs. 
Mather and Platt, Limited, Park Works, Manchester, 
and has joined the board of directors of Mallinson and 
Kckerstey, Limited, Albert Saw-Mills, Worsley-street, 
New Bailey-street, Salford. He will, however, continue his 
engineering connection in a consulting capacity, special- 
ising in works driving equipments, particularly for col- 
lieries, textile, and paper-mills.—We are informed that 
on September 30 last, Mr. James Rowe, J.P., retired 
from the active management of the business of E. Finch 
and Co., Limited, Bridge Works, Chepstow, after having 
spent over fifty-four years with that firm.—We are asked 
to state that Mr. R. Borlase Matthews, Wh. Ex., 
M.I.E.E., is relinquishing his present work as a con- 
sulting engineer, to become manager to Messrs. Ozonair, 
Limited, 96, Victoria-street, Westminster, S.W. 





LECTURES ON ILLUMINATING ENGINEERING.—Particulars 
have reached us from the Battersea Polytechnic, Batter- 
sea Park-road, S.W., of a series of twelve lectures on illu- 
minating engineering, to be delivered at that institution 
by various specialists in the different branches of the sub- 
ject. The first six lectures will be delivered on Tuesday 
evenings at 7.30 o'clock, commencing on the 17th inst.; 
the remainder, which are to be given on Friday evenings 
at the same time, will commence on January 12, 1912. 
The course will deal with all illuminants, including elec- 
tricity, gas, oil, petrol-vapour, acetylene, &c., and also 
with the measurement of light, effects of shades and 
reflectors, effects of light on the eye, the hygienic aspects 
of illumination, and various practical peckiene, such as 
the lighting of schools, streets, factories, &c. The lectures 
will be fully illustrated by lantern-slides and demonstra- 
com , The fee a full — : 7 6d., or 2s. for a 
single lecture. Fu rticulars, with an abrid syllabu 
can be obtained Seek the secretary. satin ™ 





THe wate Mr. G. SonnenTHAL.— We regret to 
announce the death of Mr. George yer oe ee the 
firm of Messrs. Selig Sonnenthal and Co., and chairman 
of the Selson Engineering Company, Limited, of Coventry, 
and 85, Queen Victoria-street, London, E.C. As is well 
known, the firm devotes its attention to machine-tools 
and small tools, the former being made to their design in 
various British factories, while the Coventry works are 
a a ban gel - . ey high- 
8 Ey -machines, i ri and high-speed 
lathes. Mr. Sonnenthal brought considerable one rise 
and ay to bear in the establishment of the business 

s firm. He had full confidence in the ability 
of British makers to meet foreign competition. Mr. 
Sonnenthal, who was sixty-two at the time of his death, 
on the 3rd inst., took part in the Franco-German war of 
1870-1, and received the Iron Cross at the hands of the 
late Emperor Frederick for bravery on the battle-field. 
The business will, we are informed, be carried on by his 
son-in-law, son, and their co-directors. 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened with an easier tone, and business 
was confined to 2500 tons of Cleveland warrants at 46s. 4d. 
and 46s. ro cash. Closing sellers quoted 46s. 44d, 
cash, 46s. 8d. one month, and 47s. 34a. three months. 
In the afternoon the tone of the market showed little 
oo and 2500 tons of Cleveland warrants were done 
at 4d. cash and 46s. 8d. one month, and the 
closing quotations were 46s. 5d. cash, 46s. 84d. one 
month, and 47s, 3d. three months’ sellers. Hematite was 
quoted at 623. cash sellers. On Friday morning Cleveland 
warrants were nominally steady, and 5000 tons were 
dealt in at 46s. 4d. and 46s. 44d. cash, 46s. 8d. one month, 
and 47s. 3d. three months, with sellers over in each case, 
At the afternoon session the dealings consisted of 3500 
tons of Cleveland warrants at 46s. 4d. cash and 46s. 74d. 
one month, and closing sellers’ prices were 46s. 44d. cash, 
46s. 74d. one month, and 47s. 3d. three months. On 
Monday morning the tone of the market was weak, and 
1500 tons of Cleveland warrants were done at from 4s. 4d. 
to 46s. 34d. cash. The closing quotations were 46s. 34d. cash, 
46s. 74d. one month, and 47s. 24d. three months sellers. The 
downward tendency was » in evidence in the after- 
noon, and only 500 tons of Cleveland warrants changed 
hands at 46s. 4d. one month. At the close of the session 
sellers were down to 46s. 1d. cash, 46s. 44d. one month, 
and 47s. three months. On Tuesday morning Cleveland 
warrants were a trifle stronger, but business was confined 
to 2500 tons at 46s. 14d. cash and 46s. 44d. one month. 
The closing prices were 46s. 2d. cash, 46s. 5d. one month, 
and 47s, . three months sellers. In the afternoon the 
tone was still firm, and dealing in Cleveland warrants took 
— 46s. 5d. and 46s. 54d. one month. The turnover was 
tons, and closing sellers quoted 46s. 24d. cash, 46s. 6d. 
one month, and 47s. 14d. three months. When the 
market opened to-day (Wednesday) Cleveland warrants 
were steady, but only 2500 tons were dealt in at from 
46s. 2d. to 46s. 14d. cash. The closing quotations 
were called at 46s. 24d. cash, 46s. 6d. one month, and 
47s. 14d. three months sellers. Hematite was quoted at 
61s. 74d. cash sellers. The market was dull and quiet 
in the afternoon, and 1500 tons of Cleveland warrants 
changed hands at 46s. 14d. cash, and 46s. 24d. nine days. 
The close was easier, with sellers quoting 46s. 2d. cash, 
46s. 6d. one month, and 47s. 1d. three months. The 
following are the market quotations for makers’ (No. 1) 
iron:—Clyde and Calder, 61s.; Gartsherrie, 61s. 6d.; 
Summerlee, 63s. ; Langloan, 63s. 6d.; and Coltness, 82s. 6d. 
(all shipped at Glasgow); Glengarnock (at Ardrossan), 
63s. ; Shotts (at Leith), 62s. 6d. ; and Carron (at Grange- 
mouth), 63s. 6d. 


Sulphate of Ammonia.—The market for sulphate of 
ammonia maintains a firm tone, and with a fair amount 
of inquiry the price keeps steady. The current quota- 
= ng 141. 5s. per ton for prompt delivery, Glasgow or 

ith. 


Scotch Steel Trade.—Scotch steel-makers report that a 
fair volume of business is being put through at the pre- 
sent time, and that specifications for heavy material are 
still plentiful. The demand for angles is very encourag- 
ing, but although deliveries are on a good scale the out- 

ut is still more than equal to the demand. Makers of 
lack sheets continue busy, and full employment is 
general. Not only is the home market taking large 
an, but foreign consumers are responsible for a 
airly large part of the present turnover, and in that 
respect the lots now going through for India and the 
Argentine are very satisfactory. In thin plates and sec- 
tional material a fair business is passing, some good 
lines having been booked this week for shipment to 
India, Australia, and Japan. Prices all round are 
firm, and have, in some connections, an upward ten- 
dency. 


Malleable-Iron Trade.—In the malleable-iron trade of 
Scotland one week is very much like another just now, 
and little change comes along to vary the conditions. 
Specifications on hand are just sufficient to keep plant 
running steadily, and in several instances this state is 
assured for the next week or two. The current price is 
still on the basis of from 6/. to 6/. 2s. 6d. per ton, less 
5 per cent. for crown bars. 


Shipbuilding.—The first contract for a vessel to be 
driven by oil-engines ever secured by any firm in the 
lower reaches of the Clyde has just been booked by 
the Clyde Shipbuilding and Engineering Company, 
Limited, Port Guage The new boat, which 1s for 
service on the Great Lakes of America, will be 325 ft. 
long, and will have Diesel oil-engines of over 1000 indi- 
cated horse-power. The contractors will complete the 
whole work themselves.—Messrs. Murdoch and Murray, 
Port Glasgow, have booked an order to bu'ld a passenger 
and cargo steamer for Australian owners. 


Scotch Pig-Iron Trade.—During the past week business 
in the ordinary qualities of Scotch pig iron has been on 
the slow side, and consumers have only been taking 1n 
limited deliveries. From the South the orders have been 
moderately good, and fair quantities have been purchased 
for shipment to India, Canada, South America, and 
J 7. The hematite position is practically unchanged, 
and the price is named as round 64s. per ton. Deliveries 
are quite satisfactory, but new business is very poor. 








ExecrricaL Exulsition aT Otympia.—To-day, Friday, 
October 13, at 8 p.m., Mr. R. Borlase Matthews will 
lecture on ‘“‘The Therol System of Cooking,” at the 
Central Supply Station’s stand at the Olympia Electrical 
Exhibition. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hull Coal Returns.—September, as was to be expected 
after the cessation of the strike, saw a marked increase in 
the amount of coal dealt with at Hull. The tonnage— 
542,416—was even greater than that passing through the 
port during the same month last year. Taking the past 
nine mont ther, however, the figures do not come 
near those for the same oe of 1910. They are respec- 
tively 4,697,248 and 5,120,768 tons. The coastwise traffic 
last month accounted for 91,010 tons, making up 724,681 
tons gone in this direction since the beginning of January. 
‘The foreign exports were 329,777 tons, as against 358,408 
tons in tember, 1910, again, as will be seen, a con- 
siderable decrease. On the year the foreign exports are 
bshind to the extent of nearty 430,000 tons. Large fall- 
ings of are shown in the amounts taken last month b: 
Germany. Holland, Italy, and Denmark, whilst Sout 
America, Russia, and Sweden increased their consump- 
tion. 

South Yorkshire Coal Trade.—Business in both steam 
and house coals has been considerably restricted, and the 
p sition, as reflected on the local Exchange at the week- 
end, was distinctly unsatisfactory. In regard to house 
coal, the chief cause of complaint was the serious shortage 
of wagons, and the consequent failure of the railway 
companies to get material away from the collieries. The 
result was that colliery sidings were choked up, and pits 
in the district were continually having to cease work, 
notwithstanding that the brisk demand for best qualities 
was still in evidence. Another result, and one even more 
nearly touching the consumer, was an all-round rise in 
prices, whinh ale applied to the hard-coal department. 
tt is also reported that similar difficulties in carrying coal 
from the ports was experienced, and this is given as the 
cause for a decrease in shipments. For industrial con- 
sumption the demand has remained unabated, and s 
continue to accumulate at the large works as some pro- 
vision against a contingent coal strike. Similarly, extra 
supplies are being taken of  aepreeny of which shipments 
also show an increase. Slacks are strongly placed and 
collieries are well booked. Last Friday’s Change quota- 
tions were:—Best branch hand-picked, 15s. to 16s. ; 
Barnsley best Silkstone, 12s. 6d. to 13s, 6d. ; Silkstone, 
lls. 6d. to 12s. 6d.; Derbyshire brights, 12s. 6d. to 
13s.; Derbyshire house, 9s. 6d. to 10s. 6d. ; large nuts, 
9s. . to 1lls.; small nuts, 6s. 6d. to 8s. ; Yorkshire 
hards, 8s. 9d. to 9s. 9d.; Derbyshire hards, 8s. 6d. to 
9s. 6d.; washed nuts, 8s. to 9s. ; rough slacks, 5s. 6d. 
to 7s. 6d.; seconds, 4s. 6d. to 5s. 6d. ; smalls, 2s. to 3s. 


Iron and Steel.—A good deal of iron has gone into con- 
sumption recently, and steel-makers have been buyii 
pretty freely, covering themselves mostly until the en 
of the year, and in some cases contracting for well on into 
the first quarter of next year. On the past week, how- 
ever, business has not been of any great quantity, and 
prices of hematite, at any rate, have tended slightly 
downwards. The Lincolnshire and Derbyshire common- 
iron makers keep up their ce oy me They state that in- 
quiries are increasing for both forge and foundry sorts, 
and they are well booked up. In the steel trades there 
seems to be no diminution of activity, in spite of anxie’ 
in regard to the labour outlook. The weight of orders is 
not confined toany one branch, but is spread fairly evenly 
throughout the principal departments of local industry. 
Armament departments are very well — The mag- 
nitude of home and foreign contracts is such as to keep even 
the very large East End shops really busy. It is also of 
importance from the labour point of view to remember 
that the production of the modern armour-plate involves 
much more work than was required by the similar article 
a few years ago. These same firms have other depart- 
ments actively en on general shipbuilding work. 
The revival of business at the yards has brought much 
work to Sheffield, in spite of very keen competition from 
other industrial areas. Another department of Sheffield 
industry that is working under pressure is the —- 
mills, and there is an incréase of orders for railway steel, 
tyres, axles, &c. Tool-steel makers are doing a very satis- 
factory trade with Continental buyers, and the exports to 
the Colonies are considerable. The demand for tool-steel 
is also much better, following upon the improvement in 
engineering. Similar activity prevails right through the 
lighter trades. 





Tue Frencw Navy.—The French Naval Estimates for 
1912 have recently been submitted to the French Budget 
Commission. The outlay proposed for the year is 
17,070,322/. The credits actually voted for 1911 amounted 
to 16,657,225. The increase proposed for 1912 is, accord- 
ingly, 413,097/. The expenditure of 17,070,322/. set 
against 1912 does not, however, include anything for the 
construction of the fifth and sixth ironclads, which, 
according to next year’s French naval programme, should 
be laid down during the year. If the programme is 
adhered to as regards these two ironclads, a further 
outlay of 275,5852. will be required. 





BRITISH AND AMERICAN Navy Yarps.—The Washing- 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MrIppLesBrouGH, Wednesday. 

The Cleveland Iron Trade.—The iron market is still 
characterised by extreme quietness. Traders continue 
to act with extreme caution, and transactions are on quite 
a limited scale, business being chiefly confined to the 
sale of small lots for early delivery. Orders from abroad 
to meet autumn requirements have come in slower than 
was expected, and as northern navigation season 
is now rapidly drawing to a close, business over the fall 
of the year is likely to be smaller than was at one 
time anticipated. e | d t on the Continent 
has this year stop supplies to inland customers, and, 
in fact, some parcels of iron despatched in the spring for 
inland buyers abroad are still lying at Continental sea- 
ports, owing to there having been no water in the inland 
waterways. Values of pig iron are rather easy. No. 3 
g-m.b. Cleveland pig is obtainable from both makers 
and merchants at 46s. 6d. f.o.b., whilst No. 1 is quoted 
50s. 3d. ; No. 4 foundry, 46s.; No. 4 forge, 453. 9d. ; 
mottled and white, each 45s. 6d. ; and mixed numbers of 
East Coast hematite pig, 60s. 6d. to 61s.—all for early 
delivery. Foreign ore is dull. Market quotations are 
still based on 19s. 6d. ex-ship Tees for best Rubio, but it 
is quite understood that sellers would make contracts at 
below that re. Coke is firm, and sellers are not very 
keen for business. Average blast-furnace qualities are 
14s. 9d. to 15s. delivered here. Middlesbrough warrants 
show a fall on the price of a week ago, the quotation 
now being 46s. 14d. cash buyers. 


Blast-Furnacemen’s Wages.—The average net —— 
= of No. 3 Cleveland pig iron for July, August, an 

ptember has just been certified at 47s. 6.44d. per ton, 
as compared with 49s. 0.16d. for the previous quarter. 
This means a reduction of 2 per cent. in the wages of 
blast-furnacemen, which brings wages from 21.25 per cent. 
above the standard to 19.25 per cent. above the standard. 
The reduction dates from October 1. 


Iron Trade Statistics.—The returns of the Middles- 
brough Chamber of Commerce for the quarter ending 
September 30 last show that on that date, of seventy- 
nine furnaces built in the port of Middlesbrough, fifty- 
four were in blast, and produced during the third 
quarter of the year 565,000 tons, 370,000 tons of which 
was Cleveland pig and 195,000 tons hematite, spiegel, 
basic, and other special irons. During the previous 
three months the total make of pig was 580,000 
tons, and for the corresponding quarter of last year the 
<a was 575,000 tons. Imports of foreign iron ore into 
Middlesbrough last quarter reached 434, tons, as com- 
pared with 436,926 tons for the previous three months, 
and 498,151 tons during the third quarter of 1910. The 
total value of is, other than coal and coke, exported 
to aes and Colonial destinations from Middlesbrough 
during the third quarter of the yearamounted to2, 154, 153/., 
as compared with 1,735,020. for the corresponding period 
a year ago—an increase of 419,133/,, and the total value 
of exports other than coal and coke for the nine months 
ending September 30 last reached 6,379,946/., as against 
5,665,693/., for the corresponding period last year—an 


ity | increase of 714, 2530. 


Manufactured Iron and Steel.—There is very little new 
business doing in manufactured iron and steel, but the 
situation must be described as satisfactory, seeing that 
producers of practically all descriptions are full of orders, 
some firms, in fact, having contracts made which will kee 
them in full swing for some months to come. Under ae 4 
conditions values tend upward, but as yet no quotable 
advances have been made. Common iron bars are 7/.; 
best bars, 7/. 7s. 6d.; best best bars, 7/. 15s.; packing- 
iron, 5/. 15s.; iron ship-plates, 6/. 10s. ; iron ship-angles, 7/.; 
iron ship-rivets, 7/. 5s.; iron boiler-plates, 7/. 7s. 6d.; steel 
bars, 62. 5s.; steel ship-plates, 6/. 15s.; steel ship angles, 
61. 7s. 6d.; steel age ge 7l. 10s.; steel strip, 6/. 10s. ; 
steel hoops, 6/. 12s. 6d.; steel joists, 6/. 10s. ; cast-iron 
railway chairs, 3/. 12s. 6d.; light iron rails, 6/. 10s.; 
heavy steel rails, 5/. 12s. 6d.; steel railway sleepers, 6/. 10s. ; 
and galvanised corrugated sheets, 11/. 5s.—sheets less 4 
per cent. f.o.b., railway material net, and all other descrip- 
tions less 24 per cent. discount., 


Cleveland Miners’ Wages.—The quarterly meeting be- 
tween the Cleveland Ironstone Mineowners and the 
Cleveland Miners’ representatives was held at Middles- 
brough on Monday, Sir Hugh Bell, Bart., presiding. 
The owners intimated that they considered 24.40 per 
cent. on the standard as the wages that should be paid 
during the ensuing three months against 27 per cent. 
which had been current during the t period. This 
shows a reduction of 2.60 per cent. The matter will be 
considered again on the 23rd inst. 





Tue Fire at THE Emprre Patack THeatre, Epin- 
BURGH.—In Report No. 157 of the British Fire-Preven- 
tion Committee the fire at the Empire Palace Theatre, 
Edinburgh, which took place on May 19 last, and resulted 
in the loss of 10 lives, is dealt with, particular regard 
being had to the importance of the fire as showing that 





ton correspondent of the Times wires under date October 

8 :—The Secretary of the Navy, Mr. Meyer, who recently | 
returned to Washington, speaks with enthusiasm of the | 
organisation of the British shipbuilding yards which he | 
visited this summer. Of Messrs. Vickers, at Barrow, he | 
says that he found “‘the most efficient and up-to-date 

management, with a system and detail carried ap tly | 
as far as they could be advantageously.” He believes | 
that the methods can be profitably applied to American 

Navy yards, and announces that two officers, Captains 

Willits and Theiss, sailed on Thursday tostudy the system 

thoroughly. 





the evolution of a safe theatre has proceeded on satisfac- 
tory lines, and it is thought to be a matter of congratula- 
tion that a fire occurring in a large variety theatre with a 
full house, should have resulted without any loss of life 
among the audience, either from fire or panic. The 


report shows that dressing-rooms in the vicinity of the 
° : | suited to the necessities of British marine engines than 


flies are to be deprecated, especially when they are tem- 
porary or improvised ones. This fire also showed that 
more attention must be paid to fire-resisting curtains, 
both as to design and construction, for in this case the 
curtain collapsed eighteen minutes after the fire had com- 
menced, The report is accompanied by many illustrations. 








NOTES FROM THE SOUTH-WEST. 

Cardéff.—Some sensation was occasioned on Monday by 
a notice exhibited in the Coal Exchange intimating that 
the administration of the Egyptian State Railways had 
invited tenders for 30,000 to 40,000 tons of American 
steam-coal, to be delivered at Gabbari, Alexandria, in 
December and Jan The new policy indicated on 
the part of the Egyptian authorities is attributed to the 
disturbing effect of recent labour troubles upon the South 

ales coal-mining industry. The current condition of 


the Welsh steam coal trade shows little change or im- 
provement. The best large steam-coal bas le 16s 6d. 
to 17s. per ton; ordinary qualities, 15s. to 16s. 3d.; 


best bunker smalls 8s. to 8s. 6d.; and cargo smalls, 6s. 6d. 
to 7s. per ton. The market for household coal has 
been strong ; best oppiney gues have made 14s, 6d. 
to 16s. 6d. per ton ; No. 3 Rhondda large, 17s. to 17s. 6d.; 
and smalls, 10s. 3d. to 10s. 6d. per ton. No. 2 Rhondda 

has been quoted at 12s. to 12s. 3d.; and smalls, 
at 6s. 3d. to 7s. per ton. Foundry coke has made 24s. to 
25s. per ton ; and furnace ditto, 18s. to 20s. 6d. per ton. 
As regards iron ore, Rubio has realised 18s. 6d. to 19s. 6d. 
per ton, —_ a basis of 50 per cent. of iron, and charges, 
including freight, insurance, &c., to Cardiff or Newport. 


Port Talbot.—The accounts of the Port Talbot Graving 
Dock Company, Limited, for the past year show a profit 
of 2301/., a net balance of 192/. remaining after provision 
has m made for debenture interest. To this 192J. is 
added the amount brought forward from 1909-10, making 
the total to be dealt with 1645. Of this amount, 630/. 
is to be added to the reserve fund, and the balance of 
1015/. is to be carried forward. This disappointing result 
is attributable to the serious labour troubles and com- 
mercial unrest of the past eight months. 


South Wales Coal.—The shipments of coal from the 
South Wales ports (foreign and coastwise) in September 
amounted to 2,539,591 tons, or 16,425 tons more than in 
oe yee 1910. Newport, Swansea, and Port Talbot 

substantial increases in foreign shipments and 
decreases coastwise, while Cardiff had a small decrease 
both foreign and coastwise. For the nine months ending 
September the comparison shows that Cardiff has a |: ss 
of nearly 1,250,000 tons foreign and about 230,000 tons 
coastwise. Newport has a gain of about 460,000 tons 
foreign and a loss of 72,000 tons coastwise ; Swansea, a 
gain of 96,000 tons foreign and a loss of 42,000 tons coast- 
wise ; and Port Talbot, a gain of 90,000 tons foreign and 
a loss of 8000 tons coastwise. The net loss for the nine 
months is about 900,000 tons, exclusive of the falling-off 
in bunker coal deliveries. mt shipping and railway 
strikes have told upon business. 








THE LATE Mr. ©. T. Mason.—The death is announced 
of Mr. Clayton Turner Mason, who was connected with 
much railway work in Australia. Mr. Mason was born 
in 1847 at Tarrington, Herefordshire, and was educated 
at King Edward’s School, Birmingham. After serving 
his apprenticeship in this country he went abroad, first 
to America and subsequently to Australia, where, in 1874, 
he obtained an appointment in the railway construction 
branch of the Public Works Department of New South 
Wales. He acted as resident engineer on the Govern- 
ment railways in connection with the constructicn of the 
Geraldton aud Northampton Railway and the Eastern 
Railway. In 1884 he held, provisionally, the post of 
Director of Public Works and Commissioner of Railways, 
having a seat on the Executive and Legislative Vouncils. 
In 1885 he was appointed general manager of the Western 
Australian Government ilways. In 1891 he became 
Collector of Customs, a position he retained until last 
year, when he retired. In 1909 he found it necessary to 
visit England for his health, and undergo two operations 
Mr Mason was a keen rifleman, oar in 1868 came in 
sixth of 6000 competitors in an international competition 
held that year in Belgium. 

INSTITUTE OF MARINE ENGINEERS.—The adjourned 
discussion on Mr. E. Shackleton’s paper, on ‘‘ Modern 
Developments in British and Continental Oil-Engine 
Practice,” was held at the Institution of Marine En- 
—, on Monday last, Mr. John McLaren, Vice- 

resident, occupying the chair. Mr. Shackleton opened 
the meeting by replying to some of the points raised at 
the previous meeting. He said that at present the fuel 
oil standard was very uncertain, and it might vary very 
much. In some cases it might fall below 10 per cent., 
and in others it might be as high as 40 per cent., over the 
steam-engine. Mr. R. W. A. Brewer said that the 
successful internal-combustion engine for marine work 
would have to be an engine which followed the ordinary 
gesengine practice, in which the pressures were not too 

igh, and it would have to be a two-stroke engine. A 
ye ~ of the oil-engine was that of carburation. 
On the other hand, it was pointed out by Mr. P. A. 
Lowther that the Diesel engine did not carburate, 
so that Mr. Brewer's objection did not apply to it. 
According to Mr. A. C. Ho!ltzapfel there was, however, 
the disadvantage with the Diesel or any reversible engine 
working direct on the propeller that when the pr - 
peller was lifted out of the water and racing took place, 
the action of the governor was reduced to such an extent 
that when the propeller dipped back again into the water 
the engine was apt to stop, and had to be re-started by 
compressed air. Gas-engincvs would, he thought, be more 


oil-engines, on account of the uncertainty of the price of 





oil fuel. Other members also spoke. Lantern-slides of 
engines were shown. It was announced that Mr. F. Dun- 
canson’s paper, ‘* Notes on Two-CycleOil-Engines,” would 
be read on Tender, October 30. 
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Propuction or Trranium.—J. B. Huffard, of the | He treats the rutile together with carbon in an electric 
Electro-Metallurgical Company, of Glen Ferris, Western | furnace ; the product which Huffard calls “‘the reducin 
Virginia, suggests the reduction of rutile, the common |agent” contains titanium as metal, nitride, oxide, an 
titanium ore, in order to produce an impure titanium, which | carbide ; the carbide percentage should be very low. To 
is itself recommended as a good reducing agent for the | reduce the metals mentioned, and to —— their alloys 
production of highly refractory metals, such as tungsten, with titanium—which, owing to the high melting-point 


vanadium, molybdenum, and uranium, free from carbon. | of titanium, could not directly be prepared—the respec- | 


| of the original oxide and the titanium oxide ; the origina! 


tive oxide, for instance,{tungstic oxide, is fused with the 
impure titanium, an excess of the oxide being applied, 2: 
the ‘reduction is incomplete ; tungsten is reduced, and 
titanium oxide formed. The slags contain both the excess 


oxide is extracted from the slag by means of acids (hydro 
chloric acid) which do not attack the titanium oxide. 
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THE GENERAL STRIKE. 


Tue prevailing lack of commercial confidence and 
of industrial stability is likely to be prolonged as a 
consequence of the acceptance by the Miners’ Fede- 
ration of the general strike as a weapon for forcing 
their demands upon mine-owners, because, although 
such a drastic measure may not be resorted to in the 
present issue, and, in any case, may not be fully 
realised in practice, further proof is 9 ther ready afforded 
of the growth of a more militant spirit behind trade- 
unionism, which is subversive of authority, and 
inimical to the interests of the State. If this 
decision of the Federation to resort to a general 
strike in the future as an aggressive measure, and 
not, as in the past, only as a defensive measure, 
were an isolated case, the portents would be 
serious enough. But when it is recognised as a 
sequence in a long series of events, in which legal 
and moral obligations have been flouted, and outrage 
and lawlessness resorted to on utterly inadequate 
reasons, the need is apparent for a fuller realisation 
of the influences at work, and for a wider demand for 
the counteracting of these influences. Before con- 
sidering the larger issue, it is, however, instructive 
to review the procedure of the miners, as it bears 
such a strong resemblance to the earlier disputes 
as to establish similarity in general aims. We 
have had the transport workers’ uprising, the 
South Wales strike riots, the British railway 
strike, and the Irish railway strike, and this 
week, in addition to the miners’ dispute, we have 
bad a threatened stoppage of work in the mills 
throughout a large area of Lancashire because the 
unionists in one mill objected to work along with 
one or two non-unionists, and the evil has only 
been avoided at the eleventh hour by the latter 
joining the union—a victory of some significance. 
fn each case there has been a refusal to recog- 
nise working agreements, individual or collective ; 
work has been stopped withdut notice or with 
inadequate warning ; the right to work has been 
denied by those claiming the right to strike, 
‘* peaceful picketing” has been the cloak for un- 


r. 





made at conciliation or settlement, it has been diffi- 
cover agreement as to the aim other than cessation 
The present trouble with the miners is charac- 


and main difficulty arose from a complaint that men 
could not earn a fair wage when working in abnor- 
mal places. This grievance was admitted by the 
mine-owners, who expressed willingness to consider 
each case in each district on its merits. This seems 
a most equitable proposal ; but conciliation is not 
acceptable to those who are driving the trade 
unions against the interest of society generally. 
Arbitration is only acceptable permanently to 
unionists where the result is in their favour. 
The Federation therefore changed the procedure 


of districts invested with separate powers ; secondly, 
these districts, .with one exception, have working 
agreements with the mine-owners, including in some 
cases minimum-wage stipulations, and the date of 
termination of these agreements varies, extending 
to 1912 in the Midlands, and to as late as 1914 in 
Scotland and South Wales ; while, thirdly, there 
is no unanimity as to what should be the minimum 
wage—6s. to 8s. being named—a fact which shows 
that the question is one for settlement in each dis- 
trict according to the difficulties of abnormal places. 
The extremists see some justification for declaring a 
general strike in the fact that the Northumberland 
miners’ agreement expires in a fortnight, and if 
they strike for a minimum wage or on any other 
a. the remainder of the miners in the United 
ingdom can strike in sympathy. Thus subterfuge 
is strained to its limit to provide an excuse for 
the general strike. Qne would think that such 
an excuse would only MS gs to the unthinking 
worker, as a general strike must affect the com- 
munity most seriously, bringing all industry to a 
complete standstill, and, by stopping the transport 
service, involving the risk of starvation of the 
population in the urban districts. 
here is thus a close parallel between the policy 
of the railway workers and the miners. As Carlyle 
put it, ‘‘a fair day’s wage for a fair day’s work is 
the everlasting right of man,” and men are perfectly 
justified in enforcing this inalienable right. But 
while recognising the justice of their own case they 
must not refuse to act in conformity with the rights 
of others. The general strike is unnecessary for the 
enforcement of the rights of the miners or railway 
workers, and its success, if it became effective, would 
involve disaster to millions, against whom there is 
no grievance. It involves the same injury to the 
interests of the State as war, and must be treated 
as civil war. Thus a general strike of miners, like 
one of railway workers, must, in the words of the 
Home Secretary, create ‘‘an abyss of horror which 
no man can dare to contemplate.” In the one case 
supplies of food to maintain life in the cities, and 
of raw material to enable industries to be carried 
on, would be cut off by the cessation of transport 
facilities ; in the other instance the vast driving 
power essential to industry and transport would 
cease because of the want of the source of that 
power, and we should have chaos and commercial 
and industrial disaster. Is the whole of the popu- 
lation of a country to be subjected to the perils of 
famine and to idleness to gratify the impatience of a 
few extreme agitators who will not confine them- 
selves to reasonable measures when advocating the 
justice of men’s claims to improved remuneration 
for their work. Labour has its rights, but so also 
has the whole community, and, as Professor Lilly 
has pointed out, while it is unethical to pay a 
worker less than a living wage, ‘it is unquestion- 
ably unethical to plunge a whole community into 
the grayest distress—to bring it to the verge of 
irreparable disaster—in order to extort for a few 
hundred thousands of workers a little higher pay.” 
We believe that most of the miners will take a 
sane view. In most districts the men have no 
grievance under existing agreements, and will 
refuse to leave their work to enforce for other dis- 
tricts conditions which cannot profit them directly 
or indirectly. This, indeed, was the reason why the 
railway strike in Britain, as well as that in ose ery 
failed. At the same time, it is imperative that the 
interests of the State should be conserved, and that 
industry and commerce should not be injured by 
the threats of general strikes. This is the more 
important, as the poorest suffer most by the increase 
in the prices of food and by the unemployment 
which results from the stoppage of great factories, 
of coal supply and of transport facilities. The 
workers throughout the country lose directly and 
indirectly through the impaired confidence ‘and the 
forfeiture of trade to foreign producers. The 
middle class, who, because of those qualities of 
ingenuity, initiative, commercial courage, energy, 
and thrift, have won a competence, while at the 
same time advancing materially the prosperity of 
the State, are similarly punished directly, and have 





and decided upon a demand for a minimum wage 
for all miners, and amended the rule as to a general 
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strike, so that recourse to it could be made for 





the value of their savings depreciated by the finan- 
cial insecurity resulting from industrial insecurity. 
There can be no dubiety as to the State having a 
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duty in such case. In a strike where the injury 
is confined to the contending parties there may be 
ground for allowing the stubbornness of both sides 
to wear itself out ; the disadvantage to the State 
is not great. But with the general strike the case 
is altogether different. To quote again the Home 
Secretary, ‘‘the weapon of a general strike is the 
most powerful in the world, but it can only be used 
for the purposes of suicide, and it is upon the 
working people, the working population, in the 
great towns, the great manufacturing towns and 
districts of Great Britain, that its cruel edge would 
fall with absolute certainty and with incredible 
swiftness if ever the experiment were attempted.” 
It brings ‘‘all the horrors of war which would 
descend upon the working people in the cities and 
towns, while at the same time it would not be a 
case of all dying together; wealthy people, capi- 
talists, the aristocracy, the landowners, and the 
rural population generally would scarcely suffer 
at all,’ 

The Government have this week announced their 
scheme for ‘‘strengthening and improving the exist- 
ing official machinery for settling and for shortening 
industrial disputes, by which the general public are 
adversely affected.”” This consists of an Industrial 
Council, representative of employers and labour, 
under the chairmanship of Sir George Askwith, 
K.C.B., than whom no one knows more of strikes. 
This Council, it is officially announced, is to take 
‘* suitable action in regard to any dispute referred to 
them affecting the principal trades of the country, 
or likely to cause disagreements involving the 
ancillary trades, or which the parties, before or 
after the breaking out of a dispute, are themselves 
unable to settle.”” The names are given—thirteen 
representing labour, and a corresponding number 
for capital, and no exception can be taken to any; 
all are chosen because they represent employers or 
workers. The only other statement as to the work 
of the Council is that it has no compulsory powers. 
The information is meagre. While all will wish 
the scheme the best of success, its future, to say 
the least, is doubtful. The Council cannot act until 
appealed to ; but it creates a medium for conciliation, 
and thus increases the responsibility of those who 
enforce a strike or lock-out. But the danger of 
the past—and it promises to be greater in the 
future—has heen the lack of influence on the part 
of the trade-union leaders to stem the tide of agita- 
tion among militant members, to command obedi- 
ence to the authority of the executive or to the 
rules of the union, and to ensure the fulfilment of 
agreements made by the delegates of the union. 
Whether the leaders in all instances use every 
faculty and every occasion to establish and maintain 
their influence is questionable; their tenure of office, 
with its emoluments, is too much dependent on the 
goodwill of those on whom they must exercise 
restraint. The working man wants his wrongs 
righted, and not to hear about the rights of otl ers. 

But, beyond this, is there not a power outside 
trade unionism which is opposed to conciliation and 
eager for general disaffection and discontent among 
workers, and for the disorganisation of the whole 
social system The cult of Socialism in its nude state 
has not — —— to the British working- 
man, and now attack is being made through trade 
unions on the plea that State Socialism, or Collec- 
tivism, or Syndicalism, will bring a millennium for 
the worker. ron mye is held up as the aggressor 
—the one obstacle to the winning of a paradise for 
the worker. The general strike is advocated as a 
means to the abolition of the capitalist. Nationalisa- 
tion of railways has been advanced as a palliative 
for general railway strikes, as it will terminate the 
claims of capital, and make those of the worker 
paramount and exclusive ; but the Home Secre’ ary 
and others have attempted to disabuse the minds 
of the workers on this score. Capital is as essen- 
tial to industry as labour; under present condi- 
tions the part of mechanical power and producing 
appliances in manufacturing industries—even in 
agriculture—is greater in every respect than labour, 
and these represent capital in al: mediums of wealth 
production. Thus it is not so much the capitalist as 
the inexorable law of competition, international and 
communal, which is the obstacle to the worker 
gaining all he demands or all that his employer 
would wish to give him. With State-owned rail- 
ways, mines, or factories, competition would have 
to be reckoned with, and return would have to be 
made on capital, as great or greater than in the 
recent past, where profits have been approaching 
vanishing point. Labour could not be permitted 





any more latitude in the matter of strikes and 
strike riots under State ownership than under the 
companies. A State-owned railway in France was 
the most affected of all the railways during the 
recent strike in France. The workers, indeed, 
might find here that under bureaucracy their second 
condition was immeasurably worse than the first. 
It was only the soundest of principles which Mr. 
Winston Churchill enunciated when he claimed that 
the Government had no alternative than to take 
the most effective measures in their power to main- 
tain order, to prevent intimidation, and to secure 
the working of food supplies. This applies parti- 
cularly to railway strikes, and, for the reason we 
have stated, to coal-miners’ strikes also. When 
all this is realised, we look for a renewed revulsion 
against the =, of Socialism, especially on 
the part of skilled workmen. 

But the professional agitator has gone a step 
further. Socialism, or collectivism, seeks for pos- 
session of the means of production by the State. 
The new doctrine of syndicalism is to wrest all 
organisations and means of production from the 
capitalist and bestow it upon the workers—from the 
wage-payers to the wage-earners, and not to the 
State. This is the avowed object according to the 
originators of the new doctrine—the Confédération 
Générale du Travail—the notorious C.G.T. of the 
French strikes and riots, and the end is to be achieved 
by the general strike. Their fundamental precept 
is that success can only be ensured by violent 
means, Thus it is of the greatest importance 
that the general public should have their eyes 
opened to the strong under-current of ambition 
which is affecting trade-union movements. As 
Stevenson has put it, ‘* parties and ideas continually 
move, but not by measurable marches on a stable 
course ; the political soil itself steals forth by im- 
perceptible degrees, like the travelling glacier,” and 
portents must not therefore be neglected. Sir 
Arthur Clay has done a great ‘national service in 
exposing clearly the inwardness of the association 
of syndicalism and labour.* The subject is one of 
vital importance, and he has treated it with an im- 
partiality and knowledge which makes his contribu- 
tion as welcome as it isinfluential. He exposes the 
sophistry of the claims of a religion for the aims of 
the new doctrine, establishes the brutality of its 
methods, demonstrates the impracticability of its 
realisation, and points out the duty of the Govern- 
ment to stamp out by rigorous hands any develop- 
ment in this country of this baneful idea. As we 
have contended at all times, labour is entitled to 
its honestly-won reward, and if circumstances 
involve any difference in opinion as to the amount 
of this remuneration, means exist for an equitable 
adjustment. It is the duty of the Government to 
ensure that during the process of adjustment the 
interests of the State or of non-combatants shall be 
conserved. All this involves drastic amendment 
of the law, not only in the direction of prohibiting 
picketing, as we have already advocated, but of 
enforcing the law of contract upon the part of the 
worker as well as employer, so that men may not, 
without being penalised, leave their work without 
due notice or disown an agreement formally made 
and accepted, and that leaders shall be responsible 
at law for the advice that they give, and the results 
that follow such advice. 








MUNICIPAL TRAMWAY FINANCE. 
Tue policy which has long ruled the financial 
methods of a large proportion of the municipal 
tramway undertakings of this country has been the 
subject of much discussion and criticism, and yet 
the matter is of such importance that a return to it 
is at no time unjustifiable. The gravamen of the 
charge which has so often been brought against 
tramway committees is that the undertakings in 
their control were being run on absolutely unsound 
financial lines, so that many of them were rapidly 
approaching a state which in a commercial ven- 
ture would entail ruin, and in a municipal one 
must result in heavy charges on the rates. Dif- 
ferent critics have set up different financial stan- 
dards to which they have held that tramway manage- 
ment should conform, some holding that in addi- 
tion to a depreciation account there should be set 
aside a fund out of which the whole plant might, 
if necessary, be renewed, to meet cases of obso- 
lescence and altered conditions which might arise, 
* **Syndicalism and Labour,” by Sir Arthur Clay, Bart. 
eens John Murray, Albemarle-street. W. '[Price 
ne 


this fund being quite independent of, and apart 
from, the moneys which are necessarily set aside for 
‘the repayment of the capital debt. Other critics 
have set a lower standard than this and have merely 
' maintained that as long as depreciation is adequately 
cared for out of the earnings, it is not objec- 
tionable that when the debt is extinguished the 
| Plant should have but a scrap valuc. Without 
arguing for the moment as to the superiority of 
‘either of these ideals, it will be admitted by the 
critics of either school that depreciation should be 

id for out of revenue. This, indeed, will be 
admitted by any business-man, and yet this most 
elementary step towards financial soundness is 
neglected by a singularly large proportion of the 
municipal tramway undertakings of this country. 

It is difficult altogether to ascribe a reason for 
the methods of folly which distinguish the financial 
prossotiogs of so many of our tramway committees. 

uch, of course, has been written on the matter, 
and it has been pointed out that a desire to curry 
favour, and ultimately to catch votes, has been at 
the bottom of many fare reductions and wage 
increases, which have in themselves been in every 
way unjustifiable. There is probably much truth 
in the criticism which centres itself in these 
ideas, and yet it is singular that gas committees, 
which are drawn from absolutely the same mate- 
rial as those dealing with tramways, have ex- 
hibited a much sounder judgment in dealing with 
the cost of their labour and the price of their 
product. Probably matters may be partly ex- 
plained by the larger number of employees dealt 
with by tramway committees, and the more ex- 
tended nature of their services to the public, 
their greater scope in both directions rendering 
‘*popular”” movements more attractive and more 
Retry Probably also gas committees have 

nefited from the fact that they are in general of 
much older standing than tramway bodies, so that 
they have inherited ‘a financial tradition from a day 
when there was less tendency to sacrifice the neces- 
sities of sound finance to the demands of labour. 
Whatever the cause, there can be no question as 
to the suicidal policy of many municipal tramway 
undertakings in this country, and case after case 
may be —- out in which surpluses are paid 
over to the relief of rates by committees who have 
made little or no provision for a depreciation that 
must in any case be faced in a few years. 

The whole case against so much of the prescnt 
municipal tramway policy was excellently put in a 
paper read by Councillor J. H. Rodgers, chairman 
of the Newcastle Corporation Tramways Committee, 
before the Municipal Tramways Association on the 
27th of last month. This paper, apart from the 
excellence with which its case was presented, was 
of importance in virtue of the audience to which 
it was directed, and the official standing of its 
author. Mr. Rodgeis contented himself with argu- 
ing in the main for a proper depreciation fund to 
deal with the track, and, in order not to overstate 
his case, limited himself to the suggestion that 200I. 
per single mile of track should be set aside each 
year for renewals. He took fifteen years as the 
average life of the track-work, so that the 200l. 
would, at 3} per cent., give, at the end of that 
time, 38001. per mile for track replacement. This 
sum is probably on the small side, especially as in 
hilly districts the life of the rails may be consider- 
ably under fifteen years, so that the 38001. would 
frequently not be attained to. The sum is in any 
case probably low, since the Inland Revenue 
authorities, who are not given to over-estimating, 
allow the sum of 4400/. per mile for renewals. 
Confining himself, however, to his modest esti- 
mate, Mr. Rodgers had no difficulty in showing 
that some 51 per cent. of our tramway undertakings 
were working on an actuarially unsound basis, this 
figure, be it remembered, resulting from the 
assumption that the only necessary depreciation 
fund for the whole plant was the 2001. per annum 
per mile of track. 

The paper contained a series of four tables, 
dividing the tramway systems into four classes, 
which the author considered to represent those 
that were doing well, those doing fairly well, those 
not financially sound, and those showing no surplus 
at all, or maintained out of the rates. The first 
class contained the names of most of the larger 
— of the country, although such towns as 

orthampton, Salford, and Southampton appeared 
in the second list. When it is stated that last 
year Salford paid 18,7501. over to the rates, and only 
| placed 6921. in their renewal fund, although even on 
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Mr. Rodgers’s liberal system they should have payed 
in 76501., it will be realised that even some of the 
towns which now appear as doing fairly well may, 
in a few years, have to be relegated to one of the 
latter two lists, which are reserved for systems 
financially unsound. The third list covers many 
systems that handed over large sums to the rates, 
although their renewal fund was much below that 
necessary to allow for the 200/. per annum per mile 
of track. Plymouth and Kirkcaldy each gave their 
whole surplus to the rates. Reading gave 15001. to 
the rates, although their renewal fund was short 
by 50001., while Ashton-under-Lyne gave 600l. to 
the rates, although their renewal fund stood only at 
9001. after nearly four years’ working. Itis unneces- 
sary to multiply instances of this sort, although 
mention must be made of the last list, which covered 
thirty-two systems, all but three of which were a 
charge on the rates. Eighteen out of these thirty- 
two cases showed no surplus, no reserve fund, and 
had made no expenditure out of reserve fund for 
any purpose, although they had been in operation 
for ap average period of seven years. 

The last table contains in the maiu the names of 
smaller towns, and it is probable that in some cases 
the potential traffic was from the first insufficient 
to make the tramways a paying concern, even 
though they had been conduc with the most 
rigid economy. Many of the systems in the 
eighteen above mentioned only carried the popula- 
tion of their town on an average some fifty to sixty 
times a year, a figure which compares very un- 
favourably with that which is found on the more 
successful systems. Pontypridd and Bexley, how- 
ever, which figure among the number, carried 
their populations 129 times and 126 times respec- 
tively. Apart from the question of potential 
traffic, it is likely that in many cases the bad 
financial results may be ascribed to attempts to give 
facilities to the public that they were not paying 
for, and to give conditions to the workpeople 
that were not economically justified. Although 
it is doubtful if many of the smaller systems 
can ever pay their way, it is none the less un- 
justifiable and foolish to refuse to recognise exist- 
ing conditions, and to let matters drift, as so many 
of the systems are doing. In most cases the loss 
is paid for out of rates, but no allowance for depre- 
ciation is made. This is bad enough, but Southport 
has thought of something even worse, and, instead 
of paying its debts, is putting its loss to a suspense 
account, and hoping for profits in the future. No 
matter how bad things may be, it is certain that 
the only sound finance is to subsidise the systems 
from the rates, not only to the extent of their 
actual loss, but also to a sufficient extent to cover 
depreciation. This system may not appeal to the 
ratepayers, but to refuse it is only to build up an 
even worse state of affairs for the ratepayers of the 
future to deal with. In this connection it is in- 
teresting and satisfactory to note that Burton-on- 
Trent, which last year made a profit of 3181., paid 
10001. to the renewal fund, the difference being 
made up out of the rates. Even with this 
extraneous contribution, the town’s reserve fund is 
still too low, but the principle of its action was 
very sound, and it is to be hoped that other places 
will note its example. 








CHANGES IN THE FRENCH NAVAL 
COLLEGE. 

THeRe is now in progress a very important 
change in connection with the French Naval Col- 
lege, which is devoted to the training of naval 
otticers. Interest is added to this change which, 
in the first instance, is one of locality, by the fact 
that it unquestionably paves the way for more con- 
siderable alteration, not only in the programme 
of admission to the school, but especially in the 
education and training of officers, somewhat on the 
lines followed in various foreign countries. 

It will be remembered that, prior to 1839, the 
school—or, to be more exact, the Royal College, 
which served to train the future naval officers— 
was situated in Angouléme, in the interior of the 
country. It is true that from 1827 the college was 
completed by a training-ship for pupils who were 
finishing their special studies, while towards the 
end of 1830 the naval school was installed, and up 
to the present time has remained, on board a vessel 
anchored in the roadstead of Brest. Various ships 
have succeeded each other in thus affording shelter 
to the naval school and its pupils, and since 1841 
the two vessels which have been assigned for this 





duty have ramescety Aryrg the name of ‘‘ Borda.” 


It is for this reason that in naval circles the school 
is known as ‘“ Borda.” The ship which now 
accommodates this school—always in the roadstead 
of Brest, and always under the same conditions— 
is an old transport formerly called the ‘‘ ge 
which was appointed to this service in 1889. Need- 
less to say, the Borda, to call it by its generic name, 
in spite of the quiet: which it enjoys in the sheltered 

stead of Brest, is becoming very old and 
decrepit, for, before being used for a naval school, 
it done service as a transport. It is now forty 
years since it was first navigated. 

It has therefore become absolutely essential to 
— this vessel ; which might be done either by 
substituting a new ship for this old Intrepide, or 
merely by installing the naval school elsewhere. 
The latter course is the one which has been decided 
upon, and the decision to abandon the classic ship 
anchored in the roadstead of Brest is due to 
Admiral Boué de Lapeyrére. Admiral Boué de 
Lapeyrére has brought to his Ministry a special 
knowledge bearing upon this question—he was 
formerly Maritime Prefect at Brest—and he has 
been able to make clear the state of decay of 
the Borda, and the inconvenience which would 
result from continuing the naval school, in 
its enlarged, transformed, aad improved state, 
in a boat which is necessarily too small for the 
requisite practical installations. It is certainly 
difficult to arrange on board a ship, be it what it 
may, for the commodious spaces required by the 
scientific and experimental education which it is 
now proposed to give to naval students. More- 
over, where the pupils are numerous, hygiene is 
seriously sacrificed on board such a ship. In 
establishing a school on land, however, it is a 
simple matter so to construct new buildings that they 
are well adapted for their purposes, and afford the 
best conditions for health, as well as for the instruc- 
tion of future officers. 

Complete plans have now been papas of the 
building about to be erected for the lodgment of 
the school and its pupils, and it is estimated that 
this building will be completed in two or three 
years, although it is probable, as almost invariably 
happens in such matters, there will be some delay. 
This naval college on land—a novelty for France— 
will be built on the rocky promontory which termi- 
nates the right bank of the River Penfeld, upon 
which is erected the naval arsenal of Brest. The 
plans of the new school have been based on the 
detail suggestions furnished by an officer who best 
understands the needs of the case ; that is to say, 
by the present commander of the Borda, or naval 
school. The school will be built on an upland of 
about 4 hectares (10 acres), to which it is intended 
to annex a piece of land of about 10 hectares (24} 
acres), planted with trees. This latter will consti- 
tute a park for exercising the corps, and for prome- 
nades for the students, and will accordingly afford 
the best hygienic conditions. These two pieces of 
land, now to belong to the school, will be separated 
by the moat of the Brest fortifications, and the moat 
itself will be utilised for the — of games, to 
which adequate attention will be paid in the future 
scheme for the occupation of the students’ time. 
The buildings will comprise three parts, one of 
which will be a large round pavilion, containing 
the dining-room, and overlooking the roadstead and 
the commercial port, &c. It will be possible, in 
this new school, to instal all the requisites which 
hygiene demands—bath-rooms, shower-baths. lava- 
tories, and dressing-rooms, which could not, without 
difficulty, be provided in the holds and store-rooms 
of the old boat which now serves to lodge the naval 
officers’ school. In the dormitories, according 
to present intention, the hammock, the old classic 
bed of the ships of former days, will be preserved. 
Large rooms containing models will be installed, 
together with chemical and physical laboratories, 
for the instruction of students, in order that they 
may become scientific and completely equipped 
officers. Modifications have already been intro- 
duced into the programme of the naval school in 
the direction of making it more severe. The 
authorities even contemplate—although, in our 
opinion, this would be going too far as yet—changes 
in the programme for the entrance examination ; 
this programme would approximate to that of the 
Polytechnic School, and would embrace a larger 

roportion of special mathematics. This kind of 
Santedne, which has not always proved of special 
advantage to the mining and bridge engineers, and 
other functionaries, turned out by the Polytechnic 





School, would be dearly acquired if it interfered 
with the practical training of the naval officer of 
the future. 

It is quite understood that while the future naval 
officers will be established on land, they will be 
kept in intimate contact with the sea and the ships, 
and with all practical applications. Having in view 
the advantage of practical studies, visits will be 
paid to the Arsenal, which will be a near neighbour 
of the school, and these should prove very profit- 
able; especially visits to armoured vessels of 
every type, which either stay in or pass along the 
roadstead of Brest. The students will thus be able 
to acquire a precise knowledge of naval and military 
material in every form, whereas they could learn 
nothing of this in the old ship in which they have 
been, and are at present, lodged. They will be 
regularly required to manwuvre a modern pro- 
tected cruiser, no longer using for this purpose the 
old-fashioned despatch vessel, which they now 
move up and down the roadstead from time to time. 
Every three months they will go out to sea in the 
protected cruiser, and they will, in particular, 
navigate the waters of the Gulf of Gascony, where 
they will make acquaintance with a sea which is 
almost always disturbed, and also with a true 
sailor’s life. Moreover, their practical maritime 
education will be completed by navigating and 
service in craft of all sorts, especially a certain 
number of torpedo-boats, which will be placed at 
their disposal. At the present time, in order to 
familiarise them with the sea and the officer's life, 
the students of the Borda are placed on an old 
transport, called the *‘ Dugay-Drouin,” in which, 
on leaving the school, they make a cruise, but in 
which there are no modern appliances. When the 
alterations to which we have referred have become 
effective, the students, their school training ended, 
will embark on a fine armoured cruiser. This boat 
will probably be the Jeanne d’Arc, of 10,000 tons, 
capable of steaming at 23 knots, with three engines 
developing collectively 28,000 horse-power. © This 
boat, moreover, is provided with artillery in the 
turrets and casemates. It will constitute a school 
of practical application. 

he students leaving the college to become ofticers 
will thus receive technical and military instruction 
which will correspond to the needs of modern life, 
and the young officers will then be able to carry 
out certain duties from the moment they em- 
bark. It should be mentioned that even now, 
under the control of the present commander of 
the naval school—badly equipped as that school 
may be—the pupils have succeeded in getting into 
touch with modern practice in navigation. They 
have thus learnt to manage to oes, and, in a 
recent inspection, the inspecting vice - admiral 
made an experimental trip to sea on a destroyer 
which was armed and oo solely by the pupils 
of the naval school. All the duties on board were 
executed by the students, as well for manceuvring 
the craft as for working the engines and stoking, 
with the aid of coal-trimmers who also were no 
other than future officers. In this there is in- 
struction of a most valuable kind, which should be 
enlarged and continued. The transformation of 
the French naval school, from the point of view 
of material, will undoubtedly bring about a modi- 
fication in the training of future officers, and in the 
spirit which dominates their education. As in 
ngland, the United States, and Italy, the French 
naval authorities are seriously considering the 
abandonment of a system which places on board 
two sets of officers absolutely different, the one 
occupied with navigation and the means of combat, 
the other with the management of machinery. It 
is more than probable that, in view of the practical 
direction which will be given to the school on land, 
with its new laboratories and perfected means 
of study, a single body of naval officers will 
be established, who will unite all the special 
qualifications required in crews, as well those of 
mechanics and stokers, as those of combatants, 
boatmen, gunners, and re fy hepa Now 
there are, below the naval officer properly so 
described, men who are called ‘‘adjutants prin- 
cipaux,” who have specialised in a particular 
trade—mechanic, gunner, or torpedo officer, and 
who, having ‘‘ achieved ” their rank, are capable of 
attending to certain details of which it is possible 
to relieve the naval officers. In this relation, the 
Minister of Marine has, quite recently announced 
his intention to create a body of officers of the crews 
of fleets who will be concerned with part of the 
minor duties now required frum officers properly 
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so called, and who will have a position distinctly 
superior in authority and advantages to that of the 
present petty officers. We have here then, alto- 
gether, an assemblage of changes, some of which 
have been already accomplished and appear likely 
to yield good results. 








THE ELECTRICAL EXHIBITION AT 
OLYMPIA.—No. ITI. 

As is only to be expected in an electrical exhibi- 
tion, the display of machine-tools at Olympia is not 
a very extensive one; none the less, there are 
several exhibits of much interest and some novelty. 
One of the best displays is that made by Messrs. 
Charles Churchill and Co., Limited, of Leonard- 
street, Finsbury, London, E.C. This firm’s exhibit 
is in the main devoted to grinding-machines, of 
which they are among the largest makers in this 
country, and we illustrate two of the examples, 
shown on the present page. Figs. 25 and 26 
are views of a 12-in. by 36-in. universal and chuck- 
ing grinder. In some universal grinding-machines 
considerable time is lost in changing over from 
internal to external work, and this machine has 
been designed specially to facilitate this operation. 
No shortening or lengthening of driving-belts is 
necessary, and the change-over ean be made without 
any loss of time in resetting the wheels in the 
correct position. The machine may be compared, 
to some extent, toa turret-lathe. It is designed 
to carry three wheels, two of which may be heavy 
wheels for external work, and the third a lighter 
one for internal work. The two heavy wheels are 
carried on spindles built integrally with the turret. 
while the third wheel is carried on a spindle running 
in a bracket mcunted on the turret. Different 
_— for light or heavy work may be used for 
this wheel, the fitting to the turret bracket being 
carried out practically instantly. 

The general lines of operation will be clear 
from the figures, and it is obvious that with a 
piece of work in position in the machine the 
turret-head may be swung round, and any of the 
three wheels brought to bear on it. The two main 
spindles are primarily intended to carry face- 
wheels for the grinding of shafts, but a cup 
wheel, as shown in Fig. 25, may be fitted for 
the grinding of flanges. When two face-wheels 
are employed, one may be arranged for rough 
grinding and the other for finishing, different grades 
of wheels for the two purposes being used if de- 
sired. When the machine is sg ay it purely on 
chuck work, the tail-stock may be removed, and 
the whole operated simply as a chucking-machine. 
The headstock has a swivel base working over a 
scale graduated in degrees, while it carries a 
hardened ground spindle. The whole machine is 
driven from a countershaft situated at the back of 
its base. 

The second machine, illustrated in Fig. 27, isa 
10-in. by 60-in. self-contained motor driven plain 
grinder, one of its special features being a patented 
quick hand traverse for the grinding head, which 
saves much time when it is required to transfer the 
wheel from a large diameter to a small one, or 
vice versa. A ratchet-wheel feed is arranged to 
give a forward motion of from 0.00025 in. to 0.004in. 
at each reversal of the table, and gearing is intro- 
duced to give a ratio of 8 to 1 between the speed 
obtained by the fine hand motion and the special 
quick hand motion. This gear, however, does not 
interfere with the position of the automatic trip, 
the fine feed tripping at the same place as it was set 
for before using the quick hand motion. An indicator 
is fitted which shows the position of the wheel-head 
on its slide, so that the operator can bring the 
wheel from, say, a large diameter to a small one, 
without even looking at the position of the wheel. 
The machine is entirely self-contained, the grind- 
ing-wheel drive coming from a countershaft carried 
in a bracket on the wheel-head, and being driven 
by a belt from the motor. The tension of the belt 
from the grinding-wheel spindle to the countershaft 
is maintained by a jockey-pulley, in order to allow of 
the necessary travel of the wheel, while the tension 
of the belt pulley is maintained by the weight of 
the countershaft, which slides in the wheel-head. 
The gear-box which drives the work-head is posi- 
tively driven by a chain through bevel gearing inside 
the bed, and then through enclosed gearing at the 
end of the table. 

Tools are also displayed by the Consolidated 
Pneumatic Tool Company, Limited, of Palace 
Chambers, 9, Bridge-street, Westminster, S.W., 
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Fig. 25. Sipe View or 12-In. sy 36-In. UNIVERSAL anp CHUCKING GRINDER. 

















Fie. 26. Front View or 12-In. sy 36-InN. UNIVERSAL aND CHUCKING GRENDER. 

















Fic, 27. Front View or 10-In. sy 60-In. Se.y-Contatnep Moror-Daiven Piain GRINDER, 
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Fic. 28. Maanetic-Avnesion Tyre Execrric 
Dritt; THE CoNsOLIDATED Pneumatic Toou 
Company, Limtrep, Lonpon. 


who have a large stand, containing a collection of 
their electrically-driven drills, grinders, &c. One 
of their exhibits is illustrated in Fig. 28, above. 
This takes the form of an electric drill furnished 
with holding-on electro-magnets. The general 
arrangement will be seen quite clearly from the 
figure, and the advantage in time-saving over a tool 
requiring the erection of a drilling-head will be 
appreciated without any comment from us. The 
switch controlling the holding-on magnets is, of 
course, fitted to the drill, so that for setting up it is 
only necessary to place the tool in position and 
switch on. The motor is of large power, and the 
tool will drill a 1-in. hole 1} in. deep in mild steel 
in one minute ; while on a nine-hours’ shift one of 
these tools has drilled 390 1-in. holes through {-in. 
plate. The drill weighs 190 lb. and has case earth- 
ing arrangements as prescribed by the Home Office. 
The firm also exhibit a number of new electric 
drills of ordinary type, which are fitted with elec- 
tric motors wound for the heaviest duty, and con- 
cerning which it is stated that it is almost impos- 
sible to burn the armatures out. 

Returning to more purely electrical material, we 
may mention a number of further firms exhibiting 
switch-gear, in addition to those we have already 
dealt with. Among these, Messrs. Dorman and 
Smith, of Ordsal Electrical Works, Salford ; Messrs. 
Parmiter, Hope, and Sugden, of Hulme Electrical 
Works, Ellesmere-street, Manchester ; and Messrs. 
Berry, Skinner, and Co., of 78, Upper Thames- 
street, London, E.C., confine themselves in the 
main to ironclad switch and fuse-boxes, the two 
former, however, also showing water-tight fittings, 
and the latter some examples of skeleton type 
switchboards, built up with their well-known com- 
bined switch and fuse-boxes. Automatic starters 
and battery regulators are exhibited by Messrs. 
Bertram Thomas, of Worsley-street, Hulme, Man- 
chester, and an excellently constructed range of 
hand-operated starting panels of various types by 
Messrs. Brook, Hirst, and Co., Limited, of North- 
gate Electrical Works, Chester. Messrs. Whipp 
and Bourne, of Castleton, near Manchester, may be 
mentioned with these firms as exhibiting gear of 
the same class, although, in the main, they confine 
their display to circuit-breakers, of which they 
make a speciality. They show some very interest- 
ing electrically-operated breakers both for ordinary 
service and naval work. The British Thomson- 
Houston Company, Limited, of Rugby, may also 
be referred to in this connection, as, although they 
have a large stand, the greater part of their line of 
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number of starters and controllers, but in the 
main confine their attention to lamps and heaters, 
a class of exhibit shown by many firms, but with 
which we have not space to deal. 

A large range of apparatus is shown by. the 
Electric and Ordnance Accessories Company, 
Limited, of Cheston-road, Aston, Birmingham. 
This includes switch-gear, starters, controllers, 
motors, fans, &c. An interesting exhibit takes 
the form of a crane cabin fitted with three tram- 
way type controllers and a main distributing-box. 
The whole arrangement is very neat, the motor 
resistances being arranged to form a seat for the 
crane-driver, and the main switch and fuses and 
the fuses for the separate motor circuits being 
contained in a single box. We do not remember to 
have previously seen a combination box of this 
type containing the switch and fuses for a group of 
circuits, and the arrangement is remarkably com- 

t and convenient. Another interesting exhibit 
is a combined starting and regulating pillar fitted 
with an overload and no-volt circuit-breaker, and 
containing the resistances inside it, so that the 
whole forms a single unit occupying but little s 
and very easy of installation. This firm also exhibit 
the Timken roller-bearing, which was described in 
our columns some time ago. 

Messrs. Electromotors, Limited, of Openshaw, 
Manchester, have a stand on which a number of 
machines are displayed illustrating various applica- 
tions of continuous-current electric motors. These 
inchide a ram pump with automatic float-operated 





starting-gear for country-house supply, a friction 


i|hoist or jigger for warehouse purposes, and two 
manufactures is not dealt with, They show a 


examples of electrically-driven fans. In addition 





there is a selection of motors of various types, in- 
cluding an example of pipe-ventilated construction, 
as shown in Fig. 24, above. Motors of this 
class are intended to fulfil the same purpose as 
totally-enclosed machines, in that they can be in- 
stalled in unfavourable situations, such as flour- 
mills; while they retain the advantages of open-type 
machines in the matter of ventilation and rating. 
The system is a simple one, consisting merely in 
fitting the motor with a complete casing, to which 
two pipes are led, one serving as an. inlet for cool- 
ing air drawn from outside or from some suitable 
room, and the other serving as an outlet which may 
discharge directly into the motor-chamber or be 
connected up by a pipe to the outside air, the 
arrangement sluitel, of course, depending on 
local circumstances. The motor shown is fitted 
with an internal fan, carried directly on its spindle, 
which maintains the air circulation. The inlet and 
outlet passages can be clearly seen in the figure. 
Miscellaneous apparatus is exhibited by Messrs. 
Vedovelli, Priestley, et Cie., of 160, 162, and 164 
Rue St. Charles, Paris, and Messrs. Drake and 
Gorham, Limited, of 66, Victoria-street, London, 
S.W. The former firm show high-tension line 
material, porcelain insulators, switch-gear, lumi- 
nous signs, &c., and the latter magnetic clutches, 
country - house lighting switchboards, electric 
heaters, &c. In addition, there is on Messrs. 
Drake and Gorham’s stand a small exhibit of quite 
an attractive nature. This, which is illustrated in 
Figs. 30 and 31, is a form of direct-current am- 
meter which is adapted for reading the current 
passing in a cable or other conductor from the out- 
side, and without cutting the conductor or making 
any connection to it. The appliancy, which is 
known as Frisby’s mechanical ammetr, consists 
merely of a horseshoe-shaped piece of soft iron 
carried by a handle and having a hing}d soft-iron 
armature arranged to lie flat against its poles 
when in the closed ition. The arjnature has 
a flat spring protruding from its inner end, and 
the handle carries a milled-head screw, the 
point of which is arranged to press 4gainst the 
flat spring, and the head of which carries a 
pointer working round a circular scale. To use 
the instrument, the pointer is set at zero, and the 
horseshoe is placed in position round the conductor 
to be tested, with the armature in its closed posi- 
tion. The magnetic field set up by the current 
then magnetises the horseshoe, so that the armature 
is held in place with a definite force which is a 
measure of the current flowing. Measurement is 
carried out by rotating the milled-head screw which 
travels forward and depresses the flat spring until 
finally the pressure due to it is sufticient to cause 
the armature to spring off the poles. The current 
passing may then be read off on the circular scale, 
which is graduated to show the current to which 
any position of the point of the screw corresponds, 
or, what is the same thing, the current to which 





any position of the pointer corresponds, As will 
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be seen, the instrument is singularly simple, and 
should be of considerable value to mains super- 
intendents and others, since it enables the current 
passing in any conductor to be instantly deter- 
mined at any time with commercial accuracy. 

Messrs. Allen West and Co., Limited, of Lewes- 
road, Brighton, who make a speciality of con- 
trollers for heavy service, have an excellent display 
of their products, and we illustrate some examples 
in Figs. 32 to 35, on page 506. Their exhibit is of 
especial interest on account of the high mechanical 
level reached in the design of the gear. In a sense 
this feature is but characteristic of modern con- 
troller practice, since in the light of experience 
there has been a tendency on all hands to improve 
on the class of design which was considered adequate 
in the early days of heavy electrical work. None 
the less, Messrs. West’s apparatus is of such satis- 
factory design and construetion that it should be 
seen by all engineers interested in heavy controllers. 
The gear, in a sense, is of no great novelty in 
its general lines, and the features which pleased us 
had reference more to mechanical construction and 
details. This is illustrated in the crane collector 
column shown in Fig. 32. This piece of apparatus 
in itself is of no novelty, but it embodies many 
interesting features, of which its self-contained 
nature is one. The column forms a complete unit, 
and is provided with bearings, so that the align- 
ment of the stationary and revolving parts is 
maintained, even after long operation, and is in- 
dependent of the wear or otherwise of the crane to 
which it is fitted. The general construction of the 
column will be easily followed from the figure, and 
the method of carrying the collector fingers from 
one of the uprights will be noted. Mica insulation 
is used throughout. The column is fitted with the 
firm’s standard controller finger, of which some 
mention should be made. is differs radically 
from the majority of makes, in that, instead of the 
contact tip being carried at the end of a flat spring, 
it is bolted to a hinged lever which is pre into 
its working position by a spiral spring fitted behind 
it. At the same time the hinged lever is carried 
between flanges at its pivoted end, so that correct 
alignment is maintained at all times. The renew- 
able tips are of very ample dimensions to secure 
adequate cooling, and are fastened to their levers by 
a stud with a nut at the back. This latter feature 
is of great assistance when the tips are being 
anal since it prevents the welding of the screw 
to the worn copper, which sometimes occurs when 
set-screws are used. 

Of the remaining illustrations, Fig. 33 shows a 
double crane controller for two motuis. Both con- 
trollers are operated by the same handle, which is 
arranged to have motion in a vertical plane for the 
lifting motor, and motion in a horizontal one for the 
slewing one. Both motions can be carried out at 
same time if necessary. The controllers are fitted 
with very heavy contact-rings, which not only 
increases their life, but is of much importance from 
the point of view of ae Magnetic blow-outs are 
fitted, the position of the blow-out coil being clearly 
seen in the controller, which is shown with the arc- 
shields open. Ball-bearings are used in the larger 
sizes. Fig. 34 shows an oil-immersed controller, 
which is, of course, mounted horizontally to allow 
of the arrangement of the oil-tank. Its detail 
features follow closely those of the controller 
just dealt with, but a point of novelty is that the 
drum is not fixed to the lid, but is carried on a 
separate frame, so that the raising of the lid for 
inspection can easily be carried out by one man. 
The frame carrying the drum is hinged, and may 
be lifted when necessary. It is the firm’s practice 
to use separated contact oil- immersed switches 
with these controllers when of large size. Fig. 35 
shows a face-plate type of controller for steel works 
and collieries. An advantage of this type of con- 
struction for very heavy service is that, as the con- 
tacts and fingers are very accessible, their renewal 
is a simple matter, so that there is little difficulty 
in keeping the controller .n service day and 
night. The controller has a magnetic blow-out, 
the necessary flux being furnished by a coil 
which lies outside the back of the ring of con- 
tacts, and completely encircles them. The 
type of resistance used in connection with all 
ya controllers consists either of ‘‘ Eureka” 
resistance-wire wound on steel tubes insulated 
with cement, or stamped grids made of resistance 
metal, and practically unbreakable. 

In conclusion of our article this week, we may 
mention several firms who have stands illustrating 





their special lines of manufacture. Messrs. W. 
Lucy and Co., Limited, of Eagle Iron Works, 
Oxford, have, for instance, a display of feeder- 
pillars, street-boxes, and lamp-posts, although 
they show, in addition, a few examples of the 
Frahm type of periodicity and revolution indicator, 
one comparatively novel instrument having a paper- 
covered rotating drum and an inked ribbon, against 
which the vibrating arms press, so that a continuous 
record of a variition of periodicity or speed may be 
obtained. Messrs. Ediswan, Limited, of Ponder’s 
End, Middlesex, show ~. switches, instruments, 
&c., while Messrs. J. W. and C. J. Phillips, 
Limited, of 23, College-hill, Cannon-street, Lon- 
don, E.C., have an excellent display of Bristol 


recording instruments for temperature, current, |i 


ressure, voltage, &c., and Messrs. Schaffer and 
udenberg, Limited, of 77a, Queen Victoria-street, 
London, E.C., show their pressure and vacuum- 
auges, boiler fittings, pyrometers, recorders, &c. 
e Westinghouse Brake Company, Limited, of 
82, York-road, King’s Cross, London, N., display 
their new type of vertical oil-engine, which we have 
already dealt with in detail, and also train-heaters, 
Westinghouse Morse driving-chain, &c. Messrs. 
Reavell and Co., Limited, of Ipswich, show oil- 
engines coupled to air-compressors, an interesting 
example being a small portable set for cleaning 
electrical machinery; while Messrs Allen and 
Simmonds, Limited, of Reading, show their well- 
known Allen type of piston-rings and packing. 
Messrs. Bullers, Limited, of 6, Laurence Pountney 
Hill, London, E.C., have a good display of elec- 
trical porcelain, and have included a testing set on 
their stand, so that demonstrations of the break- 
down voltage of their material may be given. They 
also show iron masts for overhead line-work. 





NOTES. 


THe GALLitzIn VERTICAL COMPONENT 
SEISMOGRAPH, 

Tn our report upon the discussion on Seismological 
Investigations at the British Association,* we men- 
tioned Mr. R. D. Oldham’s remark, that seismo- 
graphs of the Gallitzin type were alone suitable for 
recording seismic movements in mines. Prince 
Gallitzin, of St. Petersburg, described his horizontal 
pendulum instruments in 1903, and communicated a 
description of his improved vertical component 
seismograph to the Paris Academie des Sciences 
last winter. The characteristic features are a 
strong magnetic damping to render the oscillations 
aperiodic, and that the deflections of the pendulum 
are recorded and magnified by an aperiodic galva- 
nometer. The heavy pendulum mass is supported 
by a beam consisting of two frames of triangular 
shape. The two triangles lie in vertical planes ; they 
are not right-angled exactly, but in order to simplify 
the description we may say that the hypotenuse of 
each triangle forms the upper horizontal side, and 
that the one kathete is short ; the apex thus points 
downward, and is near the one corner, to which a fine 
steel lamella is attached. By this pair of lamelle 
the frames are connected with the standard of the 
instrument in such a way that the pendulum beam 
can swing in the vertical plane. The standard is 
bent over, and a spiral spring extends from the top of 
the standard down to the apex, not to the hypotenuse 
only. The point of application (apex) of the 
spring is thus near the lamellze pivots ; when the 
pendulum swings downward, the apex is brought 
nearer the pivots, the leverage is shortened, and the 
strength of the spring is diminished. When the 
pendulum swings upward, the opposite effect is 
produced, and the strength of the spring is 
increased. The result is a lengthening of the 
period of the oscillation, which is sometimes 
desirable for several reasons. The two fixed points 
of the spring can, moreover, be adjusted. In this 
way Gallitzin has easily obtained pendulums which 
have a period of 13 seconds, The heavy pendulum 
mass lies beyond the spring, and the beam 
ends on the other side in a plate of copper; the 
order of the peo, reckoned along the hypote- 
nuse, is: lamella, spring, pendulum mass, copper 
plate. The copper plate moves up and down in 
the field of a strong permanent magnet. Near 
the plate is, further, a coil of fine copper wire, 
also attached to the frame and swinging in a 
magnetic field. These oscillations induce currents 
in an aperiodic galvanometer, which photographi- 
cally records these currents, and thus the amplitude 


* See ENGINEERING, September 22, 1911, page 384. 





and period of the pendulum oscillations. One of 
the advantages of the Gallitzin seismometer is its 
independence from the temperature fluctuations to 
which most other instruments are subject. Together 
with the temperature changes the length of the spiral 
or of the wires used for the suspension alters, and 
these effects are difficult to compensate against. But 
such temperature changes will be too slow to cause 
the induction of electric currents. We should add 
that Wiechert-Mintrop seismometers also give satis- 
factory records of seismic movements underground. 


Company Laws IN THE BritisH Empire. 


Resolutions were unanimously carried by the 
rg sas Conference which met in London this year 
in favour of more uniformity in the law relating to 
companies throughout the Empire. In the year 
1908 the Acts of the United Kingdom were consoli- 
dated into a single statute. At present the law and 
the number of statutes in force differs in all parts 
of the Empire. The only states where a single 
statute governs company law outside the United 
Kingdom are Prince Edward Island, British 
Columbia, Victoria, and the Transvaal. In other 
parts of the Empire there are numerous different 
systems of company law contained in a number of 
statutes. In Canada the Dominion Acts are not 
founded on the Imperial law, and in the provinces 
of Canada legislation relating to companies is in 
most cases a combination of the Dominion and 
Imperial law. Companies may be incorporated 
under the Dominion laws or under those of the 
provinces in which they are situated. Altogether 
there are eleven different systems of company law 
existing in Canada, comprising sixty-seven Acts 
and Ordinances. The insolvency of companies, 
however, is exclusively within the jurisdiction of 
the Dominion Parliament. In India, with the 
exception of two short Acts, there has been no 
revision of the law, which has been contained in 
three Acts for about twenty-eight years. Australia 
has a number of statutes in the different States, 
Victoria being the only one, so far, which has con- 
solidated its laws under a single Act. The number 
of statutes in force for the whole of the Australian 
Commonwealth is at present forty-three. New 
Zealand has only two Acts. In South Africa, also, 
different Acts are in force in different states of the 
Union. As mentioned above, the Transvaal has 
only a single Act, which is founded on the Imperial 
Consolidation Act and follows it very closely, so 
that decisions of the courts of the United Kingdom 
will assist the Transvaal courts. Altogether six- 
teen Acts are in force in the different parts of the 
South African Union, including the British South 
Africa Company’s territory. It is obviously 
eminently desirable that practical effect should be 
given to the resolutions in favour of greater 
uniformity in the law without delay. 


Ratiways IN CHINA. 


From the report on the trade of China, by the 
Acting Commercial Attaché to His Majesty’s Lega- 
tion at Pekin, we learn that good progress was 
made during 1910 on the lines under construction 
with foreign capital and engineers—namely, the 
Tientsin-Pukow and the Canton- Kowloon Railways. 
On the northern, or German, section, the line was 
opened to Techow (140 miles from Tientsin) and 
to Tsinan Fu, the capital of Shantung, 92 miles 
further (where junction is made with the German 
line to Tsingtau), in October. Work is proceeding 
on the section from Taian Fu to Yenchow, and the 
completion of the whole northern section of 390 miles 
is expected in the spring of 1912. On the southern, 
or British section, begun in 1909, work was delayed 
owing to floods in the low-lying districts, through 
which the major portion of the line passes. Rails 
have been laid to Hsiichow Fu (211 miles from 
Pukow), and the completion of the whole section 
of 236 miles is expected in 1912. The northern 
section was linked up with the Imperial Railways 
of North China at Tientsin station, and through 
traffic inaugurated on December 19, 1910. Tsing- 
tau is thus placed in direct railway communica- 
tion with Berlin. When connection is made 
between the southern section and the Shanghai- 
Nanking Railway at Nanking, it will be possible to 
travel by train from Shanghai to Calais. On the 
Chinese section of the Canton-Kowloon Railway 
good progress was made during 1910, and a section 
of 29 miles from Canton to Hsin-tsun was opened 
to traffic in December, and it is hoped that the 
whole section of 89 miles from Canton to Sarchun 





will be opened shortly. The short British section 
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opened to traffic on October 1, 1910. The negotia- 
tions for a joint working agreement between the 
British and Chinese administrations have not made 
much progress, the Chinese resolutely refusing to 
agree to the proposals for joint management put 
forward by the Hong-Kong Government, and 
offering, instead, terms of joint working on a basis of 
entirely separate management, which the colonial 
authorities have so far been unable to accept. The 
French-built and controlled Laokai-Yunnan Rail- 
way, 291 miles long, was formally opened for traftic 
in April, 1910. The reconstruction and conversion 
to standard gauge of the Antung-Mukden Railway 
(187 miles), under Japanese contrul, has made good 
progress, and will shortly be completed. The pro- 
yress made during the past year on railways being 
built by the Chinese themselves has been less 
satisfactory. The state of affairs in the Canton 

Hankow, the Hangchow-Ningpo and the Szechuan- 
Hankow lines has shown the Chinese the difficulty 
of making much progress in railway construction 
with their own resources and knowledge, and on 
May 20, 1911, a loan of 6,000,000/. for the con- 
struction of 1200 miles of railway in Hunan, Hupei, 
and Szechuan provinces was concluded between the 


Ministry of Communications and groups of British, | © 


French, German, and American bankers. On the 
Canton section of the Canton-Hankow line only 
5 miles were added during the year, making a 
total of 60 miles in five years, and on other 
lines comparatively little has been done. On the 
Changchun-Kiriu line (80 miles), now being built 
with Japanese capital and engineers, more energy 
has been shown, and rails were laid for 15 miles 
in December, 1910, and it is expected that the line 
will be completed by the end of this year. The 
estimated mileage of Chinese railways (including 
the Manchurian lines) open to traffic was, in 1908, 
3900 miles ; in 1909, 4500 miles ; and on December 
31, 1910, 5217 miles. Those who are specially 
interested in the details of Chinese railways may 
obtain a complete list of those open to traffic on 
application to the Commercial Intelligence Branch 
of the Board of Trade, 73, Basinghall-street, 
London. It is hoped to publish a revised list at 
the end of the present year. 





THE PROGRESS OF THE PARSONS 
MARINE TURBINE. 

Some interesting particulars as to the progress of the 
Parsons marine steam-turbine are given in the annual 
report of the Parsons ine Steam-Turbine Company, 
Limited, to be submitted to the fourteenth annual general 
eg A oe Sans on the = —_ Att ling 
binia Works, there are in progress the turbine propelling 
apparatus for H.M. battlechip a 7 V., buildin 
at H.M. Dockyard, Portsmouth; for H.M. unarmou 
cruiser Amphion, building at H.M. Dockyard, Pem- 
broke ; three sets of turbine machinery for three torpedo- 
boat_destroyers, recently ordered for H.M. Navy, from 
the London and G@ w Engineering and Iron Ship- 
Building Company, Limited ; two sets of geared tur- 
tne ee Oe = a o — from 
the Fairfield Shipbuilding and Engineering Company, 
Limited, by the London and South. Western Railway 
Company ; two low-pressure turbines of the ‘‘ combina- 
tion” system, to be fitted in a steamship which is build- 
ing for the Cia. Trasatlantica (Spanish), at the Neptune 
Shipbuilding Yard of Messrs. Swan, Hunter, and Wigham 
Richardson, Limited. 

_ The extent to which the Parsons type of turbine con- 
tinues to be employed in the warships of the world is 
indicated by the following briefsummary :— 

France.—Six battleships of the Danton class, fitted 
with Parsons turbines, have been completed, having 
passed through their contract steam trials with entire 


success. Parsons tur for two — battleshi 

which have been la lL. recently, ve been far 
advanced in constructiégy) and will soon be placed on 
board these vessels. © ts have been le also for 


turbine machinery for two other batileshi Two 
destroyers, the Casque and Bouclier, fitted with Parsons 
turbines, have been completed, and have attained very 
high speeds on their trials. Three other destroyers now 
in hand are to have Parsons turbines. 

Germany.—The armoured cruiser Moltke, fitted with 
Parsons turbines, has been completed. On her prelimi- 
nary trials she exceeded in — all her predecessors. 
The small protected cruiser Augb has proved most 
successful. Parsons turbines are fitted, or are 
ordered, for three battleships, two large unarmoured 
cruisers, two small cruisers, and six destroyers. The 
total horse-power of Parsons marine turbines ordered 
for German warships of the t year’s naval pro- 
gramme will exceed 280,000 tt horse-power, which 


represents 58 per cent. of the total horse-power to be 
ordered for German warships during the present financial 
year. 

United States.—The battleship Utah, fitted with Par- 
sons turbines, has completed her contract trials, and has 
exceeded her guaranteed speed by half a knot. Three 


Austria.—The turbines have been completed for the 
first battleship now buildi Those for the second ship 
have been nearly completed ; and during this year Par- 
sons turbines have been ordered for the third ship, as 
well as for twelve large torpedo-boats. 

Russia.—One battleship and four destroyers, all with 
Parsons turbines, have been ordered for the Black Sea 
fleet Sonne Se year, and negotiations are proceeding for 
two more _—— and four destroyers. Three battle- 
ships previously ordered have turbines of the same type. 

Spain.—Work on the battleships now in process o 
construction with Parsons turbines has been considerably 
advanced. The turbines for two torpedo-boats have 
already been completed and tried with entire satisfaction. 

Japan.—Parsons turbines have been ordered for the 
large armoured cruiser now building by Messrs. Vickers, 
and for three sister-ships to be built in Japan. 

Lurkey.—A contract for a battleship with Parsons 
turbines has been placed in this country, and a second 
battleship will shortly be placed. 

In ships of the mercantile marine, the use of Parsons 
turbines is steadily advancing. The new Cunard steam- 
ship Aquitania, building by John Brown and Co., and 
the two new Hamburg-America steamships now build- 
ing at Hamburg—three s ips which will exceed in 
size ships now afioat or building—are all to be propelled 
by Parsons turbines. The new high-s rench 
trans-Atlantic steamer La France, which is to be com- 
pleted =; next year, will be similarly propelled. The 
he Fairfield Shipbuilding and Engineering “Company, 
the Fa upbuilding an eering mpany, 
Limited, two aalieoon ined steamships for their Bacike 
service. Amongst swift cross-Channel and coasting 
steamers the Newhaven (built in France) may be men- 
tioned ; she has maintained a mean s on service of 
nearly 24 knots. For the South-Eastern and Chatham 
Railway Company’s cross-Channel service, Messrs. 
Denny have recently delivered the new turbine steamer 
Riviera, and a second vessel, the Engadine, has just 
been launched from their yard. The three Belgian 
cross- el boats now in service are giving most 
satisfactory results, both as to speed and economy, 
and in consequence Messrs. John Cockerill and Co. 
have received the order for two more boats embody- 
ing all the most recent improvements. In Japan the 
Mitsu Bishi Company (licensees of the company) have 
recently received an order for a vessel to be fitted with 

red turbines, and inquiries for British ships are now 

ing dealt with. The *‘combination” system, in which 
Parsons low-pressure turbines are associated with recipro- 
cating engines, continues to gain ground, and the work- 
ing of vessels of moderate speed so propelled has proved 
very satisfactory. It is reported that during the earlier 
voyages of the Olympic the working of the propelling 
machinery has full i the anticipations of the 
builders. Messrs. Harland and Wolff are now construct- 
ing for the Royal Mail Steam Packet Company the 
steamer Arlanza, in which the combination system is to 
used. Up ag my time the total horse-power of marine 
turbines of the Parsons type completed and under construc- 
tion in the works of the company and of licensees, as well 
as in the works of the Continental sub-companies, and of 
licensees of Parsons Foreign Patents Company, Limited, 
amounts to about 6,400,000 horse-power—an increase 
during the year of about 1,900,000 horse-pewer. Of this 
total horse-power, nearly 5,300,000 horse-power are, or 
will be, employed for the propulsion of warships, and 
over 1,100, Tease queer in vessels of the mercantile 
marine and yachts. At present the total number of 
vessels built and building for the Royal Navy and the 
Colonies with Parsons turbines is 167 ; the total horse- 
power is about 2,740,000. 

From the commencement of the work of the company 
it has been ised that great importanoe must attach 
to ex aemetal investigation of the numerous and 
difficult problems which influence the efficiency of marine 
steam-turbines and screw-propellers, and considerable 
expenditure has been incurred in carrying out such inves- 
tigations. It will be noted from the accounts that the 
directors propose to continue to work on the same lines, 
and they are confident that the provision made for ex- 

imental work this year (5600/.) will prove repro- 
Snotive, as it has done in the past. The profits for the 


year, after providing for depreciation on buildings, plant, | 4 


inery and office furniture, upkeep of patents, &c., 
transferring 56001. 13s. 8d. to the experimental work 
account, 50007. in reduction of patent rights account, 
and writing the company’s holding in ls down 
to 782. per cent., amount to 26,3701. 16s. 1ld. The 
amount brought forward from the last balance sheet is 
7,5481. 2s. ad. The total amount available for distri- 
bution is thus 43,918/. 19s. 7d. This the directors recom- 
mend should be appropriated as follows :—A dividend of 
10 per cent., with a bonus of 5 per cent., is proposed, 
leaving 17,5087. 19s. 7d. to be carried forward. 





LecTurREs ON HEATING AND VENTILATION.—A course 
of six public lectures, entitled ‘‘The Real Nature of the 


Problems in ee Ventilation awaiting Solution 
by the Engimeer,” will be given by Mr. Arthur H. Barker, 
College of the 


B.A., B.Sc., Wh.Sc., at the yen | } 
University of London. The ina lecture will be 
delivered on Tuesday next, the 17th inst., at 5 p.m. 
Sir Aston Webb, C.B., R.A., will preside on this occa- 
sion. The lectures are open free to those interested in 
the subject. Tickets of admission, with particulars of 
other lectures and courses of laboratory instruction in 
heating and ventilating engineering, can be obtained on 








application to the secretary, Mr. Walter W. Seton, M.A., 
Uni versity College, Gower-street, London, W.C. 








STATION. 


On Tuesday last, the 10th inst., Lord Ormidale gave 
judgment in the Court of Session at Edinburgh, in an 
action brought by the Municipal Council of Johannes- 
oy | against Messrs. D. Stewart and Ovo., Limited, 
of Glasgow, and Mr. William Beardmore, for breach 
of contract in the installation of the machinery in the 
power-station at Johannesburg. It will be remembered 
that it was in 1902 that the specifications for this station 
were got out and tenders asked for by Messrs. Mordey and 


f Dawbarn, of Victoria-street, Westminster. The station 


was of very large size, as it had to supply the electric 
tramways of the town, and the lighting and power 
within the town, and a very considerable area outside. 
Alternative schemes were got out for driving by steam- 
engines, or by gas-engines supplied with producer-gas, and 
the specifications asked for tenders on both bases. Asa 
result, Messrs. D. Stewart and Co., Limited, of Glasgow, 
undertook the contract, a to supply Oechelhauser 
engines, gas-producers, and cleaning plant by Messrs. 
Poetter and of Dortmund, and electric generators 
by the Siemens Dynamo Company, Limited, of Stafford. 
This tender was sup; by the personal guarantee of 
Messrs. William and Joseph more for the sum of 
115,1342. It isa matter of common knowledge that the 
station in question was not successful, owing to the 

not being sufficiently clean for use in -engines. The 
specified degree of cleanliness—namely, that the gas should 
not contain more than 1 oz. of dirt in 20,000 cub. ft.— 
was not even approached when the engines were started 
up. At the time when the tramway system had been 
finished, and everything was waiting, the central station 
was not nearly complete in regard to the plant for cleanin 
the gas. The contractors therefore started the plant wit 
coke and sawdust scrubbers only; the engines became 
tarred up, and very many difficulties were experienced. 
The contractors then entered into a running contract to sell 
energy to the Council at an agreed price, to overhaul and 
complete the engine and -cleaning plant for serv‘ce 
ata new defined date, and to run the plant for twelve 
months thereafter. The dates, however, could not be 
kept. The engines continued to give much trouble, and 
finally the contractors declined to do anything further. 
The Council, however, refused to take over the plant, 
which, from that day to this, has stood idle. 

As a result of the action, ‘Messrs. Stewart and Co. and 
Mr. William Beardmore have been found jointly and 
severally liable for payment of 115,134/., with interest at 
the rate of 4 per cent. from July, 1908. Messrs, Stewart 
and Oo. are also orde to pay to the Johannesburg 
Corporation 27,964/., with interest, also 127,907/., and, 
thirdly, 69,175/., with interest on the sums of 127,9071. 
and 69,1752. at the rate of 5 per cent. per annum till 
payment. His lordship found that the contractors had 
repudiated their contract ; that the plant was not ina 
condition to allow the stipulated test to be carried out, 
and that the plaintiffs were entitled to treat the contracts 
as —- end. bd do not ae ieee | —y~- be an 
a against this ju ent, but, pending a decision on 
that point, it will tome not to enter further upon 
eee side of the question until the action is finally 
set’ . 





Russian Coa. Inpustry.—The deliveries of combus- 
tible of various kinds from the Donetz coal basin in the first 
half of this year amounted to 446,700,000 8 (a pood is 
36 Ib. English), as com with 377,500,000 poods in 
the corresponding period of 1910, showing an increase of 
69,200,000 poods. The aggregate of 446,700,000 poods, 
representing the deliveries to June 30 this year, was made 
up as follows :—Coal, 323,700,000 poods ; coke, 53,600,000 
poods; anthracite, 68,300,000 poods; and briquettes, 
1,100,000 poods. 





Conrracts.—Erith’s Engineering Company, Limited, 
70, Gracechurch-street, London, have received the order 
of the Bolsover Colliery Company, Limited, for 24 
more Erith’s grateless stokers, com jete with the firm’s 
system of automatic response of fuel and air to varying 
loads.—We understand from Mr. Arthur W. Nye, of 
Chapel House, 62, New Broad-street, London, E.C., who 
is sole representative for Ste. De Construction du Nord 
e la France, and Nicaire et Delcuve, that his principals 
have received an order from the Buenos Aires Western 
Railway Company, London, for 1300 45-ton bogie wagons, 
and that the order is being executed at the works of his 
company at La Louviere, Belgium.—The following orders 
have been received during the last month by the London 
Emery Works, Limited, Park, Tottenham, London, N.:— 
Hydraulic moulding plant, comprising pump, accumulator, 
and ‘‘boxless” moulding-machine for’ making colliery- 
tub wheels up to 16 in. on the flange, also sand-sifting 
machinery, for Scotland ; hydraulic turn-over moulding- 
machine for boxes 40 in. by 20 in.; also a hand- 
ramming stripping-plate machine for gear-wheels, to 
be shipped to South America, Sand-mixing and sand- 
blast em ig ee for a new steel foundry in the 
north of England ydraulic moulding-machine plant, 
comprising one turn-over moulding-machine for making 
plough-points, one turn-over moulding-machine for dealing 
with rain-water connection, one *‘ boxless” machine for 
making brackets, together with hydraulic force-pump 
and accumulator; also sand-mixing machine for Scot- 
land. In addition to these they have received orders 
for other moulding-machines for Lancashire and Essex. 
—Messrs. Willans and Robinson, Limited, of Rugby, 
have received an order from Messrs. D. Napier and Sons, 
Limived, for a Willans-Diesel oil-engine to drive a 
200-kilowatt direct-current dynamo, for installation at 
their works at Acton Vale, London, W. 
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WEST AND CO., 
(For Description, see Page 502.) 
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Two-Drum Type Crane-ContTROLLER. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, October 4. 

Tue general situation in the iron and steel trades 

remains substantially as a week ago; there have been 

shadings all along the line, excepting in steel rails, to 

induce business. The shadings of the past week have 

been specific to certain prospective customers, in the 

hope they would lead to orders. The results up to 

to-day have not been satisfactory. Every inducement 

has been offered to railroads tc place a large volume of 

business, but the business does not come. Nothing 

that manufacturers can do in the way of shading prices 

can have any effect. It is not a question of price. 

i The railroad ple know that manufacturers will be 
i glad to get business at any time. There is more 
} capacity than is likely to taken up under any 
i probable contingency of the next two years. At 
the same time, the American markets are mercu- 
rial. Demands often spring up without the least 
h indication in advance, and an infectious spirit of 
H buying often spreads. The Santa Fé’ Railroad has 
i Pye an order with the Illinois Steel Company for 
| ,000 tons of open-hearth rails of 90-lb. sections. 
q The Atlantic Coast Line is figuring on its next year’s 





requirements, which will run into quite an order. 
The Louisville and Nashville Railroad will order 500 
| steel cars. The Pennsylvania Railroad has contracted | 
| with the Cambria Steel Company for 1150 steel cars | 
|for its lines east of Pittsburg, which order has been 
|in sight for some time. All that is needed to give the | 
| market an upward turn is a little necessary enterprise 
|on the part of the railroad companies to supply their | 
| pressing needs. They have plans completed for a} 
great deal of bridge-work, elevation of tracks, subway 

work, and machine-shop construction, and if only a) 
liberal percentage of this business were placed, it would 

change the outlook in other lines of iron and steel. 

There is a fair movement. 





taryship of the Junior Institution of Engineers, rendered 
vacant by the resignation of Mr. Walter T. Dunn, has 
been filled by the appointment of Mr. A. Clifford Swales, 
engineering assistant to the city engineer of Leeds. Mr. 
Swales served two years of his articles under the late 
Mr. Thomas Hewson, M. Inst. C.E., city and water-works 
engineer of Leeds, compres the same under Mr. W. T. 


Tue Junior InstTiTUTION OF EnaingERS.—The secre- | 
Lancashire, M. Inst. C.E , city engineer of Leeds. Apart 























Fic. 35. Facr-Piate Tyre ContTrRoLier 
FoR Heavy Duty. 


from his experience in the city office, Mr. Swales was for 
some time engaged on the new Leighton Reservoir for 
the Leeds Corporation at Masham, the holding capacity 
of which will be 1,136,000,000 lons. e was for 
four years honorary secretary of the Yorkshire Asso- 
ciation of the Institution of Civil Engineers, and was 
last year awarded a ‘‘ Miller Prize” by the Institution 
of Civil Engineers for his thesis on ‘‘ Cement and 
Concrete.” 
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TEMPERATURE INFLUENCES ON 
CARBON AND IRON.* 


By E. Apamson, Sheffield. 


Tne author suggested in his paper of May, 1906,+ that 
there is a wide field for investigation in regard to carbon 
in pig iron, and he now proposes to give data derived 
from observations in works practice, which go far to show 
that the determination of silicon alone is not sufficient in 
the chemical grading of pig iron. 

In the paper referred to the author suggested that the 
separation of graphite was due to temperature rather than 


Carbon... 
Silicon .., 
Sulphur 
Phosphorus 
Manganese 


Foster, at a later date, 


following composition :— 
Total carbon... 
Graphitic carbon 
Silicon ee 


Per Cent. 
we 3.60 


0.07 
0.01 
trace 
0.03 


melted steel in the presence of 
carbon and obtained a grey fracture in material of the 


Per Cent. 
4.665 
2.136 
0.098 


It is not difficult to produce in the blast-furnace very 
open grey iron containing 0.40 per cent. of silicon, and 
grey iron containing 0.20 per cent. of silicon, and the 
author has made to specification refined iron with very 

y fracture, containing silicon 0.40 per cent., as also an 
iron with silicon 0.15 per cent., having a hard, mottled 
fracture —such pigs being 4 in. by 4 in. in section and 
cooled in the ordinary way. 

These facts show that carbon is precipitated as free 
carbon virtually in the absence of silicon. and in the author’s 
opinion this precipitation, in the case of the manufacture 
of pig iron, primarily depends upon the original tempera 
ture to which the iron is raised in the blast-furnace. 





r 





Fie. 1. 






































Fig. 4. 


to silicon, and stated he agreed with Sir Robert Hadfield’s | 
statements that under certain conditions carbon would be | 
precipitated even if nosilicon were present, the conditions | 
being temperature and time, and the percentage of total 

carbon thereby governed, independently of the silicon, | 
sulphur, phosphorus, and manganese present. It has 

long been known that with Swedish white iron, which is | 
usually cast in chills, if the carbon is sufficiently high and | 
the pigs cast in sand, the fracture would be grey. It is| 
only necessary to mention the further facts that carbon 

separates out as free carbon when high carbon steel is 

forged at a low temperature; and that in a material of 
the following composition, Charpy and Grenet obtained 

& separation of 1.87 per cent. graphite, even when it was | 
quenched at 700 deg. Cent. :— 


(page 
* Paper read before the Iron and Steel Institute in| pur 


London, October 5, 1911. 
+ See Encywexerine, vol. Ixxxii., page 27. 








Fie. 3. 


Fia. 5. 


The saturation point of carbon and iron has generally 
been taken as about 4.25 per cent., but as far back as 
1846 Karsten considered iron could take up 5.93 per cent. 
of carbon. Later, Moissan found it could take up 6 76 
per cent., and only recently Girod obtained 7.90 per cent. 
in his furnace, but he considers that the iron which con- 
tained this in the cold state held over 8.00 per cent. in 
the molten state, which confirms the author’s contention. 

| The differences in these percentages of carbon are due to 
the temperature to which the iron had been raised, and 
| the time it remained at high temperatures in contact 
| with carbon, and it is now generally accepted that the 
higher the temperature in the blast-furnace the higher 
the carbon in the product—within limits—for it is well 
known that cold-blast iron is lower in total carbon than 


The section of this sample was exceedingly thin, Fig. 8 , hot-blast, although the full force of this fact has perhaps 





508) being a photograph 94 times magnified. ; 
posely ‘“‘chilled” in cooling, but, in spite of the thin | temp 
section, it did not cool white, being quite grey, owing | pig iron as well as of the lower grades, regardless of the 
to the high total carbon, 


It was | been overlooked. 


What this amounts to is that the 
| temperature of the furnace decides the fracture of grey 


contents of silicon, sulphur, phosphorus, and manganese, 
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This will be more ap I 
taken from the author’s paper of 1906, whic 1 
complete analyses, with increasing silicon, from ordinary 

hematite irons taken haphazard from the daily make of | 
a furnace, and it will be observed that whilst the silicon | 
varies from 0.67 per cent. to 5.85 per cent., the fracture is 

all No. 1 :— 











Tasie I. 
! | 
"eo ee ee 
No} 88/5 |S] 5| , | | 3 Remarks. 
eS A A wt | - . : oo 
a Hid/6 Dn a a | a 
1 No. 1 |4.23 3.62/0.61 \0.67 0.026 | 0.040 liao 
2 |No. 1 3.65 3.08 0.57 1.46 | 0.040 | 0.0%0 |0.72 
3 |No. 1 |3.76 3.20,0.56 |2.14 | 0.038 | 0.031 |0.78) 
4 |No. 1/3.23 2.83'0.40|3.93| 0.030 | 0.040 |1.30 Very large flakes 
|No 1 |3.67 3.50 (0.17 |4.98 | 0.034 | 0.041 | 1.34 Same cast. Open 
.} | open ieee | and close 
°) |No. 1 |3.67 3.49)0,.18 |4.63 | 0.034 | 0.041 1.34] No. 1 frac- 
close | | | tures. 
6 |No. 1 |3.14 3.02/0.12/5.85 | 0.033 0.043 |1.00 
7 |No. 1 /3.28 2,22/1.06/0.35 | 0.026 | 0.020 '0.07|Supplied by Sir 
K. A. Had- 





close 
| 


| field. 


Table II. is taken from the author’s discussion of 
Levy’s paper,* in which the silicons vary from 0.20 per 
cent. up to 4.83 per cent. in grey irons. 

Taste IT. 


No. Fracture. T.C. si. | 8. P. Mn. 
0.79 «(0.018 | 0.0 











1 Whitealloy .. 460 0. 
2 Grey No.1 .. 4.23 0.67 0.026 0 
3 White.. -o, 629 0.20 0.020 0.021 
4 Grey No.1 .. 3.50 2.00 0 030 1 
5 0. 
6 
i 
8 


S22 
a 
$ 


Ss | O28 0.35 | 0.026 | 
Grey close .. 2.95 0.95 0.065 r 
Grey .. --| 290 4.83 0.010 | 1.050 0.61 
Grey close ..| 260 1.70 0.030 | 0080 , 0.03 
j 


In these analyses of commercial pig irons the only 
explanation of the difference in fracture, total carbon, and 
silicons, is primarily due to the temperature of the furnace, 
and also to its burdening and general working, which are 
the primary causes of the several conditions of free 
carbon such as are found in the grades of grey pig iron, 
Nos. 1 to 5, regardless of the contents of silicon, sulphur, 
phosphorus, and manganese. 

The author has referred to several conditions of free 
carbon, of which it is practically impossible to obtain 
complete separation or photographs to show the true 
crystallisation, as the surface of a fracture of a pig is so 
uneven, and thus casts shadows which destroy the true 
structure as seen by the eye. It is also equally impos- 
sible to get an adequate surface under the microscope to 
give a true indication of the different conditions of free 
carbon found in pig iron, but they can approximately be 
described as follows :— 

(A) Very fine graphite liberated at low temperatures, 
and such as is generally found in a mottled iron, and Nos. 
5 and 6 cold-blast irons. This appears to be the first stage 
of free carbon when it is separated as such in a large sec- 
tion of metal ; the larger the section the greater the per- 
centage of se tion, due entirely to slow cooling, and 
such as would be largely shown when the late Sir Low- 
thian Bell cast a 6-ton block of white iron to prove that 
by slow cooling there would be a separation of graphite 
in the centre. This condition of graphite is shown in 


Fig. 1. 

{B) This is another variety of graphite, showing a 
crystallisation not unlike frost on glass. This can be 
produced from white iron by annealing for a long period 
at a high temperature, or in hard grey iron by very slow 
cooling. This variety of graphite is he produced in pig 
iron at medium temperatures, and the peculiar formation 
is most pronounced in irons low in phosphorus, and also 
frequently in the case where rich hematite iron and steel 
scrap are melted together. This variety is seen in Figs. 2 
and 3, the former being a fracture of pig iron, and the 
latter from ‘‘ rich” hematite and steel scrap melted 
together in about the Petes of half and half. 

2 Rae « variety is the well-known large flake of 
graphite found in —_ soft irons. It is formed at high 
temperatures, less of the constituents in pig iron, 
as shown in Table I. It is also the most difficult. of the 
three varieties to oxidise or burn. This most refractory 
condition is that disclosed in a fracture of No. 1 pig iron 
showing ‘‘ kish,” and this condition varies from that of 
the most refractory nature known as “ kish ” down to the 
smaller structure, as seen in a No. 3 pigiron. The frac- 
tures are shown in Figs. 4 and 5, which are photographs 
of Faery and non-phosphoric pig iron. 

one of these varieties of free carbon are necessarily 
completely destroyed on melting, even under slightly 
oxidising conditions, as in the cupola; for whilst it is 
generally assumed that melting iron in the cupola lowers 
the grade, this entirely depends upon the total carbon, 
and its condition in the original pig. The author has 
proves in works experience that it is — to repro- 
uce the grade under good ordinary conditions of melting, 
independent of the influence of the other metalloids 
present. 

These crystallisations or formations of free carbon or 
—— carbon are difficult to describe, as it is not easy 
to obtain samples in a suitable form to give a true indica- 
tion of the appearance of the fracture containing these 
varieties of carbon ; but all these forms are found, and 
are most apparent when turning a furnace off hot-blast 
iron on to cold-blast iron, and vice versd, Under these 
circumstances these three varieties of carbon make their 


a i _ ———___ 


parent from the following Table I., | appearance in a very decided form, and when thus pro- 
gives the | duced it is not difficult to understand that temperature 


is the primary cause of their change of form. ‘ 
The author believes that cooling curves of iron contain- 
ing each of these three different forms of free carbon 
would vary in the ition and character of the critical 
points; but it will take a considerable time to obtain 
the particular fractures of iron sufficiently alike in com- 
position. Assoon as such fractures can be obtained, the 
author will give particulars. 
With regard to these different forms of free carbon, 
Moissan has done some valuable work, and has produced 
several varieties of graphite or free carbon in the electric 
furnace. Whilst not able to give complete cooling curves 
of these varieties of carbon and iron, the author has been 
able to obtain cooling curves from a No. 1 hematite and 
an alloy made from Swedish white iron and high-grade 
ferro-silicon melted together to give “tee the 
same analysis as regards total carbon, &c. Practically 
the two extreme forms of carbons found in sg white 
pig irons are found in these two samples. ese curves 
are given in Fig. 6, A and B, and the analyses are as 


under :— 


ar) 
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S 
= 


AZooorows,s 
So 
a 
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B. 

Per Cent. 
Total carbon eas 3.90 
Graphitic carbon... 
Combined carbon... 
Silicon bo 
Sulphur 
Phosphorus 
Manganese... ee 
Fracture at start ... 


SESSOP 
3 


ae 
7 
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Bo 
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The fracture of the B sample on cooling was perfectly 
solid throughout, was very tough, being slightly malle- 
able, and when fractured showed a strong, close-grained 


iron. 

In the discussion of Levy’s paper* the author drew 
attention to the fact that the phase rule, upon which 
Levy relied for a number of his conclusions, would not 
apply in actual works sa mon that is, that it would not 
apply to all grades or fractures of iron, for in the author's 
opinion the phase rule depends upon the iron being 
white when cold, or probably not further developed in 
free carbon than the A variety descri above by the 
author, at the commencement of any experimental cool- 
ing curves, whilst it will be seen from the tables quoted 
above that this is not the case even in very low silicon 
iron. In his reply to the author, Levy quoted several 
points of solidification, but none of these could be 
confirmed by the temperatures given on the author's 
curve A now presented. be Borges of solidification of 
Carpenter and Keeling, and Wiist, quoted by Mr. Levy, 
are based upon white-iron alloys or containing fine 
graphite, and the author is sure that the gentlemen 
quoted would readily admit that the phase rule cannot 
be strictly applied to works practice in the case of grey 
high-carbon irons, for whilst A has the higher total 
carbon—viz., 4.20 per cent., against B 3.90 per cent.—the 
first arrest of the former occurs 101 deg. Cent. higher, 
whereas, according to the phase rule, A should have been 
lower than B, and in A the second arrest due to separa- 
tion of graphite largely disappears. The author’s expla- 
nation of the difference in curves A and B is that the 
more refractory forms of graphite, such as are found in 
pig iron and produced at high temperatures, do not 
entirely dissolve in iron when in the molten state, and 





finish... Grey porous 





1317T° 


1216" 


1090° 
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Fie. 8. 


Dealing first with B, this iron was chilled on cooling to 
produce a white fracture, and the curve shows the first 
arrest at 1216 deg. Cent., the second arrest at 1140 deg. 
Cent. (known as separation of graphite), and the third 
arrest at 712 deg. Cent., of Ar.3.2.1. This is quite in 
accordance with expectations. Sample A was an ordinary 
No. 1 hematite obtained from the Millom and Askam 


curves—both metals being raised to 1500 deg. Cent.—and 
whilst the total carbon (4.20 per cent.) was 0.30 per cent. 


nion alloy; the second arrest occurred at 1090 deg. 


second arrest of t 
portion of the carbon had not disso! 
in the molten state ; whilst the third arrest, at 695 deg. 
Cent., was to be expected. 


This third arrest of A is also 


that some of the more refractory forms of graphite, par- 





Nsosenm 1090" 











467. £) 





ticularly of the ‘‘ kishy ” character, are held in suspen- 
sion in molten metal. In his paper of May, 1906, the 
author referred to a separation of graphite before soliditi- 
cation. Mr. C. A. ecerts very ably describes this 
phenomenon in his notes on ‘‘ The Nature of Solid Solu- 
tions.” + 

The author’s highest total carbon is 4.20 per cent., and 
the lowest points of solidification given by Carpenter and 
Keeling are: carbon, 3.98 per cent. 1171 deg. Cent. ; 
4.37 per cent. 1136 deg. Cent. The second of these points, 
1136 deg. Cent., is from an alloy with a higher total carbon 
than the author’s curve A, and Levy further explains 
that an increase in carbon beyond a certain point is 
accompanied by some rise in the point of solidification. 
The author’s curves, however, are well within the limits 
of carbon mentioned by Levy, to which apparently the 


Hematite Iron Company, pieces of which were cut off | phase : that it is not an 
sufficiently small for use 9 a small crucible to obtain the = = rh nal x age Lye hes a of solidifi. 


cation, but, what is of more importance, the conditions 
of the carbons as determined by the temperature to which 


higher than the B alloy, the first arrest took place at/ the iron has been raised in contact with carbon, in which 
1317 deg. Cent.—101 deg. Cent. higher than the com-| time also plays a prominent part, thus interfering with 


the application of phase rule as to total carbon contents, 


Jent., and was ey small as compared with the | by causing a decrease in what may be termed “effective ’ 
e alloy B, in ard that a large} carbon when applied to phase-rule curves. The ‘‘non- 
ved in the iron even | effective” carbon, or refractory graphite, also causes a 


permanent expansion. 
On referring to Turner and Hague’s paper,} curves 4 





different from that of B, but does not come within the 
— of this paper. Much more work will probably have 
to be done before it can be explained. It will be noticed, 
however, that in the alloy B, after each arrest, the cooling 
comes back to normal ; but in the case of the hematite pig 
iron, after the first arrest the curve never comes back to 
normal, and there is a permanent expansion, as will be 
seen on Fig. 7, the dotted curve being A. 
The original fractures of A and B were a very open 
y and a practically white iron respectively, whilst the 
ractures on cooling were open grey and close grey — 
tively. The peculiarity of the first fracture A on coolin 
was that the metal showed numerous *‘ draws” or sma. 
“pipes” from the top surface, and the crystallisation 
throughout the A fracture was very like the form of 
‘* primary octuhedral crystallites ” just before being freed, 
such as are frequently found in the heart of thick parts of 
iron castings. Fracture A has an appearance something 








* Journal of the Iron and Steel Institute, 1910, No. i 
page 424, 


like Fig. 8. 


and 5, with silicon 0.97 and 1.19 per cent. respectively, 
are nearest in silicon contents to the author’s curves A 
and B. In general principles these curves, Nos. 4 and 5, 
confirm B, with the exception of the first arrest, which 
takes place in 4 and 5 at 1247 deg. Cent. and 1244 deg. 
Cent. respectively, whilst B occurs at 1216 deg. Cent., 
making it in keeping with 4 and 5, and the slight varia- 
tion is probably ion to the difference in total carbon, 
which is as given in Table III., on the next page. 

In the above three analyses silicon has been included 
to draw attention to the fact that under no conditions 


* Journal of the Iron and Steel Institute, 1910, No. 1, 


424. 
+ Institute of Metals, Me. E 1911, vol. v. See also 


ENGINEERING, vol. xci., page 
+ Journal of the Iron and Steel Institute, 1910, No. Il. 


page 85. See also ENGINEERING, vol. xc., page S41. 
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Taste ITI. 
i er 


G.C. | 0.0, | Si. 








Turner’s No. 4 curve .. 2 56 97 

» ae a 2.70 | 182 | 188 | 119 
Adamson’s B curve 3.90 | trace | 3.90 1.04 
can it be said to control the percentage of combined 
carbon or graphite, and this is confirmed by Turner 
and Hague’s Table I.,* a careful study of which will 
show that it cannot be claimed that the percentage of 
silicon controls the percentage of combined carbon, or the 
graphite, or the ratio of one form of carbon to the other. 
Under precisely the same conditions of temperature and 
time, additions of silicon may even show fairly regular 
variations in the carbons, but under the same constant 
conditions phosphorus and manganese would do the same. 

The curve A is of quite a different character from any 
of the seventeen curves given by Turner and Hague, even 
although some of the latter contain as much as 1.93 per 
cent. graphite in a total carbon of 2.77 per cent. Turner 
and Hague stated they found difficulty in adding silicon 
to iron containing carbon 3.04 per cent. by using 50 per 
cent. ferro-silicon alone, and they therefore prepared a 
special alloy to enable them to add silicon in varying 
percentages to white iron. This special alloy was made 
with over-blown steel, and contained about 20 per cent. 
silicon. By means of such material the authors obtained 
their alloys from which the seventeen curves were taken. 
In the present case the B alloy was made from Swedish 
white iron containing 4.00 per cent. carbon, and it was 
not found difficult to introduce silicon 1.04 per cent. by 
means of 50 per cent. ferro-silicon, thus confirming the 
author’s previous experience, as stated by him in discuss- 
ing Turner and ws paper. In this paper the authors 
claim ‘‘that the carbon in the washed iron prevented the 
silicon from entering,” but this is not confirmed in the case 
of the present B alloy made from iron containing over 30 
per cent. more carbon than was used for the alloys for the 
seventeen curves. Under the circumstances stated, the 
author is sorry he cannot agree with the conclusions of 
Turner and Hague, and suggests that temperature and 
time are important factors. Curve A was made from 
a natural blast-furnace product. 

The difference between Turner and Hague’s and B 
curves and curve A can be explained in the difference of 
total carbon and also the condition of the free carbon or 
graphite, chiefly the latter. The alloys of the seventeen 
curves varied from total carbon 2.26 per cent. to 2.95 per 
cent., most of them being within Professor Arnold’s 
steel limits, and all were practically semi-steel ; hence, 
with such low total-carbons there is small possibility, 
at the temperatures which would be used for dealing 
with these alloys, of producing any refractory forms of 
graphite, such as found in true cast iron. In curves A 
and B, however, of total carbon 4.20 and 3.90 per cent. 
respectively, these are the usual carbons of a non-phos- 
nee: pig iron, and therefore the natural product of the 
last-furnace ; hence the irons have been subjected to the 
high temperatures of smelting, and are true cast irons. 

In none of Turner and Hague’s curves, from the lowest 
percentage of silicon to the highest, does the first arrest 
occur higher than 1247 deg. Cent., and all these curves, 
as well as curve B, after each arrest appear to fall back 
to practically the normal rate of cooling, whereas in 
curve A the first arrest is at 1317 deg. Cent., or. 70 deg. 
higher than the highest first arrest of Turner and Hague, 
and the A curve never comes back to the normal rate of 
cooling. This is explained on the author’s suggestion 
that, with certain conditions or varieties of free carbon 
present, there is a certain percentage of non-effective 
carbon when dealing with eooling curves and their appli- 
cation to the phase rule; this ineffective carbon also 
causes a permanent expansion, apparently due to the 
swelling character of the graphite, thus confirming 
Moissan’s observations. In curve A the effective carbon 
would appear to be up to about 2.00 per cent. on the basis 
of Carpenter and Keeling’s figure of 1443 deg. Cent. as 
the solidifying point of steel, as against their 1171 deg. 
Cent. for an alloy of 3.98 per cent. total carbon. From 
this it will be seen that Professor Turner, in replying 
to the criticism of his paper, mistook the author’s 
remarks in referring to ‘* expansions due to separation of 
graphite.” The author was not referring to these expan- 
sions at all, but to the expansions of the iron due to 
intumescent graphite ; hence, Osmond, in discussing the 
paper referred to by Professor Turner, was not referring 
to the expansion indicated by the author, and Professor 
Turner also did not deal with the author’s expansion in 
his paper of May, 1906; but Professor Turner’s expan- 
sion referred to that shown on B at 1140 deg. Cent., and 
for which there is no equivalent on A, because at 1090 deg. 
Cent. there appears to have been very little graphite 
to Ney ne he expansion referred to by the author 
is fully described in this present paper. 

The author has already referred to his paper of 1906, 
in which he agreed with Sir Robert Hadfield in stating 
that under certain conditions carbon would be precipi- 
tated in the absence of silicon, and as a proof of this he 
s indebted to the Millom and Askam Hematite Iron 
Company for permission to use the following analysis :— 


Per Cent. 
Graphite carbon... oe a .. Trace 
Combined carbon _... ve “ A 3.87 
Silicon ... ate ee ~ Ae a Nil 
Sulphur ee cm is - © 0.074 
Phosphorus... mt a oa —- aoa 
Manganese... ae: ss te ae 0. 


‘per cent per cent! per cent/per cent 
0.23 | 238 | 0. 


The fracture is hard mottled iron, and no doubt the 
cause of graphite being given as ‘‘ trace” is that the grey 
part of the fracture was in the centre of the pig, and the 
proportion of graphite to combined carbon, whilst sub- 
stantially true in the grey portion of the fracture, could 
not be accurately estimated over the whole fracture. 
This iron is a freak; it may never have been pro- 
duced before, and may never a produced again; and 
whilst it is a natural blast-furnace product, no one 
would attempt to produce such an iron as a com- 
mercial product. Accidents sometimes, however, reveal 
the truths. This particular iron was produced by a slip 
of the burden of the furnace whilst running on rich high- 
grade iron. This produced a ‘‘ chilling” effect, causing 
the fracture of the iron to be white, and only about 2 tons 
of this iron was made. 

The facts stated in this paper are of vital importance in 
considering the question of the grading of pig iron, and 
to a large extent explain the objections of many in this 
country to complete change in the methods used at pre- 
sent to one of grading by practically silicon contents only. 
The author has shown on several occasions that it is not 
possible to regulate tests by silicon only, and has no hesi- 
tation in saying that the fracture indication is quite as 
satisfactory as varying the silicon, if the user is fully 
conversant with fracture indications. 

Continual experience in the use of pig irons in the 
foundry shows that the same tests can be obtained 
within very wide ranges of silicon contents. Of course, 
if it is a question of commerce, there should be no objec- 
tions to selling irons by silicon contents if this is 
demanded, and full resposibility is taken by the pur- 
chaser ; but when it becomes a question as to whether 
such a method of grading is the t, soas to be of the 
greatest use to the greatest number, the reply must be 
an emphatic negative, for it would appear that carbon 
and its various conditions, due, as shown, to influences 
entirely outside of analyses, is of primary importance. 

The author wishes to express his sincere thanks to 
Professor Dr. Carpenter for having kindly taken the 
curves A and B. Fecloner Carpenter has already con- 
tributed valuable matter on the iron-carbon system, and 
his assistance te the author in this instance was readily 
given. 








THE TRANSFORMATIONS OF STEEL 
WITHIN THE LIMITS OF THE TEMPE- 
RATURES EMPLOYED IN HEAT-TREAT- 
MENT.* 

By L. Grenet, Paris. 

Tue following account of the transformations of steels 

within the ordinary temperature limits employed in heat- 

treatment is contributed to the members of the Iron and 

Steel Institute, at the suggestion of Sir Robert Hadfield, 

by the author, who takes this sony of a 

the pleasure he feels in complying with the request, an 


body with the external physical conditions become 
changed, the body is described as having undergone a 
transformation. us, if a point characteristic of the 
properties of a body in terms of the external physical 
conditions, after having assumed a position in a curve A B, 
becomes situated in a curve C D, the body is described 
4 ~~ undergone a transformation between B and C 
(Fig. 1). 

It often happens that under the same external physical 
conditions the point characteristic of the properties of a 
body may be shifted to one or the other curve. The 
existence of two curves relating to the oe rties is, in 
such an instance, particularly clearly established. 

Thus, if the curve correlating the properties of a body 
under given external physical conditions assumes the 
form A BCD (Fig. 2), it would be possible, accordin 
to the individual interpretation that might be pl 
upon the facts, to assume that the body becomes trans- 
formed between B and ©, or that there is no change in 
the curve, and that the body does not undergo trans- 
formation. 

But if it is possible that, under certain conditions of 
external ay ee state, the point characteristic of the 
system may be displaced at will along the curve A B, or 
on the prolonged curve C D, the existence of two curves 
AB and DCE becomes undeniable. The body exists, 
therefore, in two states, and it becomes transformed 
during the passage of B to C (Fig. 3). 

If hysteresis phenomena occur there will be, not two 
simple curves, but two curves relating to the simple 
normal state, around which the classical curves of 
hysteresis will group themselves. 

Generally speaking, the transformation of a body affects 
not a single property alone, but all, or nearly all, the 
properties. The properties which best permit the course 
of transformation to be observed (when they can be ob- 
served) are the crystallographic properties ; and in default 
of crystallographic properties, the properties bearing 
upon the ren age state (microstructure). When it is 
possible to obtain, under identical external physical condi- 
tions, both the transformed body and the untransformed 
body, it is found that these two bodies differ from one 
another as much as two bodies possessing different 
chemical compositions. 

The only difference which exists between a body before 
and after transformation and a y possessing a different 
chemical composition is that it is possible to restore the 
transformed and the untransformed y to a common 
state. There has been transformation, not transmutation. 

It would appear, therefore, that no absolute distinction 
can be drawn between an allotropic modification and a 
transmutation. An allotropic transformation is a trans- 
mutation which we know how to produce, while a trans- 
mutation is an allotropic transformation which we do not 
know how to produce. 

It may be remarked that magnetic permeability is, 
roughly speaking, much the same in all known bodies, 
and is in the vicinity of 1. In a similar way, generally 
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which it conveys. To the present paper have been added 
a few notes on alloys, with the object of showing how the | 
same conceptions may be applied to the classification of | 
the facts relating to the influence of heat-treatment upon 
such bodies. 
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is transformed there are no changes in the magnetic pro- 
perties ; the new body formed still »sses, generally 
speaking, a permeability=1. The change of lead into 
copper would not roee | any very great change in the 
magnetic permeability. 

But if, as an exception—and this exception is met with 
in the case of steel—the body, before its transformation, 
——— a degree of permeability differing from 1, trans- 

ormation would occasion a change in the magnetic pro- 
perties. 

The phrase ‘‘allotropic transformation” is generally 
confined to transformations which are not common to all 
bodies, or to a group of bodies. Fusion and volatilisation 
are allotropic transformations common to all bodies, but 
are distinguished by special terms. 

henomena of interstrain, or the rapid variation, 
within a certain range of temperature, of magnetic pro- 
perties, are phenomena common to many bodies which it 
1s better to distinguish by their particular name, without 


confusing them with the special transformations which 
relate to ies which have been the subject of investiga- 
tion. 





In order, at the very outset, to avoid all minty, it 
is necessary to define the sense the author attributes to 
the term “transformation,” most of the misunderstand- | 
ings which arise on this question being verbal ones. If 
the properties of a body be considered as functions of the 
external physical conditions, it will be found that when 
| the physical conditions vary, the properties of the body 
| vary correspondingly, although this does not in itself 
constitute what is known as a transformation. 
If, however, at a given moment, grounds occur for the | 


belief that the law which correlates the properties of a | 








* Journal of the Iron and Steel Institute, 1910, II., 
page 81. See also ENGINEERING, vol. xc., page 842, 


* Paper read before the Iron and Steel Institute in 
London, on October 5, 





When several bodies are present at the same time the 
nature of the allotropic transformations of the system 
may become highly complex ; there may be a continuous 
solution of the two Redies in one another ; or, again, 
such solutions may take place suddenly at a given tem- 
perature (as in the case of eutectics) ; or, finally, one of 
the bodies may undergo transformation independently of 
its into solution in the other bodies. 

hen it is a question, not of isolated crystals, but of 
aggregates of the same nature, or of different natures, it 
is often very difficult to say definitely whether certain 
differences in the properties of the aggregate should be 
attributed to different allotropic states in the elements, 
or whether, on the contrary, they should be attributed to 
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the size or the distribution of the elements which together 
form the aggregate. 

Identical phenomena can be explained in different 
ways; but we may reckon that every time it is ible 
to correlate the interpretation of the phenomena observed 
with a gomrel conception capable of being applied to a 
group of bodies, it is better to do so than to refer them 
to special a designed to meet the case of the 
particular y studied. 


II. TRANSFORMATION OF STEELS. 

Let us first take the case of steels. Ifa steel, which to 
begin with has been annealed, be heated, it is found 
that its properties vary with the temperature in a 
uniform manner up to a temperature of about 700 deg. 
At this temperature the properties vary rapidly, and 
the curve which connects the properties under investiga- 
tion (density, electro-thermal power, resistivity, micro- 
gre hic texture, amount of heat absorbed during heating, 

“s) with the temperature undergoes a rapid change of 
form, to assume, later, a fresh, uniform outline, differing 
from the first. 

In the case of certain steels the phenomenon is not 





Fig.5. THE ANNEALING OF A SEMI-HARD STEEL 
AFTER QUENCHING. 
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reversible, so that, within a certain temperature range 
(t, to t, Fig. 4), the figurative point of any one property 
—for example, the volume—may be Pon Me on one or 
other curve A Bor DCE. It may then always be said :— 

The steel is in the ‘* hot stable state” when the figura- 
tive point of the properties of the steel is displaced along 
the curve DC E; and it is in the stable condition, in the 
cold, when the figurative point in the properties of the 
steel is displaced along the curve A B. 

The curve of the heat absorbed during the heating 
undergoes, like the curves relating to other properties, a 
rapid variation in outline from B to C. 

his variation in outline reveals itself by absorptions 
of heat during the heating and by emissions of heat 
during the cooling, and is particularly noticeable in soft 
steels at three temperatures. These emissions of heat 
have given rise to the conception of several states of iron. 

It appears infinitely more simple to the author to 
interpret these emissions of heat as phases of a single 
transformation spread out over a certain temperature 
interval. This would lead to the conception that steels 
may existin two states: the “hot stable state,” and the 
“‘cold stable state.” As the conception of a third state 
will, as a result, be unnecessary, the author believes it 


Curve B 


better to adhere to this simple view of two states only 
for iron and for steels. 

In studying transformations in general the magnetic 
properties have been studied apart, and it may now be 
seen how the occurrences take place in the case of steel. 

Generally speaking, within the limits of temperature 
in which steels can exist in the “cold stable state,” they 
are magnetic in this state ; within the temperature range 
in which the steels can exist in the ‘“‘hot stable state” 
they are non-magnetic in this state. ° 

The transformation is, therefore, generally speaking, 
accompanied by the appearance and the disappearance o 
magnetism. Indeed, generally speaking, thisis a simple 
means of following the process. 

For soft steels, however, the magnetism disappears at 
about 750 deg. in the stable state in the cold, and before 
the transformation characterised by the variation in the 
other properties. 

In steels containing a high percentage of nickel, known 
to exist in the ‘hot stable state,” at ordifiary tempera- 
tures, the magnetism can appear at a somewhat low tem- 
perature without other properties varying for this reason. 

These variations in magnetism unaccompanied by varia- 
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effected rapidly, and that the maximum temperature to 
which the metal has attained since the last transformation 
has been comparatively low, and has been maintained for 
a comparatively short period. 

This law does not permit of a comparison of the effects 
of varying conditions of heat-treatment, except when 
there is reason for believing that the metal remains in the 
same physico-chemical state after the varying heat- 
treatment. This law indicates the direction in which 
variations in the hardness occur in terms of the heat- 
treatment only when such variations do occur, but it does 


f | not indicate the importance of these variations in hard- 


ness, which may in certain instances be very small, or 
even nil, despite considerable differences in the conditions 
of treatment. It is a qualitative law. 

This law is based upon the following facts :— 

1. A large number of steels can, under observable con- 
ditions, undergo their cooling transformation at a tem- 
perature perceptibly lower than that of their transforma- 
tion on heating. All the forms of heat-treatment to 
which these steels can be submitted, and in regard to 
which the conditions of transformations can be observed, 
justify the law stated above. 


CuRvVE C (HYPOTHETICAL) 
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(mest) 
tions in other properties do not take place suddenly, and 
although they occur with some rapidity, they are, for the 
most part, reversible. (See Curie’s researches on mild 
steel, and those of Dumas on steels containing high 
percentages of nickel.) 

If it be wished, this rapid variation in the permeability 
may be distinguished by the use of the term ‘* magnetic 
transformation,” remembering, however, that this varia- 
tion has no known connection with the other properties, 
and especially with those mechanical properties which 
chiefly interest us. This is a transformation common to 
all ferro-magnetic bodies. A passing reference may be 
made to a transformation which is perhaps of the same 
nature as the preceding instance, and occurs at about 
1300 deg. in mild steel (Ball and Cunie). The tempera- 
tures of the heat-treatment of steels are always below 
that temperature, however, so that, inthe present paper, 
it is unnecessary to take the instance noted into account. 

To sum up: the author deduces, in iron and in steels, 
two states, and two states only: the ‘ hot stable state,” 
and the ‘‘cold stable state.” The transition from one 
state to the other constitutes the transformation, accom- 
panied by variations in all the known properties, includ- 
ing the magnetic properties when the steel is in either 
state magnetic. The variation in magnetic properties 
may occur, however, in either state, independently of any 
other variation in the properties, and in order to avoid 
confusion, this rapid variation in the magnetism alone 
will not, in this paper, be distinguished by the word 
“*transformation.” 


Nickel or chromium-nickel steels with a low transfor- 
mation temperature, even when the transformation is 
carried out very slowly, and high-speed chromium and 
tungsten tool steels which, according to the rate of cool- 
ing, undergo their transformations, under observable 
conditions, at high or at low temperatures, lend them- 
selves well to observation in this respect (Osmond, Andr< 
le Chatelier, Grenet). 

2. Highly carburised steels which have undergone a 
quenching such that all methods of observation lead to the 
supposition that the ‘‘hot stable state” is, in part, pre- 
served (austenitic steels), are less hard than they would 
be if they had been quenched under conditions in which 
the conservation of the ‘‘cold stable state” is less com- 
plete or even absent (martensitic steels). 

There is therefore reason for supposing that it is not 
to the suppression of the cooling transformation, but to 
the conditions under which this cooling transformation 
occurs that the hardening effect is due. 

3. On most steels the influence of annealing is con- 
tinuous, and limited only by the temperature of the heat- 
ing transformation, because this heating transformation 
is connected with the inverse transformation on cooling 
to which the hardening effect is due, although the form 
of the curves shows that (except for soft steels) annealing 
is not completed at any temperature (Fig. 5). 

Therefore, if the existence of a special state be admitted 
in order to explain the hardness of quenched steels, it 
should also be admitted that a certain number of steels, 
amongst which are the semi-hard carbon steels, always 
remain in this special state, 

4. A fact many times observed is that the special steels, 
and, in particular, steels possessing a low transformation 
temperature, do not acquire, by any kind of treatment, 
so great a degree of hardness as do small samples of hard 
carbon steels suitably treated. It is logical to suppose 
that during the quenching of a carbon steel the transfor- 
mation is more violent than the transformation of a 
steel containing a high proportion of special elements. 

The greater velocity of the transformation, and perhaps 
the fact that, with a steel containing carbon only, it is 
more complete, can alone explain the greater hardening 
capacity of such steel. 

he law a plies to alloys other than steel. Most alloys 
which ata bach temperature, no longer the same 
constitution as they do at the normal temperature, harden 
on quenching or on rapid cooling, a form of treatment 
which lowers the temperature at which the cooling trans- 
formation takes place. This is the case as regards certain 
brasses, certain aluminium-copper alloys, some aluminium 
bronzes, and certain malleable bronzes which, like the 
bulk of steels, harden on quenching. When the quench- 
ing of such an alloy does not occasion hardening, this 
may be because quenching stereotypes wholly, or in great 
part, the ‘‘hot stable state,” but in this case it is only 
necessary to reheat the alloy slowly to 200 deg. or 300 deg. 
to restore it to the same physico-chemical state that it 





An apology must be offered for this somewhat lengthy 
preamble, but the author was anxious, before all things, 
clearly to indicate the sense in which the terms to be em- 
ployed in the sequel should be understood. 


III. RELATIONS BETWEEN THE MECHANICAL PROPERTIES 
AND THE THERMAL TREATMENT UNDERGONE BY A 
STKEL. 

In the author’s opinion, the known facts permit of the 
following law being formulated :— 
The hardness of an alloy is ter in proportion as the 
transformation which has called into being constituents 
at the time has occurred at a low temperature, has been 





would have possessed had it been cooled slowly. The 
existing constituents having been set free at a relatively 
low temperature, the alloy is harder than if it had been 
heated to a high temperature and slowly cooled. This 
is the case with certain copper-tin bronzes, and some 
| hard steels containing manganese. 


IV.—C.LassiIFICATION OF STEELS INDICATIVE OF THE 
VARIATIONS IN PROPERTIES IN TERMS OF THE HEAT- 
TREATMENT. 

The author deems it useful to an ge the classifica- 

tion made in 1898 by Mr. Osmond. This classification 
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will be described and accompanied by curves of the 
dilatation* which will serve to explain it. _ 

A special group has been made of the high- tool- 
steels (chromium-tungsten steels), and the whole classifi- 
cation has been given a character independent of any 
theoretical views, and made of wider application by the 
inclusion in each group of alloys other than steel, the 
influence of heat-treatment on which is known. 


A. Group I.—Steels the transformation temperature of 
which, on slow cooling, is very nearly the same as on 
heating (carbon steels and steels containing but a 
small t of sp L el ts). 

Observable Curve a (Fig. 6).—Slow cooling or moderately 

slow cooling (less than 150 deg. per minute). The trans- 

formation temperature on cooling remains practically the 
same as on heating. t : 

In Figs. 6, 7, and 8 the curves shown in unbroken lines 
correspond to the heating, and those in dotted lines to 
the cooling. h : : 

Hypothetical Curve b (Fig. 7).—Rapid cooling by water- 
quenching a steel heated to a temperature not exceeding 
about 800 deg. 

The transformation on cooling has been brought back 
to the neighbourhood of the ordinary temperature. The 
return to the point A cen only be ascertained by the fact 
that these quenchings do not produce any noticeable 
variations in the elongation (Charpy and Grenet). 

According to the researches of Maurer, not on the 
length, but on the volume, quenching in the above 
manner may, under certain conditions, occasion an increase 
in volume. The fact that a quenched steel occupies a 
larger volume than the same steel annealed may be ex- 

lained by the statement that the external layers have 

»ecome cooled and hardened while the core is still hot 

and dilated. These external layers have, subsequent to 

the cooling of the core, partly maintained their shape, 
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(+) In certain particu'ar instances quenching produces 
little or no hardening, and may even occasion softening, 
owing to the “‘ hot stable state” having been preserved by 
the quenching. : ; 

The influence of annealing after quenching is, to begin 
with, of a distinctly hardening nature (transformation at 
low temperature and a reversion to the stable state in the 
cold), but, once the transformation is completed, the 
softening influence of the annealing makes itself felt ; the 
more so the higher the temperature (hard manganese 
steels, certain copper-tin bronzes). . . 

The author has given, in order to show the identity of 


Annealing Temperature. 
Cc 


Degrees A. | B. | . 
2) (no annealing effect) 60 | 190 140 
350 .. se ee 5 490 | 185 | 134 
500 .. 348 | 172 130 
600 .. 282 145 | 118 
7uo .. 210 130 100 


the influence of heat treatment on steels and on alloys, 
five curves showing the relation between the hardness 
and the temperature after quenching (Figs. 9 and 10). 

Certain alloys may, however, be placed in sub-group (a) 
or sub-group (}), according to the conditions under which 
they are quenched. 

The samples, in the form of square bars measuring 
10 mm. by 10 mm., were quenched from 800 deg. in the 
case of the steel and the brass, and from 925 deg. in 
the case of the aluminium bronze, and subsequently 
annealed at various temperatures and slowly cooled. 

Fig. 9 shows curves relating to alloys which, on being 
quenched, are not stereot; » or are only partially 
stereotyped in the ‘‘ hot stable state” at a high tempera- 
ture, which differs from the *‘cold stable state.” Quench- 
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with the result that strains are set up, and an increase in 
volume occurs (analogy with quenched glass). 

Hypothetical Curve c (Fig. 8).—Very rapid quenching in 
water of samples of steel containing high percentages of 
carbon (1 per cent.), and of less than 10 mm. in diameter, 
heated to a very high temperature (1000 deg. to 1100 deg.). 

The cooling transformation is delayed and partially 

suppressed. The return of these steels to E has nD 
plotted from the experiments on the volume changes 
carried out by Maurer. 
This shrinkage produced by quenching is not an abso- 
lute proof of the partial conservation of the ‘‘ hot stable 
state” (phenomena of ible compression). | Neverthe- 
less, it is a probability which adds itself to others 
(important variations of the resistivity and of the micro- 
graphic texture) favouring the hypothesis of the partial 
conservation of the ‘‘ hot stable state.” 

In some cases quenching may even stereotype almost 
entirely the ‘‘hot stable state” (hard manganese steels, 
copper-tin bronzes. 

Naturally between these three types of curves all sorts 
of intermediate cases occur. 

Influence of Heat-Treatment on the Stecls of Group I.— 
(«) Generally speaking, these steels harden on heating to 
8 point above the “transformation temperature on heat- 
ing” with subsequent rapid cooling. They soften after 
quenching on heating to a point below the “ transforma- 
hon point on heating,” no matter what the subsequent 
rate of cooling may be. They soften on heating to a 
point above the transformation point if subsequently the 
cooling is effected slowly. 

With certain alloys (brasses and aluminium bronzes) 
the transformation on heating extends over a long tem- 
perature interval. After quenching, annealing in the 
vicinity of this temperature certainly conduces to the 
ordinary annealing effects, but it should be followed by a 
slow cooling, otherwise partial hardening will take place. 
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ing hardens these alloys, and annealing carried out at a 
fairly high temperature after quenching softens them. 
The hardness numbers given are those yielded by the 
Shore scleroscope (height, in millimetres, of the rebound 
of a ball falling from a height of 500 mm., in regard to 
the steel studied by Maurer) and Brinell hardness numbers 
in respect of the bronze. 

Annealing Temperatures 


after Quenching. Hardness (Shore). 


transformation, harden these alloys. If the annealing be 
carried out at a higher temperature, its softening influence 
reasserts itself. 

Alloys of Group I.—The following steels belong to 
Group I. :—Carbon steels; steels containing a per- 
centage of the special elements; all known alloys, other 
than steel, which harden on quenching, whether followed 
by gentle annealing or not ; certain copper-zinc brasses, 
certain copper-zinc-aluminium brasses, certain aluminium 
bronzes, certain malleable brasses, and certain copper-tin 
bronzes. 


B. Group II.—Steels which behave like steels of the first 
group, but with the difference that the rate of cooling 
necessary to lower the formation on cooling 1s suffi- 

ciently low for the phenomenon to be observed. (Tool steels 





* See Charpy and Grenet, Sociéte d’Encowragement, 
April, 1903, 


ug high percentages of chromium and tungsten.) 
In the second group may be placed the group of steels 





which harden in air, which, in the author's earlier pub- 
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20 170 172 

100 170 172 

200 170 238 

250 170 228 

300 170 _ 

400 280 186 

500 265 _ 

600 235 178 

700 v5 175 
Fig. 10 shows curves relating to alloys for which; 
quenchin stereotypes at least the greater part of the 
** hot stable state ;” aslight annealing may, by occasioning 





lished researches, were classified in the third and fourth 
groups. In his opinion it is more logical to range them 
closer to Group L., which contains steels which harden 
only on energetic quenching. No essential difference 
separates the two groups, and all transitional forms occur 
in between them. A continuous series of steels exists 
which are capable of the utmost hardening, even although 
the quenching diminishes from the most energetic type 
to the weakest type (from water-hardening down to air- 
hardening). 

Observable Curve A.—Rate of cooling, 100 deg. in 
20 minutes, or even slower (Fig. 11). 

Observable Curve B.—Rate of cooling, 100 deg. in 
10 minutes, or even more rapid (Fig. 12). 

The high chromium and tungsten steels, as a matter of 
fact, possess the property of being able to be maintained 
at about 500 deg., either in the ‘‘hot stable state” or 
in the ‘‘cold stable state,” according to whether that 
temperature has been attained with greater or less 
rapidity. 

me alloys of Group I. also possess the latter 
property at ordinary temperatures at which they may be 
maintained either in the “‘ hot stable state” or in the 
stable state in the cold (hard manganese steels, copper- 
tin bronze), but the rates of cooling necessary to prevent 
transformation taking place are too rapid to allow of the 
cooling conditions being observed in this group. 

ow wah f Group II.—With the exception of a certain 
number of special steels, and, in particular, of high-speed 
tool steels containing chromium and tungsten, the author 
is not aware of any other alloys which can be grouped in 
this class. Other alloys may, and in all probability do, 
exist, but he has no haowiodee of them. 

Influence of Heat-Treatment on Steels of Group II.— 
These steels harden on heating to a temperature above 
that of the transformation on heating, followed by rapid 
or moderately rapid cooling (air quenching). They soften 
by heating to a temperature below that of the transforma- 
tion on heating, no matter what the rate of cooling may 
be. They soften on heating to a temperature above that 
of the transformation on heating, followed by very slow 
cooling. 


C. Group ITI.—Steels for which the temperature of the 
transformation, on cooling slowly, is déstinctly lower than 
that of the transformation on heating. 

Observable Curve a (Fig. 13).—Slow cooling. 

Hypothetical Curve b (Fig. 14).—Rapid cooling. 

The difference between curve a and curve }, and, con- 
mqeny. between the = ties of the quenched steels 
and those of the steels slowly cooled, is smaller in propor- 
tion as the temperature of transformation on slow cooling 
is more nearly in the neighbourhood of the ordinary 
temperature, 

Influence of Heat-Treatment on the Steels of Group I1I. 
—A steel heated to beyond the temperature correspond- 
ing to the point c hardens on cooling slowly. Greater 
hardening occurs (although in closer approximation to 
that of the former in porportion as the temperature of 
transformation on cooling is more in the neighbourhood 
of the ordinary temperature) in the case of a steel heated 
beyond the temperature corresponding to the point ¢ and 
rapidly cooled. 

Softening occurs on heating along the curve A B, 
followed by either rapid cooling or by slow cooling. 

Naturally all transitional forms occur between the first 
and the third group of steels. 

Alloys of Group III.—A large number of special steels 
containing nickel. 

The author is unacquainted with any alloys other than 
steels falling into the third group. Other alloys may, 
and probably do, exist, but he has no knowledge of them. 


D. Group 1V.—Steels for which the temperature of trans- 
formation on cooling is below the ordinary temperature 
(steels containing high percentages of nickel or manganese). 


(a) If these steels have never been cooled to a tempera- 
ture sufficiently low for them to become transformed, they 
are represen by curve a (Fig. 15), which is observable 
in the case of slow cooling, but — in the case of 
rapid cooling. wee rapid cooling does not occasion 
variations in the hardness.) 

Influence of Heat-Treatment on Steels of Group IV.— 
Heat-treatment has no effect. If these steels have been 
mechanically stressed, any heating will soften them 
independently of any law as to cooling. 

(b) If these steels have been cooled sufficiently to pro- 
duce the transformation on cooling (which, in some 
instances, is impossible), and if they ss heated to a high 
temperature after cooling, they undergo the inverse trans- 
formation, and when again at the ordinary temperature 
they remain in the “ hot stable state” (Fig. 16). 

Influence of Heat-Treatment on the Steels of Group IV. 
cooled to sufficiently below the ordinary temperature to 
occasion thesr transformation. — Cooling hardens these 
steels owing to the transformation they have undergone ; 
any heating along curve D E softens them independently 
of any law as to cooling. 

If the temperature of the transformation on heating 
E F be ex ed, the metal, after cooling, remains at the 
ordinary temperature in the ‘‘ hot stable state.” 

Intermediate forms occur between the steels of the third 
and fourth groups, but these steels, partially trans- 
formed at ordinary temperatures, are in an ill-defined 
state, and manufacturers avoid making them. 

Alloys of Group IV.—All steels (steels containing high 

roentages of nickel and manganese) and all alloys which 

o not undergo any transformation during the tem- 
perature interval between ordinary temperatures and 
those of fusion (many brasses and bronzes consisting of 
but one constituent, and nearly all the pure metals other 


than iron). 
(To be continued.) 
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THE INFLUENCE OF DETAIL ON THE 
DEVELOPMENT OF THE AUTOMOBILE.* 


Presidential Address to the Institution of Automobile 
neers. 


By L. A. Leoros, M.I. Mech. E. 


GENTLEMEN, —I wish to thank you for the signal honour 

ou have conferred upon me in selecting me as your 

resident, an honour which is greatly enhanced by the 
illustrious names of those who have preceded me in this 
office, Crompton, Dugald Clerk, Hele-Shaw, and Lan- 
chester. Before, however, proceeding with my address, 
there are some matters connected with the policy of the 
Institution which I think should be mentioned at the 
commencement of the session. 

In the first place, it has been frequently urged that it 
is desirable that meetings of a less conventional character 
should be held, meetings at which members would feel 
less restraint, and at which an extempore discussion 
should take place on a debatable matter rather than an 
elaborated discussion of a paper which has taken much 
time and thought in its a pao and requires a similar 
expenditure of thought and consideration in the framing 
of questions and in the direction of criticism in the dis- 
cussion. —— have been taken for providing that at 
least one such extra meeting shall be held during the 
session, at which the proceedings will be of a less formal 
character, and at which a debate or discuss?on on a tech- 
nical matter of general automobile interest will take place. 
It is to be hoped that these meetings ‘may prove popular 
with those members who have hitherto refrained from 
taking part in discussions on the papers read at our 
regular meetings, whether from feelings of nervousness or 
from an objection to seeing in print a verbatim report of 
their spoken words. In this connection I may add 
that the remarks even of the most experienced speakers 
in this Institution are, before they go to press, care- 
fully edited by those members themselves. For this 
there is good reason, as in public speaking on general 
topics one frequently and unconsciously repeats one- 
self, and in speaking on technical subjects it is often 
more difficult still to order one’s thoughts and frame 
one’s sentences in such manner that they are clear 
without being tautological, whereas in writing, matter 
and phraseology can be easily re- and corrected. To 
those members, therefore, who have felt these reasons to 
be an obstacle in the way of joining in the discussions, 
I would emphasise the fact that their fears are really 
groundless, and that ample as will be afforded 
to them for putting into what they consider proper shape 
any remarks which they may make, 

A second matter which has been raised is that of hold- 
ing meetings at centres other than London. This ques- 
tion has been carefully considered by your Council, and it 
does not appear possible to arrange for ordinary meetings 
outside the London area until such time as our member- 
ship shall have increased very considerably. At present 
we have flourishing graduates’ branches in Coventry and 
Birmingham, in addition to that in London, and these, 
in their own centres, have held meetings and also orga- 
nised excursions to works and places of interest in their 
respective neighbourhoods. I am sorry to say that the 
attendance at these meetings and excursions has not been 
so good as it should have been, but all three branches 
show signs of re-awakening interest, and steps are being 
considered for assisting this. 

An excursion made by the London and Birmingham 

aduates by invitation of the Coventry centre to the 
Goveeter district was, however, very successful. Numerous 
works were visited, and from the success of this visit it 
has been proposed that, in the summer of next year, a 
visit of the whole of the membership, including the 
graduates, shall, if possible, be made to Paris to inspect 
some of the French automobile factories. It is expected 
that should this scheme meet with general appreciation 
satisfactory arrangements may be come to so that the 
expense to graduates who do not expect to see the whole 
of the sights of the city on the Seine may be sufficiently 
low to enable a large number to take part in the excur- 
sion. 

The question of a summer meeting of the Institution to 
be held in come provincial centre at which papers could 
be read or debatable subjects discussed has also been 
considered by your council, but for various reasons, not 
least amongst which is the desirability for awaiting the 
result of the ‘‘extra meetings,” it has not appeared to 
them advisable at presen to depart from the usual pro- 
cedure in respect of the ordinary meetings of the 
Institution. 

Last winter, at the request of Mr. Henry Hess, of 
Philadelphia, who is now one of our members, a reciprocal 
arrangement was made between this Institution and the 
American Society of Automobile Engineers, whereby a 
member of either body finding himself in the country of 
the other is welcomed as a member of that body pro 
tem., from which it is hoped that good results may accrue. 

In furtherance of this object, when it was learnt by 
chance that several of the members of the Society were 

roposing to come across for the Olympia Show, your 
Bouncil thought that it would be a good opportunity to 
show them some hospitality and arrange a friendly meet- 
ing, and it was proposed to invite the visitors to a dinner. 

For the pu of entertaining our guests, an ample 
guarantee fund has been raised among the membership of 
the Institution. 


Tue InrFLugnce oF Dera, ON THE DEVELOPMENT 
OF THE AUTOMOBILE. 
In every class of machinery, no matter how well known 
it may appear to be, either to those engaged in its manu- 





* Delivered at the meeting held at the Institution of 
Mechanical Engineers, October 11, 1911. 


facture or in its use, there are a large number of detailS 
of which many of the individuals connected with the 
construction have usually no knowledge, and of which 
the user frequently has less; in other words, he believes 
them to be quite different from what they actually are. 
From the ignorance of the small boy who thinks the boiler 
of the locomotive is completely filled with works, to that 
of the fireman who thinks the discoloration of his gauge- 
cocks is due to the analysis of the metal—having heard 
that word used and believing it to be one of the i ients 
in it—there are many other forms of ignorance which have 
contributed throughout to cause delay in the development 
and use of every class of machinery, and even at the 
present time many of these factors are still at work aor 
ing that progress which might take place more rapidly 
were greater consideration given to the minutie of 
machinery. 

To examine this subject systematically, we shall find 
that most detail has its origin in design, but that the 
design is ey marred in execution, and that the 
executed work is subjected to abuse by the user, and to 
wear by the conditions under which it works, and it is 
from the latter end of the story that the cycle of design 
must recommence, since it must take account of the possi- 
bilities involved in use and abuse, and of the certainties 
involved by wear and tear. The subject, of course, is one 
which does not admit of being dealt with in general terms 
for all classes of detail, but it is one which it is easy to 
illustrate by examples. 

To take the first example which comes to hand, that of 
the steering-gear, it is well known that the ordinary 
Ackermann axle affords a fair compromise for obtaining 
the intersection of the axes of the front wheels at a point 
on the axis of the back wheels. 

This gear as usually made is fitted with a number of 
pin-joints, all of which are liable to wear, and as wear 
proceeds the two front wheels of the vehicle when it is 
travelling in an approximately straight line, which, after 
all, represents by far the greater portion of the distance 
it runs, will, whether the steering-bar be in front of or 
behind the front axle, take up positions such that the 
horizontal diameters of the steering-wheels would inter- 
sect behind the car. After a certain stage of wear has 
taken place, it is thought necessary to put the wheels in 
gauge again, and most mechanics, if left to themselves, 
am | set the wheels properly and truly parallel. At this 
point we should ask ourselves whether this is the right 
thing todo; whether making things ‘‘exactly right” is, 
after all, the proper course to adopt, and whether the 
present example is not an illustration of a distinct advan- 
tage to be gained by making adjustments incorrectly in 
the first instance. If the limit for error in parallelism, 
determined by experience based on the wear of tyres, is 
half a degree (or, in the language of the shops, the wheels 
should not be more than one quarter of an inch out of 
parallel in a length equal to their diameter), and if, when 
this error has been reached, it is time to put them right, 
then why not set them half a degree (or a quarter of an 
inch) inwards to start with, so that they will start with a 
negative error no greater than the positive error permis- 
sible, and thus double the life will be given to the steering 
gear before it is necessary to take it up, assuming that 
want of parallelism is the only reason for the taking up? 

Take another case: the bearings of an engine are made 
and fitted so that there is no shake or knock when the 
engine is turned round without the ordinary amount of 
lubricant. Such an engine will run very stiff until its 
bearings have become sufficiently worn to admit of the 
i r thickness of oil film for supporting the load. 

Inder present conditions, with the limit-gauges and 
more accurate machine-tools available, some of these 
factors are being incorporated in the design, as recorded 
by the drawings, but there are many factors which still 
escape and are not recorded, and it is left to the shops to 
doas their unwritten experience suggests to them may be 
right. The tendency in the bigger factories is to diminish 
the amount of responsibility left to the individual worker 
in respect to the employment of what, for want of a 
better term, may be termed ‘‘ shop knowledge,” and the 
reason may be found in the fact that whereas in the 
earlier days of engineering the same man both constructed 
and repaired, now, under modern conditions of output, 
the man who constructs is of a quite different class from 
the one who repairs, and the two classes are rapidly 
becoming almost out of touch with each other. Conse- 
quently that form of shop knowledge which was of such 
use to the mechanic of some years ago, and which enabled 
him to put through work on the imperfect instructions of 
not very definite drawings, must to-day be replaced by 
ao ay information supplied by the designer and em- 

ied in the detail drawin figured with limiting 
dimensions and supplemented by specifications. 

In the broad and general consideration of detail, the 
first and most important point to be dealt with is that of 
standardisation, and, consequently, interchangeability. In 
spite of all the efforts of itworth and others in creat- 
ing standards of size and form for screw threads and for 
other details, there are still numbers of manufacturers 
in the country who work almost as though such standards 
had never existed. That is to say, there are firms who 
will make 4-in. bolts ;¢ in. large or ;'; in. large because 
the user will get a stronger bolt although he is buying 
the same size. This will account for the fact that many 
coach bolts and nuts are not interchangeable. Again, 
there are numerous makers of screws who claim that their 

uct is within ys/5q in. or s}5 in., as the case may be, 

ut the accuracy of which does not run beyond the written 
or verbal statement, the actual bolts or screws having an 
error many times as great. The fit of screws between 
proper limits is quite as important as the accuracy of 
pitch and of shape of thread. A loosely fitting screw in 
machinery subjected to so much vibration as is common 





with automobile vehicles will ultimately cause waste of 


time and trouble to the user, if not dam: to other parts 
of the machine, whereas the too-tightly Atting screw has 
its obvious disadvan 

Standardisation is looked after by committees who 
formulate very excellent rules, which should be followed 
by the manufacturer, but in many cases there is a want of 
uniformity in the resulting product which calls for better 
inspection at the start of operations and for the checking 
of the gauges to which the work is made. The admirale 
work now being done by the National Physical Labora. 
tory in connection with all classes of standardisation 
cannot be overrated; but the importance of the inde- 
pendent checking of commercial standards by such an 
impartial central sa ny hag not so fully appreciated by 
manufacturers as it might be. < 

Again, to take an example, the ordinary pneumatic 
_ is supposed to be interchangeable—that is to say, 
the same rims will do for any of the tyres made by the 
leading makers. The same pump connection serves for 
pumping up the inner tube, but it will be found that the 
same uniformity does not apply to the other details which 
go to make up the complete tyre on its rim. Security 

Its, for instance, have various threads, causing the 
expenditure of much bad language on the road. The 
diameters of covers are not always in agreement with the 
rims within the usual limits, with the result that a cover 
may prove to be tight on the rim and may give consider- 
able trouble in getting it into place. The checking of 
any of these dimensions is Teme oe ordinary purchaser 
or consumer, besides being outside his province, and the 
trouble caused by too great deviation from the standard 
dimensions is only discovered at a time when it gives 
great inconvenience. The question again is one of the 
various limiting dimensions of the rim and of the limits 
permissible in the cover under normal conditions. 

In the wheels of pleasure vehicles ball-bearings have 
been used for some years with increasing success, but 
their application was delayed through failures, in some 
cases due to over-loading, and in many others through 
imperfect provision being made in the casing of the bear- 
ing against the entry of water and mud. In fact, a con- 
siderable period of time elapsed before the various causes 
which contributed to the failure of ball-bearings in road 
wheels were appreciated at their proper values; the several 
factors of the provision for taking end-thrust, the amount 
of the permissible radial load, the exclusion of water and 
dirt, and uniformity in the quality of the manufactured 
ball-bearings, all tending to complicate the commercial 
solution of the problem. This matter of wheel-bearings 
is essentially one of design, because the ball-bearing, 
when worn, is, in general, beyond repair, so that the 
question of prolongation of the life of ball-bearings is one 
which can only be referred back through the repair 
departments, who effect the renewal, to the designer. 
The presence of moisture, which has resulted in the 
failure of ball-bearings in the road wheels, has also been 
found to affect those ball-bearings which have been fitted 
to the crank-shafts of some engines, and it has been 
found that a small amount of water in the lubricating oil 
will cause a sufficient pitting of the surface of the ball 
races and of the balls to naa in premature failure. 

In the engine many improvements in detail have been 
made, resulting in an enormous advance in respect to 
silence, speed of revolution, and power for piston area. 
Apart from such questions as multiplication of the 
number of cylinders, these improvements, however, have 
been confined to reductions in the weights of recipro- 
cating parts, alteration of the arrangement and types of 
valves, modification of the shape of cams and of the size 
of the cam-rollers, care in the selection of the materials 
and teeth of the gears used for driving the cam-shafts, 
the replacement of low-tension by high-tension magneto 
ignition, and in general by improvements of detail. 

It is, however, in the carburettor that the main problem 
of advance in the internal-combustion engine appears at 
present to lie. Carburettors have been made giving over 
50 ton-miles per gallon on ordinary touring cars when 
running at speeds up to 40 miles per hour, and there 
appears to be no reason why such results should not be 
easily and regularly obtainable when the carburettor has 
attained a development as far advanced as that of the 
high-tension magneto. At present the tuning up of the 
carburettor is still frequently effected by the expensive 
method of running the car on the road, involving a con- 
siderable expenditure of the time of a skilled tester, the 
wear and tear of the whole machinery of the car, and the 
wear and tear of the tyres, which, even if only old tyres 
are used, must be added to the other costs. It is true 
that on the road the conditions under which the carbu- 
rettor is working are quite different from those of the 
testing-bench. The forward movement of the car may give 
increased air-pressure at the intake of the carburettor ; the 
vibration of the car may appreciably alter the mean level 
in the float chamber, and the amount of petrol which 
flows through the nipple. Usually these matters are 
adjusted by the tester by varying the size of the orifice 
in the nipple, but from an examination of the conditions 
which |} to the necessity for this adjustment, it would 
appear that frequently it is the level in the petrol chamber 
which requires adjusting quite as much as does the size 
of the orifice, and in but few carburettors is any provision 
made whereby the tester can set the level of the petrol 
to the desired height otherwise than by filing down the 
nipple or adding solder to the float. 

n the clutch there is less complaint than was formerly 
common ; in fact, the peculiarities of leather, cone, and 
disc clutches have become sufficiently well understood 
by designers to render this detail one of those which now 
cause but little difficulty; in the case of metal disc 
clutches, the difficu!ties first met with in their use were 
mainly due to the imperfect knowledge on the part of the 
user of the proper conditions under which to work them, 
and, in this case, it is the improvement in the mechanical 
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education of the user that has permitted their continued 
employment. : : 

In the last few years the question of the reduction of 
the noise on motor vehicles has been almost entirely 
dealt with in the engine and gear-box, apart from the 
change from chain drives to live axles. In the gear-box 
noise was found to be produced by errors in the shape of 
the gear teeth, which caused irregularity in the velocity 
of the driven shaft, accompanied by separation of the 
driving surfaces at speeds beyond a certain minimum. 
The improvements in gears have entirely been improve- 
ments in detail; the involute form of tooth has been 
retained, and the angle of inclination to the tangent of the 
path of the point of contact has seldom been varied ; on 
the other hand, not only have the cutters been made of 
greater accuracy than those employed for the construc- 
tion of other classes of machinery, but methods have been 
adopted, such as those for developing gears by hobbing, 
which of themselves produce an approximation to the 
true form of tooth much more accurate than was obtainabie 
by older methods. Again, the distortion of the gear- 
wheels which may occur in cementing and in case-harden- 
ing has been more thoroughly appreciated, and precautions 
have been taken by manufacturers which have resulted in 
a much smaller error in the finished product. In the back 
axle a source of noise has remained in the bevel gears, 
which, even though made on developing machines, are 
liable to the introduction of more error than is the case 
with spur gears. Machines have already been devised, 
and some are obtainable, for correcting the errors in spur 
and other gears by grinding, and, should it become neces- 
sary to run gearing of light weight transmitting large 
powers at still higher linear geet, it may be necessary 
for manufacturers seriously to consider the subject of 
grinding the bevel gears as well as the spur gears to the 
final degree of accuracy required. The back-axle diffi- 
culty can, of course, be overcome by the use of a properly 
designed worm gear, and here again it is detail of design 
which fully determines the difference between the unsatis- 
factory and the satisfactory. F 

In the ordinary touring-car there is still one detail 
which looks as though it should be altered before long, 
and that is, the want of alignment between the propeller- 
shafts and the shafts in the gear-box when the car is under 
its normal load. It would a r that a simple modifica- 
tion should be possible by which the whole length of shaft 
would be in alignment from the front of the engine to the 
centre of the back-axle when under normal load. At pre- 
sent the chief difficulty appears to lie in the lubrication 
arrangements for the engine. Now the angle of inclina- 
tion of the shafting, if it is made lineable, is but small, 
and is, in fact, much less than that of any of the ients 
up which the engine is required to work at full load. If 
the uniform lubrication of the engine were assured for a 
larger range of angle, covering the total inclination of 
the engine to the frame added to that of the maximum 
gradient to be ascended, this difficulty would — 
In the case of the transmission on commercial vehicles, 
thechain has been found far from unsatisfactory, especially 
since it has been possible to obtain chain-cases which are 
at the same time simple and ae oil-tight to 
ensure chain running continuously in an oil-bath. Under 
such conditions the chain is much more silent, its life is 
increased to such an extent that the cost of chains as a 
factor in the running becomes negligible, and chains 
running in proper oil-tight chain-cases can now be guaran- 
teed for a life of over 25,000 miles. 

In the case of public service vehicles, the improve- 
ments made in detail are immediately noticeable on the 
London streets, where some of the earliest taxicabs are 
still running side by side with the latest types. In motor- 
omnibuses the contrast is still more marked between 
the old pattern with the chain-gear and the new pattern 
with the worm drive, and here we have a paradox, for 
some of the more silent omnibuses, though they have no 
chains in the transmission from the gear-box to the back- 
axle, yet have a greater number of chains running at much 
higher speeds continuously within the gear-box itself. 
The chain itself, therefore, should not be held to blame 
for the noise, but the cause should be attributed to the 
faulty method of application of the chain. 

Provision for wear and tear is now made more ample 
than it was in the early days of the self-propelled vehicle, 
when the motor was frequently constructed in the form 
which may be called the ‘‘sandwich” engine. In this a 
single plane joint divided the upper from the lower half 
of the casing, with the half bearings contained in each of 
the respective casing halves, so that when it was required 
to take up such wear as had taken place, it was necessary, 
after dismantling the engine, to take a cut over the whole 
surface of one-half of the casing, or else to replace entirely 
the whole of the brasses in the bearings. Phis - 
ment, which would not have been tolerated for a moment 
by a constructor with ordinary engineering experience, 
had, however, one great advantage, and that was, that 
it ensured oil-tightness in the casing. Later, when engine- 
cases were first designed so as to make provision for 
taking up the wear of the main bearin ifficulties in 
securing oil-tightness were met with whic uired to be 
overcome by various arrangements of detail for prevent- 
ing the loss of oil, or for ensuring its return to the crank- 
chamber, and, amongst others, in many engines it was 
found necessary to provide a vent for the escape of such 
gas as leaked into the crank-chamber, a provision seldom 
necessary with the sandwich engine. The provision 
of this air-vent might, with advantage, be adopted 
In some gear-boxes and back-axle casings, in which the 


warming of the lubricant which unavoidably takes place 
when power is being transmitted causes sufficient expan- 
sion of the air contained in the casing to force a small 
quantity of oil continuously along the shafts, and to 
cause not only wastage, but, in some cases, the uninten- 
tional oiling of the brake surfaces. 





Experience has now determined the amount which 
should be provided for wearin the brakes; brake sur- 
faces have been increased, and provision has been made 
for an ample range of adjustment in the brake-gear. In 
the earlier designs of automobiles, the designer seldom 
compared the new or maximum form of the brake shoes 
or drums with the worn-out or mininum thickness, with 
the result that frequently it was necessary, when adjust- 
ing the brakes, to cut the rods for leng' and re-thread 
the ends, or to set the levers in order that the necessary 
adjustment could be effected. 

Lhe Safety of Automobile Trafic.—The popular denun- 
ciation of mechanical traction on account of its alleged 
danger, usually based on the single factor of its speed, 
is contradicted very effectively by the figures given in the 
police statistics for the total number of accidents caused 
by vehicles which have occurred in the metropolitan area 
within the last three years for which the returns are 
available—that is, from 1907 to 1909. During this period 
the total number of street accidents caused by all classes 
of vehicles, involving injury, actually shows a slight 
decrease, while the population is estimated to have in- 
c by 1.5 per cent. per annum, and the number of 
automobile vehicles registered has increased by about 
19 per cent. per annum. Considered on the basis of the 
population, the accidents per million increased by 50 per 
cent. in the last six years (1891 to 1897) prior to the 
advent of the automobile; they attained their maximum 
in 1907, and have d by 24 per cent. in 1908 as 
compared with 1907, and by nearly 5 per cent. in 1909 as 
compared with 1907. 

Accidents caused by automobile vehicles, excluding 
those due to the human fallibility of drivers and others, 
may arise from neglect, from defective material, or from 
defective design. The elimination of the first of these 
causes is largely a question of management and of the 
responsibility carried thereby ; defective material may be 
guarded against by pruper specification and efficient 
supervision, but questions of defective or inadequate 
design, especially in d to such vital details as the 
steering gear and the brakes, call, in certain cases, for 
examination by an independent body. There are many 
public vehicles now on the road pen, | long distances 
from their base, and though these may have passed the 
local police inspection andlte considered adequately fitted 
for local conditions, yet outside the area of operations of 
the loca) authority they may be required to run under 
very different conditions of maximum gradient and of 
road surface. From some of the serious accidents which 
have occurred to such vehicles it would appear necessary 
that the approval of the design and the inspection of 
these vehicles prior to their going on the road should be 

rformed by a staff having special technical knowledge. 
The experience of this staff, as in the case of others 
appointed to examine into boiler explosions and railway 
accidents, should be supplemented by an inquiry into the 
cause of all fatal automobile accidents due to mechanical 
failure, as in the case of the above-mentioned classes of 
fatality. These inquiries and inspections should be per- 
formed by a department of the Board of Trade repre- 
sented by an expert official. 

Accessibility is a question which has had a great influ- 
ence on the design of the automobile, and in some 
instances may have determined the type which has set 
the fashion, and fashion in the automobile vehicle plays 
a more important part than it does in any other class of 
machinery within my experience. The necessity for 
frequent access to the engine, to its ignition gear, to its 
carburettor, and to its solein has ensured the placing of 
the engine in the front of the car, where it could be 

uickly and most easily reached with the minimum of 

Tee nce to the main portions of the vehicle. This 
fashion in position of the engine is likely to die very 
hard, so accustomed have we become to giving up the 
front of the car to the engine. 

Accessibility may be divided into two main heads :— 
First, accessibility to those parts which frequently require 
adjustment requiring no special skill, such as the adjust- 
ment of the brakes, of the strength of the clutch-spring, 
of the spark of the ignition devices, and the like, most of 
which om already been dealt with by the designer in 
arranging them, and, second, accessibility to details 
requiring skilled attention. In the latter class come the 
overhauls of engines, r- boxes, axles, &c., and the 
influence of commercial and public service vehicles on 
this branch of the subject is only now commencing to 
make itself felt. Theimportance of being able to remove 

rts of a car, unit by unit—that is, engine, “7 

k axle, &.—has now become recognised by those 
responsible for the vehicles of public services such as 
those of the motor-omnibus and cab companies, since the 
conditions of working such services are much more closely 
allied to those of the railway and the tramway than are 
the conditions of the private car or the commercial vehicle. 
The easy removal of these units complete, and their 
interchangeability with other similar units on the same 
class of vehicle, is a large factor in economically keeping 
a fleet of public-service vehicles upon the road. 

A rom the two broad questions just mentioned, a 
third and very a ay ee factor is that of accessibility to 
the various parts by those tools used in making the ad- 
justments. With the necessity for keeping down weight 

come the reduction in the size of nuts below those 
selected by Whitworth for a material the use of which in 
automobiles only occurs in body work—reduction in the 
size of nuts has been ee oe by reduction in the 
width of fi the whole of the won has become more 
cramped, and the clearance between the faces of the nut 
and other adjacent surfaces has been greatly reduced. To 
put the parts together in the first instance may require 
the use of special spanners, owing to the fact that the 
designer has not laid a scale-tracing of an ordinary 


spanner on his drawing, and ascertained that it can be | The spring of the shafts under the heavy loads to which 





effectively used, that he has not tried the clearanc 
between the corners of the nut and the adjacent surfaces 
to ascertain whether a box spanner will overcome the 
difficulty, or, if so, that he has not allowed for the height 
of the box spanner. Ignorance of these factors con- 
tributes heavily to the repair bill, especially if such” 
inaccessibility is assisted by the super-imposition of small 
details, and particularly piping, which requires removal 
before the main poe become accessible. If these fea- 
tures were considered in design bolts would often be 
substituted for studs, long bosses would be cast on parts 
to enable the nuts or bolt-heads to be reached ; channels 
would be milled across faces, into which bolt-heads could 
fit to prevent them from turning, and such parts as 
guard ings and covers would be so made that their detach- 
ment would be dependent on very few devices, and those 
of kinds easily secured and readily locked. 

The difficulties connected with lubrication in the engines 
of cars have been already alluded to briefly: but far 
more important is this subject in the case of the marine 
motor, in which continual chan of inclination are 
taking place ; and even greater still is its importance in 
the case of the aeroplane engine, in which the engine- 
shaft is inclined considerably from the horizontal for 
long periods of time, and in which the question is often 
further complicated by the use of engines with fixed 
crank-shafts and revolving cylinders. 

In the case of engines employed for locomotion on the 
water or in the air, we come again to the carburettor 
Sey as one of the greatest importance for the imme- 

iate future. It is a question of such moment that a 
large proportion of the energy of research workers might 
well be devoted to it, and if their efforts were assisted by 
the loan of modern ines adjusted by the makers, and 
supplemented by details of the power and consumption 
obtained on the test bench, the work would be much 
facilitated. The work done by Willans on steam-engines 
in the testing-house at Thames Ditton has left its mark 
on high-speed steam-engine design. It is therefore 
reasonable to hope for similar results from well-directed 
research on the modern petrol-engine. 

The existence of the automobile as a practical com- 
mercial machine has been shown by others to be largely 
dependent on materials previously neither readily obtain- 
able nor extensively eed such as rubber, aluminium, and 
petrol ; thesame applies to the steels used in construction, 
which, though previously known, were not only difficult 
to obtain in the necessary commercial forms, but their 
proper heat treatment was but imperfectly understood, 
owing to lack of research and of experimental data. In 
the early days of engineering stee! was steel—that is to 
say, there was wrought iron or cast steel (tool steel), and 
mild steel, a comparatively recent product, but with the 
large number of special steels used in the construction of 
the automobile, it has become difficult to distinguish 
by simple tests any one quality from another. Under 
these circumstances it is necessary that the automobile 
manufacturer should adopt a system in his works for 
marking the different qualities of steel (as by painting 
them a different colour at one end of each bar, for in- 
stance), in order that a storekeeper or other unskilled 
worker may be able to issue or receive the proper quality 
for any detail required. 

Leaving the vehicles of the present, and the position 
which detail has taken in their development, we may 
pause to ask ourselves what are the possible detail im- 

rovements which will influence the future evolution of 
ight automobile machinery, whether for transport by 
earth, water, or air, and what effect will they have on the 
design and construction of the vehicles of the future. 

Fuels.—Regarding fuel as a storage of energy, we have 
in petrol nearly 50 per cent. more energy per unit weight 
than is stored in coal, and, moreover, we have it in a more 
convenient form, owing to the advantage which a liquid 
possesses over a solid. 

Among so-called improvements may be cited solidified 
petrol; but it is difficult to imagine what possible 
advantage a solid which is troublesome to handle can 
have over a liquid which can be readily led from its reser- 
voir to its destination through a pipe, by gravity, or by 
pressure if gravity will not suffice. 

Among gaseous fuels, acetylene has been ppm, and 
though this compound is to some extent endothermic, yet 
it has not a sufficiently high thermal value to render it 
a competitor of petrol, particularly as it is unsafe when 
compressed. It gives, however, a wider range of explo- 
sive mixture when mixed with air than the other well- 
known hydrocarbons, and the mixture of acetylene and 
air fires at a lower temperature than is the case with other 
any In considering the - apa of such gases of 

igh calorific value as acetylene or hydrogen, it is only 
necessary to make a rough calculation to realise that at 
present no saving, but, on the other hand, a great increase 
of weight, would result were they generated on the vehicle, 
owing to their small weight relatively to that of the com- 
pounds used in their pe Moreover, the same 
applies to the storage of compressed gases, which can only 
be considered commercially practicable in the case of 
town gas applied to heavy vehicles engaged on runs of but 
short mile between fixed ing points. 

The fact that acetylene givesa r range of explosive 
mixture than other well-known gases, and that the 
mixture fires at a lower temperature, would point to a 

ible saving in the weight of the ignition apparatus. 

his saving would, however, be but small, oat ilete 
but little the question of the total energy obtainable 
within a limit for the combined weight of fuel and engine. 

Lubrication.—In the desire to reduce the weight of the 
transmission gear, the diameter of shafts in the early 
vehicles was reduced to the minimum, and, in order to 
obtain the requisite area of bearing for carrying the load, 





the bearings in the gear-box were of necessity made lo 
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they were subjected resulted in bending tosuch an extent 
as to reduce the thickness of the oil film locally below 
that necessary for efficient lubrication, with the result 
that in many of these earlier cars difficulties arose in 
maintaining the bearings in efficient order. 
culty has been largely overcome by the use of the ball- 
bearing, which, as it takes up less length of the sbaft, 

uces the effective s between the supports and 
diminishes the spring. But this is not the only advan- 
tage given by the ball-bearing ; still more important is 
the fact that it is capable of working satisfactorily with 
a greater error of alignment than is possible with a plain 
bearing. The ball- working under suitable condi- 
tions, and provided it is not overloaded in the first instance, 
appears capable of running almost indefinitely when im- 
mersed in an oil bath and kept free from small pieces of 
abraded metal. In fact, in the gear-box, ball-bearin 
generally give less trouble than on other portions of the 
car. Although the ball-bearing has such marked advan- 
tages when treated in a suitable manner, yet under condi- 
tions less favourable, such as those of the road wheels, 
where a bearing may be called upon to stand excessive and 
obliquely applied loads, failure is much more easily pro- 
duced, especially if accelerated by the penetration of 
water, even without dirt, into the bearings as* previously 
mentioned. The effect of water in destroying the 
smoothness of the surfaces leads to rapid disintegra- 
tion, and once the ball-bearing has gun to fail 
either by the breakage of the balls, or of the race, its 
end occurs more rapidly than is the case with the plain 
bearing. 

Increased Motor Efficiency.—The improvements in the 
efficiency of motors have been almost inseparably linked 
with improvements in carburettors ; nevertheless improve- 
ments in the motor itself have to no smal! degree contri- 
buted to the advance in the amount of power obtainable 
per unit of weight of motor and in the efficiency of the 
motor itself as a thermodynamic machine. Theconsump- 
tion of fuel per brake horse-power hour in the petrol 
motor has now been reduced to 0.63 1b. Allied to the 
question of efficiency is the question of obtaining small 
commercial motors capable of working with a less highly 
inflammable fuel, such as ordinary paraffin oil. Many 
attempts have been made to effect this by slight detailed 
modifications of the engine or of its carburettor, but the 
problem is one on which mechanical engineers have 
already spent vast quantities of time and money, the 
Priestman and the Hernsby-Ackroyd oil-engines bein 


examples. The problem has, however, been tackl 
sony in a different manner by a method which com- 
bines the carburettor with a gas-producer. 


It is well known that if a candle be blown out, the gas 
which rises from the wick is inflammable, and that a light 
held some distance above the wick will ignite the mixture 
of gas and air resulting from the incompleted combustion, 
and that the flame will travel down the ascending column 
of gas, re-igniting the candle. A similar principle under- 
lies the action of the suction-gas producer now used on 
many gas-engines. 

A paraffin gas-producer has now been evolved on the 
lines of a suction producer in so far that a portion of the 
oil supplied to it is partially burnt, but, unlike the case of 
the ordinary producer in which anthracite or other coal 
is ,& portion of the heat generated in the partial 
combustion may be utilised to vaporise an excess of the 
fuel, so that a mixture of producer-gas enriched with oil 
vapour can be admitted to the engine. By keeping the 
percentage of vapour sufficiently low it is possible to 
avoid the difficulties which occur by the clogging of 
rings and the deposition of carbon when paella oil is 
used direct in the ordinary petrol-engine. 

Further hope of using heavier and cruder fuel lies in 
the adaptation of the Diesel principle to the ordinary 
form of automobile engine. The efficiency of the Diesel 
engine has now been brought to so high a pitch that 
engines of 500 horse-power are built with a guaranteed 
consumption of crude oil as low as 0.42 lb. per brake 
horse-power per hour at full load. The Diesel engine, 
however, as at present constructed, is unduly heavy, and 
some time must elapse before it has been sufficiently 
modified to be of suitable weight without having lost 
the effisiency obtainable in its heavy form. Not only is 
the Diesel principle in its 4-cycle modification a possible 
rival to the ordinary Utto cycle-engine, but the same may 
occur with the 2-cycle Diesel, to which some considerable 
amount of attention is being devoted at the present time. 
Another rival in the field to these engines at some future 
time will undoubtedly be the internal-combustion turbine. 
In 1884, in a lecture on turbines given by Professor 
Unwin before the Institution of Civil Engineers, the 
difficulty in the way of the construction of a steam- 
turbine was tersely summed up by him in the follow- 
ing words :— 

**So soon as we can find a material strong enough and 
durable enough to stand an excessive speed of that kind 
(1000 ft. per second), so soon we may have steam-turbines 
much smaller and cheaper and not less efficient than 
ordinary steam-engines.’ 

After the successful progress made by the steam- 
turbine, and its development as predicted by Professor 
Unwin, it has gone on until it has passed the recipro- 
cating steam-engine in economy. A very similar predic- 
tion could be made at the present date in regard to the 
internal-combustion turbine, modified in this respect, 
however, that temperature as well as velocity are the 
factors to be considered. An efficient rotary pum 
working as a reversed turbine, is also an essential to the 
commercial solution of the problem, and this, in a 
highly efficient form, has yet to be evolved and per- 

‘ected. 


Improvements in Transmission.—Many attempts have 
been made to obtain transmissions which eke either 


variable in speed, or not merely variable in speed, 


This diffi- | has ; 
former President of this Institution which promise | 





but which also give facilities for storing excess of 
energy in the motor, and utilising this stored 
when required. The latter class has been fully dealt 


with by my predecessor in the ehair, and the former | 
been developed at the present time by another Pro 


immedia*‘e fruition. 

Improvements in Materials of Construction.—Not only 
have steels and aluminium alloys been improved in their 
ultimate tensile strength and in those other physical 
qualities necessary for the safe employment of such 
materials if constructional work, but increased know- 
ledge has been obtained as to the proper treatment which 
these materials should undergo in order to give the best 
commercial results. The heat-treatment of steels, whether 
for oil tempering or case-hardening. the proper treatment 
of aluminium aiee in order that the properties of the 
a mixture may be retained in the castings, and the 
diffusion of knowledge of rubber treatment and vulcanis- 
ing outside the highly specialised tyre factories, are 
instances in point. There are, however, certain possi- 
bilities in the case of steel which may yet have to be 
considered. It has been found that metallic tantalum 
has very great hardness and power of resisting wear by 
abrasion ; it is recorded that an attempt to drill a tantalum 
sheet by means of a diamond drill run at 5000 revolutions 
per minute for 72 hours resulted in a penetration of the 
metal to the extent of } mm. only, and was accompanied 
by considerable wearing of the diamond tool. Now, if 
we suppose that the surface of a prepared piece of steel 
could be treated with tantulum in the same way as it can 
be treated with carbon in the ordinary case-hardening 
operation, and that, in fact, it could be superficially 
coated with a firmly adhesive coating of metallic tantalum, 
it should be possible to reduce any bearing surfaces so 
treated to dimensions hitherto unapproached under the 
heaviest loading. In other words, whereas the ball-bear- 
ing may be narrower than the plain bearing carrying the 
same load, a bearing dependeftt for its rubbing surfaces 
on a material so much harder could be made still 
narrower, and accompanying the narrowing of the 
bearings a large reduction in weight could be effected 
in many instances. 

Constructional Material.—The treatment of ductile 
materials has up to the present taken the form of draw- 
ing into wire and tube, and rolling into plate and bar, so 
that the forms available have been A cece of uniform 
cross-section or of uniform thickness. For many pur- 

the tube is an extremely efficient constructional 
lostee 3 the ordinary bicycle affords one of the best 
examples of its utility in obtaining a light and rigid 
structure capable of carrying a heavy load while subjected 
to considerable shock; but nearly half the difficulties in 
bicycle construction, apart from those of the bearings 
(solved, as in the case of the motor-car, by the ball-bear- 
ing) were encountered in the difficulties of making tubes 
of sections other than cylindrical, of making them tapered, 
and, above all, of joining the various elements in such 
manner that strength was not sacrificed at the joint. 
Attempts to use tube for heavier and larger construc- 
tional work have also been made, and a company was 
formed for producing tubular frame railway goods wagons. 
The facilities at present existing for preparing and join- 
ing the ends of channel sections, and the absence of 
such facilities in the case of tubes militated greatly 
against the success of the type. For the standards 
carrying the trolley wires of the electric tramway 
ee steel tubes are used, and it is a matter J roomed 
only of a few years before tapered tubes will become 
more generally available as constructional material. 
The instances to which their use would apply are 
numerous and obvious. 

Cellular Structures.—The distribution of a given mass 
of metal into that form in which it will carry the greatest 
load in bending when employed as a beam of given span, 
or the greatest load in compression when employed as a 
strut, is in each case dependent on ability to resist buck- 
ling due to failure under compression, rather than to 
actual failure under compressive stress. The stiffening of 
beams and struts against such failure is a matter studied 
by the big bridge builders, and it is in large bridge work 
that one finds the problem of tubular construction 
seriously considered. In the case of light struts and 
structures, particularly the parts of aeroplanes, were it 
possible to construct such parts of cellular form, and of 
metal of high tensile and compressive strength, it is 
obvious that the weight of many structures could be 
reduced greatly below that which is at present attain- 
able. The difficulty in the problem lies in the joining of 
one piece of thin metal to another without sensibly im- 
pairing its physical qualities. For certain classes of work 
of large section, electric welding has been available, and 
by its aid good work has been done ; for others acetylene 
welding is being tried at the present time, and it would 
appear that there isa field open for research on the con- 


struction of beams and struts of minimum weight in | 


which the elementary forms are produced from thin sheet 


or tubes, joined by such methods as are commercially | 


available. 

In concluding this broad and Se ene survey of recent 
progress, and the possibilities of the immediate future, it 
ap to me that the development of the automobile 
vehicle for the next decade lies most largely in the hands 
and heads of the Y agg a members of the profession who 


are @' in the design of vehicles and their acces- 
sories. long the lines laid down by their observation, 
and the intelligent conclusions drawn therefrom, the 


evolution of the vehicle will in a great measure take 
place. Broad and striking advances in any particular 
direction ap) likely only to affect certain classes of 
vehicles, and it is not probable that such will come into 
general use until they have been tried by the test of time 
and found commercially proved. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 
WE give below a list of colonial and forei 


engineerin 
jects, for some of which tenders are J 


‘ ; ed. Further 
information concerning them can be obtained from the 
Commercial Intelligence Branch, Board of Trade, 73, 
Basinghall-street, London, E.C. 

Canada : The Imperial Trade Correspondent at Toronto 
reports that the Toronto shipyards, covering about 4.76 
acres, are for sale. There is water on three sides for 
vessels to come in. © premises contain railway 
switches, shops, boiler and engine, and are equipped 
generally with machinery for shipbuilding. 

Spain: The issues of the Gucetu de Madrid of Septem- 
ber 24 and 25 contain notices to the effect that Cortés, 
Guillén y Compajiia have applied to the Direc cién General 
de Obras Piblicas, Ministerio de Fomento, Madrid, for 
concessions for the construction and working of secondary 
railways from Caceres to Trujillo and from Trujillo to 

an. The Gaceta of September 26 announces that 
a concession has been granted to the Sociedad Minas de 
Cala for a railway from Zufre Station to Santa Olalla. 
Construction work is to be begun within three months, 
and completed within 30 months, from the date of publi- 
cation of the concession. 

German South-West Africa: With reference to the 
notice on pages 307 and 308 of the Board of Trade Journal 
of August 17, relative to the vrojected construction of a 
new pier at Swakopmund at a cost of 2,500,000 marks 
about 125,000/.), H.M. Consul at Liideritzbucht (Mr. E. 

iiller) reports that the contracts for the construction 
of the pier have been signed, and work is expected to be 

n at an early date. 

exico: The Diario Oficial of September 9 notifies 
that a concession has been granted to Sefiores D. Cusi é 
Hijos to utilise 12,000 litres (2770 gallons) of water per 
second of the Cupatitzio River, in the State of Michoac:in, 
for the purpose of carrying out irrigation works. Twelve 
months are allowed in which to complete the work. 

The Netherlands : The Nederlandsche Staatscowrant of 
October 3 contains a notice to the effect that tenders will 
be opened on October 17 at the offices of the Ministerie 
van Kolonién (Technisch Bureau), The Hague, for the 
supply of metal superstructures, with accessories, for 
sixteen railway bridges, Specification No. 547; locking- 
bolts, fish-plate bolts, &c., Specification No. 548 ; 880,100 
cast-iron cramps, ification No. 549; 427,800 rolled 
and galvani spikes, Specification No. 550; 374,400 
cast-iron sole-plates and $48,500 cast-iron cramp-plates, 
Specification No. 551; steel spiral springs, Specification 

o. 552; strengthening-plates, Specification No. 553 ; 
and spare parts for wagons, axle-boxes, axles, bearings, 
wheels, Specification lit. I. 17. Copies of the specifica- 
tions ag tang gen from Mart. Nijhoff, Lange Voor- 
hout 9, © Hague, on payment of 2 gulden (3s. 4d.) each 
for Nos. 547, 551, 552, and lit. I. 17, and 1 gulden (1s. 8d.) 
each for Nos. 548, 549, 550, and 553. 








CATALOGUES. 

Flame Arc-Lamps.—A leafiet dealing with their 
‘* Standard ” flame arc-lamps, for direct and alternating- 
current circuits, has reached us from the Globe Electric 
Company, Limited, 11, Farringdon-avenue, E.C. Prices 
are quoted for the lamps, and for accessories such as 
resistances, auto-transformers, carbons, &c. 


Linings for Blast-Furnaces.—From Messrs. Jarvis, 
Brothers, Limited, of Middlesbrough, we have received 
a card illustrating the application of ‘‘ Erkrath” carbon- 
lining blocks to a modern Eontinental blast-furnace having 
a daily capacity of 500 tons. The carbon linings are 
used for the hearth, well, and bosh of the furnace, fire- 
brick being employed for the base and shaft. 


Tobin Bronze.—From the Ansonia Brass and Copper 
Company, 99, John-street, New York, U.S.A., we have 
received a small booklet relating to their Tobin bronze. 
The booklet describes the properties of the metal, and 
gives instructions for ordering and using it. The results 
of tensile, crushing, corrosion, and other tests are included, 
together with a selection of testimonials from users. 


High-Pressure Gas-Lighting.—From the James Keith 
and Blackman Company, Limited, 27, Farringdon-avenue, 
E.C., we have received a pamphlet relating to the use of 
their high-pressure gas-lighting system in textile mills. 
The pamphlet contains several reproductions of photo- 
graphs of the interiors of textile factories taken at night 

y the aid of Keith light. Some testimonials from the 
proprietors of these factories are also included. 


Drill-Grinding Jigs.—The Standard Machine Works, 
Limited, of Spring Close, Lenton, Nottingham, have sent 
us a copy of a pamphlet entitled ‘‘ Notes on Drilling. 
Besides these notes, the pamphlet contains an illustrated 
description of the ‘‘ Reliance’’drill-grinding jig(Crowther’s 
patent), which, it is claimed, enables twist-drills to be 

und accurately on any ordinary grinding-machine, 
athe or grindstone. Instructions are given for fixing 
and using the jigs, which are made in two sizes dealing 
respectivel with drills up to 1 in. and 2 in. in diameter. 
We have received from the same firm a leaflet giving 
iculars of a handy tool for accurately sharpening all 
inds of small drills by hand. The appliance consists of 
@ carriage mounted on two rollers an a with a 
holder set at the correct angle. The drill is clamped in 
this holder, so that its point projects below the carriage 
between the two rollers, the drill being adjusted by means 
of a screw until its point just touches the whetstone on 
which the device is placed. Grinding is effected by 
—— the carriage backwards and forwards on the stone, 
the drill being fed downwards oo screw as required. 
The appliance is suitable for drills of all s:zes between 
yy in. and ;; in. in diameter. 
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‘«‘ ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


8 ABSTEAOTS OF RECENT PUBLISHED SPECIFI- 
OATIONS UNDER THE AOT OF 1907. 

mber of views given in the Specification Drawings is stated 
Tae eater feel esas © eotetel tees on 
the N éc., 

eiap arent, ‘ames, 
may be obtained at the Patent Office, Sale 
Build Chancery-lane, W.C., at 


uli 
Where inventions are 
of the Dem ry are 


ELECTRICAL APPARATUS. 


7631/11. Siemens Brothers Dynamo Works, Limi- 
ted, London. (Siemens Schuckertwerke G.m..H., Berlin, Ger- 
many.) Polyp) Series Motors. [2 Figs.) March 27, 
1911.—Electric motors for working lifts, cranes, capstans, and 
the like are most conveniently braked, when the weight descends, 
by an electrical method. This invention comprises a method of 
braking polyphase series motors controlled by the displacement 
of the brushes, and, according thereto, the motor operates as a 
generator when the load reverses the direction of running and 
causes energy to be returned to the supply mains. If a polyphase 
series motor is driven against the direction in which it rotates 
as a motor, without changing the connections, it operates as a 
polyphase series generator. is can effected very simply, 
by gradually increasing the angular displacement of the brushes 
from the short-circuit position. The turning couple on the motor 
becomes gradually less until it is overpowered by the couple due 
to the load, so that the motor turns in the direction of the plain 
arrow. Theory and practice have shown that polyphase series 
generators can only be self-excited when the direction of the 
displacement. of the brushes from the short-circuit position 
coincides with the direction of rotation. This will be the 
case when the load descends and the brush displacement is 
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increased, if the connection of the brushes is not changed. 
The frequency of the self-excited currents of the polyphase 
series generator has no relation with the frequency of the 
supply mains to which the hine i ted. They have, 
on the other hand, a frequency of their own, which is directly 
proportional to the speed of rotation of the rotor, and is also 
dependent on the brush displacement an4 the winding relations 
between the rotor and stator. Consequently the order of rotation 
of the phases of the self-excited currents depends on the direction 
of running of the rotor, and, as shown by the plain arrow, will be 
in the opposite direction to that of the supply mains, which 
corresponds with the normal direction of running of the motor. 
The self-excited currents wiil always have a much lower frequency 
than the currents in the mains, on account of the speed of the 
motor, which is confined to low values during the braking opera- 
tion. Both these sets of currents may overlap and flow in the 
mains without any mutual interference, and the self-excited 
braking currents will give up their energy to the mains. Since 
the frequency of these braking currents is very low, the mains 





will act almost as a short circuit for them, so that a very powerful | 


braking effect is produced, and the braking action can be adjusted 
to any required extent. (Accepted August 16, 1911.) 


LIFTING AND HAULING APPLIANCES. 


7138/11. Sir William Arrol and Co., Limited, and 
E. Jullien, Glasgow. Derrick-Cranes. [1 Fig.) 
March 22, 1911.—This invention relates to high derrick-cranes, 
especially adapted for use in shipbuilding yards where the area of 
working is large and the height required very considerable, and 
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of the kind in which a mast has fitted at the top thereof a jib 
arranged for movement around a vertical axis, and having a track 
or guideway for a trolley adapted to run therein and support the 
load. According to this invention, the trolley for supporting 
the load is adapted to run in an inclined track or guideway. The 
crane comprises a mast A fitted at the top with a jib B, including 


| a lower boom C which affords an inclined track D ; the jib B is 


arranged to be slewed by a motor and worm gearing carried on a 
platform E. A trolley F, from which the | is supported as by 
means of a rope passing round guide-pulleys, is arranged to run 
on the track D, the trolley F being movable the length. of the 
boom C. and ble of being retained in any desired position 
intermediate the ends of the boom. The trolley F is driven by a 
rope adapted to be wound on and unwound from a drum driven 
by gears from the same motor as serves for slewing the jib B, or 
any other motor. (Accepted July 26, 1911.) 

MINING, METALLURGY, AND METAL- 

WORKING. 

and E. Josephs, 
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1100/11. F. Stroude 
Thermo-Electric 
—This invention relates to thermo-electric pyrometry, and com- 
prises a system of compensation for “cold junction ” temperature 
which depends for its action upon an arr t of conductors 
of different resistance temperature coefficients similar to a 
Wheatstone bridge, in which the potential difference of two 
diagonally opposite points is always equal to and in opposition 
to the “‘ cold junction” thermo-electromotive force. a}, a! are 
| resist posed of material having a large temperature 

coefficient of resistance. a, a? are similar resistances having a 
different resistance temperature coefficient. A represents the 
terminals of an instrument or apparatus for measuring potential 
differences (and thus giving a measure of the temperature of the 
“hot junction”). P represents the thermo-couple ; C represents 
a source of direct current; R represents a rheostat for the 
purpose of adjusting the current from C. The resistances 
al, a}, a2, a2 are mounted in close proximity to the “‘ cold junc- 
tion” of the thermo-couple—as, for example, inside the terminal 
head of the pyrometer. In this arrangement, ‘‘ cold junction” tem- 
perature iscompensated for as follows :—The resistances a!, a}, a2, a? 
are adjusted to be of the same resistance value at the particular 
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| 


, “‘cold junction ” temperature for which the indicator is calibrated. 
The resistance values of these resistances are so chosen with regard 
| to their resistance temperature coefficients and the current from C 
| that the potential difference of the two points K, L varies directly 
| a8, and is in opposition to, the change in electromotive force 
| generated at the ‘‘cold junction,” due to its temperature being 
| above or below the standard temperature. To vary the limits of 
the range covered by the measuring apparatus the resistances 
a!, a), a”, a are arranged so that, at the standard “ cold junction” 
temperature, the potential difference between the points K, L has 
a value equal to the “‘hot junction” electromotive force at the 
temperature T, which is required to be the inferior limit of the 
indicator scale. This potential diffetence opposes the ‘hot 
junction” electromotive force, so that at a temperature of “‘ hot 
junction” equal to T no current passes through the indicator. 
The values of the resistances are also so chosen with regard to their 
resistance-temperature coefficients that, for an increase of ¢ in 
“cold junction” temperature, the potential difference between 
the two points K, L shall be diminished by an t which is 
equal to the increase in “ cold junction ” electromotive force, and 
for a decrease of ¢t in ‘‘cold junction” temperature this potential 
difference shall be increased by the tame amount. A “centre 
zero” instrument can also be used, in which case the temperature 
T represents the centre point on the scale. (Accepted July 26, 
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| $911.) 
MOTOR ROAD VEHICLES. 
19,122/10. F. Probert and A. Probert, Lianelly. 
| eels. (2 Figs.) August 15, 1910.—In accordance with this 


| invention, a wheel is divided in the plane of rotation into two 
halves, each half of the wheel being distinct in iteelf, and com- 
| prising half of the rim, fellce, spokes, and hub, the two halves of 
| the rim on which the tyre is mounted being so made that when 
the wheel is assembled the bottom of the half rinis overlap so as 
to avoid pinchin 
chamber. @ and b are the two halves of the wheel, and are 
adapted to be secured together by bolts and nuts. One half of 





the wheel is 
having asho 
which is rigidly secured to the other half of the wheel. 
cates a screw-cap adapted, when the wheel is fitted together, to 
be screwed tightly on to the threaded portion of the hub e¢. 
Mounted upon one half of the felloe j is one half of the rim k, one 
portion of said rim having an overlapping portion, adapted, when 
the two halves of the wheel are assembled, to lie in the recess 
formed in the other half of the rim, so preventing the inner tube 
of the tyre from being pinched or damaged when placing the 
August 2, 1911.) 


same thereon. (Accepted 
Lanchester, Birminghom. De- 
{2 Figs.) August 8, 1910.—This invention 


18,630/10. F. W. 
relates to detachable wheels for road vehicles, and consists, in 
brief, in applying to a road wheel a construction of hub 
and bearing containing at once the essential bearing and keying 
elements proper to its function either as driving or steering 


r 
Ba adapted to receive the hollow hub portion h, 











London. 
Pyrometer. {1 Fig.) January 16, 1¥11. | 


or otherwise damaging the inner tube or air- | 


‘ovided with a hub portion ¢, screw-threaded, and | 
i indi- | 


wheel. The invention also consists in an arrangement of the bear- 
| ing and keying elements such as to render the process of applying 
| the wheel to either the driving or steering axles selective, so that 

the elements and parts automatically perform their required 
| functions according as the wheel may be applied to the steering 
| or driving axle. In the construction of the invention illustrated, 
| which is applicable to the road wheels of an automobile vehicle, a 
| hub A is constructed containing two ball-bearings B and C of the 

usual annular type, and which will be referred to as the inner and 

outer bearings yay The inner bearing is of larger dia- 
| meter in its bore t the outer bearing, and in the barrel of the 
hub, in the between the two bearings, keyways D are cut, or 
other provision is made to convey the torque from the driving 
axle E to the hub body A. The difference between the keyway 
diameter and the bore diameter of the hub is less than that 
between the bores of the inner and outer bearings, so that the 
keys or castellations with which the driving-axle is furnished can 
pass freely through the inner bearing when the wheel is being 
2 in position. The steering-axle is not fitted with keys, 

ut ia turned smaller than the bore in the hub, so that when 
the wheel is fitted to the steering-axle there is no driving connec 


Fig. 1. 
a 








tion. When the wheel is fitted to the driving-axle, the inner 
bearing takes its seat on the end of the axle-frame F, a turned 
snout being provided, and thus it forms the main axle-bearing ; 
the outer end of the axle is turned a clearance and the wheel is 
centred upon the keywayed portion, so that the outer bearing is 
functionally inoperative. When the wheel is applied to the front 
axle (Fig. 2), both inner and outer bearings are seated on portions 
of the axle G and H ctively turned to receive them, and no 
contact exists between the axle and the hub directly. On both 
rear and front axles the wheel is secured in place by a nut on the 
axle end; but whereas in the former case (on the rear axle) the 
nut J takes its bearing on the hub itself, or on a cover directly 
bearing on the hub, in the latter (on the front axle) the nut K 
grips the inner element of the outer bearing to a shoulder formed 
on the axle, or so that it performs the function of a thrust-bearing. 
The selective action of the nut in gripping the hub when the wheel 
is applied to the driving-axle, and in gripping the thrust when 
applied to the steering-axle, is automatic, the P 

which the outer bearing is gripped being omitte 
axle. The nuts for steering and driving-axles ma 
of different di ters and pitch t tica 
correct one being used. (Accepted July 26, 1911.) 


15,989/11. Daimler-Motoren-Geselischaft, Unter- 
turkhe Germany. Change-Speed Gears. [1 Fiy.) 
July 12, 1910.—This invention relates to change-speed gears for 
motor-propelled vehicles of the kind in which the motor shaft can 
be clutched to a co-axial spindle in the gear-box, the spindle 
supporting slidable toothed gears. The motor shaft carries a 
pinion which is in constant mesh with a pinion on a spindle 
carrying non-slidable gear-wheels. The invention consists in 
arranging the driven sheft co-axially with the spindle of the 
non -slidable gear- wheels, a pinion upon the driven shaft 
being arranged in constant engagement with a pinion on the 
spindle of the slidable gear-wheels. a@ is the box for the 
ceango-cpeed gear ; ) is the motor-shaft, and c is a driving pinion 
fixed thereon. Within the driving-wheel ca beering is provided 
for one end of a spindle d, which is co-axial with the shaft ), and 
carries the sliding-gears f, 71, f%, as well as a pinion g, which is 
fixed on the spindle d. A counter spindle h, co-axial with the 
driven shaft i, is arranged — with the spindle d, n this 
spindle A the wheels k, k!, k2 are mounted, and the spindle h 


rolongation by 
on the driving- 
y have threads 
ly ensure the 
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| 
} 
| rotates relatively to the driven shaft i. The latter is connected 
to a sleeve J, running in a bearing in the casing a, and carrying 
| within the latter a pinion m, which is in constant mesh with the 
| pinion g on the spindle d. The highest speed is obtained by 
sliding the gear-wheel f into en, ment with the driving-wheel 
| ¢, and thereby causing the spindle d to be driven at the same 
speed as the motor-shaft b. The motion is transmitted from the 
indle d to the sleeve / through the ene g, m, and the shaft- 
sleeve | revolves the driven shaft é. e shaft iis connected with 
the driving-gear, which transmits the motion to the road-wheeis. 
| A lower speed is obtained by sliding the gear-wheel / to the right, 
so that it comes out of en ment with the driving-wheel c and 
into gear with the wheel k. The driving-wheel c now transmits 
motion to the spindle h through the pinion & thereon. The 
motion is transmitted from the spindle / vo the spindle d by means 
of the pinions k, f, and the spindle d to the sleeve | by means of 
the pinions gy, m. By sliding the gear-wheel /1 into mesh with the 
wheel k!, or the gear-wheel (2 into mesh with the wheel &, the 
speed is altered according to the gear ratios of those wheels. 
(Accepted August 2, 1911.) 


RAILWAYS AND TRAMWAYS. 


29,600/10. J.P. racquet, London. (J. N. Curtis and 
E. D. Sampson, Hubli, /ndia.) Apparatus. [4 Figs.) 
December 20, 1910.— This invention consists in improved 
apparatus for automatically adjusting the brake-gear to com- 

neate for wear of the brake-shoes, so that the stroke of the 

rake-operating piston will remain substantially constant not- 





} 
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| 
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[Ocr. 13, 1911. 





withstanding wear of the brake-shoes, Two stepped or toothed 
cams 1,2 are employed, one, 1, is pivotally mounted on the power- 
arm 4 on the brake-shaft 5, that is, in the case of vacuum-brake 
apparatus, operatively connected with the piston of the brake- 
cylinder by means of an arm ; the other, 2, is mounted on the end 


of the main pull-rod 7 of the brake-gear, being shown pivoted 
on @ projection 8 at the end of the pull-rod 7. e pivot of the 
cam 1 works in a slot 9 in the pull rod 7. The cam 1 is preferably 


a double cam, and may consist of ,a steel casting. Steps 10, 11, 
12, 13, 14, and 15 are formed on the end faces of each side wall of 
the casting, and the cam 2 works between these side walls ; 
17, 18, 19, 20, 21, 22, and 23 are teeth on the cam 2, The teeth of 
the cams are so arran that each succeeding tooth is at a 
greater radial distance from the pivots than the ing tooth, 
and the teeth on the cam 1 are formed so that their faces, which 
are adapted to ry pin 24 carried by the end of the ops 
rod 7, will give a di t thrust on the pin and consequently a 
direct thrust to the pull-rod 7in applying the brakes, each of the 





(29606) 


said faces being preferably at a right angle to a radial line from the 
pivot of the cam. The teeth of the cam 2 are rounded at their 
outer ends, and a stop 25, fixed to the power-arm 4, is adapted to 
engage between the teeth of thiscam. In working, assuming the 
brake-gear and adjuster to be in the normal position, and no wear 
on the brake-shoes, when power is applied to the arm 6 for 
putting on the brakes, the lowermost step 10 of the cam 1 
engages the pin 24, which is thus actuated to apply the brakes. 
During this operation a sliding movement of the stop 
25 on the tooth 18 of the cam 2 takes place. When the 
brake-shoes have become worn to a predetermined extent, the 
travel of the pull-rod 7 increases to such an extent that the tooth 
18 of the cam 2 drops over the stop 25, so that the space between 
it and the next tooth 19 is then in engagement with the stop 25 ; 
in the return movement of the pull-rod 7 in releasing the brakes, 
the cam 1 will also drop so that its second step 11 will then be in 
en, ment with the pin 24, the working length of the pull-rod 
being thus shortened by an amount corresponding to the wear 
that has taken place on the shoes. (Sealed September 21, 1911.) 


5596/11. Siemens Brothers and Co., Limited, 
London, (Siemens. and Halske Aktiengeselischaft, Berlin, 
Germany.) Signaiting Apparatus. [3 Ms.) 
March 6, 1911.—In the specification of Patent No. 19,558, of 1907, 
an electrical blocking apparatus for railway signals is described, 
in which the downward movement of the scape segment into the 
blocking position is effected by its own weight when the plunger- 
rod is Ao a> ange so that the segment is moved out of engage- 
ment with the anchor which forms the armature of the electro- 
magnet. The present invention relates to a development of this 
arrangement by which the circuit of the current for unblocking 
the panels, which work in conjunction with that at which the 
plunger-rod is depressed, cannot be closed should the scape seg- 
ment for any reason not complete its downward movement. The 
supervision, according to the invention, depends, on the one hand, 
mechanically on the downward movement of the plunger-rod, 
which movement cannot be completed so as to close certain block 














contacts if the scape segment has not fallen, and, on the other 
hand, the operation is electrically supervised, since the electric 
circuit is only completed when a contact has been closed by the 
actual movement of the scape segmert into a definite tion. 
The pivot on which the ent a turns is carried by a lever b ; at 
the lower end of this lever is a cam slot 7, in which engages a pin 
rigidly connected with the epee e. When the plunger-rod e 
is depressed, the pin attached thereto at first slides down the slot 
d without duglating the lever } to which the pivot of the ent 
is fixed. On the further depression of the plunger-rod, the in 
enters the inclined part of the slot d, the lever b, and with it 

segment a, is moved to the left, so that the teeth of the segment 
no longer engage with the ets of the anchor g, and the seg- 
ment a then moves down by its own weight into the tion 
required for blocking. The mechanical supervision over this con- 
dition of the blocking apparatus is effected by an arm 2 attached 
to the plunger-rod e, since this arm meets a projection y of the 





scape segment, should the latter fail to descend into the lower 


position. This condition is shown in Fig. 2. In this case the aoupe 
segment is either forcibly brought into the blocked position by the 
further depression of the plunger-rod ¢, or the latter.is prevented 
from completing its down movement and the blocking con- 
tacts q1 and g2 cannot be closed. The electrical supervision of 
the condition is also shown in Fig. 3, where the circuit S of the 
operating current is led over a contact r, closed by an insulated 
projection z on the scape segment only when the scape segment 
isin its lowest position. (Accepted July 26, 1911.) 

2608/11. Edgar Allen and 
and E. Larmuth, Sheffield. Points. and 
(5 Figs.) February 1, 1911.—This invention relates to tramway 

ints and the like which are made of manganese steel or other 
hard metal, and consists in the arrangement and combination of 
parts and appliances, by means of which .the movable tongue, 
which has a portion of its heel formed with diagonal vom § be 
prevented from rising out of the groove of the point-box, and by 
means of which it may be adjusted and retained in position bot 





longitudinally and transversely, and comprising adjusting screws 
¢, é placed at an angle of 45 deg., or thereabouts, on both sides of 
the heel of the tongue a, and nuts J, / inserted into recesses, 
through which the adjusting screws are screwed, and locking-nuts 
1, 1 placed on the outside of the adjusting screws ; liners f, f at 
the ends of the adjusting screws, adapted to the angle and curva- 
ture of the enlarged part of the heel of the tongue, and recesses 
k formed in the body of the point b for obtaining access to the 
ends of the set-screws, with lids j, j. (Accepted August 2, 1911.) 


4397/11. Oesterreichische Daimler-Motoren-A.G., 
Wiener-Neustadt, Austria. Overhead Trolley-Wire 
Construction. [2 Figs.] October 22, 1910.—The object of the 
invention is to enable a railless electrically-propelled vehicle, to 
which current is supplied by a contact-trolley, to cross the over- 
head conductor of an ordinary electric tramway in which in the 
trolley-wire of a tramway a movable gate is arranged and is 
characterised by the feature that the gate consists of two movable 
strips in line with the trolley-wire, which, being pushed aside by 
the trolley-hauling cable of the railless vehicle, lets it pass. 
The whole construction is supported by a bow-shaped frame 1 to 
which are secured also the insulating supports for the conductors 
3, 3 of the contact trolley 4 of the railless vehicle. The two inter- 








(4397) o> 8 
rupted ends 5, 5 of the ordinary trolley-wire are attached to the 
frame 1. To enable the trolley-wheel 7 to pass over the break, the 
gap is bridged by one or two pivoted strips 8, 8. ese strips 

ave hinges which permit them to revolve in a horizontal plane, 
and are normally pressed into line with the trolley-wire 5 by 
springs attached to arms which extend beyond the hinges. As 
is shown by Fig. 1, this construction allows the trolley-wheel 7 to 
pass smoothly over the bridged gap in the trolley-wire 5. If a 
railless. yehicle is to cross the tramway its collecting conductor 
and pendulum 12 will push the strips 8 aside as indicated in 
Fig. 2, yntil the conductor and pendul can pass through the 
gap. Then the springs return the strips 8, 8 to the initial position 
n line with the trolley-wire. (Accepted August 23, 1911.) 


SHIPS AND NAUTICAL APPLIANCES. 


23,575/10. G. G. M. Hardingham, London. (Hart- 
mann and Braun, Actiengesellschajt, Frankfort-on-Main, Ger- 
many.) Gyroscope - Com: {5 Figs.] October 11, 
1910.—A gyroscope intended for employment as a course indi- 
cator, and constructed with a Foucault tendency, the effect of 
which is to maintain a constant parallel position in relation to, 
and turning in the same sense as, the earth's axis, is, when used 








hinh a inf 





on " d by variation in the speed, and in the 
direction of the vessel, that a deviation in the vertical axis results ; 
i reduce this disturbance to a practically 
permissable quantity, gyroscopes having very great periods of 
oscillation in the vertical axis have had to be employed. The pre- 
sent invention relates essentially to gyroscope-com s with 
Foucault tendency designed to secure a short period of oscillation 
concurrently with a reduction in the deviation due to the disturb- 


Co., Limited, F. Bland, | & 
‘oin’ ‘J. = 





ing influences before referred to. According to this invention, 4 
further field of force os symmetrically on all sides to the 
vertical axis is added to the effect of the force of gravity ; such 
further force, without interfering with the free revolution of th 
gyroscope - compass on its vertical axis, exercises an influenc 
which tends to reduce the period of oscillation, and at the sam: 
time to reduce any deviation due to disturbing influences. Th: 
drawing shows peep men and by way of example a con 
structional form with an electro-magnetic auxiliary field. The 

roscopé consists of the massive disc m, which is mounted to 
revolve freely in the rim 7, and is driven electrically. The rim ; 
is connected with the vertical axis a in order that it may free], 
revolve in its bearing, and is supported by a float g which dips 
into @ reservoir of mercury g. low the rim r is contrived the 
auxiliary field of force, which is here supplied by an electromagnet 
e constantly in circuit, and acts upon the armature p fixed to a, a 
certain distance above its poles; the magnet being constructed 
in aan so as to offer practically no resistance to the turning 
of its armature with the axis a. It is necessary to protect this 
electromagnet against the effect of the pitching and rolling move- 
ments of the ship, and in this connection the customary devices 
serve. For instance, either the whole ~ oy frame t, or the 
part on which the electromagnet ¢ is fixed, can Be suspended on 
the Cardan Eek or the part can be supported on a plate 
which is continually kept horizontal by a pposial gyroscope system 
as is diagrammatically shown. (Accepted July 26, 1911.) 


17,068/10. The Hon. C. A. Parsons and S. S. Cook, 
weastle-on- e Marine Propulsion. [7 Fig:.| 
July 18, 1910.—This invention relates to marine turbine installa- 
tions, and particularly in the arrangement by which the thrust 
propelling the ship is transferred from the parts which are 
generating this thrust to the structure of the ship. Instead of 
providing thrust-blocks or balancing surfaces subjected to fluid 
pressure, it is common practice to arrange that this thrust is 
taken, wholly or partly, by the Poe wate of the steam between the 
rotor and the turbine-casing and transmitted by the latter to the 
structure of the ship. In such cases, the balancing thrust of 
the fluid has been arran to roximately proportional to 
the torque, and therefore approximately proportional to the thrust 
of the propeller at all powers. It is found, however, especially 
where cruising or additional turbines are ee that difficulty 
may be experienced in thus effecting the balancing of the thrust, 
and the object of this invention is to provide a solution of the 
difficulty. The invention consists in a marine turbine installation 
having additional or cruising turbine parts connected to a pro- 
peller-shaft by couplings so arran that the additional thrust 
roduced by the added power of such turbine parts may be 
nced in these parts or transmitted to suitable absorbing 
means. The form of coupling adopted is immaterial so long as it 
fulfils the condition that it shall —— between two portions 
of a line of shafting, a thrust which is proportional to the torque 
transmitted between these portions. Such couplings usually have 
two co mi rts with engaging surfaces, such as teeth, 
the inclination of which surfaces is determined so as to give the 
required ratio between the thrust exerted between the two portions 
of the line of shafting, and the force which, acting at the radius 
of the component parts of the coupling to produce rotation, gives 
the torque. it is required to transmit by the coupling. A coupling 
fulfilling the above condition is shown in Fig. 1, in which the shaft 
portion a is transmitting its torque to the other portion b, the 
rotation being clockwise when looking from a to b. The two 
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shaft portions are connected by intermittent claws or teeth c, d 
having helical faces projecting at the proper helical 1 from a 
pair of concentric sleeves ¢, /, respectively, carried by the shaft 

rtions a,b. A particular application of this invention is shown 
in the marine installation diagrammatically illustrated in Fig. 3, 
and comprising one or more cruising turbines ¢ for use at low 
powers, coupled to the shaft of one or more main turbines uv. At 
all powers the propeller-thrust due to the map generated by the 
main turbines is approximately balanced by the steam-thrust in 
these turbines, or in any other suitable manner. When, however, 
some or all of the cruising turbines ¢ are in use, it will be seen that 
additional power is generated and the propeller-thrust conse- 
quently increased on the shaft on which these turbines are 
moun In the construction hitherto adopted, this addi- 
tional thrust has been absorbed by the main turbine thrust-block, 
or, in some cases, has been transmitted by a rigid coupling between 
the shaft of the cruising turbine and the shaft of the main tur- 
bine, and balanced by the steam-thrust: in the cruising turbine 
itself. Both these methods of absorbing the extra thrust are 
objectionable, as in the first alternative, the main turbine thrust- 
block is subjected to a considerable force, while in the second the 
use of a rigid coupling prevents the adjustment of the cruising 
turbine-rotor with regard to its stator, and differential expansions 
of the two turbines lead to increased leakage losses in the cruising 
turbine. According to the present invention, both these disad- 
vantages are overcome. Thus in the installation shown, the shaft 
portion a, on which the cruising turbine ¢ is mounted, is con- 
nected to the main shaft portion 6 of the main turbine u by a 
flexible coupling », as ali described. The e ting faces of 
such a counting are designed to produce a thrust which substan- 
tially balances the additional propeller-thrust due to the torque 
developed by the cruising turbine ¢. The thrust thus trans- 
mitted by the coupling v from one shaft portion b to that driven 
by the cruising turbine ¢ is thus equal, or substantially equal, to 


the additional propeller thrust which, in the arrangement illus- 
trated, is anced by the steam thrust in the ous ees. 
8 free to be 


By this means the cruising turbine ¢, it will be seen, 1 
moved axially so that its axial clearances can be adjusted by its 
own adjusting block without undue pressure, and, further, 
without interfering with the adjustment of the main turbine w. 


(Accepted August 2, 1911.) ’ 
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CRANE SPECIFICATIONS. 
By Epwarp G. FIeceHen. 


TecunicalL specifications for new machinery may 
be of two kinds : that issued by the customer (or 
his consulting engineer), and outlining his require- 
ments; and again, that put forward by the 
manufacturer, setting forth the capabilities and 
desirable features of his goods. The chief aim of 
the purchaser, when issuing a stringent and 
detailed specification, is to establish a definite basis 
of comparison whereby the various proposals sub- 
mitted to him may be impartially judged. The 
manufacturer’s specification, upon the other hand, 
is drafted in such a manner as to demonstrate in 
an attractive manner the value he offers for the 
price quoted, The wording of each type of specifica- 
tion is usually so arranged as to form a convenient 
basis of a subsequent contract when. necessary. 
The clauses of a purchaser’s specification may be 
divided broadly into two parts :— 

1. A description of the established local condi- 
tions to which the machine must be made to 
conform. 

2. An indication as to the manner in which the 
machine required should be constructed in order to 
meet with his approval. 

In the installation of some kinds of machinery 
the local conditions can be modified to a certain 
extent to suit the selected machine, but in the case 
of cranes this is rarely the case. It is, however, 
with the constructional requirements of such speci- 
fications that we are more particularly concerned in 
what follows. 

The tendency in all branches of manufacture at 
the present time is indisputably in the direction of 
standardisation ; great efforts are made by experts 
to ascertain conclusively the best method of attain- 
ing a certain end under existing conditions. The 
knowledge thus obtained enables a definite standard 
of comparison to be established, which, being recog- 
nised by buyer and seller alike, greatly facilitates 
the processes of inquiry, tendering, manufacture 
and testing. As classical examples we may instance 
the universal acceptance of the Whitworth standard 
for screw-threads, and that proposed by Professor 
Morse for the taper shanks of drills. It is difficult 
to realise the chaotic state of affairs that would 
result if, by some means, these two standards were 
made unavailable, since so much depends upon 
their universal acceptance. 

The labours of the British Standards Committee 
afford further examples of such standardisation, and 
there can be no doubt that their wide adoption has 
resulted in great benefit to all parties concerned in 
the manufacture and use of the items already 
standardised. For example, it is recognised as a 
sine qué non of modern manufacturing, having 
regard to the increasing importance attached to 
quick delivery, that an adequate supply of material, 
and also of finished component parts, should be 
kept in stock at all times, to enable quick deliveries 
to be confidently guaranteed. If, therefore, the 
manufacturer can feel fairly confident that the bulk 
of his orders will be based upon recognised standard 
specifications, he will have no hesitation in main- 
taining such a stock, obviously to the benefit of the 
purchaser, both in the matter of prompt delivery 
and of uniform excellence of the product that is 
thereby rendered possible. 

As a contrast, we may ask ourselves what stock 
of twist-drills, for instance, a maker would be likely 
to carry if no definite standard for the shanks of 
such drills was in existence ? 

Turning now to larger units, we note that boiler- 
makers have an important standard of comparison 
in the Board of Trade Rules, upon which both 
inquiries and tenders can be based. In the field of 
electrical engineering, again, it is possible by an 
intelligent reference to accepted standards of tem- 
perature rise, overload capacity, insulation resist- 
ance, and so forth, to obtain tenders for a dynamo 
upon an entirely satisfactory basis ; and other 
instances of the value of accepted standards will 
readily occur to the reader. 

The scope of crane-building has increased to such 
a remarkable extent during the last few years, and 
now involves so many distinct industries, that we 
are able to avail ourselves to a certain extent of 
the standards of each, so far as they apply ; 
but the fact remains that for crane-work pure 
and simple very few standards are available, and 
that upon many points of vital importance no 
general agreement exists at all. It is therefore a 
daily experience for the estimator to be confronted 


with voluminous specifications obviously drawn 


| Im the case of an electrically-driven crane 


|up with great care, and at no small expense, con- absurdly severe tests are frequently specified in the 


taining stringent requirements with regard to 
details of construction, but through the provisions 
of which, in spite of all, the traditional ‘‘ coach- 
and-four” could be driven, owing to their haziness 
upon basic requirements alone. 

As a violent contrast to such the writer may, 
perhaps, mention an inquiry reading as follows :— 
‘* Please quote us for a crane to lift 5 tons—must 
be stout”! 

One of the chief points in connection with cranes 
upon which uniformity is urgently needed is their 
‘*rating” expressed in tons capacity, and further 
agreement is required as to the most suitable pro- 
portion between this ‘‘ rated load” and a recognised 
** test load,” the ratio depending to some extent, 
of course, upon the service for which the crane 
is intended, just as the allowable stress upon gear- 
teeth is made to depend upon the working speed. 
It is a remarkable fact that the majority of crane 
inquiries make no mention of a test-load, and hence 
for a ‘*10-ton crane” we find that one maker will 
offer a machine equal to a test of, say, 124 tons, 
whilst another will put forward in good faith a 
smaller size, tested to 10 tons, possibly at a lower 
figure. 

Since the allowable working stresses in the 
various members of a crane structure are fairly well 
understood, they afford a satisfactory basis for 
specification clauses, provided, of course, that the 
important effects of inertia-loading inthese machines 
is not overlooked. 

It would seem natural, therefore, to define the 
‘** rated tonnage ” of a crane as that of the maximum 
working load that the crane is designed to handle 
under normal conditions, and without exceeding the 
specified safe working stresses in any part. The 
ratio of the ‘‘ test-load”’ to the above would depend 
to a great extent upon the possibility of the normal 
load being exceeded occasionally by accidental cir- 
cumstances, and it is possible that different test- 
loads should be imposed, the lighter to prove the 
power of the gearing, &c., and the heavier the 
structural strength of the framework. In any case, 
as in boiler practice, care should be taken that the 
nature of the test is not so severe as to inflict per- 
manent injury upon any part of the crane. In this 
connection the writer has in mind an official specifi- 
cation that required the 25 per cent. overload to be 
lowered freely through 6 ft., and then arrested by 
the brake. 

In this instance it seems hardly possible that the 

person responsible for the clause was fully aware 
of the extreme severity of the test contemplated, 
and no doubt a comparison of tenders submitted 
upon such a basis would be an interesting study in 
the relative conscientiousness of the firms quot- 
ing. 
As an example of the need for reliable standards, 
it may be said that in hand-crane inquiries it is 
quite the exception for the force required at the 
handles to raise the maximum load to be men- 
tioned. The number of men required for the 
work is certainly specified in some instances, but 
as estimates of a man’s working capacity vary by 
at least 100 per cent., this information is hardly 
scientific, and a great divergence in the designs 
submitted is to be anticipated. 

Again, in the case of steam-cranes it is equally 
rare for speeds of working to be mentioned inthe 
average inquiry. As a matter of fact, the nominal 
sizes of the engines offered by the leading makers 
for ordinary cranes do not differ materially, but 
inasmuch as the port area provided by one maker 
will very possibly be twice that offered by a com- 
petitor, the speeds of all the motions will be 
materially increased, and the former crane in this 
respect represents better value for the money. 

A further example of looseness in definition is 
to be found in the term ‘height of lift,” as 
applied chiefly to overhead cranes. Some makers 
provide sufficient rope to enable the lifting-hook 
to be lowered to touch the floor, whilst others 
consider that if the hook is arranged to descend 
to within 2 ft. of that level, it is sufficient for 
all practical purposes. This lack of agreement as 
to the bottom limit frequently leads to misunder- 
standings. 

Again, we often find a high nominal factor of 
safety specified in connection with wire ropes, 
without any restriction as to nee of rope or 
the diameter of the barrel or pulleys over which 
it works, whereas it is well known that both these 





factors profoundly affect the real margin of strength. 


|matter of the temperature rise of the motors, 
| owing, undoubtedly, to a misconception of the 
conditions under which the machines work. The 
| tendency is to dissociate the motors in such cases 
| from their gear, for the purpose of testing for tem- 
perature rise, whereas it would seem more rational 
| to stipulate that the entire crane should be tested 
by dealing continuously with its test-load for a 
| definite time, the temperature rise of the motors at 
|the end of the period not to exceed a specified 
|amount. Such specifications will frequently contain 
clauses calling for exceptional insulation resistance 
| tests upon the motors, and possibly the controllers 
also, but ignoring altogether the insulation resist- 
'ance of the crane as a whole, which, it may be 
| added, is occasionally dangerously low, due to 
careless wiring. 

The foregoing remarks will, we trust, serve to 
indicate to some extent the scope that exists for 
| improvement in connection with the termsemployed 
in specifications covering cranes of ordinary types. 
Special cranes will always be required, but even in 
connection with these many items of a standard 
specification would apply. With respect to the 
bulk of crane inquiries and orders there can, how- 
ever, be no doubt that a definite understanding 
between buyer and seller with regard to the mean- 
ing of many of the terms now so loosely employed 
would result in a better state of things generally, 
and it would then be possible to consider all tenders 
for a job upon a level basis. The purchaser, on his 

rt, would have the unaccustomed satisfaction of 

nowing with fair accuracy what he was going to 
get for his money, and there can be no question 
that the labour of the estimator would be materially 
lightened, since the necessity for mastering a nicely- 
printed, but somewhat hazy, dissertation upon crane 
construction would not be, as now, the inevitable 
prelude to dealing with a goodly proportion of his 
inquiries. 
here can also be no doubt that an inquirer who 
referred to a standard specification as outlining his 
requirements would obtain more favourable prices 
than the compilers of the neatly-bound treatises 
previously mentioned. There will, of course, 
always be heretics ; but at the present moment, 
unfortunately, we have no true faith, and are com- 
pelled to worship many strange gods. 








FEED-WATER HEATING AND SUPER. 
HEATING ON LOCOMOTIVES.—No. V. 


Tue CoMBINATION OF FrED-WateR HEATING AND 
Waste-Gas SUPERHEATING IN SERVICE. 


In our last article* a description was given of the 
feed-heating and superheating apparatus fitted to a 
class of engines working on the Upper Egypt 
section (420 miles in length) of the Egyptian State 
Railways. The class was composed of thirty-five 
engines, and sixteen of them were fitted with heaters 
in the early part of 1910. With a view to ascertain- 
ing the value of Mr. Trevithick’s system applied in 
this way on a considerable scale, the General 
Manager arranged for an extensive trial to be made 
between the heater and non-heater engines of 
this, the ‘‘612,” class. These trials corresponded 
to regular service working on the Cairo-Luxor 
division. The Upper Egypt main line is made up 
of three sections—viz.: Cairo-Minieh (154 miles); 
Minieh-Sohag (138 miles) ; Sohag-Luxor (128 miles). 
Hereafter, for simplicity, these will be termed 
Sections I., II., and III. respectively. Section I, 
only is double line, the remainder being single, and 
worked on the staff system. The trains covered 
by the test were two fast trains ae each way, 
known asthe Upper Egypt expresses. The running 
is naturally fastest on Section I., though, deduct- 
ing stops and slacks, the timing on the two other 
sections is also fairly good. Section I. the 
154 miles is covered in 3 hours 57 minutes, with 
three intermediate stops of together from 12 to 17 
minutes. Over Section II. the trains are timed at 
5 heurs 19 minutes for the 138 miles, with 10 slacks 
for staff changing, and 11 stops. On Section ITI. the 
timing is 4 hours 45 minutes for 128 miles, with 
7 staff slacks and 13 station stops. 

The coaling of the engines for these tests was 
altogether in the hands of the stores, as is ordinarily 
the case on these railways; but in order that stricter 
check than usual might be kept on this important 





* See page 445 ante, 
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TABLE VI.—Resutts or Service TRIALS BETWEEN FreD-HEATING AND SUPERHEATING ENGINES AND ORDINARY 


ENGINES OF THE ‘‘612” CLASS ON THE UPPER 


Section L. 


Number of engines with or without heaters... 3 with | 6 without 


Aggregate train-mileage .. ‘ -| 18,172 18,172 | 
Average tare behind tender - tons) 302.6 | 301.6 | 
Coal Consumption. | | 

Average pounds per mile ee os es 202.6 | 87.8 | 
Economy in favour of heater engines _p.c. 21.7 | 
Average pounds per ton-mile .. .. 0.0977 | 0.1255 


is] 
tw 


L 


Economy in favour of heater engines p.c. 


item, all coal was weighed into sacks at Cairo, 
sealed, and despatched thence for use. Engines 
were stationed at Cairo and Sohag, and coaling was 
only done at these two places, a sufficient number 
of sacks of coal being given to cover the outward 
and return journeys. ‘The stores staff was specially 
augmented at Sohag, and at Cairo special arrange- 
ments were also made by the stores department to 
ensure accuracy in the records, and proper treat- 
ment of the engines throughout the trial. The 
coal recorded per double trip included twice 
lighting up, once at the home shed after wash- 
ing out, which is found advisable after every 
double trip, and once after standing for a period, 
not less than ten hours, at the out-shed. The 
Cairo engines worked between that station and 
Minieh. From Sohag one set of engines worked 
to Minieh and back, and another set to Luxor and 
back. Locomotive inspectors were delegated at 
Minieh and Sohag to see that instructions for 
the trial were properly observed. The accuracy of 
the coal consumption records was thus adequately 
assured ; equal care was taken with the recording 
and independent checking of the tare weights of 
the trains worked. The test extended to an aggre- 
gate of 88,480 miles run, of which 36,344 train- 
miles were worked by the engines on Section I., 
27,048 train-miles by engines on Section II., and 
25,088 train-miles by engines working Section III. 
In addition to the rather shorter distances, the 
mileage on Sections IT. and III. was also affected 
by an unavoidable delay in supplying Sohag with 
the necessary amount of weighed coal, so that 
on these sections a start was only made at a later 
date than on Section I. In considering the results 
it must be borne in mind that the proportion the 
lighting-up coal bears to the total used has a 
distinct influence on consumption figures, and 
the varying nature of the service, in the three 
sections, also affects comparisons. For these 
reasons most of the figures have been abstracted 
for each section separately. The principal results 
are given in Table VI., herewith, from which it will 
be observed that on the ton-mile base the lowest 
economy recorded in favour of the heaters in these 
trials, which conformed in every respect to service 
working, was just over 22 per cent. In Sections IT. 
and Ill, where stops were more frequent than in 
Section I., the consumption naturally went up for 
all engines. The increase was less marked with the 
heater than with the non-heater engines. In ex- 
planation of this some remarks are made below. 
The consumption figures in pounds per mile for Sec- 
tions II. rom III. compared with those of Section I. 
show, moreover, the shiive influence of station stops 
and slacks. For Section II., with ten slacks and 
eleven stops, the increase in consumption is not so 
marked as in Section III., with seven slacks and 
thirteen stops. 

Combined for the complete trial over the whole 
of the Upper Egypt Division main line, an economy 
of 23.7 per cent. in coal per ton-mile was realised, 
as also shown in Table VI. in the last columns. 
Incidentally it may be noted that this figure exceeds 
that cited for the Trevithick system, during the 
discussion at the Institution of Mechanical Engi- 
neers, on Mr. G. Hughes’s paper on ‘‘ Compounding 
and Superheating.* The trials were at that time 
actually in progress, and the figure of 22 per cent. 
saving was purposely quoted. so that all risk of error 
on the side of exaggeration should be avoided. It 
will be remembered, however, that the speaker on 
that occasion stated that there were indications that 
that figure would be exceeded. This proved to be 
the case, while, as will be subsequently shown, results 
still better than those indicated in Table VI. are 
now obtained with the system. 

Some explanation may ap to be necessary 
with regard to the exceptional uniformity of the 
train-loads. The four trial trains were purposely 











* See ENGINEERING, vol. lxxxix., page. 501. 


Eeyrt Division, Ecyptian State RAILways. 


\Sections I., II, & III. 





Section II. Section IIL. 
5with |5 without 8with 7without|| 16 with 18without 
13,524 13,524 12,544 12,544 44,240 | 44,240 
300.6 | 30L.8 300.5 302 Q 301.8 
32.5 | 430 33.6 448 31.6 41.4 
24.4 25. | 2 a 
0.1082 | 01427 0.1110 | 0.1390 i 0.1047 | 0.1373 
24.1 25 | 23.7 





Taste VII.—Coal Consumptions of Feed-Heating and 
Superhenting, and of Ordinary, Engines, Upper Egypt 
Division Trials, Classified according to Tare Train- 
Loads Behind Tender. 


Coal Consumptions. 
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kept of the same composition during the period 
covered by the trials, except that from time to time 
an extra coach was added to each. During the 
earlier part of the test the trains were of normal 
load—i.e., about 260 tons tare behind the tender. 
After a time they were increased up to 308 tons, 
and subsequently to 337 tons. Finally the trials 
were extended in Section I., when the load behind 
the tender was made up to 362 tons tare. Table VIT. 
gives the results classified according to tare train- 
loads behind tender. The influence of stops is 
still more clearly brought out in this table than in 
the previous one, in the figures given for Section ITI. 
The consumption of the non-heater engines on 
Section III. is high for all loads compared with 
that of engines on Section I., and the coal used 
increases rapidly with the load in the case of these 
engines. With the heater engines, however, neither 
the additional stops nor the increase of load have 
nearly so marked an influence on consumption, 
though, of course, there is an appreciable rise. 
For this section with light loads the non-heaters 
record 42.9 lb. of coal per mile, compared with 
36.7 lb. with similar loads in Section I., a difference 
of 6.2 1b, per mile. With heavier loads the figures 
are 47.1 for Section IIL., and 38.4 for Section I.— 
a difference of 8.7 lb. The difference between the 
consumption at light and heavy loads in Section III., 
with many stops, is nearly 5 lb. for the non-heater 
engines, but for the heater engines there is under 
1 1b. per mile difference. 

A scrutiny of the figures for the individual engines 
engaged in the test shows their performance to be 
wonderfully uniform, with one or two small excep- 
tions, so that the results as given are in all proba- 
bility reliable. It may be stated that though built 
to the same drawings, these engines were constructed 
by three different makers, of which one was a 
British firm and two were Continental. Curiously 
enough, there is, at loads of 300 and 337 tons, a 
slightly smaller consumption for the British non- 
heater engines compared with the other makes; but 
the engines were not distributed sufficiently evenly 
for reliable conclusions to be drawn on this point, 
which, of course, is in no way cognate to the 
present subject. 

In order to consider the trial in a sufficiently 
broad aspect for it to be of practical value, account 


'must be taken of the time-keeping qualities of the 
two types of engines at different loads. During the 
trial proper the total amount of lost time which 

'can in any way be debited to the steam-generating 
power of the engines was only 224 minutes. Two 
insignificant delays of 1 minute each are eliminated. 
This amount of lost time was made up of 15 delays, 
and, for the 628 trains handled, gives an average 
of less than 214 seconds on journeys averaging 
141 miles, which, it must be allowed, is a very credit- 
able record. When the matter is gone into in 
slightly more detail the performance shows up 
better still. The 224 minutes were made up of 
78 minutes lost by the non-heater engines, and 
146 minutes lost by the heater engines. Of the 
latter, however, 81 minutes were dropped on one 
day, due to exceptionally bad weather. If this be 
considered as a case apart, the time lost by the 
heater engines is reduced to 65 minutes, so that 
for the range of loads prevailing during the trials 
proper there was little amiss with either class of 
engine. With the heaviest loads of all, however, 
for which the trials were specially prolonged in 
Section I., quite a different result is shown. With 
these loads of about 362 tons, the non-heater engines 
lost, in 80 journeys of 154 miles, a total of 216 
minutes, against 40 minutes for the heater engines, 
or more than five times the amount of time lost by 
the one as by the other. An average of a }-minute 
delay per journey of 154 miles is an excellent 
record for the heater engines when taking a load 
more than 39 per cent. in excess of the normal for 
the class. 

As confirming the results of these Upper Egypt 
tests, the figures given in Table VIII. have been 
abstracted from the railways’ registers, and show 
the practical value of the apparatus. The figures 
for heater and non-heater engines for the same 
period (nine months in 1910) confirm in a remark- 
able manner the results of the Upper Egypt 
test. Not only is the system serviceable in this 
way, but it has provided the means of handling 
additional train-loads. The greater average load 
taken by heater-fitted engines, brought out clearly 
in Table VIII., shows that advantage has been 
taken of this regularly. 

TaBLe VIII.—Service Results Abstracted from Registers. 


Economy 


Average 
r jin Favour 


Tare Load Coal 








Year. on" Behind Ton-Mile. | of 
Tender. Heaters. 
|- 
tons Ib. per cent. 
19°99 (16 engines before fit-| 240.2 0.1692 
ting with heaters } 29.0 
1910 (Same engines after fit-| 263.5 0.1201 
ting with heaters \ 26.1 
1909-10 |19 engines not fitted J _ 
with heaters. . «s 246.4 0.1626 
9 months 16 engines fitted with) 266.6 0.1194 ) 
1910 heaters 23.7 
9 months 19 engines not fitted J — 
1910 with heaters. . os 246.4 0.1565 | 


| 


The possibility of realising economy with waste- 
gas superheating having been so frequently dis- 
puted by some locomotive engineers, a test extend- 
ing over 13,500 train-miles was instituted on the 
Egyptian State Railways, to determine to what 
extent the saving resulting with engines fitted 
with the Chief Mechanical Engineer’s system was 
due to the feed-water heating, and what due to the 
superheating of the steam. For this purpose two 
engines, of average performance in the foregoing trial, 
were fitted up, the one with the standard exhaust- 
steam feed-heaters for this class of engines, and 
the other with a smoke-box superheater only. At 
the end of this trial it was found that the con- 
sumption of one engine figured out to within 
0.0003 lb. per ton-mile of the other. The effect of 
one part of the combination is thus apparently as 
great as that of the other. Reference to Fig. 12, 

ge 445 ante, will show that this may reasonably 
™ expected. From Fig. 12 it is evident that, 
providing the base figures of the argument which 
it illustrates were fairly chosen, about half the 
advantage would be due to the feed-heating and 
about half to superheating. It is rather interesting 
that the figures for these tests suggest that, although 
the saving due to each part separately is so nearly 
identical, together they show a saving rather less 
than double the amount each shows singly, which 
is exactly what one would expect. : 

Each part of the combined system contributes to 
the relief of the boiler. Ona former occasion we 
have shown to what an extent feed-heating to high 
temperatures by waste products lessens the work 
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of the boiler, and similarly, though to a reduced 
extent, feed-heating by exhaust-steam alone, as 
is done in the Egyptian State Railways’ com- 
bined system, reduces the necessary heat input. 
Superheating, by reducing the rate of output, also 
lowers the rate at which heat has to be supplied. 
The question of the reduction of the loss by un- 
burnt coal has already been fully dealt with in a 
previous article, where it was shown that a reduc- 
tion in this serious waste was a valuable feature of 
this system embodying an enclosed blast and feed- 
water heating by exhaust steam, since the former 
results in an even draught. and the latter permits 
the use of a large blast- pipe. Both these are 
factors favourable to reduced consumption. 

Impartiality requires note to be taken of the fact 
that, as in other advantageous systems, certain risks 
must be safeguarded against. It is little use 
installing a theoretically good apparatus if in its 
application the engine may in some way be robbed 
of the advantage it offers. In the waste-gas heater 
system we have dealt with in these and former 
articles, the heater tubes, through which the gases 
are drawn, offer a certain amount of resistance, and 
they must be proportioned, and their aggregate 
flue area adjusted, so as to provide sufticiently 
free passage to the gases under the induced 
action of the blast. If the resistance offered is 
greater than it should be, the blast-pipe orifice 
must be reduced, and part of the advantage will 
be lost on account of increased back-pressure in 
the cylinders. The blast being enclosed in a small 
chamber, a comparatively high vacuum is there 
feasible with a large blast-orifice. The resistance 
offered by the heater tubes reduces this vacuum in 
the smoke-box itself to 4 degree only about half the 
usual amount. The feed-heating and superheating 
both reducing the demand on the boiler, this low 
smoke-box vacuum, rather than being detrimental, 
is advantageous, while, as previously pointed out, 
the larger blast-orifice, and, still more, its virtual 
enlargement, due to the abstraction of part of the 
exhaust steam by the feed-heaters, has an extremely 
beneficial effect on the back-pressure in the cylin- 
ders. The gain is a compound one in both directions. 

It will now be evident why the effect of stopping 
and starting with heavy trains is so much more 
marked in an ordinary engine than in one fitted 
with heaters. As is well known, when starting 
with the lever in full gear, in the ordinary engine 
the fire is lifted at each exhaust, and the loss in 
unburnt coal passing out of the chimney is then 
excessive. The heavy pulsations of the blast have 
a most disastrous effect. With the type of smoke- 
box heater used on the Egyptian State tie the 
resistance offered by the heater tubes damps these 
pulsations to a very considerable degree. It is well 
known that a strong, even blast is not nearly so 
wasteful as one with heavy beats, and the heater 
engine benefits by this, but also by the fact that 
the smoke-box vacuum will, at its greatest, be 
much lower than that of an ordinary engine, owing 
to the added resistance due to the heater. The 
pull on the fire is therefore much reduced, and 
the economy shown by the heater engine when 
there is much work to be done at or near full gear 
would naturally be expected to be greater. 

It may be argued that as the system embodies 
a some of this advantage would be 
nullified by the lower efficiency of the heater 
of an engine making many stops. This does not 
apply to the waste-gas superheater as it does to the 
smoke-tube superheater. On the one hand, the waste- 
yas superheater is designed for gas temperatures not 
exceeding, say, 750 deg. Fahr., and whether the 
engine is working or not, the furnace gases must 
pass over and through it and keep it at a tempera- 
ture not far below the working temperature. If 
the jet or the vacuum ejector be at work, the current 
of waste gases passing through the heater is con- 
siderable. In fact, blowing-off the brakes prior to 
starting probably results in the heater being raised 
to working temperature, ready for the incoming 
steam, and the first steam reaching the cold cylin- 
ders is therefore superheated and able to im to 
them some of the superheat. On the other hand, 
the smoke-tube superheater is designed to work at 
temperatures ranging from a maximum somewhere, 
perhaps, in the neighbourhood of 1700 deg. Fahr. 
at the fire-box end, to about 600 deg. Fahr. at 
the smoke-box end. During a stop, however, the 
temperature of the elements tends to fall to that 
of the surrounding water (perhaps as low as 
370 deg. Fahr.), for the damper being then shut, 
the supply of hot gases is practically suspended, 





and the gas still in the tubes gradually falls to the|not so important a matter as it was formerly. 


temperature of the surrounding water, the super- 
heater elements finally giving up their heat also. 
On restarting the superheater has first to be 
heated up, but this is only accomplished after the 
engine has got to work, a lapse of over four 
minutes occurring, according to Mr. G. Hughes, 
from starting till the superheated steam reaches 
the desired working temperature. The result 
is that when the cylinders are comparatively cold 
from inaction, they are fed for a short space of 
time with saturated steam, just when, as a matter 
of fact, superheat would be most advantageous in 
order to warm them up again. This is an unfortu- 
nate feature of the smoke-tube system, which has 
an undoubted effect on the consumption of an engine 
working stopping trains of any class. 

The effect of usage has been carefully watched in 
connection with the heater apparatus used on the 
Egyptian State Railways. As faras can be judged, 
practically no loss of efficiency is found after a 
considerable mileage. In confirmation of this two 
runs may be quoted, made without preparation 
of any kind except the fitting of the necessary 
thermometers. One was made after an engine had 
been at work for only 2716 train-miles, and the 
other after 47,036 train-miles. On the first run 
superheat of 84 deg. Fahr. and a feed temperature 
of 213 deg. Fahr. were recorded; and on the 
second, superheat of 80 deg. Fahr. and a feed tem- 
perature of 211 deg. Fahr., showing an apparent 
drop of 4 deg. Fahr. in the superheat and 2 deg. 
Fahr. in the feed temperature, both very small 
amounts; and, when it is noted that the load in the 
first case was 336 tons behind the tender, and in the 
second 320.5 tons, it will be admitted that even this 
small diminution is much more apparent than real, 
since, as we have shown on a former occasion, all 
conditions tend towards an increase of temperature 
with increased loads. The question of the forma- 
tion of deposit in the exhaust-steam heaters has 
been thoroughly discussed in connection with the 
feed-water heating system previously described. It 
was shown that with high velocity the deposit in 
these heaters did not become at all a serious matter. 
As regards the smoke-box heater, it is found that 
when used as a superheater the tubes remain clean 
of all incrustation, since the salts have been thrown 
down in the previous processes, and are apparently 
only carried over in very small quantities with the 
rush of steam, if atall. The use of this heater as 
a feed-heating appliance does, it must be admitted, 
result in a certain amount of incrustation with bad, 
unsoftened water. For this reason, and also because 
of the smaller risk of the tubes leaking with steam, 
the use of this apparatus for feed-heating has not 
been persisted in on the Egyptian State Railways, 
the combination system having thus certain mani- 
fest advantages. If, for any reason, this form of 
superheating were unnecessary, and feed-heating 
could be used with advantage, a small alteration in 
the usual Egyptian State Railway practice of drift- 
ing and beading the tubes over will ensure their 
remaining tight, though under these conditions the 
men need to be cautioned against flooding the 
smoke-box heater with cold water. In order to 
safeguard against this, live steam may, if necessary, 
be used to warm the feed passing through the 
heaters when the regulator is closed, and, of course, 
the injector is always available if its use be preferred 
then. The question of depreciation will be dealt 
with fully later. 

Before concluding this article, reference may 
appropriately be made to one or two practical 
points in connection with the heater system. Origi- 
nally it was found that these engines, fitted with 
heaters, took longer than usual to light up, this 


being due, of course, to the relatively high resist- | 


ance of the heater to the passage of the gases, when 
neither the blast nor blower is in use. To expe- 
dite the raising of steam, a by-pass or flue-door 
was therefore fitted in the back of the up-take or 


blast-chamber. During lighting up this is opened, 
giving the free access to the chimney, and 
altogether doing away with the former difficulty. 


The heater tubes themselves require no attention 
during working. As already pointed out, they are 
self-clearing. At the sheds ail that needs to 
be done to the heaters is to brush the front tube- 
plate down with a wire brush. This is easily done 
when cleaning the smoke-box. Before the flue-doors 
were fitted the tarry soot carried through the tubes, 
during the early stages of raising steam, tended to 
deposit at the mouth of the heater-tubes. Risk of 
this is now avoided, and brushing down is therefore 





Finally, it may be stated that the exhaust heaters 
are blown through after every double trip or so. 
The frequency with which this becomes necessary 
depends, naturally, on the class of water used, but 
the arrangement is such that it can be done with 
little trouble whenever the engine is over a pit or 
drain. A special clack, already described in Ener- 
NEERING, is fitted for the purpose, with a tumbler- 
cock on the pump side of the first heater, leading to 
the branch pipe directed into the pit. The arrauge- 
ment is clearly shown in Figs. 13, 14, 17, and 18 
of the last article, where notes are given referring 
to the use of the various parts. To blow through, 
the tumbler-cock is first opened, and then the clack 
is raised, allowing both heaters to be blown through 
in series. If the smoke-box heater be used for 
feed-heating, the raising of the clack allows this to 
be cleared in series, of course, with the others. A 
clack is placed on the delivery side of the pump, 
not only to prevent the hot water getting back to 
the pump, but also to prevent dirt from being 
forced back to it along the delivery-pipe when 
blowing through. 

The comparative simplicity of the system is 
evident. All that it involves in the way of know- 
ledge is some acquaintance with the working of an 
ordinary steam-pump, which may very readily be 
acquired. In fact, in the Upper Egypt trials the 
engines were worked by native drivers and firemen, 
who, for the most part, had had no previous work- 
ing acquaintance with the system, the tests being 
commenced practically as soon as the engine» were 
sent out from the shops after conversion. 

In our next article we propose to deal with the 
effect of the experience gained with the 612 class 
of engine, and with trials of Mr. Trevithick’s, and 
the high-degree superheat, system. 








FOUNDRY PLANT AND MACHINERY. 
No. XXXIITI. 


By Josern Horner. 


Pneumatic moulding-machines are favourites in 
shops where an installation of compressed air is 
available. They compete with machines operated 
by hydraulic power. Both systems are suitable for 
either shallow or deep work. Compressed air has a 
slight advantage in one respect—it can be used for 
blowing loose sand away from partings and from 
patterns. 

Figs. 524 to 541, on pages 520 and 521, illustrate 
a power-operated pneumatic machine, the Brook- 
house, manufactured by Messrs. Hodgson Hartley 
(1909), Limited, of Cleckheaton. Though machines 
of simpler designs will be shown later, this will give 
a g idea of the elaboration which moulding- 
machine design is rapidly developing. Fig. 524 
is a front elevation of the machine, Fig. 525 a side 
elevation, Fig. 526 a vertical section in the plane 
of Fig. 525. The remainder of the drawings will be 
referred to as we proceed. In these figures the 
base A is of box form, with cross-ribs to offer 
ample resistance tothe ramming of the moulds. On 
it fits by a planed joint the ramming-cylinder B, 
the draw-cylinders ©, C, C', and the side frames 
D, E. Either of these elements can be removed 
without disturbing the others. The side frames 
have a V-shaped rail planed on the top to receive 
the wheels of the table-carriage or frame F, with 
stop-brackets at each end position. The rails are 
protected by guards a, a. none side frame E 
is formed an air-receiver, from which all connec- 
tions are made. 

The table G, seen enlarged, with its carriage F, 
in Figs. 527 and 528, is planed on both sides, and 
has a recess planed out in the centre, into which 
the pattern-plate fits on lugs at each corner ; this 
allows for receiving patterns on both sides of the 
plate. The recess is seen in Fig. 528, and it 
measures 15% in. by 15% in., planed to a jig (see 
Fig. 542). 

Swinging links H, H at each side of the car- 
riage are attached to the table. The height at 
which it is held is adjusted by lock-nuts irfside the 
dust-proof cases on the swing links, indicated in 
sections in Fig. 527. The table is also free to 
revolve, and to rise and fall when ramming has to 
be done, and it adjusts itself to any inequalities 
of the box edges when being delivered from the 
pattern. The moulding-box fits on the table by 
the pins placed on the centre line, and is clamped 
quickly to it by swivel-hooks at each side. 

The ramming-cylinder B, Fig. 526 (see the en- 
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Fig 534. 
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larged detail, Figs. 529 and 530), placed on the base 
below the table, has a sleeve K, which is free to slide 
vertically over the central part when air is admitted 
by the valve, the stem having relief ports b to 
permit the air to escape when the sleeve is raised 
to its limit. Sheet-metal guards are fitted to the 
outside to exclude sand from the moving parts. 
Brackets L, L at each side are bolted on top (com- 
pare with Fig. 524) with hard-wood strips to strike 
against the table and force it up in opposition to 
the presser-head M over the eaditinn tee. 

The head M is supported from the base by the 
side-bolts N, N. These have each a long threaded 
portion to permit of making vertical adjustments of 
the head to suit boxes of different depths. Wooden 
presser-blocks © are fitted to suit the work in hand. 
They are carried on an intermediate slide P to 
permit of making changes in the heads with 
facility. 

The vibrator J, Figs. 524 and 528, seen in detail 
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in Figs 531 and 532, is bolted against the under- 
side of the table, and is connected to the air-reser- 
voir by rubber tubing. The pressure of air moves 
the centre body from end to end with great rapidity. 
The movement is cushioned by a spring at each 
end, and the air exhausts through the holes indi- 
cated. 

The two outer of the three draw-cylinders C, C, 
Fig. 524 (compare with the details, Figs. 533 to 
539), are connected by rubber hose and small pipes 
to the reservoir. These are used for lifting the 
trolley Q through the medium of the plate S to the 
underside of the box after it has been turned over. 
The centre cylinder C' has an oil-reservoir R on top, 
under the cover-plate S, with a steel tube descend- 
ing almost to the bottom of the centre part, 
Fig 533, through a packed oil-tight gland. The oil 
can enter the tube by gravity past the ball check- 
valve at the top, but can only return through 
the cone-valve, which is regulated by a small hand- 
wheel T at the front. In this way the box and 
mould, after being released from the table, are 
allowed to descend steadily while the sand is 
delivering from the pattern, and to move rapidly 
during the remainder of the descent. The working 








surfaces are protected from the entry of sand by 








cast-iron guards. The reproductions of photographs, | prints, Fig. 549. The steel pin, which is cast in 


Figs. 540 and 541, will assist to the better under- 
standing of the form and details of the machine. 

The operation of the machine is as follows :— 
The moulding-box, provided with an auxiliary sand- 
frame, is filled with sand and pushed under the 
ramming-head, first adjusted for height. The air- 
valve is opened, admitting air at a pressure of from 
80 lb. to 100 lb. per sq. in. to the cylinder B. This 
forces the piston upwards, pressing the box against 
the ramming-head, which compresses the sand. The 
valve is then reversed, shutting off the air and 
opening to exhaust, allowing the box to descend to 
its original position. The box is withdrawn along 
the rails from under the head, the sand-frame 
removed and the sand strickled level, and the table 
and box turned over. The carriage Q is then 
brought up underneath the box by the outer cylin- 
ders C, C, and lowered by the central cylinder C', so 
completing the actual moulding. 





| Fig. 548 
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This machine is made to take a box measuring 
16 in. by 16 in. maximum dimensions. Smaller 
boxes can be employed, and patterns can be used 
on one or on both sides of the pattern-plate, being 
either fitted to it or cast with it. The illustrations, 
Figs. 542 to 551, show the system employed in fitting 
these. Figs. 542 to 544 is a jig, into which the 
pattern-plate is fitted by planing its edges. Itis also 
planed on both sides to g-in. thick, and rests on the 





internal corner pieces. The standard moulding- 
box is shown by Figs. 545 to 547. Two pattern- 
soy are seen in Figs. 548, 549, and 551. The| 

rst carries four patterns for roller-ends. The | 
casting is seen in Fig. 550, which may be compared | 
with the- pattern mountings. On one side of the 
plate the entire rim is carried, and one of the | 
recessed portions down to the disc centre. On| 
the side opposite there is a portion of the bens. | 
The remainder of the boss and the recessed portion 
of the rim on that side is made with a ring core in 
a box, not shown, the core being carried in the flat | 


|than is usually suspected. 


place in the roller, is carried in the long cylindrica] 
prints seen in Fig. 549. Fig. 551 shows the parts 
of a blow-off cock mounted on one plate. The 
body and plug are in halves on opposite sides of 
the plate. The gland is carried on one side only. 
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Notes on Irrigation Works: A Course of Lectures delivercd 
at Oxford, under the Auspices of the Common University 

Fund. By N. F. Mackenzir, Hon. M.A. (Oxon.), M. 

Inst. C.E. London: Constable and Co., Limited. 

[Price 7s. 6d.] 

IN a course of six lectures on such a wide-reaching 
subject as irrigation, delivered to a class of university 
students to whom engineering and geography are 
equally important, it would be impossible to present 
any thorough discussion of the technicalities which 
make this subject one of the most difficult with 
which the engineer has to deal. The lecturer, or 
author, has aimed rather at exhibiting the principles 
which underlie the construction of a scheme of 
irrigation, the conditions that render its introduc- 
tion economically desirable, the methods employed 
to meet the varying circumstances that obtain in 
regions of defective rainfall, and the mistakes to 
be avoided. It is a book that is not addressed 
solely to the technical student ; it should be widely 
read, for it presents an outline of the history of the 
processes by which irrigation has acquired its use- 
fulness and proved its importance, both in India and 
in Egypt. It isa subject especially interesting to 
the sociologist and the economist. The author 
recognises this interest, and devotes one whole 
lecture to the consideration of the revenue derived 
from water-distribution, the justness of its inci- 
dence, and the fairest methods of collection. A 
particular value attaching to this sketch as a 
whole arises from the fact that we are listening 
to one who has taken part in the actual work 
described, and who, by his experience, is able 
to present the principles and methods of 
irrigation in their most practical and modern 
aspect. He has suffered the consequences of sound 
scientific principles being disregarded, and while 
admitting the necessity of attention to pure theo- 
retical formul:e, knows that these must be modi- 
tied by the physical conditions of the country or 
accommodated to meet financial and other con- 
siderations. 

The simplest sources of water supply for irriga- 
tion purposes are rivers which overflow their banks 
in the flood season and inundate the lower-lying 
country. The most familiar example is that of the 
Nile. As a rule, however, the banks must be 
higher than the surrounding country, owing to the 
greater portion of the silt in the muddy waters 
being deposited when the river loses its velocity 
on overflowing the banks; consequently inunda- 
tions would occur only at the time of high floods, 
and would spread irregularly over the land, accord- 
ing to variations of level. To overcome this initial 
difficulty, and to construct a machinery that shall 
be able to supply to arid regions the quantity of 
water wth on account of the deficient natural 
supply, is the whole problem of irrigation. It is 
one to which a great deal of ingenuity has been 
applied, and from which a very satisfactory return 
has accrued. 

As the author points out with quite proper 
emphasis, the drainage requires as much attention 
as the supply, since the neglect of this important 
point can be attended with disastrous consequences. 
By insufficient drainage the level of the subsoil 
water may rise so high that water-logging ensues, 
the soil is rendered impervious to the roots of most 
plants, whilethe deposition of a saline efflorescence 
permanently impoverishes the soi]. It seems 
axiomatic, when reminded of the consequences, that 
drainage of low-lying lands must go hand-in-hand 
with irrigation, but its importance has often been 
overlooked. So late as 1883, when the control of 
the irrigation system of Egypt came into our hands, 
the neglect of this obvious and fundamental prin- 
ciple of preventing any obstruetion of the natural 
drainage led to a large acreage being thrown out 
of cultivation, and the expenditure of a very con- 
siderable sum to remedy the evil. It might be 
thought that not more water would be given to the 
fields than the crops could transpire in the course of 
growing to maturity. This ey is much larger 

n this country, where 
the evaporation is not excessive, a field of mangold 
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will return to the atmosphere as much as 1200 tons 
of water per acre, or 12 in. of rain, a not incon- 
siderable portion of the total received. Ina dry 
climate, when a man can get abundant water, 
there isa temptation to use it freely ; and to prevent 
mischief from over-irrigation, drainage has to 
be carefully considered. On the other hand, it 
is possible to carry drainage too far. The subsoil 
may be robbed to such an extent that wells and 
other economic sources of supply may be rendered 
ineffective. Wells, be it remembered, are second 
only in importance to canals from rivers. In India 
17 million acres are irrigated by canals to 13 millions 
by wells. It is evident that there must be a nice 
ad justment of means to ends to ensure success. 

This adjustment is shown in various ways, gene- 
rally involving the employment of bold schemes 
of construction, which could not have been ventured 
upon when modern irrigation was in its infancy. 
One plan for securing greater uniformity is to dis- 
regard obvious hydrographical boundaries. For- 
merly, the supply from each river was distributed 
to the area which could be commanded by its own 
waters, but now it is found more judicious and 
more economical to divert the surplus water of one 
catchment area to supplement the deficient supply 
in another. For instance, Travancore, on the 
western side of the Ghats, is a rainy district, and 
the excess fall is carried seawards by the River 
Periyar. The arid district of Madura, on the 
eastern side of the range, frequently suffers from 
drought. Consequently a scheme was arranged 
by which the valley of the Periyar could be 
dammed, and the impounded waters carried into 
the Vigai River on the east side by a tunnel pierced 
under the rocky watershed. The tunnel, which is 
fitted with regulating sluices, is more than a mile 
in length, and a volume of 30,000 millions of cubic 
feet of water is annually diverted from the western 
to the eastern side of the Peninsula. In the 
Punjab, again, where the Jhelum, the Chenab, 
and the Ravi are all used for irrigation purposes, 
it is found that, while the supply from the two 
latter is rather scant, the Jhelum can supply its 
own district, with something to spare. Therefore, 
the surplus water of the Jhelum is carried 90 miles 
across country, supplementing existing irrigation 
on its way, and is finally discharged into the Chenab 
just above the head of the canal works. The aug- 
mented Chenab is now in a position to supply an 
extra canal, to be carried boldly across the Ravi, 
notwithstanding the sometimes dangerous fioods of 
this last-named river, into the arid districts of 
Montgomery and Multan. The estimated cost of 
the works is over five millions sterling, and an irri- 
gated area of two million acres is expected. 

Irrigation works soon become remunerative, as is 
shown in the case of Egypt, whose system the 
author discusses after having given some interest- 
ing descriptions of weirs across rivers in India. 
The feature of particular importance is the Egyptian 
scheme for irrigating the land on the ‘* basin 
system,” by which a uniform distribution of the 
fertilising silt as well as of the water is secured. 
To obtain a supply of water at a sufficiently high 
level, advantage is taken of the general slope of 
the Nile Valley, which is about 6 in. to a mile. 
If a canal be constructed with a slope of 2 in. to a 
mile, it will gain 4 in. on the river, and therefore 
at some 15 miles from the head of the canal the 
water in the canal will be capable of flooding the 
country to a depth of 3 ft.; though the ground 
surface at the head of the canal be 2 ft. above the 
water surface. At the same time the water is 
admitted into a series of low-lying basins through 
sluices at the side of an embanked canal, drawing 
its supply direct from the river at the level of the 
highest up-stream basin of the set. ‘‘ A complete 
basin system thus requires two canals : first, a low- 
level canal running parallel to the river and deliver- 
ing to each low-lying basin its fair share of muddy 
water ; and, secondly, a high-level canal, the tail 
of which is syphoned under the head of the low- 
level canal and supplying water to the high-level 
basins near the river bank.” 

The Zifta and other barrages, as well as their 
method of working, are very well described. The 
Esneh, or Isna, dam, completed probably after the 
author had left the service, is barely mentioned. 
Chis latter, however, is of the highest importance, 


for it secures perennial irrigation where previously | 4 


only inundation irrigation existed. This means that 
in addition to producing crops of cereals over a large 
area, & second, or summer, crop of sugar or cotton 
will be possible. If this work were confined solely 





to the engineering side, we should not be able to 
see clearly what has been the result of all this 
labour and capital expenditure. But the author is 
one who has always 
securing an adequate return on the outlay, and 
he gives figures which show emphatically the 
happy results arising from an efficient system of 
control and distribution of Nile waters. ‘‘ The 
cotton crop has increased in value from 7,500,0001. 
to 15,000,0001. The maturing of the maize—the 
peasants’ food crop—has been assured by its timely 
sowing being made a certainty ; the cost of raising 
crops has been lessened by improved means of 
irrigating them; the cultivable area has been 
increased from five to six million acres ; the value 
of land has been more than doubled; and the 
system of forced and unpaid labour, with its atten- 
dant abuses, has been abolished. The capital 
expenditure which produced these results was about 
4,000,000/.” In addition to this may be added that 
in years like 1902, when the annual flood was a very 
poor one, the water stored by the dam at Assiout 
saved a crop to the value of half a million, and 
prevented untold suffering among the poorer 
peasantry. Nor are the resources of irrigation yet 
exhausted. Still more ambitious schemes exercise 
the engineering mind, further water supplies can 
be ten some of which the author considers, 
providing another fascinating chapter in the history 
of irrigation development, into which we regret we 
cannot follow him. 
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The Art of Aviation: A Hand-Book upon — and 
their Engines, with Notes u Propellers. ROBERT 
W. A. Brewer, Fellow of the Society of Engineers, 
&c. With numerous illustrations and dimensioned 
drawings. Second Edition, revised and enlarged. 
London: Crosby Lockwood and Son. [Price 10s. 6d. 


net. | 

Jahrbuch der Schiffbautechnischen Gesellschaft. Zwilfter 
Band, 1911. Berlin: Julius —_ pe Sante.) 

Ia Irrigacién en la Argentina. Por F. A. So.tpano. 
Buenos Ayres: G. Kraft. 

The Design and Construction of Dams, including 
Masonry, Earth, Rock-Fill, Timber, and Steel Struc- 
tures ; also the Principal Types of Movable Dams. By 
Epwarp Wremann, C.E., M. Am. Soc.C.E. Sixt 
Edition, revised and =. New York: John 
Wiley and Sons ; London: Chapman and Hall, Limited. 
[Price 25s. net. ] 

The Railroad Library, 1910. (Second Series): A Collec- 
tion of Noteworthy Addresses and Papers mostly Deli- 
vered or Published during the Year named. Compiled 
and edited by Stason THompson. Chicago: The Gun- 
thorpe Warren Printing Company. 


~ Labour and Apprenticeship. By Recinaup A. Bray, 
te London: Constable and Co., Limited. [Price 
5s. net. 


Shipyard Practice as Applicd to Warship Construction. 
y NeitJ. McDermarip. London: Longmans, Green, 
and Co. [Price 12s. 6d. net. ] 

Syndicalism and Labour: Notes upon Some Aspects of 
Social and Industrial Questions of the Day. By Sir 
Artuor Cray, Bart. London: John Murray. [Price 
6s. net. } 

The Theory of Determinants in the Historical Order of 
Development. By Tuomas Muir, C.M.G., LL.D., 
F.R.S. Vol. Il. Period 1841 to 1860. London: 
Macmillan and Co., Limited. [Price 17s. net. 

Lines inthe Arc Spectra of the Elements, Arranged in the 

Order of their Wave-Lengths. From Wave-Length 

7950 to Wave- h 2200. Compiled by F. STaniey. 

London : Adam Hilger, Limited. [Price 12s. 6d.] 
lytical Mechanics, Comprising the Kinetics and Stati s 

of Solids and Fluids. By Epwin H. Barton, D.Sc. 

(Lond.), Professor of Experimental Physics, University 

—- Nottingham. mdon, New York, Bombay, 

and Calcutta: Longmans, Green, and Co, [Price 

10s. 6d. net. } 





ept in view the necessity of |. 





British Rainfall, 1910. For the Distribution of Rain in 
Space and Time over the British Isles during 1910. 
idited by Huch Ropert M11, Director of the British 
Rainfall Organisation. London: Edward Stanford, 
Long Acre. [Price 10s. ] 

Royaume de Belgique, Ministére de (Industrie et du 
Travail. Le Minimum de Salaire et les Administra- 
sone Publiques en Belgique. Brussels: J. Lebégue 
et Cie. 

The Hunterian Lectures on Colour Vision and Colour 


Blindness, By Professor F. W. Etpriper-Green. 
London: Kegan Paul, Trench, Triibner, and Co., 
Limited. [Price 3s. 6d. net. ] 


Railway Shop Kinks, Compiled under the Direction of a 
Committee of the International Railway General Fore- 
men’s Association. By Roy V. Wricut, Mechanical 
Editor, Railway Age Gazette. London, New York, 
Chicago, and Cleveland : The Railway Age Gazette. 

Geological Surveys of Western Australia. Bulletin No. 41. 
The Geology and Ore Deposits of the West Pilbara Gold- 
field. By H. Woopwarp. With Petrological 
Notes, by Lupwie Guavert. Perth: Fred. Wm. 
Simpson, Government Printer. 

Krompressoren Anlagen insbesondere in Grubenbetrieben. 
Von Dipl.-Ing. Kart Triwes. Berlin: Julius Springer. 
[Price 7 marks. ] 

Maschinentechnisches Lexicon. (Parts 1 to 7 inclusive.) 
Prepared by Ing. Fe.ix Kacrerer. Vienna and 
Leipzig: Verlag Ser Druckerei- und Verlags-Aktien- 

lischaft, vorm. R. v. Waldheim, Jos. Eberle and 
0. [Price 76 Pf. per part—complete in thirty fort- 
—_ y parts. ] 

Et Théorique et Pratique sur les Turbines i Vapeur 
Marines : Fontionnement Thermaque, Construction, In- 
stallation, Appareils Auxiliares—Essais et Réoultats. 
Par R. Letone, Ingenieur-en-Chef de la Marine. 
Paris: Augustin Challamel. [Price 7.50 francs un- 
bound, 10 francs bound. ] 

White's Engineering Pocket-Book, Mechanical and Elec- 
trical, with Notes, Tables, and Formule in General Use. 
By T. P. Wuirr. Wigan: Thos. Wall and Sons, 
Limited. [Price 1s.] 

Proceedings of the Inco ed Municipal Electrical 
Association, 1911. Published under the supervision of 
the Editing Committee. London: Wyman and Sons. 


[Price 5s. ] 

The Soya Bean of Manchuria. By Norman Suaw. Pub- 
lished by order of the Inspector-General of the Imperial 
Maritime Customs, China, II.—Special Series, No. 31. 


London: P. 8. = 0 and Son ; Shanghai, Yokohama, 
and Si re : elly and Walsh, Limited; New 
York: G. f: Stechert and Co. [Price 1.5 dol. silver. | 

Addresses to Engineering Students. Edited by WADDELL 
and HARRINGTON, Consulting Engineers. Kansas City, 
Missouri: Waddell and Harrington. 

Betrachtungen iiber Fahrten und Havarien der Zeppelin- 
Luftkreuzer sowie Vorschlige sum Bau wnd Betrieb 
von Motor-Luftschiffen starren Systems. Von Franz 
Linnotpts. Frankfort-on-Main: Gebruder Knauer. 
[Price 0.80 mark. ] 

The Sewerage of Sea-Coast Towns. By Henry C. Apams. 
London: Crosby Lockwood and Son. [Price 5s. net.] 
Railways and Nationalisation. 4 Epwin A. Pratt. 

London: The Railway Gazette. [Price 2s. 6d. net. ] 





THE TRADE OF OSAKA. 

Osaka has been called the Manchester of Japan, 
and the analogy is justified if we look at the nature 
and the variety of the industries in the two cities. 
From the latest consular report about Osaka we learn 
that the total foreign trade for the year 1910 amounted 
to 8,593, 164/., represented by exports 5,459,658/., and 
imports 3,133, ., the total increase in the trade of 
the year being 1,138,872/., or 15 per cent. over the 
previous year. Notwithstanding this increase, the 
Vice-Consul reports that complaints were common on 
the part of foreign firms as to the increasing difficulty 
of doing satisfactory business, due to the competition 
of Japanese doing a direct import and export trade, 
This feature is a noticeable one in Osaka, where the 
Japanese are gradually extending their direct rela- 
tions with foreign countries, especially with regard to 
metals and textile goods, though the tendency to 
trade direct exists in every line. One striking feature 
was that the imports of raw cotton in 1910 reached a 
figure far in excess of any hitherto, and amounted to 
44 per cent. of the import trade of the port. This is 
partly to be accounted for by the depletion of stocks 
at the end of 1909, and partly by the activity of 
spinning and weaving mills throughout the year. The 
cotton mills during the year ended June 30, 1910, 
consumed 200,652,149 lb. of raw cotton, in the fol- 
lowing proportion :— 


Lb. 
Indian 135,981,380 
American 30,735,421 
Chinese 26,093,545 
Egyptian 6,451,484 


Other nationalities ... 1,390,319 
The consumption of Indian cotton was some 
36,000,000 lb. and that of Egyptian cotton some 
2,000,000 lb. greater than in the previous year, and 
there is an increasing tendency to import raw cotton 
direct to Osaka, instead of through Kobe. The cotton- 
carrying trade to Japan is monopolised by a shipping 
ring, comprising the Nippon Yusen Kaisha, the 
Peninsular and Oriental, and the Norddeutscher 
Lloyd, who carry raw cotton from Bombay to ei'her 
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Kobe or Osaka, at 10s. per ton (regular freight 
rates being 17 rupees, or 1/. 2s. 8d.), under a guarantee 
by the shippers to pay freight on not less than a fixed 
minimum on each voyage. The effect of the large 
import of raw cotton on the amount of cotton yarns 
and goods imported is, of course, very great, as the 
Japanese mills are now able to supply not only a 
great part of the wants of the country, but also to 
produce sufficient to export considerable quantities 
to China and neighbouring countries. The position 
in Japan as regards imports and exports of cotton 
goods has become entirely reversed within the last 
few years; whereas in 1905 there was an excess 
of imports over exports of some 6,500,000 yen, 
in 1910 the excess of exports over imports was no less 
than 7,000,000 yen. There is a rapidly increasing 
demand for woollen goods, owing to the rising scale 
of living, and although the Japanese woollen mills 
have made great progress in recent years, the produc- 
tion is not yet sufficiently great to det the increased 
import of these goods from the United Kingdom and 
Germany. The other manufactures of Osaka are of a 
most miscellaneous kind in the mechanical and chemical 
industries. A large new harbour has been constructed, 
but the undertaking has, as yet, failed to have the 
result anticipated. The cost of construction of the 
harbour, as far as its present stage, has already exceeded 
3,000,000/., from which little return is being reaped, 
and it is to be hoped that the Government will not 
refuse to sanction the outlay necessary for the con- 
struction of the railway, by which alone the harbour 
can become of practical utility to the city. The 
Osaka municipal tramway system has proved a profit- 
able source of revenue to the city, which is yearly 
being brought into closer connection with the outlying 
towns by the construction of electric lines. As in 
other parts of Japan, electric enterprises are greatly 
to the front in Osaka, and many pro Is are being 
made not only for the projuction of electric light, but 
also motive power. There are numerous sources of 
water supply in Japan, and many of these are being 
utilised in a most eflicient manner for the development 
of industries of all kinds. 





COMPOUND DE LAVAL TURBINE AND 
REDUCTION GEAR. 

As is well known, Dr. de Laval was the first to use 
spur gearing for lowering the speed of revolution of a 
turbine spindle to « figure better suited to the require- 
ments of the machine to be driven. The original De 


Laval turbine, it will be remembered, comprised a 
single stage only, and hence the speed of revolution of 











Kia. 2. 


the wheel was very high, ranging from 30,000 per 
minute in small sizes to some 10,000 in larger. Expe- 
rience showed, however, that this system of operation 
was not very suitable for really large outputs, and in 
consequence the De Laval Steam-Turbine Company, of 
Stockholm, are now constructing compartment-com- 
pounded turbines of considerable capacity ; but in the 
case of machines driving direct-current generators they 
are still retaining the reduction gear between the tur- 
bine and generator spindles. One of these new types 
of plant is illustrated above in Figs. 1 and 2. 

tis of 750 kw. capacity. The turbine is designed 
to run at 3000 revolutions per minute, and the gene- 
rator at 750, the required reduction in speed being 
effected by a 4 to 1 double helical spur gear, of which 
a separate view is given in Fig. 2. In essentials the 
gear is similar to that already used so successfully in 
the single-wheel type of De Laval turbine. The pitch 
line speed is, however, much less. A relatively lesser 
width of tooth can therefore be used. The pinion- 
shaft is of considerable stiffness, and is, it will be seen, 
supported on three bearings. The noise produced is 
stated to be very small, and at the official reception 
tests was not greater than that due to the generator. 
The;plant shown has now been running day and night 





for a period of several months, and im a recent test 
with steam supplied at a pressure of 150 Ib. per sq. in. 
and 160 deg. Fahr. superheat, the consumption was 
16.8 lb. per kilowatt-hour. 

The plant has been supplied to the order of the 
Luossavaara-Kirunavaara Company, and is at present 
running in Kiruna. 








CavoasiaN MANGANESE OrE.—A special committee 
appointed by the Russian Ministry for Commerce and 
Cees, for the purpose of considering what measures 
should be taken for the advancement of the manganese- 
ore industry in the Government of Kutais, has completed 
its labours, and arrived at the following results :—In the 
first place, a number of small branch lines should be built, 
by the Crown, from the Tschiatur railway to the different 
manganese-ore mines. Secondly, mechanical appliances 
should be installed to convey the ore from the mouth of 
the pits to the level of these branch lines. The cost of 
these installations is to be defrayed from loans made he 
those interested in the manganese-ore industry, whic 
loans are to be paid back by an ~ aye on o en 

robably about } kopeck per pood. An itional extra 
i kopeck is reqemred by the controlling board of the in- 

ustry in question, 
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TORPEDO-BOAT 
CONSTRUCTED BY 


MESSRS. YARROW AND CO., 


“SORIDDEREN,” 


FOR THE DANISH 


LIMITED, SCOTSTOUN, 


NAVY. 


GLASGOW. 








— 

















WE illustrate above the Danish torpedo-boat Sorid- 
deren, which has just been constructed by Messrs. 
Yarrow and Co., Limited, at their works at Scotstoun, 
near Glasgow, and has completed her official trials with 
most successful results. This vessel is 181 ft. 9 in. long 
by 18 ft. beam, and hasa moulded depth of 10 ft. 4 in. 
High-tensile steel has been used in the hull for those 
portions of the structure which influence the longi- 
tudinal strength of the vessel, and mild steel for 
other portions. The hull is divided into ten main 
compartments : fore-peak, chain-locker, forward crew’s 
space and bow to 0-room, second crew’s space, for- 
ward boiler-room, after boiler-room, engine-room, ward- 
room and officers’ cabins, petty-officers’ quarters, and 
steering compartment. Accommodation is provided for 
five officers (three of whom have separate cabins), eight 
petty officers and twenty-six men. The vessel is also 
installed with a wireless telegraph apparatus. 

The armament consists of two 7.5-cm. quick-firin 
guns, one forward on the raised forecastle deck a 
one aft on the main deck; there are five torpedo 
— —viz., one built into the bow and two on each 
side. 

The machinery consists of Brown-Curtis turbines 
constructed by Messrs. Yarrow, and steam is supplied 
by two of the latest type of Yarrow water-tube boilers 
designed for a working pressure of 265 lb. . The boilers 
are both fitted with Messrs. Yarrow’s latest arrange- 
ment for passing the main feed up the two outermost 
rows of tubes most remote from the fire. This system 
not only increases the efficiency of the boiler, but is 
conducive to the greater length of life of the tubes, as 
any oil carried over in the feed-water is deposited on 
the outside rows uf tubes, which are those furthest 
from the intense heat. The official full-speed trial 
was of three hours’ duration, and was run on the deep- 
water mile at Skelmorlie, at the mouth of the Clyde. 
The mean speed for the three hours was 27.217 knots, 
with between 4700 and 4800 shaft-horse-power, the load 
carried on the trial being 50 tons. The contract speed 
with this load on board was 27 knots. The slow-speed 
consumption trial was run at a speed of 14 knots with 
very satisfactory results, proving the high efficiency of 
the Yarrow boiler, and also the economical results of 
the Brown-Curtis turbine. 

The trials were attended by Sub-Director Adolf, 
representing Captain Tuxen, the Chief Constructor of 
the Danish Navy, Captain H. Wenck, the captain of 
the vessel, and Mr. Henrichsen. It may be mentioned 
that Captain Rasmussen, who was unable to be present 
on the trials, was one of the first to realise the 
gain in speed due to running a vessel in shallow 
water, and great credit is due to him for the valu- 
able investigations he made on thissubject. It is now 
common knowledge that with high-speed craft the 
British Admiralty insist on all trials being run in deep 
water. 





THE LATE SIR W. J. CROSSLEY, BART. 

WE regret to have to announce the death of Sir 
William J. Crossley, in a Manchester nursing home, 
on Thursday, the 12th inst., following upon an opera- 


tion. Sir William Crossley had only been ill a few 
days. In him Manchester loses one of her most active 
citizens. 


Sir William was in his sixty-seventh year. He 








came of Irish parentage, being the second son of the 
late Major Crossley, of Glenburn, Dunmurry, Co. 
Antrim. His early education was obtained at the 
Royal School, Dungannon, and was subsequently com- 
pleted at Bonn. His engineering apprenticeship was 
served in the Elswick Works of Ad Sir W. G. 
Armstrong and Co., where he remained until he was 
twenty-three years of age. Thereupon, in the year 
1867, he entered into partnership with his brother, 
the late Mr. Francis William Crossley, in the starting 
of the Openshaw Works, the firm of Messrs. Crossley 
Brothers ultimately developing into the gas-engine 
manufacturing business now known throughout the 
world. The brothers purchased the patents of Dr. Otto, 
whose name is identified with the one feature which 





— ae 
Photograph by Lafayette, Limited, 


rendered gas-engine development possible in the 
earlier days, and is for most purposes still the best. The 
development of the industry was at first comparatively 
slow, though ultimate success was practically assured, 
the convenience of the new engine for small power 
units vom | indisputable. In the development of the 
engine the late Mr. Francis Crossley was responsible for 
many improvements. The foresight of the two brothers 
in acquiring the Otto patents placed their firm in the 
very front of the industry, giving them a good start 
in the field. Manchester thus had the honour of wit- 
nessing in its midst the early struggles of an industry 
which has had an immense influence on modern engi- 
neering. 

_As one of the founders of so important a firm, 
Sir W. J. Crossley somewhat naturally took an ac‘ive 
part in the life of the city with which his business was 





Manchester has in many ways benefited 


associated. 
by the interest he took in the welfare of those less able 


to help themselves. He was chairman of the Man- 
chester Hospital for ee ag and founded, built, 
and endowed the Crossley Sanatorium for Consump- 
tives at Delamere. In social work he took a very keen 
interest, especially in lads’ clubs, the Y.M.C.A., and 
other organisations intended to turn the youth of the 
country into valuable national assets. 

In 1903 the Corporation of Manchester conferred 
upon him the honour of Freeman of the City. He 
represented the Altrincham Division of Cheshire in 
Parliament from 1906 to 1910, but in the last election 
of the latter year failed to retain his seat. A baronetcy 
was conferred upon him in 1909 by his late Majesty 
King Edward VI1. He was a member of the Cheshire 
County Council and Justice of the Peace for Man- 
chester and Cheshire. He took an active interest in 
the Manchester Ship Canal, and was one of the original 
directors of the Canal Company. He was elected a 
member of the Institution of Mechanical Engineers in 
1875, but seldom took a prominent part in the pro- 
ceedings of that body. 

He married in 1876 and leaves three sons, the eldest, 
Mr. Kenneth Irwin Crossley, succeeding to the 
baronetcy. 





PASSENGER LOCOMOTIVE FOR THE 
BELGIAN STATE RAILWAYS. 
Amonest the locomotives shown at the Turin 
Exhibition are two engines of the 4-6-2 type, 
constructed from the designs of Mr. J. B. Flamme, 
the Chief Engineer of the Belgian State Railways, 
for heavy passenger service on that system. One 
of these locomotives has been built by the Société 
John Cockerill, of Seraing, and the other by the 
Société Anonyme de St. Léonard, of ane f the 
former of these engines, we this week publish general 
views in our two-page Plate LII. As we intend in 
an early issue to illustrate this engine in considerable 
detail, we shall for the present postpone our description. 








ProGREss OF THE Parsons MARINE STeaM-TURBINE : 
ERRATUM.—We regret that in our article under this head 
in last week’s issue, page 505 ante, we stated that the 
dividend to be declared was 10 per cent., with a bonus of 
5 per cent., whereas this latter should have been 2) per 
cent. 





Tue Royat Sanrrary InstiTuTE: SouTH AFRICAN 
Brancu.—The South African Branch of the Royal Sani- 
tary Institute are arranging to hold a Congress in Oape 
Town on November 9, 10, and 11. This is the first sani- 
tary congress to be held in British South Africa, and it is 
hoped that a large number of delegates will be sent by the 
municipalities and other authorities interested in sanita- 
tion. Among the subjects set down for discussion are, 
the disposal of sewage, the prevention of tuberculosis, the 
inspection of food, milk supplies, and school hygiene ; 

pers will also be read dealing with other aspects of public 

ealth work. The South African branch, which has only 
recently been established by the Royal Sanitary Institute, 
seems to be energetically carrying on the traditions of the 

rent institution, and no doubt its work will have a 

neficial effect in the development of public health 
administration in the Union of South Africa. The 
honorary secretary to the branch is Dr. A. Jasper Ander- 
son, the Medical Officer of Cape Town. 
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INDUSTRIAL NOTES. 


AccoRDING to the Board of Trade Labour Gazette, 
issued on the 17th inst., the state of the labour market 
in September was as follows :— 

Employment in the month showed, on the whole, 
some recovery as compared with August, partly in 
consequence of the termination of disputes in the 
transport and other industries. There was some 
decline in building and shipbuilding, but all the other 
principal trades improved, islly cotton. 

Compared with a year ago there was an improvement 
in most of the principal industries, but there was a 
considerable decline in connection with blast-furnaces, 
and in the jute, linen, and lace industries. 

In the 394 trade unions, with a net membership of 
779,761, making returns, 22,850 (or 2.9 per cent.) were 
reported as unemployed at the end of September, 1911, 
compared with 3.3 per cent. at the end of August, 
1911, and 4.3 per cent. at the end of September, 1910. 

Returns from firms employing 457,903 workpeople 
in the week ended September 23, 1911, showed an 
increase of 3.6 per cent. in the amount of wages paid 
compared with a month ago, and of 5.1 per cent. com- 
pared with a year ago. 

The changes in rates of wages taking effect in 
September were all increases, and affected 21,300 
workpeople. The most important of these changes 
were those affecting 5500 coalminers in the Forest of 
Dean, 6500 workpeople in engineering and iron- 
moulding works at Lincoln, 1450 bakers at Glasgow, 
and 1220 gas-workers at Sheffield. The net amount 
of the increases is computed at 1200/. per week. 

The most important disputes in progress during 
the month were those involving 7000 railway workers 
in Ireland, 4000 locomotive workers at Horwich, 3000 
engineers’ labourere at Manchester, 2000 holders-on in 
the Clyde district, 1300 coalminers at Wigan, and 
1200 biscuit-makers at Carlisle. The number of new 
disputes beginning in September was 82, and the 
total number of workpeople involved in all disputes in 
progress during the month was 56,780, or 316,835 less 
than last month, and 12,638 less than in September, 
1910. The total number of working days lost during 
the month by these workpeople was 560,400, or 
1,763,400 less than in August, 1911, and 303,800 less 
than in the corresponding month of last year. 

Cases dealt with under the Conciliation Act include 
those affecting cement-workers on the Thames and 
Medway ; short-sea traders, London ; ship and boiler 
repairers, London; dock workers, Deptford; steve- 
dores, Queenborough ; railway carriage workers, Man- 
chester district ; locomotive workers, Horwich ; steel 
workers, Scotland; workers in steel trade, West 
Scotland ; steel-workers, Shotton ; coal-miners, Bristol ; 
cigar-makers, London and Cardiff ; chemical workers, 
Leicester ; and carding-machine cleaners, Dumfries. 





The monthly report of the Steam-Engine Makers’ 
Society for October, in reviewing the work of the 
year 1911, which is now rapidly drawing to a close, 
advocates the ‘‘inculcation of sound trade-union 
en that stand for stability and progress in 
everyday life, trade, and industry, as distinct from 
the pernicious nostrums and plausible fallacies which 
have been disseminated fairly broadcast by self-con- 
stituted leaders or misleaders, with but few, if any, 
tangible results of a lasting character, and certainly in 
value by no means compensating for the suffering and 
misery entailed. There are no short cuts to the 
millennium in trade unionism, as in everything else, 
and let us hope we have seen the last of recent fiascoes 
in the unhappy ending to the workers concerned in 
the miserable collapse and defeat of the railway 
workers in Ireland. If this is the latest industrial 
unionism—Syndicalism, or whatever other high-flown 
name it is known by—let us avoid it as we would the 
plague, and all its frothing and loud-mouthed prophets 
of the Tom Mann type, unless it is desired to place 
the trade-unionists waere our forefathers were in the 
‘ Hungry Forties.’ The cant of these gentry is, indeed, 
nauseous, deliberately enticing their followers to do 
their best to put the clock of progress back, and shut 
their eyes, and, for that matter, their ears, to hard 
facts. That, the history of the nineteenth century 
clearly set forth and indicates.” These are strong 
words, but they appear in a trade-union journal that 
represents a union of no mean success. It is needless 
to say that we heartily endorse them. The report 
evidently fully recognises the dangers which attend 
much of the latter-day unionism, and advocates a slower 
and surer method of progress than that extolled 
by the Socialistic group cf unionists, for it con- 
tinues :—‘‘We want more recognition and collec- 
tive bargaining with the employers; but this is 
alone obtainable in proportion as we are soundly 
organised, and willing to take on, through accredited 
representatives, responsibility for the due carrying 
out of mutual ments between ourselves and the 
——> and no flash-in-the-pan unionism (so-called), 
with strikes as its one and only weapon in the place 
of justice and reason, will achieve anything except 
disaster, nor will it carry us one single inch along the 








path we one and all desire to follow.” We can only 
wish that such words of wisdom could be taken to 
heart by other unions, and the path they indicate 
followed, for then we should doubtless hear less of 
sectional strikes, faithlessness to agreements, and 
rebellion against the advice of leaders that have proved 
a scandal during the last two years. 





The monthly report of the Society of Amalgamated 
Tool-Makers for October shows that the membership 
in September stood at 5727, against 4360 in September, 
1910—an increase of 1367, which may be regarded as 
very satisfactory. There was a slight decrease in the 
number of unemployed, the number being 96 in Sept- 
ember last, and 99 in September, 1910. The reserve 
stood in the same months at 23,500/. and 17,500/. 
respectively. This is certainly very satisfactory, and 
naturally is the cause of congratulation among the 
members. During the last two months 500 new mem- 
bers joined. The half-year ending June last showed an 
increase in membership, in income, and in the reserved 
fund. The gain in membership during the first six 
months of the year was 631, as against 358 for the first 
half of 1910. During the same six months there was, 
however, a slight increase in the benefits paid over the 
similar period in 1910, which was due to the fact that 
this year 700/. 1s. sick dividend was paid, as against 
591/, 3s. in 1910. 
notice of the late Mr. Henry Broadhurst, a represen- 
tative of the old type of unionism. 





According to the monthly report of the Associated 
Iron-Moulders of Scotland for October a satisfactory 
state of affairs exists in the society. The report closes 
the third quarter of this year, and takes in the four 
weeks from August 26 to September 23. The total 
membership at the close of the quarter was returned 
at over 8000. The net income for the last month was 
2272/. 18s. 114d., and the outlay 2129/. 14s. 4d. The 
dues and contributions for the month showed an increase 
of 206/. 1s. 4d., while the levies were up by 43/. 6s. 84d. 
The idle benefit for the month was less by 210/. 15s. 4d. 
than in the previous month, the superannuation benefit 
being higher, amounting to a rate of 10d. per week 
to each member chargeable. 





The October number of the monthly report of the 
United Society of Boiler-Makers and Iron-Shipbuilders 
shows that, at the end of September, the total 
membership was nearly 60,000, which figure will, it is 
hoped, be actually reached by the end of the year. 
The increase during the month was 435, which is 
regarded as very satisfactory. There was an increase 
of 2597/. 8s. 10d. in the expenses for the month over the 
expenses for August. The report contains an apprecia- 
tive account of the life of the late Robert Knight, J.P., 
who for 29 years was general secretary of the society. 


The monthly report of the Associated Blacksmiths’ 
and Ironworkers’ Society for the six weeks ending 
October 7, 1911, states that there has been an 
increase in membership during that time of forty-six, 
which is looked upon as satisfactory. As a result 
of a conference with the London Ship Repairers’ 
Association a minimum wage of 45s. per week has 
been conceded, which means an advance of from 
3s. to 5s. per week, and in the shipyards advances 
in wages have been conceded throughout the whole 
area, amounting to }d. per hour where payment is 
made by the hour, and 5 per cent. is added to piece 
rates, the advance to take effect from October 11, 12, 
or 13. The income for the past six weeks was returned 
at 1094/. 6s. 10}d., and the expenditure at 768/. 93. 6d. 
for the same period, the details being as follow :— 
Employment benefit, 98/. 10s. 54d.; superannuation 
allowances, 251/. 14s. 3d.; sick benefit, 184/. 10s. 44d. ; 
funeral benefit, 45/.; management expenses and grants, 
189/. 4s. 5d. This indicates a net gain to the funds of 
327/. 3s. 104d. 





Another stoppage of work occurred in South Wales 
last Saturday, when 4000 men at the Cambrian Trust 
Collieries at Clydach Vale, Glamorganshire, were 
rendered idle by the action of one of their number, 
who had, it was stated, been removed by the manage- 
ment from the pit bottom to the coal face. It had 
been announced by the management that, owing to 
the fact that the colliery horses had become tender 
after nearly a pone of idleness, steps had been taken 
that the animals should not be overworked, and it had 
been intimated to the haulers that any ill-treatment 
would be put down with a firm hand. In spite of 
this, twenty-six horses are in the stables suffering 
from injuries. One hauler in particular, who was 
engaged at the pit bottom, was accused, and it was 
decided that he should be put to work at the coal 
face, where he would be under the supervision of the 
master hauler. It is stated that on Monday last the 
man struck an official, and a summons was issued 
against him. He was, on Tuesday, sentenced to six 


The report contains an appreciative | ; 





weeks’ imprisonment, the stipendiary contending that | 


discipline must be maintained by the colliery officials, 
A eee was held by the haulers, and they decided 
to demand the reinstatement of the man in question 
in his old position, but this demand was withdrawn 
on Tuesday, when it was agreed that work should be 
resumed. 





The recent railway strikes in England have natu- 
rally attracted much attention in Scandinavia, and 
caused serious apprehensions on the Continent, and a 
high German official has pointed to what he considers 
the only efficient remedy. A great railway strike is a 
most serious calamity in times of peace, and still more 
so in times of war; light punishments, or threats of 
punishment, discharge, or the employment of other 
systems of transport by motor-cars, steamers, <c., 
are absolutely inadequate. A strong and reliable 
remedy is needed, and this can only be found by 
the army being trained for railway service in cases 
of railway strikes. The few special railway regi- 
ments are entirely unable to grapple with such 
a situation, when in Prussia alone there are more than 
600,000 railway men. If, however, soldiers, according 
to their position in private life, were told off to the 
various branches of railway work and afforded 
temporary practice, an efficient staff of railway men 
would be available in cases of emergency. The work 
in — is not difficult in reality, and fairly 
intelligent soldiers within a comparatively short 
time could become so skilled that the railway service 
could be carried on without any risk. The training 
which this plan would entail would not, it is urged, be 
wasted, at least so far as many are concerned, inas- 
much as it might be useful to them in after life. 
That the Social-Democrats would oppose a measure 
like the above goes without saying. 





During the year 1910 there were in Austria 708 
strikes and lock-outs; but full particulars do not 
appear to be forthcoming as yet. The strikes affected 
2185 concerns, with 96,160 employees, of whom 
47,166, or 49 per cent., went out ; 106 strikes, with 
14,402 hands, were group strikes, and 435, with 
32,764 hands, were isolated strikes. Of each 100 
strikes 42.9 per cent. lasted up to 5 days, 18.7 per 
cent. from 6 to 10 days, 9.6 per cent. from 11 to 15 
days, 19.1 per cent. from 16 to 50 days, and 7.6 per 
cent. from 50 to 100 days. Dissatisfaction with wages 
was the cause of the conflicts in 350 cases, dissatisfac- 
tion with the hours in 81 cases; 67 strikes originated 
from the discharge of workmen ; 43 strikes had their 
cause in dissatisfaction with the labour and other 
arrangements; thirteen strikes were brought about by 
reduction of wages, and thirteen were due to dissatisfac- 
tion on the part of the men with their superiors. In 98 
cases, which affected 4935 hands, the men gained their 
point fully ; in 263 cases, comprising 30,502 hands, the 
men were partly successful; whilst 177 strikes, affecting 
11,692 hands, had no successful results for the men, so 
that 65.1 per cent. of the strikes, with 75.2 per cent. of 
the men who had gone out, were attended by success for 
the men. Of the strikes, 386, or 71.4 per cent., were 
offensive strikes, and 104, or 19.20 per cent., defensive 
strikes, the nature of 50, or 9.4 per cent., being unde- 
fined. The lock-outs affected 121 firms, with 17,602 
hands, of whom the lock-outs comprised 16,962 hands, 





Delegates of the Scandinavian Employers’ Union 
(Swedish, Danish, and Norwegian), forming a per- 
manent committee, recently held a meeting in Copen- 
hagen preparatory to a congress of the Scandinavian 
Employers’ Unions to be held in the course of 
November. This congress will, it is stated, be largely 
attended, and some very important questions will 
come up for discussion. The programme comprises 
the subjects of Syndicalism and the subject of the 
importance of long-period agreements and effective 
collective agreements. Arbitration and insurance 
against strikes will also be dealt with. 








Conrracts.—The directors of the Great Central Rail- 
way have decided to open out the Darnall Cutting and 
make four lines of railways in an open cutting in place of 
the two lines which at present go through the tunnel. 
They have let the contract for this to Messrs. Robert 
McAlpine and Sons, of Glasgow and London. The amount 
of excavation in opening out this tunnel is about 300,000 
cubic yards, mainly rock.—The United States fleet collier 
Neptune, which is a vessel 542 ft. long, 65 ft. broad, 
39 ft. 6 in. deep, and of a displacement of 19,400 tons, is 
to be fitted with the porhydrometer. The steam-coal 
dépét owners, Messrs. G. H. Collins and Co., Limited, 
of Dartmouth and Portland, have likewise fitted the 
porhydrometer on their hulk Haytian.—The Rheinische 
Stahlwerke, who installed one of the first electrically- 
driven reversing rolling-mill plants, and whose plant 
showed remarkable results, both as to the economy and 
the output obtained, have recently placed a repeat order 
with Messrs, Siemens Brothers Dynamo Works, Limited, 
for an additional electrically-driven reversing rolling-mi!! 
plant. That firm now have twenty-four electrically-driven 
reversing rolling-mill plants on order or at work, and a 
number of firms who have adopted the electrical drive for 
their reversing-mills have decided to instal further plants 
of this type, 
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WOLSELEY MOTOR-CARS. 


Tue Wolseley motor-car has long held a _ repu- 
tation, not only for economy in fuel, but in the more 
important desideratum of reliability, a result of con- 
tinuous study and experiment as to mechanical details, 
by which alone simplicity in arrangement and freedom 
from breakdowns can be ensured. Just as there can be 
no finality in mechanical science, so in the design of the 
structural parts and machinery of motor-cars improve- 
ments are ever possible; and the exhibit of the 
Wolseley Tool and Motor-Car > Limited, at 
the forthcoming show at Olympia will once more 
establish that the company are fully conscious of the 
importance of progress dictated by a wide experience. 
The improvements made are illustrated on pages 528, 
529, and 532; but before entering upon a detailed 
description of them, some reference may be made to 
what may be termed the general programme of manu- 
facture; and first it will be no from the table 
of particulars of this year’s models of cars, given 
below, that only one new t has been introduced : 
the 35—40 horse-power car, which gives an accept- 
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able power for clients who desire a car ensuring in 
hilly country an average speed equal to the maxi- | 
mum allowed by law ; with a heavy limousine body | 
and load it can run up steep gradients at a good 
speed, so that no excess need be resorted to on down 
gradients or on the level to give a high average 
speed. More than this is not sought by the great 
majority of British motorists, less is unacceptable to 
those willing to pay for it. This 35—40-horse-power 
car takes the place of the 30—34 horse-power and the 
40-horse-power cars in previous years’ programmes. 
The other models remain the same: the 12—16 horse- 
power, the 16—20 horse-power, and the 20—28 horse- 
power four-cylinder engined cars, and the 24—30 horse- 
power and 50 horse-power cars with six-cylinder 
engines. The dimensions, &c., of this year’s cars are 
given in the table. 





PARTICULARS OF WOLSELEY 


for the extra power given by the engine, The 20-—28 
horse-power model has been considerably altered as 
re s dimensions with a view toreducing its weight. 
The width of the frame has been dec to 32 in., 
but the track remains unchanged. The chassis is 
produced in two forms, both of the same wheel-base. 
One form, intended for open bodies, is fitted with 
32-in. wheels and easy-riding springs ; the other, for 
closed bodies, is fitted with 34-in. wheels, and springs 
intended to take large, heavy bodies. In both models 
three-quarter elliptical springs are embodied. 

The 24—30 horse-power chassis model has had little 
modification except those incidental to all cars, to be 
described later, and a few detailed modifications to the 
machinery, such, for instance, as an increase of the 
bevel-teeth surface to enable lower gears to be used 
without overstressing. The only serious alteration to 
this car individually is in the clutch. This has been 
improved in various minor details to improve its pick- 
up, and make it more durable when very heavy bodies 
are mounted. 

The 35—40-horse-power chassis, as already stated, 
is an entirely new model. The engine has four cylinders 














Turust on 12—16-Horse-Power Car. 


of 43-in. bore by 54-in. stroke. The crank-shaft is 
mounted in five Bm rd The carburettor is of the 
three-jet type. The 50 horse-power car has been con- 
siderably changed. Modifications of the lubrication 
arrangement have been made to improve the accessi- 
bility of the strainer, and to provide means for clean- 
ing the oil-tank and other parts of the lubrication 
system. The radiator has fad its cooling surface 
increased to compensate for the increased engine- 

wer at high speeds. Improvements have been made 
in the clutch, particularly with a view to making it 
more durable when very heavy bodies are fitted. The 
gear-box has been entirely re-designed, as will be de- 
scribed later. The arrangement of ball-bearings and 
of mounting the gears is also improved, with a view 
to increasing the durability of the gear-box, as will 
presently be described. tail modifications have 


Moror-Cars, 1912 Mopgis 
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The alterations made in dimensions, &c., may be 
briefly indicated before we come to details in the changes 
inmechanism. In the 12—16 horse-power car—first in 
the table—the stroke has been increased from 44 in. 
to 4?in., which gives a most appreciable increase in 
power. The rear eprings have been increased in length 
and flexibility to improve the suspension. The under- 
frame has been abandoned, principally for manufactur- 
ing reasons, but an incidental result isa slight decrease 
in chassis weight. 

_As regards the 16—20 horse-power chassis a con- 
siderable number of alterations have been made, to be 
referred to later, and the short wheel-base chassis has 
been slightly increased in length to give more room 
for the door in torpedo bodies. The radiator, still of 
the honeycomb type, as in the case of other cars, 
has had its cooling surface increased to compensate 








been made to the live axle to reduce the stresses in 
certain parts when lower gears are fitted, to take 
advantage of the increase of power of the engine 
at high s The suspension has been improved 
by fitting longer springs at the rear, the trans- 
verse arrangement being retained, and as a result 
of experiments stiffer springs are fitted at the front. 
The width of both front and rear springs is also in- 
creased to increase the lateral stability of the suspen- 
sion. A longer wheel-base than heretofore has n 
introduced to give better accommodation for large 
bodies, particularly of the cabriolet type. The intro- | 
duction of this extra long wheel-base is in a great 
measure responsible for the modifications to the springs | 
and clutch. 

We come now to the changes in details mae and 
more or less common tw all sizes and powers of cars, 


the more important of which are illustrated on pages 
528, 529, and 532. Figs. 1 and 2, on page 528, show 
the elevation and plan respectively of the 20—28-horse- 
power chassis, and these drawings can be taken as 
representative of the chassis for all the cars enumerated 
in the table. The chassis is generally the same as that 
made last year by this company, but a number of 
detail improvements have been made in this as well as 
in the other models, as indicated by the further illus- 
trations. In accordance with previous practice, the 
— are cast in pairs, the lubrication is automatic, 

e carburettor is pressure-fed, the clutch is of the 
multiple-dise type, the gear-box provides four speeds 
forward and one reverse, the axle is bevel-driven and 
is of the free floating type, and the wheels run on 
extensions of the axle-tubes. When we come to the 
suspension, however, we find that there is a consider- 
able change. After a series of extensive experiments 
the Wolseley Company have adopted, on certain 
models, a system of three-quarter elliptical springs, in 
which the main spring is slung below the axle and 
pivoted on to a swivelling bracket at the front end, 
in line with the hub of the road wheel. The position 
of the pivot in combination with the camber of the 
spring provides a vertical straight-line motion for the 
wheel over a considerable range, and this has the 
effect of considerably improving the comfort of the 
suspension, and also makes the car ride and steer 
better on rough roads. The arrangement of this 
suspension will be readily followed reference to 
Figs. 3 and 4, on page 528, the latter being a photo- 
graph of the rear end of a 16—20 horse-power chassis, 
which model is also fitted with this new suspension. 

Another feature which is now embodied in all of 
this company’s productions, with the exception of their 
smallest (the 12—16 horse-power) car, is a ball-bearing 
swivel, in which separate bearings are arranged to 
take the side load aul howe. Although this additional 
application of ball-bearings has the effect of making the 
steering slightly easier, the principal reason for its 
adoption is to increase durability. The arrangement of 
these bearings is shown in Fig. 5, annexed, which 
also illustrates the taper-roller bearings employed for 
the hubs, and the plan adopted for fitting the now 
well-known Rudge-Whitworth detachable suspension 
wire wheels, which this company has for the first time 
adopted as standard on all its productions, following 
on from the previous policy of fitting them to order at 
an extra charge. 

No serious change has been made in the arrangement 
or use of various ball and roller bearings, except that 
the use of Timken bearings has been extended ; this 
type of bearing is now being used on the 20-—28-horse- 
power car for all hubs as well as on the hubs of the 
12—16-horse-power and 16—20 horse-power, as before. 

In the case of the engines, little change has been 
made in the working Figs. 6 and 7, on page 
529, show sections through the 16—20-horse-power 
engine; this is representative of all the models, 
with the exception again of the 12—16 horse-power, 
which, although largely similar, has the four cylinders 
cast en bloc (Fig. 12, ge 532). The only serious 
alteration made in any of the engines is carried through 
the whole series, and consists in the provision of silent 
chains for driving the cam-shaft and other auxiliaries 
in the place of spur-gears. This arrangement is new 
to this company, but is not by any means novel, and 
has been adopted by them after a protracted series 
of experiments. The arrangement of chains on all 
models is similar, and is illustrated in detail by Fig. 8, 
on page 529, and is further shown in the perspective 
view, Fig. 11, on page 532. This latter is an end view 
of the 16—20-horse-power engine with the end casing 
and fan removed. 

The 12-horse-power engine, which has its cylinders 
cast en bloc, as above mentioned, is shown in the 

rspective view, Fig. 12, on page 532. The 24—30- 

orse-power engine, which has six cylinders, 3,"; in. 
bore, cast in pairs, but is otherwise very much on the 
same lines as the other engines, is shown in Fig. 10, 
on page 532. Covers are provided over the valve 
= and springs. It is well known that valves can 
only maintain silence if the plunger bearings are in 
perfect condition, and it is the wear of these bearings 
that largely contributes to the noisiness of the valves 
on worn engines. The casing over these parts does 
not tend in any way directly to the reduction of noise, 
and makes no difference to the silence of new engines, 
but, by keeping out dirt, lengthens the life of the 
tappet bearings, and thus helps to minimise wear 
and reduce noise. It will be recollected that these 
covers were used throughout last season on the 40-horse- 
power and 50-horse-power models, where they proved 
their success, and they are now embodied on all models. 
After a series of exhaustive experiments on cam form, 
as affecting horse-power, it has been decided slightly to 








alter the lift and timing of the valves and the cam 
form, the effect being to increase the power of the 
engines, particularly at high speeds, without increasing 
the noise made by the tappets. 

It is now fairly well known that a lot of the rattles 
and knocks that become apparent in a car after con- 
siderable wear are caused by slack in the spring-pins 
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WOLSELEY MOTOR-CAR; CHASSIS OF 


20—28-HORSE-POWER CAR. 


CONSTRUCTED BY THE WOLSELEY TOOL AND MOTOR-CAR COMPANY, LIMITED, ADDERLEY PARK, BIRMINGHAM. 
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both endwise and in the bearin The slackness is 
produced more quickly in som: o assis than in others, 
cad is partly due to small bearing surface and partly 
due to lack of lubrication, either by negligence or the 
difficulty of ready lubrication. Every s pin joint 
on all models is now provided with a Rarfibed pin, 
which is fixed in such @ manner as to prevent its rota- 
tion even through the smallest angle. This pin is 
hollow, and is provided with a grease lubricator and | as 
ia grooves for leading the grease all over the 
—w The bearings Wealtine on the pins and 

by the springs are composed of two flanged 

PB B. bushes. Owing to the size of the pin the bear- 
ing surface is ample, and the end thrust is taken by 
the large flan above referred to. These flanges 
work on properly faced steel housings, which are in all 











Fig. 4, 


cases of the box type, to exclude water and grit as far 
ible. 

n the case of the 16—20-horse-power and >= 
horse: -power cars, where Seer gem three-quarter elli 
tical springshav e been adopted, the front gene is made 
to swivel (somewhat after the style of a plain bearing 
steering-head) to improve the lateral flexibility of the 
live axle. The fact that the C-shaped quarter- spring 


has very little lateral stability assists this action in the | 


same way as does the cross-swivel link attachment to 
transverse springs on the larger models. This arrange- 
ment of three-quarter spring has been found to give 
better riding qualities than semi-elliptical springs, par- 
ticularly on light cars, by enabling the cars to hold the 
road better, and is considerably lighter than the trans- 
verse arrangement still retained for the large models 
that are used principally for closed carriages. 

Both 6-cylinder seodele are fitted with the now 
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comparatively well-known independent dual form of 
Bosch magnetos, in which two sets of plugs are used, 
and the coil-switch so arranged that either ignition 
my be used separately or both simultaneously. 

Detail modifications have been made to the air-pum 
which supplies the pressure for the petrol feed in all 
models with the exception of the 12—16 horse-power, 
which has gravity feed. A sleeve has been provided 
on the air intake, so that the amount of air pumped 
can be regulated, and slight modifications have been 
made to the delivery valve to render it more durable 
and facilitate dismantling. 

As a result of a large amount of research in connec- 
tion with carburettors, it has been decided to adopt 
a carburettor of the floating-weight taper-needle type 
on the smaller motels, where the power range is not so 
great as in the larger engines. This carburettor will 
perhaps not give much better results than the 3-jet 
type of carburettor heretofore in use, but gives quite 
equal results on small cars, is much simpler, and likely 
to require less attention in the way of adjustment, to 
compensate for wear or leakage. No control for the 
air is provided or required, and this simplifies the con- 
trol in the case of the smaller cars. On the larger 
cars the 3-jet carburettor heretofore in use is still 
retained, and is provided with the third lever on the 
steering wheel for altering the strength of the mixture. 

It will be noticed that, in adopting chain-drives, this 
company has altered the position of the pump and 
magneto, which are now placed in tandem, the magneto 
being driven by a spindle which passes right through 
the pump, both pump and magneto being mounted 
7 high on the off side of the engine, for accessi- 

ility. 

A rather novel silencer for the engine exhaust 
is about to be standardised on certain models. It is 
a combination of the standard silencer with a “ cut- 
out ” operated by a special valve, which short-circuits 
a portion of the gas, and thus relieves the inevitable 
back pressure of the silencer without producing any- 
thing approaching the noise usually associated with a 
‘*eut-out.” The arrangement of this new silencer will 
be obvious from an inspection of Fig. 9, on page 529. 

Gear-boxes show little alteration, as this part of the 
company’s product is now fairly well standardised and 
open to little improvement. A new gear has been 
designed especially for the 50-horse-power six-cylinder 
model, and this is shown in Fig. 13, on page 532. It 
will be noticed that, contrary to usual practice, the 
gears constantly in mesh are at the rear end of the box, 
which has the effect of reducing the momentum of the 
parts directly coupled with the member comprising the 
driven portion of the clutch ; and, furthermore, that 
when the gear is in neutral position, no meshed gears 
are driven by the clutch. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, October 11. 

THE disposition of the ~— body of the larger con- 
sumers of iron and steel is not to take immediate 
advantage of the present continuing weakness in 
quotations. While the weakness shows itself only in 
a fractional way, and in reply to inquiries, the fact of 
the willingness of makers to yield even to the least 
has the effect of holding up ane tion Strange as it 
may appear, a hardening tendency in prices at this 
time would bring quite a volume of business. In a 
general way iron and steel-making capacity is em- 
ployed from 60 to 80 per cent. of total capacity. The 
wire-mills are more fully engaged, the rail-mills less 
fully. This unfavourable condition is more apparent 
when measured by percentage, because of the large 
additions made to manufacturing capacity during 
the past year or so. In other words, capacity 
has been expanded faster than consumptive capa- 
city has grown, This would not have been so 
apparent had no agp ap amas been thrown in 
the way in the shape of the enforcement of legisla- 
tive control over corperations, under the Sherman 
Law. There is a strong feeling manifesting itself 
against the rigid enforcement of this law, and it was 
sincerely hoped that the executive branch of the 
Government would give heed to the protests made by 
business interests against a too active campaign 
against corporations for alle; violation of this law. 
But it seems that the Administration will follow its 
mapped-out course, and that corporations must conform 
their business methods and managements to comply 
strictly with its provisions, The week’s business has 
been of fair proportions. Structural material and 
plate have been shaded to the lowest quotations known 
for years. The most favourable indication is that the 
withheld demands must sooner or later be precipitated 
on the market. 





Licut Rartways Act, 1896.—The Board of Trade 
have recently confirmed the undermentioned Order made 
by the Light Railway Commissioners :—Burry Port and 
Gwendreath Valley Railway (Light Railway Extension) 
Order, 1911, authorising the reconstruction and working as 
a light railway of a further part of the railways of the 
Burry Port and Gwendreath Valley Railway Company, in 
the county of Carmarthen. 





TRIALS OF AN OERLIKON 3000-KILOWATT 
TURBO-GENERATOR. 


Last year the Oerlikon Company received an order for 
a 3000-kw. turbo-generator, which was installed in the 
Stand-by Central Station of the Société Lyonnais des 
Forces Motrices du Rhone, at Cusset-Villeuxbanne, and 
which was recently tested. 

The turbine is designed for a steam pressure of 15 atmos- 
pheres, a steam temperature of 350 deg. Cent., and a 
speed of 1500 revolutions per minute. The generator was 
specified to give a normal continuous output of 3000 kw. 
at a power factor of 0.65, as also 3500 kw. during two 
hours at the same power factor. The excitation current 
is supplied by a separate exciting machine. The condens- 
ing plant is of the Paris Westinghouse Company’s make, 
consisting of a surface-condenser and the requisite rotary 
air, circulating and force pumps, all three direct coupled to 
a 72-brake - horse- power Oerlikon small steam -turbine, 
running at a 8) of 1500 revolutions per minute. The 
measured condensed steam includes the steam consumed 
by this small machine. 

The results recorded are tabled below :— 


3000-Kilowatt Oerlikon Steam Turbo-Generator at the 
Central Station of Cusset, April, 1911. 





| Number of Test. 


1 2. 3. 4. 











April | April | April | April 
ite. » « . {eer 
2. Duration of trial in minutes --| 120} 120} 120] 40 
' ” oe eee + t g 
4. Revolutions per minute .. - | 1610 | 1509 | 1506 | 1507 
5. Steam pressure at the turbine in| 

atmospheres. . os oe -| 140 | 14.1 | 14.0 | 13.8 
6. Temperature at inlet in deg. Cent | 347.9 | 351.7 | 350.3 | 349.5 
7. Steam pressure in front of second 

set of nozzles in atmospheres ..| 3.8 38 | 11.9 | 12.3 
8. Temperature of exhaust steam 

measured at low-pressure end of 

turbine in deg. Cent. a --| 19.1 | 19.5 | 26.4 | 20.5 
9. Vacuum in condenser in per cent. 

absolute ee os ‘ .-| 97.83 | 97.80 | 97.5 | 97.1 


a 


10. Total steam ption inp 
per hour, including steam con- 
sumption of 72 B.H.-P. turbine . . | 20,827) 20,779) 38,799) 45,749 
11. Three-phase energy in kilowatts . . 1555. 8 1594.9/3165 6|/3574.9 
12. Power factor .. os a“ - 0.675 | 1.0 | 0.665 | 0.715 
13. Steam consumption per kilowatt.| 
hour at above power factor, in- | 
cluding condenser work, but ex- } 
cluding excitati in p ds ..| 13,37 | 13.02 | 12.25 | 12.80 
14. Energy consumption for excita- | 
tion at power-factor unity, in } 
kilowatts .. ee es --| 18.48 18.57 | 21.12 | 2 
15. Steam consumption per kilowatt- } 
hour at power-factor unity, in-| | 
cluding excitation energy, but| 
excluding condenser energy in | 
pounds ics os o --| 12.88 | 12.32 | 11.62 | 12.19 
16. Efficiency of generator .. ee 5 | 93.0 | 93.5 
17. Steam consumption per B.H.-P. .. 12| 7.94] 840 
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The electrical measurements were made by means of 

recision wattmeters, calibrated after the tests by the 
heentedion of the Swiss Electro-Technical Institution in 
Zurich. The condensed steam was measured by means 
of carefully calibrated tanks. The steam of the condenser- 
pump turbine is, as already aforesaid, included in these 
figures, and the tabulated values cannot, therefore, with- 
out adjustment, be compared with the figures usually 
recorded at official trials; and in making comparisons it 
must be borne in mind that during the test trials Nos. 
1, 3, and 4, the power-factor at which the generator 
worked was exceptionally low. The influence of the 
small condenser turbine is, of course, particularly adverse 
to the over-all results, as naturally a 72-brake-horse-power 
turbine running at 1500 revolutions per minute works 
with a relatively small efficiency. The influence of the 
power-factor can be easily ascertained for half-load from 
the test-points 1 and 2 of the tabulated figures. 

At test No. 1 the generator worked with a power factor 
= 0.675, and at test-point No. 2 on a water resistance. 
If the difference in the temperature interval is taken 
account of in comparing above two trial points, the steam 
consumption increase at power factor 0.675 amounts to 
2.2 per cent. above that when running at power-factor 
unity. For the recalculation of the direct readings of 
test results, under 3 and 4, the steam values are assumed 
to be correct ; though it is only natural that at greater 
— the average influence of the lower power factor is 
arger. 

Careful measurements, which were made with the pump- 
turbine, showed that at full load, test No, 3, the turbine- 
driven condenser-pumps consume 3.3 per cent. of the 
total steam ; at half load, test Nos. 1 and 2, 6 per cent., 
and at overload, test No. 4, about 2.9 per cent. of the total 
steam consumption values, which values are considered 
as rather low for turbine-driven pumps. The energy con- 
sumption of the excitation at non-inductive load was 
actually measured for trial No. 2, whilst that for the 
trials 1, 3, and 4 have been ascertained by calculation. 

In order to obtain the steam consumption per brake 
horse-power, measured at the turbine shaft, the efficiency 
of the current-generator has to be.inserted in the figures 
of the individual tests in accordance with line 16 of 
the table. 








CanapDIAN Evrevators.—The number of grain-elevators 
in the Dominion of Canada is returned at 1909—viz. : 
British Columbia, 6; Alberta, 249 ; Saskatchewan, 904 ; 
Manitoba, 707 ; Ontario, 19; Eastern Transfer, 24. The 
seureqete capacity of the 1909 elevators is 106,462,700 

els, 





NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday the pig-iron 
market was quiet, and at the morning session no dealings 
of any kind were recorded. Cleveland warrants were 
quoted by sellers at 46s. 24d. cash, 46s. 6d. one month, and 
47s. 14d. three months. ematite was quoted at 60s. 3d. 
cash buyers, and 61s. 6d. cash sellers. The market was 
stronger in the afternoon, when 3000 tons of Cleveland 
warrants were done at 46s. 3d. and 46s. 4d. cash, and at 
the close there were sellers at 46s. 44d. cash, 46s. 8d. one 
month, and 47s. 34d. three months. Cash buyers of 
hematite again offered 60s. 3d., and sellers quoted easier 
at 60s. 6d. On Friday morning Cleveland warrants were 
nominally firmer, but no dealings took place, and closing 
sellers’ quotations were 46s. 5d. cash, 46s. 84d. one month, 
and 47s. 4d. three months. Sellers of cash hematite 
quoted 60s. 6d., but buyers only offered 60s. The tone 
was stronger in the afternoon, and some 5000 tons of 
Cleveland warrants were done at 46s. 5d. cash, and 46s. Sd. 
one month; and at the close the quotations were 46s, 54d. 
cash, 46s. 84d. one month, and 47s. 44d. three months 
sellers. Hematite was still offered at 60s. 6d. cash 
sellers, while buyers’ quotations were up a little at 
60s. 15d. On Monday morning the market improved, and 
Cleveland warrants were put through at 46s. 6d. cash 
and eight days, 46s. 7d. nine days, 46s. 94d. one month, 
and 47s. 6d. three months. The business amounted to 
4500 tons, and closing sellers quoted 46s. 7d. cash, 
46s. 11d. one month, and 47s. 6d. three months. Hema. 
tite was stronger at 60s. 3d. buyers and 61s. cash sellers. 
The afternoon session was quiet but steady, and 2500 tons 
of Cleveland warrants changed hands at 46s. 10d. one 
month and 47s. 5$d. three months. Sellers’ closing prices 
were 46s. 7d. cash, 46s. 1ld. one month, and 47s. 54d. 
three months. Buyers of hematite offered 60s. 6d. cash, 
but there were no sellers. Cleveland warrants were the 
turn easier on Tuesday morning, and 4000 tons were done 
at 46s. 6d. cash and 46s. 9d. one month, and at the 
close sellers quoted 46s. 6d. cash, 46s. 94d. one month, 
and 47s. 5d. three months. In the afternoon the market 
was dead idle, and quotations for Cleveland warrants 
were 46s, 6d. cash, 46s. 94d. one month, and 47s. 44d. 
three months. When the market opened to-day (Wed- 
nesday) an easier tone prevailed, and 4000 tons of Cleve- 
land warrants were dealt in at 46s. 34d. cash, 46s. 44d. 
five days, and 46s. 5d. nine days. The closing quota- 
tions were 46s. 44d. cash, 46s. 8d. one month, and 
47s. 3d. three months sellers. Cash hematite was 
quoted GOs. 6d. buyers, and 61s. sellers. In the after- 
noon there was little doing, but Cleveland warrants 
were nominally steady, and one lot changed hands 
at 45s. 44d. cash. At the close of the session there were 
sellers at 46s. 4d. cash, 46s. 8d. one month, and 47s. 3d. 
three months. The following are the market quotations 
for makers’ (No. 1) iron:—Clyde and Calder, 61s. 6d. ; 
Gartsherrie, 62s. ; Summerlee, 63s. ; Langloan, 63s. 6d. ; 
and Coltness, 82s. 6d. (all 7 at a ; Glengar- 
nock (at Ardrossan), 63s. 6d ; Shotts (at Leith), 62s. 6d. ; 
and Carron (at Grangemouth), 63s. 6d. 


Sulphate of Ammonia.—Little change has lately taken 
place in the sulphate of ammonia market, and a good 
demand still prevails. The present tendency in price is 
certainly upward, and the current quotation is from 
14/. 5s. to 141. 7s. 6d. per ton for prompt delivery, Glasgow 
or Leith. The amount shipped from Leith Harbour last 
week was 2497 tons. 

Scotch Steel Trade.—The Scotch steel trade has not under- 
gone any particular change since last report, and producers 
of heavy material are very well employed. The volume 
of new business being booked is exceedingly small, and 
the present activity is almost entirely due to the large 
number of specifications being given out against old con- 
tracts. Shipbuilders are busy and have the prospects 
of booking a number of new orders in the near future, 
and the outlook for steel-makers is, therefore, quite 
bright. The export trade continues very satisfactory, and 
some respectable lines in plates and angles have just been 
fixed up for shipment to Australia and Japan. Black- 
sheet makers report no change in their branch of the 
industry, but producers of thin plates, &c., are not booking 
new business quite as freely as yd would like, although 
the shipping departments are still fairly busy. 


Malleable-Iron Trade.—The malleable-iron makers in 
the West of Scotland are still fairly well employed, and 
as specifications have recently been moderately plentiful, 
the output is presently very good. Prices are not at all 
satisfactory, however, and while some makers will not 
sell under 6/. 2s. 6d. per ton, less 5 per cent., for crown 
bars, there are others who are still quite willing to take 
business at 6/. per ton, less 5 per cent. A higher level of 
values is likely to come into force very soon, as the 
tendency all round is for a rise in prices, as raw material 
generally is advancing. 


Scotch Pig-Iron Trade.—Business in the ordinary quali- 
ties of Scotch pig iron has not been of very large dimen- 
sions this week, as local consumers have been buying 
but sparingly. It cannot be denied that the demand 
from the south is not as large as makers here would like, 
but, on the other hand, a fair tonnage is going through 
for export, and India, Canada, and Japan have each been 
free purchasers this week. The hematite position 1s very 
weak, and, with a poor demand, the price is no better than 
64s. per ton, and some buyers are even offering 63s. 
per ton. 

Shipbuilding.—Messrs. Russell and Co., Port Glasgow, 
have received the order to build a large steamer for 
Messrs. Andrew Weir and Co., of London and Glas- 
gow. The engines will be supplied by Messrs. Rankin 
and Blackmore, Greenock.—Messrs. Ferguson Brothers, 
Port Glasgow, have contracted to build and engine a 
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Clyde Shipping Com- 


ae single-screw tug for the 
powerfal single of turned out during the 


pany. This will be the eighth tu; 
past few years for that company y aoe. Ferguson.— 
\fessrs. Alexander Stephen and Sons, Linthouse, have 
secured the contract to build two of the four steamers 
recently ordered by Messrs. Elders and Fyffes, London. 
The other two are to be built at Belfast, and each of the 
four is to have extensive cold-storage accommodation. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

A Wave of Prosperity.—Unlike one or two winters of 
recent years, when the pinch of unemployment has been 
keenly felt in Sheffield, there is every prospect of highly 
prosperous conditions for the next few months, granted 
immunity from serious labour troubles. A wave of good 
trade is at present ing through the city, and in 
the heavy trades particularly employment is thoroughly 
good. Curiously queue, and paradoxical as it seems at 
first sight, the cause of this is partly to be traced to the 
very factors which may at a later date have an adverse 
effect upon trade. It is more than probable that the 
present unrest throughout Europe is responsible for a 
good deal of the activity in the armament departments, 
and, so far as general shipbuilding is concerned, the great 
developments in ocean-going liners, and the keen com- 
petition between the companies, have caused correspond- 
ing developments at the Sheffield firms, which do much 
of the heavy work for these vessels. New and more 
costly machinery has had to be installed, and there have 
been all-round extensions to meet these new demands. 
In other departments, such as engineering and railway 
steel, there has been a big growth of activity. 


South Yorkshire Coal Trade.—Anxiety in regard to a 
possible coal strike is not now so pronounced, and things 
in the coal trade have been somewhat easier. There is 
practically no change in shipments of 1 coal, or, if 
anything, a decrease. Manufacturers continue to take 
large quantities for industrial consumption, and this is 
stated to be the reason for further price advances. Both 
in steam coals and gas fuels, where the demand continues 
active, the difficulty of getting through supplies is still 
acutely felt, owing to the shor of wagons. There have 
been further price advances in house coal, and this fact, 
with the continuance of mild weather, has had the effect 
of checking buying. Consequently merchants have not, 
during the week, had to deal with such large tonnages, but 
they have been busy despatching arrears, and the recent 
fogs have further aggravated the existing railway delays. 
These orders on hand are likely to keep merchants — 
for some time, even if few new orders come forward. 
(Juotations on the local Exchange last Friday were :—Best 
branch hand-picked, 15s. to 16s.; Barnsley best Silk- 
stone, 12s, 6d. to 13s. 6d.; Silkstone, 11s. to 12s. 6d. ; 
Derbyshire brights, 12s. 6d. to 13s.; Derbyshire house, 
10s. to 11s. ; large nuts, 10s. to 11s.; small nuts, 6s. 6d. 
to 8s.; Yorkshire hards, 9s. 3d. to 10s.; Derbyshire hards, 
9s. to 10s. ; washed nuts, 8s. 6d. to 9s. 6d. ; rough slacks, 
5s. 6d. to 7s. 6d.; seconds, 4s. 6d. to 5s. 6d.; smalls, 


2s. to 3s. 


Tron and Steel.—Even the most conservative estimates 
agree in describing the present busy condition of the 
Sheffield industries as exceptional. In fact, it is a long 
time since prosperity was so generally spread throughout 
the various departments. The staple trades are all well 
supplied with orders, and their dependent branches are, 
as a consequence, actively engaged. The iron market 
remains in much the same condition as for a few weeks 
past. Reports to hand show that the consumption of 
steel-making irons recently has been very heavy, amount- 
ing to something like a record. The result of the 
quarterly meeting at Birmingham was further tostrengthen 
the market, pom j ime has been a little firmer in price. 
(Juotations for common irons are maintained at the 
same level. Billets and basic iron generally are sellin 
well at firm prices. Scrap is weak. When the gene 
improvement in trade has oom taken into consideration, 
the activity of the Sheffield trades may be partly accounted 
for by the pressure on contracts delayed at the time of the 
strike. hen the prospects of trouble in the coal world 
are causing a speeding-up in various departments. Whilst 
the labour trouble is averted things promise to continue 
very busy, as a good many firms are in arrears with their 
orders, amongst them many of the rolling-mills. The 
engineering departments are benefiting, especially from 
the volume of work coming into the heavy trades. The 
demand for tool-steel and tools, both at home and abroad, 
is very good, and a better inquiry is expected shortly from 
America, whose takings have latterly shown a consider- 
able falling off. 








PERSONAL.—Messrs. Ozonair, Limited, 6, Victoria- 
street, Westminster, S.W., advise us that, in consequence 
of the extension of their business, they have appointed 
Mr, R. Borlase Matthews, Wh. Ex., M.I.E.E., to the 
position of manager.—We understand that Messrs. 
Franco Tosi, the well-known engineers of Legnano, Italy, 
have sold their turbine which attracted so much notice at 
the Turin Exhibition to the Municipality of Rome for 
their City Central Lighting Station. This firm have a 
large number of orders in hand both for their steam- 
turbine and Diesel engines.—The British Thomson- 
Houston Company, Limited, are removing their Leeds 
otlice from Greek-street Chambers to Standard Buildings, 
City-square, and the telephone number will be the same 
& previously—namely, Boa Central.—Messrs. Haslam 


and Schontheil, Limited, 11, Windsor-place, Cardiff, have | Di 


been appointed selling agents in South Wales and Mon- 
nouthshire for Messrs. Ed. Bennis and Co., Limited, 
Lttle Hulten, Bo!ton, for the sale of their various types of 
stukers, Conveying and elevating plant, coal-bankers, &c. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MrippiessrouGH, Wednesday. 

The Cleveland Iron Trade.—After a brief turn of 
activity and an upward movement in values, the market 
is once more flat and lifeless. Buyers are again back- 
ward, and values are moving downward. This is quite 
contrary to general expectation, for it was hoped and 
believed that the rise which set in last week would be 
continued. Deliveries of pig are not and promise 
to continue so on contracts made some little time ago, 
but new orders are, at present, very difficult to obtain. 
No. 3 Cleveland pig, after having rather em | real 
46s. 9d. for early f.o.b. delivery, has been sold by both 
makers and merchants at 46s. 74d., and the latter are now 
offering the ruling quality at 46s, 6d. There is some gratifi- 
cation in the fact—as indicating that confidencein the future 
is not altogether gone —that rather more has to be paid 
for forward than for early delivery. Business over next 
month cannot be done under 46s. 9d., and for delivery of 
No. 3 to the end of the year the quotation is fully 47s. 
No. 1 was put at 50s. 3d.; No. 4 foundry, 46s. 3d.; No. 4 
forge, 46s.; and mottled and white iron, each 45s. 9d.— 
all for early delivery. East Coast hematite pig is lifeless, 
and weak in price. The recognised market quotation 
for early delivery of Nos. 1, 2, and 3 is 60s. 6d., but busi- 
ness is possible at less, and, in fact, as low as 59s. 10d. has 
been accepted. There is very little doing in foreign ore, 
Market quotations are based on 19s. 6d. ex-ship Tees for 
best Rubio, but it is understood that that rate could 
be shaded. 


Shipments and Stocks of Pig Iron.—Shipments of pig 
continue on a satisfactory scale, averaging to date this 
month 3791 tons per working day, as compared with 
4212 tons to the same date last month, and a daily average 
of 3558 tons for the coi mding part of October last 
year. Stocks of Cleveland pig in the public warrant 
stores are being steadily reduced. So far this month the 
decrease bas been at the rate of 628 tons per working day. 
To-night the stock stands at 584,576 tons. 


Manufactured Iron and Steel.—In all branches of the 
manufactured iron and steel industries a vast amount 
of work is being turned out. Consequent upon large 
contracts made, some firms have orders booked which 
will keep them fully employed over the greater 
of next year. There are a fair number of inquiries 
still in the market, but, so far as can be ascertained, 
they do not seem to lead to much business just now. 
Principal market quotations stand: Common iron bars, 
71.; best bars, 72. 7s. 6d.; best best bars, 7/. 15s.; pack- 
ing-iron, 5/. 15s.; iron ship-plates, 62. 10s.; iron ship- 
angles, 7/.; iron ship-rivets, 7. 7s. 6d.; iron boiler- 
plates, 7/. 7s. 6d. to 7l. 10s.; steel bars, 6/. 5s.; steel 
ship-plates, 6/. 15s.; steel ship angles, 6/. 7s. 6d.; steel 
boiler-plates, 7/. 10s,; steel strip, 6/. 10s.; steel hoops, 
6l. 12s. 6d.; steel joists, 6/. 7s. 6d. to 6. 10s. ; cast-iron 
railway chairs, 3/. 12s. 6d.; light iron rails, 6/. 10s.; 
heavy steel rails, 5/. 12s. 6d.; steel railway sleepers, 62. 10s. ; 
and galvanised corrugated sheets, 11/. 5s.—sheets less 4 
per cent. f.o.b., railway material net at works, and all 
other descriptions less 24 per cenb. 





Buitpinc Risks on Two Foreten BatriesHips.— 
What is believed to be the largest individual insurance 
ever placed has just been completed, according to the 
Times, in connection with a battleship to be constructed 
by Sir W. G. Armstrong, Whitworth, and Co., Limited, 
for the Brazilian Soa. The exceptional amount 
is accounted for partly by the fact that insurances on the 
hull, armour, and guns were effected at the same time, 
whereas hitherto it has been customary to insure the hull 
of a new pe mage at first, and then to come to the under- 
writers again when work was progressing for insurance 
on the armament. The hull of the Brazilian vessel is 
valued at 850,000/., the armour at 520,000/., and the guns 
and mountings at 900,000/., making a total of 2,270,000/. 
When arranging this important business the brokers also 
effected insurances on a battleship to be constructed by 
the same company for the Chilian Government. In this 
case the hull and materials are valued at 665,000/., the 
armour at 410,000/., and the guns and mountings at 
975,000/., giving a total of 2,050,0002. The risk in both 
instances includes that of launching and lasts until the 
vessels are handed over to the buyers, with a limit of two 
years, while a is made for extending the insur- 
ances beyond this period if necessary. 





New Tres TrANsrorTER Bripce.—Prince Arthur of 
Connaught visited Middlesbrough on Tuesday, the 17th 
inst., and, among various public functions, inaugurated 
the transporter bridge erected by the Corporation across 
the River Tees, as illustrated in a recent issue of Enat- 
NEERING (see pages 629 and 755 of vol. xci.). The Prince, 
who was the guest of Sir Hugh and Lady Bell, Mayor 
and Mayoress of Middlesbrough, in the course of the 
ceremony, referred to the great advantage of free inter- 
communication in facilitating the p of commerce, 
and commended the enterprise of the Ceepenation in this 
and in other ts. e spoke of the wonderful pro- 
gress which had been mace owing to the active measures 
pursued by the Borough Council monk. the Tees Com- 
missioners. Addresses were also presented by the Corpora- 
tions of Stocktonand Thornaby. Having been presented 
with a gold switch by Lady Arrol, the Prince set the 
transporter in action. Alderman McLauchlin, pioneer of 
the scheme, Sir William Arrol, contractor, Messrs. C. F. 
ixon = . ee  o-- agp me Brid a 
pany, . Burgess, the ugh engineer, and others 
were presented to the Prince. The party crossed the 
river in the car, and subsequently ie a trip down the 
Tees upon the invitation of the Commissioners. 


ised | large at 17s. to 17s. 6d.; and smal 


NOTES FROM THE SOUTH-WEST. 


Cardiff.—Most of the holders of Admiralty steam-coal, 
being well stemmed and fairly well placed for the re- 
mainder of the month, show little or no disposition to make 
concession—if ns they exhibit, indeed, an opposite 
tendency. Upon the whole the steam-coal trade has shown 
no material change, The best large steam-coal has made 
16s. 9d. to 17s. per ton; secondary qualities have ranged 
between 15s. and 16s. 6d.; best ordinary bunker smalls 
between 7s. 6d. and 8s.; and cargo smalls between 6s. 6d. 
and 7s. per ton. The best ordinary household coal has 
been quoted at 14s. 6d. to 16s. 6d. per ton; No. 3 Rhondda 
at 10s. 3d. to 10s. 6d. 

r ton. No. 2 Rhondda large has realised lls. 9d. to 
Ds, 3d.; and smalls, 6s. 3d. to 6s. 9d. per ton. Foundry 
coke has been quoted at 18s. to 20s. 6d.; and furnace ditto 
at 16s. to17s. perton. As regards iron ore, Rubio has made 
18s. 6d. to 19s. 6d. per ton, upon a basis of 50 per cent. 
of iron, and charges, including freight, insurance, &c., to 
Cardiff or Newport. 

Welsh Coal for Italy.—The Italian Government is show- 
ing a disposition to make large purchases of Welsh steam 
coal. The South Wales colliery proprietors, who are on 
the British Admiralty list, have been invited to quote 
prices and quantities available for delivery to the Italian 
navy from the middle of November, 1911, to the close of 
May, 1912. 


Dowlais.—The Goat Mill has been engaged upon heavy 
steel rails and tin-bar, and has been fully employed. The 
Big Mill has been turning out light and small section 
steel rails for colliery purposes, as well as fish-plates. The 
Bessemer and Siemens furnaces have had a capital output, 


Swansea.—The Swansea Harbour Trustees are utilising 

t of the canal aa which they purchased from 

rs. Tennant, ¥ 4 illing it in where it intersects the pro- 

perties at the King’s dock and the Prince of Wales’ 

dock. When the tipping is finished there will be 50 to 

100 acres of land between the two docks available for 
letting. 


More Welsh Coal.—A colliery company working in 
Glamorganshire and Monmouthshire has taken from the 
Lianarth estate an area of about 2000 acres of coal 
property in the Sirbowy Valley, and will open new sink- 
ings near Pontilanfraith. It is expected that these will 
be some of the deepest sinkings in South Wales, reachi 
possibly to 700 yards. They are down to the steam coal, 
which has already been tapped by Messrs. Burnyeat, 
Brown, and OCo., near Ynysddu The Sirbowy Valley is 
being opened out toa large extent, and it is predicted 
that it will become a second Rhondda. 





Our Locomotive Exports.—The value of our locomo- 
tive shipments in September showed a heavy decrease, 
the total for the month coming out at only 62,780/., as 
compared with 176,271/. in September, 1910, and 173,263/. 
in September, 1909, There was a great contraction in the 
South American, the South African, and the Antipodean 
demand ; the shipments made to India were, however, 
fairly good. 





Mr. Joun F. M’Intosu, M.V.O.— Many of our 
readers will be pleased to learn that Mr. John F. 
M’Intosh, the chief mechanical engineer and locomotive . 
superintendent of the Caledonian Railway, had conferred 
upon him the decoration of ‘‘ Member of the Victorian 
Order” by the King, on his recent journey from Balmoral. 
Mr. M’Intosh has held his present ition for sixteen 
years, and completes his jubilee of service with the 
Caledonian Railway Company in February next, so that 
this Royal recognition comes most appropriately, and 
signalises distinguished services, not only to the Cale- 
donian Company, but to locomotive engineering gene- 
rally, in view of the originality in design and success in 
practice of Mr. M’Intosh’s engines. 





SUPERINTENDING ENGINEER, RosytH Navat Harsour, 
—We understand that Colonel 8. H. Exham, R.E., who 
has been superintending engineer of the Rosyth Harbour 
since the inception of the scheme seven years ago, 
retires under the age regulation on January 1 next, and 
that he will be succeeded by Mr. H. Cartwright Reid, 
M. Inst. C.E., who is at present superintending civil 
engineer at Chatham. Mr. Reid was responsible for 
the works at Malta, which we fully illustrated and 
described two years ago, and no doubt the experience he 
gained there, and the successful character of the work 
performed, influenced the Lords of the Admiralty in 
appointing him as successor to Colonel Exham in the 
responsible position of superintendent of probably the 
largest engineering work at present in progress in 
England or Scotland. 





Tuer 13.5-In.. Gun-Mountines ror H.M.S. ‘ Con- 
quERoR.”—During last week the pit trials of the 13.5-in. 
barbette mountings for the new battleship Conqueror 
were carried out the Admiralty officials at the erect- 
ing works of the Coventry Ordnance Works, Limited, 
at Scotstoun, near Glasgow. The mountings passed all the 
tests with t success, and will now be transferred to 
the battleship, which is in process of construction at 
Messrs. poee Bee» shipyard at Dalmuir. These are 
the first hydraulic mountings to be made by the Coventry 
Ordnance Works, and the design includes many new 
features and improvements upon former types, especially 
with regard to the rapidity and certainty of manipula- 
tion of the guns. e armour of the gun. houses is com- 
posed entirely of curved plates, a practice which of late 
years has been avoided in favour of straight plates on 
account of the difficulties of manufacture with modern 
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POWER-PLANT FAILURES 

Mr. Micuagt Lonerines, the Chief Engineer to 
the British Engine, Boiler, and Electrical Insur- 
ance Company, has just issued another of his in- 
teresting and most illuminative reports on the break- 
downs of various types of power generating plant. 
For many years pe these pronouncements have 
formed a mine of data of the utmost value to the 
mechanical engineer. An engine-builder’s experi- 
ence is commonly somewhat limited. He hears 
enough, perhaps indeed, he might claim, too much, 
as to the weak points of his own productions, but 
has not often much opportunity of getting accurate 
information as to what accidents arise with machi- 
nery supplied by his rivals and competitors. An 
insurance company, on the other hand, has experi- 
ence with engines of all makes, and is in a peculiarly 
favourable position for ascertaining the good and 
bad points of every type. 

The steady progress of the gas-engine, as recorded 
by Mr. Longridge, is particularly noteworthy, and 
out of every forty-five engines now insured, twenty 
are driven by gas. So far as mere statistics Bo: it 
would seem that the gas-engine is now less liable 
to breakdown than its older rival ; since whilst one 
out of every 9.7 of the steam-engines insured 
suffered from some kind of breakdown, the pro- 
portion in the case of gas-engines was 1 in 10.8. 
As they stand, however, the figures are misleading, 
since a large proportion of the steam-engines 
insured are old and give way by fatigue. 

Mr. Longridge gives, as usual, a number of tables, 
which we reproduce on the next e, showing the 
relative liability to failure of the different parts of 
steam and gas-engines, and also what was the dis- 
tribution of the originating causes. The causes of 
these breakdowns may be roughly classified as 


under :— 


Steam- Gas and Oil- 


Engines. Engines. 
per cent per cent. 
Accidents and causes unascertained 37 35 
Old defects or deterioration by wear 
and tear os oe oe oe 34 29 
Weakness, bad workmanship, design, 
or material .. a os ae 16 19 
Negligence of owners or attendants 13 17 
100 100 


Commenting on these figures, Mr. Longridge 
remarks that, whilst the proportion of failures to 


1| the total of the engines insured is slowly diminish- 


ing, there is an increasing percentage of failures due 
to breakages of valves and gearing—that is to say, 
of small parts—and consequently the number of 
accidents to heavier and more important has 
been correspondingly reduced. e credit for the 
change, he states, ‘‘may be claimed by the univer- 
sities and technical colleges, which have replaced 


548 | rules of thumb by calculations based on the laws of 


applied mechanics.” Considering Mr. Longridge’s 
exceptional position and experience, this declara- 
tion is the most striking testimony we have yet met 
with as to the value of the work done at our engi- 





neering colleges. It is apparent, however, from an 
examination of the tables that the view expressed is 
not based directly on the figures given. Thus acci- 
dents to bed-plates, pedestals, &c., seem to be as 
bad as ever. The only “* heavy repair” item which 
has been substantially diminished is that relating to 
spur-gearing, and it is probable that a substitution 
of other methods of coupling together the crank 
and second-motion shafting is mainly responsible 
for this. Mr. Longridge, moreover, attributes to 
the teaching of the technical schools the reduction 
in the proportion of failures of gas-engine cylinders. 
Here, however, we should have imagined that the 
proper proportioning of gas-engine cylinders was 
mainly a matter of design, involving little in the 
way of calculation. It is obvious, therefore, that 
Mr. Longridge’s expression of opinion is not based 
on a mere study of statistics, which is in general 
exceedingly likely to be misleading. The character 
of the failures naturally does not appear in the 
statistical columns, where a trivial accident counts 
for as much as one leading to a complete wreck of 
the engine, and we thus see no reason for question- 
ing the correctness of the view expressed. More- 
over, it has to be remembered that a very con- 
siderable proportion of the steam-engine failures 
are attributable to very old engines, and no distinc- 
tion can be made in such a tabulation as given above 
between a failure of an engine first set to work, say, 
some three years ago and one which has finally failed 
from fatigue after the labours of three-quarters of 
a century. The real test as to whether modern 
methods of calculation are superior in practice to 
the older rules depends on whether or no the 
failures of new engines are less than they used to 
be, and this, we gather, Mr. Longridge finds to be 
the case. 

The extraordinary difficulty of fixing the dimen- 
sions of parts from simple theoretical principles is 
nevertheless amply illustrated in the report. Thus 
one wrought-iron shaft is recorded as breaking 
finally under a calculated stress of 2500 lb. per 
sq. in. The only reason assignable was that 
it carried a spur-pinion, and it is presumed that 
the failure was due to vibrations set up by the 
teeth. The life was long, being some 643 million 
revolutions. A steel crank-pin failed after 14 to 
15 million revolutions under a calculated stress of 
+ 17,500 lb. per sq. in., and a wrought-iron crank- 
pin after 442 million revolutions under a stress of 
11,000 lb. per sq. in. Yet another pin failed under 
a calculated stress of + 4800 lb. per sq. in. after 
390 million revolutions. Here, however, there was 
a definite cause assignable for the fracture. The 
brasses were supplied with oil through the crank- 
pin, and the hole, instead of bein drilled at right 
angles to the line of thrust, was drilled along the 
latter. Hence the middle section of the pin was 
less stiff than the remainder, and straining actions 
were accordingly localised there. 

Similarly discordant results were obtained in the 
case of gas-engine crank-shafts, but there was also 
here a very remarkable coincidence recorded. Two 
similar engines, built by the same maker, and 
bearing consecutive numbers, were at work 100 
miles apart, and broke their crank-shafts on the 
same day. The cause was bad design, the calcu- 
lated stress being 21,000 lb. per sq. in. In another 
instance a gas-engine crank-pin broke after 263 
million revolutions under a calculated stress of 
+ 12,000 to 13,000 lb. per. sq. in. Yet another 
carried a stress of + 28,000 to 39,000 Ib. per 
sq. in. for 150 million revolutions. A case 
of fracture under a low stress was that of a 
crank-shaft which, after 288 million revolutions, 
failed under a stress of 8000 lb. r sq. in.; 
but here there was no proper fillet at the shoulder. 
Whilst on this subject attention may be called to 
two cases of extraordinary endurance of cast iron 
used for parts to which no one nowadays would 
venture to apply it. One of the cases was that of 
the cast-iron crank-shaft of an engine built in 1850, 
which finally failed last year. Mr. Longridge gives 
in Table [II., on the next page, particulars of the 
stresses it had carried during its career. 

The other instance noted is that of a cast-iron 
gudgeon, which dated from before 1838. It has 
withstood, without fracture, at least 750 million 
applications of a stress equal to +1500 to 1700 lb. 
yer sq. in. 

: A few failures are recorded due to sheer bad 
workmanship. Thus, in one case, a crank-pin had 
worn } in. oval, and the intelligent fitter, in putting 
in new brasses, merely fitted them to the larger 
diameter and let it go at that As a consequence, 
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at every stroke the pin was driven as a wedge 
into the forward brass, and finally suceeeded in 
bursting the strap. Another instance is noted in 
which the pins on an air-pump cross-head had worn 
no less than jin. oval. The owner refused his 
engineman’s request to have matters put right, and, 
to stop the knock, the latter packed the free space 
up with leather, thus preventing the detection of 
the fault when the engine was inspected. 

As is well known, McNaught gudgeons, when 
they go, generally do so inside the beam. The 
reason for this has not been very apparent, but in a 
case now recorded by Mr. Longridge it was found 
that in the course of time the holes in the beam had 
‘* bell-mouthed,” so that the central portion had 
to carry a heavy bending stress, which is calculated 
to have amounted to + 16,000 lb. per square inch. 





In one breakdown due to bad design one end of 
TaBLE I.—Failures of Steam- Engines. 























| 
Description of Parts Before 1284 1889}1894| 1899 1904) 
which are believed to | jgg4"*| to | to | to | to | to [1900 1910 
have Given Way First. * 11888 1893/1898)1903 1908} | 
p.c. | p.c.| p.c.| p.c.| p.c.| p.c.| p.c.| p.c. 
Valves and valve gear ..| 17.4 | 19.8 19.0/18, 4) 26.5) 28.0) 34.1/26. 6) 
Spur-gearing ee --| 19.5 |18.1/16.4)12.8) 9.7/11.9) 87) 8.9)/ 
Air-pump motions --| 12.8 |10.7/ 10.4) 7.4] 9.8) 10.4 
Air-pump buckets and } 
valves .. wii -| 8&1 7.8| 7.3) 9.4) 6.1 
Columns, entablatures, | 
hedplates,and pedestals) 6.1 | 5.4) 9.3| 7.7| 6.4) 6.3) 5.6) 7.5)| 
Cylinders, valve-chests, | | 
and covers oe ° 2.3 2.8) 3.0) 6.3) 8.4) 6.8) 5.6) 4.9)/ 
Bolte* ..  .. «..| 48 | °7.6| 7.2) 4.6] 2.5] 0.8) 1.0) 22] 
Parallel motions and | i} 
links . e oo} &8 5.5| 5.6) 5.0) 3.5) 3.4) 2.0) 0.9)| 
Main shafts ps oo} &S 4.5) 4.5] 5.1) 3.2) 3.5) 2.6) 5.8)/ 
Piston, with their covers, | 
rings, and bolts ..| 82 | 28) 22) 20) 46) 4.4) 4.6) 5.3) 
Governors and governo' ed wei, 
gear sc ce. col Sa | SH OS OH OG ia if SF 
Connecting-rods, straps, 
and bolts as 0. 0.9 0.9) 3.8) 4.1) 3.4) 3.1] 5.3) 
Piston-rod crosshead 22 | 21) 23) 24) 22) 25) 8.1 2.2 || 
Fly-wheels “ ool ae 1.6; 1.6; 1.9) 2.4) 2.0) 26) 2.2// 
Air-pumps and con- | | 
densers .. : .| 22 | 0.9) 1.4) 28] 1.8) 2.5) 20) 0.9) 
Piston-rods 2.0 2.2} 2.3) 1.3) 1.7) 26) 2.6) 1.8)) 
Crank-pins 0.7 | 14) 09) 20) 12) 1.0) 0.5) 0.5 
Cranks... oe ae 1.7 1 0.6) 1.1) 0.6) 0.6) 1.5 0.0)| 
Beams and side levers ... 09 | 0.7; 0.6) 1.2] 1.0) 0.7) 0.0 0.5)| 
Gudgeons in beams L2 | ¢ 1.6) 0.7} 0.4) 0.6) 0.5) 0.9)) 
Main driving ropes and } 1} 
belts ae - - . 0.3| 0.1) 0.2} 0.4) 0.5} 0.0) 
Total wrecks, cause not 
ascertained oe --| G6 1.3, 0.2) 0.0) 0.0) 0.4) 0.0) 0.0 
Second motion shafts .. os 0.2 0.2| 0.1; 0.1) 0.3) 1.6) 13 
Turbine rotors .. ° oe | oe | 166) 1.3)) 
Total oe -«» 100 | 100 100) 100 100} = 100 100) 
} { 
| 











* These bolts do not include bolts in pistons, —. buckets || 
connecting-rods, and other moving parts, the bolts in these parts | 
being tabulated with the parts to which they properly belong. 


Tas.Le IIl.—Failures of Gas and Oil- Engines. 


} 














Description of Parts which are |AY€rage) j 994. 
believed to have Given Way First. |  |on | 1910, 
a. pc. | pc. | pc. | 
Valves and valve-gear. . “e re 1 33.3] 29.6 42.8 
Cylinders and cylinder-ends. . 19.3 16.1}; 15.4 8.5 || 
Pistons .. os +s es *s 9.7 6.0) 27) 6.1)) 
Connecting-rods and their bolts .. 11.9 | 10.3] 94 9.1 
Main shafts oe - ee ow 5.1 11.2] 13.4 7.9 
Governors and governor-gear ee 5.1 7.0 5.4 3.4 
Silencing-boxes and exhaust-pipes 2.8 3.6 1.3 2.8 
Fly-wheels and driving-drums ; 5.1 | 6.4 0.7 2.8 
Clutches and couplings 1.7 0} 0.0 0.6 | 
Frames and pedestals 3.4 1.8 1.3 1.7 
Bolts* .. .. a at oak ee 1.5] 20] 1.7]} 
Total wrecks, cause not ascertained 0.6 0.4 0.0 0.6 || 
Main driving-ropes and belts 0.6 0.6 0.0 0.0 
Miscellaneous .. - ‘ey <a - | 88 7.4 4.5 | 
Gas-producer plants .. oe - | LG] 124 8.5 
100.0 | 100.0} 100.0 100.0 || 
1} 


* These bolts do not include bolts in connecting-rods, valve- | 
gear, or other moving parts, the bolts in these parts being tabu-|| 
lated with the parts themselves. 

a high-pressure piston-rod was screwed to the| 
end of the low-pressure rod, whilst the other | 
end was cottered to a cross-head. It is nearly 
impossible to make both connections in such 
a case really tight, since the rod at the cottered | 
end has to match the slot in the cross-head. 
A curious fracture was that o/ a big-end bolt of a) 
gas-engine connecting-rod. his broke through 
the screw-threads, and the failure is attributed to | 
the action of centrifugal force on the cap. At the) 
ends of the stroke this centrifugal force would, of 
course, merely produce direct stress on the bolt, 
but when the rod is tangential to the crank-pin 
circle, the centrifugal action would give rise to 
bending stresses, which are calculated to have 
amounted to something like + 6000 per square inch. | 

Several instances of gas-engine failures arising | 
from bad design were recorded. In one instance, | 
the forward bearing of the side shaft was, as is, 





| 
4.610.3|| Load on piston at cut-off. 
|| Estimated point of cut-off 
5.8/10.7| 8.0 | Stress on neck at cut-off .. 


often the case, somewhat inaccessible, and the lubri- 
cation was according neglected. Mr. Longridge 
recommends the fitting in such cases of a sight- 
feed lubricator, or, better still, of a ringoiler. The 
latter type of lubricator is, however, he suggests, 
out of place on electric motors, where his experi- 
ence leads him to prefer the use of ball bearings. 
An instance of a gas-engine bed being blown to 
pieces is amongst the accidents recorded. This 
arose from the fact that the air supply was drawn 
through the bed, an arrangement at one time much 
favoured by builders. The space inside the bed 
became filled with gas, which was insome way ignited. 
Liner troubles are now less frequent than they 
used to be, since the necessity of providing for ex- 
pansion is generally recognised. Mr. Longridge 
remarks that in the absence of deposits it is quite 
probable that there is little difference in the ex- 
TasLe III.—Stresses on a Cast-Iron Crank-Shaft. 

_— 1850- | 1873- 1897- 

1873. *| 1897. 1910. 








Millions of revolutions of engine ae) 41 
Load on piston, initial .. os és Ib. 90,000, 56,540 51,000 
Stress on neck at beginning of stroke 
Ib. per sq. in. 3,650 2,270 2,050 
a -- 1b. 76,500! 36,800 33,960 
.c. Of stroke 0,22 | 04 0.3 
b. per sq. in. | 
Equivalent bending M, =} (M+ M2+'T2) 
Equivalent shearing M, = V M2+'12 


3,750| 1,980) 1,590 
4,470| 2,300 2,040 





* The mill was standing for twelve months during this period. : 
TasLE 1V.—Failures of Dynamos and Electric Motors. 


Dynamos. Motors. 


Description of | 
Part which is | Average Average | | 
believed to have) for Eight | 
Failed First. | Years 
| Previou 
| to 1909. 


| for Eight | 
1909. | 19!0.| Years | 1909. | 1910. 
} Previous | 
to 1909. | 





Rotating parts| percent. per per = per cent. | per per 
carrying cur-) cent. | cent. cent. | cent. 
rent— | 

Armatures and) 
rotors.. ..| 54.0 40 | 43 49.5 | 

Commutators 
and slip-rings | 22.4 29 25 2 

Stationary parts) 
carrying cur-| 
rent— | 

Magnet coils &| 
stators.. oe 

Brush gear and 
terminals - . 3 2 oe 4 5 

Rotating parts) 
not carrying} 
current— 

Shafts, iders, 
cores, binders,| 
pulleys, & gear-| 

— ad al 
tationary parts! - « 
not carrying 14,7 12 13 14.1 - | 
current— } | 

Frames, le-| | | 
pieces, rear-| | } 
ings, &c, a 4 4 


vy | @ 
5 | 27 | 26 


© 


8.9 12 13 13.9 20 17 


~ 
o 





100.0 100 “yoo 
TaBLE V.—Failures of Starting-Switches and Controllers. 


| Average for 
Description of Part which is believed | Four Years 
to have Failed First. Previous 1909. | 1910. 

















to 1909. 

Parts carrying current— p.c. p-c. | p.c. 
Resistance coils .. a = wel 52.0 52 57 
Contacts and switch-arms ... ict 10.8 9 12 
Automatic apparatus .. ee ra 14.0 21 18 

Parts not carrying current— | 76.8 82 87 


Frames, slabs, carriers for coils,| 
MG sss ae 23.2 1s | 18 


| 





| 100.0 100 | 100 


pansion of the liner and cylinder; but if scale 
collects in the jacket, the temperature of the liner 
rises, and un!ess expansion is provided for, fracture 
may be anticipated. If the jacket discharge rises 
above 120 deg. Fahr., it may, he says, be taken as 
an indication that the waterway wants cleansing. 

Mr. Longridge gives in the annexed Tables IV. 
and V. data showing the relative liability to injury 
of the component parts of electrical machinery. 
The alternating-current machines are, it appears, 
making slow but steady progress, and now number 
14.5 per cent. of the total insured. 

Loose cable-ends seems to be one of the most 
frequent occasions of trouble. In the case of 
enclosed and semi-enclosed motors Mr. Longridge 
protests against the frequent practice of coupling 
up the leads with ‘‘dry joints” inside the casing. 
These are liable to heat at the contact surfaces and 
to set fire to the insulation. A curious point raised 


in the report is the possibility of the insulation of 
dynamos being injured by the fumes from suction 
gas plants. Mr. Longridge thinks that there is 
sufficient evidence of this to afford reason for 
further investigation. 

From the section of the report devoted to boilers, 
it appears that the number insured is diminishing, 
owing in part to the increasing use of gas-engines, 
and for the rest to the adoption of larger units. A 
notable instance of ignorance on the part of a 
builder of a heating boiler is recorded. It was 
desired to fit a safety-valve, and the builder calcu- 
lated out the weight needed on the basis of the size 
of the opening into the boiler, and not on the area 
of the valve, which was only one-quarter as great. 
In another case a safety-valve was discovered with 
no opening whatever into the boiler. 

Some interesting experiments with a Pitot tube, 
as used for measuring the flow of air through pipes, - 
are recorded. For a range of air velocities from 
77 ft. up to 210 ft. per second, the radius at which 
the velocity of flow had its mean value was found 
to be pretty uniformly equal to 0.8 the radius of 
the pipe. 

Amongst the tests made was one of a turbo- 
generator installed to drive a mill.. This was of 
1500 horse-power capacity, and the results showed 
that, after debiting it with the losses incurred in 
electrical transmission, the turbine was sstill as 
economical in fuel as the best mill-engines. On the 
other hand, the first cost of the turbine, including 
condenser, switchboard, motor, and cables, was 
about 8500/., whilst an ordinary steam-engine of 
1500 horse-power, together with its second-motion 
drive, would not exceed some 5000/1. to 60001. 








THE BREWERS’ EXHIBITION. 

THE present year has not been a favourable one for 
brewers so faras the supply of English-grown barley 
is concerned, for though the crops ripened early, 
and were of good quality, the quantity, owing to the 
long drought, was short. Hops appear, however, 
to be excellent both in quality and quantity, as is 
shown by samples now on view at the thirty-third 
Exhibition of the Brewing and Allied Trades now 
open at the Royal Agricultural Hall, Islington. 
Whatever the condition of the crops on which the 
brewing trade depends, its effect on the appearance 
of the general exhibits in the Hall does not appear 
to cause much change from year to year, and the 
show of machinery varies little. This year there are 
the usual exhibits of machines for treating beers, 
and for dealing with processes connected with 
carbonating, bottle-washing, bottling, &c., and 
improvements in certain directions are noticeable. 
The body of the hall is pretty well filled, as is also 
the annexe, and we find many of the old firms as 
exhibitors. One aspect of the present exhibition 
is the encouragement that has been given by the 
Malting and Seed Barley Competitions which have 
been instituted, and which it is hoped will tend to 
the production of improved grain. 

Messrs. G. J. Worssam and Son, Wenlock-road, 
City-road, London, N., have on view a new 
Harris-Fox patent sprayer, which has not been 
exhibited before. This has been designed to meet 
the present employment of finer grist than was 
usual some time ago, for it is claimed that no 
matter how excellent the mash-tub equipment may 
be in other respects, the use of the old type of 
sprayers, delivering coarse streams of liquour over 
the goods, does not tend to really good results. 
When used for fine grist, inefficient apparatus 
results in such troubles as ‘‘ flooding” and ‘‘set” 
mashes, irregularity in drainage, and a lack of 
uniformity in top gravity. The apparatus consists 
of a rotary sprayer driven by mechanical means— 
in this case by an electric motor—which is quite 
independent of the pressure of water in the hot 
liquortank. The admission of water to the sprayer 
is controlled by a float-valve in the sprayer itself, 
which keeps it at one constant level. In this way 
the water is distributed equally over the whole 
area of the mash-tub with very little velocity. The 
pressure of the supply and the control of the 
driving mechanism enable the quantity of water 
delivered to be varied as desired, the result being 
that the water is distributed throughout the whole 
of the area of the tun, each part of the surface 
receiving its proportionate share. It is claimed for 
the apparatus that heating or consolidating the 
contents of the mash-tun are avoided. : 

Another new machine to be seen at this stand is 





an air-filter for blowing pure air into filter-presses 
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or refrigerating-rooms. It consists of a cylindrical 
casing, within which is a rotating drum formed of 
a series of concentrically arranged shells of corru- 
vated iron, the section of the shells being such 
that a maximum of efficient absorbent surface 
is obtained over which the air in its passage must 
flow. The absorbent substance is a liquid, into 
which the concentric cylinders dip as they revolve. 
This absorbent, adhering to their surfaces, is 
carried round ina thin film through the air that has 
to be purified, while the latter is drawn through 
the apparatus by means of a fan. When the 
absorbent film descends into the liquid, the im- 
purities that have been extracted are washed off as 
the cylinders revolve. During each revolution the 
whole of the surfaces are automatically moistened 
afresh with the absorbent. To clean the apparatus 
it is filled with water. Steam is then turned on, 
and the water is boiled in the machine, making it 
absolutely sterile. 

The Seck Engineering Company, Limited, 48, 
Mark-lane, London, E.C., exhibit a new air-purifier 
and dust-collector, which consists of a cast-iron 
vessel, the size of which is regulated by the 
quantity of air which has to be treated. It is 
entirely enclosed, and the air is drawn in by means 
of a suction-fan at the delivery end, the inlet end 
being connected by means of air-ducts to either the 
air outside or to a machine from which it is desired 
to extract the dust. Inside the vessel are some 
revolving brushes which are connected together by 
gearing, and are driven by a belt or other suitable 
means. To the top cover of the machine, baffle- 
plates are fixed between the brushes, as a means of 
regulating the flow of air through the machine, and 
supply-pipes for the admission of the cleaning liquid 
are suitably arranged, the outlet for the dirty liquor 
being regulated by a weir at the end of the machine, 
so that the level is always kept constant. When 
in action for dust-collecting alone, all that is neces- 
sary is to connect the liquor. inlet to the water-main 
and regulate the supply as required. The air 
travels the full length of the vessel, and in its pas- 
sage is split up by the revolving brushes, which pro- 
vide a constant supply of clean liquor to the incoming 
air. ‘The dust which the air contains, as it comes 
in contact with the bristles, is held by the moisture 
carried up, but is washed off when the bristles 
descend into the liquid. The outlet for the dirty 
water being constantly open, the dust is carried 
away in the water, while the purified air, before 
leaving the machine, is met by the incoming liquor, 
which enters in the form of a spray. When it is 
desired to obtain purified air alone, the acticn is 
exactly as described, with the exception that the 
liquid used is of an antiseptic nature. 

The Farringdon Works and H. Pontifex and Sons, 
Limited, Shoe-lane, London, E.C., exhibit what is 
said to be the largest beer-chiller in the show. It 
is really an improved design of their ‘‘ Perfection” 
patent chiller and carbonater, to which attention 
has been called on previous occasions. It is capable 
of chilling and carbonating from 100 to 120 barrels 
of beer per day, each barrel containing 36 gallons. 
It consists of four cylindrical vessels. The front 
of each of these has in it a glass window, through 
which the level of the beer can be seen, behind the 
window being a thermometer, which is entirely 
immersed in the liquid, and which can be read 
through the window. There are also smaller sizes 
of these chillers on view, and one of the firm’s 
25-barrel size copper tin-lined closed tanks, for con- 
ditioning and bottling beer. Messrs. Bennett, 
Sons, and Shears, Limited, the Farringdon Works, 
Shoe-lane, E.C., whoare incorporated in the previous 
firm, exhibit at the same stand an Apsey heat-inten- 
sifier, which is intended for the superheating 
of steam in cases where very large quantities are 
not required, and is suitable for calendering 
machines, jacketed evaporating and boiling-pans, 
steam-coils, radiators, &c. Such appliances have 
hitherto been heated by omematiedle low-pressure 
steam, for they are usually constructed with thin 
walls, andthe temperature is, therefore, frequently 
not as high as desired. By the use of this inten- 
‘ier the temperature of the steam may be in- 
creased without increasing the pressure, a super- 
heat of from 50 deg. to 100deg. Fahr. being gained. 
‘he apparatus consists of a coil, heated by gas, 
through which the steam is passed, the coil being 
contained in a metal casing lined with asbestos. 

Messrs. H.J. West and Co. (1908), Limited, Saxilby 
‘ron- Works, Saxilby, Lincolnshire, whose stand is 
iiext to that to which we have just referred, exhibit 
an entirely new natural fermentation gas plant for 





the utilisation of the volatile products of wort 
fermentation for carbonating non-deposit beers, 
as well as a new dosign of the West patent power- 
driven rotary beer-bottling machine, with air-lift 
for bottles and automatic shut-off valves. 

A very efficient cask-cleaning machine is exhi- 
bited by Messrs. G. Hopkins and Sons (Clerken- 
well), Limited, 148 to 154, St. John - street, 
Clerkenwell, E.C., the capacity of which is from 
100 to 180 casks per hour, according to the length 
of time occupied in soaking. The machine consists 
of a long soaking-tank in which the barrels are placed, 
where they remain for about three or four minutes. 
While in the tank they roll down inclined rails 
to the end, where they are picked up at the rate 
of three per minute, the water in the tank being at 
such a level that the barrels cannot become too full. 
When they are lifted out they are dropped on to a 
lever, which acts on the brushes that operate on the 
ends of the barrel. These brushes are automatically 
drawn back as the barrel passes on to the tumbler, 
which rotates it while under the action of the 
brushes. When the cask is free from the lever 
that actuates the end brushes, these latter are forced 
inwards by means of springs, and clean the ends of 
the cask while it revolves, a brush on the top acting 
on the bulge of the cask at the same time. After 
this operation the cask is delivered automati- 
cally on to rails, where it is allowed to drain, 
and is then placed on a rinsing-nozzle, where 
it receives a final washing. 

Among brewing vessels a very fine show of 
aluminium goods may be seen at the stand of the 
Aluminium Plant and Vessel Company, Limited, 
Point Pleasant, Wandsworth, London. Aluminium 
as a material for brewing vessels has not taken the 
place that many people thought, when it first became 
a commercial product, would be the case. It seems 
hardly likely now, however, that its use will con- 
tinue to be as restricted as it has been, seeing that 
the difficulties of its manipulation have been largely 
solved—at any rate, if we may form a judgment 
from what is exhibited in the Agricultural Hall. 
All difficulty with regard to welding appears now to 
have been overcome by a process patented by the 
Aluminium Plant and Vessel Company, Limited, 
the results of whose efforts are in evidence at 
the Exhibition. No foreign metal is used in the 
process, and the joints are as pure and as homo- 
geneous as the rest of the sheet. Among the 
exhibits on view are a 25-barrel conditioning vessel 
and a 1500-gallon tank lined with aluminium of 
994 per cent. purity. 

One of the small exhibits in the Hall, which, 
although not connected directly with brewing, will 
doubtless prove of interest to brewers, and will, 
we are sure, attract many other visitors, is to be 
seen at the stand of the British Vacuum Ice- 
Machine Company, 124/7, Minories, London, E.C. 
This is a small portable apparatus for freezing 
water very rapidly, or it may be used for cooling 
various liquids. It is known as the ‘‘ W. K.” 
machine, and works on the Carré principle of the 
absorption of water vapour by sulphuric acid. The 
machine on view is driven by hand-power, and will 
freeze an ordinary carafe half-full of water in 
about three minutes. If it is not desired to freeze 
the water, it can be cooled. The apparatus con- 
sists of a base which carries the container for the 
sulphuric acid, and the vessel containing the water 
or other liquid to be cooled or frozen, and also 
supports a vacuum pump which is worked by a 
hand-lever and gearing. By a simple system of 
cranks and levers a slight rocking motion is 
given to the vessel containing the sulphuric acid 
and the vessel containing the fiquid to be frozen. 
The container for the acid holds about half a 
gallon of commercial H,SO,. Before starting the 
machine, the bottle and the acid vessel are con- 
nected by means of a pipe, which has at each end 
a rubber plug, fitting the mouth of each respec- 
tively, ct making a perfectly air-tight joint. A 
pipe connects the pump with the upper-part of the 
vessel containing the H,SO,, so that when the 
handle of the machine is turned a vacuum is pro- 
duced, and the air is drawn out from the two vessels, 
the vapour which comes from the water in the 
carafe being absorbed by the H,SO,. This absorp- 
tion is so rapid that ebullition soon commences in 
the water, the temperature of which is very quickly 
reduced, until in about 14 minutes from the 
commencement the water begins to freeze, and 
in about three minutes contains ‘large pieces of 
ice. This freezer may also be used for cooling brine 
in a refrigerator with very little trouble. The size of 





the apparatus is 21 in. by 18 in. by 15 in., and the 
net weight about 50 1b. One charge of acid may be 
used a great many times before it is too weak to be 
of any service, and it must then be renewed. 
The machine appears to be particularly well suited 
for tropical climates, and we understand that 
more than 10,000 of them have already been sold 
since the beginning of this year. 

Messrs. J. and P. Hill, Caxton House, West- 
minster, S.W., have on view the Galloway-Hill 
boiler furnace, which is now being adapted to 
brewery work. The furnace was originally designed 
for steam-boilers, but it has latterly been modified 
and improved so as to adapt it to a great variety 
of purposes. It can now S fixed to any boiler. 
The fire-bars are practically indestructible ; it 
will burn slack, smudge, sawdust, coke-breeze, 
and the smallest coal, and clinkers come off the 
bars quite easily. At the same stand may be seen 
some samples of solid-oil fuel made by the Arm- 
strong-Morgan process. The fuel is a solidified 
hydro-carbon oil, and has not been exhibited 
before. It is made from refuse petroleum, and can 
be moulded in any desired form. The blocks are 
said to resist weather influences perfectly, being 
impervious to the action of rain, heat, and cold ; 
they burn practically smokelessly, and no appreci- 
able alteration of the fire-grate is required. 

There are, of course, other exhibits of interest 
in the Hall, but space will not allow us to mention 
them here. The Exhibition closes to-day. 








THE ELECTRICAL EXHIBITION AT 
OLYMPIA.—No. IV. 

In our concluding notice of the Olympia Exhibi- 
tion we may well give the first place to the Edison 
storage battery, since this piece of apparatus has 
been the subject of so much rumour and contra- 
diction during recent years that all those interested 
in storage battery work will be glad of the oppor- 
tunity afforded by the Exhibition to see in what 
it actually consists. It is shown on the stand of 
the Edison Manufacturing Company, Limited, of 
Edison Works, Willesden Junction, London, N.W. 
As is generally known, the battery is an iron- 
nickel one, and differs radically from other 
types, the highly mechanical nature of its con- 
struction being one of its special features. The 
positive plate is built up of a series of perforated 
steel tubes filled with alternate layers of nickel 
hydroxide and pure metallic nickel in excessively 
thin flakes. The tubes are about ,%, in. in outside 
diameter, and are carried in a nickel-plated steel sup- 
porting grid, to which they are attached by means of 
a punching process, which closes the horizontal ribs 
of the grid on to the ends of the tubes. The tubes 
themselves are built up from a perforated ribbon 
of nickel-plated steel. They have spirally lapped 
seams, and are reinforced by eight steel bands, 
equally spaced, which prevent the tubes expanding 
away from, and breaking contact with, their con- 
tents. The nickel hydroxide in the tubes forms 
the positive element, and the flaked metallic nickel 
is merely introduced because the hydroxide is of 
somewhat high resistance. The nickel takes no part 
in the reaction. The method employed to obtain 
the flaked nickel is of interest, and may be referred 
to. It consists in depositing alternate layers of 
—- and nickel on a phite drum until a 
cylinder about ,4 in. thick is built up, of about 
250 alternate layers of the two metals. The 
cylinder is then cut up into minute square plates, 
which are treated with acid which dissolves the 
copper out and leaves the flaked nickel. 

he negative plate of the battery consists of a 
number of cold-rolled nickel-plated rectangular 
pockets, carried by a grid. The pockets are filled 
with powdered iron oxide, and, after filling, are 
placed in position in the grid, which is then sub- 
jected to heavy pressure by dies ; these corrugate 
the surfaces of the pockets, and at the same time 
force them into close contact with the grid. The 
cell in which the plates are carried is also made 
of nickel-plated steel. It is welded at the seams 
by the autogenous method, and is corrugated to 
give the greatest possible amount of strength with 
minimum weight. The plates are insulated from 
each other, and from the cell, by means of hard 
rubber. The electrolyte consists of a 21 per cent. 
solution of potash in distilled water, and a small 
percentage of lithia. No acid is used, and the 
density of the electrolyte does not change on charge 
or discharge. 

The highly mechanical nature of the battery is at 
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once evident from inspection of it, and it is stated 
that no deterioration takes place in ordinary 
service over a number of years. The voltage for 
normal rates of discharge is 1.2 per cell. A 
peculiar feature, and one of great importance, is 
that the battery improves in efficiency after being 
put to work. When the cell is new it has an 
efliciency of from 60 to 65 per cent., which is 
lower than is obtained with a new lead battery; 
but as the Edison battery increases in efficiency 
with use, this aspect of it is of little consequence. 
As the construction of the cell prevents the throw- 
ing down of any active material, no sediment is 
formed, and it is stated that it is never necessary 
to clean out the cells; in fact, they are made so 
that the covers cannot be removed to do this, for 
they are welded on. It is also stated that pro- 
longed standing in an uncharged state has no dele- 
terious effect on the cells. 

An interesting and quite special type of exhibit 
is made by Messrs. Ozonair, Limited, of 96, Vic- 
toria-street, Westminster, 8.W., who show various 
applications of their apparatus for the production 
of ozone. The essential feature of all their plant 
lies in the ozone generator, which consists of metal 
grids between which a high-tension discharge takes 
place, resulting in the Bap mary of ozone from 
atmospheric oxygen. The plant consists of the 
generator, a step-up transfoimer, and, if intended 
for operations on a direct-current circuit, a con- 
verter. Various applications are shown, mainly 
for ventilation, although the chief position on the 
stand is occupied by a water purification plant, in 
which the ozone is caused to pass upwards through 
the water as it falls from an atomiser. Several of 
the small ventilating plants, intended for direct- 
current working, are interesting, as the converter 
is built as an integral part of the fan motor, so 
that the control of the who.e plant is obtained by 
two tumbler-switches—one for the fan and one for 
the transformer. Examples of palm-oil and other 
vegetable products bleached by ozone are also 
shown on the stand. 

Special apparatus is also exhibited by Messrs, 
Isenthal and Co., of 85, Mortimer-street, London, 
W., who display their protective gear for overhead 
lines and cables. Characteristic examples of the 
two types of apparatus are shown. in Figs. 36 and 
37, above. The gear is intended to deal with 
surges created by lightning discharge, switching, 


breakdown, or other cause. In the case of overhead 


Fig. 38. 
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lines the former is much the more important 
class of phenomenon, and the gear is specially 


| designed to deal with it. 








Such discharges produce 
currents of enormous frequency in overhead lines, 
and in order to deal with them Messrs. Isenthal 
use a type of discharger having a resistance which 
is inversely proportional to the frequency. The 
danger of the very high frequency currents pro- 
duced by lightning discharges is that they build up 
very high voltages on the end windings of trans- 
formers and machines, resulting in breakdowns. 
Messrs. Isenthal’s discharger is a pure and simple 
condenser of the Moscicki type, and has no spark- 
gap or wire resistance. The condensers have an 
enormous resistance at normal periodicities, but are 
easily able to pass the very high voltage inductive 
currents due to lightning. The dischargers are 
built up of a battery of condensers, as shown in 
Fig. 36. Each condenser consists of a glass tube, 
silver-plated inside and out, and afterwards copper- 
plated outside, and covered with a metallic pro- 
tective enamel. The tubes are carried in sheet- 
iron cylinders, filled with a non-freezing mixture of 
glycerine and water. The cylinders are connected 
to earth, and the inside of the glass tubes to the 
line. 

For underground cables Messrs. Isenthal use a 
Giles valve, as illustrated in Fig. 37. This is 
intended mainly to deal with surges due to switch- 


|ing or breakdown, as such surges are the chief 


cause of trouble in underground work. The high 


| periodicities met with in overhead cables are not 


characteristic of underground surges, but heavy 
dynamic currents due to the machinery connected 
to the mains are frequently a cause of trouble. 
Such dynamic currents are passed to earth through 
spark-gaps as in usual types of protector, but the 
special feature of the Giles valve is that the first 
gap is connected to earth through a condenser, 
so that it is possible to carry a very sharp potential 
gradient over the gap without any danger of con- 
tinuous sparking when the gap has operated. The 
arrangement consists of an upper spark-gap con- 
nected through a resistance to a series of fur- 
ther spark- gaps at the bottom of the appa- 
ratus. Each gap is shunted by a condenser, 80 
that when the apparatus discharges, the potential 
across any gap is limited by its condenser. The 
spark-gaps are made of zinc, and the resistance, 
which forms the black part of the cylinder shown 
in the illustration, is of wire wound on a mica tube. 

Many of the electric cable manufacturing firms 
have stands at the Exhibition, and among them we 
may mention Messrs. Callender’s Cable and Con- 
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struction Company, Limited, who, in addition to 
cables, show joint - boxes, feeder - pillars, &c.; 
Messrs. W. T. Henley’s Telegraph Works Com- 
pany, Limited, who show cables of all types, 
rubber goods, distributing-boxes, &c.; Messrs. 
Pirelli, Limited, who show tlexibles, cables, ebonite 
parts, &e.; and Messrs. Johnson and Phillips, 
Limited, Who, in addition to cables, display a large 
selection of their range of manufactures, including 
switch-gear, instruments, a 24-in. searchlight pro- 
jector, &c. The Union Cable Company, Limited, 
must also be mentioned as showing cables, wires, 
and joint-boxes ; and the Western Electric Company, 
Limited, who show cables, telephones, batteries, &c. 

Electrical instruments are also represented by a 
number of firms, including such well-known names 
Messrs. Elliot Brothers; Messrs. Everett, 
Edgeumbe, and Co., Limited; Messrs. Nalder 
Brothers and Co. ; Messrs. Nalder Brothers and 
hompson, Limited ; Messrs. Evershedand Vignoles, 
Limited ; and Messrs. R. W. Paul. It is impos- 
‘ible to deal in detail with the comprehensive 


as 





| shed 


| meters, &c.; the Auto Recorder Company, of Kent | 


exhibits of these firms, but it may be said that in 
addition to electrical instruments, Messrs. Elliot 
show the Anschutz gyro-compass, which was recently 
described in our columns, ships’ telegraphs, speed- 
indicators, &c.; while Messrs. Everett, Edgcumbe, 
show a very large range of switchboard instru- 
ments, and, in addition, speed-indicators, photo- 
meters, &c. Messrs. Nalder Brothers and Co. 


|show galvanometers and other testing apparatus, 


while Messrs. Nalder Brothers and Thompson 
display switchboard, recording and _ portable 
instruments of various types. Messrs. Ever- 
and Vignoles exhibit testing sets for 
mains, &c., and switchboard and portable instru- 
ments; and Messrs. Paul show galvanometers, 
high-frequency instruments, and pyrometers. In 
connection with this class of exhibit the names of 
the Leskole Company, Limited, of Palace Works, 
Enfield, who show distance thermometers, steam- 


Street Works, Leicester, who show CO, recorders ; 
and Messrs. Alexander Wright and Co., Limited, 
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Enorne Governor; Messrs. WILSON 
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of 1, Westminster Paiace-gardens, 8. W., who show 
combustion recorders, water-meters, &c., should 
be mentioned. The Lea Recorder Company, also 
exhibit their well-known form of V-notch meters; 
and Messrs. Winston and Co., show thermometers 
and general optical goods, while Messrs. Gambrell 
Brothers show potentiometers, &c. 

. We have already dealt with some of the machine- 
tools shown at the exhibition, but among other 
firms displaying this class of plant which should be 
mentioned is Messrs. C. W. Burton Griffiths and 
Co., who show a large variety of tools, among which 
we would specially mention a portable universal 
radial drilling-machine with a self-contained motor. 
The tool is mounted on wheels for ease in moving 
and has screw-jacks, so that it may be lifted from its 
wheels when in use. The drill-spindle is capable of 
travelling through a complete circle in two planes, 
and as the tool is of a heavy type, it should be very 
useful for a large class of rather awkward work. 
A radial head slot-drilling machine is also exhibited 
which is intended mainly for cutting slots in petrol- 
engine valve-stems and similar work in which slots 
have to be made in comparatively light spindles. 
The drill is mounted horizontally and has a 
rocking motion, while the feed is applied to 
the table. Messrs. Burton Griffiths also show a 
proportional counting-machine under the name 
‘** National.” The machine is intended for count- 
ing screws and other small parts by means of 
weighing them, and consists of two scale-pans, in 
one of which a known small quantity of the article 
is placed, a larger number being placed in the other 
pan. By moving a jockey along a horizontal scale 
the number in the second pan may then be directly 
read off, or the jockey may, of course, be set at a 
definite number and the counting carried out by 
filling the second pan until balance is obtained. 
Machine-tools are also displayed by Messrs. J. 
Rhodes and Sons, Limited, of Wakefield ; Messrs. 
Wallach Brothers, Limited ; Messrs. the Armorduct 
Manufacturing Company, Limited, and Messrs. G. 
W. Goodchild and Partner, the former firm showing 
power-presses for sheet-metal stamping, the two 
following electric tools, and the latter automatic 
stud machines. In this connection the commutator 
grinder exhibited by Messrs. Phillips’ Commutator 
Grinder Company, Limited, of 27, Walbrook, 
London, E.C., may also be mentioned. 

Electric lifts are represented by such well-known 
firms as Messrs. R. Waygood and Co., Limited ; 
Messrs. Medway’s Safety Lift Company ; Messrs. 
Marryat and Place; Messrs. Etchells, Congdon, 
and uir, of Manchester. A diagram of connec- 
tions of the push-button lift arrangement of 
this latter firm is shown in Fig. 38, on page 536. 
The lift is fully automatic, in that it cannot be 
moved while a gate is open, and that a landing 
call is inoperative until the passenger inside the 
cage has previously opened thegate and then reclosed 
it. A set of buttons is fixed in the cage, so that a 
passenger has full control over its movements, and 
can stop instantly if required. The arrangement 
shown in the diagram is for two floors only, but the 
system is applicable to any number. The controller 
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shown in Fig. 39, on page 536, is a self-contained 
article, so that trouble owing to bad mounting, result- 
ing in lack of alignment, is avoided. The action of 
the gear may be followed from Figs. 38 and 39. The 
controller, as will be seen, consists of two vertical 
solenoids attached by chains to a change-over 
switch mounted above them. This switch deter- 
mines the direction of rotation of the motor, and 
the first operation of either solenoid on being 
energised is to pull this switch over to either the 
rising or falling position. The pressing of one of 
the lift buttons energises one side of the controller 
only. When the change-over switch has been 
closed, a small relay switch, which can be seen on 
the lower part of the casting carrying the change- 
over switch, puts the two solenoids in series, so 
that they lift their lower plungers, which are con- 
nected by a cross-arm, as shown in the figure. 
The lower plungers are independent from the upper 
plungers which operate the change-over switch, but 
are connected to them by internal chains, so that 
they cannot move until the change-over switch has 
been operated. The lifting of the lower plungers 
gradually cuts out the resistance connected to 
the starting contacts, which can be seen behind 
them, and starts the motor, the rate of starting 
being regulated by the oil dash-pot, which can be 
seen between the solenoids. After starting, the 
motor runs until the circuit is broken, when the 
cage has reached a predetermined floor, after which 
the solenoids move into their first position again. 

The pressing of any button, either on a landing 
or in the cage, operates a relay, which receives power 
from the incoming mains, and closes the circuit of 
one of the controller solenoids. This circuit is 
then maintained until the cage reaches the floor 
corresponding to the button which has been pressed, 
when the direction guide on the cage opens the 
circuit on the floor switch ; this breaks the relay 
circuit, and the current is cut off from the con- 
troller. The relays belonging to each system of 
press-buttons are arranged so that when the lift is 
above or below the corresponding floor they energise 
the controller solenoid corresponding to the direc- 
tion in which the cage must travel to reach that 
floor. As the cage must alternately be above and 
below any specific floor, it will be seen that the 
relays must have an alternate change-over action. 
Limit-switches are fitted at the top and bottom of 
the travel, as will be seen in the diagram. These 
are operated by a skate, and are capable of breaking 
the main circuit in case of over-running. A lock 
is fitted to each well-gate, which breaks circuit when 
any gate is opened. 

Among the firms with which we have not yet dealt, 
exhibiting more purely electrical apparatus, there 
is the General Electric Company, Limited. This 
firm, as is well known, make practically every class of 
electrical apparatus and plant, and their two stands 
contain a wonderfully varied range of exhibits, 
including lamps, heaters, motors, instruments, &c., 
a special feature being made of the firm’s new 
16-candle-power high-voltage metallic filament in- 
candescent lamp. <A very varied display is also 
made on the stand of Messrs. Pooley and Austin, 
of 25, Victoria-street, London, S.W. This firm 
exhibit high-tension switch-gear, manufactured by 
Messrs. Spagnoletti, Limited, of Goldhawk Works, 
London, We continuous- current dynamos and 
motors, by Messrs. Mawdsley’s, Limited, of Zone 
Works, Dursley, Gloucestershire ; and ironclad and 
mining switch-gear, by Messrs. Engineering Instru- 
ments, Limited, of Skerne Works, Darlington. The 
Union Electric Company, Limited, of Park-street, 
Southwark, London, S.E., also have a very general 
display of plant, including several types of mining 
switch-gear, and a motor with impregnated wind- 
ings, and working with an open commutator in a 
water-spray. The firm also show an automatic 
paralleling apparatus for alternators, and an in- 
teresting automatic field-regulator for generators. 
This latter consists of a sclenoid, which is con- 
nected across the terminals of the generator, the 
voltage of which is to be regulated. The solenoid 
has a movable core, carrying at its top end 
a trough made of insulating material and containing 
mercury. The core, with its trough, is supported 
at one end of a pivoted lever, weighted at the other 
end, and swinging in a vertical plane. The mercury- 
trough is open at the top, and above it there is fixed 
a series of contacts leading to the field-resistance of 
the machine. The contacts are arranged in the form 
of a comb, and the effect of the arrangement is that 


as the machine voltage varies, and with it the pull | 


of the solenoid, the core is lifted in or out of the 





solenoid, so that the trough is slightly tilted in one 
direction or the other. The effect of this is that 
more or fewer contacts dip into the mercury, so that 
field-resistance is automatically cut out or in, and 
a voltage regulation is obtained. 

There are a further number of exhibits in the 
Show of a more mechanical than electrical nature, 
among which we may mention the boiler-stoking 
exhibits of Messrs. Ed. Bennis and Co., Limited ; 
and Messrs. James Proctor, Limited, Burnley. 
Messrs. Bennis’s exhibit comprises an example 
of their well-known coking-stoker and one of 
their newer chain-grate stokers. In this latter 
the grate drive is fitted with a six-speed gear, run- 
ning in oil, to give a drive adapted to various 
classes of coal and loads. The exhibit also includes 
a Bennis elevator and conveyor and a CO, recorder 
and calorimeter. Messrs. Proctor show their 
shovel-stoker with moving fire-bars, and their coking- 
stoker with self-cleaning bars, together with a 
coal-elevator and conveying plant. Messrs. J. 
Hopkinson and Co., Limited, of Huddersfield, 
also have an excellent display of boiler mount- 
ings ; they also show valves of various types, 
the whole of which, as is Messrs. Hopkinson’s 
practice at exhibitions, being beautifully finished and 
displayed so that their working parts can be seen. 
We may specially mention the two - seated stop- 
valve which is shown, and the new type of 
gauge-glass drain-cock. The former of these 
has two disc-valves, one above the other, and 
the mechanism is arranged so that one of the 
discs always opens first. The result of this is 
that any cutting of the valve-face due to the 
first rush of steam through the opening valve is 
confined to one of the faces only, so that the other 
always remains tight. The drain-cock illustrates 
another application of the same principle, and con- 
sists of a disc-valve in series with a ball, the disc 
opening first, so that the ball-valve receives any 
cutting action which there may be. Boiler plant is 
also shown by Messrs. James Gordon and Co., of 
81 to 83, Knightrider-street, London, E.C., in their 
sectional superheater, in which rectangular rolled- 
steel headers are used and bent tubes expanded 
into mild steel plates, which are secured to the 
headers with set-screws. The superheater is de- 
signed so that any group of tubes can be removed 
for inspection or cleaning without interfering with 
the superheater setting or breaking any steam-pipe 
joints. This firm also exhibit a special two-way 
valve and samples of hydraulic turbines and 
governors. 

Small prime movers are shown by the Aster 
Engineering Company, Limited, of Wembley, 
Middlesex; the Heatley- Gresham Engineering 
Company, Limited, of Letchworth, Herts ; and the 
Crypto Electrical Company, of Bermondsey-street, 
London, S.E., these firms exhibiting petrol or 
— sets coupled to electrical machines; and 

essrs. R. Hornsby and Sons, Limited, of Grantham, 
who show both gas and oil-engines. Ball-bearings 
are exhibited by the Hoffmann Manufacturing Com- 
pany, Limited, of Chelmsford, who make a most ex- 
cellent display, showing various applications of their 
bearings to electrical machinery ; and the Skefko 
Ball-Bearing Company, Limited, of Carlton House, 
Regent-street, London, S.W., whose bearing we 
hope to deal with later ; while general mill-gearing, 
roller-bearings, and friction clutches are shown by 
the Unbreakable Pulley and Mill-Gearing Com- 

ny, Limited, of West Gorton, Manchester. 

riving-chains are displayed by Messrs. Hans 
Renold, Limited, of Manchester, and the Coventry 
Chain Company (1907), Limited, of Coventry. 

An interesting automatic electric-lighting plant 
for country house and similar work is shown by 
Messrs. Walker, Horrocks, and Co., Limited, of 
45, Newhall-street, Birmingham. The object of 
the plant is to reduce the attendance required to a 
minimum, and arrange that it may be given when 
convenient. The plant consists of a petrol or 

ffin-driven set of standard type, and the novel 
Steno are confined to the control-gear, which is 
illustrated in Fig. 40, on page 537. The plant is 
installed in connection with a battery as in common 
practice, and the gear is arranged automatically to 
cut one or more cells in or out as the voltage falls or 
rises, and to start the engine when necessary, 
The control-gear consists of an automatic motor- 
driven battery-switch, a set of relays, a main 
circuit breaker, and an engine - starting circuit- 
breaker. The battery-switch is operated by the 
energising of a relay through a contact on 
the voltmeter, which is reached when the voltage 





has fallen too low, The relay starts the battery- 
switch motor, which then runs, and cuts in another 
cell, the cutting-in of the cell breaking the battery- 
motor circuit. This process is continued until no 
more cells can be cut in, and the battery switch- 
arm reaches its end position, the effect of this being 
to close the dynamo circuit by means of a second 
relay. This causes the dynamo to motor, and 
start the engine. The connection between the 
battery and the dynamo is made through a time- 
limit reverse-current circuit-breaker, so that in 
case the engine will not fire or run properly it 
shall not continue to take current from the battery 
for an indefinite period. The charging of the cells 
is looked after by a pair of relays which are con- 
nected across alternate end cells, one being 
connected across, say, cell ‘‘ six,” and the next 
across cell ‘‘five.” When cell ‘‘six” has risen 
in voltage to a predetermined value, the relay 
causes the charge battery-arm to move, and so cut 
it out of circuit, the moving of this arm at the same 
time transferring the first relay connection from cell 
‘*six ” to cell ‘‘ four,” and so on, so that two relays 
look after all the end cells. When all the end cells 
are cut out, the charge-arm causes the engine to 
start as before, and the cells are recharged. 

In conclusion, we may mention the display of 
Messrs. Wilson Hartnell and Co., Limited, of 
Volt Works, Kirkstall-road, Leeds, who make a 
very good display of their governors of various 
types. One form attracted our attention particu- 
larly, and an example of it is shown in Fig. 41, on 
page 537. This governor is of very small over- 
all dimensions, and yet is very powerful. As 
will be seen from the figure, it contains four 
weights or balls, all acting on the same spring, 
so that there is practically no lost space in 
the casing containing the working parts. An 
interesting modification of this form of governor 
is also shown, in which two of the weights 
are much smaller than the other two. ‘The 
arrangement is intended for a special winding 
gear, and the respective weights are arranged so 
that while the heavy ones come into operation at 
200 revolutions, the light ones do not act until 
2000 revolutions have been reached. Both sets of 
weights act on the same spring, exactly as in Fig. 41. 
An interesting tachometer, made by the Lunken 
Company, Limited, of 35, Great Dover-street, 
London, S.E., is also shown on Messrs. Wilson 
Hartnells stand. This instrument is a magnetic 
one, and has a permanent magnet which revolves 
at the speed of the shaft to be measured. Between 
the poles of the magnet there is an armature, 
attached to the indicating pointer, and working 
against a spiral spring. The revolving of the 
magnet induces a current in the armature, so that 
it is pulled round against its spring. The instru- 
ment is stated to be accurate within } per cent., 
while it indicates down to its lowest reading equally 
well as at itshigher. The magnets are said to show 
no signs of change of strength even after many 
years’ work. We must also refer to Fig. 42 on 
page 537, which shows the 3-ton electric cargo 
winch which is displayed by the Sunderland Forge 
and Engineering Company, Limited, of Pallion, 
Sunderland, and to which we have already referred, 
but which we were not able to illustrate earlier. 








THE “MODEL ENGINEER” 
EXHIBITION. 

Tuts Exhibition, which is now open at the Royal 
Horticultural Hall, Westminster, S.W., is full of 
attractions for those who are mechanically inclined ; 
for although there does not appear to be much 
change from the one that was held in the Hall two 
years ago, some notable advances have been made 
which in themselves constitute a feature quite 
sufficient to attract visitors. The Exhibition is the 
third of its kind that has been organised under 
the auspices of the Model Engineer. Though 
many models are, of course, merely toys, there 
are others which cannot be classed as such, having 
attained a much more scientific position. Of these 
many are to be seen at the present exhibition. 
The building of models is an occupation that has 
grown enormously of late years, due largely, no 
doubt, to the many facilities that have been placed 
before amateurs, for only comparatively a few years 
ago the difficulties to be overcome in the construc- 
tion of any model were vastly greater than they 
are now, with the result that the art was followed 
only by enthusiasts. At that time such an exhi- 
bition as the present one could not have existed, 
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Model engineering has so far advanced that it 
has in many cases merged into what we may call 
‘* small power engineering.” Moreover, the litera- 
ture on the subject of model construction has grown 
enormously during the last ten or twelve years, 
and has given a great impetus to the pursuit. 
The standard of the writing on the subject has 
also risen, descriptions of models and the proper 
way to make them being undertaken by men who 
really understand more what they are writing about 
than was formerly the case, although there is still 
much to be desired in some directions in regard to 
this. Thereis, however, no doubt that on the whole 
great advance has been made. One of the directions 
in which advance is noticeable is that of high-speed 
boats, an indication of which is that the record speed 
now stands at 20.63 miles per hour, whereas at the 
time of the exhibition held in 1909 the record speed 
was 15 miles per hour. The public will, however, 
be best able to judge of these advances by a visit 
to the Exhibition. 

As was the case two years ago, the stand of Messrs. 
Stuart Turner, Limited, Henley-on-Thames, is well 
worth a visit, for it not only shows what progress has 
been made in model engineering by the firm, but 
also in the construction of small engineering plants. 
Nine years ago this firm did not exist, whereas now 
they are one of the best-known by model-makers 
and amateurs, both for the high-class workmanship 
turned out and the great variety of their produc- 
tions. A special change that has been made by 
the firm since the previous exhibition is that they 
have, in addition to a considerable enlargement of 
their model department, made an entirely separate 
department for small engineering plants, such as 
electrical plants, small oil-engines for pumping, &c., 
driving small boats, &c. Among the new things 
they have on view in the engineering department 
is a 300-watt lighting and charging set, which 
has only been on the market for about nine 
months. It is entirely self-contained, and occu- 
pies very little space. These ogy are made 
in many sizes, the largest being 1 kw. The engines 
are driven by petrol, and are of the two-cycle 
Stuart valveless type. The plant comprises the 
engine, the dynamo, and the cooling-tank, all 
of which are fixed ona substantial base. A specially 
designed float-feed carburettor is fitted to the 
engine, and the dynamo has self-oiling bearings, 
carbon brushes, and a flanged belt-pulley, which is 
driven from the engine fly-wheel. The set will 
light thirty metallic-filament lamps of 10 candle- 
power each, or charge a battery of fourteen cells 
requiring 35 volts and 8 to 9 amperes. The net 
dimensions of the plant are 2 ft. 9 m. long by 2 ft. 
wide and 2 ft. 4 in. high, and it weighs 2 cwt. Other 
sizes are made. We understand from Mr. Turner 
that there is a great demand for this class of 
plant, when it is really an ‘‘ engineering job.” 
There is also a model pumping set on view. It con- 
sists of a two-cylinder single-acting steam-engine 
direct coupled to a Gwynne type of centrifugal 
pump, the engine cylinders being ? in. in diameter 
by d in. stroke, and the impeller of the pump 
1} in. in diameter. The engine runs at about 
3000 revolutions per minute, and the delivery 
and suction-pipes are ;; in. and # in. in dia- 
meter respectively. Steam is supplied from a ver- 
tical boiler made of copper, the shell of which is 
riveted and the fire-box brazed. The shell is 4 in. 
in diameter and the fire-box is fitted with fifteen 
tubes 4 in. in diameter, above which is placed a small 
superheater. 

At this stand there is also a very good display 
of Stuart’s castings for model-makers and amateurs; 
but an exhibit that will interest those visitors 
who have been won over to the fascinating study 
of flying-machines is what is called the ‘‘A E” 
petrol engine for model aeroplanes. This engine 
is really an excellent example of workmanship, if 
the one we saw is any guide. It consists of 
two opposed cylinders, each 1} in. in diameter by 
15 in. stroke, which are either water or air-cooled 
as desired. The engine has a fly-wheel 1} in. 
in diameter and is fitted with a carburettor. The 
whole, complete, measures 14} in. in length, 
6} in. in width, and 4} in. in height, and weighs 
«bout 65 lb., the power developed by it being, 
we understand, about 4 brake horse-power. The 
engine has been designed to produce the greatest 
possible power with a minimum of space, weight, 
and vibration. It can also be used for model 
motor-boats. In the case of aeroplanes no fly- 
wheel is needed. The cylinders are of light 
steel, carefully ground, the pistons and cylinder 





heads are of fine cast iron, the crank-shaft is 
forged steel, the gears are machine-cut, and all the 
steel parts are case-hardened. The firing gear is 
plain make-and-break, with iridium contacts. All 
the parts are made interchangeable, and spare parts 
can always be supplied. 

Among exhibitors of machine-tools for model 
and small work, Mr. Arthur Firth, Atlas Works, 
Cleckheaton, has a very complete show of lathe 
bench shaping-machines, bench drilling-machines, 
all kinds of chucks, and small tools of all descrip- 
tions. Messrs. Buck and Ryan, 312, Euston- 
road, London, N.W., also have a fine stand 
of tools on view, a collection of chucks suitable 
for Drummond lathes, and a collection of small 
bolts and nuts from , in. diameter upwards to 
the maximum sizes used by amateurs. A very 
handy tool, which is also on view here, is a 
soldering set heated by a petrol or benzene lamp, 
which latter can be detached and used saundely 
for small brazing jobs. As on previous occasions, the 
firm of Messrs. R. Melhuish, Limited, 84, 85, and 
87, Fetter-lane, London, E.C., are well represented 
at the Exhibition, and they have on view a very 
fine collection of ‘‘ Ferret ” ratchet spanners, to take 
fourteen sizes of nuts, a feature particularly useful 
to motorists. There are also some new foot and 
hand-driven emery wheels, which can be used 
either wet or dry. 

To lovers of locomotives, the stand of Messrs. 
Bassett-Lowke, Limited, Northampton, will doubt- 
less prove of special interest, for there one natu- 
rally expects to find the latest improvements and 
novelties in model locomotives. A feature of the 
stand is an electrically-driven model of a Great 
Northern Railway locomotive running on a line 
of 1j-in. gauge. This firm is also noted for its 
garden railways, many of which have been equipped. 
A line to which the firm have especially devoted 
themselves is that of complete signalling outfits, 
and they have on view a very fine complete installa- 
tion showing a typical junction on an English 
railway, equipped with all signals, points and 
crossings, levers, interlocking gear, &c. This in- 
stallation has not been exhibited before, and the 
opportunity for inspecting it should be taken, as 
we understand that it is going abroad, on to one of 
the Spanish railways, as a means of training and 
instructing railwaymen on the line. At the stand 
of Messrs. James Carson and Co., Limited, 
Cricklewood, London, may also be seen some 
very fine model locomotives, among them being 
a model of the Mallet articulated compound to 
a scale of }in. to 1 ft., and running on q gauge 
of 34 in. The high-pressure cylinders are 1} in. 
in diameter, and the low-pressure 2} in. in 
diameter, the stroke being 2} in. The valve- 
gear is of the Walschaert type, and the frames 
are articulated as in the actual engine. The model 
is coal-fired, although in the actual locomotive oil 
fuel is used, but the alteration has been made 
without in anyway interfering with the general 
appearance of the engine. his locomotive has, 
we understand, pulled a load of eight men. The 
length over all is 6 ft. 9 in., and the weight 180 lb. 

Among exhibits of machine-tools, Messrs. Drum- 
mond Brothers, Limited, Rydes Hill, near Guild- 
ford, Surrey, have on view a collection of their 
well-known lathes, drilling-machines, &c., which are 
so much esteemed by amateurs. As we have, how- 
ever, previously described all of these tools, we 
need not say anything further regarding them now. 
Mr. Henry Milnes, of Brown-road, Bradford, also 
has a very good show of machine-tools on view, 
including a 44-in. centre lathe with 4-ft. 6-in. hed, 
self-acting, sliding, and screw-cutting, with hollow 
mandrel, automatic cross-feed, boring-table, &c. 

In addition to what we have mentioned there is 
a collection of loan models, a model engineering 
workshop and a model railway track, besides a large 
collection of model aeroplanes. The Exhibition 
closes to-morrow, the 21st inst. 





NOTE. 
Tests oF Retnrorcep-Concrete TELEGRAPH 
PoLEs. 

THrouGH the courtesy of the British Improved 
Construction Company, Limited, 47, Victoria-street, 
Westminster, S.W., we recently had the opportu- 
nity of witnessing some tests carried out on a large 
reinforced-concrete telegraph pole at the company’s 
works at Fulham. The baal the pole over all 
was 44 ft. 6 in, of square hollow section, 17-in. 
square outside at the base, and 13 in. square inside 





at the same point, while the outside and inside 
dimensions at the top were 8 in. and 4 in. respec- 
tively. The reinforcement consisted of ,%;-in. dia- 
meter high-tension steel wires, having an ultimate 
tensile strength of from 80,000 1b. to 85,000 Ib. per 
* in., 56 being assembled together at each corner. 
These wires were held together by }}-in. by ;,-in. 
mild-steel tie-plates pitched about 2 ft. centres. 
No binding wires whatever were used in the con- 
struction of the reinforcement. The pole was firmly 
embedded in concrete for 5 ft. 6 in. of its length, 
and the load was applied 38 ft. 6 in. above the top 
of the concrete foundation. On October 10 the pole 
had been tested up to 35} cwt., when the crab was 
found insecure, and the test was postponed till the 
13th. The method of testing was by attaching a 
wire-rope to a clip at the top of the pole, the 
rope being carried over a pulley sheave on a crane- 
jib at approximately the same level as the top of 
the pole, and the wire was led from the sheave 
down to within about 10 ft. of the ground, and a 
Salter spring-balance was attached to it there. A 
chain was then fixed to the balance and wound 
round the drum of a 2-ton geared crab-winch. On 
continuing the test on the 13th a slight hair crack 
was observed on the tension side about 5 ft. 6 in. 
above the surface of the foundation, when the load 
was 334 cwt., and, when the load was increased to 
36 cwt., slight hair cracks appeared, pitched regu- 
larly about 6 in. to 9 in. apart. At 41 cwt. a slight 
shear crack appeared, starting at about 33 in. above 
the foundation and extending vertically ata distance 
of 2 in. from the tension side for 3 ft. 6in. in length 
upwards. At 46 cwt. hair cracks occurred on the 
tension side regularly every 3 in. or 4 in., and at 
51 cwt. cracks were noticed to be travelling across 
the sides of the pole to within 6 in. of the com- 
pression side. At 61 cwt. the shear crack was 
more pronounced, and hair cracks on the tension 
side occurred, pitched about 1 in. apart, but no 
- of failure were observed on the compression 
side at this load. The test was then discontinued, 
as the limit of the gauge on the testing apparatus 
had been reached. It was, however, continued on 
the 16th. After each of the tests we have recorded 
the load was released and the permanent set was 
recorded. The set was not measured after each 
increment of | cwt. in the load, butat varying addi- 
tional loads of 2} cwt. in the earlier tests, to 18 cwt. 
in the test which brought the final load up to 60 ewt. 
The total deflection at 31 cwt. was 16} in , witha 
permanent set of 4 in. on release, to a deflection of 
374 in. at 60 ewt., when the permanent set was }j in., 
measured an hour and a-half after the load was re- 
leased. On continuing the test, at 61 cwt. the shear 
crack was more pronounced, and hair cracks on the 
tension side were pitched about 1-in. centres, but no 
signs of failure were observed on the compression 
side. At 94 cwt. the pole had a deflection of 66 in., 
and the cracks on the tension side were more pro- 
nounced. There were, however, no signs of failure 
on the compression side. On the load being released 
the permanent set was found to be 21 in. The load 
was again applied, and the first signs of failure on 
the compression side were noticed when the deflec- 
tion was 72 in. ; complete failure occurring when the 
deflection reached 78 in. It was found that the 
= had failed almost equally for the whole of its 
ength both on the tension side and the shear sides. 
On the compression side the pole showed no signs 
of failure, except at the base, toabout 2ft. up. The 
total bending moment at the base of the pole was 
4,863,936 in.-lb. It may be mentioned that when 
the load was 57} cwt., with 34-in. deflection, the 
chain on the drum of the winch broke, releasing 
the pole suddenly. The pole flew back, and, after 
vibrating violently for a few seconds, regained its 
normal position, and on examination it was found 
that no permanent set was indicated. 








CanapIAN Exxcrric Powrr. —In connection with 
hydro-electric undertakings a water-power at Wadding- 
ton, on the St. Lawrence, has been investigated. Wad- 
dington is in the United States, almost directly opposite 
Morrisburg, and there are many towns in Canada urgently 
requiring a supply of electrical energy situated within 
easy reach of Waddington, while at a considerable dis- 
tance from the Niagara Falls installation. As a con- 
sequence, the Hydro-Electric Commission has entered 
into a contract with a Waddington company for the 
supply of electricity over transmission lines to be erected 
by the Commission to such towns as Kingston, Brock- 
ville, Lynn, Morrisburg, Cardinal, and Prescott. The 
charter under which the company holds the property 
emanates from the United States; but it is understood 
that a Canadian or English company will probably hold 
the entire stock, and make a bond issue in order to bring 
in English investors, 
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STEAM-TURBINES. 
To THE EprtTor OF ENGINEERING. 

Sir,—In a recent issue of your journal you published 
a reprint of Ow read on the subject of ‘‘Steam- 
Turbines,” by Mr. H. Zoelly, before the Zurich meeting 
of the Institution of Mechanical Engineers. As this 
Lae aa contains disparaging references to the compound 
velocity impulse turbine, we, as the principal makers in 
this country of the Curtis turbine—the only turbine in 
which this oe is employed in its entirety—ask you to 
publish the following :— 

Mr. Zoelly states that governing by means of successive 
groups of nozzles is unsatisfactory, and unsuitable for 
parallel running. So far as our machines are concerned 
that statement is not in accordance with the facts, as we 
have over fifty machines in this country running in parallel 
with engines or turbines, and in every case this form 
of governing is operating successfully. 

Mr. Zoelly also specially remarks that he has proved, 
after many years of experimenting and testing, that it is 
not possible, under most favourable conditions, to obtain 
with the compound velocity turbine a higher thermal 
efficiency than 58 per cent. We can only say that his 
researches could not have been complete, as the thermal 
efficiencies of Curtis turbines given below are considerably 





Some Test Resutts OBTAINED WITH ZOELLY STRAM-TURBINES. 





| Lbs. per | Super- | STEAM 
INSTALLATION. Bp Sq. . heat. | Vacuum. | Consumption. | Efficiency. 
* | Gauge. | | 
deg. F. | per cent. | Ib. per Ib, per per cent. 

| kw.-hr. | h.-p. hr. | 
4189 164.7 | 184 95.8 13.25 9.36 | 68.7 
4000-kilowatt turbine, Charlottenburg, 1000 revolu- { 3092 168.3 | 184 | 96.2 13.77 9.58 | 66.2 
tions per minute. Tested December, 1910 | fo 161.9 147 os | ped Bee | 63.2 
| 38 166.9 147 7.8 16. .12 | 59.9 
| 2052 179.0 205 | 94.9 13.04 9.18 | 705 
2000-kilowatt turbine, Helsingfors, 3000 revolu- | 1514 181.7 | 183 | 95.5 13.67 9.52 67.2 
tions per minnte. Tested November, 1910 | 1026 1775 | 187 | 95.8 14 53 9.76 65.2 
| | 510 17L.8 167 96.6 17.33 10.68 58.8 
| 1691 206.0 280 93.3 13.04 8.91 69.7 
1700-kilowatt turbine, Hagendingen, 3000 revolu- | 1366 202.3 284 |} 94.2 13.77 9.18 66.5 
tions per minute, Tested December, 1910 851 205 2 272 | 95.2 15.52 9 81 610 
457.5] 208.0 256 | 94.9 18.91 10.68 57.1 
1200-kilowatt turbine, Aurich, 3000 revolutions J 1286 162.3 z 94.0 15.34 10.77 67.0 
r minute. Tested December, 1910 949 164.0 70 95.5 15,99 11.08 62.8 
pe . ’ L606 166.7 63 96.5 171 11.48 59.0 





Some Test Resutts OpTaIneD WITH CurTIS STEAM-TuRBINES. (THE British THOMsON-HousToON 
Company, Limirep, Ruepsy.) 


| 
vs Pressure, | 
Kilo- |'Lbe. per | Super- 


Kilo- Pressure, | 





ing a fashion to my paper, why did you not come out into 
the open and give your ers the opportunity of dis- 
cussing it? Instead of that, you indulge in a tirade of 
criticism alternating between the ponderously humorous 
and the acrimonious. The paper was one to invite dis- 
cussion, and it has aroused considerable interest ; and I 
do not think your readers as a whole would agree with 
the un-English and inquisitorial method adopted—I 
imagine, in a moment of aberration—by your journal. I 
do not ask you to agree with all I have brought forward 
in my paper, but I ask at least for fair play and no mis- 
representation. 
Yours truly, 

C. Reeinatp Enock, C.E., F.R.G.S. 

Valley Croft, Northwood, Middlesex, 

October 17, 1911. 

[We have, of course, no quarrel with the writer of the 
above letter. Individuals are quite at liberty to commit 
to paper whatever they please. Technical societies are, 
however, in a different case. Not only for the reputa- 
tion of their individual members, but also for their credit 
as corporate bodies of some responsibility, no less than 
in the interests of the profession at large, should such 
institutions do their utmost to discourage, rather than to 
assist in ill-directed labour of thischaracter. Mr. Enock 
states that his paper ‘‘ was one to invite discussion.” To this 





| 
| Thermal 











Vacuum. STEAM Thermal 








SnetaLLetnen, Mowe | Sq. In. | heat. ConsUMPTION. Efficiency. 
* | Gauge. | | 
deg. F. | percent. | Ib. per lb. per | per cent, 
7 | kw.-hr. | h.-p. hr. 
3000-kilowatt 1500-revolutions-per-minute turbine ; { | 2987 140 144 89.4 | 15.96 11.2 70.2 
_ Olympia Oil and Cake Company, Selby. Tested / 2280 145 137 91.3 15 90 10.9 68.9 
April, 1911 1484 150 151 91.7 17.10 11.43 64.8 
1500 kilowatt 1500-revolutions-per-minute turbine ; f 1541 135 8 93.4 17.46 12.12 65.7 
the Fife Power Company, Dunfermline. Tested | 1185 129 4 15 947 18.05 12.3 63.1 
September, 1911 739 129 7 95.3 19.3 12.52 60.9 
1566 140 106 92.1 16.95 12.04 63.7 
; - 1185 140 102 91.7 | 17.2 12.05 64.4 
1250-kilowatt 3000-revolutions-per-minute mixed-pres- 893 l4l 98 917 | 1855 12.78 €0.7 
sure turbine ; the Bedwas Navigation Colliery Com- 626 140 100 91.7 | 20.35 13.6 56.9 
pany, Limited. Tested December, 1910 | 1268 1.6 2 o.6 | 298 20.95 73.4 
) -4 23 7 | 815 21.45 70.9 
548 1.6 24 915 | 37.5 24.72 62.0 
1000-kilowatt 2000-revolutions-per-minute turbine if 1221 120 98 90.8 | 17.75 12.5 65.1 
Messrs. W. N. Brunton and Sons, Limited, —s 995 120 99 92.7 17.3 12.07 65.0 
600 | 120 89 9L.8 19.9 13.1 61.1 


burgh. Tested May, 1911 


higher than 58 per cent., and compare well with those given 
by Mr. Zoelly as having been obtained with his turbines. 

In order that the results may be readily compared, we 
have reproduced Mr. Zoelly’s table, and, in doing so, 
we have given the superheat of the steam instead of the 
total temperature, as this gives at a glance a better idea 
of the conditions. Below his schedule we have tabulated 
test results on Curtis turbines, built by this company at 
Rugby. It should be noted that we have omitted the 
column of efficiencies based »n conditions behind the — 
valve, as these are of no interest to the user, who is only 
concerned with the efficiency of the machine based on the 
steam conditions in front of the stop-valve. 

In accordance with the more conservative practice in 
this country, the superheat in our tests is generally lower 
than in the tests published by Mr. Zoelly, with the result 
that our effitiencies are somewhat lower than would have 
been the case had our tests been carried out with a higher 
degree of superheat, it being well known that the thermal 
efficiency of a turbine incréases with an increase of super- 
heat. Weshould add that all the test results of Curtis tur- 
bines given in the above tables were obtained on official 
tests. Yours faithfully, 

(For the British Thomson- Houston Co., Ltd.), 
F. SAMUELSON, 
Engineer, Turbine Department. 
Rugby October 10, 1911. 





‘**PAPERS FOR DISCUSSION.” 
To THE Eprror OF ENGINEERING. 

Srr,—I beg to protest against the method of criticism 
adopted in your journal against my paper, read before 
the Society of Engineers, on ‘* Railway Improvements” in 
an article entitled ‘‘ Papers for Discussion,” on October 6. 





If your critic, whoever he might be, objected in so astonish- 


extent therefore at least we have not misrepresented him, 





for this appeared to us to be the only possible idea behind 
it. It was of no value in itself. There is enough 
serious work to be done in the world by the engineering 
profession for us to be spared the trouble of raising 
dummies for the sole purpose of knocking them down, 
in the hope that the noise made in the process may 
lead a few people to think that something is really being 
done. ‘* Considerable interest” of a serious character 
cannot, we fear, be claimed for this paper in professional 
circles. Only some twenty persons or so even paid the 
author the compliment of listening to it at the meeting. 
What happened in the world outside our profession is, 
of course, no concern of ours here.—Ep. E } 








MOULDING-MACHINES. 
To THE Eprror or ENGINEERING. 

St1r,—I feel sure that neither Mr. Joseph Horner, in writ- 
ing his article on “* — Plant and Machinery,” No. 
XXXII., in your issue of September 29 last, nor the 
London firm acting as agents for Mr. Pridmore, nor this 
gentleman himself, would desire to claim anything more 
than they are entitled to, and I feel satisfied that when 
they have the following information they will define 
more particularly the design which Mr. Horner claims 
Mr. Pridmore ‘originated and developed over twenty 
years ago,” in the gt pe of the article, as I am sure 
all parties concerned will equally agree with me in the 
old saying of ‘‘ honour to whom honour is due.” 

Iam sorry when Mr. Horner wrote to me some little 
time ago for my firm’s lists of moulding-machines, some 
of which have already been illustra’ by him in your 


invitation to Banbury, and to have shown him moulding. 
machines which have been in constant work in our 
foundry for over five-and-thirty years, and which, I think 
would have convinced him that Mr. Pridmore did not 
originate the “die” form of moulding-machine. This 
gentleman, in his Patent No. 520, 1900, only claims a few 
** mechanical details” in this design of machine, and these 
may be improvements upon some of the older forms; but 
it will doubtless interest both the writer of the article 
and the public if they will refer to Patent No. 313, 1856, 
of the late Mr James Howard, to whom—unless a stil] 
earlier patent was taken out—belongs the credit of invent- 
ing the ‘‘die” moulding-machine, and this has been deve- 
lo greatly since by others. 

_I send you, in proof of above, the two patent specifica- 
tions in question, which kindly return. 

I also enclose you an illustration, taken from Messrs. 
Howard’s catalogue, with the date, 1858; whilst in this 
catalogue, with the description of the machine, the fol 
5 note is made—namely :— 

‘*That the above machines have been in operation for 
two years, whilst the following eminent firms have seen 
Messrs. J. and F. Howard’s machines in operation at 
Bedford, and have purchased a licence to use the patent— 
viz., the Coalbrookdale Company; Garrett and Son, 
Leiston; Ransome and Sims, Ipswich; and Mr. B. 
Samuelson, Banbury. 

I can only add that this type of machine has been in 
use since that date. and is in daily use at the moment in 
our foundry. Doubtless some of the details, as described 
in the article, so far as ‘the withdrawal of the pattern 
through the ‘die,’” have been improved by Mr. Prid- 
more; but these have also been improved by others 
more than twenty years ago; further, with regard to the 
use of ‘‘ Babbitt ” or other soft metal, mentioned later on 
in the article in question, I have the assurance of Messrs. 
Howard that they can find a moulding-machine in their 
stores, made about the year 1868, in which this form of 
making the ‘‘die” was employed, and also, I may add, 
used by my firm at least twenty years ago. . 

I should be very pleased indeed to show Mr. Horner 
these machines, and I have no doubt Messrs. Howard 
would also. 

Apologising for taking up so much of your valuable space, 

I remain, yours faithfully, 
: ERNEST SAMUELSON. 

Britannia Works, Banbury, October 13, 1911. 





To THE Epitor OF ENGINEERING. 

Sir,—Mr. Samuelson has favoured me with a copy of a 
letter of criticism sent you for publication, relating to my 
account of the Pridmore machines, described in ENci- 
NEERING of September 29, page 414. 

Mr. Samuelson has quite misunderstood the statements 

which I gave. He makes me say that Mr. Pridmore 
originated the ‘‘ die” form of moulding-machine, which 
is not correct, as may be seen by referring to the opening 
paragraph of that article. The stripping-plate is a part 
of the machine, as it is of scores of others. But the 
essentials are: the main frame ; the movable, or ‘‘ yoke,” 
frame, with its upper and lower guides; the hand-lever 
and crank-shaft, duplicated in the larger machines; and 
the coiled counterweighting or counterbalancing springs, 
clearly shown in the illustrations. If Mr. Samuelson can 
show me these combinations in any machine built pre- 
viously to the Pridmore, I shall be obliged. 
_ Returning to the stripping-plates, on page 713 of the 
issue of June 2, column 3, thirty-two lines from the 
bottom, I distinctly stated, when describing a babbitted 
plate, that it ‘‘ was embodied in the earliest moulding- 
machines made, being included in the Jobson machine.” 
Those who have an old copy of ‘‘Spretson” may turn up a 
description of the plate :—‘‘ Afterwards, when the pattern 
is in its place, a fusible metal, consisting of 8 parts of tin, 
4 lead, and 1 bismuth, is poured or filled into the space 
between the pattern and the plate” (‘‘ Casting and 
Founding,” page 234). 

No claim could now be patented for a stripping-plate, 
when almost all machines have it. It must have pre- 
ceded the moulding-machines. It occurs in many old 
patents of the earliest machines. I have made stripping- 
plates years ago for ordinary moulding to draw twisted 
patterns through, apart from the use of machines. In 
the face of these facts the criticisms of Mr. Samuelson 
are without a basis. 


Bath, Octooer 14, 1911. 


Yours faithfully, 
JosEPH HORNER. 








Licur Rattway In Crete.—A narrow 1-metre-gauge 
railway is to be built from Candia, the capital of Crete, 
which is situated on the northern coast of the island, 
right across the southern skore. The length is 118 km. 
(73 miles), including a railway in the docks of Candia, 
about a mile in length. Tenders should be submitted 
before December 2, 1911. The decision rests with a Par- 
liamentary Committee of the island, which requires that 
the contractor should start a Greek company at Candia, 





Wuirs Star Liner “ Zeatanpic.”—This vessel, just 
delivered by Messrs. Harland and Wolff, Limited, for 
the White Star Line Australian service, is 477 ft. long 
by 62 ft. 9 in. beam, and about 8000 tons gross register. 
She has very large cargo capacity in six holds—two for 
genera] cargo, onli tous Gebdo insulated for carrying frozen 
cargo. For working cargo there are, in addition to the 
steam windlass, nineteen steam winches and twenty-one 
derricks. A feature of the ship is the accommodation 
specially arranged for over 1100 third-class passengers in 
encl rooms, with space on shelter deck arranged for 
third-class smoke-room and dining-room, and also a third- 


journal, that I did not foresee that he was going to touch | class ladies’ room. The propelling machinery consists of 





upon the ‘historical points” of this business, as other. 


two sets of quadruple-expansion engines on the balanced 


wise I should have been delighted to have sent him an principle. 
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THE LEA-BIRAM AN EMOMETER. 


CONSTRUCTED BY MESSRS. JOHN 


Fig. 2. 








DOr 














WE illustrate on this page a new form of anemo- 
meter, patented by Mr. Henry Lea, M. Inst. C.E., of 
Birmingham, who found that the usual form of anemo- 
meter, with multiple dials, was not altogether satis- 
factory in daily use, for he wanted some means of 
instantaneously starting and stopping the pointers 
synchronously with the starting and stopping of a 
chronograph watch. It was found the application 
of such an addition to an ordinary anemometer was 
difficult and not trustworthy. The reading of multiple 
dials also requires great care. Only those people who 
are accustomed to read several dials to get at a total 
result know how easy it is to make a mistake. These 
drawbacks led to the designing of the inst:ument we 
have under notice, the actual construction of which 
will be best understood on reference to Figs. 1, 2, 
and 3, which are respectively a front elc vation, a side 
elevation, and an enlarged section. 

In the Lea-Biram anemometer only one pointer, one 
dial, and one mark on the dial are required, and the 
pointer is so broad that it is easily visible while in use. 
The dial, with its pointer, may be seen in Fig. 2. 
The long handle by which the instrument is held is 
shown in Fig. 1, where the bayonet joint, by which it 
is fixed, may also be seen. As the revolutions of the 
pointer do not exceed 20 per minute, even when mea- 
suring 2000 lineal feet pl pcs per minute, there is no 
difficulty in counting the revolutions, even when the 
long handle is attached. By means of the ball-and- 
socket joint shown in Fig. 1, and in section in Fig. 4, 
the dial can be made to face any direction as desired. 
In order to use the instrument the observer holds it in 
a current of air, regardless of the direction of rotation, 
and, as soon as the proper s has been acquired, 
the operator starts his chronograph watch at the exact 
time that the pointer passes the mark on the dial. 
Then, counting a convenient number of revolu- 
tions (for a slow current it may be only one), the 
‘hronograph is stopped when the pointer passes the 
mark at the end of the count, and the number of seconds 
that have elapsed arenoted. Then, 6000 multiplied by 
the revolutions counted. and divided by the number of 
seconds, equals the lineal feet of air passing per minute. 
lhis calculation is very quickly made ; but, if preferred, 
several observations may be noted down in two columns 

revolutions and seconds—and the results worked out 
at leisure. 

Three extensions of the handle are supplied with 
the instrument, 18 in., 24 in., and 30 in. ae respec- 
tively, and they may be separate or joined together ; 
when they are all used they make a total length of 
6 ft. If desired, these lengths of handle can be 
supplied separately. The instrument is manufactured 
by Messrs. John Davis and Son (Derby), Limited, 
All Saints Works, Derby. 








_Uvr Ratts Aproap.—There is now little doubt that 
1911 will prove a rg ay period in connection with 
British rail exports, the shipments for September only 
“mounting to 26 252 tons, as compared with 32,366 tons 
in September, 1910, and 39,152 tons in September, 1909. 





DAVIS AND SONS (DERBY), LIMITED, DERBY. 
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THE 


TRANSFORMATIONS 


OF 
WITHIN THE LIMITS OF THE TEMPE- 
RATURES EMPLOYED IN HEAT-TREAT- 
MENT.* 


STEEL 


By L. Grenet, Paris. 
(Concluded from page 511.) 
V. NATURE OF THE TRANSFORMATION OF STEELS. 


Ir has been shown that, in order to classify the pheno- 
mena relating to the heat-treatment of steel, it is suffi- 
cient to allow that, within the limits to which such heat- 
treatment is carried steel undergoes one, and only one, 
transformation. 

There are thus two states to be considered : the state of 
stability in the cold, which will be described as State F, 
and the state of stability when heated, which will be 
described as State C. 

The hardness of a steel at the ordinary temperature is 
connected, above all, with the maximum temperature 
reached by the steel subsequent to its latest transforma- 
tion. 

The author has not yet dealt with the mechanism of 
this transformation, and, moreover, it will, in his opinion, 
be more interesting to effect it by limiting himself to the 
case of steel, properly so-called (containing less than 2 per 
cent. of carbon), and to the temperatures usually em- 
ployed in heat-treatment (— 180 deg. to 1100 deg.). 


A. ALLOYS. 
Iron CARBON. 

1. Equilibrium Diagram of the Iron-Carbon Alloys.— 
The nature of the transformation in steels containing 
carbon alone is very clearly represented in the now 
classical Roozeboom diagram. 

Taking into consideration only that region of the 
diagram immediately concerned,’ and eliminating from 
the diagram a line which corresponds only to the rapid 
variation in the magnetic properties (a variation which is 
not distinguished by the term *‘ transformation”), it may 
be said that a carbon steel is formed of two constituents— 
cementite, or carbide of iron (FesC) containing 6.66 per 
cent. of carbon, and ferrite, practically pure iron. 

Ata sufficiently high temperature these two constituents 
are capable of dissolving in one another to form a solid 
solution, that is to say, a constituent which investigation 
reveals to be homogeneous, and which may, within cer- 
tain limits, vary in composition in a uniform manner. 

The diagram (Fig. 17) enables the phenomena occurring 
in a carbon steel, the temperature of which varies slowly 
and follows very nearly its equilibrium diagram, to be 
taken into consideration. 

Let the case of a steel containing a per cent. of carbon 
be considered. ‘ 

When a figurative point of this steel is above the curve 
AB (P to Q) this steel consists solely of solid solution, 
the carbon percentage of which is that of a steel contain- 
ing a per cent. The steel is in the “hot stable state” 
(State C). , 

On the temperature being lowered the figurative point 
reaches the curve A B and Q; the steel is still formed of 
a solid solution yore d a 4 cent. of carbon, but this 
solid solution is saturated with ferrite. 

The temperature being lowered still further, from Q to 








M, the steel is formed of ferrite and of solid solution 
saturated with ferrite, of the composition shown by the 
abscissus of the curve AB at the temperature under 
consideration. The composition of the constituents and 
the composition of the steel being known, it is easy to 
ascertain the proportion of these constituents by the rule 
of mixtures. 

Finally, the temperature being still further lowered, 
the figurative point of the steel reaches the point M (at a 
temperature of about 700 deg.). The steel still remains 
formed of ferrite and of solid solution saturated with 
ferrite (ourve A B), but at this temperature the curve 
A B intersects the curve B C which shows the saturation 
of the solid solution by the cementite. This solid solu- 
tion saturated by both constituents contains about 0.85 
per cent. of carbon. 

On the continuation of the cooling a simultaneous 
deposition of these two constituents takes place ; this is 
the pearlite, or fine-grained aggregate of ferrite and 
cementite possessing the composition of the eutectic alloy 
—namely, 0.85 per cent. of carbon. 

The transformation commenced at Q is complete; the 
steel is in the “‘ stable state in the cold.” 

If the steel under consideration contained more than 
0.85 per cent. of carbon, analogous phenomena would take 
place, but cementite would be deposited up to the tem- 
perature of 700 deg., at which the solid solution remain- 
ing would pamem the eutectic composition of 0.85 per 
cent. of carbon. 

It would appear logical to admit that ferrite is not 
absolutely pure iron, but a solid solution capable of dis- 
solving but very little carbide. Roozeboom has fore- 
shadowed the ibility of this conception. But this 
solubility of carbide in ferrite must be exceedingly low, 
for pearlite is already seen to make its appearance with 
carbon percentages below 0.10 percent. It may similarly 
be imagined that the cementite is not a definite com- 
pound, but a solid solution rich in carbon, and of a com- 
position varying slightly with the temperature. 

It does not appear logical to the author to discuss the 
slight discordances between the experiments and the 
diagram. On the one hand, experiments made on aggre- 
gates are very difficult of interpretation; and, on the 
other, there are always, in what are called the iron-carbon 
alloys, gases present, and we are ignorant of the part 
played by these gases in the phenomena of equilibrium. 

If the practical point of view be kept in sight in follow- 
ing out the mechanism of the transformation of steel, it 
is sufficient to refer to the simple diagram just described. 

2. Constituents of Steels Heated to a High Temperature 
and Slowly Coolcd.— A steel slowly cooled down from the 
temperature in which it exists in the state of solid solu- 
tion is therefore formed of two constituents, ferrite, and 
cementite ; the whole of one of these constituents, and a 
portion of the other, form an aggregate containing 0.85 

r cent. of carbon (pearlite). The constituent in excess 
ltorrite in steels containing less than 0.85 per cent. of 
carbon, and cementite in steels containing more than 
0.85 per cent. of carbon), which separates prior to the 
decomposition of the eutectic, is found grouped in 
elements of a comparatively big size. 

3. Nature of the Transformation of pure Iron. (Iron- 
Carbon Alloys are in the same General Category as all 
other Alloys, the Constituents of which are Capable of 
Forming Solid Solutions.)— Reference should be made to 
the transformation which pure iron undergoes at about 
900 deg. If reference be made to diagram Fig. 17, it will 
be seen that the curve A B intersects the ordinate corre- 
sponding to pure iron at about 900 deg. ; at this tempera- 
ture pure iron passes into a solid solution (gamma iron) 
even when no carbon is present— that is to say, that above 
900 deg. there is a transition, without discontinuity, of 
the pure iron constituent to the constituent containing a 
per cent. of carbon, a circumstance which cannot occur at 
a temperature below 900 deg. (alpha iron). 

Thus the transformation of pure iron is nothing less 
than its passage into solid solution, and there is nothing 
to distinguish it from the transformation of steels by 
mutual solution of cementite and ferrite. 

The case is absolutely identical with that of the fusion 
of any two bodies which form a liquid solution. The 
fusion of ice is nothing less than the dissolution of ice in 
the liquid salty solution (water and common salt) when 
the proportion of common salt tends to approach zero, 
and there is no reason for recognising any difference 
between the phenomena. 

Thus in diagram, Fig. 17, the very fact that the curve 
AB intersects the ordinate corresponding to pure iron 
before either fusion or volatilisation takes places, leads 
inevitably to this conception of the transformation 
of pure iron. It is unnecessary, therefore, when the 
alloys of iron and carbon are under investigation, to make 
any distinction, as is so often done, between the change 
in the state of the iron and the dissolution of the iron in 
solid solution. They are one and the same thing. Steels 
belong, therefore, to the general case of alloys formed of 
two constituents, and capable, at certain temperatures, of 
dissolving to form a solid solution. 

4. Quenching : Hypothetical Diagram of Unstable Equs- 
librium During Quenching.—The equilibrium diagram 
being represented in unbroken line, the constitution of a 
steel heated, to — with, at a temperature sufficiently 
high (region ABC, Fig. 18) for the metal to pass intoa 
state of solid solution, will be, during rapid cooling, 
represented in the diagram by a dotted line. Quenching 
will for an instant retain the elements in supersaturated 
solid solution, and this solution decomposes into its 
elements along the line P Q, the position of which varies 
according to the temperature to which the steel has been 
heated and rate of cooling. Decomposition of this super- 


| saturated solution at a low temperature vields a very 


* Paper read before the Iron and Steel Institute in fine-grained aggregate of ferrite and of cementite. The 


London, on October 5. 
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position) disappears when the case of quenched steels is | less fine grain, has always sufficed for the classification 


considered. 

In reality, the ‘‘ transformation on cooling” of a super- 
saturated solid solution does not occur suddenly like the 
precipitation of a liquid solution, for at each temperature 
the transformation is limited as the result of the pressure 
occasioned by the augmentation of volume which results 
from this transformation in a metal of which the elastic 
limit is already high. 

Transformation occurs in this case between the lines 
PQand P’Q’. If, as has been shown in the figure, the 
line P’ Q’ cuts the abscissus corresponding to the ordinary 
temperature, the quenching of steels containing sufficient 
carbon will preserve at this temperature a portion of the 
** hot stable state ” (austenite). 

This solid solution will decompose into its elements if 
the metal be reheated sufficiently to lower its elastic 
limit, or if it be cooled sufficiently for the tension of 
transformation to become greater than the pressure. 

This intervention of the pressure as a limitation of the 
transformation at each temperature was pointed out long 
ago by Mr. Osmond. 
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It has been stated that, in the author’s opinion, it is 
not logical to refer the hardness of quenched steels to 
the partial preservation of this solid solution; but, on 
the contrary, to the, at least partial, decomposition of 
this solid solution into its elements on cooling. 

5. Constituents to be Taken into Account in Quenched 
Carbon Steels.—From what has already been said, it is 
possible to recognise in quenched steels three distinct 
physico-chemical constituents: ferrite, cementite, and 
solid solution (steel with austenite or gamma iron). 

It does not seem reasonable to the author to interpolate 
other constituents. : ee 

Nearly every one nowadays is agreed in recognising 
that the constituents troostite, sorbite, and osmondite are 
fine-grained aggregates of cementite and ferrite. On the 
other hand, a general consensus of opinion recognises two 
distinct solid solutions, martensite and austenite. 

This conception of two solid solutions cannot be made 
to agree with the simple diagram which has just been 
described, in which there is room but for one solid 
solution, and in which no transformation of iron can 
recognised independently of its passage into solid solu- 
tion. 

Mr. Osmond has observed* that the distinctions in the 
transitional forms which occur between the mixed gamma 
crystals (which is described above as solid solution) and 
pearlite, although entirely justifiable from the point of 
view of the micrographist and of the engineer, cannot be 
considered from the + laren aan ta point of view as 
phases properly so-called. 

Martensite may just as well be regarded as a very fine 

te of two (cementite and ferrite), or sometimes 
three (cementite, ferrite, and solid solution) constituents, 
as also as a homogeneous constituent. It does not seem 
reasonable to complicate the conceptions which have 
served asa guide in order to classify ill-defined aspects, 
even although they may be designated by terms which 
lend them an illusory precision. For all practical pur- 
poses, the conception of three physico-chemical consti- 
tuents, and three only, grouped in aggregates of more or 


* “Remarque sur le Memoire de M. Roozeboom,” 
Bulletin de la Société d Encouragement, November, 1900. 








of the observed facts ; and the author sees no necessity, 
for the classification of such facts, to entertain a concep- 
tion of two solid solutions. 


B. SPECIAL STEELS. 

1. The same views may be adopted as in the case of carbon 
stcels.—The equilibrium diagram certainly varies with the 
composition of the steel, but the general conception 
which serves to classify the facts actually known remains 
unaltered. 

It may be said special steels are formed of two con- 
stituents, a ferrite or solid solution containing very little 
carbide, and a complex carbide of iron and of the special 
elements. 

At a sufficiently high temperature, these two con- 
stituents are capable of dissolving in one another with 
the formation of a solid solution. 

As there are more than two independent components, 
it is legitimate to allow of the possibility of a more com- 
plicated conception in regard to special steels than in the 
case of carbon steelsalone. The simple conception which 
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T = normal temperature of transformation. 

MN = curve of tension of transformation of the metal; 
the region M T, in which the ordinates are posi- 
tive, shows that the metal has a tendency to pass 
from ‘‘C state” to “‘ F state,” and inversely the 
region TN shows a tendency at these tempera- 
tures to go over from “ F state” to ‘‘C state.” 

RS, R)S; = curves of passive resistance opposing either trans- 
formation. 
On heating— 


Teniperature below T .. Stable state F. 

Ttob ie = - Unstable state F. 

Temperature higher than b Stable state C. 
On cooling— 

Temperature higher than T .. Stable state C. 

Ttoa a - at Unstable state C. 

Temperature below a .. Stable state F. 


has served to classify the facts relating to carbon steels 
suffices, however, up to the present moment for the 
— of the known facts relative to the special 
tee 


8 
be| 2. The Case of Steels with a Low Transformation Tempe- 


rature.—As has been pointed out, a carbon steel slowly 
cooled is, at each temperature, practically constituted as 
shown in its equilibrium diagram. 

With some of the special steels there are, even with 
very slow cooling, retardations analogous with those 
which are produced on quenching carbon steels. 

The equilibrium diagram being represented by unbroken 
lines, the diagram representing the constitution, on 
cooling, of a steel originally heated to a sufficiently high 
temperature for the figurative point to occur within the 
region A BC (solid solution) will be represented in dotted 
lines (Fig. 19). 

The decomposition of the supersaturated solid solution 
is limited at each temperature by the pressure resulting 
from this transformation, with its accompanying chan 
in volume in a metal possessed of a high elastic limit. 
Quenching, or rapid cooling down to the neighbourhood 
of the ordinary temperature, will lower the region PQ, 
P’ Q’ in the vicinity of that temperature. 

It will be seen that the influence of quenching will 
differ so much the less from that of annealing at high 
temperature in proportion as, at slow cooling, the region 








PQ, P’Q’ is nearer the ordinary temperature. So long 
as, for the steel under consideration, the ordinary tem- 
py is below P’ Q’ in the region PQ, P’Q’, or above 

Q, the result will be a steel in the ‘‘stable state in the 
cold” at the ordinary temperature (ferrite and carbide), » 
steel partially transformed at the ordinary temperature 
(ferrite, carbide, and solid solution), or a steel in the 
“hot stable state” at the ordinary temperature (solid 
solution). 

It will be seen that in the case of these steels the con- 
ception of an eutectic loses much of its importance inas- 
much as on cooling the deposit consists of the components 
of a supersaturated solution, and no deposited aggregate 
of definite composition is obtained. 

C. VARIOUS ALLOYS. 

Equilibrium di ms may vary considerably. A fre- 
quent instance is that afforded when the alloy is not com- 
posed of definite constituents, or of constituents capable 
at certain temperatures of forming a solid solution, but 
where it is com of several solid solutions, the range 
of composition of which varies with the temperature. 


Fig. 19 Temperature 
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CONSTITUTION DURING COOLING OF A STEEL AT LOW 
TEMPERATURE OF TRANSFORMATION. 
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2 These curves are the 
Geeeay same as those uv Fig.21. 
On heating— 


Temperature below T .. Stable state F. 
Ttod 


- 7 os es .. Unstable state F. 
Temperature higher than) .. Stable state C. 
In the cold— 


Temperature higher than T .. Stable state C. 
Ttoa ed 


- a se .. Unstable state C. 
Temperature below a .. Stable state F. 

The constitution of the metal will therefore vary with 
the temperature so long as it is not composed of a single 
solution. 

The influence of quenching will therefore vary con- 
tinuously within a certain very extended temperature 
interval. This is the case with certain copper-zinc brasses, 
and is very probably the case with complex brasses 
and aluminium bronzes. Thus, if reference be made to 
Shepherd’s diagram (Fig. 20) for brasses, it will be seen 
that a brass possessing a composition copper 60, zine 40, 
will possess a constitution which will vary with the tem- 

rature from the moment when the curves MN and 

S cease to be vertical and parallel to the ordinate corre- 
sponding to the composition of the alloy up to a tempera- 
ture of about 740 deg., at which this ordinate intersects 
the curve RS, and where the metal is composed of a 
single solid solution. 

he influence of quenching is therefore absolute and 
variable between 400 deg. and 740 deg. It is highly 
probable that the special brasses and aluminium bronzes 
which harden on quenching possess a similar diagram 
(Fig 20). The constitution of an alloy containing 40 per 
cent. of zinc, and composed of two solid solutions, alpha 
and beta, both saturated respectively, will vary between 
400 deg. and 740 deg., which is the temperature at which 
the alloy will be composed of a single constituent, beta 
solid solution, which will not vary any further up to the 
commencement of fusion. , 

An alloy containing 20 per cent. of zinc composed of a 
single constituent (non-saturated alpha solution) will not 
undergo any modification in its constitution up to the 
commencement of fusion. ; 

It may be supposed that below 400 deg. the constituent 
of the alloy no longer undergo modification (the lines in 
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the di would be vertieal), which is probably not 
absolutely correct. 


VI. Mopr oF AcTION OF THE DIFFERENT ELEMENTS ON 
THE TEMPERATURE OF TRANSFORMATION BOTH ON 
HEATING AND ON COOLING. 

To simplify what follows, it may be imagined that 
the transition from one state to another takes place 
normally at a given temperature, instead of occurring 
within a certain temperature interval which may some- 
times be very considerable, particularly when alloys 
other than steels are involved. If the steel under con- 
sideration at any given temperature is not, at that tem- 
perature, in its stable state, it tends to revert to it ; and 
it may be imagined that the tension with which it tends 
to revert to that stable state is great in proportion as the 
temperature of the steel differs from the normal tem- 
perature of transformation. In contradistinction there 
is reason also for taking into consideration the passive 
resistance opposed to any transformation, no matter of 
what nature, a passive resistance which may be imagined 
to be greater in proportion as the metal is less malleable, 
and may also be conceived as being connected with the 
temperature by a curve having the same appearance as 
the curve which connects elastic limit with temperature. 

The various elements introduced into a steel will act 
more or less along one or other of these curves. In order 
that a transformation can occur, it is necessary that the 
tension of that transformation shall, irrespective of its 
direction, be higher than that of the passive resistance. 

The ‘‘cold stable state” is designated by the term 
“F state,” and the “hot stable state” by the term 
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Fig.23. 
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These curves are the same as 
(2465.P) as those on Fig. 21. 


On heating :— 
Temperature below T . 
Ttob so oe ae 
Temperature higher than l 
On cooling very slowly :— 
Temperature higher than T .. 
Ttoa - “ -~ .. Unstable state OC. 
Temperature belowa .. .. Stable state F. 
On cooling, but when the cooling is sufficiently rapid to 
prevent the transformation on cooling within the tempera- 
ture interval ac :— 


Stable state F. 
Unstable state F. 
Stable state OC. 


Stable state C. 


Temperature higher than T .. Stable state C. 
Ttoa - - oe Unstable state C. 
Temperature below d Stable state F. 


“© state.” The following figures allow of the phenomena 
being followed (Figs. 21, 22, and 23). 

1. The temperature of the transformation on slow cooling 
coincides nearly with that on heating (Fig. 21).—The tem- 
perature region a6, within which no transformation in 
any direction takes place, possesses but very little exten- 
sion. 

It can be explained that quenching maintains at the 
ordinary temperature a portion of the “‘ hot stable state” 
C, the transformation not having had time to complete 
itself at a high temperature by the fact that the pressure 
arising from the increase in volume in the regions alread 
transformed modifies the curves MT and RS to M’N’ 
and R’'S’. Most of the steels in the first group, and most 
of the alloys which harden on quenching, belong to this 
category. 

2. The temperature of transformation on cooling differs 
considerably from the temperature of transformation on 
heating (Fig. 22).—On heating, the absolute value of the 
tension of transformation increases, while the passive re- 
sistance diminishes. There cannot, therefore, be much dis- 
placement of transformation, and, as H. Le Chatelier has 
pointed out, the temperature of transformation on heat- 
ing ought to be considered as being in the near neigh- 
bourhood of the normal temperature of transformation. 

When the temperature a is higher than the ordinary 
temperature, the steels belong to Group III. When the 
temperature a is lower than the ordinary temperature, 
the steels belong to Group IV., maintaining at the ordi- 
nary temperature the ‘‘ hot stable state.” Temperature 
« may be below absolute zero—that is to say, may have 
ho existence (steels which undergo no transformation 
below the temperature of fusion). 

As has already been pointed out, all alloys which do 
not undergo transformation between ordinary tempera- 
je my ae of fusion may be compared to the steels of 

rroup A 

3. The transformation on cooling occurs in several tem- 
perature regions, although in regions intermediate between 
those in whach the transformation occurs no transformation 
occurs (Fig. 23).—The transformation commenced at A C 
may, if it is not complete, cease, and begin in at a 
lower temperature, thus appearing as though two distinct 
transformations take place, whereas it is the same trans- 
formation which is being completed after having been 
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speed tool steels), exhibit the 
transformation on cooling whic 
about 600 deg: 


complete itself unti 
found certain chromium-nicke] steels in this category. 


tween c and d. 


the ordinary temperature is comprised between c and d. 


is to say, that no matter what cooling vr ! 
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Fig.l. Fig. 25. 











., but which, if not commenced or not com- 
pleted at this en no longer recommences to| maximum of 6 per cent. of nicke 
200 deg. is reached. The author has | 


Finally, Mr. H. Le Chatelier pointed out long ago 
field steels (manganese steels in the ‘‘ hot stable 
state” at ordinary temperatures) become transformed 
etic on prolonged reheating at a nascent red 
heat. This magnetic transformation probably corresponds 
to the transformation from the “ hot stable state” to the 


It is only necessary to admit that, so far as this metal 


It has already been pointed out that the steels of the! little difference in chemical composition (1 per cent. of 


group, the transformation temperature of which | nickel and 1 per cent. of chromium) between the steels 
is considerably lowered by moderately slow cooling (high- 

uliarity of having a| about 700° deg. and those which undergo it at about 
may be completed «at | 300 deg. 


which undergo that transformation on slow cooling at 


employed (with a 
and 2 per cent. of 
chromium) the author has not been able to obtain a simple 
| coefficient of equivalence representing the action of the 


Keeping to the steels ay 


Maurer has recently described hard manganese steels | different elements on the tempersture of transformation 
which are able at ordinary temperatures to maintain a | on coolin 
“hot stable state” if they are cooled with sufficient 
rapidity while they are undergoing transformation either | heating which may be considered as closely in the neigh- 
above or below that temperature. This is really the same | bourhood of the normal temperature of transformation. 

henomenon : the ordinary temperature is comprised | It is therefore reasonable to suppose that this substance 


Nickel -_ the temperature of the transformation on 


| influences considerably the curve of the tension of trans- 


Some of the tin-copper bronzes which are capable of | formation. 
being modified by quenching are in the same category, | 


As other substances, such as chromium, manganese, 
tungsten, and molybdenum, lower but slightly or not at all 


It may, however, be that d is below absolute zero—that | the temperature of transformation on heating, they should 
follow quench- 
»y to the “cold 
stable state,” whereas heating to c occasions this trans- 


| more particularly influence the curve of passive resist- 
}ance. Simultaneous action on the two curves allows of 
the temperature of transformation being lowered in the 
vicinity of the ordinary temperature when a relatively 
small proportion of the special elements is present 
(Fig. 26). 

ConcLusions. 


1. The iron-carbon alloys partake of the general cate- 
gory of alloys, and no complications due to allotropic 
transformation of the element iron need be taken into 
consideration. 





Fig. 26. 
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variation in the Pp 
may considerably lower the transfor- 
mation temperature (down to about 


300 deg.). 

Below this temperature, as the 
malleability of the metal varies but 
slightly, it is necessary to influence 
the curves much more strongly, and 
therefore to infil the chemical 
composition in order to lower to an 
—— extent the temperature 
of the transformation on cooling. 

For the sake of simplicity, both in 
this figure and in the figure following, 
the special elements have nm con- 
ceived as modifying only curve MN ; 
in reality they act simultaneously on 
MN and on RS. 


is concerned, the 
ordinary tempera- 
ture is comprised 
within the —_ 
cd, and that the 
temperature of 
500 deg. is com- 
prised within the 
range c a, and that 
the passive resist- 
ance within this range is in close proximity to the 
tension of transformation, which would explain the slow- 
ness with which the phenomenon occurs. 

4. Various Considerations.—When the transformation, 
even on slow cooling, takes place at a temperature suffi- 
ciently low for the metal to possess a high elastic limit, 
the pressure resulting from the partial transformation 
displaces the curves M N and RS, as has been shown in 
the case of the quenched steels (Fig. 21), and the trans- 
formation extends over a lengthy temperature interval. 

The maximum temperature reached on heating, and the 
length of time during which the metal remains at this 
ay my sy may produce slight variations by hysteresis 
in the form of the curves, and thus modify the tempera- 
ture of transformation ; interstrain influences and dimi- 
nishes the ive resistances which are opposed to trans- 
formation (according to Dumas). 

Slight variations in chemical composition may consider- 
ably lower the temperature of transformation on slow 
cooling. There may even be discontinuity in the law 
which connects chemical composition with the tempera- 
ture of transformation on cooling. 

In any case, below 300 deg. the malleability of the 
metal varies but slowly, and it becomes necessary to 
modify to a perceptible extent the curves characteristic of 
the metal and, consequently, the chemical composition, 
in order to lower still more the temperature of the trans- 
formation on cooling. It may easily be seen that it often 
requires only a small proportion of special elements to 
lower transformation on slow cooling from 700 deg. to 
300 deg., after which the action of these elements becomes 
much weaker. 

Thus, for steels containing 0.2 per cent. of carbon and 
0.4 per cent. of manganese, it only requires 8 per cent. of 
nickel to lower the temperature of the transformation on 
slow cooling from 700 deg. to 250 deg. With 21 per cent. 
of nickel the steel still becomes transformed in the 
vicinity of the normal temperature. It is sufficient to 
add 1.7 per cent. of chromium to a steel containing 4 per 
cent, of nickel to lower the temperature of its transforma- 
tion on cooling from 600 deg. to 200 deg., whereas larger 
additions only act more slowly. The author has not 
studied the series of steels with sufficient attention to 
investigate the discontinuity which he has pointed out as 


possible. i 





In any case, it is useful to note that with the 
chromium-nickel steels ordinarily employed there is but 


producing a continuous modification 
in the curves, makes the temperature 
of the transformation on slow cooling 
vary discontinuously from a to @. 


chromium to a carbon steel, by lowering 
considerably the temperature of the 
transformation on cooling (from 700 deg. 
to 300 deg.), modifies the curve M N at 
M’ N‘ and the curve RS at R’S’. 


2. It is quite easy to represent by simple diagrams the 
mode of influence of the special elements on the tem- 
perature of transformation on cooling, 

3. Quenching (rapid cooling from a temperature suffi- 
ciently high that the constituents of an alloy should not 
be the same as at the ordinary temperature) may, as 
compared with annealing (slow cooling), act as follows : 

(a) By changing the nature of the constituents, and 
notably by pores wholly or partly the transforma- 
tion on cooling. In this case, which is rare, so far, that 
is, as steels are concerned, the quenched state and the 
annealed state are physico-chemically different states, and 
their aya cannot foreseen. It may, however, 
be said that in the few instances in which such quench- 
ings are known the quenched state is often softer than 
the annealed state. 

(6) Quenching may also act by lowering the tempera- 
ture of the transformation on cooling. In this, which is 
the most usual case, the quenched metal is always harder 
than the annealed metal. 

4. The following very general law, which satisfactorily 
groups the facts which have been observed as to steels of 
the most varied description, and appears to agree with 
what is known as to alloys, may be formulated. An allo 
is the harder in proportion as the transformation whic 
has given birth to its constituents at the time has taken 
place at a lower temperature, has been more rapid, and 
as the maximum temperature reached since the last trans- 
formation has been at a lower temperature, and has been 
maintained for a shorter period of time. 

The pure metals are alloys in which one of the con- 
stituents is in the proportion of nil, and the law applies 
in this extreme instance, in which there is but one con- 
stituent (pure, or nearly pare. iron). 

When it is distinctly higher than the temperature of 
transformation, the action of the maximum temperature 
reached since the last transformation preponderates, and 
it is this which should serve as a guide in the treatment 
of steel. 

It would appear that the law enunciated above applies 
equally when the constituents for the time being result 
from a transformation which causes the metal to pass 
}from the liquid state to the solid state (influence of the 
method of casting), as, for example, in sand or in a chill ; 
and when they result from a transformation of the metal 
to the solid state either before or after transformation (as 
in the quenching of steels). 

The phenomena relating to the hardening of a steel by 
quenching belong, therefore, to the exceedingly common 
category. 

So far as the real cause of hardening is concerned, it 
cannot be said to be known. We are - led to the con- 
|clusion that hardening produced by quenching is due 
solely tothe fineness of the structure. The comparison 
of the quenching of a solid solution to the quenching 
of a liquid solution (cast in chills) appears, there- 
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fore, to the author to be nearly perfect. In some 
instances the constituents of a metal vary with the rate of 
cooling (white or grey pig iron, austenitic steels); but, 
nerally speaking, the constituents of the metal are 
independent of the rate of cooling, and the law connect- 
ing the hardness of the metal with the conditions under 
which the transformation has been effected applies. 
Annealing is liquation within a solid, and this liquation 
would appear to be limited only to thé extent of the com- 
plete separation of the constituents. Exceedingly slow 
cooling isolates the constituents in steels or in alloys. 

Between the quenching of metal in a state of solid solu- 
tion and the quenching of a liquid metal there are natur- 
ally enormous differences from the practical point of view. 
The cooling of a solid solution takes place without the 
intervention of a mould, and ~ be very rapid ; the con- 
stituents separating from the liquid solution are more 
readily able to segregate by the intervention of the liquid 
solution not as yet decom than the constituents 
separating from the solid solution. The quenching of a 
solid solution is therefore more energetic than the quench- 
ing of a liquid solution. 

Poco while a liquid solution presents no discon- 
tinuity, a solid solution is divided into grains like the 
metals formed of a single constituent ; the grains are 
larger in proportion as the metal has been heated longer 
and ata cider temperature. At the time of the forma- 
tion of the ‘‘cold stable state,” the texture of this state 
may depend partly on the texture on the “hot stable 
state” which has preceded the state at the time being. 

What is important to remember as a guide in the treat- 
ment of alloys is the relation—independent of any special 
conceptions as to the metal iron—which connects the 
hardness of an alloy with the conditions under which the 
transformation on cooling is produced, and, in particular, 
with the maximum temperature to which the alloy has 
been raised since the setting in liberty of its constituents 
at the time being. 








British NavaL Expenpiture.—The growth of British 
naval expenditure is forcibly illustrated by the following 





table, showing the amount paid out for the decade ending 
with March 31, this year, inclusive :— 
Year. Expenditure. Year. Expenditure. 
£ £ 
19022 =... ~—-81, 030,000 1907 31,434,000 
1903 4 31,170,000 1908 31,141,000 
1904 =... 35,476,000 1909 32,188,000 
1905  .. 36,830,000 1910 35,807,000 
196 |. 33,300,000 1911 40,386,000 





Loca INDEBTEDNESS. —The indebtedness of town and 
county councils and other local authorities has increased 
very heavily during the last few years, although recently 
there has been greater check upon this movement. The 
actual indebtedness of these bodies stood as follows in each 
of the ten years ending with 1909 inclusive :— 


Year. Indebtedness. Year. Indebtedness. 
° £ 

1900 .. .. 298,864,224 1904 .. 466,459,269 

1901 .. «. 316,704,222 1906 .. 482,983,929 

1992 .. .. 343,416,582 1907 .. 494,487,512 

1908 .. .. 870,607,493 1908 .. 503,645,616 

1904 .. .. 893,888,148 1909 .. 512,487,522 


It will be seen that the increase in local indebtedness in 
the ten years was 218,623,298/. The amount raised by 
new loans during each of the ten years was :— 


Year. Loans, Year. Loans. 
£ £ 
1900 ea 23,438,816 1905 33,408,316 
1901 «e 29,931,188 1906 24,485 932 
1902 a 84,376,115 1907 20,393,901 
1908 we 35,271,367 1908 20,686,656 
1904 31,134,470 1909 20,028,195 


These figures exhibit an aggregate of 273,154,906/. The 
actual increase of indebtedness having been no more than 
218,623, 298/., it follows that old loans were paid off in the 
period under review to the extent of 54,531,608/. 





Tue ‘‘ Copprr Hanp-Book.”—The tenth edition of this 
manual of the copper market of the world, which has 
just appeared, is quite up to its predecessors in size and 
general ‘‘ get up,” and contains, as usual, much valuable 
and interesting matter. Since the last edition appeared, 
in the early part of last year, the book has had hdded to 
it as many as 300 pages, and now contains 1900 pages, 
which are of specially thin paper, a feature rendered 
necessary in order to keep the weight below 2kg., in 
order to comply with postal regulations. The present 
volume contains mene eight times as much matter as 
was given in Vol. I., and describes 8130 mines and 
mining companies, as compared with 256 properties 
described in the first volume. The arrangement is 
very much on the same lines as in the last volume ; 
the first eight chapters being devoted to the history, 
geology, chemistry, mining, and metallurgy of the 
metal. Then follow chapters on alloys, brands and 
grades, uses and substitutes for copper, and a glossary 
of terms. The next eleven chapters are devoted to the 
copper mines of the world, while in the last chapter 
general statistics are given, in which may be found the 
world’s copper production by countries, the production by 
continents, and the world’s total production. Prices are 
also given, and other financial matter. The volume 
represents an enormous amount of labour and should 
prove of great value to everyone interested in copper, 
either as producers, users, or financiers. It is compiled 
and published by Mr. Horace J. Stevens, of Houghton, 
Michigan, U.S.A., the price being 5dols. The editor will, 
however, send the book prepaid, without advance pay- 
ment, on one week’s approval, to any one ordering it. 





THE ELECTRICAL CONDUCTIVITY AND|q 


CONSTITUTION OF ALLOYS.* 
By W. M. Guertuer, Ph.D. (Berlin). 


Tue equilibrium diagram is now almost universally 
taken as the basis for any systematic study of the pro- 
perties of alloys, and from a knowledge of it alone it is 
often possible to predict numerical and quantitative 
relations for the variation of any property with concen- 
tration and temperature. It is only necessary under 
ordinary circumstances to take account of the concentra- 
tion and temperature, as pressure may be regarded as 
remaining constant, and therefore left out of considera- 
tion. The relation between concentration, temperature, 
and any given property is best brought out by the employ- 
ment of a co-ordinate system in three dimensions. Thus, 
taking concentration and temperature as the base, we can 
erect ordinates whose lengths are proportional to the 
numerical values of the property under consideration, 
and so obtain a surface which can, in general, be sub- 
divided into a series of curved surfaces, for each of which 
a mathematical formula can be deduced. These surfaces 
either intersect one another in certain curves, or else 
terminate abruptly at others, when the values fall or rise 
perpendicularly, and a new surface is formed at a different 
distance vertically from the base. In either event, the 

rojection of these surfaces on the base will give the 
Conatiesion of the different phase-regions of the equili- 
brium diagram. As mentioned above, a mathematical 
formula with certain special constants can be found for 
each such surface, and we must now endeavour to dis- 
cover the values of these constants. Since a full series of 
observations would be necessary for each service, and 
since the number of alloys that could be studied is so 
vast, it follows that we cannot hope in every particular 
case to predict the property of any alloy by ascertaining 
the values of these constants experimentally, but that we 
must endeavour to ascertain the general principle under- 
lying the phenomena, and then proceed to argue by 
analogy in the particular case. 

The converse problem is one of great importance—viz., 
that of obtaining the equilibrium diagram (when it is un- 
known) by projection from the surface on to the basal 
plane. In general, a series of observations will be made 
representing any property either at constant concentra- 
tion or at constant temperature, and discontinuous curves 
will be obtained showing the dependence of the property 
on concentration or temperature. Every break or dis- 
continuity will furnish one point of the phase limits of 
the equilibrium diagram, and the form of the different 
portions of the curves will be characteristic of the parti- 
cular phase region, homogeneous or heterogeneous, to 
which they correspond. 

With respect to the measurement of any property,t it 
is necessary to distinguish between quantitative methods, 
which give absolute values, and qualitative, which give 
values in a constant, though unknown, measure. The 
best known of these methods, and that hitherto most 
frequently employed, is that known as ‘‘thermal analysis,” 
in which special account is taken of the variations in the 
‘*total heat.” It can now fairly claim to be worked out, 
and of great value in the determination of the constitu- 
tion of alloys. Other properties just as capable of similar 
application are magnetic permeability, specific volume, 
specific resistance, &c. - 


The property of ‘‘ total heat,” which is so important in 
the determination of the constitution of alloys, is unique 
in one way as compared with all other physical properties. 
Whilst in the cases of electrical resistance, specific volume, 
electrolytic potentia], and so forth, the data obtained can 
be expre: in absolute measure, this is not the case for 
“*total heat.” The absolute value of the ‘‘ total heat” of 
a body is unknown. In other words, we do not know 
how high the ‘‘ total heat” surface stands above the basal 
plane. Wecan only determine by experiment differences 
of this property. Thus, by “‘specific heat” we mean the 
difference between the total heats of the same body at 
different temperatures; by ‘‘heat of combination” the 
difference of total heat between the reacting bodies before 
and after chemical unica has taken place. A priori this 
impossibility of giving absolute values for the “total 
heat” is the cause of the fact that its application is sub- 
ject to two limitations that do not hold in the case of 
other properties. In the first te it is impossible to 
define rigorously a given initial state and to compare 
it with a later definite state. In any system, as, for 
example, in a series of alloys, the question that must in- 
variably arise is, whether or not it is in stable equilibrium. 
Any gradual change of constitution will, in general, be 
accompanied by a change of volume, electrical conduc- 
tivity, thermo-electric potential, &c. (as well as by a 
change in the “total heat”). It is possible to determine 
the value of any of the first-mentioned quantities between 
certain arbitrary and prolonged intervals of ‘time, and if 
absolute values are obtainable, we may compare the 
results and prove that any given chenge is either still 
proceeding, or has come to an end. But this cannot be 


accomplished hy ‘‘thermal analysis,” because it cannot | 
be proved by absolute measurements that a given system | 
has at the end of a given interval a different *‘total heat” | 
from that which it had at the beginning, but only that it | 


has either absorbed or evolved a certain quantity of heat 
during the interval. And even this cannot be proved if 


. Paper read before the Institute of Metals at New- 
castle. 


+ Micrography is not a weve d to which numerical | 
e 


values can be assigned—it simply deals with the descrip- 
tion of the structure of alloys. 
roved to be of the highest utility, but a treatment of it 


oes not lie within the scope of this paper. 


ts study has often been | 


the interval of time lasts over many hours or days. We 
etermine this quantity of heat by transferring it to some 
other body, at a known temperature and of a known 
thermal capacity, and measuring the difference of tem- 
perature produ ereby. This can only be done if we 
take care to prevent any interchange of heat with the 
surrounding space, and this is only possible if the experi- 
ment requires but a few seconds, or at most minutes, for 
its execution.* 

Fresh instances of this inherent defect in the method 
of thermal analysis are being brought to light almost 
every day, as the number of exact and systematic investi- 
gations upon the constitution of alloys increases. The 
data obtained hitherto in the large majority of researches 
upon binary metallic systems are seen to refer only to 
states of more or less incomplete equilibrium. For 
example, in most alloy series solid solutions are formed, 
but it rarely, if ever, happens that, whilst a so-called 
‘cooling curve” is being taken, the rate of fall in tem- 
perature can be made so small as to give time for the 
components to diffuse completely, and so form perfectly 
homogeneous solid solutions. True equilibrium between 
the liquid phase and the solid solution crystallising from 
it is probably never maintained, and therefore the solidus 
curves and the ends of the eutectic horizontals cannot be 
accurately determined. Thermal analysis is but of little 
avail in studying the various reactions that can occur in 
the completely solid state. It is impossible by means of 
it to investigate slow changes, to prove that a definite 
state of equilibrium has been reached, or that during 
a certain lengthy period some internal change in the 
alloy occurred.+ 

In order to demonstrate the excellent results, however, 
of which certain other methods are capable, it is only 
necessary to cite the interesting work of Masingt (1909) 
and of Bruni§ and Meneghini (1911) upon the measure- 
ment of diffusion in the solid state by means of electrical 
conductivity determinations. In Fig. 1, the primary 
values of certain lead-thallium alloys of intermediate 
composition are given both initially and after the forma- 
tion of solid solutions due to different kinds of heat treat- 
ment. The dotted line gives the value of the electrical 
conductivity for a lead-thallium alloy of the same com- 
position according to the author’s measurements, taken 
when perfect homogeneity had been reached. 

In a like manner the other methods mentioned above 
permit of unlimited care being taken to ensure that com- 
plete equilibrium has been reached, and also of indicating 
the occurrence of fresh and unforeseen processes. / 
second and important disadvantage of the method of 
thermal analysis arises from the following reason: the 
absolute temperature coefficient of the various anon 
arn get capable of measurement is defined as the abso- 
ute value of the increase or decrease of this property 
over a given interval of temperature. The relative co 
efficient, therefore, being a ratio of two quantities, each 
of which is expressed in the same units, is a pure number, 
and consequently its determination is independent both 
of the units in which this property and that of the abso- 
lute value are expressed. The relative temperature co- 
efficient is thus measurable even if it is not possible to 
determine the absolute measure of the property, and this 
is very important when considering its dependence upon 
the concentration and the temperature. By means of 
these relations we can ascertain the form of the curves, 
the locus of the breaks or discontinuities, and also the 
limits of the phase regions, with as much certainty as if 
we knew the absolute values of the given properties. 
A study of the thermal phenomena does not assist us in 
this line of investigation, because, although we can find 
the absolute temperature coefficient—that is, the increase 
of heat from one temperature to another, 7.¢., the specific 
heat—we cannot measure its absolute value initially, and 





* An alternative to the above method would be to 
transfer the initial state A as well as the final state B to 
a third known state C, and to determine in each case the 
difference in the quantity of heat between A C and BC, 
which would be equivalent to AB. Quite apart from 
the fact that there would be considerable difficulty in 
ensuring that the same state C was reached in both cases, 
the method would be unsuitable on account of its tedious- 
ness. This method, cumbrous as it is, has, however, been 
successfully applied by Mazzotto in a recent research on 
the constitution of the lead-tin series. International 
Journal of Metallography, vol. vii. (11), page 289. 

+ If we carry out a series of thermal experiments at 
different concentrations under approximately similar con- 
ditions, it is possible to compare the results and to con- 
struct cooling and time duration curves, from which 
much help can be derived in the study of the equilibrium 
diagram—as was first suggested by Tammann. 

A stil! further advance was introduced and subsequently 
worked out by Mazzotto, who showed how to determine 
quantitatively in absolute measure the amounts of heat 
liberated by different alloys in given intervals of tempera- 
ture. This method enables us to construct the complete 
surface of total heat, but not to ascertain how far above 
| the zero plane it lies, though we are safe in assuming that 
its absolute height above the zero plane will be enormously 
great, as compared with the differences in height between 
the maxima and minima on the surface. Tammann pub- 
lished in 1908 the surfaces of certain simple types of 
alloys, but seems to have made unduly simple assump- 
tions. : 

1. Mazzotto, Proceedings of the Institute of Lombardy 
(Rendiconti Reale Istituto Lombardo), vol. ii., page 19; 
| (1886), page 485. ! 

2. Tammann, Zeitschrift fiir Elektrochemie, vol. xv. 
| (1909), page 486. ‘ 
y z Nepiee, Zeitschrift fiir Anorganische Chemte, 1909. 

§ Bruni and Meneghini, International Journal o 
| aetatiography, vol. ii. (1911). 
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therefore we cannot determine the ratio representi Re 
i t 


relative coefficient. We can fix the boundaries o' 
phase regions in the equilibrium diagram by noting the 
breaks or discontinuities on the isothermals or on the 
curves of constant concentration, and we shall find that 
certain fields are homogeneous whilst others are hetero- 
geneous. Now the characteristics of the surface of the 
property under consideration must correspond to those 
of the various phase regions. The reliability of the 
various methods that have been proposed depends upon 
the degree of accuracy with which the dependence of the 
selected property upon the concentration or the tempera- 
ture can be measured—that is, upon the sharpness of the 
breaks on the curves at the limits of the phase regions. 

It will be shown in this paper that the electrical con- 
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and by Kurnakow and Zemezuzny.* Though severely 
criticised at the time, the correctness of these later 
deductions has since been conclusively proved experi- 
mentally by several authors.+ 
A ames of fundamental importance now occurs— 
Which are we to consider, electrical conductivity or 
specific resistance? The answer is that we must consider 
them both, though Benedicks has very correctly pointed 
out that it is only upon the specific resistance, and not 
upon the electrical conductivity, that a theory can be 
The dependence, for example, of resistance upon 
temperature or concentration is more nearly linear than 





was able later to confirm Roozeboom’s view. A priori 
the problem whether in a simple heterogeneous mix- 
ture the resistance or the conductivity in relation to the 
concentration should be a straight line is a difficult 
one to solve even by the aid of mathematics. Lichten- 
ecker* has recently attempted to give a mathematical 
solution, but it only holds good if the difference between 
the conductivities of the two components is small, 
and in that case there is no great difference between 
the extremes in any event. As there is still at the 
resent time some misconception as to how far Rooze- 
m and the author differ from Le Chatelier in not con- 


is that of conductivity, whilst the occurrence on the other | sidering that the conductivity is a linear function of the 


hand of discontinuities, and especially of those indicating 
the saturation point of solid solutions, is generally much 
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Fig.6. SPECIFIC RESISTANCE OF 
SOLID SOLUTIONS. 
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Fig.8. SPECIFIC RESISTANCE OF IRON CONTAINING GOLD. 
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ductivity method has the pre-eminent advantage that it 
accentuates the difference between homogeneous and 
heterogeneous systems much more markedly than do any 
of the other methods. 

III. 


We shall now consider the property of electrical con- 
ductivity at some length. he earliest experimental 
data upon electrical conductivity were published by 
Matthiesen* upwards of fifty year ago, and subsequently 
amplified by later observers, but it was not until over 
thirty-five years afterwards that the first attempt was 
made by Le Chateliert to draw any theoretical deduc- 
tions from them. The conclusions at which Le Chatelier 
arrived have since undergone some modifications and 
extensions both by the authort of the present paper 


_.* Matthiesen, Philosophical Transactions, 148 (1858), 
043; 150 (1860), 85; 162; 154 (1864), 167. 
t ~ Conte ee Générale des Sciences (1895), 529. 
+ Guertler, Zeitschrift fiir anorganische ie, 51 
(1906), 397 ; 54 (1907), 58; Jahrbuch fiir Radioaktivitat 
wnd Elektronik, 5 (1908), 17. 








better marked on conductivity curves. We shall first 
consider the characteristic form of the surface within 
a single heterogeneous or homogeneous region, and, 
secondly, the transition between two regions. 

It is a remarkable, and at first sight surprising, fact 
that the heterogeneous region as regards electrical resist- 
ance has proved to be much more simple, and we will 
therefore start by considering it first. Chatelier has 
stated (1895) that for heterogeneous mixtures of two 
metals, the electrical conductivity was a linear function 
of the concentration, at constant temperature. 
boomt showed that this was not correct, and the author§ 


* Kurnakow and Zemcezuzny, Zeitschrift fiir anorgan- 
ische Chemie, 60 (1908), 1. 

+ See Bjornssen, “‘ Untlersékning av Tenn-Silverleger- 
ingarnas Elektriska le Unsversitits 
Arskrift, N.F. II. 5, 6; and Haken, ‘“ Beitrag zur 
Kenntnis der_thermoelektrischen Eigenschaften der 

erungen,” Di tion. Berlin, 1910. s, 

t Roozeboom, Die Heterogenen Gleichgewichte, vol. ii. 

§ Guertler, loc. cit., page 36. 
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Fi tg.3. SPECIFIC RESISTANCE OF 
HETEROGENEOUS MIXTURES. 





























100% w%A 10% 
A (100-n)*%B B 
Gratton 
4 








Fig.4 SPECIFIC RESISTANCE OF 
GOLD-SILVER ALLOYS. 
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| the copper-bismuth on plotted in the straight line 


ing to the view of Le Chatelier as a linear func- 
tion of concentration, whilst the curve represents the 
reciprocals of specific resistance. The figure clearly 
shows that the curves are by no means identical, but, on 
the contrary, that for certain concentrations the one 
value is five times greater than the other. 

With respect to the variation of electrical resistance 
with temperature, we know that at the ordinary tem- 
peratures this varies as though it would become nil at the 
absolute zero of temperature. But it has been demon- 
strated that the rate of decrease of resistance with fallin 
temperature diminishes at very low temperature, an 
that consequently the resistance tends ultimately not to 
vanish, but to reach a certain small limiting value. Hence 


Rooze- | we shall confine our present treatment of the subject to 


temperatures above zero deg. Cent. Above zero deg. 
Cent., and for small differences of resistance of the two 
components, we can assume that the graphic construction 
ate Fig. 3 correctly represents the specific resistance 
for heterogeneous mixtures. This form for the surface 
holds not only for heterogeneous mixtures of pure metals, 
as Le Chatelier thought, but also for any crystalline mix- 
ture of two phases in a system, and as a result such 
a surface as that represented in Fig. 3 will be found as 


* Lichtenecker, Physikalische Zettschrift. 
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a part of a surface in any system containing hetero- 
geneous regions. For a continuous series of solid solu- 
tions, such as the alloys of gold and silver, the curve 
showing the relation between the resistance and the con- 
centration is given in its typical form in Fig. 4. The 
corresponding curve for the electrical conductivity (for 
gold-copper alloys), however, is given in Fig. 5. Both 
curves represent cases of complete miscibility in the solid 
state of the two components. In cases where only small 
homogeneous regions of solid solutions occur, we tes to 
cut out small parts from this curve in the various corre- 
sponding places, and hence it is often not easy to recog- 
nise the characteristic features, as shown in Fig. 4. The 
rapid decrease in conductivity is only found next to the 
two pure components, and this led the author to predict 
that in cases where solid solutions consist entirely of 
undissociated molecules of one particular compound, this 
sharp decrease in conductivity on both sides, giving rise 
to a peak on the conductivity curve, would also be ob- 
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Fig.9, SPECIFIC RESISTANCE & TEMPERA 
) ALLOYS. 
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0-4 
served. The experiments of Haken and others have 
confirmed this view, and the existence of these peaks 
on the conductivity curves has assumed great importance, 
as they seem to afford the only direct evidence we have 
at present for assuming the existence of chemical com- 
pounds in a series of solid solutions. 

The resistance of a true solution being much higher 
than that of a conglomerate of the two components 
simply mixed, we can consider the resistance W of a solid 
solution as being made up of two parts, of which W, = 
original resistance @ priort, and We, = solution resistance 
due to solid miscibility. Many attempts have been made 
since the discovery of this resistance to explain its origin, 
but none has been completely successful. For W, the 
author gave the following formula :— 


W, = K.C (1 — C) 


where C is the concentration of the one component, and 
K is a constant for the series. 

Strictly speaking, the concentrations should be given 
in volume per cents., but the application of this expres- 


some correction in the atomic weights of the components 
was required. Subsequently, however, Kurnakow and 
Zemezuzny obtained good results for this system of alloys, 
taking atomic per cents. But even this modification 
would not suffice for any other system. It is also neces- 
sary to make a special allowance for the relative volumes 
of the two components in the solid solution, as these do 
not seem to be the same as for the pure metals. 

The author showed that from a law given by Matthiesen 
it can be deduced that this so-called ‘‘ solution resistance” 


Fig.10. 















sion to the gold-copper alloys showed that it was not 
sufficiently accurate, and so the author suggested that 
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Fig.44. TEMPERATURE RESISTANCE CURVES OF 
THALLIUM BISMUTH ALLOYS. 


where ; 
A=W.a and B= 28 
a 


A being the absolute, a the relative temperature coeffi- 
cient, and B and § determining the variation of the 
coefficient with temperature ; the coefficients are repre- 
sented amen wed in Fig. 9. 

The law is thus cael to be correct, notwithstanding 
the great difference in character, specific resistance, and 
temperature coefficient of the two metals. Only in the 
case of the 40 per cent. alloy, which exceeds the limit of 
solid saturation, is a value obtained which does not lie on 
the curve.* 

We shall now discuss the various possible transitions 


between — ee region and another of the equilibrium 
diagram. e have to distinguish the following three 
cases :— 


1. The passage from one heterogeneous two-phase 
region to another, with changing temperature, a three- 
phase equilibrium horizontal being c: ‘ 

2. The transition from a homogeneous region into a 
heterogeneous one, due to separation of a second phase. 

3. In certain cases there is a transition from one homo- 
geneous — to another, on passing through a transi- 
tion or melting-point, involving no change in the compo- 
sition of any of the phases. 

In the first case we shall observe ‘‘ breaks” in the 
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does not vary with the temperature, but must be added 
to the original resistance in a constant amount which 
does not vary with the temperature. It follows from this 
that the “‘ absolute ” temperature coefficient is unchanged 
by the formation of ead eaetlinn, and that furthermore 
the ‘‘ relative ” coefficient shows an enormous decrease, 
as is shown for the gold-silver and other alloys in Fig. 7. 

As there are exceptions to Matthiesen’s law, the author 
thought it worth while to investigate a system of two 
metals, one of which has a normal temperature coefficient 
and a very low resistance—viz., gold—and the other a very 
high temperature coefficient and a high resistance—viz., 
iron. In Fig. 8 are given the curves obtained by adding 
gold up to 20 percent, to pure iron. Isaac and Tammann, 
who worked out the equilibrium diagram for this pair of 
metals, showed that iron can retain as much as per 
cent. gold in solid solution, and we find that between 
these limits the temperature coefficient varies regularly 
with the temperature. We have 


W = W.(1+at+ fe) 


aw _ 
dt 


and 





A (1 + Bt) 
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resistance curve, as shown in Fig. 10. Let A and B be 
the two phases, having the resistances Wa and Wo re- 
spectively. These will unite at a certain temperature to 
form a third phase C, having a resistance W-. Conse- 
quently, we have above the transition temperature mix- 
tures of A and B, the resistances of which vf from 
Wa to Ws , and below, mixtures of A + C and B + C. 
Each of the three heterogeneous regions which are in con- 
tact with one another at the given non-variant tempera- 
ture has its own surface of resistance, and this will inter- 
sect the plane on which the transition temperature lies in 
those curves, as shown in Fig. 10. The region Wa, Wo, 
W.., therefore, gives the locus of the “‘ breaks,” and we 
can see that it will invariably show a maximum at the 
concentration of the intermediate phase, just as when 
following thermal changes we find a maximum at the true 





* The curve for the 20 per cent. alloy could almost be 
doubted, were it not for the fact that the temperature 
coefficient, which agrees very well with that of the other 
alloys, proves that no error has been made. We have 
here an illustration of the dual control that this method 


| affords. 
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tic point,* and in the same way the sudden change 

i. Gnestien at the eutectic and the break at the liquidus 
are clearly seen, electrically. sie 

We cannot give, at the present, any exact description 
of the form of these composite temperature-resist 
curves, though we hope to be in a position to do so before 
long. By varying the concentration instead of the tem- 
perature we meet with the same transitions, and here our 
information is more complete. In Fig. 12 it will be 
noticed that the two breaks in the conductivity curves of 
the copper-cobalt alloys are very sharply marked, and 
that they are also shown in the corresponding position on 
the resistance curves, though not so well marked. The 
breaks will be less sharp the smaller the hete eous 
region, and will show up most clearly when the two 
homogeneous fields at the sides are very small—a case 
when other methods are scarcely applicable at all with 
any success. f 

The transition from one homogeneous region to another 
by passing through a heterogeneous interval of transfor- 
mation will now be understood without further application. 
The process is compounded from two single transitions, 
as shown on the resistance curves of certain bismuth- 
thallium alloys (Fig. 14). On raising the temperature 
the two breaks a and 6 include the transformation, and 
the narrower this is the sharper are the breaks. On 
lowering the temperature, on the other hand, the breaks 
occur at 6! and a! respectively, and hence we see that the 
reaction, strictly speaking, is not reversible. We see 
further that the transition-point of thallium is lowered by 
the addition of bismuth. ; 

The case of a transition from one homogeneous region 
directly to another is one which can only occur either 
with pure metals or at maxima or minima. This is, in 
reality, the limiting case of the type we have just been 
considering—the points 1 and 2 are shifted to one and 
the same temperature, the transition part becomes hori- 
zontal, and the two breaks merge into one very anev- 
marked break or abrupt change in direction. Such a 
transition-point was discovered in thallium by Levin,t 
and also observed by Chikashige,} both of whom employed 
the method of thermal analysis. But whilst the thermal 
indication was very weak, we have just seen how strongly 
marked it is when the conductivity method is followed. 


IV. 


The following is the method of procedure suggested. 
We shall see how it enables, in point of fact, a i 
control to be exercised over the results obtained. 6 
temperature resistance must first be obtained for each 
concentration. This we can do without determining the 
absolute values, and in cases where it is impossible to 
prepare specimens of regular dimensions we can only 
obtain relative values for the resistance. The method 
of electrical conductivity can, indeed, be employed as a 
means of obtaining the necessary data for the construc- 
tion of an equilibrium diagram, in a manner analogoustothe 
application of ‘‘ thermal analysis” for the same purpose. 

But the conductivity method has the great advantage 
that it is independent of time, and no measurement need 
be taken until we are assured that perfect equilibrium 
has been obtained. Given that we know the equilibrium 
diagram with certainty, we can, if we have the absolute 
values, compare the different concentrations with one 
another and construct isothermals from them, from which 
in their turn we can find the breaks which correspond to 
the passage of boundaries of the phase - 9 and more 
particularly of those which run vertically, and which 
cannot consequently be obtained by the first method. 

wecang must investigate the shape of the resistance 
curves, both in their dependence upon temperature as 
well as upon concentration ; or, in other wo the form 
of the individual parts of the resistance surface in space, 
in order to see if these conform in shape to the general 
laws of homogeneous and heterogeneous equilibrium. 

The shape of these curves is, as we have seen already, 
very characteristic, and here it must be mentioned that 
it is preferable by far to determine the specific resistance 
than any other property, such as the specific volume, 
for example. For no wo th property brings out so well 
the difference between a heterogeneous mixture and a 
homogeneous solid solution, And here again we n 
not know the value of the resistance in absolute units. 

It has also been shown above that the temperature co- 
efficient has very characteristic properties, and that its 
form differs widely in homogeneous and heterogeneous 
phase regions. We have thus another and valuable means 
of control over results, not met with at present in the case 
of any other method. Experimental researches of the 
last decade have, it is true, thrown much light upon the 
constitution of nearly all the most important systems of 
binary alloys, but nevertheless we are obliged to acknow- 
ledge that our information is far from being complete. 
Fresh problems are continually confronting us as we 
pursue our studies more minutely, and so fresh methods 
of inquiry are needed more and more urgently almost 





every day. The author hopes that the methods dealt with | 8™ 


in this paper will prove of far-reaching significance and 
practical utility. 








Norweeian Exports.—According to official statistics 


the Norwegian exports for August of the present year | ; 


show a decrease of 5,000,000 kr. as compared with the 


Same month last year, which decrease is a consequence of 
the lock-out. 


* It is not, however, inconceivable that the resistance 
W. may come so close to the line Wa W; that no break 
in the resistance curve may be noticeable, and so we may 
unwittingly overlook the equilibrium point. 

a Levin, Zeitschrift fiir Anorganische Chemie, 45 (1905), 
ot . waashign, Zeitschrift fiir Anorganische Chemie, 51 


COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


Wer give below a list of colonial and foreign engineering 

jects, for some of which tenders are ed. Further 
information concerning them can be obtained from the 
Commercial Intelligence Branch, Board of Trade, 73, 
Basinghall-street, London, E.C. 

Canada ; His Majesty’s Trade Commissioner for Canada 
(Mr. R. Grigg) reports that tenders are invited by the 
Lethbridge Municipality for the supply and erection at 
that place of power-station equipment, including boilers, 
economiser, steam turbo-generator, condenser, and sub- 
station equipment. Tenders, accom 
of 10 per cent. of the value of the offer, will be received 
by Mr. G. W. Robinson, Secretary-Treasurer, Lethbridge, 
Alberta, up to November 24. Plans and specifications 
may be obtained from Mr. A. Reid, Superintendent 
Engineer, Lethbridge:—The Imperial Trade Correspon- 
dent at Toronto (Mr. F. W. Field) reports that tenders 
will be received by the Chairman of the of Control, 
City Hall, Toronto, up to noon on November 1, for the 
construction of three miles of reinforced-concrete subway 
and subway stations. A deposit of 2000 dols. (about 
4101.) is required in respect of each half-mile tendered 
for. The object of calling for tenders for this work is to 
enable the Toronto Municipality to arrive at the actual 
cost of a subway system, so that a by-law to provide the 
n money may be prepared for submission to the 
ratepayers for their approval. On approval being ob- 
tained the contract wi awarded. 

South Africa: H.M. Trade Commissioner reports that 
a large irrigation scheme is under consideration by the 
Water Board of Van-Rhynsdorp, in the western portion 
of the Cape Province. It is proposed to irrigate on a 

rennial basis, by means of a canal system fed from a 

igher weir with considerable storage capacity, as much 
land as possible on both banks of the Olifants River, and 
along the lower reaches of the Doorn and Hol rivers. 
The net irrigable area commanded by the channels is 
estimated to be 6580 morgen (about 13,900 acres). The 
cost of the works is placed at 155,000/. The works include 
the following :—Weir and head-works, regulator, scour- 
sluices, excavation of canals, twotunnels, retaining walls, 
syphons to feed distributary canals, aqueduet, road 
bridges, automatic escape-ways, 

Switzerland : The Feuille Fédérale Suisse of October 4 
notifies that a concession has been granted to a syndicate, 
presided over by M. Auguste Barras, of Bulle, for the 
construction and working of a narrow-gauge electric rail- 
way from wing ny Bulle, proceeding by way of 
Pérolles, Marly, La he, Thusy, and Riaz. Four years 
are allowed for the construction of the line. The cost of 
the undertaking is estimated at 6,500,000 francs (260, 0002. ). 





Entropy CHARTS FOR SUPERHEATED STkAM.—Messrs. 
Oliver and Boyd, of 33, Paternoster-row, E.C., are 
issuing, at the price of 3d. each, two steam charts which 
should prove very serviceable to all engaged in calcula- 
tions relating to eg nen oe and steam-turbine effi- 
ciencies. Both charts have been prepared by the —. 
ment of mechanical engineering in the Glasgow and West 
of Scotland Technical College. The one isa temperature 
entropy diagram for steam, at all pressures from 0.25 Ib. 
absolute up to 3001b. absolute, and for qualities ranging 
from a dryness fraction of 0.69 up to the superheats 
corresponding to a temperature of 700 deg. Fahr. In 
addition to the quality and temperature lines, the lines 
of constant heat content are also engraved. The com- 
panion chart is a Mollier diagram, which covers prac- 
tically the same range of steam conditions, and the advan- 
tages of which for certain thermodynamic calculations is 
now too well known to need further emphasis here. Both 
charts are very clearly ages on stout paper, which 
oo be capable of standing a considerable amount of 

ard wear. 





GRANARY FOR GLascow Harsour.—At the monthly 
meeting of the Clyde Navigation Trustees on the 3rd 
inst., the Special Committee on Meadowside Granary 
reported that they had under consideration tenders 
received for the new granary buildings at Meadowside, 


of Messrs. John Train and Taylor at 56,6977. The design 
chosen by the committee specified for the silo portion 
ferro-concrete faced with brickwork, and the floor portion 
outside walls of solid brickwork, cast-iron columns, rolled 
steel joists, and concrete floors. Mr. Raeburn, in moving 
the adoption of the minute, said tenders for the machi- 
nery had already been accepted. They were asked now 
to approve the recommendation +> ing the building, 
which would be 300 ft. in length, 80 ft. in breadth, and 
131 ft. in height. Tt would consist of eleven storeys, and 
would be capable of turning over in one year 250,000 tons of 
in. The original forecast of the cost of the scheme 
was 102,700/., but the detailed figures he now submitted 
were as follow:—Cost of ground, 4943/.; buildings 
(including foundations), 56,697/.; rails, &c., 3100/.: machi- 
nery, 40,911/.—total, 105,650/., or an increase of 2957/. as 
compared with the sum originally mentioned, the build- 
ings having cost 5296/. more and the machinery 2339/. 
less. Toe lennene was accounted for to some extent by 
the fact that the original estimate was for a building 
entirely of reinforced concrete. The building they now 
put before the Trust for approval was to be of a compo- 
site character, and some of their expert members, to 


considered it would be better, st r, and more reliable 
than the one originally proposed. e work of construc- 
tion was ex to ag ey i eighteen months, and 
the system to be adopted is t’ by the Considére 








at — 
Construction Company, Limited, Westminster, London. 


ied with a deposit | On 


and that they recommended the Trust to a the offer | o) 


whose judgment in these matters he cheerfully bowed, | class 


CATALOGUES. 


Dee ergings Trem the Carron Company, of Carron, 
Stirlingshire, N.B., we have received two catalogues con- 
taining reproductions of dimensioned drawings illustrat- 
ing a selection of the aan they manufacture. 
The forgi which can be supplied rough or machined, 
include such articles as spanners, hooks, eye-bolts, eye- 
plates, swivel-eyes, handrail-stanchions, crank-shafts, and 
apne “aa as well as many parts used in shipbuild- 
ing work. 


_ Pyrometers.—A sectional catalogue of pyrometers for 
industrial purposes has been issued by the Alldays and 
ions Pneumatic Engineering Company, Limited, of 
Great Western Works, Birmingham. Prices and ‘full 
rticulars are given of two types of pyrometers, one 
ing a thermo-couple instrument for temperatures up to 
2500 deg. Fahr., and the other a fixed-focus radiation- 
Supe instrument, for temperatures from 700 deg. to 
deg. Fahr., or higher. An instrument of the latter 
type was illustrated and described in ENGINEERING of 
May 26 last, on page 708. 


Steam-Scparators.—A copy of the Cochrane Engineering 
Leaflet No. 10, issued by the Harrison Safety -Boiler Works, 
Seventeenth-street, and ~ .—_ Philadelphia, 
Pa., U.S.A., has come to hand. The pamphlet discusses 
the causes and effects of priming, and deals with the use 
of Cochrane receiver separators for removing the water 
from the steam. These separators are also claimed to be 
effective in minimising vibration, which is sometimes set 
up in steam-pipes by the pulsations of the steam. The 
pamphlet also deals fully with the removal of oil and 
grease from exhaust steam, illustrating and describing 
separators for this purpose. 


Pit-Prop Drawing Apparatus.—Messrs. John Davis 
and Son (Derby), Limited, of All Saints Works, Derby, 
have sent us a leaflet illustrating the Davis-Brown appa- 
ratus for withdrawing pit-props. This appliance com- 

rises a sprocket-wheel mounted in a frame, and turned 
by means of a hand-lever and double ratchet. A chain is 
made fast to the prop to be drawn, and its free end is 
passed round the sprocket, the teeth of which engage 
with it. Another chain is attached to the frame and 
anchored to some fixed object. A powerful pull is exerted 
by the chain when the sprocket is turned, and this pull 
is used to draw the prop. The apparatus can also be 
used for moving heavy loads through any distance. 


Locomotives.—We have received from the Baldwin 
Locomotive Works, of Philadelphia, Pa., U.S.A., copies 
of two of their recent records of construction. The first 
of these (No. 69) illustrates and describes Mallet articu- 
lated locomotives of the 2-6-6-2 type, forty of which have 
recently been completed for freight traffic on the Atchison, 
Topeka, and Santa Fe Railway. Two of these engines 
have been fitted with flexible boilers, while the remainder 
have rigid boilers of the separable type. No. 70 deals 
with Walschaert’s aegess, describing it fully with the 
aid of diagrams and half-tone engravin Very com- 
plete instructions are given for setting the valves with 
this gear. 


Mechanical Stoker.—A pamphlet relating to their well- 
known chain-grate stoker has been received from Messrs. 
Ed. Bennis and Co., Limited, of Little Hulton, Bolton. 
The pamphlet gives a brief description of this type of 
stoker, and calls particular attention to the new form of 
link, the ends of which are halved together in such a way 
that the air spaces are uniform in width for the whole 
length of the grate. This form of link also effects con- 
siderable economy of space at each end of the furnace. 
Particulars and illustrations of five important installa- 
tions are also me. and the results of tests included. 
Messrs. Bennis have made no mention of the other types of 
stokers they manufacture, as it is intended to send this 
—— to inquirers interested in the chain-grate type 
only. 


Water-Meter.—Messrs. Glenfield and Kennedy, Limited, 
of Kilmarnock, Scotland, have sent us a copy of a 
pamphlet relating to Gardner’s patent integrat and 
recording weir-meter. The instrument is capable of 
measuring the flow of water, sewage, or corrosive liquids 
over triangular or rectangular weirs, or in open or closed 
annels, recording the rate of flow on a chart, and indi- 
cating the total quantity passed on a series of dials. .The 
mechanism is o ted by two clocks, one of which is an 
ordinary time-piece, while the other has the length of its 
pendulum altered by the movement of a float on the up- 
stream side of the weir, so that the rate of the latter 
clock depends on the quantity of water flowing. The 
counting dials, which are driven through an epicyclic 
gear by the combined motion of the two clocks, can be 
arranged to read according to Francis’s, Thomson’s, 
Kutter’s, or other formule, The pamphlet gives a brief 
description, with illustrations of the meter, and also 
contains some information relating to its adjustment. 
Notes on weir construction and formule are also included. 








Tue New Awan Liners.—Mr. Hugh Allan, the 
chairman of the Allan Line Company, who arrived at 
Liverpool on the 6th inst., states that twelve leading 
firms of shipbuilders are tendering for the two large 
steamers for the company’s Liverpool-St. Lawrence ser- 
vice. The vessels will be each of 15,000 tons gross, 
570 ft. in length, 69 ft. in breadth, 46 ft. in depth, and 
will carry 250 first-class, 525 second-class, and 1 third- 
s. The firms tendering had been given 
a free hand with regard to propelling machinery, and 
i be reciprocating or a combination of 


reci ting and turbine. The sea will be 18 knots 


—one knot faster than that of the Victorian and Vir- 





ginian. 
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COMMUNICATIONS FROM THE GOTTINGEN 
MODEL-TESTING INSTITUTE.* 
6. RESISTANCE OF WIRES AND Ropgs.t 
(Concluded from page 273.) 

In the last communication from the Model-Testing 
Institute some brief remarks were made as to the results 
of the preliminary experiments to determine the resist- 
ance of wires in a wind. The object of the present 
communication is to supply more detailed information on 


this question, and to give the more accurate numerical | 


results since determined. 

The wires were suspended in the manner shown in 
Fig. 26. The wires 1, 2, and 3, which transmit to the balance 
the force due to the resistance, were arranged as in all the 
previous experiments. They lie in a horizontal plane, 
and meet in one point at angles of 120 deg. Wire 2 is 
fastened to the wall, wire 3 communicates with the 
balance, which is placed outside the channel, and serves 
for the measurement of the resistance. Wire 1 leads to 
a ring, which is supported from the top of the channel by 
wire 4. The wire to be tested (x) also hangs from this 
ring. It passes, hanging freely, through a slit in the 
floor of the channel, and carries a weight G. The slit 
must be of sufficient length, so that x, when driven back 
ty the effect of the wind, may not touch the channel floor. 

ires 1, 2, 3, and 4and the ring remain in the same posi- 
tions for all the measurements ; only the measuring wire x 
is changed from one experiment to the other. The first 
experiments were made on platinum wire 0.05 mm. in 
diameter, and for each new experiment in succession a 


Fug.26.TESTING ARRANGEMENTS FOR THE 
+ ‘MEASUREMENT bo THE RESISTANCE 
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thicker wire was used. In all sixteen wires (and rods or 

tubes) were examined, of the following diameters :— 

mm. mm. mm. 
0.05 0.07 0.09 0.125 0.158 0.207 0.291 0.610 
1.007 1.39 280 4.465 8.06 11.93 189 29.9 

Each wire or tube was tested for four velocities: 4.6, 

6.5, 8.0, and 9.6 metres per second ; the temperature was 

about 15 deg. Cent. The resistance of the wires 1, 2, 3, 4, 

and of the ring may be determined for the four velocities 

by extrapolation. For this purpose the results given by 
the balance for the resistance of suspension plus wire 
under test are plotted against the diameter of the wire dealt 
with. Through the points so.determined a curve can be 
drawn, which can be continued to the axis of ordinates, 

The intersection of the axis gives the value of the resist- 

ance for zero diameter of the tested wire—that is, for the 

suspension alone. 

or the thinnest wires this extrapolation seemed some- 
what uncertain. It appeared possible that the law of the 
resistance of a wire showed peculiarities, for very small 
diameters, about which sufficient information could not 
be obtained from our experiments. On the suggestion, 
therefore, of Professor ndtl, a check measurement 
was made, which allowed of the direct determination of 
the resistance of the wire under test by a pi ure 
free from objection. For this pur the method of 
suspension shown in Fig. 27 was adopted. The ring of 

Fig. 26 is here replaced by the bar s, which is sup- 

ported from the roof of the channel by the wires 

4 and 5. From this bar hang the three wires 6, 7, 

and 2, led through three slits in the floor of the 

channel, and each kept taut by a weight. The wires 

1, 2, and 3 transmit, as previously, the forces to 

the balance, and, as before, the wire z ischanged from one 

experiment to another. Since, in this case, the suspension 


mm. mm. mm. mm, mm. 


* Translated by permission from the Zeitschrift fiir 
Flugtechnik (Munich and Berlin : R. Oldenbourg). 
+ Zeitschrift fiir Flugtechnik, October 29, 1910. 


| wires, without the wire z, still retain their tautness, it is 
now possible to determine the resistance of the suspension 
| alone, which was not possible with the arrangement for 
the previous experiment. It must be remarked, however, 
that this method of suspension had the disadvantage that 
|the three tension weights were easily set swinging, 
thereby preventing an accurate reading of the balance. 
Consequently this arrangement was only employed in 
measuring the resistance of thin wires. The results so 
| obtained for the wires under test were subtracted from 
| those measured for suspension plus wire, and so served 
to give an accurate determination of the resistance of the 
suspension in the first experiment. 
rom the resistance values for the different wires the 
coefficient Y was calculated by means of the formula 


2 
R=y 7". ld, 
¥ g 


where / is the length and d the diameter of the wire. 

It was found that y does not assume a constant value 
except for somewhat large diameters and_ velocities. 
According to Osborne Reynolds, complete similarity in 
the stream-lines around two similar ies, when account 
is taken of the internal friction of the fluid, is only ob- 
tained if the linear dimensions of the bodies are inversely 
proportional to their velocities. According to this theory, 
two wires in a wind for which the product v d is the 
same should have the same resistance coefficient. In the 
two following formule, which express our results very 
well, ¥ appears accordingly as a function of v d only :— 


1. ¥ = 0.66—14 v m./sec. qm for vd < 0.015 m.?/sec. 
2. w = 0.45 for vd > 0.015 m.2/sec. 
We must add that the formula (1) does not hold for 


values of v d less than 0.001 m.”’/sec. For smaller values 
of the product the measurements give such varying results 
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that no legitimate inference can be drawn. In practice, 
however, wires of such small diameters at velocities so 
low do not come into consideration, so that the resistance 
coefficients for vd less than 0.001 m?./sec. are only of 
scientific interest. Leaving such cases out of account, 
the greatest deviations of the formule from the experi- 
mental results were under 5 per cent. 

Besides the wires, the resistances of the seven wire and 
hemp ropes, shown in Fig. 28, were also determined in 


| 














| be ‘ | - I. sg Se 
8 “ant See |= | g 
No. Material. 35 | €° | zi So e| "al ™ FI 
= S oO 
$= | 68/258 ofkis ls = 
ae ia~ |e > wee ~ ap > 
' | | 4.63 4.26) 0.546 | 
1 Wire rope (six; 3.2 | 92.9/| 8.00/1246| 0.636 | 0.54 
strands) | 9.65 |18.52, 0.547 | 
: 4.63 | 9.46| 0.518 
2 Ditto 7.5 | 92.6 | 8.00 |30.55| 0.56 0.55 
9.65 | 45.25 | 0.572 
: 4.63 | 10.08| 0.59 
3 |Plaited hemp) 7.0 | 92.7 | 800 | 31.02) 0.607 | 0.60 
| rope 9.65 | 4555/ 0.616 
| | 4.68 }13.46/ 0.551 
4| Ditto 10.1 | 91.9 | 800/421 | 0.575 | 0.57 
| 9.65 ie ; 0 
| 4.63 | 4.82/ 0.456 
5 [Smooth cord ..) 4.3 | 93.6 | 8.00 14.18) 0.45 | 0.45 
| 9.65 | 20.95} 0.459 | 
4.63 | 20.48) 0.583 | 
6 |Hemp rope(four, 16.0 | 91.1 | 8.00 | 61.05 0.533 0.53 
strands) | 4.63 | 18.96 | 0.495 
} | | 
7 Hemp rope 16.0 0.50 


| 91.1 | 8.00 | 57.05| 0.50 
| (threads singed) | 
| 





the air-current. The diameters given in the table were 
by means of a slide-gauge, and the setting made 
that the rope could just turn easily between the 
The ropes were suspended in 


™m 
was such 
two limbs of the gauge. 








the manner shown in Fig. 26 in the place of the wire +. 

The resistance of the suspension was taken from the 

— with wires. The results are given in the 
e. 

With regard to the magnitude of the coefficient v, it 
may be mentioned, for comparison, that the coefficient 
for square plates normal to the wind, as determined by 
Eiffel, is 0.6, and that, for a sphere, the value of wv is 
found to be 0.17. 








RUSSIAN IRON INDUSTRY IN 1910. 

RECENT official statistics show that the Russian output 
both of pig iron and of half-finished iron and steel during 
1910 increased considerably in the different districts com- 
pared with that of the preceding year. The aggregate 
production of pig iron, for instance, shows an increase of 
over 160,000 tons, or nearly 6 per cent., and at the same 
time the stocks have been very materially reduced, from 
520,000 tons on January 1, 1909, to 333,000 tons on Jan- 
uary 1, 1910. The demand has been steadily increasing, 
and on the whole been a very active one. The increase in 
the production of half-finished goods is still more striking, 
amounting to 400,000 tons, or more than 13 per cent., the 
increase principally falling upon Martin steel, and yet it 
must yield to that in the manufacture of finished iron and 
steel, the increase for these branches amounting to 390,000 
tons, or about 154 per cent. The increase toa great extent 
refers to articles used in the building trades, within which 
great activity has prevailed, and the result is a very 
material reduction in stocks in spite of the increased pro- 
duction. The year 1910 is pronounced, on the whole, to 
have been an extremely favourable one for the iron in- 
dustry of Russia, even compared with the year 1909. The 
continued firmness of the market and the increased demand 
which resulted in many stocks being practically exhausted 
towards the end of the year, gives promise of further 
favourable developments. The appended tables contain 
some particulars referring to different manufactures in 
various districts, in poods (63 poods equal 1 ton) :— 


Pig Iron. 
| Foundry Pig. Steel Pig. 
1910. 1909. 1910. 1909. 





poods 


poods poods | poods I 
Southern Russia | 18,545,000, 19,317,000) 79,561,000 76,348,000 











The Ural 1,824,000 1,757,000) 23,062,000 20,895,000 
Poland.. .. — ..| 2,001,000, 779,000! 12,304,000 10,455,000 
Central district (Mos- | | 
cow) .. =e a 930,000 794,000) 2,283,000) 2,244,000 
North and Baltic .. 25,000, 19,000) 105,000 82,000 
_ - 1 \ 
Half-Finished Iron and Steel Goods. 
Martin. | Bessemer. 
| — 
1910. 1909. 1910. 1909. 
A | poods | poods | poods is 
Southern Russia 83,999,000) 68,686,000) 22,567,000 25,302,000 
The Ural --| 38,959,000) 34,993,000) 2,554,000, 1,532,000 
Poland.. .. «| 28,871.000| 20,382,000) 
Central district --| 20,147,000) 15,518,000) _ 
North and Baltic -| 9,478,000) 8,540,000) — 


Further, non-specified or special manufactures bring 
the total production of pig in Russia during 1910 up to 
an aggregate of 2,950,000 tons, inst 2,800,000 tons for 
the previous year. For half-finished steel and iron goods 
some additional minor manufactures, in addition to those 
specified above, make a total of 3,400,000 tons for 1910, 
against 3,020,000 tons for 1909. 

Among the finished steel and iron goods, of which the 
aggregate reached a total of 2,950,000 tons for 1910, against 
2,540,000 tons for 1909, girders for 1910 figure with 188,000 
tons, rails with 475,000 tons, form iron with 1,000,000 tons, 
wire with 230,000 tons, tin-plate with 325,000 tons, plate 
for roofing with 360,000 tons, &c. 





EXTENSION OF Messrs. J. AND E. Wricut’s Works, 
BirMiIncHAM.—We understand that important extensions 
are in progress at the Universe Works, Birmingham, of 
Messrs. J. and E. Wright, Limited. During the past 
eighteen years it was found necessary from time to time 
to make extensions to the wire-rope departments, and 
though each succeeding addition was upon a scale which 
it was thought would Be equal to all demands for some 
years to come, the growth of the business has been such 
that the presént portion of the works devoted to the 
production of wire-ropes is, in output capacity, far from 
equal to the demands made upon it, and the directors 
have decided to make a substantial addition to both 
building and plant. So far as the former is concerned, 
this will consist of 320 ft. by 90 ft., which will have 
three storeys, and will afford a total cee ey of some 
2 acres. e floors are bemg construc of strongly 
reinforced concrete, and the building will be particularly 
well lighted. Another important change in progress 1s 
the electrification of the whole works. Hitherto the 
various shops have been driven by gas-engines, working 
on producer-gas, generated in a central producer plant, 
and carried in und und mains to the various units. 
A central power-station is now being built, in which 
Crossley gas-engines direct-coupled to electric generators 
will be inotalled. The necessary additions to the producer 
plant will also be supplied by Messrs. Crossley, and will 
consist of their recently improved type of producers, 
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ELECTRICAL APPARATUS. 

12,735/11. Siemens Brothers Dynamo Works, Ltd., 


London. (Siemens Schuckertwerke, Berlin, Germany.) 
Lam: {6 Figs.] May 26, 1911.—This invention has reference 
toare-lamps of the kind in which combustible materials are led 


into, or supplied to, the arc from one side, and has for its object 
the better distribution of such combustibles. In previous 
arrangements the combustibles were led into the arc by a single 
pipe or channel from one side, and the material supplied had a 
tendency to heap up on that side of the receiving electrode, 
drawing the arc over and causing extensive slag formation over 
other parts of the receiving electrode. These disadvantages are 
overcome by the present invention, according to which a plurality 
of supply channels are provided which distribute the fuel supply 





evenly over the surface of the receiving electrode. With the 
provision of, say, three channels or pipes set at an angle of 
120 deg. with each other around the electrode, an improvement 
in the behaviour of the are is already obtained. In a further 
improved form of fuel-distributing device, collars are provided 
which surround the electrode tips, and the fuel being led on to 
these collars descends through channels formed in or by the 
same in equi-distantly spaced streams. Fig. 1 shows a plan of a 
ring a which, by reason of channels c formed on the electrode b, 
allows the fuel to drop in three streams equally distributed about 
the electrode centre. Fig. 2 shows another formin which channels 
d are formed in the ring a. Such rings or collars are advisedly 
provided with a funnel-shaped attachment, such as g in Fig. 3, to 
prevent the scattering of the fuel. (Accepted August 16,1911.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


16,783/10. The Wolseley Tool and Motor-Car Com- 
rany, Limited, A. A. Re mand A. J. Rowledge, 
Birmingham. Valve Gear. [5 Figs.) July 14, 19tvu.— 
In valve mechanism of the type in which a piston-valve controls 
the admission and exhaust into and from the cylinder of a four- 
stroke cycle internal-combustion engine, and is operated through 
the medium of two eccentrics or cranks, or of an eccentric and 
crank, the valve having imparted thereto a movement which is 
compounded of the movements of the two eccentrics or the eccen- 
tric and crank, an eccentric-rod or link is connected at one end 
with an eccentric or crank-pin of a shaft which travels at half the 
speed of the engine-shaft, and is connected at its outer or vibrat- 
ing end with an eccentric-rod or link connected at its other end 
with an eccentric or crank-pin of a shaft which revolves at the 
same speed as the engine, and which is conveniently itself the 
engine-shaft, such eccentric-rods or links, or eccentric-rod and 
link, forming together a toggle-joint, through the medium of 
which the valve is operated through a suitable link. A is the 
cylinder, B the piston, C the connecting-rod, D the crank-shaft 
of the engine, E the half-speed shaft, F an eccentric carried 





by th? shaft D, Ga crank-pin of the shaft E, F! an eccentric- 
rod of the eccentric F, and G! a link which is connected with 
the crank-pin G. The rod F! and the link G! are connected 
together at H, forming a toggle- joint; J is a piston - valve 
and J! a valve-rod, which connects the toggle-joint formed 
by the rod F! and the link G! with the valve J. The 
effect of the operation of the mechanism, when the eccentrics 
or crank-pins, or eccentric and crank-pin, thereof are properly 
ad justed as to their relative angular jitions, is to cause the 
point H to travel in a path which somewhat resembles the figure 8, 
the line of movement which commences about the middle of the 
compression stroke and continues to about the middle of the ex- 
plosion stroke, being approximately at right angles to the middle 
position of the vibrations of the valve-rod, thus ensuring that the 
valve will be substantially stationary in its position closing the 
cylinder to both the inlet and exhaust, the line of travel then 
turning rapidly in a direction to ensure the opening of the 
exhaust, then turning rapidly in a direction to close the exhaust, 
and, continuing in such direction, rapidly crossing the line first 
above-mentioned and quickly opening the inlet, and then 
turning rapidly and closing the Inlet, and joining, by a quick 





turn, into the commencement of the line first above-mentioned, 
thus completing the cycle. The invention therefore enables the 
time of opening and closing of both induction and exhaust to 
substantially coincide with the time that usually obtains in 
internal-combustion engines which are fitted with ordinary poppet- 
valves, and bles dvant to be secu which are 





the advantag 
incidental to the employment of poppet-valves with the advan- 
tages which are incidental to the use of a piston-valve. (Accepted 
August 23, 1911.) 


J. C. Merryweather, London. Internal- 

Engines. (2 Figs.) November 14, 1910.—This 
invention relates to the driving of the magneto-electric machine 
of an internal-combustion engine, such drive being effected 
through the medium of a rotary water-circulating pump. The 
invention consists chiefly in the construction of the rotary circu- 
lating-pump, which is of the gear-wheel type; the two gear 
wheels are of unequal diameters, and are so proportioned that 
when one of the pump-wheels is driven by a cam-shaft, or by 
other suitable pad my the other pump-wheel rotates at magneto 
speed. The pump gear-wheels A, C are in the proportion of two 
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to one, so that when A is driven at cam-shaft by means of 
the shaft B, the magneto D can be coupled directly to the shaft E, 
which carries the gear-wheel C. It will be seen that the inven- 
tion provides for the operation of the magneto without the use of 
any gearing other than that necessary to drive the circulating- 
ump. It is to be understood that the proportion of two to one 
tween the two pump-wheels may be varied if necessary, the 
essential point being that the two pump-wheels are of such pro- 
— that whatever method is adopted for driving the circu- 
ating-pump, one of the a rotates at magneto speed 
and drives the magneto directly. (Accepted August 16, 1911.) 


19,650/10. C.L.Sumpterand H. K. Foster, Sheffield. 
Internal-Combustion Engines. [1 Fig.) August 23, 1910. 
—This invention relates to apparatus for automatically emptying 
the water from the cooling Geouth of internal-combustion engines, 
or the contents of any vessel, when in danger of being damaged by 
freezing. According to this invention, use is made of a small 
vessel with a relatively large cooling surface containing a very 
sinall volume of water so that it can be directly and closely 
attached to, and be portable with, the vessel to be protected, and 
yet when exposed to the same temperature will freeze just suffi- 
ciently in advance of the contents of the vessel to be protected, 
but, owing to heat conduction, not while the contents of that 
vessel are still warm. A small steel bottle B is filled with hot dis- 
tilled water to a certain level, a small quantity of grease is put in 


| and 2, 1; there are therefore no current impulses at these 
| intervals. For this case a distributor, as shown in Fig. 4, is suffi- 
cient. (Accepted August 23, 1911.) 


GUNS AND EXPLOSIVES. 


19,558/10. Sir A. T. Dawson and G. T. Buckham, 
| . Gun-Mountings. [2 Figs.) August 20, 1910.— 
| In pedestal gun-mountings of the kind in which hero is provided 
a clamping device comprising a band that is attached to the 
| pedestal, and is furnished with means whereby it can readily 
| either be tightened against the training worm-wheel to hold it 
| rigid with the pedestal, or can be slackened so that relative move- 
| ment can take place between the worm-wheel and the pedestal, 
and the gun be thus rendered capable of being moved rapidly 
| through large training angles, the clamping band is arranged 
| inside the pedestal, instead of outside, as heretofore. A is the 
| pedestal mounting, B is the training worm-wheel and B! its boss, 
|C is the clamping band adapted to en with the boss B!. 
| The boss B! is disposed between the estal A and the bush a for 
| the pivot, and the clamping band C is provided with o strip c, 
the lug of which is disposed in a recess in the pedestal. A screw- 


Fig.t. 





threaded pin C! passes through the pedestal and the lug, and 
retains the clamping band C in ition. The free ends of the 
band are provided with strips C2, C2", having lugs through which, 
and through the pedestal, passes a horizontally arranged bolt 
D. The one end of the bolt is formed with a knurled head d2 
which projects beyond the face of the pedestal, and provides for 
the ready withdrawal of the bolt D when required. The other 
end is screw-threaded to receive an internally-threaded sleeve to 
the outer end of which an actuating handle D* is attached, the 
handle being situated outside the pedestal as shown. The bolt 
D and the threaded sleeve are supported in bearings secured to 
the pedestal. The angular movement of the said handle D* in 
one direction causes the lugs on the strips C2, C2" to move towards 
each other to tighten the clamping-band C on the boss B!, and 
in the other direction allows them to separa‘e 80 as to slacken the 
said band from the boss. (Accepted August 23, 1911.) 


3104/11. P. Mauser, Oberndorf-on-the - Nec! ° 
Germany. Small Arms. [5 Figs.) March 19, 1910.—This 
invention relates to a modification of the trigger locking device 
described in the specification of Letters Patent No. 181, of 1910, in 








and then a closely-fitting plunger P is inserted in the bottle-neck. 
More or less water and grease is put in according to the highest 

temperature to which the device will ever be subsequently sub- 
jected. The bottle is then fitted to a screwed metal collar A and | 
lightly soldered at the joint C. The device is now ready for fixing | 
to any point low down on the vessel to be protected, and its action | 
is as follows :- -On the temperature falling sufficiently, the water | 
in the bottle in freezing expands with great force, forcing the | 
plunger P against the shoulder 8 of the screwed collar A until the 
joint at Cis broken, and the bottle Band plunger P fall away from | 
the collar A, leaviog the contents of the vessel to be protected free 
to drain away through the hole H. Alternatively, the movement | 
of the plunger P can be utilised to open a drain-cock or tap. | 
(Accepted August 23, 1911.) 


19,241/10. The Firm Robert Busch, Stuttgart, | 
Germany. Internal-Combustion Engines. [1% /iys.| 
December 18, 1909.—Thisinvention relates to an arrangement for 
ignition in internal-combustion engines requiring irregularly 
succeeding ignitions, but in which the lengths of all the periods 
of time between successive ignitions have a common divisor and 
consists in coupling an ignition machine of known construction | 
to the distributor ehaft by gearing which makes the lengths of 
the periods between successive maxima of potential equal to the 
greatest common divisor, and in providing devices which render 


| 
| 
| 





the surplus maxima of potential ineffective. Fig. 2 is the igni- 
tion diagram for the engine in Fig. 1. The ignitions in the 
cylinders succeed each other in the series of cylinders 1, 3, 2 
after the distributor shaft has moved through angles of 72 deg., 
144 deg., 144 deg. To effect ignition in the engine, a transmis- 
sion gear ratio 2 : 5is inte: between the distributor shaft 
and the armature shaft of the magneto-machine. To suppress 
the surplus sparks, an interrupter cam disc, as shown in Fig. 3, | 
may be used, in which cams are omitted in the positions at 
which a potential maximum occurs between the ignitions 3, 2, ' 


which, for the purpose of preventing the pulling of the trigger 
when the breech is unlocked, there is provided, within reach of 
the trigger device, a safety-lever, which is pos:tively acted on by 
one or both of the locking-levers, and which, when these levers 
are in the unlocking position, is maintained by them in su -h 
position as to exert a locking action on the trigger parts. Now, 
whilst in the construction described in the prior specification, the 



































safety-lever, like the locking-levers, is arranged as a one-arm 
lever moving inward and outward, in the construction to which 
this application relates there is adopted a much simpler arrange- 
ment, which dispenses with the safety-lever above refe to 
moving inward and outward with the locking-levers, and sub- 
stitutes for it a safety-lever having the form of a two-armed lock- 
ing-lever, which moves vertically, and the front arm of which 
engages with a locking-lever, whilst its rear arm engages with the 
trigger-catch lever. The drawings illustrate the present improve- 
ment to the construction to which the above-mentioned patent 
relates, as applied to a recoil loader with fixed barrel of the 
Mauser system. Fig. 1 shows the position of the parte when the 
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breech is properly locked, and when the safety-lever, and con- 
sequently also the trigger-catch lever, are set free to permit of 
the pulling of the trigger. Fig. 2 illustrates the position of the 
safety-lever in the locking position with the breech unlocked, 
whereby the safety-lever, which is in the locking or safety posi- 
tion,engages the trigger-catch lever, and consequently prevents 
its downward movement when the trigger is pulled—that is to 
say, it prevents the disc of the weapon. Fig. 3 illustrates 
the co-operation of the ti er-catch lever and the sear lever, 
the trigger-catch lever being shown jally in section. Refer- 
ring to the general arrangement of the breech mechanism, the 
locking-levers are arranged, as heretofore, as a pair of levers 
which support the breech-block from the rear, and are pivotally 
mounted in the rear wall of the breech casing, and which, when 
turned inwards, are in the locking position, and when turned 
outwards, are in the unlocking position, the levers in the former 
position exerting a locking action on the breech-block, and in 
the latter position permitting of its movement tothe rear between 
the looking lovers. Beneath the left locking-lever there is 
pivotally mounted on the central web or fillet g! of the stock g, 
the two-armed safety lever p, which latter is provided on its 
front arm p! with an upwardly ‘projecting nib p°, which, when 
the locking-lever is in the a corresponds with a 
recess therein. The safety lever pis normally held out of engage- 
ment with the locking-lever by a spring, and its rear arm p® 
terminates in a projection or catch, above which engages the 
hook-shaped end of the trigger-catch lever z*. This hook-shaped 
end of the trigger-catch lever, however, not only engages above the 
catch of the arm p* of the safety-lever, but at the same time also 
over the hook of the sear lever s2, which is rotatably mounted 
in the usual manner on the pin s' from the lower projection of 
the minor breech, and which engages with the firing-pin 7 by 
means of the sear s. When the mechanism is properly locked— 
that is to say, when, as already stated, the nib p® of the safety- 
lever engages with the recess of the locking-lever—the trigger z 
can be drawn back without obstruction, as in consequence of the 
fact that the safety-lever can perform its oscillatory movement, 
the sear lever can be swung downwards by the trigger-catch 
lever, and can consequently release the firing-pin. If, on the 
contrary, the locking has not been effected, so that the locking- 
lever is turned outwards, the nib p® will be unable to enter the 
recess in the locking-lever, with the result that the safety-lever 
will be held fast in the position shown in Fig. 2, and that the 
trigger cannot move the arm p2, together with the trigger-catch 
lever 22, downwards, but such parts will be so held as to be 
incapable of downward movement, the pulling of the trigger and 
the consequent release of the firing-pin thus becoming impossible. 
(Accepted August 16, 1911.) 


MINING, METALLURGY, AND METAL- 
WORKING. 


2802/10. J. Allardice, Lesmahagow. Conveyors. 
(5 Figs.) August 30, 1910.—The object of the invention is to 
provide means for conveying coal from the working face to the 
main road, According to this invention, a conveyor consisting 
of an endless chain of links jointed together travelling upon the 
ground or upon a pavement composed of plates is employed in 
contradistinction to the endless scraper conveyors at present used 
in mines, and which require the use of a specially-constructed 
trough or sides. The conveyor @, as constructed under the present 
invention, works on the pavement b, and is continuous in its 
action, so that the coal can, by means of the special construction 
of this conveyor, be loaded on to it at any part of the face. The 

vement }, particularly shown at Fig. 2, and which is of flat 
Conlin, and not of trough shape, as heretofore, is formed of 
steel sheets. Each sheet is cut at one end in suchwise that a 
portion is taken out of each corner of one end of each length b, 
whilst slits d are made in the other end, and the tongues thereby 
formed are made to slip in under the cut portion of the adjacent 
length, so that the several lengths are thereby joined to forma 
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whole pavement, and a suitable stationary, yet portable, pavement 
b thereby made. These plates are only used in the event 
of the pavement being very soft or wet, or where the pave- 
ment is very uneven. On the top of the pavement J travels 
an endless chain comprising the conveyor proper, and com- 
posed of flat links e having extending between them scrapers. 
The conveyor being so constructed is in itself a complete con- 
veyor, the links of the chain constituting the sides of the con- 
veyor parallel to the face, and the scrapers constitute the front 
and rear sides, travelling over the s‘ationary pavement to draw 
the coal along the pavement at right angles to the main road ; 
these scrapers discharging continuously into a hutch g on the 
main road, which is bridged at this point. The links ¢, which 
form an endless chain, are actuated by hexagonal drums h, the 
links e passing over the pavement b, as shown, and returning 
above the conveyor by passing over pulleysi. Where the main 
road is on a level with the pavement of the working face the roof 
is brushed out over the main road and the end part of the metal 
pavement L and of the conveyor carried at an angle such that the 
delivery end projects over the hutch, al! as shown in Fig. 1. 
(Accepted August 16, 1911.) 


26,821/10. G. and J. Weir, Limited, and J. Peter- 
molier, Cathcart. Rotary Pumps. [1 Figs.) Nov- 
ember 18, 1910.—In a — which rotates upon a vertical, 
or nearly vertical, shaft, and is driven through speed-reduction 
gearing from a motor arranged on a parallel shaft, the two shafts 
are provided, in accordance with this invention, each with a 
suspension bearing, the bearings being arranged side by side and 
at the top ends of the shafts, and each shaft is also provided with 
a steadying bearing, adjacent to the suspension bearing and with a 
second steadying bearing, or pair of bearings, situa‘ below the 


motor and below, or adjacent to, the gear-wheels, the bearings being 
all supported from a common standard which is rigidly attached to, 


vided with the steadying bearing b near its upper end, and 
with the steadying bearing c at its lower end. Between these 
bearings the shaft carries the turbine rotor d enclosed in the 
casing ¢, and also carries the gear-wheel f/ enclosed in vee yon 
box g. The pump-shaft j is likewise provided with the s' ying 
neasheg h situated : near its upper end and adjacent the bearing b. 
The bearing k is located adjacent the bearing c. 0 is a gear-wheel 
on the pump-shaft located between these bearings. r is the pump 
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Each shaft is provided with a suspension or axial-thrust 
r end of the shaft. 


rotor. 
bearing m, n conveniently arranged at the up 
The pump-casing p acts asa base for the whole ———. and 
carries the standard s, which is rigid with it. his standard 
supports all the bearings and also supports the gear-box g, the 
turbine casing e, and the boxes u, v, which contain the suspension 
bearings. In addition to the steadying bearings h, k, the pump- 
shaft may obtain support at the point where it enters the pump- 
casing. (Accepted August 23, 1911.) 


PRINTING AND ALLIED MACHINERY. 


19,489/10. G. O. J. Stubbs, London. Type-Casting 
Machines. [3 Figs.) August 19, 1910.—With that class of 
type-casting machine wherein it is desirable that the molten 
metal should be drawn back from the pump nozzle during the 
intake stroke of the pump piston to the required extent to pre- 
vent chilling, such drawback has heretofore been more or less 
constant under all circumstances, whatever. the size of the ty, 
being cast, and has not been affected to any appreciable extent by 
the usual adjustments necessary when changing over from one 
size of type to another, or otherwise. This invention has for its 
object to provide means whereby this drawback from the pump 
nozzle may be positively varied, as found necessary, when so 
changing over, to render possible the prompt production of good 
sound type. With this object a non-return valve is provided in 
the pump outlet, such valve being, however, without the usual 
vent therein to allow of the drawback. The outlet from the lower 
end of the pump barrel a is fitted with a non-return valve b of 
disc form, and adapted to float in the molten metal, and close said 
outlet during the upstroke of the pump piston c. One end of a 
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by-passage d communicates with the pump ou'let at a point 
between the pump nozzle e and this non-return valve ), and its 
opposite end communicates with the pump inlet through the plug 
J of the inlet regulating tap at a point helow a non-return valveg. 
This valve g controls the pump inlet, and comprises a disc arranged 
in said plug f, and provided with grooves or channels in its 
underside to permit of the free passage of metal under it when 
it is in its lowered position. The passages through the plug f 
controlling the inlet from the pump well to the pump barrel, and 
communication between the hy-passage and the pump inlet 
passage respectively are so arranged that by operating the plug 
these may be varied simultaneously to regulate both the pump 
inlet and the drawback from the nozzle in the desired ratio. 
With this object the passages are preferably arranged out of line 
as shown in Fig. 3, so that the one will open as the other closes 
and vice versd, In orderthat the adjustment of the plug f to vary 
the pump inlet and the drawback from the nozzle may be effected 
as desired, the stem of the plug is fitted with an arm /! (Figs. 1 
and 2), and on each side of this arm set screws f° are arranged 
by means of which the required adjustment may be effected and 
the whole then secured. (Accepted August 23, 1911.) 


/11. The Duplex Printing Press Com ’ 
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of improved means for positioning and clamping a matrix in a 
mould for slotted tubular stereotype plates. According to the 
present invention, the drag 1 hasa vertical rib 6 fast to the centre 
of its concave face, and parallel with its axis. The core 2 has a 
vertical rib 6a, which is fast to it, and has a groove 6, both rib 6a 
and groove 6b being parallel with the axis of the core. The rib 
6a and groove 6) are so proportioned and positioned that when 
the core 2 is in casting position (Fig. 2) the groove 6b fits over the 
rib 6, the rib 6a clamps the edges of the matrix to the drag 1 on 
the respective sides of the rib 6, the radial projection of the rib 6a 
beyond the core 2 establishes the thickness of the stereotype 











plate, and its width establishes the width of the slot in the said 
plate. The invention acts as follows:—The core 2 being in the posi- 
tion shown in Fig. 1, a matrix M is bent round it, and its edges 
pushed by hand into the spaces between the core and the drag 1, 
as far as it is possible to so push them. The cope 3 is then closed 
against the drag 1, and locked to it by the yoke 3m. This closing 
of the cope makes it bear against the matrix M opposite to the 
ribs 6 and 6a, force it inwards until its said edges abut against 
the rib 6, thereby positioning it_in the mould, and push the 
core 2 into the casting position (Fig. 2) thereby making the rib 
6a embrace the rib 6, and clamp the matrix edges against the 
dragl. (Accepted Avgust 23, 1911.) 


RAILWAYS AND TRAMWAYS. 


27,725/10. The Brush Electrical Engineering C 
pany, Limited, and S. Leech, Loughborough. Rail- 
way Vehicle Trucks. (3 Figs.) November 22, 1910.—This 
invention relates to the motor supports of vehicle trucks for use 
on electric railways and consists in the combination of a bracket 
adapted to be secured to the frame of a truck, with a spring 
attached thereto, and to the end of a motor-suspension beam for 
the purpose of supporting the motor-beam, the said beam being 
controlled by the spring and movable in any direction within 
limits governed by the looped portion of the bracket through 
which the end of the motor beam is passed. In carrying out the 
invention, brackets b are secured to the side frames a of the 
truck. To these brackets b are attached screw nipples ¢ which 


























are threaded into one end of the springs d. At the other end of 
the springs d, nipples e, having jaws or other means of attach- 
ment to the motor-beams /, are threaded in. The brackets ) have 
on each of them an extension-piece b!, which is pierced with a 
hole 62 larger than that part of the motor-beam f which is to pass 
through it. By this arrangement of parts, the springs d may act 
either in compression or tension, and, at the same time, owing 
to the flexibility of the spring d, the motor-beams / are allowed 
to vary their position in any direction, the amount of movement 
being limited by the clearance between the sides of the hole U2 in 
the extended part b! of the bracket / and the part of the 
motor-beam f which passes through the hole b®%. (Accepted 
August 23, 1911.) 


SHIPS AND NAUTICAL APPLIANCES. 


29,414/10. Kelvin and James White, Limited, and 
F. W. Clark, G ow. Com es. (2 Figs.) December 
19, 1910.—This invention relates to a suspension for mariners’ 
compasses, and, according thereto, the knife-edges A (Fig. 1) on 
the gimbal ring B (Fig. 2), supported by the binnacle flange C, 
and the knife-edges D on the compass bowl E (Fig. 2), supported 
by the gimbal ring B, are made of non-magnetic hard steel or 
other specially hard metal, and rest on very hard \/-jewels F, such 
as ruby or agate stones. The \/-jewels are slightly curved or con- 
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caved at the bottom on which the knife-edge bears, so that the 
knife-edges, which are also slightly rounded, shall bear upon a 
rounded polished surface ; the ratio of the radius of curvature of 
the knife-edge to the radius of curvature of the agate being such 
as to secure pure rolling action. Each jewel-block is also encased 
in a sliding-piece G, which rests upon shock.absorbers consisting 








or formed inte 


ly with, the pump casing, which 
a bed-plate or 


for the stan 


tier acts as 
- The motor-shaft a is pro- 





and H. F. ttle C U.S.A. 
typing. [3 Figs.) May 30,1911.—The present invention consists 





of two sets of helical poy H, each connected at one end, as by 
means of sleeves, to the sliding-piece G. (Accepted August 23, 
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THE STEAM-TURBINE. 
(Continued from page 483.) 

Tue rational formula for the speed with which 

steam flows into a group, given in our last article, 

as will be seen, is complicated, but it can be thrown 

into the form— 


DV, loge 
= RA Vologe 
“ N+u 





where R and pare read from curves calculated once 
for all, and reproduced in Figs. 2 and 3, page 245 
ante. ‘To calculate R and yp it is necessary to know 
M and m, which denote respectively the fractions 
of the ‘carry in” of energy, and of the energy of 
expansion, which become effective in producing 
flow through a stage. The values of these coeffi- 
cients have been deduced from a series of tests on 
a large high-pressure marine turbine, of which the 
following are the main characteristics :— 


Diameter of rotor... oe 68 in. 
Revolutions per minute... 330 
Shaft horse-power 5432 


Steam pressure before first row of 
blades... sie wes ‘ 
Pressure at discharge 
The blading consisted of six groups of 24 rows 
each, of # standard blades, the heights and clearances 
being as follow :— 


179 Ib. abs. 
22.5 


Group No... a 2 3 ais 6 
in. in. in. in. in. in. 
Blade height oo Se 1 24 3} 5 
Tip clearances .. -- 0.05 | 0 055 | 0.055 | 0.160 ' 0.065 0.07 
Values of po - 179 | 126.7 | 89.69 63.48 44.92 31.80 
| 





The values of pp, the initial pressure before each 
group, as tabulated, are deduced on the assumption 
that the distribution follows the logarithmic law, 
and the figures given are probably more reliable than 
the actual gauge readings. No observations were 
made as to the quality of the steam, but in the 
boiler trials of the Hyacinth, the steam, though 
practically dry at half speed, and below, contained 
6.44 per cent. of suspended moisture at three- 
quarter power, and 4.67 per cent. at full load. 
Recent tests made with a marine type Yarrow boiler 
by Messrs. John Brown and Co., Clydebank (see 
ENGINEERING, vol. xci., page 269), showed by the 
throttling calorimeter a dryness fraction of 964 per 
cent. at full power. A ‘‘separator” calorimeter 
showed even a larger percentage of moisture. It has 
been assumed, therefore, that in the present case 
the steam after passing the turbine stop-valve was 
96.2 per cent. dry. A check on this assumption is 
obtained by comparing the indicated horse-power 
calculated from formula (2) ante (corrected for tip 
leakage, as explained below) with the actual shaft 
horse-power. The result is that the calculated 
I. H.-P. =5566, corresponding to a mechanical effici- 
ency of 974 per cent. The total amount of steam 
used was 45.31b. persecond. The gland leakage was, 
however, rather high, since there was both a high- 
pressure reverse turbine and a cruising turbine, 
requiring to have their spindles packed. The total 
supply through the glands as calculated by the 
formula for flow through a labyrinth packing (see 
ENGINEERING, vol. Ixxxv., page 35) was 0.3 lb. per 
second. Applying the same formula to the high- 
pressure dummy, the leakage through the latter is 
found to be 3.3 1b. per second, so that the total 
steam actually passing the high-pressure blading 
was 41.7 lb. per second. 

The area available for flow, were there no tip 
clearance, would be equal to the annulus between the 
drum and the casing multiplied by sin a, where a 
denotes the angle of discharge. A very ingenious 
method of measuring this angle has been adopted 
by Messrs. J. H. Chilton and J. M. Newton, to 
whom has been due the marked success of the tur- 
bines built by the Brush Electrical Engineering 
Company, Limited, Loughborough. To make the 
measurement in question, a number of blades were 
assembled in a block, and carefully set to pitch and 
gauged. Steam was then passed through the blades 
into the atmosphere, with a pressure drop of about 
1 lb. Pieces of black cotton strung through the 
blades then gave the angle of flow, which could be 
measured with certainty to a fraction of 1 deg. of 
arc. The arrangement used is illustrated in Fig. 15. 

It is usual to set the blades in the casing to a 
wider pitch than those of the rotor. In the former 
case the pitch for g-in. blades is } in., and in the 
latter in. In each case the blades are commonly 
set so that the narrowest part of the opening hetween 
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the two arrangements were found to have rather 
different discharge angles. Somewhat paradoxically, 
this angle is smallest in the case of the more widély- 
pitched casing blades, where for the g-in. standard 
it lies between 17 deg. and 18 deg. The j-in. rotur- 
blades, on the other hand, have a discharge angle 
between 18 deg. and 19deg. The best average 
value for the two sets of #-in. blades appears to 
be about 18} deg. 

The question of the direction taken by the steam 
leaking over the blade-tips is a very important one. 
In the absence of direct experiment it was not un- 
natural to believe that the main flow, through the 
blading, would deflect the leakage flow from an axial 








Fie. 16. 


into an inclined direction. The result of this would 
be to greatly diminish the importance of tip leakage. 
If this were so, however, the degree of deflection 
experienced should vary with the ratio of tip clear- 
ance to the width of the blade. To take an extreme 
case :—The flow through a blade 4 in. long and } in. 
wide could not be expected to have much effect on 
the leakage flow if the clearance was as much as 
inch. If, however, the clearance were reduced in 
successive steps, it would be natural to anticipate a 
greater and greater deflection of the leakage current, 
which might be expected to have nearly the same 
direction of flow as the stream through the blade, 
when the clearance was reduced to a few mils. If, 
then, the leakage flow were deflected by the main 
flow, a curve in which flow over blade-tips, was 

lotted against the ratio of the clearance to the 

lade width, should have a form somewhat similar 
to that indicated in Fig. 16. In fact, on the 
hypothesis under discussion, an increase in the tip 
clearance will cause an increase of the leakage loss 


16 
ETICAL RELATION 
OF LEAKAGE TO T/P 
CLEARANCE. 








een. Tip Clearance 


in two ways. The effective area for leakage will be 
equal to Dcsin 6, where D denotes the mean 
diameter of the annulus through which the flow 
takes place, c the clearance, and @ the angle along 
which the flow is directed. If the main flow through 
the blading deflects the leakage flow, this angle 
will be greater the greater the ratio of the tip clear- 
ance to the blade width, and hence the leakage will 
increase at a faster rate than the clearance does. 
Weshould thus get a curve of the character indicated 
in Fig. 16. 

Actual test, however, shows that, on increasing 
the clearance from zero up to } in., the discharge 
over the blade-tips is strictly proportional to the 





17, eee ei 
EXPERIMENTS ON TIP CLEARANCES 
% 





Steam passed per Hr Lbs 


(mg 


clearance. This is well shown by Fig. 17, in which 
are plotted the results of some experiments, also 
made by Messrs. Chilton and Newton, to whose 
kindness in communicating results, of such extreme 
importance from a theoretic standpoint, the writer 
is deeply indebted. 


there is no tip leakage, by ©', whilst © represents 
the actual effective area, we have, in the case of 
standard #-in. blades, 


h C sin (18° 20’) 
144 


where h denotes the blade height in inches, and C 
the mean circumference of the group, also taken in 
inches. 

If ¢ denotes the tip clearance, then the actual 
effective area of flow is the same as if the blade 
height were increased to h + o c, where a is & co- 
efficient. Since experiment shows that the leakage 
flow is axial, we have 


M = aq. ft., 


1 


=u ,— ~- i, 
where a = the discharge angle of the blades. 
Taking a as 18 deg. 20 min. for standard blades, 
we get 2.15 as the value of o. Similarly for semi- 
wing blades o = 1.1, the corresponding value for 
wing blades being about 0.6. 

us the effect of the clearance is to increase the 
nominal area available for flow in the ratio of 
ates Of the total flow passing through the 


group the proportion doing work on the blades is 
thus reduced to i _, so that the group effici- 
oc 


ency is diminished in this ratio by the necessity of 
proyiding tipclearance. The remainder of the steam 
passes through the clearance and does no useful 
work.* 

In this connection it has, however, to be borne 
in mind that this figure does not represent the 
reduction in the efliciency of the turbine asa whole, 
since the proportion of clearance to blade height 
diminishes from group to group. Thus, suppose a 
certain weight of steam w passes through the tur- 
bine when Group I. has a clearance equal to ¢,, 
then the proportion, of the steam passed, which 
acts effectively on the blades is, as stated, r. os 

oc 
or, if h, be 1 in. and c, be 0.05 in., the ‘effective - 
weight’ of the steam, which we may call w,, is 
given by the relation 
w= w [ 1 ~_0.05 
1 + 0.108 
Now if in Group II. the blade height is 1% in., 
and the clearance 0.055 in., the ‘‘ effective weight” 
of the steam in this group is given by 


1.375 - =] = 0.88 w, 
1.375 + 0.119 


so that the ‘‘ effective” steam flow is about 2 Fa 
cent. more in Group II. than in Group I. Now 
suppose both clearances are doubled, then w, 
becomes equal to 0.73 w, and w, to 0.78 w, so that 
a considerable fraction of the increase in the 
‘tineffective” steam in Group I. becomes ‘‘effective” 
in Group II. In fact, careful experiments have 
shown that if the clearances of a turbine are ex- 


pressed as the fraction a then the actual efficiency 


= 0.86 w. 


UW, = w 


of such a turbine is less than that of one having no 


tip clearances, in the ratio h 


h-e 


— ©, and not in the 


ratio s which is true only of the groups 


aC 

considered individually, and not of the series taken 
as a whole. 

Returning to the marine turbine under discus- 
sion, if we take the brake horse-power as 0.98 
of the indicated horse-power, the efficiency ratio, 
estimated on the basis of the steam actually passing 
through the blading, is 61.6 per cent. Hence the 
volume of the steam on discharge from the last row 
is 16.17 cubic feet per pound, and the value of y in 
the equation P VY = C is y = 1.0992. Hence the 
following particulars can now be tabulated, as in 
Table IL., on the next page. 

As already stated on page 246 ante, it is con- 
venient for mathematical reasons to consider the first 
row of blades of a group to be preceded by an 
imaginary row, which may be called row No. 0. Then 





* With wet steam, it appears possible that the propor- 
tion of the total weight which escapes over the blade-tips 
is even greater than the formula given would imply. 
Owing to centrifugal action, the steam passing over the 
tips of the rotor blades may well contain more than its 








two blades is equal to one-third the pitch. On test 


If we denote the area available for flow, when 


proportionate amount of moisture. 
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Taste II, 

te | 
Group No. * 1 2. 3. 4. 5. | 6. 
Nominal area of dis 

charge .. . 9q. ft. 0.4134 0.59400. 8375 | 1.1966 L 7171 2.5043 
True effective area of 

discharge .. 8q. ft. 0.4649 0.6511 0. 8950 1.2593 1.7869 2.5810 
Vo . cub. ft. ” per Ib. 2.454 3.362 4.605 6.208 8.628 11.8!5 
vo = YO tt, per sec.|220.1 215.8 | 214.6 208.6 201.3. 190.9 
Mean blade speed ¢8 

ft. re 99.17; 99.71, 100.4 101.5 102.9 105.1 

vy? .. . 48,444 46,354 46,053 43,514 40,522 36,443 | 
ee ° os 9,435 9,942 10,080 10,302 10,588 | 11,046 
2 UW 8 cosa . 41,482 40,752 40,897 40,188 39,318 38,081 
Po Vo . 489.2 425.9 413.0 399.8 387.6 375.7 


. ‘From the data given i in the table the indicated horee- -power 
can be calculated by means of equation (2), corrected for tip 
leakage, as explained above. 
computed, aggregates 6666, as against 5432 shaft horse-power as 
measured. 


2 
the ‘‘ carry in” to stage 1, or 2 is equal to 


ag let # - 2u% 8 cosa}, 


where », is the velocity of flow from this imaginary 
row. 

Hence we get, for the sum of the ‘‘carry in” for 
the first stages of the whole six groups, 


>t =} = (vp? + 8? — 2x98 cos a) = 1274 foot - pounds 
g 


29 
= 1.6379 B.Th.U. 
From the equation, 
wat: 
n+hlogep 1) og 
N+log.p 4-1 a 
Px 2x 


we can calculate p,, which is the ratio of the volume 
of the steam after it has passed through the first 


row of blades to its initial volume Vy. We thus get 
p, = 1.00975. 

Hence the kinetic energy escaping from stages 

No. 1, taking all the groups together, is 

1 S42 x py? = 1 x 261,330 x (1.00975) foot-pounds = 

: *5.2166 B.Th.U. 

The energy liberated by the expansion through 

stage 1 is equal to 

144. V A p foot-pounds, where V = Vp 

= 1.00488 V, 

and Ap is the drop of pressure in the stage ; that is, 

1 

m(t-( 


Ap =m (1 - >) = )” ) = ro x o.o10610 
ad | Pi 


Hence the aggregate expansion energy liberated in 
the first rows of all the groups is 

144. VAp 
144 x 0.01061 x 1.00488 = py» Vo foot-pounds 
144 x 0.01061 x 1.00488 x 2441.2 foot-pounds 

= 4.8166 B.Th.U. 
Hence we get 
1.6379 M + 4.8166 m = 5.2166 . . . (8) 


the left-hand side representing the total energy 
tending to produce flow through the first rows of 
biades, and the term on the right the consequent 
kinetic energy. 

From the equation 


1+ p 
2 


Ni 


a 
px 


n+4log.p 
N+thg,P, 1- 1_ 
Pu tn 


We can also find the pressure and volume of the 
steam before it expands through the last stage of 
the group. Thus we get 

¥. _, = 1.3460 V, and P._, 


Then, in exactly the same way as in the case of 
stage 1, we find that the total ‘‘carry in” to the last 
stages of the six groups aggregates 4.2088 B.Th.U. 
The energy developed by expansion in these last 
stages will be found to amcunt to 8.338 B.Th.U., 
whilst the relative kinetic energy of the steam on 
escaping is 9.7806 B.Th.U. 

Hence, as before, we get 

4.2088 M + 8.3380 m = 9.7806 . (9) 


Now the value of m should be much the same as 
if there were no “carry in” of energy. In that 


= 1.38645 7. 


The indicated horse-power, thus | 










































































TABLE III.—N =6. y =1.108. M=0.92. m=0.5. Sranparp Biapes. Cos a = 0.9492, 
a = Po 1.25 1.5 2.0 2.5 
ps ai 
om 7 1.2230 1.4419 1.8694 a. 2863 
N+ blog. p 6.104 6.183 6.313 6.414 
a 
yi 3-3 
io 3 ait te. 1.4063 1.7408 2 021: 
Y re _ 
| Zp 
1 ~ 
} y+1 x 2 *OF ¢ 
| .. |0.50N + 4 loge p) <7" 3.7052 4.3489 5.4946 6.4827 
oe | 
ee } ‘ o ‘ 
7 (p2-1) 0.3098 0.6744 1.6582 2.6412 
oe 
1 2.5 
0.5 (N+-4 loge p) : +o * t (p2-1) = z= ..| 4.0150 | 5.0288 | 7.0528 —g. 939 
ap 
1 | 
i a 
+y ° a ..| 1.1000 1.1796 1.2986 | 1.3836 
Y 1 a = | 
xp 
b(N + $ log, p) .| 6.7140 7.2985 8.1958 8.8740 
p-1 “ - = | 0.2230 0.4419 0.8698 1.2863 
|O(N + 4 loge p) - (p - 1) Sai | 6.4910 6.8516 7.3287 7.5877 
[b(N + 4 leg, p) - (p - 1)) cosa = D 6.1612 6.5038 | 6.95638 7.2022 
144 
hs Y ¥(1- p b)at 31.782 57.248 96.516 126.23 
&=0.4 Ry ; * D - yt 5&. 5.9993 7.1445 9.3558 11. £246 
ve? = 2g. M. migte eds. D - 0.5 8. N) = po Vo X_ 313.83 474.68 611.26 648.84 
6=06 2+8.D—-—058., 6.6317 7.8453 10.1466 12.2651 
v2 = 2g -M. Bevo: U+(¢+8.D— 0.58. N) = pp Vo x | 283.93 429.40 | 563.57 | 604.80 
8 = 0.8 lz . é. D- &N vid | 7.0220} 83058 | 10.6978 | 12.9654 
= 29M yy Vo. ¢+(z +8. D - 0.582N) = po Vo x 268.11 408.29 | 584.46 | 576.81 
8=1.0 le A 8. - 0.58N 7.1762 8.5265 11.0091 13.3261 
0g? = ly Mn Vo. 1-+(2 +8. D - 0.582 N = py Vo x 2.32 897.76 | 519.46 561.21 
= 14 2+8.D-0.58N “e 8.7782 9. 10.3155 | 10.9365 
og? = 2y. Mpo Vo.l+(@+8.D - 058 N) = po Vo X «. 278.53 411.20 524.038 561.19 
TABLE IV.—VALUvES OF 1)? FOR DIFFERENT CONDITIONS OF EXPANSION, BLADE SPEED, AND 
Numser or Rows. 
8= & 
- ‘i. 0.4 0.6 0.8 1.0 1.4 
oe y =1.0675 1 9 j; 312.70 282.92 267.09 261.31 277.20 
N=6 { y=l1e jf = PeVe< {| sings 283.93 268.11 262.82 278.53 
a=1.25 4 — —-—_- 
Jane y = 1.0675 ) = oe 3 J 65.555 58.911 55 020 53.980 27 
| N=9) y=11s fs "=PoYOX 1. 66.580 58.990 54.985 53.940 56.00, 
r| fy = 1.0675 ) sa " 469.50 427.68 403.90 393.22 405.30 
| H=6 1 5=118 f Wa Pex { 474.68 429.40 408.29 397.76 411.20 
2=150 - aang: 
ai: y = 1.0675 | : f 102.88 92.510 86.172 83.808 85.848 
| tae { y=L10s =f ("= POVOX 4 308,94 92.851 | 86.546 88.772 86.488 
; eae: | 
7 f y=1.067% ) { 600.00 553.74 | 625.30 510.20 513.46 
( H=6 {1 Jape (Ff WX 611.26 368.57 | 534.46 519.46 524.03 
za=20 - a 
oe y = 1.965 | — jf . 141.68 127.98 | 119.08 114.86 114.00 
| N = 30 { y=Lio =f "= POVOX 4 4839 128.60 119.69 114.60 115.07 
r ce y = 1.0675 sli 633.14 591.01 563.92 548.50 547.20 
w=6 { Fitts } r= PoVox { case 604.80 576.81 561.21 561.19 
25 4 —_— — ov 
= y = 1.0675 \ SamVax f{, 1000 145.25 135.30 130.13 127°40 
| a= 8 { y = 1.108 wo? = PoVoX 1 160.94 146.06 136.11 130.94 128.53 














TABLE V.—Va.ves or R AND » FOR DIFFERENT PRESSURE RATIOS AND FOR DIFFERENT RATIOS OF BLADE 
SpeeD To STEAM SPEED. 
































- v= = 0.4, 0.6. 0.8 Oo | 
| Wet tem eae | ae | a | a oe 
Y= 1.25 
ee alana 48a 2 oe la oe 
[|e — { Re. a was | ieee ahi wo 
ST A egutoteie x of Base | ee | eee | cee | eee 
as { Wet steam Ag er | uke 07 | 087 ee 
= 2.0 - : ; 
. | superheated steam we fh 127" | use ue me oo 
ea | gl ee 1.6158 1.3913 1.2840 1.1097 
| Wet steam 1 Bi 186 107.6 13.5 101.3 100.0 
= 2.5 ———————~ $$ ———$ ——| ——_ — —— si 
© foapethented steam {Ri uae” | sas | wns | aes | oe 





practically identical with the values found by Pro- 
fessor Rateau for the relation between the *‘ rela- 
tive” kinetic energy entering an impulse bucket 
and the “relative” kinetic energy leaving it. He 
found* that if | denotes the relative velocity of the 





case m is known from direct experiment to be 
about 0.92 for such velocities of flow as we are here 
concerned with. Putting this value into equation | 
(8) gives M = 0.541, and a similar substitution in 
equation (9) gives M = 0.500. 

These values of M, it is interesting to observe, are | 


steam entering such a bucket, and /' the relative 
velocity of the steam on leaving, that l' = 0.7 1 to 
0.751. The square of 0.7 is 0.49, and the square 
of 0. 154 is 0. 56 so that when there is no-expansion 


- “See ENGIxEEnino, val. Sexavill. » page 804. 


’ 


within the bucket the ratio of the ‘relative’ 
kinetic energy entering the bucket to that leaving 
is 0.49 to 0.56. The investigation just given indi- 
cates that this remains true even when there is 
expansion within the bucket, a result which there 
were no @ priort grounds for anticipating. Dr. 
Briling has independently obtained about the same 
values as Rateau. 

In what follows we shall take m = 0.92 and 
M = 0.50, and use these values to determine the 
coefficients R and » in equation (1). To this end 
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we have determined from equation (7) ante the 
value of vy when N = 6 and when N = 30, when 


» in the equation P VY = constant was 1.0675, and 
‘chen it had the value 1.108, and whilst x was varied 


from 1.25 to 2.5 andé = + from 0.4 up to 1.4. 
i. 


0 

It will be found that within the range of turbinc 
the value found for v is almost absolutely 
N is large, and nearly so 
even when N is small. Details of the calculation 
for the case of standard blades a a discharge 
angle of 18 deg. 20 min. are given in Table III. for 
N = 6 and y 1.108. Taking M = 0.5, equa. 
tion (7) may be written 


practice 
independent of y when 
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Here z is quite independent of 8, as also is l. 
The values of z, D, and L are given in Table III., 
for the conditions stated, and from them »,? is cal- 
culated for different values of 6. 

Similarly, if N = 30 we get with the same values 





of m, M, and y the values of v,? given in Table IV. 
The value 1.108 taken for y represents very fairly | 
an average value for the case of wet steam passing 
through a modern steam-turbine. How little the 
value of v4 depends in such cases on this index is 
well shown by the figures in Table IV. Here the 
conditions have been taken the same in both cases, 
save that, instead of 1.108, y is taken as 1 0675, a} 
value which would only be met with in the case of 
a turbine having an efficiency of less than 30 pe | 
cent. 
Here it will be seen that for values of x less than | 
2 the velocity of flow with thirty rows in the group | 
is, for all practical purposes, identically the same | 
as with the higher value of y. With six rows in the | 
group the agreement is not quite so good, but with 
the values of x usual in turbine practice the velocity 
is only about half of 1 per cent. less than with the 
higher index. Even with a value of x equal to 2.5 
the difference in the velocity, calculated from the two 
values of y, then hardly exceeds 1 per cent. Hence, 
if we calculate the velocity on the hypothesis that 
y = 1.108, we shall be substantially correct, what- 
ever the efficiency of the turbine and consequent 


value of y in the expression p V’ = constant. 
As already stated, equation(7)is not very manage- 
able, being troublesome to evaluate. If, however, 


we write 
| 
v% = ny/eNoke x | 


we can from the. values of v, already calculated and | 
given in Table IV., find values of R and » which 

can then be plotted, as has already been done in 

Figs. 2 and 3, page 245 ante. Then, whatever the 

value of x and of 8, we shall get the same value 

of v by taking R and ,» from this diagram as if we 

used equation (7). 

In the simplified formula log x is introduced to | 
‘‘flatten”’ the resultant curves, and thus enabl 
the value of R to be read with all necessary | 
accuracy. Those who desire to plot the diagram 
to a larger scale values of R and y» will find useful | 
the values given in Table V. (above). The limiting | 
value of R when x=1 is, of course, ©. 


(To be continued.) } 


| 
| 
WIRE ROPEWAY PLANT AT THE | 
ORCONERA IRON-MINES, SPAIN. 
_ Iv the Province of Biscay, North Spain, iron ore 
is found, not = in rocky formation, but also in 
the form of small stones mixed in the clayey soil. 
In former days only deposits of the first description 
were worked—the ore being separated from the 
rocks by means of blasting—but in recent times ore- 
washing has been introduced in order to turn into 
«ccount the large beds of ore-yielding earth. These 
washeries are mostly constructed as shown in Fig. 1, 
annexed, use being made of streams flowing down 
the mountain sides. The earth is deposited in front 
of the washery, on an inclined plane, where it is 
sprinkled with water and thus caused to slide direct 
to the wash-drum. 














A number of years ago the Orconera Iron-Ore 
Company, who are engaged in working the deposits 
in this district on a large scale, came forward with 
a project for constructing a modern washery, and 
pumping the necessary water from the sea to the 
pit, situated at a height of 1300 ft. Very great 
difficulties, however, confronted the scheme. Above 
all, means would have had to have been provided to 
prevent the choking of the streams with mud. It 
would further have been necessary to lay the water- 
pipes through the property of many other mines, 
which would have led to difficulties both in con- 
struction and working. The chief obstacle, however, 
was the marsh land through which the pipes would 
necessarily have been conducted. 

The company, therefore, considered the question 
of sending the earths to a washery erected on the 
coast, and, in spite of many impediments, the con- 
cession was obtained in about three years. The 
profile and plan of the line thus decided upon are 
shown in Figs. 2 and 3, subjoined. 

As seen in Fig. 4, page 554, the Orconera Company 
has erected the washing plant on a hill about 300 ft. 





veyance of material can be maintained on the 
other. 

It would, perhaps, have been possible to erect 
a ship-loading station near Povena. The company, 
however, has a staith of its own in the Bilbao River, 
and a railway—likewise the property of the com- 
pany—runs from there to the mining district, so 
that it was preferred to return the washed ore— 
which amounts to about one-third of the total bulk 
—to a point situated approximately in the middle 
of the line, and then to convey it to the railway 
station at Gallarta bya branch line. The total length 
of the main line is about 5 miles, the way back 
to the junction station at Pucheta about 2} miles, 
and the distance between Pucheta-Gallarta about 
one mile. In calculating the details an hourly 
transport of 210 tons of earth and 105 tons of 
washed ore was taken as a basis, so that, expressed 
in ton-miles, the capacity is— 


210.5 + 105 (2? + 1) = 1450 ton-miles per hour. 


This may well be by far the greatest ton-mile 
capacity yet achieved on a wire ropeway. 





Fie. 1. 











above sea-level, and it comprises six drums 9 ft. 9 in. 
greatest diameter and 19 ft. 6 in. in length. Each 
drum is capable of washing 375 tons of earth daily, 
the total capacity of the washery being, therefore, 
over 2000 tons per day. The feed-water is supplied 
by two pumps constructed by Messrs. Sulzer 
Brothers, Winterthur, each with a capacity of 317 
cub. ft. per minute. The company’s Spanish engi- 
neer oie a careful survey of the route decided upon, 
and, as a means of connection between the mine 


and the washery, a wire ropeway on the bi-cable 


system was decided upon. The working survey 
for, and execution of, the plant were entrusted to 
Messrs. Adolf Bleichert and Co., London and 
Leipzig. This decision indicates the confidence 
shown at the present day in the wire ropeway, as 
quite unusual capacities are involved in this case. 
As a single line would have been rather heavy, 
the plant was constructed as a double ropeway of 
two parallel lines, each of which, when in work, 
youll be absolutely independent of the other. 


Thus a reserve has been provided for, which, 
under all circumstances, so far as it is possible 
to judge, will ensure an uninterrupted traffic. 
one line should be stopped, 


Even i the con- 





In Figs. 2 and 3, the entire plant, the longitudinal 
profile, and the stations are represented in their 
most important parts in a diagrammatic form. At 
the mine Carmen VII. a hopper plant was erected 
by the Orconera Company, before the mouths of 
which a suspension railway track is located, on which 
the ropeway cars of both lines—after uncoupling 
from the traction rope—are loaded by the opening 
of the escape-gates. The cars are then again coupled 
to the traction rope, to which they remain securely 
fastened during the whole trip, and in ing 
through the intermediate station, Pucheta. On 
anal at the end station, Povena, the cars are dis- 
charged from the tippling-bridge on to the storage 

ound, which is arranged with a moderately sloping 

ttom and from which the material slides to the 
drums of the washery. The washery has been 
fitted with Robins Conveyors, designed and fitted 
up by Messrs. Fraser and Chalmers, Limited, 
London. A band-conveyor arranged parallel to 
the tippling-bridge collects the washed ore and 
takes it to two further zig-zag transport bands, which 
raise it about 100 ft. and throw it into a hopper, 
from which a corresponding proportion of the rope- 
way-cars returning empty from the tippling-bridge 
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are again loaded. The cars used for the return 
journey are supplied with automatic disengaging 
appliances, by which they are tipped at the station 

ucheta, and then: proceed empty to the mine. 
The discharge is effected during the journey at a 
— regulated by the placing of the detent (see 

ig. 5, annexed), so that even on the return 
journey no uncoupling of the cars from the rope 
takes place. 

From the large iron hopper erected by Bleichert 
and Co., at the station at Pucheta, the ore is now 
drawn off again into the cars of the branch line 
which runs to the station Gallarta, more than a 
mile away. Both lines, and the station Pucheta, 
are to be seen in Fig. 6, from which it will also 
be observed that the line crosses a thickly populated 
country. From the hopper at Gallarta the ore is 
finally taken to Bilbao in the automatic unloaders 
of the railway (see Figs. 7 and 8, page 555). 

The drive for both sections of the main line is 
arranged at the loading-station at the mine, and 
consists of two electro-motors of 100 horse-power 
each, provided »! Messrs, Siemens, these motors 
being connected by gearing to the shafts carrying 
the winding drums. The drives can be worked 
independently, or they can be coupled together. 

For connecting the cars to the traction-rope the 
Bleichert patent ‘‘ Automat ” is employed, and, as 





ES Pre 


Fria. 4. Generat View or Ropeway. 


Fic. 9. 


is usual for heavy gradients, with under-type rope. 
The weight of the car and the load is utilised for 
gripping the rope by fitting the pendulum-pin of 
the hanger facing the carriage with movable bear- 
ings, and thus transferring the weight of the load 
to the long arm of a lever situated in the lengthened 
ee ate, the shorter arm forming the jaw- 
grip. e rope is pressed against a rigid surface, 
thus creating a grip resistance which is equal to the 
car weight x leverage x coefficient of friction x 2, 
as the friction operates on both sides of the rope. 
In practice, gradients up to 41 deg. have been 
taken with this grip apparatus regularly and with 
complete safety. Up to the present it has not 
been found necessary to ant use of steeper 
gradients. A dislocation of the connection during 
the trip is quite impossible, as the car weight 
always maintains a uniform effect. 

From Fig. 9, which shows the cars at the coupling 
point, it is to be seen how the man has daa to 
push each car to the station crossing, whereupon the 
apparatus automatically grips the rope by which it 
is drawn along the line. The coupling is effected 
smoothly, without any bumping or jarring. A 
special advantage of the coupling apparatus is that 
“ear -jaws have plenty of play and exercise their 
full atest without intermission. Within certain 
limits it is therefore immaterial what diameter the 


























Cars aT THE CoupLine Port. 


rope has; it is always gripped with the same safety. 
This feature is important even on small lines, as 
the splicing of new pieces in a partially defective 
rope is simplified, or even made possible, for, as is 
well known, the diameter of every rope is con- 
siderably reduced in working, and the new pieces are 
therefore thicker than the old ones. The adapta- 
bility of the coupling apparatus to the rope diameter 
is, moreover, of vital importance in cases where 
a line consists of several sections, the ropes of which 
are not stretched uniformly, but which should all, 
however, carry the same cars. The case here is very 
similar; it is a great advantage that the cars should 
be available for use on both lines, whether the one 
rope has been subjected toa greater strain, and has, 
therefore, stretched more than the other, or whether 
the traction rope on one side has been renewed 
while an old one does duty on the other. 

The building of the ropeway plant has, apart 
from the delay caused by the strike in the summer 
of 1910, been carried out exactly in accordance 
with the plan originally decided upon. In May, 
1909, the detailed surveying work necessary 
was begun by Messrs. Bleichert and Co., and 
immediately afterwards the Orconera Company 
put the foundations in hand. In May, 1910, the 
whole of the masonry work was complete. In 
August, 1909, the erection of the supports and 
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stations was commenced, these being supplied and 
put up by the Basconia Company, Bilbao, from the 
drawings of Messrs. A. BleichertandCo. The setting 
in work of the plant was planned for the end of 
August, 1910, but owing to the strike the work 
suffered three months’ delay, and, consequently, it 
was November, 1910, before the line was ready for 
inauguration. 








THE INSTITUTION OF MECHANICAL 
‘ ENGINEERS. 

Tue first ordinary general meeting of the above 

Institution for 1911-12 was held on Friday last, the 

20th inst., at the Institution, Storey’s Gate, 


WasHED Ore Hopver at Pucueta StaTion. 














Westminster, the President, Mr. EK. B. Ellington, 
being in the chair. 


Tue tate Mr. T. Hurry Ricues 


The President, before proceeding to the formal 
business of the meeting, referred to the great loss 
which the Institution had sustained by the death 
of Mr. T. Hurry Riches. Mr. Riches had long 
been associated with the Institution. He had been 
elected a Member in 1874, was a Member of 
Council in 1885 to 1898, a Vice-President from 
1899 to 1906, and, receiving the highest honour the 
Institution could bestow, was President during the 
years 1907-8. During that time Mr. Riches had 
endeared himself to everyone with whom he came 
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Fic. 8. Loaprne Rartway Wacons at Pucneta Sration. 


| into contact, and had rendered great service to the 
Institution. All deeply lamented his loss. At their 
recent meeting the Council had passed a resolution 
| of condolence to the widow and family ; this reso- 
lution had been embodied in a suitable letter, and 
the latter had been acknowledged by Mrs. Riches. 
The minutes of the summer meeting at Zurich 
were then read. Subsequently the President 
observed that, in order to do honour to the Swiss 
engineers who had so greatly assisted the recent 
| visit of the Institution, the Council had nominated 
Professor Dr. Stodola as an honorary life member 
of the Institution. By his work in the t, Dr. 
Stodola had attained such a position that, in accept- 
ing the nomination, he was paying a great compli- 
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ment to the Institution. Dr. Stodola had acknow- 
ledged in very pleasant terms the honour which 
the Institution had sought to do him. 

The President further directed the attention of 
members to the presentation which had been made 
to the Institution of an illuminated address from 
the American Society of Mechanical Engineers, in 
commemoration of the joint meeting which had 
been held last year in Birmingham and in London. 
A photograph of that address would be reproduced 
in the Proceedings in due course. 

The results of the ballot list for the election of 
new members were then announced, 134 candidates 
having been duly elected ; the several transferences 
made by the Council were also notified. 


ENDURANCE OF METALS. 


The paper set down for reading and discussion 
was one entitled ‘‘The Endurance of Metals: 
Experiments on Rotating Beams at University 
College, London,” by Mr. E. M. Eden, of the 
Armstrong College, Tinnseilipin toi, Mr. W. N. 
Rose, and Mr. F. L. Cunningham, graduate, of 
London. This paper was read by Mr. Eden and 
partly discussed, and we commence to reprint it in 
full in another part of this issue. 

At the conclusion of the reading of the peper: 
Mr. Eden pointed out that Professor Cormac 
lent a double-unit portion of the testing-machine 
for exhibition at the meeting, and at the University 
College a number of tests had been quite recently 
made on pieces of mild steel to show the nature of 
the fractures and the corrosion caused by rusting ; 
that was, the corrosion where the test-piece went 
into its holders. These specimens were ex- 
hibited. 

In proposing the vote of thanks, the President 
observed that the paper was a record of interesting 
experiments on a very abstruse and difficult subject 
—the fatigue of metals. A very important point, 
which it seemed the experiments brought out, was 
that it could not be gp vest stated whether there 
were any degree of alternating stress which, if 
applied to these steels, would result in practically 
unlimited endurance. He hoped the discussion 
would elicit some views on the nature of stresses, 
which, if carried on long enough, would ultimately 
cause the material to break down. 

Dr. W. C. Unwin opened the discussion. He 
thought the authors were to be complimented on 
the great ingenuity displayed in the form of the 
machine they. had adopted for carrying out their 
tests. He could not say the machine did more 
than the simple cantilever rotating machines, but 
it was very interesting to have the experiments 
made in a different way. He believed that, with 
Sir William Fairbairn, his chief at that time, he 
had carried out the earliest experiments on the 
endurance of metals, about the year 1860. In 
the course of a controversy with the Board of Trade 
they had put up a wrought-iron riveted girder, 
loaded and unloaded it at a regular rate, and broke 
itidown successively five times with different loads. 
Thése experiments had been carried on for three 
oy four years. Not long after that came the extra- 
ordinarily interesting tests by Wéhler, which had 
essentially modified the whole view of what should 

the working stress in machines subjected to 
ting or varying stresses. 

AA good deal was said in the paper about the 
élastic limit. He considered that the point had 
7 reached at which it was no longer right to 

S about the elastic limit. What was imported 
im the paper by ‘‘elastic limit” was the elastic 
limit of a bar determined by a statical tension test. 
That was one elastic limit, but it was known that 
that. elastic limit for that same bar might be 
varied in a number of ways. Any straining action 
altered it. In the case of mild-steel or wrought- 
iron bars in general—bars which had been subject 
to a rolling action—the elastic limit determined 
by a statical tension test was artificially raised. 
Such bars had been subjected to straining, and by 
straining the elastic limit could be made almost 
anything desired. The late Professor Bauschinger 
had shown—a very important result—that if a 
bar were subjected to a gradually increasing 
alternating stress of eyual amount in thrust and 
tension, two equal elastic limits would be set 
up in the bar, one for tension and one for com- 
pression. These two equal elastic limits, deter- 
mined in the bar by the process to which it was 
subjected, were called the ‘‘ natural elastic limits,” 
and when Bauschinger came to compare the natural 
elastic limits with the limiting stress which the bar 





would stand for an indefinite number of repeti- 
tions of loading, he found that they appeared to be 
the same. atural elastic limits were lower 
usually than the artificially raised elastic limit 
determined in the tension test, and the stress which 
the bar would stand for an indefinite number of re- 
petitions of loading was also lower than the ordin 
tension elastic limit. The speaker thought that that 
point should be kept in mind. If Bauschinger were 
right—and his results had, to a certain extent, been 
confirmed by the National Physical Laboratory 
experiments—that would explain why it was that 
an annealed bar would not stand so much stress 
for an indefinite number of repetitions of loading 
as a bar which had not been annealed, for the 
annealed bar always had lower natural elastic 
limits. 

One important point in the paper was the indi- 
cation that there was no speed effect in fixing the 
limit of stress which could be withstood inde- 
finitely. So far as the speaker knew, it was only the 
Reynolds experiments which had thrown any doubt 
on the point. For himself he had had no doubt, 
and he had always believed that the Reynolds 
experiments were in some way or other misleading. 
The authors’ experiments seemed to show conclu- 
sively that there was no speed effect, at any rate up 
to any speeds to which the tests had been carried. 
The point was very important. The authors ap- 
peared to think that the limiting stress for an 
indefinite repetition of load depended more on the 
tenacity than on the elastic limit; the speaker 
doubted that conclusion. He also regretted that 
the authors seemed to throw doubt on the belief 
that there was a limit of stress which a bar would 
bear indefinitely. They had scarcely shown sufli- 
cient reason for doubting. He did not think that 
any one would sup that the stress which a bar 
would carry for a million repetitions of loading was 
the same thing as the stress which a bar would 
carry for twenty millions. Most of Wéhler’s experi- 
ments were carried to more than one million repeti- 
tions of loading ; some of them to at least twenty 
millions, and one, he believed, to thirty-eight 
millions. Looking at the curves, the logarithmic 
curves threw no light on the matter, but the natural 
curves all tended to become horizontal. Personally 
he believed there was a limit of stress which a bar 
would carry indefinitely, and it would ultimately 
be proved that Bauschinger was right, and that 
that limit was the limit of the natural elastic limits. 
It was not at present absolutely settled. 

Mr. C. E. Stromeyer said he knew how wearisome 
experiments of this class were, and he was inclined 
to condole with the authors at not being able to 
come to any definite conclusions. His own ex- 
periments extended over nearly thirty different 
qualities of steel, and, although they had been 
concluded over a year, he was still searching for 
some correlation between these and other tests. 
So far as he had progressed, he had found no 
relation between the fatigue limits and the ordinary 
elastic limits, nor the ultimate tenacity or com- 
pression limits, nor the chemical analyses. As 
far as he could gather, the various materials seemed 
to behave much as they liked. What was worse, 
the bad materials, such as were very treacherous 
in practice, mostly came out best under test. 
Particularly was this the case with steels rich in 
phosphorus and nitrogen. With regard to the 
authors’ test-machine, the speaker said that by 
having a double load on a beam supported on two 
ends, the authors had ensured a uniform bending 
moment over the centre length, and by making 
the centre length parallel, a uniform stress extend- 
ing over a considerable length of test-piece could 
have been obtained ; whereas with the cantilever 
arrangement the test-piece would have to be made 
taper if it were desired that there should be a 
uniform stress on the surface over the whole 
length of the test-piece. The authors had adopted 
a very ingenious arrangement for attaining this 
object, but by shaping the centre portion they 
had thrown it away. 

With to the plotting of the results, he 
might say that he had worked with logarithmic 
co-ordinates for many years, and he had found that 
they nearly always eventuated in straight lines. It 
was one of the beauties of exponential co-ordinates 
that any system of experiments could be plotted in 
straight lines, but generally they did not show 
nglie . He had worked out a lot of logarithmic 
curves for steamship resistance, and the lines were 
all straight, but they gave no definite constants. 
That, he thought, was the case with the authors’ 





curves, and it would have been preferable had 
the authors given the actual number of revolutions 
If such figures could not be embodied in the paper, 
perhaps the authors would let him have them 
privately, as he would like to study the matter in 
detail. From a large number of experiments he had 
made, Mr. Stromeyer had derived a curve which 
gave a definite fatigue limit. He had roughly 
— it to Figs. 14 and 15, and had in both cases 
obtained a limit of about 10.5 tons per square inch ; 
that was to say, 21 tons extreme range ; but, as he 
had already observed, the fatigue limit, and also 
the stress which results in fracture after a million 
revolutions, did not seem to fit in with any other 
properties of the material which he had been investi- 
gating. It was therefore doubtful to him whether 
or not these fatigue tests assisted one to a knowledce 
of the best material, say, for a shaft. For the pre- 
sent, at all events, he would rather trust steel- 
makers, who knew by experience whether a par- 
ticular steel was good or bad for shafting, than 
put his faith in experiments which, as yet, threw 
no light on the matter. He regretted that the 
authors had not made a chemical analysis of the 
material tested, and if they would send him some 
steel he might analyse it himself, and see if he 
= bring the results into correlation with his 

Another point that needed careful investigation 
was the microstructure of the materials. He 
would not go so far as to say that he had found 
a relation between it and other tests, but there 
appeared to be an indication that the coarser 
the grain the more easily the material broke 
down. That was to be expected, but it was difti- 
cult to measure this coarseness of grain, or, rather, 
to get any definition of the coarseness. He had 
found that the number of specks of pearlite per 

uare millimetre could be taken as one criterion, 
which, together with the size of the specks of 
pearlite, afforded an indication of the size of the 
grains both of the ferrite and pearlite. There 
seemed to be some peculiar relation between one or 
the other of these factors of the coarseness and 
some other properties of the material, but it would 
require very careful investigation by persons really 
versed in the microscopy of steels to determine this 
relation. Perhaps someone would undertake this 
matter. It would, at any rate, be interesting to get 
a definition of what might be called the ‘‘coarse- 
ness of grain,” and then fatigue tests might be 
undertaken on a single quality of steel, of which 
successive test-pieces would have to have their grain 
made coarser and coarser by properly regulated 
heatings. 

Professor J. O. Arnold said that the paper was 
of great interest, the machine used was of an 
exceedingly ingenious type, and the results obtained 
so carefully worked out that they might certainly 
be accepted as accurate. The paper before the 
meeting assisted him to ‘‘ point a moral and adorn 
a tale” in which he had been trying to get engi- 
neers to believe for many years. Certain work 
which the speaker had done in the direction of 
the authors’ tests was buried in the Transactions of 
the Institution of Naval Architects, and it was 
quite evident that the authors were unacquainted 
with the careful work done at Sheftield many years 
ago. To illustrate this work the speaker explained 
a series of slides which were thrown on the screen. 
These were taken from Professor Arnold’s paper, 
which was reprinted in full in ENGINEERING at the 
time.* The figures given herewith are reproduced 
from that paper. e first slide (Fig. 1) exhibited 
showed a cantilever type of machine for the Wohler 
tests. Accompanying it was the bar diagram, and 
the stress cycle of Wohler, which might be termed 
the kinetics of a particle. Starting at the top, the 
particle, as the bar came round, was under the maxi- 
mum tensile stress. This died away in the first 
quadrant, reaching a neutral line of the zero at the 
horizontal diameter. It then passed into com- 
pression, and the maximum compression stress was 
reached at the lowest point; it then passed on to 
zero again, and finally assumed the maximum tensile 
stress. t was presumably Wohler’s cycle 
of stresses. He would venture, on the authority of 
good engineers, to suggest to the authors what it 
was they had been measuring. He interpreted the 
‘* factor of safety ” of an engineer to mean a factor 
devised to meet all possible contingencies under 
which a crank-pin of a locomotive driving-wheel or 
a tail-shaft of a steamer might fracture. The factor 





* See Encivggrme, vol. Ixxxv., pages 560, 598, &c» 
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f safety was composed of four sub-factors, as given 
: Table I., herewith, reproduced from the Trans- 
actions of the Institution of Naval Architects. 
‘As it seemed to him, the authors had been mea- 
suring sub-factor b, the other factors, ticularly 
the two latter, c, the rapidity of loading, and d, 
the unknown contingencies, not having been 
measured at all, Therefore, although the authors’ 
tests might have a relation to the elastic limit, or 
to the tenacity of the material, they had no rela- 
tion whatever—and he here ; agreed with Mr. 
Stromeyer—to the ultimate liability of the material 
to fracture in use. At Sheffield he had some time 
since devised a machine in which the material was 
always stressed to the limit of the:elastic limit. . 

Professor Arnold showed a diagram of this 
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DIAGRAM SHOWING NATURE AND STRESS 
STRAIN LINES IN ARNOLDS TEST. 
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| one side or the other by a plunger, giving alterna- | 





tions under standard conditions of 650 reversals of | 
stress per minute. Thousands of tests had been | 
carried out with that machine, and the results had 
been most satisfactory from the point of view of 
accurately predicting in a minute what would 
happen over a long period in practice. The machine 
was a costly one, and the speaker had hesitated to 
put it on the market. Only four were in exist- 
ence, one at the Sheffield University, one at 
Krupp’s, one at Schneider's, and one at the Ord- 
nance Works, Coventry. He would show some 
of the results obtained, which ‘di abso- 


the rather high phosphorus. The figures were 
76, 46, 46, 50, compared with 300 reversals speci- 
fied. The bolts were hopelessly brittle. These 
results so astonished the engineers concerned that 
they commissioned the speaker to investigate 
the whole matter. These same bolts which had 
fractured so badly in practice gave excellent Wohler 
bending tests. As Mr. Stromeyer had said, and as 
the speaker would presently show, the worse the 
material—the more brittle and the more liable to 
go in ice—the better the results on the 
Wohler bending tests; that he had proved over 
and over again. In Table III. particulars were 





lutely with those recorded by the Wéhler rotatin, 
tests, but agreed with results obtained in actua 
practice. The authors’ paper referred to tests on 
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Nature of Sub-Factors Involved. me s 
——_—_———- —— —j.o. 
Type of Purpose a Bc 
for which Steel eo! ¢ @ ixug 
is to be Used. (Elas- \(Wohler | (Rapidity (Unknown ®38 
ticity) Pheno- of Contin- | il ye 
Y) \menon).| Load.) | gencies.) |< * © 
Boilers - on 2 1 1 2-2.5-3 | 45-6 
Double-ecting con- 
_hecting-r . 1.5-2 3 2 1.5 13.5-18 
Single-acting con- 
necting-rod 1.5-2 2 2 1.5 | 9-12 
Shaft-carrying pro- | 
peller on >| 153) 8 1 1.5 | 6.75-9 
Steel-castwheelrim| 2 1 1 “. 8 
ec costinas ary S68 1 tae i Ta oe 
Oil-tempered steel] 1.5 1 1 | 15 | 295 
Nickel steel of 1 1 15 =| 225 


machine, of which the principle is shown in 
Fig. 2, the bar being held in a die and forced over to 








bright-drawn bars. Both the maximum stress and 
elastic limit were obtained by rolling the bars down 
and leaving them ; in. too large, and then cold- 
drawing them. His own investigations had their 
origin in the fact that a well-known firm of engi- 
neers found that the holding-down bolts they were 


Tasie II. 
Alternations Endured Ratio of Reversals 

No. under Standard below the 

T Specification. 

Per Cent. 

1 76 75 
2 46 85 
3 46 85 
4 50 83 


turning out broke constantly. Some of them had 
heen sent to him for investigation. Table II. gave 
the results of tests on his machine on those 
holding-down bolts which broke down in prac- 
tice. The only questionable chemical feature was 


given of a series of structural steels of varying 
|carbon content, all high-class Siemens hematite 
| quality steels. The first set had been hot-rolled in 


ALTERNATING STRESS TEST. (STANTON) 


Fig.4. MAXIMUM LIMIT OF RESISTANCE(FOR ONE 
MILLION REVERSALS OF DIRECT STRESS 
AT A RATE OF 800 PER Mii COMPARED 
WITH YIELD POINT IN. SIMPLE TENSION. 
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the ordinary way, and allowed to cool on the plates. 
The maximum stress was given in that table, and 
as the authors appeared to regard the maximum 
stress as the more important feature, he would 
take that, though he preferred the yield-point. 
It. would be seen in Table III. that in the 
material which was rolled and allowed to cool 
naturally the yield-points varied from 24 to 
about 30 tons per square inch. The very same 
steels had been cold-drawn to the extent the 
speaker had specified ; that was to say, the }-in. 
bar had been cold-drawn 4; in. Figures for the 
cold-drawn bars were given in the second set in 








Table III. There could be no doubt that the © 
Tasze III. 
— P ™ —— = oe 
ae |Yield-Point.| Maximum | Elongation | Reduction 
Mark. Ocnt Tons per Stress. Tons) Per Cent. of Area. 
. 8q. In, | perSq.In.| on2 In. Per Cent. 
— 2 —— ' 
Hot-Rolled Set. 
A 0.26 24.1 35.3 34.5 61.6 
B 0.31 | 25.7 37.6 31.8 59.6 
Cc 0.41 | 28.9 42.7 26.5 48.0 
D 0.49 29.9 46.9 25.5 50.8 
Rolled and Drawn Set. 
A 0.26, 36.7 88.9 19.0 50.8 
B 0.31 $5.1 419 17.5 47.2 
Cc 0.41 38.9 46.6 16.0 40.4 
D 0.49 28.0 52.4 15.0 42.0 


! 


effect was marvellous. Broadly speaking, the yield- 
ints in each case had gone up 10 tons per square 
inch. It was precisely at the time to which these 
tests referred that engineers had become obsessed 
by the idea of the reliability of the Wéohler 
tests, and cold- drawn material was going all 
over the country, and bolts were breaking all 
over the country, although they gave splendid 
Wohler tests. In Table IV. the figures for the 
corresponding set of Professor Arnold’s kinetic 
tests of the bars of Table II. were given. Taking A, 
for instance, of the 0.26 carbon steel, the first—the 
hot-rolled—had a yield-point of 24 tons, and en- 
dured, on his machine, 346 alternations ; the rolled 
and drawn steel had a yield of 37 tons, and had 
ractically endured 248 alternations. With the other 
fot-rolled steels with increasing carbon and higher 
yield-points, the alternations obtained were 344, 
336, 320. With the rolled and cold-drawn materials 
in the same order the corresponding figures were 222, 
206, 156. Those results reflected what was actually 
taking place in the case of a very large number 
of the bolts distributed in various machines, all 
giving excellent Wohler tests, Fig. 3 showed the 
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plotting of the results. The specification line was 300 
alternations, and it would be seen that the results 
for the hot-rolled bars showed some relationship 
with the rising carbon, and gave a very fair curve. 
But cold-drawn bars, which, with the higher elastic 
limit, should have given very much better results, 
were hopelessly below the specification line, and 
were extremely erratic. It was known from prac- 

Tasix IV. 
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|Yield-Point.| Alterna- | 
Tons per | __ tions 
Sq. In. Endured. 


Mark. Conditions of Steel. 


Per Cent. 





Hot-rolled. 
{Rolled and drawn. 
|Hot-rolied. 
Rolled and drawn. 
|Hot-rolled. 
Rolled and drawn. 
Hot-rolled. 
Rolled and drawn. 


0.26 | 
0.26 | 
0.31 
0.81 
0.41 
0.41 
o4o | 
0.49 | 
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tical experience that they were breaking very badly, 
and he believed that the practice had, to all intents 
and purposes, been since abandoned by engineers. 
Professor Arnold, continuing, said he considered 
that the measurement effected by the Wéhler test 
was a more or less faithful reflection of the elastic 
limit—he would not say the absolute, but what was 
ordinarily known as the elastic limit. At the 
National Physical Laboratory, in connection with 
the Alloys h Committee of the Institu- 
tion of Mechanical Engineers, Dr. mter 
and Mr. Edwards had made a series of alumi- 
nium bronzes, and had discovered that as alumi- 
nium was added to the copper up te a certain 
amount it dissolved, but when a proportion of 
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about 74 per cent. of aluminium had heen reached, 
a saturated solution was obtained. By the aid of 
the microscope they then found that a new con- 
stituent appeared which enveloped the crystals of 
the saturated solution, harder and richer in alumi- 
nium—a sort of cell-wall. By the instructions of the 
Alloys Research Committee, these alloys, in addi- 
tion to heing tested by Dr. Stanton at the National 
Physical Laboratory, were subjected to tests by the 
speaker at Sheffield University. Dr. Stanton’s 
results were given in Fig. 4, and he had shown in a 
very beautiful manner that as the aluminium rose the 
alternating stress test offered a faithful reflection of 
the yield-point in simple tension. The speaker's 
results—obtained in complete ignorance of Dr. 
Stanton’s results—since he knew nothing about the 
alloys as they came from Dr. Carpenter ; they were 
merely numbered—were shown in Fig. 5. Up 
to about 7.5 per cent. there was a solid solution of 
aluminium in copper, with plain crystals, as shown 
in the upper micrograph. Above 7.5 per cent. a 
new component came in, forming hard cell-walls 
round the alloy, as would be seen from the lower 
micrograph. A very good curve was obtained by 
the Sheftield test. As the solution of aluminium 
in copper increased, so the endurance rose until it 
reached a maximum at the saturation-point. It then 
sharply fell off, as would be expected from the 
micrograph. The evidence was therefore accumu- 
lating to show that what was measured by the 
Wohler bending test was the yield-point. 

He would advance a yet stronger ment. 
Dr. Stead and he had differed upon this ques- 
tion of the Wohler test, and the former had 
suggested a practical test to settle the question, 








reparing for the purpose some steels at Middles- 
Soom, with phosphorus increasing from 0.04 up 
to 0.5 per cent, which, of course, meant thoroughly 
bad steels. Ther@ was no question as to the 
increasing inferiority of steel as the phosphorus 
rose; but when Dr. Stead had tested the steels 
by the Wohler cantilever bending tests, the 
results showed that the mild steel with 0.5 per 
cent. phosphorus was ten times as capable of 
enduring alternating stress as steel with 0.04 per 
cent. phosphorus! Dr. Stead had numbered the 
steels and had forwarded them to the speaker, 
giving him, however, no information about them. 
On testing in his own machine, Professor Arnold 
obtained curves which were in exactly the opposite 
direction, and showed that a steel with 0.5 per cent. 
of phosphorus had one-third of the resistance 
to alternatiiig stress which a steel with 0.04 per 
cent. phosphorus possessed. Again the results 
came out as, from long experience, they were known 
to come out in actual practice. He would there- 
fore ask the authors and members to think the 
matter over from a new point of view ; further, he 
would ask the authors to glance at the facts which 
he had laid before the Institution of Naval Archi- 
tects in 1908, upon which he had largely drawn in 
the foregoing remarks. 

Dr. H. 8. Hele-Shaw, who spoke next, referred 
toa diagram exhibited which showed records for 
muscular fatigue in cycling, running, and rowing, 
&e. Dr. Hele-Shaw drew an analogy between the 
endurance of the human frame and the fatigue of 
materials. The curves exhibited were of the same 
form as those in the author's paper. There was 
reason to believe that the curves shown corre- 
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sponded in a certain. way to endurance tests of; of fracture was along the facets of the crystals. 
metals. To-day we were in possession of an| This line was gradually produced by the alternation 
explanation of the phenomenon of fatigue. In| of stresses, and led to the breakdown of the speci- 
the lectures delivent last spring by Dr. Rosen-|men. One thing was evident from the remarks of 
hain before the Institution this explanation was|Dr. Unwin, Mr. Stromeyer, and Professor Arnold, 
given. It was based on the teachings of micro-|and that was, that there was still a long way to go 
photography. It was found that a certain before the nature of the fatigue of metals was really 

understood. 


number of crystals were in unfavourable posi- 
tions, and yielded on certain stress being reached. As time did not permit of continuing the meet- 








He did not at all take exception to the authors’ ing, the President announced that the discussion | 


view about time. If the crystals were allowed to would be adjourned until the next meeting, but 
remain in that position, they might possibly fix | as Mr. E. L. Cunningham would probably be unable 
themselves there ; but if the stress were reversed, | to attend the further discussion, = would call upon 
it found those particular particles in a weakened him now to make any observations he might wish. 
position, and a greater stress would be placedonthe| Mr. Cunningham said that there appeared to be 
surrounding pa. A fracture would take|a direct contradiction between the supporters of 
place along the crystal surfaces. This was the|the Bauschinger theory and the Arnold tests. He 
ultimate cause of the apparent crystallisation | had not been able to read the Naval Architects’ 
of a fractured specimen. Only a little while | Transactions, so as to see Professor Arnold’s tests 
ago it was thought that a metal which was| described in full, but he would imagine that the 
subjected to alternating stresses crystallised. | question of whether these tests showed the 
That was, however, directly contradicted by the|true value of the material in practice would 
micro-structure theory. The crystals were there | greatly depend upon the actual use to which the 
before, and were there afterwards. The line | material was to be subjected. The tests made 
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on the authors’ machine were made under con- 
ditions which were absolutely identical with the 
application of material in a great many prac- 
tical cases, although not, of. course, with the 
uses of foundation bolts or anything of that sort. 
He would imagine, in using the Arnold test, great 
regard would have to be paid to the purpose for 
which the material wasto be applied. He might be 
under a misapprehension, but he supposed from Pro- 
fessor Arnold's description of his machine that it 
would be unable to fracture a specimen of india- 
rubber. He had not had access to Professor Bausch- 
inger’s original researches, but had had to trust to 
second-hand information, some of which, however, 
was very good. The total result of Bauschinger’s 
theory appeared to be this, that, for a given material, 
no heat treatment or cold-drawn treatment would 
increase its resistance to alternating stress per- 
manently ; that was to say, it would not increase 
the stresses under which the specimen would with- 
stand an indefinite number of revolutions, but it 
would increase the number of revolutions that it 
took with a very heavy stress to break the material. 
If curves were drawn for such cases, he imagined 
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that, compared with the curve for an annealed speci- 
men, that for hard-drawn material, which was at 
first made stronger, but of only the same strength 
after a number of repetitions, the curve at first 
would be a good deal further out on the diagram, 
dropping afterwards and approaching the other 
curve as the horizontal was neared. From an 
inspection of their own curves, it appeared probable 
thatthe curves for the same material would ulti- 
mately become parallel instead of meeting. The 
logarithmic curve was of very slight value. 

At this point the President adjourned the dis- 
cussion until the next ordinary meeting of the 
Institution to be held on Friday, November 17, 
when, if time permitted, a paper by Mr. Hartley 
Wicksteed, Past-President, on ‘‘ Double-Cutting 
and High-Speed Planing Machines,” would also be 
read. ‘Ihe meeting then terminated. 





5500-HORSE-POWER CORLISS WINDING 
ENGINE. 

A very fine example of a large Corliss winding- 
engine is illustrated on the two preceding e8, 
and on our two-page plate this week. The engine, 
which is intended for installation in Southern India, 
is one of two being built by the Sandycroft Foundry 
Company, Limited, of Sandycroft, near Chester. The 
main lines and details of the engine will be easily 
followed from Fig. 1, on page 558, and Figs. 2 to 4, 
on Plate LIII. It has two cylinders, each 42 in. in 
diameter by 84 in. stroke, and works with superheated 
steam at 130 1b. pressure. It is intended to wind from 
a depth of 3700 ft., at the rate of 3000 ft. a minute, 
the unbalanced load being 15.5 tons. The drum is of 
the cylindro-conical type, and has a maximum dia- 
meter of 20 ft. The engine is fitted with steam 
reversing gear and steam-operated brakes, and a Gott’s 
controlling gear to prevent over-speed, over-winding, 
and starting in the wrong direction. The total weight 
of the engine is 250 tons. 

Referring to the engine in detail, it will be seen that 
it has two cylinder units, similar to each other, work- 
ing one at each end of the crank-shaft, the drum being 
in the middle, Each cylinder is made in three pieces, 
the body being cast separate from the ends which carry 
the valves, while each cylinder has a working liner 
and is steam-jacketed. The pistons have adjustable 
metallic packing, while the rods, which are 8 in. in 
diameter, are fitted with United States metallic pack- 
ing. The cross-heads are of steel with cast-iron 
slippers, and work in guides of circular form and 41 in. 
in diameter. The detail of the method used to secure 
the piston-rods to the cross-heads is of interest. It 
can best beseen in Fig. 3. The ends of the rods are 
screwed and passthrough steel-plates, which are secured 
to the cross-heads by four bolts. The rods are attached 
to the plates by means of nuts on either side of them. It 
is obvious that the arrangement allows easy disconnec- 
tion of the cross-head from the rod, and adjustment of 
the distance between them. The valves are of the 
Corliss type, and are placed on the outer sides of the 
cylinders. They are fitted with spherical metallic 
packing and have spiral springs to balance the end 

ressure. The valve-gear is operated by eccentrics 

xed to special shafts co-axial with the crank-shaft, but 
carried by independent outer bearings. These shafts 
are driven by drag-links from the crank-pins. The 
arrangement will be followed from Figs. 2and 4. The 
connevting-rods have screw and wedge adjustments at 
both ends. 

The main shaft is 25 in. in diameter at the drum 
and 2] in. in diameter in its bearings. It is 27 ft. over 
all in length, The bearings are cast with the bed, and 
are lined with white metal. They are 33 in. long 
each. The crank discs are 9 ft. 2 in. in diameter, 
and are each made in two pieces, the centre hubs 
being separate from the discs proper. The hubs are 
cast. with a flange at one end, and the discs are bored 
to fit the hubs, and are bolted to the flanges. The 
arrangement has the advantage that the discs can 
easily be removed, so that the weight of the shaft may 
be reduced for transport. The drum is made of cast 
iron, and is built up insections. The centre plane part 
is 8 ft. 9 in. wide and 20 ft. in diameter, while the 
coned parts are grooved for rope 1? in. in diameter. 
Two small internal drums are ney a the main 
drum for carrying spare rope, which can yed out 
as voeemeed, “the engine is fitted with om sets of 
brakes, one set, consisting 01 wood-lined straps working 
on the edges of the crank-dises, being operated by a 
foot-lever or hand-wheel and screw from the driver's 
platform. These brakes are connected up through 
& lay-shaft running across the back of the drum. The 
arrangement of the brakes, connecting-links, and shaft 
cin be seen in Figa, 2and3. The second set of brakes 
are of the suspended curved-post type, and operate on 
the ends of the drum. They are actuated by a steam- 
brake engine, the brakes being put on by means of 
a weight, and held off by steam, although, if desired, 
steam can be admitted to the upper side of the brake 








engine piston, and extra pressure put on the brakes. 
The brake-posts are hung so that wear is antomati- 
cally taken up. The arrangement of the brakes will 
be clearly seen from Figs. 2 to 4; but it will be 
noticed that they were not in position when the 
photograph from which Fig. 1 is prepared was taken. 

The complete control of the engine is carried out 
from the driver’s platform which is situated outside 
the left-hand cylinder in the position shown in Figs. 1 
and 4. This platform accommodates the foot-lever and 
hand-wheel for the crank-disc brakes already men- 
tioned, a hand-lever for operating the steam-brake, 
the reversing lever and the main-valve lever. These 
levers connect up to their various gearings through 
lay-shafts running at the back of the drum. Their 
position can best be seen in Fig. 1, while the arrange- 
ment of some of their connecting levers and links can 
be seen in Fig. 2. The levers controlling the main 
valve and steam-brake are connected up to their lay- 
shafts through trips, which are arranged to be 
operated when necessary he the Gott controlling 
gear, which will be described later. The main valve 
is 184 in. in diameter, and is of the single-beat type. 
It is balanced by a steam-piston to assist towards 
ease of operation. Reversing is carried out by asteam 
reversing gear having an oil locking and controlling 
cylinder. The position of this gear can be seen at the 
left-hand side of the drum in Fig. 1. This figure 
also shows the brake engine at the right-hand side of 
the drum. These gears can also be seen in Figs. 2, 
3, and 4. The governor, which is of the spring-loaded 
type, is fixed on the back cross-head guide of the left- 
hand side cylinder. It is driven by bevel gear from 
the drum shaft, as shown in Fig. 4. The valve gear 
is arranged so that when accelerating the engine 
takes steam up to about seven-eights of the stroke, 
but when it is nearing full s the governor begins 
to lift, operates the cut-off gear, and governs the 
8 


The Gott controlling gear is illustrated in detail 
in Figs. 5 to 10, on page 559. It is fitted at the front 
left-hand side of the bed-plate, as shown ia Figs. 2 
and 4, ‘The arrangement consists of a vertical frame 
oa a vertical shaft with a spring-loaded governor 
fixed at the top. The shaft, and with it the governor, 
is driven by bevel gears from the left-hand eccentric 
shaft, as shown in Fig. 4. At the front of the vertical 
frame there are two vertical leading screws driven 
from the vertical shaft by means of spur-gearing fitted 
at the lower part of the frame. On these leading screws 
two nuts are carried, which, of course, travel up or 
down, depending on the direction in which the engine 
is running ; and as one of the leading screws has a 
right-heod thread and the other a left-hand thread, 
one nut is always rising as the other is falling. The 
two leading screws have plane parts at their top and 
bottom ends, and on these plane parts racks are carried, 
as shown in the figure. Gao teen rest on the top 
of these racks, and the plane parts of the leadin 
screws are long enough to allow the racks to lift an 
raise these trip-levers. The trip-levers have a catch 
connection to a long lever, which is connected by a 
rod to the trip-gearing below the driver's platform. 
a — arrangement can be clearly seen in Figs. 5 
and 7. 

The operation of the gear is brought about by the 
lifting of the governor, which is connected up to the 
vertical racks by a link-motion, which is shown in 
detail in Fig. 9. The lifting of the governor causes 
the racks to swing outward around the leading screws 
on which they are suspended, so that the teeth of the 
racks come in contact with the projecting arms on the 
nuts carried by the leading screws. As, owing to the 
two leading screws being respectively right and left- 
handed, there is always one nut travelling in an upward 
direction when the engine is running, the effect of the 
swinging out of the racks is that the teeth of one of 
them catch on the nut, so that the rack is lifted, and 
the catch connecting it to the valve-lever is thrown out 
of gear. This movement of the racks and tripping of 
the gear, of course, takes place whenever the engine 
speed becomes high enough to cause the governor to 
lift the necessary amount. In addition to this arrange- 
ment, however, and owing to the fact that the per- 
missible speed of the engine when the cage is near- 
ing the end of its travel is lower than when it is in 
the neighbourhood of the mid-position, there are two 
adjustable catches on the racks, which can be moved 
up or down. These catches project further out than 
the teeth of the racks, so that the gear is tripped 
with a smaller movement of the racks, or, what is the 
same thing, a smaller lift of the governor, at the 
ends of the engine travel] thanelsewhere. Overwind at 
any speed is prevented by the travelling nuts coming 
into contact with the top supporting arms of the racks, 
and again lifting them and tripping the gear. The 
connecting-link from the controller both shuts off 
steam from the engine and applies the steam-operated 
brakes. It does this by tripping a roller connection 
which holds up the valve-operating links under the 
driver's platform, so that the links fall by their own 
weight and operate the valves. 

It is clear that in addition to looking after overwind 


and overspeed, the controller will also shut down the 
engine if, when standing with the cage at the top or 
bottom of the shaft, it is started in the wrong direc. 
tion. The effect of such starting is, of course, to cause 
the nuts tolift the racks exactly as described above for 
cases of overwind. The moving nuts on a Gott 
controller might obviously be used as a depth-indicator 
by connecting one of them to a pointer travelling over 
a vertical scale ; but in the engine we are dealing with 
a dial type of indicator is ened This can be seen at 
the left-hand side of Fig. 1 and in Figs. 2and 4. The 
arrangement consists merely of a pointer travelling 
over a circular scale and driven by a bevel gear from 
an extension of the left-hand eccentric shaft. 





H.M.S. ** MEDINA.” 

H.M.S. Mep1nA, the Peninsular and Oriental liner, 
chartered fur the conveyance next month of their 
Majesties the King and Queen to India for the Durbar, 
is now practically ready, and has been commissioned 
under the flag of Rear-Admiral Sir Colin R. Keppel, 
with Captain A. E. M. Chatfield in command. She 
was open for inspection on Wednesday, when oppor- 
tunity was afforded for viewing the special suites of 
rooms provided for their Majesties. The ship, which 
has been built by Messrs. Caird and Co., Limited, of 
Greenock, is 570 ft. long, 62 ft. 9 in. beam, 12,500 tons 
gross register, and abuut 20,000 tons displacement 
when loaded for service. There are seven decks, and 
cabin accommodation has been provided for about 
450 first and 220 second-class passengers, and a crew of 
160. There is thus adequate accommodation for the 
numerous suite of their Majesties as well as for the 
naval crew of 485 all told. ‘The arrangements against 
untoward events are satisfactory, as there are ten 
watertight bulkheads extending to the spar deck, and 
a double bottom from stem to stern. The cuisine 
arrangements are exceptionably favourable, conforming 
to the highest standard of the P. and O. Company. 
As, however, we published the deck plans and fully 
described the earlier vessel of the ‘*M” class (see Enat- 
NEERING, vol. Ixxxi., pages 304, 384, and 413), it is not 
necessary to deal further with the general features of 
the accommodation and equipment. The Medina 
embodies the best features of the earlier ships with 
various improvements along the same lines. 

The machinery consists of two sets of quadruple- 
expansion engines, having cylinders of 304 in., 44 in., 
63 in., and 89 in. in diameter, and a stroke of 54 in. 
Steam is supplied by four double-ended and four single- 
ended boilers with a working pressure of 215 lb. on 
the square inch ; the air is supplied to the thirty-six 
furnaces on the Howden forced-draught system. The 
condensers are of the Weir type, with a cooling surface 
of 7800 sq. ft. in each. The propellers are three- 
bladed, 18 ft. in diameter, the pitch being between 
22 ft. and 25 ft., with 80 sq. ft. of surface to each 
propeller. ‘here are two of Weir’s ‘‘ Dual” air-pumps, 
the other usual auxiliaries including refrigerating and 
electric generating machinery. 

The Medina last week made a prolonged cruise in 
order to accustom the crew to their new surroundings, 
and to test thoroughly the machinery at all powers. 
The engineers of the Peninsular and Oriental Com- 

y remain in charge of the machinery; but the 
am Mg &c., consist of Navy stokers, with the full 
complement of chief and petty officers, controlled by 
an engineer-lieutenant, R.N. The indicated horse- 

wer is 12,000, and this had to be maintained 

uring @ six hours’ trial. During the recent pro- 

gressive runs on the measured mile at about 12, 
14, 16, and 18 knots, there was an entire absence 
of vibration, and the machinery worked up to full 
expectations. On these progressive speed trials it 
was found that with 51 km ose the mean speed 
was 10.45 knots ; with 68 revolutions, 13.97 knots ; 
with 75.6 revolutions, 15.29 knots; and with 85.4 
revolutions, 16.87 knots; while at full power the 
speed was 184 knots. As the vessel will steam at 
16 knots or 164 knots, it will be possible by increasing 
speed to ensure the correct times of arrival on the 
programme irrespective of the weather. The trials 
were attended on behalf of the Admiralty by Engineer- 
Captain W. Onyon, R.N., the engineer officer on the 
staff of Rear-Admiral Sir Colin Keppel. 





Mr. Stevan von Fopor.—Mr. Stefan von Fodor, 
better known perhaps under the French form of his 
name which appeared on the title pages of his books 
which were written in French, Etienne de Fodor, was 
entertained at a banquet last week, held at Budapest, to 
celebrate the thirtieth anniversary of his connection with 
electrotechnics. Fodor attended the Paris Exhibition of 
1881 as confidant and representative of Edison to intro- 
duce the incandescent lamp, and he has since been active 
in promating the interests of electric lighting and of 
applied electricity in general by his practical work and 
| by his pen. He was born at Pressburg, the ancient 
capital of Hu: in 1856, and is now general manager 
|of the Buda mat Hlectricity Works. In the early days 
| of electric illumination he offered to light the Raékoczi- 
' street of Budapest for two years at his own risk. 
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INDUSTRIAL NOTES. 


Ix a remarkably short time after the appointment 
of the Royal Commission to investigate the working of 
the Railway Conciliation and Arbitration scheme of 
1907, its report has been issued, for it appeared last 
Friday night—only about two months after the ap- 

intment of the Commission. Perhaps its most remark- 
able feature is its unanimity, all the members who con- 
stituted the Commission having signed the report. This 
will no doubt prove its great strength. It does not 
appear, however, to meet with the approval of the 
As we refer to the matter more fully in 


unions. 
another part of the paper, we need not say anything 
further about it here. 





A strike at the Birmingham Small-Arms Factory 
commenced on Saturday last in order to emphasise the 
demand of the men for an increase of 1s. per week in 
wages. The demand appears to be connected with a 
general movement for a rise in wages, which other 
engineering establishments have received. A willing- 
ness has been expressed by the directors to give the 
nominal increas», but this concession is coupled with 
the proviso that the working hours, which some time 
ago were reduced experimentally, shall be increased 
from fifty to fifty-two hours per week. The men, 
however, have refused to a to this, preferring to 
go on strike. The trouble developed on Monday, to 
the extent that 3000 men and women were idle. It 
was intended by the men to hold a meeting outside the 
works, but this was prevented by the police, much to 
the yon oe of the strikers. The men who have 
gone out belong to all the affiliated trades and to ten 
societies, including the Engineers, Steam-Engine- 
Workers, Toolmakers, Tinplate Workers, Carpenters 
and Joiners, United Machine Workers, Smiths and 
Strikers, Hammermen, Coachmen, and Pattern Makers. 
Should the men agree to accept the ls. per week rise 
with the extra two hours a week in time added, it 
would still leave their working week an hour shorter 
than that of engineers employed at other works in 
Birmingham. 





The Coalowners’ Association have received a com- 
munication from the South Wales Miners’ Federation 
Executive in which proposals are made for a minimum 
wage in abnormal places. It may be remembered that 
the original proposal fixed the rate at 8s. a day, but 
this would prevent the men from receiving benefit from 
the percentage advances beyond 50 per cent. above the 
standard. According to the last communication, how- 
ever, the redrafted proposals are for a base wage of 
5s. 4d. for miners, 4s. 8d. and 4s. for workmen, and 
3c. 4d. for labourers, with an addition of at least 50 
percent. The minimum wage for miners would, 
under this arrangement, be 8s. per day, and for 
labourers 5s. per day. They would, however, get the 
advantage of any rise in the percentage beyond 50 per 
cent. on the standards. 





An agreement has been come to between the Ship- 
wrights’ and Engineers’ Employers of London and the 
Ship-Constructive and Shipwrights’ Association and 
the Shipwrights’ Provident Union of London that the 
recognised trade-union rate of pay for shipwrights in 
the London district shall be raised to 49s. 6d. per week, 
from 45s. per week, and that 48 hours per week shal] 
be the standard working week. 





On Saturday last a meeting was held in Newcastle 
between the members of the Northumberland Coal- 
Owners’ Association and representatives of the North- 
umberland Miners’ Association to discuss certain pro- 
posals which the workmen wished to put forward, and 
which were as follow :—(a) A minimum of 30 per cent. 
on the 1879 basis wages. (b) An individual minimum 
wage for all classes of men and boys working in the 
mines. (c) The abolition of the three-shift system at 
all mines. (d) The restoration of the short shifts for 
stonemasons and shifters as prevailing prior to the 
Right Hours Agreement. The arguments put forward 
by the men in support of their proposals would, the 
masters said, be duly considered, and a reply would 
be given at an early date. 





On Monday last the men who have for three weeks 
been on strike at the Morfa, Middle Bank, and Hafod 
Copper Works, returned to work, their grievances 
having been satisfactorily settled. 


Messrs. Hariand and Wolff, of Belfast, have decided 
to advance the wages of their ship-joiners engaged on 
refrigerating work on meat and fruit ing vessels 
built by them. Hitherto this class of wan has been 
sublet to Live l and London firms, but now Messrs. 
Harland and Wolff are going to do it themselves. The 
amount of the advance will be from ls. 6d. to 2s. per 
week, according to the nature of the insulation pack- 
ing. This decision will affect between two and three 
hundred men. 


The Union of Technical Officials in the important ' 


Dortmund district recently celebrated the twenty-fifth | 1,500,000 marks (75,000/.) had been given as aid for 


anniversary of its foundation. This quarter of a cen- 
tury is one of remarkable development within the 
Rhenish-Westphalian coal-mining industry, both tech- 
nically and financially, this being reflected in the 
wth and the work of the union. During the two 
ecades 1890-1910 the number of technical officials 
showed an increase of 6320, or 149 per cent. ; thatof the 
hands, an increase of 210,635, or 170 per cent. The 
output of coal increased 51,395,000 tons, or 145 per cent. 
Of 21,309 technical mining officials who, according 
to the statistics, are engaged in the Prussian minin 
industry, 16,826, or 79 per cent., are connected wi 
the coal-mining industry, and of this latter total, 
10,136 belong to the Dortmund district. In the same 
way that large mining concerns have sprung into exist- 
ence so has the number of technical officials in- 
creased. In the year 1890 the average number of these 
officials was 25 per mine, whilst in 1910 it had risen to 
69 per mine, and no saving appears to have been 
effected due to this, in spite of the technical concentra- 
tion of the working. If any reduction took place above 
ground, it was outweighed by increased expense in the 
mines themselves, owing to the greater depth, &c. 
Whilst amalgamation thus has brought no decrease 
in the number of technical mining officials, it has 
wrought a distinct reduction in the number of the 
heads or managing pérsons. 

The technical mining officials have had to grapple 
with difficult work in diverse directions, not only as 
regards the mining industry proper, its develop- 
ments, and their application to altered conditions, 
but also in the matter of advance in machine construc- 
tion. Under each of the technical mining officials 
there are on the average sixty-nine hands. Mining 
schools are now found in Bochum and Essen, and the 
number of scholars who passed the schools was 428 
during last year. In addition there are twenty-five 
preparatory mining schools, either to be used as step- 
ping-stones to the former, or for such miners as want 
to extend their knowledge, and it is claimed for the 
mining industry in Germany that it offers ite em- 

loyees in the different grades more facilities for 


ttering themselves than _— other industry. The 
development within the Nether-Rhenish and West- 
phalian coal-mining industry has, naturally, also 


benefited the mining officials, and during the last 
20 years their pay has increased 54 per cent. The 
separate unions of technical mining officials formed, 
in December, 1888, a union of the societies of 
technical mining officials in the Dortmund district, 
which now comprises sixteen societies, with an aggre- 
gate of 5500 members. The union has worked on the 
principle of operating hand-in-hand with, rather than 
against, the respective managing concerns. The union 
has within the fast year or two had the satisfaction of 
seeing its assiduous work for the establishment of a 
pension fund for widows, &c., crowned with success. 





Over twenty years ago, what are known as demar- 
cation disputes were dealt with on the Tyne through 
the medium of a Federal Board, which subsequently 
passed out of existence Such disputes arose out of 
the difficulty of deciding as to how much one trade 
was to be allowed to encroach on the preserves of 
another. It is now pro to revive the board. 
With this object a meeting was held at Carlisle on 
Friday last between the Shipbuilding and Engineering 
Employers’ Federation and representatives of the 
shipbuilding and engineering trade unions. There 
are local arrangements for the adjustment of these 
questions, and they appear, so far as the ship- 
wrights, carpenters, and joiners on the North-East 
Coast are concerned, to have worked well. The 
men now require more comprehensive and effective 
machinery to meet modern conditions and to facilitate 
settlements. In March last the matter was gone into 
very thoroughly by masters and men, but no 
ment was come to. It appears also that at the 
meeting held last Friday no agreement was arrived at. 





According to the recently-published report of the 
International Secretariat in Berlin, the aggregate 
number of trade-union members in the twenty attached 
national organisations amounts to 9,573,493, showin 
an increase of about 400,000 members as compa 
with the preceding year, which increase comes upon 
France, Holland, and Italy. Of this aggregate, how- 
ever, only 6,008,262 belonged to the national organ- 
isations of the respective countries, the rest being 
outside these organisations. Thus, in England only 
703,091 were attached. The Anarchists and the Roman 
Catholics in Holland, as well as the Christian and 
the Hirsch-Duneker trade unions in Germany are 
outside. Germany, according to the report, now heads 


. | his agreements are based u 





the list as regards organised hands, having 
England, Germany’s aggregate being 2,447,578 mem- | 
bers. The trade unions in the fifteen countries from | 
which reports had been received had the control of an | 
segregate revenue of 132,000,000 marks (6,600,000/.), | 
eir funds in hand at the end of the year amounted 
to 182,000,000 marks (9, 100,000/.). More than 22,000,000 





marks (1,100,000/.) had been paid as aid to unemployed, 





travelling, 20,000,000 marks (1,000,000/.) to sick 
persons, and 7,000,000 marks (350,000/.) to invalids. 
An aggregate of 26,000,000 marks (1,300,000/.) went 
in connection with labour conflicts, &c. 


A memorial signed by Lord Courtney of Penwith, 
Mr. Burt, M.P., Mr. Fenwick, M.P., Sir W. H. Lever, 
and others has been issued by the Labour Co-Partner- 
ship Association, 6, Bloomsbury-equare, W.C., and 
draws attention to the value of co-partnership in 
reconciling the interests of capital and labour. The 
present widespread unrest has lent an additional 
desire to the supporters of the memorial, who main- 
tain that co-partnership is more than a theory, and 
has been proved by long years of practical experience 
to be a powerful means of promoting unity between 
capital and labour. It is claimed that the bulk of the 
large industries of the country might come under 
its equitable operations. Many of the large gas com- 
panies are now working under the system with per‘ect 
success, and more than half the capital of the gas com- 
panies in England is under the system. 





The forty-ninth quarterly report of the General 
Federation of Trade Unions has recently appeared, and 
calls attention to the fact that the quarter which ended 
in September last was remarkable for the number of 
disputes registered. The same thing must have struck 
most peop e. There appeared to a success'on of 
disputes during the whole three months, for the strike 
disease was apparently exceedingly catching. The 
actual number of the disputes involving claims on 
the Federation was 211, but these, it must be re- 
membered, were only among unions in the Federa- 
tion. These disputes affected 17,276 persons, making 
an average of 81.87 persons per dispute, which is much 
higher than usual, and the total benefits paid during 
the quarter amounted to 6845/. 17s. 4d., as against 
6780/. 12s. for the previous three months. The excers 
of contributions over the benefits during the last 
quarter was 1755/. 14s. 3d. 

The report calls attention to the increasing cost of 
living, which, it states, continues in spite of the 
assertion that science and invention have reduced the 
cost of production, and, presumably, the cost of living. 
The cause of this is, it is maintained, to be found in 
the fact that science and invention have not been 
allowed to operate freely and naturally in the interests 
of the people at large, and it is claimed to be the 
business of trade unions to see that normal wages, at 
least, rise with the cost of living, and it is the business 
of governments to see that the cost of living is kept as 
low as possible. How governments are to do this is 
not shown. 

The report contains an interesting article by Frank 
H. Ross, on ‘‘ Who it is that Really Pays the Cost of 
any Increase of Wages to the Workers.” It is against 
strikes, its object being to show that strikes really 
benefit the capitalist more than they do the worker, 
The author says: “It seems to me that the 
defenders of the strike—I do not refer to the indus- 
trial unionist strike which is suggested as the final 
implement of social reconstruction—must be pre- 
pared to prove that the consumer does not pay, or 
to admit that his methods are fallacious. With the 
recrudescence of the strike spirit we have new con- 
ceptions of collective bargaining and strangely un- 
accustomed ideas as to the observance of bargains 
collectively struck. It is not because a man thinks 
that honourable agreements should be honourably 
kept. that he must necessarily feel friendly towards 
the capitalist. It is only that he ises that 
as long as the workers conscientiously accept the 
wage system it is suicidal to repudiate agreements no 
matter how unsatisfactory they may be tohim. All 
m the fact that the con- 
sumer pays, and all the strike can do is to effect 
ments or understandings which practically and uni- 
formly charge him with the cost both of his effort and 
the ostensible benefits of such changes as are effected. 
It is then clear that the increase of wages and the 
betterment of conditions (which are only variante of 
wages or charges upon capitalistic production) must 
always be paid for - the worker, and can never be 
paid for by the capitalist. And if it be true that 
‘ the consumer pays,’ will some defender of the strike 
tell us the precise benefit to be derived from the 
acquisition of a shilling in the pay-bag on Friday and 
its abstraction from the housewife’s purse in the 
market on Saturday ?” 








H.M.S. ‘“‘ Ancuer.”—H.M.S. Archer, the first of five 
destroyers of special type under construction for the 
British Admiralty at the works of Messrs. Yarrow and 
Co., of Glasgow, was launched on Saturday, the 21st inst. 
The vessel is 240 ft. long by 25 ft. 7 in. beam, propelled 
by twin-screws driven by turbines of the Brown-Ourtis 
type constructed by Messrs. Yarrow. Steam is supplied 
by three Yarrow water-tube boilers fired by oil fuel, and 
_— with a special form of superheater designed by the 

rm. 
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THE ‘ TENSIO” RAILWAY SCREW- 
COUPLING. | 


Ow several recent occasions we have dealt with | 
matters connected with the problems affecting railway 
couplings, arising out of changes introduced in traffic | 
conditions. It was shown that, especially in the case 
of couplings for 5-ft. 6-in. gauge stock, the question 
has assumed a considerable degree of importance, since 
the convenient limit of weight for the screw and 
shackle coupling has been about reached. 

The effort required to engage a screw-coupling with 
the draw-bar hook is proportional to the weight, if the | 
clearance available between the end of the shackle 


| 




















the hook, and the end of the shackle coming in contact 
with this causes the screwed portion of the coupling to 
drop, when the distance between the hooks is suddenly 
diminished. 

In the type of coupling used on the Indian railways, 
of which illustrations were given in ENGINEERING, vol. 


' xei., page 754, a double shackle is employed to give the 


necessary flexibility. This arrangement unavuidably 
diminishes by about 3 in. the s available for the 
travel of the trunnion nuts of the screw, which, with- 
out it, could be increased to this extent, or, in the 
alternative, this distance might be deducted from 
the excessive length of buffer projection. In the 
Indian standard coupling the combined length of the 
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Report No. 95,800. 


Gauge points were marked on the screw coupling and shackle at AB, C D, EF, GH, J K, and LM, and the 
movement of these points was noted as the load was gradually increased. After certain loads had been 
applied, the pressure was released, and any permanent set noted. 




















MOVEMENT AND Set iN INCHES. Maximum 
Position of Load. Remarks. 
Gauge Points. Tons. 
Load in tons aa oat 20 25 30 40 50 
er { Closing in - .. None 0.04 0.12 0.2) 0.37 0.48 
AB=¢in. -lint |... 3. ce) oe | O02 0.00! O89 
: { Extension ee oe ae None None 0.05 0.15 0.30 
OD= in. ..)) get ii A . 0.05 
. Closing in sie 7 ae > None None None None None Broke through the 
EF = Shin. ..! | Set i a ee ” ‘ - trunnion nut of the 
> al; { Closing in None 6.92 0.04 O18 O11 £9.10 link A B. 
GH= spin. ../) get » us eet ce | we [Nome] 08 = — 
c 24 Opening out .. ‘ at 0.038 0.98 0.10 O2+ 0.44 Fracture :—Finely 
JK in... { Set we ae 0.02 0.03 0.08 granular. 
at Opening out ee 0.07 0.12 0.22 0.44 
LM = 13 in. (set . . 0.05 | 0.09 = 
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Report No. 98,869. 


Gauge-points were marked on the screw coupling at AB, C D,E F, GH, JK, LM, KN, MO, HT, and RS, 


and the movement of these points was noted as the load 


was gradually increased. After certain loads had been 


applied, the pressure was released, and any permanent set noted. After the first fracture had taken place, the 
remaining portions of the coupling were re-tested, until all the parts were broken. 


MOVEMENT AND Set In Incugs. 
Position of 
Gauge- Points. 











Maximum | | Appear- 
Lo Position of Fractures. | ance of 
Tons. | Fractures 





|Load in tons of) ae 20 2 ' 8 35 | 40 50) | 
ey Closing in... 0.08 0.10 0.16 °0.20 | 0.27 0.35, 0.48 
AB=4in ../{ gee” *") 0.05 | 0.08 10 0.16 | 0.20 | 028. 
CD =9i { Extension ’ oe .. None! 0.03 0.09 0.20 | Very 
la Set i aB 0.02 0.07 .. 69.12 1.—Screw finely 
yy } > 
EF = 18}in. .. {  ~ pee oT — oe granular. 
P { Extension None 0.04 2.—Trunnion nut of Finely 
GH = 18}in. . \ Set 7 Se “ se x ae ee 70 40 link AB granular. 
. Opening out .. .. None 002 0.03 0.04 | 0.15 0.36 
Iain ise cl) | .. |. | Nome! aie | . 
: Openingout .. .. None 9.02 0.04 | 0.10 , 019 0.40 
LM = 19}in. ../ {ae nee) | None! 0.05 | 0.15 |. Ngee 
. P Opening out... .. (0,02 0.02 | 002 | 0.03 009 3.—This portion of the inely 
KN = 18} in. .. { Ree gg Aal gages ging: iS Mp < .. | None) .. | coupling had carried granular. 
bad . {Opening out’... .. .. (0.02 0.02 0.02 | 0.03 0.09 | al of 69.12 tons) 
MO = 18} in. ..| | net eh Poke Sey ey yey .. | None! .. 6.50 during the test, but 
HT = 3ft. 9 in.! Extension . 008 0.09 6.13 0.15 | 0.20 0.30 0.60 on re-testing this por- 
a ee a . 0.05 0.05 0.06 0.07 0.16 0.20 .. tion, the eye of the 
RS = 181 | { Extension ae +. “. a .. | None 0,04 link broke with a load 
iedradeesiidd \. iy sal Hale of 65.30 tons 





and the point of the hook is constant. The ease of 


trunnion nuts is 64 in. The ball-lever attachment 


manipulation may, however, be considerably increased, | occupies a length of 3 in., so that with a screw 17{ in. 


——— when vehicles are standing on curves, with 
greater length of travel for the nuts on the centre 
serew. The increase in the length of coupling thus 
obtained, reduces the amount of straightening out 
n in order that the shackle may clear the 
hook ; it is obviously easier to couple, when the linked 


long between end washers, a maximum travel of only 
88 in. is secured. In order to effect improvement in 
this and other respects, the couplings illustrated 
in Figs. 1 and 2 herewith have been introduced by 
Messrs. McKerrow and Co., Limited, 38, Victoria- 
street, Westminster, S.W., and couplings of this type 


members hang in catenary form of considerable sag, | are now being supplied, we understand, to Indian and 
than when they must be stretched straight out. An/ other systems. 


vantageous, 


increase in the length of the screw is 


but, owing to the risk of contact between its extremi- 
ties and the hook when tightly-coupled vehicles are 
buffered up, is not possible of attainment. A spur is 
commonly provided towards the back of the throat of 





Fig. 1 shows a coupling which conforms in all essen- 
tials to the Indian s ttern with, however, 
numerous differences in detail. For instance, in the 
ordinary Indian screw and shackle coupling the trunnion 
nuts are barrel-shaped, the support to the thread being 


reduced at either end to a tine edge. In the coupling 
shown in Figs. land 2 the trunnion-nuts are rectan. 
gular, giving equal support to the thread through 
out its length. The pins are placed eccentrically to 
the body of the nut, instead of centrally, as in the 
older type. This — allows the eyes of the shackles 
to be of sufficient depth, without interfering with, and 
curtailing, the travel of the nuts as they approach the 
ball lever. The depth of each nut is 2} in., and when 
screwed home they are no more than 14 in. apact. 
The travel ona 173 in. screw would thus be 12} in. with 
this arrangement, or 47 per cent. more than with the 
standard coupling. It is found, however, that an 
increase of 14 in. over the standard travel suffices to 
facilitate manipulation, and the screw is therefore 
reduced to 15} in. between washers, giving a travel 
of 92 in. 

Another feature of the coupling shown in Fig. | 
is the design of the contact surfaces of the shackles. 
It will be seen that at the end of the loops the metal 
is shaped so that they are in mutual contact over a 
large area, instead of merely at one point, as in the 
ordinary coupling with shackles made of round bar. 
This change, of course, materially reduces the wear at 
the shackle ends, and also supports the shackles against 
the tendency to draw in <r load. 

Instead of the double-shackle type, however, the 
coupling represented in Fig. 2 is recommended. Here 
a pair of links are provided attached to the draw-hook 
by a barrel-shaped trunnion-pin, which thus provides 
a ball-joint, giving a range of lateral movement quite 
sufficient for working on curves. The eyes of the 
links are shaped to allow of this necessary play. The 
arrangement as illustrated in Fig. 2 is suitable for 
vehicles having buffers projecting 25 in. beyond the 
headstock. By reducing the length of the links it may 
be made suitable for a projection of 21 in. or less. The 
high ratio of travel to screw length is valuable, in 
enabling new stock of shorter buffer length to be 
gradually introduced. 

The standard coupling, illustrated in connection with 
a former article, made of Yorkshire iron, and weighing 
774 lb., failed, according to the report then reproduced, 
at 42.63 tons. The usual guaranteed load is 42 tons. 
The test figures reprodu under Figs. 1 and 2 here- 
with, also from reports by the Sheffield Testing Works, 
show these ‘‘ Tensio” couplings, of carbon steel of a 
quality suited to withstand shock, to be well up to 
similar requirements, while the figures for permanent 
set given by the latter are better than with the older 
type. A permanent elongation of 0.16 in. results from 
a load of 35 tons with the coupling shown in Fig. 2, 
whereas with the usual shackle type this amount of 
set is recorded with only 18 tons load. The coupling 
shown in Fig. 1 was tested without the ball lever. 
Complete with lever this coupling weighs 67 |b., 
against the 77} lb. above quoted for the standard type. 








BELGIAN Street-Maxkine.—The production of finished 
steel in Belgium in the ten years ending with 1910 inclu- 
sive was as annexed :— 


Year. Tons. Year. Tons. 

ae -. 217,150 1906 .. -. 833,175 
1902 .. .. 166,810 ae .. 303,380 
1903... .. 231,180 1908 .. .. 234,530 
1904... .. 803,270 1909 ; .. 316,990 
1905... .. 822,930 1910 .. .. 878,815 





Tue St. Lawrence.—A commission has been appointed 
to deal with navigable conditions on the St. Lawrence. 
The commission is composed of Professor C. H. McLeod, 
of McGill University, and Mr. W. I. Gear and Mr. 
Arthur, surveyor, of Montreal. The appointment of the 
commission was made by an Order in Council dated 
August 29, 1911, and the new body is to be known as the 
St. Lawrence River Commission. The duties of the new 
organisation will be to exaniine conditions prevailing in 
the river and to report upon the many power schemes 
now before the Federal authorities, and the effect of such 
works upon the navigation of the river. Its jurisdiction 
will extend from the head of Lake St. Francis to Montreal. 
The commission will also study the improvement of the 
river channel and the possibility of deepening the water 
highway to the sea to a depth of 22 ft. or 25 ft. 


Tue Cuingesk Navy.—According to the Agence d’Exr- 
treme Orient the previously published comprehensive 
Chinese naval programme has been very materially 
reduced. The revised programme comprises three mari- 
time groups: firstly, a coast-defence ; secondly, a section 
on the Yangtse River ; and thirdly, some training-ships. 
The first of these groups consists, at present, of four 
cruisers and some gun-boats and torpedo-boats, but to 
this group will be added four new cruisers, to be built 
abroad. ‘The second group numbers twelve gun-boats, 
and the third, two cruisers, ten gun-boats, and some 
torpedo-boats. Three small cruisers have recently been 
ordered in Germany, two in England, and one in the 
United States. At present there are several naval 
colleges, but it is proposed to reduce their number to two. 
After having completed their education at home a number 
of young Chinese will be despatched to Europe and the 
United States for further studies. In addition to the 
above contracts China has ordered some torpedo-boats 





and destroyers in Japan. Present events may, however, 
completely alter the plan. 
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REVOLVING-PAN MIXING-MACHINE. 


CONSTRUCTED BY MESSRS. MARIO FRIGERIO AND CO., LECCO, ITALY. 


























Fic. 2. Horizonta Pan Macusne with Pan Removen. 


o Graziani, 22, Billiter-street, E.C., who is the agent 
for the makers, Messrs. Mario Frigerio and Co., of 
Lecco, Italy, and was exhibited at the Confectioners 
and Bakers’ Exhibition lately held at Islington, as men- 
| tioned in our issue of September 15 (see page 362 ante). 
The machine consists essentially of a revolving 
| horizontal pan having one or more revolving mixing- 
| blades set at an angle with the bottom of the pan, the 
number and form of these blades being varied accord- 
ing to the nature of the materials to be dealt with. 
| Two types of machine are built, the pan in one case 
| being provided with a tilting arrangement for facili- 
| tating the removal of the mixing, as shown in Fig. 1, 
| above, whilst in the other the pan remains in a 
| horizontal position, as in the case of the machine 
|shown in Fig. 2. The method of driving the mixer is 
| the same for both types of machine, and will be seen 
from the drawings reproduced in Figs. 3 and 4, and 
the illustrations already referred to. Upon the main 
driving shaft a is mounted a worm, gearing with the 
worm-wheel on the vertical spindle 6. This vertical 
shaft serves to drive both the revolving pan and the 
mixing-blades, and runs in bearings provided in the 
pillar casting / ; a footstep bearing is also provided at 
its lower onli ba take the thrust from the skew gearing 
a the mixing-blades. The pan, which revolves 
upon the central pillar, is driven from a pinion forming 
part of the vertical shaft, which gears with two spur- 
wheels, clearly shown in Fig. 2, the outer one of which 
in turn engages the annular rack fixed to the bottom of 
|the pan. The method of driving the revolving blades 
is clearly shown in Figs. 2 and 3, and it will seen 
that the whole of the driving mechanism forms a very 
compact arrangement. Efficient lubrication is pro- 
vided, the worm gear running in an oil-bath, whilst an 
vil reservoir, formed by the gear-box mounted on the 
central pillar, supplies lubricant to the centre spindle 
and pan bearings. In order to prevent oil finding its 
way into the mixing-pan, a packing-ring is provided 
| between the top of the pan and the gear-box ; for the 
same purpose the bearings of the mixing-blades are 
| provided with oil-retaining grooves, as will be seen 
on reference to Fig. 2. 

The coreg kA. illustrated, as will be seen, are 
,of two forms, the one, being of rectangular shape, 
practically conforming to the outline of the pan, whilst 
the other is in the form of a helix, these forms bein 
found most suitable for dealing with the wet mixing o 
such materials as dough, clay, &c. 

In addition to the revolving blades, two fixed blades 
are fitted ; the one (shown to the back of the pan in 
| Fig. 1), being bent to the shape of the pan, serves to 
keep material from sticking to the pan, whilst the other, 
for the mixing of beth dry an wet materials for | termed a ‘‘ stripper ” (seen to the left side of the pan), 
industrial purposes. The machine has only recently ' removes material from the rectangular mixing-blade. 
been introduced into this country by Mr, A. G. In the case of the tilting-pan machine the central 

























































































































































































Fics. 3 anp 4. Detams or Tiztrnc-Pan Macuine. 


Tit machine which we illustrate above, although 
primarily intended for the mixing of dough for bread- 
making, is claimed to have a much wider application 














564 


ENGINEERING, 


{Ocr. 27, 1911. 








pillar & is mounted on a casting c, which is hinged at 
ene end on the main driving-shaft, and thus the mixing 
may be continued, if desired, with the pan at any 
angle. In this machine the main shaft is carried in 
trunnion bearings, as seen in Figs. 1 and 3. 

The tilting of the pan is effected by the screw e, 
the upper portion of which has a right-hand thread 
working in a swivel-nut d, carried in a forked arm, 
which is bolted to the tilting casting « mentioned 
above ; the lower portion of the screw is left-handed, 
and works in a swivel-nut / mounted on the base-plate. 
This nut has a bearing formed in it for the hand-wheel 
spindle g, upon which is fixed a skew gear engaging 
with the sleeve-nut h, running upon the screw. is 
sleeve-nut carries a feather, which engages in a key- 
way cut in the lower portion of the screw, and thus, 
on turning the hand-wheel, the screw is revolved. A 
rapid lifting action thus takes place, since the nut d 
rises on the screw at the same time that the screw 
itself is raised in the nut /. 

From the description and illustrations given it will 
be seen that the machine is one that is easily cleaned, 
and that there are no parts where lodgments of the 
materials mixed can take place ; the working parts, 
also being covered in, are entirely protected from 
damage when gritty materials are being dealt with. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, October 18. 
Tue lower range of prices for crude iron and steel 
has stimulated some buying, most of it for delivery 
during the rest of the year, and only moderate buyin 
for next year, because of the unwillingness of most o 
the producing interests to enter into long contracts at 
current rates, It is not at all certain that the ig pe 
interests may not conclude to make the best of it and 
accept long-running contracts at present prices. Both 
basic and Bessemer are wanted for delivery far into 
next year. The most important inquiries that have 
come to hand this week have been for structural 
material and steel cars. One Pittsburg car works has 
contracts calling for the delivery of 4700 cars before 
the close of this year, and this, with other contracts 
on hand, will keep this one plant crowded to maximum 
capacity to the end of the year. The extraordinary 
prices for structural steel has brought to the surface a 
ood many orders, and opened up negotiations for the 
deli very of material running into next year. Alocal con- 
tract hanging fire calls for 10,000 tons for a municipal 
structure, and this material will be contracted for in case 
a dispute concerning the matter is decided favourably. 
The Bethlehem Steel Company captured an order for 
2600 tons for an office building in Pittsburg, and the 
American Bridge Company secured an order for 4200 
tons. Steel-makers are bidding on a 3100-ton contract 
for Cincinnati. The rush for steel pipe is extraordi- 
nary. The Republic Iron and Steel Company secured 
a contract for a 150-mile 6-in. pipe-line, calling 
for 18,000 tons, all to be delivered & ‘ore December. 
The National Tube Company is rushing work on 
a Canadian order for 40,000 tons. ‘hwo Pitts- 
burg concerns have placed orders for 8000 tons of 
pipe, extra heavy, for a 10-mile line, and a pipe 
or & 15-mile line of 12-in. pipe. Other pipe-line 
interests are in the market, and further contracts 
will soon be closed. The demand for tin-plate is 
heavy, and one-fifth of the output of the American 
Sheet and Tin-Plate Company is being shipped to out- 
side countries. Some other tin-plate makers are not 
quite so well off. Some large domestic consumers are 
trying to work the market for a reduction. 





THE INSTITUTE OF MARINE ENGINEERS. 

Ar the Institute of Marine Engineers, on Monday, 
October 23, a paper on ‘‘ Steam-Turbine Theory ” was 
read by Mr. F. J. Kean, B.Sc. (Member). The Hon. Sir 
Charles A. Parsons, K.C.B. (Past President), occupied 
the chair. 

In the course of his paper the author said that the 
most convenient way to measure the energy liberated in 
a turbine in thermal heat units was to use the tempera- 
ture entropy diagram. In the ideal case of the edilae. 
Clausius cycle the expansion was perfectly adiabatic ; no 
heat was being taken in or given out; the entropy 
remained the same. In an actual steam-engins there was 
loss by condensation and radiation from the cylinder 
walls, while in the case of a steam-turbine of the Parsons 
type the energy wasted in steam friction returned to the 
steam, and more than courterbalanced the radiation 
losses. e speed of the steam in that turbine was 
never less than 100 ft. per sacond, and often 
500 ft. second, so that even with well-formed bladi: 
the surface friction must be considerable. The secret o 
power in expansive working was to cause the steam to 
give up its heat; the wetter the steam at exhaust, the 
more efficient the turbine, provided the dryness fraction 
at exhaust was not less than the adiabatic value. 

He had attacked the question of turbine efficiency by 
collecting and tabulating the properties of steam at a 
number of different pressu starting on the 150 lb. 
absolute as the initial condition. He then found the 
work done and the d fraction as the expansion 
continued adiahatically, until a pressure of 1 Ib. absolute 
was reached. This represented the case of an ideally 





perfect turbine. He then outlined a method of calculat- 
ing friction losses, and drew up tables showing at all 
points the entrepy and dryness fraction of the steam 
under varying conditions of expansion. Summarisin 
the figures, it was found that when the steam expand 
adiabatically from 1501b. absolute down to 1 Ib. absolute, 
the heat available for work per pound was 315 B.Th.U. ; 
when there was a loss of 10 per cent. in each expansion 
the heat available for work was 320.9 B.Th.U.; with 
20 per cent. loss it was 326.6 B.Th.U. ; with 30 per cent. 
loss it was 332.1 B.Th.U.; and with 40 per cent. loss it 
was 337.4 B.Th.U. 

In opening the discussion which followed, Mr. J. 
Veitch Wilson said he understood it sometimes occurred 
that the turbine blades became coated with foreign 
material, and the velocity of the steam was thus im- 

ed; also that the orifices were perceptibly reduced 
rom the same cause. He referred to the difficulty of 
lubrication by reason of water becoming mixed with the 


oil. 

Mr. G. W. Newall commented upon a comparison made 
by the author in regard to the steam friction in a turbine 
and an ordinary steam-engine, and Mr. P. Smith, R.N.R., 
also spoke. 

Sir Charles Parsons, in continuing the discussion, said 
that when turbine work was first commenced great diffi- 
culty was experienced in stopping the leakage over the 
blades, which in some cases amounted to between 30 and 
40 per cent. In reaction turbines of the marine type 
especially, the initial pressure was less efficient than the 


"| low pressure. In the low-pressure blades on the Maure- 


tania the leakage was practically nothing, and their effi- 
ciency was about 85 per cent. In turbines of the impulse 
type, such as the Curtis, there was greater efficiency in the 
initial stages, but the frictional loss was higher. A compro- 
mise had been arranged by which the Curtis turbines were 
made with the Parsons yy. for the low-pressure, and the 
Parsons turbine with the Curtis blading for the high- 
pressure ; about 70 per cent. of the whole power being of 
the reaction type. He considered that reaction blading 
would finally supersede all others. In actual practice 
error in blade area made very little difference in the 
turbine efficiency ; a difference of 50 per cent. in the area 
of the ay | would not, perhaps, make more than 2 or 
3 per cent. difference in the efficiency. The blades and 
orifices got silted up sometimes, especially in small tur- 
bines, through the use of fatty compositions. The coating 
could be cleaned off with paraffin. It was best to use 
pure mineral oil for lubrication. 

Mr. Kean replied briefly to the various points raised. 
A vote of thanks was accorded to the author on the pro- 
— of Mr. A. H. Mather, seconded by Mr. F. M. 

impson. Mr. John McLaren proposed a vote of thanks 
to Sir Charles Parsons for his services in the chair; the 
motion was seconded by Mr. P. T. Campbell, and carried 
with acclamation. 








Tue Vickers Company In CanaDA.—The plans of the 
Vickers Company with regard to its Canadian enterprise 
were made known at Montreal on the 19th inst. Mr. F. 
Orr Lewis, president of the Canadian company, stated 
that an initial outlay of 1,000,000/. would be made on the 
company’s plant. Thirty-five acres of land, adjoining 
the riverside at Maison Neuve, have been acquired for 
the —. in addition to a shipyard basin which will 
occupy five acres. ey operations have now been 
begun by the Harbour Commissioners. The basin will 
have a depth of 30 ft. at low water. It will be 1000 ft. in 
length, 500 ft. in width, and will be enclosed on three 
sides by concrete wharves, 28 ft. above low-water level. 
In this basin the floating dry dock now being built in 
England will be moored. 





THE LATE Mr. D. C. Davey.—The death is announced 
by cablegram, on October 7, of Mr. Darnton Charles 
Davey, known to his friends as ‘‘ Don,” who was a son of 
the late Mr. C. M. Davey, a partner in the firm of Messrs. 
Davey, Paxman, and Co., Limited, of Colchester. Born 
in 1856, Mr. ‘‘Don” Davey served his apprenticeship 
with Messrs. Davey, Paxman, and Co., and went out to 
South Africa in 1881. In 1885 he entered the services 
of the Government in the Natal Harbour Board Depart- 
ment. Some five years he was appointed their chief 
engineer-in-charge, and during his time with them he 
superintended and carried out the very large improvements 
that have been made in the harbour at Durban. His 
chief hobby was cricket, and he was a member of the 
first South African team to visit England in 1894. 





_ Enoings as Brakks.—An action was brought some 
time ago against the Basalt Roadstone Company, Limited 
(members of the C.M.U. A). for damages to a horse and 
landau caused by the defendants’ “ Sentinel” steam- 
— slipping in Terrace-road, Buxton, and colliding 
with plaintiffs cab. It was held by the Judge on the 
occasion of the first hearing that the sufficiency of the 
brakes had to be settled, the point having been raised 
that a steam-engine was not admissible as a second brake 
under the requirements of the Motor-Car Use and Con- 
struction Car Order. The C.M.U.A. advised the members 
on the legal position, and at the adjourned hearing in- 
structed an engineer to attend to give evidence on the 
question of the use of the engine asa brake. In summin 
up his honour said that the plaintiff had failed to establis 
negligence on the part of the driver, of his mate, or of the 
owners of the vehicle. The judge did not feel called upon 
to decide the point that. the engine was an independent 
brake, but in his own mind he was quite clear t the 
engine of a steam-propelled vehicle was equally as 
as a brake as that on the differential of a petrol-driven 
motor-car, and he dismissed the action. 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday mornin 
pig-iron market opened with a steady Sanh, eae 5000 ne 
of Cleveland warrants were done at 46s. 34d. cash, 46s. 744 
one month, and 47s. 2d. three months. Closing seller. 

uoted 46s. 44d. cash, 46s. 8d. one month, and 47s, 214 
three months. In the afternoon the market was quite 
idle, and closing sellers of Cleveland cash warrants were 
qos 4d. easier, but forward prices were unchanged, 

m Friday morning business was quiet, but a firm tone pre- 
vailed, and 3500 tone of Cleveland warrants were put throu gh 
at 46s. 4d. cash, and 46s. 44d. five days. At the close 
the quotations were 46s. 44d. cash, 46s. 8d. one month 
and 47s. 34d. three months sellers. The afternoon session 
was also b pene and dealings were limited to two lots of 


Cleveland warrants at 47s. 2d. three months, and closing 
sellers quoted 46s. ahd. cash, 46s. 74d. one month, and 
47s. 24d. three months. i 


On Monday morning the marke 
was easier in tone, and 6000 tons = | Cleveland emia 
were dealt in at 46s. 3d. cash, with sellers over, and at 
47s. 13d. three months. Sellers of forward warrants quoted 
at the close, 46s. 64d. one month and 47s. 2d. three 
months. In the afternoon business was at a standstill 
and the quotations for Cleveland warrants were unchanged 
from the morning. The tone was steady on Tuesday 
morning, and the turnover consisted of 4000 tons of 
Cleveland warrants at 46s. 24d. cash, 46s. 6d. one month, 
and 47s. 14d. and 47s. 1d. three months. Sellers’ closing 
rates were 46s. 3d. cash, 46s. 64d. one month, and 47s. 14d. 
three months. In the afternoon Cleveland warrants 
were inclined to get easier, and 2500 tons were done at 
46s. 2d. cash and 47s. 1d. three months, and at the close 
the prices were called 46s. 2}d. cash, 46s. 64d. one month, 
and 47s. 1d. three months sellers. When the market 
opened to-day (Wednesday), a firm tone prevailed, 
but only 2500 tons of Cleveland warrants changed 
hands at 46s. 3d. cash and 47s. 2d. three months. Closing 
sellers quoted 4s. 3d. cash, 46s. 7d. one month, and 
47s. 24d. three months. The tone in the afternoon was 
again firmer, and Cleveland warrants were done at 
46s, 34d. cash and 47s. 24d. three months. The turnover 
was limited to 2500 tons, and the session closed with 
sellers quoting 46s. 4d. cash, 46s. 74d. one month, and 
47s. 3d. three months. The following are the market 

uotations for makers’ (No. 1) iron:—Clyde and Calder, 
1s. 6d. ; Gartsherrie, 62s. ; Summerlee, 63s. ; gloan, 
63s. 6d.; and Coltness, 82s. 6d. (all shipped at Glas- 


wh og ge (at Ardrossan), 63s. 6d; Shotts 
(a a. 2s, 6d.; and Carron (at Grangemouth), 


Sulphate of Ammonia.—A steady tone prevails in the 
sulphate of ammonia market, and the demand continues 
fairly good. The price is still firm, and at from 14/. 5s. 
to 14/1. 7s. 6d. per ton for prompt lots, Glasgow or 
Leith. The amount shipped from Leith Harbour last 
week was 61 tons. 


Scotch Steel Trade.—The state of affairs in the Scotch 
steel trade shows little change, and producers of heavy 
material are very well supplied with specifications. De- 
liveries of plates to shipbuilders are on a heavy scale. The 
booking of new business is almost nil, and the bulk of 
what is going through is for abroad, and in the latter 
connection some lots of both ship and boiler-plates have 
been sold this week for export to Holland. The home 
demand may improve whenever consumers learn the 
details of the new rebate scheme, the full particulars of 
which are promised shortly. Satisfactory inquiries are 
in the market at present for considerable quantities of 
heavy material for the Far East and South America, as 
well as for some of the Colonies. Makers of black and 

vanised sheets continue very busy, and the output 
1s being rapidly absorbed. Structural sections are again in 
better demand, and the prospects are rather brighter. 
Prices all round are firm and uncha L 


Malleable-Iron Trade.—The position of the malleable- 
iron trade in the West of Scotland is, if anything, a shade 
better this week, and the works are mostly very well 
employed. There is now less disposition to —~ busi- 
ness under 6/. 2s. 6d. per ton for crown bars, less the 
usual 5 per cent. discount, but buyers still endeavour to 
secure lots at 61. 


Scotch Pig-Iron Trade.—In the Scotch pig-iron trade 
makers report that the general demand is still slow, but 
that some lots of No. 3 iron have been sold locally this 
week, and that inquiries for No. 1 iron for shipment are 
encouraging. onial consumers are taking delivery of 

uite a decent tonnage of the ordinary qualities, but the 
Touand from buyers in the south has fallen off a little. 
There is only a limited movement in evidence in hema- 
tite at present, but deliveries are very fair. The price 15 
still round 64s. per ton. 


Institution of Engineers and Shipbuilders in Scotland.— 
The annual meeting of the Institution of Engineers and 
Shipbuilders in Scotland was held last night (Tuesday) 
in the Rankine Hall, Elmbank-crescent, Glasgow, when 
the recently elected President, Mr. E. Hall-Brown. was 
introduced by Professor Barr, and then occupied the 
chair. The secretary, Mr. E. H. Parker, read the 
annual report of the Council, which stated that the 
affairs of the Institution were in a prosperous condi- 
tion. The membership continued to show an increase, 
and the balance of income over expenditure was satis- 
factory. The presidential address of Mr. Hall-Brown 
was caseliont interesting, and he took as his sub 
ject ‘‘ Marine eniinooring from the Point of View 
of Present-Day Practice.” The arrangements for the 
session are well forward, and some interesting papers 
are;promised. 








Oct. 27, 1911.] 


ENGINEERING. 


565 








—_— = 


° eam vo 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
South Yorkshire Coal Trade.—The briskness in the 
steam-coal trade towards the end of the shipping season 
is accounted for by the fact that merchants are endea- 
youring to regain ground lost during the recent strike. 
They are still experiencing difficulty, owing to restricted 
facilities at the ports. e industrial demand is about 
the same, and prices have a firmer tendency. Collieries 
are well off for orders. There is a similarly good inquiry 
for gas fuel, and reserves are still being stocked. 
owing to larger production, are easier. One effect of 
this is likely to that contract renewals, for which 
collieries are asking advances, will not be so readily taken 
up. There has been a marked change in house coal in 
the week. The continuance of high prices has done much 
to check any increase in the demand, and mild weather 
conditions have also opera unfavourably upon the 
market. A big falling off has been shown in London 
inquiries. The quotations on the Sheffield Exchange at 
the week-end were :—Best branch hand-picked, 15s. to 
16s.; Barnsley best Silkstone, 12s. 6d. to 13s. 6d.; Silk- 
stone, lls. 6d. to 12s. 6d.; Derbyshire brights, 12s. 6d. 
to 13s.; Derbyshire house, 10s. to 11s. ; ) nuts, 10s. 
to tis; email mute, @2 64. to Oe; re hards, 
Qs. 3d. to 10s. 3d.; Derbyshire hards, 9s. to 10s.; washed 
nuts, 8s. 6d. to 9s. 6d. ; rough slacks, 5s. 6d. to 7s. 6d. ; 
seconds, 4s. 6d. to 5s. 6d. ; smalls, 2s. to 3s. 


Tron and Steel.—Although there has been little iron 
sold during the week the market has been ont. and 
prices, if anything, firmer. The small amount of ordering 
is, of course, accounted for by the fact that most makers 
have got enough stock to meet requirements. With brisk 
business in bar iron the makers are ns a double 
benefit from the action they took a little time ago in 
raising the price. The demand is sv t just now 
that consumers are making no demur about ony at 
the 7/. figure. Continental competition is much less 
severely felt. All kinds of billets are in growing 
request, but there is a particularly 7 call — the 
highest quality of basic material, which the furnaces 
are experiencing considerable difficulty in meeting. In 
billets also there is not much Continental material 
being received. Nothing has so far occurred to check 
the steady progress of the general industries of the city. 
Activity in many departments is almost phenomenal. 
Armament departments have a quantity of orders of the 
highest class which will provide an abundance of work 
for the winter. Although the shadow of labour unrest 
still remains, it is pressing less heavily upon the minds 
of those who would be most affected by any disturbance. 
It is fervently to be — that this is not the calm which 
precedes the storm. There is some indication that the 

reat bugbear of local manufacturers, the prices obtained 
ce finished goods, is not quite so troublesome, and that 
in this direction there is a brighter tendency. It is 
stated that the steel foundries are fully occupied, 
and more work is certainly being accomplished at the 
forges. The makers of special steels seem to be always 
sure of a market, and this branch of Sheffield trade has 
been prosperous for a long time. The tool-steel and tool 
manufacturers are perhaps capi qatar pressure 
than any others. A large number of them are working 
overtime, and a few are only deterred from making ex- 
tensions by the fact that they have no room in which to 
extend. How much of the prosperity in this branch is 
due to the superiority of Sheffield goods, and how much 
is merely the tapping of a large natural demand, it is 
difficult to say ; but, at any rate, there are no signs that 
Sheffield is suffering in prestige. Indications to the 
contrary are, in fact, frequently being received. Two 
Shettield firms have ey awarded honours at the 
Turin Exhibition—the one a gold medal and the other the 
Grand Prix. 





Dairy WeaTHeR Forecasts BY TELEGRAPH.—On 
Thursday, the 12th inst., a deputation appointed by the 
Conference of Municipal and ow Engineers waited 
— Dr. W. N. Shaw, Sc.D., F.R.S., Director of the 
Meteorological Office, in order to place before him a pro- 
posal that a daily weather report should be sent to every 
post-office, or local authority’s office. Dr. Shaw is re- 
ported to be in favour of the project. The Surveyor 
and Municipal and County Engineer has particularly 
interested itself in this matter. 





_ ANGLO-CONTINENTAL TELEPHONE SeERvice.—The bene- 
ficial results attending the adoption of the new type of 
submarine cable between this country and France Save 
again been demonstrated during the past few days, in a 
series of speech trials which have eran conducted by 
English and Continental telephone experts. As has been 
previously reported, the distinguishing feature of the new 
cable is the insertion at regular intervals of inductance 
or loading coils, which help to counteract the ill effects 
upon speech transmission produ by the electro- 
static capacity of the cable wires, and the earlier trials 
demonstrated the fact that telephonic facilities would, 
in future, be _- between towns so far sepa- 
rated as Aberdeen and the French capital, a die. 
tance of 800 miles. The immediate object of the later 
trials was to determine the possibility of offering tele- 
phonie facilities between Great Britain and Switzerland, 
and this end has been achieved. Connections were estab- 
lished between London and Geneva (560 miles), via Paris 
and Lyons, and between London and Bale, via Paris and 
Belfort, and in each instance satisfactory commercial con- 
versation was obtained. The results ~ the test calls are 
such that a eos pe service between subscribers in 
Inner London and in Geneva and Bale will be inaugu- 
cated when the necessary arrangements between the two 
administrations are completed. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Quietnese still charac- 
terises the pig-iron trade. Many makers have con- 
tracts made, but some customers are not ing full 
deliveries, and new orders are difficult to obtain, not- 
withstanding the great activity in the consuming indus- 
tries. Buyers continue to act with much caution, and 
as a rule will only place orders to meet early require- 
ments. Seldom, indeed, in the history of the northern 
iron trade has business been on so limited a scale 
as itis just now. Some of the leading producers of pig 
iron are holding a‘oof. They will not accept current 
rates, and are waiting in the hope and belief of improve- 
ment in values in the very near future. Sales of No. 3g.m.b. 
Cleveland pig iron have recorded this week at 6d. 
f.o.b., and as low as 46s. 44d. is said to have been accepted 
in odd cases, but the general market quotation is now 
46s. 74d., whilst No. 1 is 50s. 3d.; No. 4 oundry, 46s. 3d. ; 
No. 4 forge, 46s.; and mottled and white iron, each 
45s, 9d.—all for early delivery. There is very little doing 
in East Coast hematite pig. Hf anything, values are 
slightly firmer than —— been, but little disposition 
to operate is shown. © general market quotation for 


early delivery of Nos. 1, 2, and 3 is 60s. 6d., and few 


makers will entertain offers at below that figure, but | 17. 


orders might be placed with second hands at rather less. 
Prices of foreign ore are firm, and have been strengthened 


by the fact that Messrs, Krupp have placed an order for | 4) 


ae po tons of best Rubio, to be gm yy Se that 
arge concern over ten at a price said to be equiva- 
lent to about 20s. ade "Toes. The market quotation 
here at present is 19s. 6d., but several sellers are inclined 
to ask rather more. Coke is steady and firm, and in good 
request. The local consumption is heavy, and medium 
blast-furnace kinds stand at 15s. delivered here. 


Stocks and Shipments of Pig Iron.—At makers’ yards 
stocks of both Cleveland and hematite pig are understood 
to be steadily accumulating, but Cleveland iron is being 
taken from the public warrant stores, 10,779 tons having 
been withdrawn to date this month, which is at the rate 
of 567 tons per working day. Shipments of pig iron are 
on a fairly satisfactory scale. To date this month they 
average 3563 tons per working day, as com with a 
daily average of 3823 tons to the same date last month, 
and 3601 tons for the corresponding part of October last 
year. 


Manufactured Iron and Steel.— Producers of all descrip- 
tions of manufactured iron and steel continue very actively 
employed, and, in fact, so excellent are the order-books of 
some firms that they are not keen on making further con- 
tracts just now. Rail-makersare turning out a great dea! 
of work, as are also producers of shipbuilding material. 
Under these Seveumatiie circumstances quotations show an 
upward tendency, but no actual advances have as yet 
been made. Common iron bars are 7/.; best bars, 7/. 7s. 6d. ; 
best best bars, 7/. 15s. ; — Ae 5l. 15s.; iron ship- 
~ 61. 10s.; iron ship-angles, 7/.; iron ship-rivets, 

1, 5s.; iron girder-plates, 6l. 17s. 6d.; iron ree? ge 
7l. 7s. 6d.; steel bars, 6/. 5s.; steel ere . 15s. 
steel ship-angles, 6/. 7s. 6d.; si boiler - plates, 
71. 10s.; steel strip, 6/. 10s.; steel hoops, 61. 12s. 6d.; 
steel joists, 6/. 7s. 6d. to 61. 10s.; cast-iron railway 
chairs, 3/. 12s. 6d.; light iron rails, 6/. 10s.; heavy steel 
rails, 5/. 12s. 6d.; steel railway sleepers, 6/. 10s.; and iron 
and steel galvanised corrugated sheets, 11/. 5s.—sheets less 
the usual 4 per cent. f.0.b., railway material net at works, 
and all other descriptions less the customary 24 per cent. 


Ironstone Miners’ Wages.—At a meeting of Cleveland 
ironstone mine-owners and miners’ representatives held 
this week it was agreed, after lengthy discussion, that 
for the ensuing quarter be reduced by 2 per cent. 
This is the same amount as the reduction recently effected 
at the blast-furnaces. 





PrasonaL.—The firm of Messrs. Walker, Maclaren, 
and Co. has now become Messrs. Mason, Maclaren, and 
Co., of 26 and 27, Bush-lane, and 3, Suffolk-lane, Cannon- 
street, E.C. An entirely new staff, which will be under 
the management of Mr. F. W. Cornwell, has been engaged 
by the firm. 





Cost oF Impurr Water.—On June 9 of this year we 
published an article under this title, calling attention 
to the very high death-rate in American cities due to 
typhoid fever, caused by the distribution of impure water. 

e have since learnt of a striking effect of filtration of 
water in an American city, which shows with what cer- 
tainty the present death-rate can be reduced by the con- 
struction of filter-beds, and the fever-rate in American 
cities reduced to proportions which are comparable with 
those in this country. In 1906, when Cincinnati was 
still nee ye anager water from the old works, there were 
239 deaths from typhoid fever. The total for the three 
years 1904-5-6 was 667 deaths. In 1908, the year follow- 
ing the installation of the new water -works system, 
which cost 2,400,000/., the number of deaths from typhoid 
fever dropped to 67. In 1909 there were only 45 deat. 
from this cause, and in 1910 only 21, the total for the 
three years being 133. The number of lives saved, there- 
fore, was 531, the death-rate last year being 5.7 per 
100,000 people. There is an additional financial saving, 
as the old water works cost 6/. 8s. per million gallons for 
pumping, while the cost of the new system is only 2/. 12s., 
the actual savingin operating cost having been 106,000/. 
It is clear. that at least one great American city has 
successfully faced the problem of ane» | pure water, 
and has found the cost, both in money and life, less than 
that of impure water. 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal trade has ruled quiet. Dif- 
ficulties have arisen in consequence of tonnage arrivals 
for the week-end having fallen short of expectations. 
The best Admiralty has held with firmness, 
but lower descriptions have been easy. The best large 
steam-coal has made 16s. 9d. to 17s. per ton; secondary 
qualities have ranged between 15s. and 16s. 6d. ; best 
ordinary bunker smalls between 7s. 3d. and 7s. 6d.; and 

smalls between 6s. and 6s. 9d. per ton. House 
oul has shown little change ; the best ordinary qualities 
have made 14s, 6d. to 16s. 6d.; No. 3 Rhondda large, 17s. 
to 17s. 6d.; and smalls, 10s. 3d. to 10s. 6d. per ton. 
No. 2 Rhondda large has been quoted at lls. 9d. to 
12s. 3d.; and smalls at 6s. 3d. to6s. 9d. perton. Foundry 
coke has been making 18s. to 20s. 6d.; and furnace ditto, 
16s. to 17s. per ton. As regards iron ore, Rubio has realised 
18s. 6d. to 19s. 6d. per ton, upon a basis of 50 per cent. 
of iron, and charges, including freight, insurance, &c., to 
Cardiff or Newport. 

The Welsh Coal Trade.—Lord Merthyr (better known 
as Sir W. T. Lewis) has been entertained at a dinner at 
Merthyr. In responding to the toast of his health, Lord 
Merthyr reviewed the marvellous growth of the South 
Wales steam-coal trade since Mr. R. Thomas commenced 
the shipment of steam-coal at Cardiff in 1828. By 1831 
r. Thomas was sending by the Glamorganshire Canal 
to Cardiff about 100 tons of coal per day, while in 1910 
the deliveries had grown to 66,000 tons per day at Cardiff 
one. Dealing, however, with the present and future, 
Lord Merthyr said he considered the rem of the 
South Wales coal trade gloomy, especially having regard 
to the American and German competition which had 


recently sprung up in consequence of the high prices 


ruling for Welsh coal 
Southam —It is stated that the London and South- 
Western ilway Company have acquired a stretch of 


foreshore on the eastern side of Southampton Water, 
between Woolston and Netley. 


Welsh Coal for France.—The Southern of France Rail- 
way Company has placed contracts with Welsh firms for 
130,000 tons of small coal, 80,000 tons to be delivered at 
Bordeaux, and 50,000 tons at Bayonne. Deliveries are to 
extend well into 1912. The price has not transpired, but 
it is understood to be about 12s. 10d. per ton, French 
import duty included. 


The Tin-Plate Trade.—In openioes at the annual meet- 
ing of the Swansea Metal Exchange, Colonel Wright 
said our exports of tin-plates had increased to several 
countries, but an ominous feature of the exports for the 
first nine months of the year was the continued decrease 


} | of shipments to Canada, the figures being as follows :— 


Nine months ending September 30, 1910, 19,776 tons ; 
corresponding period of 1911, 8682 tons; or a falling-off 
of 11,094 tons. We were faced by a serious menace in 
connection with our exports to other countries, for United 
States tin-plate manufacturers had this year greatly 
increased their exports to countries hitherto supplied by 
us. The falling-off in our exports this year was, however, 


;|confined to four countries—viz., the United States, 


Canada, Argentina, and Russia. 

The late Mr. J. Conacher.—The death is announced of 
Mr. J. Ce her, a distinguished veteran railway official. 
Mr. Conacher was long associated with the Cambrian 
Railway, and 9 he occupied a prominent 

ition upon the staff of the North British Railway. 
Toney he had become managing director of the Barry 
Railway. He was regarded as a highly honourable and 
capable railway man. 


ae 








Coat at THE FAriéz Istanps.—The coal deposits at 
the Fiarée Islands, of which a French syndicate had 
acquired the working rights without being able to carry 
the undertaking through, are again attracting attention, 
this time in America, and some American engineers have 
this summer visited the islands. The deposits are found 
in the island of Suderé, near the settlements of Trangis- 
vaag and Koalhé, and vary in quality. The quantity is cal- 
culated to amount to some 50,000,000 tons of coal, of which 
30,000,000 tons are situated above and 20,000,000 tons 
beneath the level of the sea. There are also copper ore 
deposits of good quality on the west side of the island. 





Tue Institution oF Post-Orrick ExxecrricaL En- 
GINEERS.—At the first meeting of the session 1911-12 of 
the above institution, which was held on Monday, the 
16th inst., at the Institution of Electrical Engineers, 
Major W. A. J. O’Meara, C.M.G., the engineer-in-chief 
to the Post Office, delivered his inaugural address, which 
dealt chiefly with the education of engineers. Sub- 
sequently he read a paper on **The Various Systems of 
Multiple Telegraphy,” in which were considered saving 
of wire mileage, saving in labour costs, saving in main- 
tenance costs, and general convenience of system with 
special reference to the handling of messages and the 
correction of errors. 


* OuTtines oF ExvrcrricaL ENGINEERING.” —This is 


hs | the title of a new book written by Harold H. Simmons, 


M.L.E.E., which is being ee in fortnightly 
parts by Messrs. Cassell and Co., Limited, Paternoster- 
row, London, E.C., and New York, Toronto, and 
Melbourne. The first has just appeared, and con- 
tains articles on ‘‘ The Electric uit,” ‘* Conductors,” 
“Simple and Complex Circuits,” ‘‘The Voltaic Cell,” 
and “Types of Ca is.” The work is very well got up, 
being clearly printed on paper, and on the whole 
the illustrations are excellent, though in some cases we 
notice that the tick marks to the dimension-lines are 
mitted. The price of each number is 7d. net. 
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NOTICES OF MEETINGS. 


Tae Inetrrvrion or ExzorricaL Enemmsrs : MANcHester Loca. 
Section.—Friday, October 27, at 7.30 p.m., in the tanquetag 
hall of the Midland Hotel, Manchester, the chairman, Mr. W. 
Cramp, will deliver his address. 
Tue Nortsu-East Coast Institution or ENGINEERS AND Suip- 
BUILDERS, —Friday, October 27, at 7.30 p.m., in the Lecture Theatre 
of the Literary and Philosophical Society, Westgate-road, New- 
ayy na Be The President will deliver a brief address, 
| to be followed by a paper on ‘‘The Relationship between Resi- 
duary Resistance Horse-Hower and Forms of Vessels,” by Mr. 
| Efnest Saxton White, B.Sc., Member. 
| THe MancugsTerR Association OF Enoinegrs.—Friday, Octo- 
| ber 27, at 7.30 p.m., at the Grand Hotel, Manchester. A paper on 
* riments with Cutting Tools” will be read by Mr. Dempster 
Smith, of the Municipal School of berm eny Manchester. 
Tue Brirish FouNDRYMEN’S ASSOCIATION : BIRMINGHAM BRANCH. — 
Saturday, October 28, at 7 p.m., at the Technical School, Suffolk- 
street, Birmingham, the President (Mr. H. L. Reason) will deliver 
an address. 

Tue Junior Institution oF Enemreers.—Monday, October 30, at 
7 p.m., at the Institution of Electrical Engineers, Victoria Em- 
bankment. Annual general meeting, followed by annual general 
meeting of the benevolent fund contributors; and at 8 p.m., 
nd on ‘* Notes on Design and Construction in Gas Works,” 
y Mr. George Evetts, Assoc. M. Inst. C.E. (Member). Saturday, 
November 4, at 7 p.m., reception by the President, Sir J. J. 
Thomson, F.R.S., and Lady omson, at the Caxton Hall, West- 
minster. 
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RAILWAY CONCILIATION AND 
ARBITRATION. 

THE view that arbitration is only acceptable to 
British workmen when the decision is favourable 
to them would seem to be once more established by 
the reception afforded to the report of the Com- 
mittee appointed to investigate the working of the 
railway conciliation and arbitration scheme of 1907; 
but we doubt not that with reflection there will 
come a calmer recognition of the only logical and 
inevitable result. he reference to the five Com- 
missioners was most definite, and limited the subject 
of investigation to the complaints made and the 
means for overcoming defects in the machinery of 
the scheme named, and yet there seems now to have 
been an impression that the Commission was going 
to create a new heaven anda new earth. The desire 
for this millennium appears to have been at the root 
of all the trouble in connection with railway labour. 
The unions, in 1906, formulated what has since been 
termed the ‘‘ national all-grades programme,” and 
although they had to defer the demands made by 
this programme when the conciliation scheme was 
originated four years ago, leaving to elected boards 
the settlement of many issues on the different rail- 
way lines, the railway trade unions continued their 
agitation for the extraordinary demands of the pro- 
gramme, with the result that the concessions made, 
falling far short of the aims of the union leaders, 
gave rise to discontent. Of course, the agitators 
were only pursuing their usual tactics, as the future 
of all such protagonists depends on recognition by 
the men of their earnestness in the réle of saviours 
of society. One of the valuable features of the 
report now issued is the clear perspective in which 
events, opinions, and demands are set out for the 
edification of the general public. On this question 
of the national programme it is important to note 
that the Commissioners have come to the unanimous 
conclusion that the men would not have regarded 
the proposals as feasible had they been in possession 
of adequate information as to the financial and other 
difficulties involved in the acceptance of that pro- 
gramme on the part of the various railway com- 
panies. This view was officially recognised also by 
the Board of Trade when they evolved the agree- 
ment of 1907, and here again there is no mistaking 
the view of the Commissioners, who state that, 
‘* bearing in mind the circumstances of the situation, 
the agreement, as an entire departure, cannot be 
regarded otherwise than as a promising solution of 
& question pregnant with difficulties.” 

he Commission’s report, which is unanimous, 
notwithstanding the known opposing predilections 
of the members of the Commission, will be accepted 
by the general public as a common-sense and im- 
partial solution of the existing difficulties ; and par- 
ticularly so because of the simplicity in the details 
in the machinery by which the original agreement 
is modified. The report is essentially in the form 
of a compromise. Briefly stated, the Commis- 
sioners recommend a fuller and freer interchange of 


1 information between employers and workmen, the 





5s2 | encouragement of deputations chosen by, and con- 


sisting exclusively of, a company’s workers to the 
| directors and managers on all questions affecting 
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not only wages aud hours of labour, but conditions 
of service. There is also to be publicly announced 


a frank exposition of the latter. Should these meet- 
ings between deputations and the managements of 
railways fail, the points at issue are to brought 
before Sectional s, cr Conciliation Boards, as 
they are named in the report, constituted on similar 
lines to those instituted in 1907—but sufficiently 
comprehensive to include all grades—which are to be 
classified under eight sections; differences of opinion 
between the workers and the company in respect of 
the grading are to be settled by the Board of Trade. 
Each board is to meet normally at intervals of six 
months, fourteen days’ notice of the agenda being 
given ; but special meetings may be called on the 
requisition of either side, with fourteen days’ notice. 
The first meeting of the board is to be without a 
chairman, and, failing agreement, a second meeting 
is to be called, with an interval of fourteen days, at 
which a chairman will preside. Such chairman is 
to be chosen from a panel to be prepared by the 
Board of Trade. As far as ible, the same 
chairman will act for all the Sectional Boards on 
a company’s system, during the entire period of 
office of those boards. He is to be selected by 
the Sectional Boards from the panel, and, failing 
this, by the Board of Trade. Objections as 
to the legitimacy of the questions on the agenda 
paper are to be decided by the chairman, whose 
decision shall be final. The settlement made by 
the Sectional Boards is to be final, and is to continue 
in force for twelve months, and to be held to be 
continued thereafter until amended, superseded, or 
nullified by agreement of a board or decision of a 
chairman. 

Existing awards are to remain in force until July 1, 
1912. Thus eight months are allowed for the consti- 
tution of the new boards, and the setting in working 
order of the modified machinery. The new scheme 
is to continue in force until 1914, being subject to 
revision or determination, as regards any given 
company, by twelve months’ notice by the company, 
or bya majority of the aggregate representatives of 
employees. The men may elect as the secretary 
of each Sectional Board, and as advocate at all 
meetings of the board, a representative from their 
trade union, who need not be an employee. The 
men’s secretaries, while acting in discharge of their 
secretarial duties, are to be offered the privilege of 
free travelling over the company’s system, and the 
members of the board are to have a like privilege 
on producing a summons to attend the meeting. 
This overcomes the objection on the score of expense 
of the numerous boards, and it is puerile for 
unionists to object to this system. 

The report is judicial in its tone and in its 
review of the d fticulties and shortcomings of the 
procedure under the 1907 scheme. Reference is 
made to the lapses of railway management, which 
are due probably to over-zealous foremen and 
assistants, rather than to the directorate and 
general management. It is pointed out, however, 
that the examples of re-grading, the establishment 
of trip rates, and other methods of management, 
by which the men were alleged to have been 
deprived of the beneficial effects of awards, are 
not numerous. Some of the companies did take 
such action, Lut, assuming that in doing so they 
acted in good faith, and were within their rights, 
‘*the carrying out of the economies at the very time 
the awards came into operation was, in the opinion 
of the Commissioners, unfortunate, and calculated to 
excite feelings of irritation.” Such an expression 
of opinion will, no doubt, be duly respected by the 
railway companies, and will awaken the d'‘rectors 
and managers to the importance of greater caution 
in the future, in order to obviate any possibility of 
new procedure, while ostensibly fair and conducive 
to economy, being suspected of concealing ulterior 
motives. In all such affairs it is incumbent upon 
those responsible for the management to recognise 
the inherent suspicion of the ill-trained mind. 
Many disputes have been developed owing to 
this characteristic, fanned in some cases by pro- 
fessional agitators, eager to grasp any incident 
which assists to foment discontent. 

In respect of the delays, which constitute another 
important grievance of the men, the companies 
themselves recognise that there were delays, but 
they established the fact that these were in large 
measure due to the complication of the machinery 
of the scheme of 1907, to the unnecessary multi- 
plication of stages in the process of arbitration, and 
to the avowed inability of the men to depart from 
the terms of the ‘‘national programme.” As will 
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be seen presently, all of these objections will be 
removed by the amendments made, and generally 
it isto be hoped that in the future the inherent 
difficulties in all such conciliation schemes will be 
minimised by a fuller exposition and exchange of 
views between the parties. 

The Commission refer repeatedly in their report 
to the fact that the men often do not under- 
stand, even if they hear, what can be said from 
the point of view of the railway companies, or of 
the financial consequences of the demands they 
make. The Commission state that ‘‘the men 
no doubt received important and valuable conces- 
sions, but, notwithstanding this, the results of the 
arbitrations were at the time, and have since 
remained, a keen disappointment.” For this the 
national programme is largely to blame, as well 
as the biassed view placed before the men by the 
professional agitators. One more point in the 
guidance offered to the managements has reference 
to the offences against discipline. It has been 
urged that men have been discharged for miscon- 
duct, neglect of duty, or other breaches of disci- 
pline, without having a full opportunity for explana- 
tion or for stating any extenuating circumstances 
before they were punished. It is true that appeal 
may be made, but the Commission consider that 
the men charged with such offences should be 
permitted to state their defence, to call witnesses, 
and to advance extenuating circumstances, before 
their officers, prior to a final decision being arrived 
at. Where doubt arises, or where the results are 
serious to the men, the case should, in the view of 
the Commissioners, be placed before the higher 
officials of the company. This will undoubtedly 
remove one source of complaint, because it must be 
admitted that appeals after punishment are difti- 
cult, and that the necessity for such appeals should 
be avoided as far as possible. 

The amendments made to the conciliation scheme 
ought to satisfy the workmen, because in prac- 
tically every instance the objections urged before 
the Commission by the 43 workmen witnesses, 
representing unionists and non-unionists, have been 
met. These may be taken seriatim. Recognition 
of the union is probably the most important, 
because it bulked most largely in the demands of 
the men. In the first place, it is recalled that 
the 1907 negotiations were conducted through 
intermediaries ; ‘‘ there were no direct negotiations 
between the companies and the men.” But the 
Commissioners point out that they have no 
evidence before them to enable them to say that 
the men understood it to be an essential condition 
of the agreement that the question of recognition 
should not be raised during its term. The 
contentions of employer and employed in this 
matter generally are well known. The Com- 
mission came to the conclusion that there was 
difference of opinion even amongst unionists as to 
the necessity for the presence of a trade-union 
official to help the men in advocating their cause 
before the officers of the company or the directors. 
Under the existing conditions trade-union officials 
are permitted to plead before the arbitrator, and 
the Commission have made a compromise which 
ought to satisfy the unionists 

In the amended scheme the Central Board is 
abolished ; the Sectional Boards are, as we have 
explained, to attempt a final settlement by con- 
ciliation, if possible without a chairman ; but, 
at a second meeting, if such is necessary, with a 
chairman. Such a board, with a chairman, 
practically takes the place of the final arbitration 
proceedings under the 1907 scheme; and at all 
meetings of the Sectional Board the men are to be 
free, if they think proper, to combine in the same 
person the duties of secretary and advocate ; he 
need not be an employee of the company, but he 
will not have power to yote unless he has been duly 
elected a member. This secretary, or advocate, is 
to be appointed by the roprssentatives of the men 
on the Sectional Boards. Obviously, if trade 
unionists are in the majority in any group of 
workers on any railway, they can secure recognition 
for their union, so that the democratic conception 
that the majority must rule has full play. This 
applies equally in the event of non-unionists pre- 
dominating. It should be understood, however, 
that in the preliminary procedure, which, we are 

lad to note, is being extended as well as simplified, 
the negotiations are to be between employers 


and their own workmen only. This is a commend- 
able course, as it must conduce to amicable relations 
between the men and their employers. The freer 





the interchange of opinions, the greater will be the 
as between the parties, and the fuller will be 
the knowledge of therelated responsibilities of capital 
and labour. Moreover, as it is the aim of professional 
trade-unionists to justify their services and develop 
their unions, by a demonstration of the extent of 
their work, their tendency is to create discontent 
rather than to be satisfied to serve as the medium for 
redress of real and pressing grievances. Economic 
a in all cases asserts itself, and the men, by 
calm and firm protestation to their employers, will 
be met with ready and generous consideration 

Temperate action by the men, too, will strengthen 


their case in subsequent proceedings at the Sec- | 


tional Boards, and will win public sympathy, which 
in all such matters is spontaneously given, and 
effective in its result. 

The Commission further point out that, with 
their great responsibilities to the public, the com- 
panies cannot, and should not be expected, to permit 
any intervention between them and their own 
men on the subjects of discipline and management. 
It is being urged that this conflicts with the deci- 
sion that ‘‘terms of service” should be subject for 
consideration of the Sectional Boards ; but we are 
glad to note that Mr. Barnes, who is well entitled 
to speak on conciliation procedure, in view of his 
long connection with it, urges the railway men not 
to interpret ‘‘terms of service” in a small way as 
applying to detail. The whole case demands, alike 
on the part of employers and employed, dispas- 
sionate tolerance and earnest desire to interpret 
liberally the main proposals of the scheme. 

The abolition of the Central Board is a wise 
proceeding, because in all negotiations the multi- 
plication of appeal courts tends to the prolongation 
of disputes. Neither side is willing to concede 
anything so long as there is a higher court, where 
further concessions may be demanded. More- 
over, the delay involved has a disturbing effect 
upon industry. The decisions of the Conciliation 
Board, formerly the Sectional Board, are to be 
final. It will be remembered that the 1907 scheme 
provided for a suspensory period within which the 
companies or the men had the option of rejection. 
This suspensory period is no longer to exist, and 
here again there is wisdom in the decision, because 
it is as important that a decision should be final 
as that it should be arrived at in the most direct 
and speedy way Only one of the four railway- 
men’s unions was in favour of the retention of the 
Central Board, while others were desirous of having 
in its stead a National Board. The aim, as we 
have time and again pointed out, is to centralise 
union methods in order to make it easier to declare 
general strikes, in accordance with the new gospel 
of syndicalism. But as such movements are 
inimical to national interests, involving the stop- 
page of practically all industries, and ultimately 
reducing the people to starvation, the State must 
exert every influence and enforce every deterrent 
to defeat such action. 

The exchange of office just made by the Home 
Secretary and the First Lord of the Admiralty 
may possibly be a portent of a change in the atti- 
tude of the Government. Mr. Winston Churchill 
in the recent crisis showed the true statesman 
spirit not only by his vigorous action in defend- 
ing the people against the trend towards anarchy, 
but in his defence of such action, and in his 
grave warning to those who, in the cause of 
‘*the solidarity of labour,” were really warring 
against the State. To permit him to give effect 
to his warnings would have been a wise pro- 
cedure, and therefore his transference to the 
Admiralty at this juncture cannot be commended, 


even if it has been suggested by party expediency | 
to smooth down the annoyance of some Government | 


supporters. At the same time Mr. McKenna’s satis- 
factory control of Admiralty administration should 


not have been disturbed. The Commissioners’ recom- | 
mendations, however, tend to defeat the general | 
strike movement. The Sectional Boards are supreme. | 


This is as it should be. The work and terms of 
service of different grades of workers on railways 
differ so materially as to call for separate treat- 
ment. The locomotive driver has no association 
with the station porter; the signalman has no 
connection with the sweeper of railway carriages. 
As the secretary of the General Railway Workers’ 
Union said on Saturday last, ‘‘ We have always 
contended that our members were under a great 
disadvantage when their grievances were discussed 
by a board consisting chiefly of representatives of 
grades who receive less wages.” The same argument 


holds good of a central board or a national council. 
The conditions which affect the economy of work 
and of living on a purely London railway con- 
trast greatly with those on the Highland. or, say, 
the Cambrian railway, and thus separate treatment 
| for each company must be agreed upon. If the men 
seck for redress of grievances and for prosperous 
conditions generally for themselves, the most direct 
method of redress must be more efficacious. It 
| ensures, too, readier recognition of individual merit, 
| Difficulties are simplified by the narrowing of issues, 
|and therefore the sectional boards will enable 
| settlements to be more speedily evolved. 

| The enforcement of a settlement is quite another 
story; this, indeed, has been one of the great 
| difficulties in connection with arbitration in trade 
disputes. In other trades, notably shipbuilding 
and engineering and in the case of the mews and 
shoe operatives, provision has been made against 
|the non-fulfilment of agreements, but in these 
| industries the workmen who are unionists are in a 
| great majority, whereas in the case of the railway 
workers barely one-third are unionists. ‘I'he machi- 
nery of the unions cannot therefore be utilised to 
enforce an agreement. Public opinion, however, 
can do much, and in view of the composition of the 
Commission and the high reputation of the repre- 
sentatives of labour upon that Commission, railway 
workers, unionists as well as non-unionists, and all 
railway directors and managers, will do well to recog- 
nise that public interests are too deeply involved in 
the maintenance of transport facilities to permit of 
any indecision in the fulfilment of this scheme of con- 
ciliation The Commissioners point out that to 
make such a scheme effective ‘‘ there should be no 
organised stoppage of work until the conciliation 
machinery has been exhausted.” Obviously this 
rests with the trade unions, because they alone 
can organise opposition to conformity with the 
system now proposed. It is therefore left with 
the Government, who are responsible for the 
appointment of the Commission, to devise means 
whereby such encouragement or assistance to break 
the agreement by arbitrary and violent means shall 
be illegal. The Commission plead for ‘full and 
ample protection ” to those who desire to observe 
the new schemes, and say that it is not for 
them to prescribe how adherence to contracts 
can be encouraged, or how the breach of them 
can be penalised. Men have a right to ter- 
minate their engagement by giving lawful notice, 
but in the exercise of their freedom in this 
respect they should not, in the opinion of the 
Commission, be permitted to excite, or coerce 
by threats or by any form of intimidation, men 
who desire to give their labour. No stronger 
injunction to the Government could be made in 
favour of a radical amendment of the Trade Dis- 
putes Act. Moreover, the Commission point out 
that strikes have taken place under circumstances 
which had no connection with the contract for 
hours, wages, or general conditions of service, nor, 
indeed, with the concerns of either the strikers or 
their employers; and here again firm action is 
demanded on the part of theGovernment. Finally, 
the Commission refer to the great traditions and 
high ideals upon which our unexcelled railway 
service has been built, and to the participation in 
this work of railway men of all grades, and urge 
upon all railway men, alike in the directorate, 
management, and in every department, their duty so 
to act in the future that the public will continue to 
regard the railway system with pride and confidence. 








THE DIRECTOR OF NAVAL CONSTRUC- 
TION AT THE ADMIRALTY. 

Tue appointment of Sir William E. Smith, C.B., 
the Superintendent of Construction Accounts and 
Contract Work, to succeed Sir Philip Watts, K.C.B., 
as Director of Naval Construction at the Admiralty, 
now officially announced, will be approved by all 
interested in the Navy. When Sir Philip's resigna- 
tion was foreshadowed a few months ago, we ex- 
| pressed the view that the claims of members of the 
| Royal Corps of Naval Constructors shouid have 
| first and earnest consideration ; and we stated indis- 
| putable reasons for this contention. The splendid 
| training—theoretical and practical—which the mem- 

bers of this corps undergo, the standard of ability 
| which they have to attain, the arduous work they 
| have to perform, in view especially of the paucity 
| of their numbers when compared with the increasing 
|volume of work and of responsibility involved, 
jand the general success of their designs and 
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supervision, warrant confidence and ition on 
the of the Board of Admiralty. oreover, 
it is doubtful if the scale of remuneration is 
adequate, or the available rate of promotion cm | 
mensurate, owing to the unduly limited number 
of officers occupying the higher ranks. If to 
this state of the case, the accuracy of which is 
widely acknowledged, there had now been added 
such lack of recognition as would have been estab- 
lished by the ignoring of the claims of the Royal 
Corps to provide a chief of the staff, and by the 
appointment of a naval architect from the out- 
side, the spirit of emulation might have been 
damped, although the esprit de corps is so important 
a factor in the efficiency of this department of the 
Service. One must not ignore, too, the national 
disappointment which would have been possible in 
the event of it having been found impracticable to 
choose a chief from among the members of the 
corps. May we assume that the choice of Sir 
William Smith is indicative of a more liberal spirit 
on the part of the authorities towards the claims 
of the Royal Corps for fuller acknowledgment of 
the services they render to the State ? 

Apart altogether from his position in the Royal 
Corps, however, Sir William Smith merits the 
honour of his preferment by his professional ability, 
tact, and administrative capacity, which have been 
well proved in the important office he has filled 
during the past nine years. In him is combined in 
an eminent degree the combination of practical 
and theoretical knowledge essential to the work of 
design. He has sound engineering instincts; he 
entered the industry through the ‘* hawse-pipe,” to 
use a naval simile, and after an all-round practical 
training, achieved high distinction during his dili- 
gent pursuit of scientific knowledge. He has a 
high repute as a practical mathematician. More- 
over, he has spent all his life in the Service, for he 
began when eleven years of age, and the only regret 
is that he cannot long give the Navy the benefit of 
his work in the highest post the Service can bestow 
on a naval architect, since he is now in his sixty- 
second year. After being a boy in the rope-house 
at Portsmouth Dockyard, he served four years’ 
apprenticeship as a shipwright—one year, 1865, at 
Woolwich, and three years at Portsmouth—joining, 
in 1869, the South Kensington School of Naval 
Architecture. There he finished his course in 
1873, being one of the last to complete the full 
term before the transfer of the school to Green- 
wich. He graduated with the high distinction 
of a first-class professional certificate, and was 
immediately appointed to the Admiralty staff. 
His immediate predecessors in the directorate of 
naval construction passed out of the school before 
him, and all three were at the Admiralty together. 
He was at once engaged upon the design work in 
connection with the battleships of the seventies, 
when great developments had to be made owing 
to the improvement in armour and propelling 
machinery. He succeeded Sir William White in 
the early ‘eighties as instructor in naval architec- 
ture at Greenwich College, and won special distine- 
tion, during the controversy on partial and com- 
plete armour belts, by a series of lectures on 
‘** Armour,” delivered at the college, and issued by 
the Admiralty for the information of all officers 
in the Service. In 1887 he became Inspector of 
Contract Work, and thus early was brought into 
close contact with the shipbuilding establishments 
throughout the country, which must have afforded 
a splendid means of training for a future Director 
of Naval Construction. He returned to the Admi- 
ralty later as a chief constructor, and was occu- 
pied on the design of some of the vessels of the 
Naval Defence Act, and of the more impor- 





tint ships built later for the Navy. In 1902 he was 
appointed Superintendent of Construction Accounts | 
and Contract Work, an office which afforded him | 
further opportunities for acquiring experience. | 
At the same time he succeeded in extending | 
amicable relationships between the Admiralty and | 
the contracting firms, so that, alike for his personal | 
as well as for his professional qualities, his appoint- | 
ment now is welcomed by all naval architects, | 
whether associated with the Navy or in_ private 

service. He was made a C.B. in 1903 anda knight 

in July last. 

The further announcement is made officially 
that, ‘* at the request of the Lords Commissioners 
of the Admiralty, Sir Philip Watts will still be 
available as adviser to the Admiralty.” This is a 
recognition of splendid service rendered to the 
Navy and - practical shipbuilding generally —a 


‘service which we reviewed some time ago when his 


resignation was first intimated (see page 73 ante). 
Moreover, it is no dis ement to Sir William 
Smith to say that in an advisory capacity Sir 
Philip can render useful service to the Navy. 
These two distinguished naval architects have 
been closely associated for many years; they 


differ in characteristics, are close friends, and the 


arrangement now made will in, their case, be of 
distinct benefit. From all points of view, there- 
fore, the Admiralty have, in their arrangement in 
connection with the Directorate of Naval Con- 
struction, succeeded in winning the approval of all 
who seek for progress in warship building. 





THE ROAD BOARD. 

Tue Road Board has just issued its first report, 
which is mainly devo to a discussion of ques- 
tions of policy. These required much consideration. 
The income of the Board is estimated at 600,0U0/ 
per annum, but the proposals to which it was 
asked to give financial support would have required 
an expenditure of no less than 7,870,4591. The 
difficulty of apportioning the funds was enhanced 
by the claims made by the different nationalities 
and counties for preferential treatment, Lreland, 
in particular, being very insistent on getting a 
larger share of the grant than the Road Board have 
deemed just. Irish roads, so far, have suffered 
relatively little from motor traffic, and the actual 
amount contributed by that country to the funds 
of the Board is so small that any division on 
an equitable basis would have made impossible 
any early improvement in the Irish highways. 
Hence the Board have determined to apportion, 
between the nationalities concerned, the funds at 
their disposal on a basis of population rather than 
to adopt the plan of equitably returning to each 
country, as grants in aid, the amount it has contri- 
buted to the finances of the Board. This in effect 
amounts to England and Wales contributing a 
substantial subsidy to the improvement of the Irish 
roads; but, in spite of this, claims for a still 
larger one were vehemently pressed on the Board 
by the Irish County Councils. In the general 
scramble for aid, the Metropolitan district, as 
usual, comes off somewhat badly. This area 
contributes a very large proportion of the total 
revenue of the Board, and improvements in the 
approaches to the Metropolis are urgently required. 
Since, however, this area is proportionately much 
unrepresented in Parliament, the Road Board 
would undoubtedly have been subjected to in- 
supportable political pressure had they adopted the 
plan of distributing their funds pro rata amongst 
the contributory areas, and, as a consequence, 
London is to pay heavily in other areas for road 
improvements which are not more urgently required 
than others of immediate concern to herself. 

The Board have adopted the wise resolution not 
to bear the whole cost of improvements, but to 
compel the local authorities to mot in the expense. 
In general, the Board will contribute 75 per cent. 
of the cost ; but where the bad state of the road is 
due to past neglect, they reduce this proportion 
accordingly. Had they agreed to carry the whole 
cost of the proposed improvements, they would 
have required an enormous staff to ensure against 
waste and needless expense ; but when a substantial 
fraction of the total is contributed by the local 
authorities, the latter have every inducement to 
avoid unnecessary expenditure. 

The arguments advanced by some of the local 
authorities, who demanded that the Board should 
bear the whole cost of improvements, were often 
not a little curious. They took the line that 
in asking the highway authority to bear a fraction 
of the cost, the Board were, in fact, imposing 
additional expenditure on them. They claimed 
that many of the works, for which applieations 
were made, had no interest to the local residents. 
lf so, however, as Sir George Gibb remarked, 
why make an application? Itis the business of the 
local authority to attend to local needs, and if these 
do not demand any improvement in the roadways, 
there isno reason why either the Road Board or 
the highway authority should spend money on 
what is not required. 

The Board have decided for the present to make 
no new roads, nor, indeed, to ameliorate bad corners. 
There are, they state, many such in urgent need of 
improvement, but such a condition is not general, 
whereas the troubles which have arisen from the 
defective character of the road crusts are widely pre- 





valent, and it is on the improvement of these that 
the Board propose in the first instance to concen- 
trate their efforts. With a properly made road, they 
state, motor traffic ‘‘ probably causes less wear and 
tear than is caused by horse-drawn traftic.”” With 
the latter, however, a ‘‘ water-bound ” road will more 
or less do, but a motor requires the use of a bitu- 
minous binder. When this is properly applied, how- 
ever, it appears that the cost of road maintenance 
can be remarkably reduced, and the main difficulty 
arises on the score of initial cost, though there is in 
some cases a minor one from the incompetence of 
some road surveyors. An interesting instance of 
the advantages of motor traflic in reducing wear is 
afforded by the recent decision to repave Piccadilly- 
circus with wood in place of granite sets previously 
used. This has been rendered financially possible 
by the recent great reduction in the horse-drawn 
traffic, and we may add that the improvement of the 
Kingston-road through Wandsworth, fitting it to 
carry heavy motor traffic, has led to a remarkable 
saving in the cost of maintenance. 

The Board issued, in the first instance, a pro- 
visional scheme for their proposed improve- 
ments, on which they asked the criticism of the 
local authorities, as the result of which a number of 
emendations have been made. As a matter of 
policy they have further decided for the present 
not to make grants in aid of street-widenings in 
populous areas. There the traffic which is con- 
gested is largely of local origin, and the relief should, 
they consider, be afforded by the local authorities. 
On the other hand, in many villages the existing 
roads are quite inadequate to accommodate the 
great growth of through traflic, and here the Board 
will, as circumstances permit, give assistance. 

One of the most interesting announcements 
made in the report is to the effect that the Board 
have decided to continue and extend the valuable 
researches on road materials, commenced some 
years since by Mr. E J. Lovegrove, of Hackney, 
in conjunction with Mr. J. A. oie and Dr. Filet, 
of the Geological Survey. The work will be carried 
out in the main at the National Physical Labora- 
tory, where a complete testing plant is to be 
installed at a cost of about 18501. The Geological 
Survey has also agreed to assist, and will report 
upon the petrological character of the materials 
tested, and store specimens for future reference. 





JET PROPULSION. 

Ir is probable that there are many engineers 
who would be somewhat startled by the assertion 
that jet propulsion is the most efticient method yet 
devised of propelling any type of vessel ; and yet, 
if attention is directed solely to the jet itself, the 
statement is strictly and indisputably true. If, for 
instance, a vessel could, whilst standing still, pump 
into large air vessels enough water to carry her 
through to her destination, propulsive efficiencies 
of the order of 80 per cent. or more would be 
readily realisable. 1e whole trouble arises from 
the fact that the boat must pick up water as she 
moves. The drawbacks to this are both theoretical 
and practical. Thus theory shows that in the 
case of a tank propelled by the reaction of a jet 
issuing from an orifice at its rear, the efficiency 
of the jet would be unity when the speed of 
motion was half the speed of flow. If, however, 
the tank has to pick up its water as it goes, the 
efficiency will, at most, only two-thirds when 
the travelling speed is half the s of issue. 
The latter is, no doubt, a reasonably high value, 
considerably in excess of that of the ordinary 
screw propeller, but in the case of the latter 
the efliciency is an over-all one, whilst in the 
case of the jet, to its own losses must be added 
those involved in the means employed to capture the 
water, increase its velocity or pressure by pumps, 
and to deliver it finally to the jet. These losses 
have commonly been very large, and there seems 
little a of any serious improvement being 
effected. In fact, the difficulty in some respects 
resembles that which arises in coupling a steam- 
turbine to a screw-propeller. To be efficient the 
power-generating machine should handle a small 
quantity of water at a very high pressure, which 
means a high velocity of discharge. This was 
realised some twenty years or so ago by an 
American inventor, who installed, on a launch, 

umping machinery designed to produce a jet to 
be delivered under a head of over 3000 ft. This 
portion of his plant was no doubt extremely 
efficient, and its designer had the most sanguine 
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expectations as to effecting a revolution in methods 
of ship propulsion. Being, moreover, unacquainted 
with mathematical principles, demonstrations 
thereby of the utter futility of his ideas failed to 
discourage him, and the experiment was accord- 
ingly tried on a very liberal scale. The result, of 
course, was a foregone conclusion, the efticiency of 
his pumping plant being wholly obliterated by the 
pitiful inefliciency of the jet produced. What is 
needed to solve the problem of jet propulsion is 
some means of handling the water on rd ship in 
small volume, and at a correspondingly high pres- 
sure, and of then transferring the energy of this 
mass to a larger body of water, which should form 
the actual jet. An obvious proposal is to use some- 
thing of the nature of an ejector, but it is easy to 
show that in this case the thrust of the large mass 
sent astern is at the best no greater than that of 
the original high velocity jet, so that the arrange- 
ment is in actual fact considerably worse than 
would be. the direct application of the latter. 
Another suggestion, plausible at first sight, is to 
pump the water at a high velocity, and hence through 
pipes of moderate diameter, and then discharge it 
astern through a divergent nozzle, thus getting the 
desiderated low velocity of discharge. ‘The trouble 
with this plan lies in the fact that the pressure of 
the jet at the discharge end of the nozzle must be 
that of the atmosphere (assuming the discharge 
takes place above water-level), and therefore the 
pressure at the throat must be less than this. 
What is required to secure compact pumping machi- 
nery is, on the contrary, a high-water pressure, 
since the energy is proportional to the product of 
the pressure and the volume, and it is the latter 
which is the governing factor in the cost and weight 
of the machinery employed. 

We are not therefore sanguine that it will prove 
feasible to apply successfully any known form of 
pump to ship-propulsion on the water-jet system. 
Should, therefore, the Humphrey internal-combus- 
tion — prove as economical for large outputs 
as it has already done in the smaller sizes, it seems 
probable that any attempt to adapt it to ship-pro- 
pulsion will take the form of using the discharge 
from the pump to drive a turbine, and let the 
latter drive an old-fashioned screw. The advan- 
tage of such a method lies in the fact that the 
volume of water on board, at any time, might be 
very moderate in quantity. The losses in getting 
it on board, which are a large proportion of the 
head corresponding to the ship’s speed, are thus 
minimised, and a compact and relatively efficient 
plant should result. 

It may be objected that this system is com- 

licated, but occasionally the ‘‘ longest way round” 
isreally the ‘‘shortest cut.” An internal-combus- 
tion pump will not be applied to marine propulsion 
unless its own efficiency is so high that a substan- 
tial saving of coal can be effected. The problem 
to be solved is, in fact, twofold. In the first place, 
it is necessary to have an efficient means of pro- 
ducing power, and, in the second, an efficient 
method of utilising it. With jet propulsion pure 
and simple the two elements of the problem 
make incompatible claims. Owing to considerations 
of cost and weight, an efficient pump means in 
practice an inefficient jet, and vice versa. If, how- 
ever, a high-pressure Humphrey pump can be 
designed which will yield 1 horse-power at, say, 
25 per cent. less fuel cost than a good marine 
engine requires to develop 1 shaft horse-power, 
the combination of turbine and screw becomes a 
commercial proposition, and the plan of effecting 
the ultimate propulsion by a jet can be dismissed. 

In a paper read on the 13th inst. before the 
Manchester Association of Engineers, Mr. Rankin 
Kennedy advocates another solution of the problem. 
His —— is to use centrifugal pumps of a 
modern design, for which he anticipates over 80 per 
cent. efticiency. We do not know of any low-lift 
centrifugal gn with such an efliciency as this, 
and a low-lift pump would pe required in practice. 
Possibly 75 per cent. might be reached with very 
careful design, but it would mean an enormous 
pump with large diffusion chambers. Mr. Kennedy 
suggests that a centrifugal pump is ‘‘ essentially a 

ssure pump, in which the velocity of the fluid 
is low, whatever the head pumped against.”” This 
statement, we think, is calculated to convey a wrong 
impression, since, as Rankine pointed out years ago, 
half the energy of the fluid in a forced vortex 
is pressure energy, and the other half kinetic, so 
that the velocity is ;gths of that due to the maxi- 
mum head. 





If the water taken into the vessel is brought to! 12 to 15 percent. This, compared with copper ore 


rest relatively to the vessel, a velocity head equal from other countries, is a very 


to = (s being the speed of the vessel in feet 
g 
per second) must either be destroyed or con- 


verted into pressure head. This conversion Mr. | 


Kennedy proposes to effect by letting the water 
enter the centrifugal through a divergent nozzle. 
The latter is, however, likely to prove a very 
inefficient device. Unless the taper is kept below 


about 1 in 10, the losses become enormous, and! 


we hope shortly to publish 4 description of a very 
important and careful series of experiments, by Pro- 
fessor Gibson, which showed that unless this limit 
was adhered to, the loss was actually greater than 
when the whole of the reduction of velocity was 
effected by a sudden enlargement of the pipe. 

There remains one other possible plan of operation 
—viz., not to bring the water to rest in the vessel, 
but to let it enter the impeller of the pump with its 
initial relative velocity. This, Mr. Rankin Ken- 
nedy claims, is an inefficient method of operation, 
and this is, perhaps, true. The method, however, 
is exactly that on which the ordinary screw-pro- 
peller operates. The latter, it is known, has no 
appreciable centrifugal action. It takesin the water 
(apart from the wake correction) at the speed of the 
ship, accelerates it, and discharges it astern ; work- 
ing very much in the same way as if completely 
cased in. 








THE MINERAL WEALTH OF 
KATANGA. 

KaranGa is situated at a considerable height above 
the level of the sea (4260 ft. to 4920 ft.) and forms 
the watershed between the Zambesi and the Congo 
—that is, between the Atlantic and the Indian 
Ocean. Forming the southern portion of the Congo 
State, it adjoins, to the south and east, Rhodesia. 
The ore deposits go from east to west over a 
distance of some 220 miles, with a breadth of as 
much as 280 miles, the district of Kambove being 
considered their centre. The southern extension, 
which penetrates a long way into Rhodesia, is also 
remarkable for its wealth of minerals. It is more 
especially Katanga’s fabulous wealth in copper which 
makes it of such importance internationally. As 
long as six years ago the oi. oe ore deposits of some 
120 findings were estimated to contain 15,000,000 
tons, and since then it has become manifest that 
this figure is much too low. It has even been 
asserted that Katanga single-handed could supply 
the world’s aggregate requirements of copper for a 

riod of a hundred years. Gold, too, is found in 
arge quantities (estimated in value at 200,000,0001. ), 
also platinum, silver, and zinc. 

The immense mineral wealth of the Katanga soon 
attracted the attention of capitalists, but so far 
with no favourable financial results, the reason 
being due to the difficult ition of Katanga as 
regards the export of metals or ore. The country 
is located almost in the centre of Southern Africa, 
and the shortest distance to the coast is some 
1130 miles. The construction of a railway to. some 
port on the east or west coast would be attended 
by almost insurmountable difficulties, as the line 
would have to be taken through unexplored dis- 
tricts, peopled by hostile natives, and through 
States where there was no available railway con- 
nection. There being no chance of an outlet 
either to the east or the west, the Cape - Cairo 
Railway, almost unexpectedly, brought the wished- 
for relief. Since December 12, 1909, the most 
southern part of Katanga, by a branch line, has 
been connected with this railway ; and as this-line 
already a year and a half ago reached Elizabethville, 
the road to the sea is now open. In some two years 
the railway is expected to reach Kambove, the heart 
of Katanga. Cape Town is out of the question as 
a shipping port for Katanga minerals, &c., the dis- 
tance between Kambove and Cape Town being some 
2200 miles, and in the meantime the first transports 
of Katanga ore will take place by way of Bulawayo, 
on the Bulawayo-Beira Railway, to the latter 
(Portuguese) port on the Indian Ocean. This dis- 
tance, however, is also formidable, being 1740 
miles, and in order to reach Europe or America 
the ore has to pass through the Suez Canal, or 
go round by the Cape, so export can only take 
place as far as particularly valuable ores are con- 
cerned. It is believed that ore containing 25 per 
cent. of copper can with advantage be shipped by 
this route. The percentage of copper in the Sana 


ore varies from 7 to 30 per cent., averaging some 





high percentage 
(the Spanish ore, for instance, only contains 2} per 
cent.), yet it is insufficient to make export of the 
ore remunerative. 

The projected extension of the Benguella- Angola 
Railway eastwards, so as to bring about a connec- 
tion with the Cape-Cairo Railway or the Katanga 
branch line will, however, improve matters, inas- 
much as the distance from the Kambove copper ore 
deposits to the sea will be reduced to 1130 miles, 
and that of the Etoile du Congo Mine to 1200 miles. 
This, too, isa substantial distance, but then the 
cheaper and shorter waterway to Europe and 
America comes into consideration, and will probably 
make it possible to export also ores with a medium 
— of copper. The inferior ores must then 

e dealt with on the spot; Katanga does not 
herself possess any coal deposits, the nearest de- 
posits being those of German East Africa, a dis- 
tance of 440 to 500 miles. There is, however, no 
railway connection, and the Wankie coal deposits 
in Rhodesia are some 930 miles distant. 

We learn, however, from a German report by Dr. 
Hennig that the possibility of establishing an export 
route from Katanga by means of the Lulua and the 
Kassai, auxiliaries of the Congo, has of late been 
under contemplation ; this would be in connection 
with the railway from Stanley Pool to the port of 
Matadi. The distance, Lusambo-Leopoldville, about 
625 miles, is already navigable. 








THE AUSTRALIAN NAVY. 

Tur flagship of the Australian Navy, appro- 
weed named the Australia, was launched on 

ednesday of this week from the Clydebank 
Shipbuilding Yard of Messrs. John Brown and 
Co., Limited. The occasion was quite justifiably 
celebrated as a great Colonial event, and Sir 
George Reid, the High Commissioner for the 
Commonwealth, with many Colonial and Admiralty 
officials, attended, the honours of the day being per- 
formed by Lady Reid, who is an Australian, although 
her husband is a Scotchman. The ship, with three 
second-class cruisers of 25 knots speed, six destroyers 
and three submarine boats, will form one of three 
units of a Pacific squadron, the other units, of 
corresponding composition, being provided by New 
Zealand and the home country, the latter unit 
to be identified with India. The Australian and 
New Zealand ships, designed by Sir Philip Watts, 
K.C.B., are being built under Admiralty super- 
vision, but will be paid for by the Colonies, and 
will be utilised primarily for the defence of. the 
island continents of the Pacific, but doubtless will 
conform to any scheme of strategy which may 
be deemed prudent when Imperial supremacy is 
challenged. In the policy pursued the Australians 
have adopted quite different procedure from that 
preferred in Canada, where up till the present there 
has been a preference for the construction of a fleet 
within the Dominion in order to develop the ship- 
building resources. Much can be adduced in favour 
of this idea ; and even Australia aims at the foun- 
dation of shipbuilding, or at least ship-repairing, 
resources, so that although two of the destroyers 
have been built in this country from designs by 
Professor Biles—one by the Fairfield Company 
and the other by Messrs. Denny, of Dumbarton 
(see ENGINEERING, vol. xc., page 404)—the third 
has been sent in pieces to Australia, there to be 
put together, a process which will educate Colonial 
workers. The same procedure will be adopted 
with one of the smaller cruisers’; the others are 
being built—the Sydney by the London and Glas- 
gow Company, on the Clyde, and the Melbourne 
by Messrs. Cammell Laird and Co., at Birkenhead. 

The cost of the fleet will not fall far short of four 
millions sterling, while the expenses of maintenance 
will be about 750,0001. per annum; and Lord Aber- 
conway, the chairman of Messrs. John Brown and 
Co., Limited, in referring to the patriotic muni- 
ficence of the Australian Colonies, found satis- 
faction in the fact that although the popula- 
tion of the Commonwealth was less than that of 
London, they were readily bearing this burden in 
addition to the normal calls of Government—a 
sacrifice which he felt would not be made by the 
Metropolis. He found two-fold reason for the organi- 
sation of this fleet in the desire of the colonists to 
defend their territory against attack and to support 
the rest of the Empire’s —< = tn — 
in conformity with Imperial policy, which include 
—(1) the maintenance of a fleet unsurpassed, 
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unequalled, unconquerable—more than sufficient 
to meet any combination of armed Powers that 
could reasonably be supposed to come together 
to attack our Imperial interests; and (2) the 
ensurance of absolute autonomy in every com- 
ponent part of the Empire. Sir George Reid went 
further, and sought to disarm foreign suspicion by 
pointing out that, although Australia was thousands 
of miles from any probable war centre, the colonists 
recognised their obligations to the Empire, and 
were eager to maintain the flag of the mother-land. 
Indeed, throughout the speeches appropriate to the 
occasion there was as the dominant note the truism 
‘“*to maintain peace,’ prepare for war,” quoted 
by Lord Aberconway. us it was further recog- 
nised that this part of the Australian navy was 
but a beginning of that large scheme sketched by 
Admiral Reginald Henderson, who was present, 
involving the creation within twenty-two years of 
a fleet of eight armoured ships, ten protected 
cruisers, eighteen destroyers, and twelve sub- 
marine-boats, at a total first cost of 23 millions, a 
personnel of 15,000 men, and a maintenance charge 
of 1,226,0001. per annum. 

Australia has begun well, because the flagshi 
launched this week, as illustrated on page 566 an 
this page, will prove a most useful ship. Like 
the New Zealand and the Indefatigable, which 
latter will most likely form part of the Pacific 
Squadron, the Australia has a length over all 
of 590 ft., between perpendiculars of 555 ft., and 
& beam of 81 ft. 6 in. e displacement tonnage 
is 18,800 tons at 26 ft. 6in. draught. These dimen- 
Sions are less than those of the Lion, which 
was ordered earlier than the colonial ships, but 
was designed for other contingencies. The arma- 
ment is equal almost to that of a Dreadnought 
battleship, there being eight 12-in. 50-calibre 
guns and sixteen 4-in. quick-firing » with two 
submerged torpedo-tubes. The eight big guns 


can be fired on either broadside, and six ahead 
or astern. 


The midship guns are mounted on 








the beam, but en echelon. This is the principle 
adopted in the three first cruisers of the type and 
known as Invincibles. But a greater distance 
separates the guns in the longitudinal line in the 
newer vessel, and hence the length of the hull has 
been increased by 25 ft. and the displacement by 
1550 tons. The Parsons turbines for driving four 
shafts, each with three-bladed propellers, as shown 
in Fig. 2, have been increased in size and power 
to 44,000 shaft horse-power in order to ensure the 
same high speed, and although the vessel is of 25 
knots legend s 
anticipated. us the Colonials may accept the 
view that their ships will be equal to the best that 
the money provided can secure. 

The launch was in every way successful ; that is 
only to be expected, from the experience and 
traditions of the Clydebank yard. Although none 
of the armour is in positicn, several of the boilers, 
which are of the Babcock and Wilcox type, are on 
board, and the vessel generally is in such a state 
of advancement that no difficulty should be experi- 
enced in completing it within the contract time, 
which does not expire until a year hence. The 
tonnage at the time of the launch was about 
7000 tons. The vessel was cradled in the usual 
manner on 6-ft. ways (Fig. 3, above). This width 
of ways was used as a matter of convenience, 
and not from the necessities of the case, because, 
as is well known, ships can be, and are, success- 
fully launched with pressures upon the ways up 
to 3 tons per sq. ft., whereas in this case the figure 
was less than half that amount. The declivity 
of the ways averaged #} in. per foot. The releas- 
ing gear was of the usual forged steel pivoted- 
lever type, actuated by an electromagnet, The 
time occupied in launching from start to flota- 
tion was 72 seconds, quite a substantial pro- 
portion of which time was taken in moving 
the first foot, and in tripping the blocks left 
under the keels. Four drags of 'piled-up cables 
were used on each side of the ship, making up 


d, a rate of 26 to 27 knots is} 


480 tons, and these brought the ship to rest with 
the bow at 100 ft. from the end of the ways. 
Subsequently the ship was towed into the fitting-out 
basin, there to be completed. 








NOTES. 
Tue Marine O1-Encine. 

THE application of the internal-combustion engine 
for the propulsion of ships is making progress, 
steady, if slow, and it is noted in the annual report 
of Lloyd’s Register that there are now being built 
twelve merchant ships fitted with oil-engines. The 
largest for registry with this society is to be of 
8000 tons gross, and five others are to be of 4500 
tons gross register and upwards, so that in a year 
or so much important data will be available regard- 
ing the reliability and economy of such engines in 
long over-sea voyages. It should be added also that 
several vessels are being built under the super- 
vision of other registry societies. So far two oil- 
engine-propelled ships have made over-sea voyages 
—the Toiler to Canada and the Vulcanus from 
Rotterdam to the Black Sea and back, and pro- 
mising results have been got. As to the design of 
engines there is wide divergence, although practi- 
cally all are on the Diesel principle. A double- 
acting two-stroke-cycle engine for one of the 
largest ships referred to has been erected, and 
is undergoing shop trials hefore being fitted on 
board; but most of the other engines are of 
the single-acting type, adapted for the two or the 
four-stroke cycle. The double - acting engine 
has attractions; but it remains to be seen how 
the difficulties, notably of the stufling-box, are 
overcome. Certainly many shipowners, and still 
more marine-engine constructing firms, are watch- 
ing developments, ready to take definite action 
provided encouragement is afforded by the results. 
It is gratifying also to find that Lloyd’s and other 
registry societies are alive to the importance of 
the subject, and distinctly sympathetic in their 
attitude. This is most desirable, especially in the 
case of Lloyd’s, in view of their great influence, 
which is clearly established by some of the facts 
in the annual report. For instance, the tonnage 
registered by this society alone totals 21,060,070 
tons, representing 10,400 ships, over 95 per cent. 
of the tonnage being steel steamers. The number 
registered during the year was 616, and the ton- 
nage 1,098,476 tons, and of these five were over 
10,000 tons, ranging up to the Cunard liner Fran- 
conia, of 18,150 tons, while at present there are 
being built the Cunard liner Aquitania, of 45,000 
tons gross, and ten others ranging from 18,000 to 
10,000 tons. Another interesting fact is that now 
1013 vessels registered by Lloyd's are fitted with 
wireless telegraphic apparatus, and 566 with sub- 
marine signalling apparatus. 


Tue Mip-Scor.anp Suip-CanaL SCHEME. 


The proposal to construct a ship-canal betweon 
the Forth and the Clyde sufticient in dimensions to 
pass the largest of warships has advanced a stage, 
the Glasgow Corporation, at their meeting on the 
19th inst., having appointed a committee to consider 
and report as to the steps that should be taken in 
the matter in the interests of the city. This step 
is absolutely _non-committal, but it will at least 
assist towards the accumulation of data and the 
preparation of accurate estimates of cost, of ible 
strategical value, and of probable revenue. Whether 
the Government will be influenced is quite another 
matter. The Royal Commission on Canals and 
Waterways, it may be remembered, indicated that 
the canal was desirable, but were not disposed to 
advise the Government to proceed with the scheme, 
unless financial support could be obtained from 
Glasgow and other towns on the route, Such towns 
have supported the scheme by resolution, which is 
a long way from financial commitment, and it 
remains to be seen now whether the city of Glasgow 
will follow the example of the city of Manchester. 
In the latter case municipal support was given, 
under preferential conditions, after the Canal Com- 
pany had done all that could reasonably be expected 
of private enterprise, and to avoid a commercial 
catastrophe. With the Scotch scheme the Corpora- 
tion will act initiatively. One point which simpli- 
fies the decision of the municipality is the recent 
agreement between the advocates of the rival 
routes. Formerly there were competing schemes, 
one via the Forth Valley to im: Lomond and 
thence through a cutting to Loch Long and to the 








estuary of the Clyde, the other by direct route te 
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the river near Glasgow. This latter route naturall 
commended itself to the citizens, and now all 
promoters are uniting their forces, under the direc- 
tion of the Mid-Scotland Ship-Canal Association, 
while the engineers of the respective schemes, 
Mr. Stevenson, of Ediuburgh, and Mr. C. P. 
Hogg, of Glasgow, are together working out the 
details for borings along the direct route with a 
view to estimating the cost. The engineers are 
considering whether the canal should be at the 
level of the Forth at high water or at a slightly 


lower level, which would involve deeper cuttings, | p' 


but would simplify the terminal and _ locking 
arrangements. The route is ay | along the 
Kelvin Valley, terminating in the Clyde about four 
miles below Glasgow, where there would be canting 
basins opening up, as well as down, the river. The 
arguments in favour of both schemes and the general 
advantages of the canal have already been discussed 
in Enoineerine (vol. Ixxxvii., page 564, and 
vol. Ixxxix., e 115), so that it need only here be 
added that hedaman are now being ener 
for a canal having a floor width of 138 ft. and a 
depthiof 36 ft.—dimensions which it has been ascer- 
tained would satisfy the Admiralty. 


Tue Sourn Mancuurian Railways AND THE 
CuresE East Raitway. 

According to an official report the aggregate 
length of the South Manchurian Railway system 
amounts to 1136 km. (706 miles). This system 
comprises the south-north line Dairen (formerly 
Dalny)-Mukden-Kuangtschengtse, the branch lines 
to Port Arthur, to the commercial port of Inkou, 
and to the frontier of Korea at Antung. Prior to 
the Russo-Japanese war, the south-north line, with 
the Port Arthur branch line, was Russian property, 
and these lines were single, and for the broad 
Russian gauge. The Japanese, however, have trans- 
formed the i which came into their possession 
to ordinary gauge, and with double roads. The 
railway from Mukden to Antung was, in the first 
instance, only temporarily rebuilt to serve military 
purposes and establish a connection with the mother- 
country, but it has since been completed and 
opened for general traffic. The South Manchurian 
railways are being managed by the South Man- 
churian Railway Company, which has a capital of 
200,000,000 yen, or close = 21,000,000/., of 
which the greater portion is held by the Japanese 
State. Already, in the financial year of 1908, and 

rior to the Mukden-Antung Railway being opened 
or traftic, the company had net profits amounting 
to about 400,000/.; the nger traftic then 
amounted to some 1,500, passengers, and the 
goods traftic to 1,500,000 tons, which figures rose in 
the following year to respectively 1,868,640 passen- 
gers and 2,629,815 tons, the receipts amounting to 
15,537,142 yen, or about 1,310, , and the ex- 
penditure to 5,161,408 yen, or about 540,000/., 
the net profits being 7,375,734 yen, or about 
770,0001., averaging 6781. per kilometre. The 
aggregate length of the system of the Chinese East 
Railway is 1717 km., of which 1480 km. are in 
the west-east line Manchuria-Harbin-Progranit- 
schuaja and 237 km. on the south line Harbin- 
Ku hengtse. The Chinese East Railway has 
been built by Russian engineers and is managed 
by the Chinese East Railway Company, in which 
only Russians and Chinese are interested, the 
majority of the technical ofticials of the railway being 
Russians. The Chinese Government has the option 
of buying the railway in the year 1932, and in the 
year 1976 the railway will in any case pass into the 
ion of the Chinese. Since the southern 
portion of the Chinese East Railway from Kuangt- 
schengtse has become Japanese the company has 
had to contend against more or less serious finan- 
cial difficulties. In the year 1906 the goods traftic 
on the Chinese East Railway amounted to 428,793 
tons, in 1907 to 445,681 tons, in 1908 to 549,507 
tons, and in 1909 to 655,20@ tons, exclusive of the 
military traffic. These do not compare 
favourably with those of tae South Manchurian 
Railway. In 1904-5 the Chinese Kast Railway 
was almost entirely taken up with war traftic, 
and in 1906 came the return traffic of soldiers 
and war material, during its first half almost with- 
out interruptions, and afterwards with some breaks, 
so it was not till 1907 that more normal conditions 
by degrees were brought about. The increase in 
the — traffic on the Chinese East Railway is 
closely connected with the growing activity of the 
port of Vladivostock and the increased export of 
grain from Southern Manchuria via this port. In 


addition, it is also influenced by various new 
developments in Northern Manchuria, in Trans- 
Baikal, and in the province of Usuri. 








ARGENTINE RAILWAY AFFAIRS. 

Tue Buenos Aires Western Railway, Limited, had 
a good time in ite financial year ending June 30, the 
gross revenue collected having been 2,634,186/., as 
compared with 2,300,510/. in 1909-10. The working 
expenses increased to 1,392,318/., as compared with 
1,300,317/. ; but the twelve months representing 1910-11 
roduced a net revenue of 1,241,868/., as compared 
with 1,000,193/. After full provision had been made 
for the fixed charges of 1910-11, a balance of 737,154/. 
remained available for dividend. Out of this balance 
the ordinary stock will receive 74 per cent. for 1910-11, 
120,000/. being carried to the general reserve fund, 
15,000/. ag ge for philanthropic purposes, 
and 189,098/ being carried to the credit of 1911-12. 
It is right to remark that the system was extended to 
1586 miles in 1910-11, as against 1365 miles in 1909-10. 
In 1901-2 the company had only 628 miles in opera- 
tion, so that the expansion of the undertaking during 
the last ten years has been t and continuous. 
The new lines brought into working have not only 
—- a@ considerable revenue by themselves, 

ut they have also increased the earning power of 
the old lines, the receipts per mile in working having 
grown from 1493/. in 1901-2 to 1661/. in 1910-11. 
The ratio of the working expenses to the traffic receipts 
has been kept well under control, having only advanced 
from 48.52 per cent. in 1901-2 to 52.86 per cent. in 
1910-11. The yearly ratio since 1906-7 inclusive has 
been :—1906-7, 56.25 per cent. ; 1907-8, 55.08 per cent. ; 
1908-9, 55.28 per cent.; 1909-10, 58.52 per cent.; and 
1910-11, 52.86 per cent. An advance of the balance 
available for dividend upon the ordinary stock from 
357,934/. in 1901-2 to 1,029,583/. in 1910-11 shows that 
the large expenditure of capital made during the last 
ten years has been judicious and profitable. Every 
effort appears to have been made to work the system 
as economically as possible, the large amount of addi- 
tional revenue acquired in 1910-11 having been obtained 
with only two additional engines, the locomotive stock 
having been carried from 310 at the close of June, 
1910, to 312 at the close of June, 1911. It may be 
interesting to note that the 312 locomotives upon the 
system at the close of June this year were of the follow- 
ing designs :—Local tanks, 42 ; four-wheeled coupled, 
with tenders, 43; mixed six-wheeled coupled, 71; goods 
six-wheeled coupled, 84 ; goods eight-wheeled coupled, 
40; shunting, 32. The working expenses were 
increased to the extent of 10,149/. in 1910-11 by 
torrential rains, which caused overflows of the Las 
Conchas and Riachuelo in April and May. The exten- 
sions which the company has in hand are making good 
progress, but they do not present any very special fea- 
ture. As regards the existing lines of the undertaking, 
hard-wood way beams upon eighteen small culverts 
have been replaced with iron troughs. About 20 miles 
of single track have been relaid with 85-lb. rails and 
new hard-wood sleepers ; half a mile of sidings at Lujan 
has been renewed with 70-lb. rails ; about 34 miles of 
line at nine stations have been renewed with 80-lb. 
rails ; and 44 miles of single-track near Olascoaga have 
been ballasted with burnt city refuse. Seven miles of 
single track on the Carhué branch have been re-ballasted 
with black earth; about 3} miles of single track 
between Bragado and Olascoaga, and 65 miles between 
Timote and Pico have been strengthened by the addi- 
tion of two extra hard-wood sleepers per rail length ; 
and a mile of single track between Metileo and 
Trenel has been strengthened by the addition of two 
extra steel sleepers per rail length. 

The Buenos Aires Great Southern Railway also 
made a good year’s work of it in 1910-11, the revenue 
collec having been 4,988,380/., as compared with 
4,601,924/. in 1909-10. While there was an increase 
of 386,456/. in the receipts, the working expenses only 
advanced from 2,516,752/. to 2,694,027/. The net 
revenue was, accordingly, larger by 209,181/., coming 
out as it did at 2 964, 3531 as compared with 
2,085,172/. The ratio of the working expenses to the 
traffic receipts declined last year to 54.01 per cent., 
as compared with 54.69 per cent. in 1909-10. The 
ratio attained its highest point in 1906-7, when it 
stood at 57.58 per cent. ; in 1901-2 it was only 46.25 
—_ As in the case of the Buenos Aires Western 

ilway, the Buenos Aires Great Southern Railway 
owed, no doubt, something of its very appreciable 
revenue increase to the opening in the course of 
last year of fourteen extensions, representing alto- 

ther 356 miles of line. At the same time there is 
ittle doubt that the older lines are growing in pro- 
ductibility, the revenue of the undertaking having 
ex ed from 2,373,569/. in 1901-2 to 4,988,380/. in 
1910-11. The ave length of line open last year, 
including lines worked under ments, was 3044 
miles, as compared with 2770 miles. The number of 
locomotives upon the system showed no change last 





ear, remaining, as it did, at 546. This total, it ma 
added, was made up as follows :—Tank poten 4 





engines, 46 ; simple express, 5 ; compound six-wheeled 
coupled, 41 ; six-wheeled coupled compound mixed, 
142 ; four-wheeled coupled simple, 43; four-wheeled 
simple mixed, 43; tour-wheeled coupled compound 
mixed, 49; eight-wheeled coupled compound goods, 
70; six-wheeled coupled simple goods, 28 ; six-wheeled 
coupled compound goods, 47 ; and shunting, 75. That 
an average of 270 more miles of line was worked 
in 1910-11, with no addition to the locomotive 
stock, shows that every effort was made to get 
the utmost possible amount of work out of every 
engine. The quantity of coal consumed per engine- 
mile run in 1910-11 was 40 24 lb., as compared with 
39.43 lb. in 1909-10; the increase observable was 
due io heavier trains having been run. Practically 
the whole of an extension programme authorised by 
the proprietors in October, 1908, has now been com- 

leted, with the exception of a line from Neuquen to 

hili, surveys for which are still being proceeded with, 
as the line will have to cross the Andes. In addition 
to lines constructed under the original extension pro- 
gramme, other short branches from Saladillo to the 
south-west, and from Dorrego to the east, have been 
built. Altogether 603 miles of new line have been 
completed and brought into operation since the 
authority of the shareholders was obtained in October, 
1908. ring the past year bridges and spans were 
renewed on the Chascomus and Maipu and the Lobos 
and Saladillo sections ; a timber viaduct over the flood 
opening in the Neuquen valley also received impor- 
tant repairs. Work is proceeding on a transporter 
bridge over the Riacbuelo, and the sinking of the 
cylinders is now well in hand. An installation for 
eonaning coal from steamers, consisting of two 
Temperley transporters, and a bunker with a capacity 
of 10,000 tons, has been completed. The remaining 
portions of light permanent way between Las Flores 
and Tandil are being renewed with heavy rails on 
steel sleepers. The general results worked out are 
certainly highly satisfactory. 








Computsory Firrinc or Rupper Tyres on Com- 
MERCIAL Motor VEHICLES. — A rumour having been 
current that an Act of Parliament was to come into force 
on January 1 next to compel owners of commercial motor 
vehicles to fit solid rubber tyres to their vehicles now 
running on steel wheels, a letter was addressed by the 
Motor Users’ Association to the Local Government Board 
on the subject, the reply being that the Board knew 
nothing of such an intended Act, nor had any such Act 
been contemplated. 





Gurpr To Patents, &c.—Messrs. J. S. Withers and 
Spooner, chartered patent agents, of 323, High Holborn, 

.C., have sent us a copy of the fifth edition of their 
guide to patents, trade-marks, and designs. The book 
contains thirty-three pages, bound in limp cloth covers, 
and its object is to explain briefly the necessary —- 
to be taken for the protection of inventions and the 
registration of trade-marks and designs. The fees charged 
for obtaining British and foreign patents are stated, and 
much other information likely to of assistance to 
inventors is included in this little book. 

THe Wiians - Diesen Encinr,—On Monday last 
Messrs. Willans and Robinson, Limited, of Rugby, 
invited a number of guests to view one of two sets of 
Diesel engines, recently built by them for despatch to the 
Argentine, where they will be installed at the works of the 
Alianza Company, Limited, Bellavista. The engines are 
direct-coupled to alternators supplied by Messrs. Siemens 
Brothers, of Stafford, rated at 175 K.V.A. Under normal 
conditions of working the engines are capable of develop- 
ing 335 brake horse-power when running at 220 revolutions 
per minute, and will carry an overload of 10 per cent. for a 
period of two hours, The contract requirements, however, 
called for a s of 187 revolutions per minute, at which 
the normal full load of the engine is 280 brake horse-power. 
At Bellavista, where the engines are to be erected, the 
output will be less than this, since the power-house is 
situated at a height of 3200 ft. above sea-level. The air 
being correspondingly less dense, the weight drawn into 
the cylinder on each suction stroke is correspondingly 
diminished, so that the normal output here will be about 
200 brake horse-power, Each engine is of the vertical 
type with four cylinders 15 in. in diameter by 22 in. 
stroke. It is single-acting and uperates on the four-cycle 
principle. The cnn-chalh operating the valves is sup- 

r on brackets from the cylinder covers, and 1s 
Selves by spiral ring from a vertical shaft, which, in 
its turn, is similarly geared to the crank-shaft. The 
latter is fitted with ring lubrication throughout, and the 
crank-pins are also provided with continuous lubrication. 
The governing of the engine is effected = holding open 
for a lo or shorter time the suction valve to the fuel 
pump. The consulting engineers for the purchasers of 
the plant were Messrs. Strain and Robertson, of G Ww, 
and under their auspices continuous 29-hours’ trials of the 
engines have been run before shipment, highly satisfac- 
tory results being obtained. The guaranteed consump- 
tions were : 

15 per cent. overload .. 0.44 Ib. of oil per B.H.-P. hour. 
Full load oe se .. 0.44 Ib, *” ” 


load os eo .. 0.46 Tb. 
load an ea .- 0.52 Ib. 
load os . 0.72 1b. 


We hopa in a future issue to publish a fully illustrated 
description of the engines, and reserve further details till 
then. 
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**MOTION STUDY.” 
To THE Eprtor OF ENGINEERING. 

Sirn,—Your issue & Satuater 15, 1911, has duly 
reached me, and I have with much interest, and have 
to thank you for, your long editorial on my book, ‘* Motion 
Study,” 

With your kind permission, I will now endeavour to 
reply to your criticism of the same. I may say that I 
have been favoured with dozens of reviews of my book, 
but yours is | the second more or less hostile opinion 
of its teachings I have seen. 

If I occasionally use the plural hereatter, please under- 
stand that I refer to the group to which I have the 
honour to belong—viz., the exponents of the new science 
of “scientific management.” Some lus ‘‘efficiency 
engineers,” whilst others dub our methods “applied 
common-sense.” Fortunately, your criticism is not well 
grounded, and after careful ing it seems to be 
you have adopted the mental attitude of the scoffer, 
which would not have been the case had your writer 
known more of his subject, and especially if he had seen 
some of the tremendousand surprising outputs that have 
been obtained by the study of motions. 

Statements may be facts, even though we may not put 
them into operation, due to the opposition of those who 
do not know, but still oppose. 

Your points are similar to those Mr. F. W. Taylor 
has spoken of in his remarkable paper entitled ‘* A Piece- 
Rate System,” and also in his other paper, ‘“‘Shop Man- 
agement,” in which he states that neither the workman 
himself nor anybody. else will believe the remarkable 
things that can be obtained by scientific management, 
or even by motion study, although the latter term was 
not invented when the books in question were written. 

It is therefore not surprising, seeing Mr. F. W. Taylor 
recognised as long ago as 1895 that neither the workman 
himself, nor his employer, nor the manager, could realise 
the tremendous savings and tremendous increases in out- 
put that could be obtained by his methods, that you 
also should be a scoffer; but I think your criticism 
nevertheless is extremely intelligent, and that we should 
treat it that way. I personally am much pleased with it. 
We ought not to find any fault with your criticism for the 
reason that (1) we are right, and (2) we can back up what 
we have said at any time that we are called upon to do 
it. Now while I do not make it a practice to undertake 
the work as an efficiency engineer, use I devote all of 
my time and ability to the systematising of my business, 
which is the most rapid construction of large undertakings 
that ingenuity and practice can accomplish ; yet, rather 
than submit to the criticism such as hus appeared in this 
foremost of engineering papers, I would be perfectly 
willing personally to undertake the systematising of any 
big plant in England, America, or any other place within 
one week’s travelling time of New York City, on a con- 
tingent fee that I be paid one half the saving that I can 


make ; it being understood, however, that I am not pre- | be 


pared to undertake a job that is not big enough to furnish 
sufficient saving for me to neglect my regular business 
long enough to make the demonstration. 

It certainly is not very encouraging to receive such 
criticism as is in ENGINEERING when one considers that we 
are giving to the world the best secrets that we have, in 
the hope that the world may have the benefit of our 
unusual + y= As far us possible we are all trying 
to follow Mr. Taylor. He, by the way, works for no 
wages whatever, and gives his entire time to the public 
in the hope that he may raise the pay of the working men 
and increase the profits of the employers, and in this 
manner get the industrial peace which all countries need 
so much at the present time. 

Your writer seems to have the idea that bricklaying is 
the only trade where this motion study has been applied. 
As a matter of fact, bricklaying has been used as a 
medium of illustration for the reason that it is so obvious 
that anybody can understand it; in fact, everybody 
thinks they know all about bricklaying, and rage og A 
an illustration drawn from this simple trade, which is 
thousands of years old, and which up to the advent of 
“motion study” has been less ‘‘improved” than any 
other known operation, was thought to be less capable of 
misunderstanding than a more complex industry. 

Professor Ira O. Baker, the best-known authority on 
masonry in the United States, whose book on ‘* Masonry” 
is u as a text-book in English-speaking colleges 
throughout the world, states that the only improvements 
in masonry, as such, have been invented in the last 
year or two, and they are : the fountain-trowel, the packet 
for brick or stone, and the non-stooping scaffold, although 
he has. not been generous enough to mention my name 
as the inventor when he makes this remarkable state- 
ment; but perhaps he thought the fact so well known as 
to be not worth mentioning in connection with these 
admitted improvements. 

Bricklaying is by no means the only trade where motion 
study has been applied with such marvellous results (m 
men now lay 3500 bricks a day in less time and with muc 
less fatigue than they formerly laid 1000, they work 
74 hours daily, and are paid 3s. 14d. per hour), but similar 
successful results have been achieved, and quite as re- 
— in ge ee ee concrete-form wn sage 
and crane work, rigging, hoisting, carting, ing of 
heavy weights, and in many other operations, such te 
working of steam-shovels, excavators, rock-drilling, &. 

It is quite the practice to-day for American manufac- 
turers to hire motion-study experts to examine their 
hoisting devices and other heavy machinery with 
the idea of rearranging the handles to the levers, throttles, 
brakes, ratchets, dogs, and other slewing and sontrolling 
devices, that they may have the benefits of the last sug- 
gestion of economy of motions. 

You stated that these two matters are confused in my 





book; to quote accurately, you wrote:—‘‘ This being so, it 
is of i importance to note that two entirely different 
matters are confused throughout the book.” Now, asa 
matter of fact, the two matters are not confused, 
although I see perfectly the writer’s standpoint and view- 
points. He loses sight of the fact that the presentation 
of the two points—namely, (1) study and regulation of the 
actual motions, (2) the use of suitable tools and labour- 
saving appliances—are pur y presented in this manner 
so that the student may see that motion study will 
invariably predict inventions that will tend to make 
motion economy. In the case of the packet, the fountain- 
trowel and the patent scaffold cited in this article, it is of 
tremendous importance that motion study predicted the 
possibility of making this motion economy long before we 
were able to devise the tool, or device, or apparatus that 
would enable us to take advantage of the saving that was 
prophesied by the data taken by motion-study observa- 
tions. I cannot conceive how any one can decide that 
the devices, such as the packet, the fountain-trowel, and 
non-stooping scaffold, should not be used to cite great 
economies that are possible as the result of motion-study 
when they were prophesied, predicted, and invented 
specially as a result of the data that was obtained by 
motion study. It does show, however, that the gentle- 
man who wrote this editorial has been reading closely 
much of the literature. Mr. F. W. Taylor, at the Con- 
vention at Birmingham last year, called particular atten- 
tion to the fact that very often people mistook the devices, 
and the economy resulting therefrom, as the cause of the 
economy under scientific management. He called parti- 
cular attention to the fact that this must not be confused 
with the enlarged and increased output that comes as a 
direct result from methods of scientific management 
themselves. In this case my critic has entirely lost sight 
of the fact that in motion study there have been no 
devices cited, from one end of the book to the other, that 
have not been the direct result of motion-study data. 
Re-reading the book will show this most “-—.° if the 
thought is in mind at the time of reading. Therefore 
these inventions are not ‘‘examples of a class of improve- 
ment which is being carried out every day all over the 
world by people who have never even heard of motion 
study.” 

This fact is recognised in a vague way in the next para- 
graph, which says :— 

“In a sense, of course, all new appliances designed to 
save trouble and to enable operations to be carried out 
more quickly are developments due to motion study ; but 
to refer to them under that name in view of the special 
meaning which it has come to have is simply to confuse 
the issues.” That is not the point at all. There area 
great many inventions that have been made that save 
motions that never were the result of definite motion 
study, where the type and style of the invention was pre- 
dicted by the data of the motion study. I object most 
seriously to that statement where it says :—‘‘He must 
treated like a machine.” That is misleading, unless it 
refers to the fact that the motions made should be made 
as nearly accurate as they would be made by a machine. 

Let us take a very simple example of a case where the 
motions are not made like a machine, and let us take a 
flight of stairs, which nearly every body has encountered 
at some time during their life, where all the steps are 
of a different height and a different width of t , and 
then attempt to go up and down easily, oe. or both 
easily and quickly, and see where you land—probably 
on your hands and knees if you have good luck. It is 
not possible for any man to go up or down this flight of 
stairs like a machine usless they present an oppor- 
tunity which will permit him to make motions like a 
machine, with the accuracy of the piston-rod of an engine, 
each time that he raises his foot or knee. 

Let us take another case cited :—‘‘If he is picking up a 
brick, he must do it with a certain hand in a certain way. 
He must be told where to put his thumband where to put 
his fingers.” Now, motion study shows which is the right 
way to pick up a brick with the thumb and fingers in the 
ideal position. It immediately prophesies that in some 
way or other the brick must be presented to that brick- 
layer sothat he can always pick up that brick in that 
position, and consequently we find that under each end 
of the brick is the only place where it can be supported 
in that way; and this and a few more similar aalinien 
prophesy the shape of the packet a» well as the fact that 
the bricks must be handled in a unit which is the most 
convenient unit and economical unit from a carryi 
standpoint—that is to say, a transporting standpoint, an 
not a standpoint of the must economical sized unit from 
a baking, or coal, or from a conductivity of heat stand- 
point at the time the brick is made. 

: ‘* The failure to differentiate between the saving 
which has resulted from motion duty and the savin 
which has resulted from the introduction of improv 
appliances tly lessens the value of the results of his 
method which are given in Mr. Gilbreth’s book.” How 
would it be possible for the savi recommended as a 
result of motion study, as the p is used in this 
criticism, to be obtained unless that device that was 
shown n by motion study were furnished to 
enable the bricklayer to find the brick in that position 
whereby he could use the prescribed motions. This is 
very similar to giving the smal! boy a jack-knife with the 
proviso that he shall never open it. ie ae I 

The case of the pneumatic riveter herein cited is not a 
parallel case in any way, as it isaclever, well-thought out 
mechanical device which in no way has been pro ed 
by motion study; and it is a well-known fact t the 
knowledge of the most riveters as to where to 
place their feet and their ds, and the motions that 
they use to operate the riveter, is the cause of some 
riveters being able to make a very much larger output 


| than the others, and the young learners are invariably 





taught exactly these motions, except with less exactness 
than a motion expert would advise, and thus the younger 
men are given the experience of the best nn | oldest 
workers, in so far as the old ones are willing or mentally 
able to pass on that information. 

in: *‘The truth of the matter as to the value of 
motion study, as with many other matters, probably lies 
in a compromise hetween the complete acceptance and 
the complete rejection.” This, unfortunately, has been 
the mental attitude of many people since the beginning 
of our Courts of Justice ; anyone following the verdicts 
of juries that do not understand the evidence will notice 
that there is a tremendous tendency for them to hit upon 
a compromised verdict, giving the plaintiff about one-half 
or thereabouts of what he claims, on the theory that 
probably he is partly right and the other side is partly 
right, and therefore if they cut the verdict in halves it 
will be about fair to both sides. 

We do not ask anyone to believe what we say or to 
give us the benefit of any approval whatever on a com- 
promised basis. What we demand is to be given exactl 
what we prove, and no more, “‘ and if the results of room 
study are used in a moderate way and as an aid to sugges- 
tions, &c.,” shows that the critic in this case misses 
entirely the scheme of motion economy. We de not want 
to use anything in a moderate way: it is either right or 
wrong, and we desire to use it in the right way whether 
it is moderate or not. ‘‘We doubt their efficacy, how- 
ever, if they are to be used as the foundations of a cast- 
iron code, which is to instruct the workman as to what 
he is to do in every detail.” The point that we desire to 
make is, that it must instruct the workman in the greatest 
possible details. 

Does not the writer of the article agree with me that 
the correct motions must be used at first when one is 
learning the game of golf, cricket, fencing, boxing, &c.; 
and yet he would lay down the dictum that to teach a 
workman how he should make proper movements with 
his body or his tools, to obtain the best results, is to make 
him a machine. Can he explain why’ Look at the 
hundreds of illustrated books in existence to teach 
learners the correct attitudes at all games, and then ask 
where is there similar literature for the would-be pro- 
ficient workman to study. Is it not time that England 
should wake up? 

Again, ‘‘Mr. Gilbreth mentions military training as 
an example of what can be accomplished by means of 
motion study.” I did not mean “‘ military training.” I 
meant the motion-study training of the sabre exercise 
and the bayonet drill, and for anyone who doubts the 
efficacy of the bayonet drill I would suggest that he send 
three or four men with bayonets against one soldier who 
is Coney trained with bayonet exercise, and see 
exactly where they would land. I do not refer to military 
training in general. Military training does not lead to a 
better class of workers, and [ did not intend to suggest 
that; but the more elastic methods of the workshop would 
never do in the case of the bayonet fighter against a mob. 

Again: ‘‘We cannot believe ultimate good can come 
from codifying every movement that is to be made in the 
operation of one [a capstan lathe], so that the man and 
machine together become a sort of an automatic tool.” 
Sight seems to have been lost of the fact that we desire to 
have the man taught so that he and the machine will 
become a sort of an automatic tool for their first lessons, 
and after that, we are pleased to have them deviate, in so 
far as such deviations will show by actual records that 
better methods can be determined ; but it is not possible 
to get the same results with a man who is not trained and 
_— by data to pick out the best way, and we there- 

ore want the man to do the best way ; that is to say, our 
standard way first until he learns it and it becomes auto- 
matic with him, and then we will pay large prizes for any 
improvements or suggestions that fe can mache. 

Again : ‘‘ ut he will certainly tend to arouse opposition 
and alienate sympathy.” This is unfortunate only for 
the other man ; it in no way will oppose or stop me from 
continuing with what I believe to be my duty to put this 
information before the world, and it has nothing to do 
with the case whether or not “‘if men could but be got to 
adopt and live up to this theory or that, all the ills of life 
would disappear—no doubt they would ;” this in no way 
interferes with the truth of the statement that if all the 
savings that are possible were carried out, that half of the 
workers of the country could be benefited. 

Again: “‘The —y visionary nature of Mr. Gilbreth’s 
ideas is perhaps best illustrated-by the fact that one of 
the foremost of them is the reclassification of all the 
trades.” This is now being done by some of the trades. 

_ =~ “*This book is, of course, concerned in American 
conditions, and his idea is that the United States Govern- 
ment should investigate motions made by working men 
in all trades, and should investigate the ground of the 
various trades, &c.” This is by no means an idle dream, 
for the United States Department of Agriculture, Office 
of Experiment Station, has published Bulletin No. 208, 
entitled ‘‘ The Influence of Muscular and Mental Work 
on the Metabolism and the Efficiency of the Human Body 
as a Machine,” by Francis G. Benedict, Ph.D., and 
Thorne M. Carpenter, D.Sc. 

This shows that the United States Government is 
already doing the very work predicted by me; but I want 
them to go still further, and get all glish king 
countries to come ther for an interchange of data on 
motion study, for the day will surely come when the 
English-s ing people will have to do this, or, when 
the Japanese and Chinese have learned how to do it, 
there is no doubt in the world that they will take our 
markets away from us. | 

I expect to find all kinds of difficulties from the work- 
ing men who believe ‘‘ that restriction of output does not 
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mental attitude of labour in this country would have no 
difficulty in anticipating its general attitude towards Mr. 
Gilbreth’s ideas, it is none the less interesting to have an 
official or semi-official pronouncement on the subject,” 
&c. The same might be quoted to-day regarding the 
opposition of labour people in certain sections against 
machinery, but it in no way interferes with the facts of 
the case. ; 

Your article, on the whole, is one of the best reviews I 
have seen. It has the peculiar feature, however, that it 
is exactly what was expected, and that the review could 
have been written by me before I read it ; and it is exactly 
the conditions that confront the employer, as stated in 
this review, that we expect, and that we are —— to 
overcome in the introducing of these new methods, which 
the more they are discussed and criticised, and adopted, 
the better for all concerned. 

In the last two weeks, in the face of exactly such 
op ition as here mentioned, in Canada I overcame the 
objections and the prejudices, and increased about ten 
men’s wages from 14 dols. to 2 dols. 30 cents per day, 
where the ruling wages for that class of labour were 
1.50 dols., and I increased their output from 6 to 23, and, 
incidentally, had to overcome every one of the objections 
cited in your leader, and many more ides ; in fact, 
the working-men were so suspicious from having received 
unfair treatment in the past, that as fast as they achieved 
their task of an output of 23 units they left their job, 
believing that there was some hidden trick to be played 
upon them, and it was with great difficulty that they 
could be persuaded to stay long enough to see that it 
was the economy of the motion study that enabled me to 
pay the additional wages for the larger output which I 
received without speeding up the men, but simply from 

ter economy from the motions. 

If you will read ‘‘Shop Management ” carefully, you 
will find time and time again where Mr. Taylor pro- 
phesies that the owner and the average man—in, fact, the 
working man himself—believes exactly as does the writer 
of your article. 

‘ith best wishes, 
I remain yours very truly, 
FRANK B. GILBRETH. 

60, Broadway, New York, September 27, 1911. 

{It is difficult to reply to Mr. Gilbreth’s letter in mode- 
rate compass, and to attempt to deal with it in detail 
would involve an article as long as our original leader. 
As we propose, however, to-return to this subject at a 
later date, it will be sufficient if, for the moment, we 
confine ourselves to the more important points which are 
raised. The main line of our criticism was that two 
radically different matters were confused throughout the 
book, and, while this is clearly recognised in the above 
letter, we cannot admit that Mr. Gilbreth has succeeded 
in destroying our case. We have no wish to dispute 
about words or phrases, and if Mr. Gilbreth contends 
that ‘* motion study” means the studying of a work- 
man’s motions with the idea both of improving the 
appliances he uses, and of laying down a e of 
motions to which he and others are to conform in the 
future, we have no objection to adopting the same 
definition. This, however, does not alter the fact that 
savings due to improved appliances, and savings due 
to organised and formularised motions, are absolutely 
independent things And it does not alter the fact that 
it is impossible to learn from Mr. Gilbreth’s book how 
much of the saving he claims was due to improved appli- 
ances and how much to o i motions. That the 
study of a man’s motions, with whatever object, may well 
lead to improvement in the appliances he uses we admit 
—indeed, we said as much in our article—but this does 
not render savings due to such improved appliances com- 
parable in any proper sense with savings due to the 
organising and oot 2G of his motions. 

"Phe other point raised in Mr. Gilbreth’s letter, which 
appears to demand a reply, has reference to the fact that 
beginners at games—golf, cricket, &c.—must be taught 
the correct motions at the outset. This is, of course, true, 
but, so far from destroying the general attitude taken up in 
our article, the example appears to reinforce and solr 
prop our position. tion study.at golf or any other game 
is used only in the moderate way for which we pleaded and 
which Mr. Gilbreth repudiates altogether in the paragraph 
immediately preceding that which raises the question of 
games. It is common knowledge that golf-players of 
any ability have all quite different styles and motions one 
from another, and that, than their practice, nothing could 
be further from adherence to a cast-iron code. Thesame 
applies to lawn tennis and all other games. If motion 
study is merely to mean that when poe | an absolutely 
new process, or game, a man is to be told how to do it, 
or play it, it is difficult to see that there is anything new 
in the matter at all. It is many years now since we first 
started in the shops, but one of our experiences was being 
taught how to hold a hammer and chisel when chipping 
at a vice.—Ep. E. 





NEW ZEALAND HEMP. 

. — THE Eprror 4 as me 5 Zen 

Srr,—For many years t the le of New and 
have been looking eumelte a oh any neering mechanical 
or chemical, for the dressing and preparation of their 
native hemp, known as Phormium tenazx. 

As Trade Commissioner in 1897-8, I personally made 
widely known throughout Great Britain, America, 
Canada, and other countries the many benefits that would 
accrue to the fortunate inventor who could reduce the 
cost of dressing the — blade, improve the quality of 
the fibre, and save the enormous waste now occurring 
under the present crude method of disintegration. To 
encourage engineers, mechanics, and chemists t 
the world to turn their attention to this valuable product, 





the Seddon Government offered 2000/. as a prize to the 
successful competitor, free of any other conditions as to 
the ultimate sale of the patent. : 

It is instructive to note that New Zealand hemp is 
indigenous to the soil of the Dominion, grows in every 
= of the country, without special cultivation, and the 

nd in many places has produced crops upwards of 
40 tons tothe acre, or an average of about 5 to 54 tons of 
dressed fibre. This makes the cheapest cordage and is 
specially suitable for binder twine for harvesting opera- 
tions, for which there is an increasing demand throughout 
the grain-producing countries of the world. If by any 
improved process a saving could be effected of even 5/. per 
ton, this would mean 150,000. per annum on the present 
output from New Zealand, wh y I see no reason why the 
Dominion could not profitably export 100,000 tons yearly. 

As one of the results of my investigation of the fibre 
markets in many countries, the Government, upon my 
strong recommendation, adopted a ry grading 
system, which, I pointed out, would protect the honest 
miller, correct the carelessness of others, and, above all, 
secure the confidence of oversea buyers—the latter a 
desideratum of the greatest importance to any country 
desiring to extend and improve its export trade. From 
that time forward prices began to rise from the low level 
of 10, per ton to 30/. per ton, with a corresponding deve- 
lopment in the annual exports, which gradually increased 
from 1800 tons in 1896 to 30,000 tons in 1906, the best 
argument in favour of the Government grading system. 

The Department of Agriculture, recognising the value 
of the hemp industry, offered on February 13, 1899, two 
bonuses of 1750/. and 2501 respectively, some particulars 
of which are appended hereunder. These amounts have 
not been paid over, and although the time limit has 
expired, I feel persuaded the Government would willingly 
restore the bonuses to encourage bond fide efforts in the 
direction referred to. 

Bonus No. 1. 

A bonus of 1750I. is offered for a machine or process for dressing 
New Zealand hemp (Phormium tenax) which shall be an improve- 
ment on the hi or pr now in use, and which shall, 
after trial, be found materially to reduce the cost of production, 
improve bred amapanang or increase the quantity of dressed fibre. 

e following are the conditions :— 

1, All oration for the bonus must be addressed to the 
Hon. the Minister for Agriculture, Wellington, and must reach him 
not later than March 31,1900. Each application must be accom- 
panied by a description of the machine or process, particularly 
stating improvements on present hines or pr , an 
the cost at which the machine or process can be supplied. 

2. The applicants must be prepared to submit their machines 
or processes to examination at such time and place as the Govern- 
meut may direct. 

3. The Government shall appoint a committee of three or more 
experts, to whom all applications shall be submitted. Such 
committee shall, after perusal, state what machines or processes 
they deem worthy of consideration, and may inspect the same 
at any place within the colony ; and, having so inspected the 
whole or any of them, may direct that the whole or any of them 
be brought for further trial to such place as they may think fit. 


Then follow particulars of the tests, &c., and the 
criteria of efficiency. 











Bonus No, 2. 

A bonus of 2501. is offered for a process of utilising the waste 
products of the hemp. 

The first three conditions of bonus No. 1 to apply to this also. 

The committee shall supply a sufficient and equal quantity of 
the waste products to each process as a test. 

On completion of the tests the committee shall report to the 
Minister, and shall give the following particulars of each process : 
—({a) The nature of the article made. (») The quantity produced, 
and the cost of production, (c) The value of the product. (d) 
Whether any of the processes are of sufficient importance to war- 
rant the Minister in giving (1) the whole, or (2) any part, of the 
bonus ; (3) if a part only, how much. 

I hope the foregoing information will lead to more 
active operation by your numerous clients throughout 
the United Kingdom. 

Yours faithfully, 
: JoHun Houmes. 

Tavistock House, 19, Upper Woburn-place, 

London, W.C., October 24, 1911. 





MOULDING-MACHINES. 
To THE EpiToR or ENGINEERING. 

Sir,—I feel considerable reluctance in trespassing 
further upon your valuable space, but I am glad that my 
letter has brought a distinct denial from Mr. Horner to 
any claim on Mr. Pridmore’s behalf of ‘‘ originating” the 
“Die” moulding-machine ; but it is still vague to my dull 
perception as to what he does claim Mr. Pridmore ‘“‘origi- 

and developed,” unless it be some small mechanical 
details, in his various descriptions of Pridmore’s machines, 
not embodied in earlier types. I am inclined to think 
that the ‘‘ essential ” feature in this type of ‘‘ Die” mould- 
ing-machine, which Mr. Horner is describmg, is the 
** Die,” and not various small mechanical details embodied 
in its manifold variety of designs. 

The illustration I sent you of Messrs. Howard’s ma- 
chine will, I think, have convinced you, Sir, that the so- 
called “‘ essentials,” named by Mr. Horner, of ‘‘ the main 
frame ;” the ‘‘movable, or yoke frame,” with its upper 
and lower guides; and ‘‘the hand-lever and crank- 
shaft,” or their mechinical equivalents, are practically 
existent in this machine, as they are in several machines 
in daily use in our foundry, and have been for over 
twenty years, the only addition, practically, in Mr. 
Pridmore’s, being a counterbalancing spring, or weight, 
for heavy patterns. ‘ = 

I have referred to Mr. Horner’s article, No. XXXIL, 
again, in which he commences by stating ‘‘an extensive 
series of moulding-machines is manufactured by Mr. 
Pridmore ;” then goes on to say that ‘‘ these were origi- 
nated and de by thesame gentleman (for a speci 
reason),” after which he proceeds to describe these 





I can dnly read this article as being a claim for 
“originating and developing” a machine which he pro- 
ceeds, a féw lines further down, to describe ; and in the 
description of this machine I maintain there is nothing, 
practically, of an original character beyond Howards 
machine, unless it be in a few minor details, but, at the 
same time, I fully admit a small ‘‘ development” of 
mechanical points. 

I must now leave your readers to draw their own con- 
clusion as to whether my criticism has been without a 
basis, or whether this conclusion is one that is singular to 
Mr. Horner, and I do not intend to trespass any further 
upon your valuable space. 
Yours faithfully, 

ERNEST SAMUELSON, 
Britannia Works, Banbury, October 24, 1911. 








THE NEW INDIAN PATENTS ACT. 
To THE EprTor oF ENGINEERING. 

Siz,—May I through the columns.of your paper bring 
to the notice of such of your readers as are interested 
in Indian patents the fact that a new Act comes into 
force in India on January 1, 1912, which will alter 
the conditions under which valid patents are obtainable ’ 
The particular point to which I should like to draw 
attention is, that, under the new Act, valid Letters 
Patent cannot be obtained for an invention which has 
been previously used or published (as by the printed 
British specification) in India. Under the present Act, 
however, it is allowable to file an application at any time 
within one year of the filing of the British application, 
or of the actual sealing of the British Letters Patent. 
Therefore, any intending applicants for Indian patents 
of which the corresponding British specifications are now 
published, or will be published by December 31 next, 
should take care to have their applications filed before 
that date. 

Yours faithfully, 
Cuas. B. KRr.ey. 

128, Colmore-row (opposite Eden-place), Birmingham, 

October 24, 1911. 





Stream Triats or H.M.S. ‘‘Sanpriy.”—The torpedo- 
boat destroyer Sandfly, built for the British Navy b 
Messrs. Swan, Hunter, and Wigham Richardson, Limited, 
Newcastle-on-Tyne, and fitted with her machinery by the 
Wallsend Slipway and ws mpg | Company, Limited, 
Wallsend-on-Tyne, completed on Monday, the 23rd inst.., 
her official 8 hours’ steam trials, when she attained a speed 
of 27.7 knots with the turbines running at a mean of 
741 revolutions and developing 15,700 shaft horse-power. 
The designed speed was 27 knots. On her 24 hours’ 
fuel-consumption trial on the preceding Wednesday the 
oil used was about 1 lb. per shaft horse-power per hour. 
The Sandfly is 240 ft. long, 25 ft. 9 in. beam, and at 
7 ft. 10 in. draught displaces 780 tons. She is armed 
with two 4-in. quick-firing and two 12-pounder guns. 





Economy IN Steg MANvuFrACcTURE.—Mr. Walter Dixon, 
in his presidential address at the West of Scotland Iron 
and Steel Institute, on the 20th inst., pleaded for a fuller 
application oi electricity in iron and steel works. With 
one or two exceptions it had not, he said, been applied to 
reversing rolling-mills, notwithstanding its extensive and 
largely extending adoption on the Continent, and the 
fact that there were no adequate grounds for supposing 
that the maintenance and work of a properly designed 
electrical equipment would not compare favourably with 
steam driving. As early as 1896 blast-furnace gas was 
utilised in Scotland in gas-engines ; but difficulties were 
assumed in the profitable and economical disposal of the 
energy, in view of the favour with which existing steam 
plant was viewed. With the undoubted efficiency of 
electricity gas could now be used ; and even if the supply 
of were deficient, a small number of blast-furnaces 
Seal te united to supply adjoining works. The building 
of producers usin | was justified by the economy 

isable, icularly as the residual products were so 
valuable. The secon t of the address was devoted to 
a plea for more liberal legislative treatment of industries. 


Conrracts.—Messrs. Ed, Bennis and Co., Limited, 
Little Hulton, Bolton, and 28, Victoria-street, S.W., have 
recently received orders for forty-six stokers and self- 
cleaning compresséd-air furnaces. The great bulk of these 
orders are from firms who already have such furnaces in 
use.—The Midland Railway Company has extended its 
contract with the Pearlite Steel Company (1910), Limited, 
Royds Mill-street, Sheffield, for a further two years, until 
December 31, 1913, for their pearlite hardening only 
chisel steel.—Messrs. George Fletcher and Co., Limited, 
Masson Works, Derby, are about to send out to the 
island of St. Croix a complete five-roller sugar-cane grind- 
ing plant with hydraulic attachment, steel gearing, and 
heavy horizontal engine. This plant is the third sent out 
to this island to the same firm during the last few years. 
—We are informed by the British Westinghouse Electric 
and Manufacturin mpany, Limited, Trafford Park, 
Manchester, that they have, among other orders, recently 
received the following :—From Sir Wm. Arrol and Co., 
Limited, one 60, two 50, six 35, two 12; five 10, and four 
aeeneane 220-volt motorsand spares. From Messrs. 

ulse and Co., Limited, for Japan, various types “‘G. 
motors and From Messrs. Strakers and Love 
one 174-horse-power Song ae and liquid starter. 
From the Linde British rigeration Company, for 
Bristol Dock, Avonmouth, two 45, two 74, and three 
7h-horse-power 500-volt ‘“‘G.” motors; and for Messrs. 
Stothert and Pitt, Limited, for Bristol Docks, equipment 
for nine 2-ton electric cranes for Avonmouth, nine 40, 
nine 12, and nine 6-horse-power. 500-volt motors, control- 


gear, and spares. 
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| under repeated repetitions of stress is entirely different 


THE ENDURANCE OF METALS. | from the fracture caused by the single application ot a 
— Y t University College, rger stress in a testing-machine, and the -looking 
a teeter aay ens pha ts - fracture of a broken piston-rod or crank-shaft is often 


é taken as a proof that the material is, or has, grown too 
By E. M, Epen, of the Armstrong College, New- brittle for hae service. The appearance of the fracture 
castle-on-Tyne, W. N. Ross, and F. L. CUNNINGHAM, | i, such cases is probably responsible for the common 
Graduate, of London. idea that a soft ductile material is most suitable for with- 
WHEN a piece of metal is subjected to alternating or standing alternating stresses. 
intermittent stress, the metal may fracture after a large The classical researches of Wéhler included experi- 
number of alternations or repetitions of stress, although ments on repeated tensions varying from 0 toa maximum, 
the maximum stress applied is consider- eo 
ably less than would be required to frac- 
ture the material with a single application. 
As in the large majority of cases, metals 
used by engineers are subjected to varying 
stresses, and as failure, when it does occur, 
usually happens after a large number of 
repetitions of stress, the importance of tests 
on alternating stresses is very great. It is 








Fig. 2. DOUBLE UNIT OF THE TESTING MACHINE. 


the stress diminishes. If a number of experiments with 
different maximum stresses applied are considered, and 
the applied stress is plot against the number of 
repetitions to cause fracture, the points are found to lie 
more or less on a curve, which appears to become nearly 
horizontal after a few million repetitions. The stress 
where the curve is horizontal is the limiting stress which 
can cause fracture after an indefinite number of repeti- 
tions. The exact form of this curve is difficult to obtain, 
and repeated bending and repeated tensile tests by 
various experimenters with different types of testing- 

















Fig1.METHOD OF LOADING THE TEST SPECIMEN. 
































Fis, 3. Unit or Testinc-Macuue. 














Fie. 4. Compiete Trstinc-Macuine. 


doubtful if a direct tensile test of a piece of steel givesany repeated torsion, and on revolving bars subjected to 
very definite information of its capacity to resistalternating a bending moment while revolving ; in this last case the 
Stresses. The hard brittle-looking fracture of steel broken stress in the outside fibres varies from a maximum tension 

= a - —-|to @ maximum compression, and the range of stress is 
aper read before the Institution of Mechanical twice the maximum imposed stress. In every case the 





Engineers on October 20, j number of repetitions to cause fracture increases as 





machines give results differing considerably in their 
general character. 

The tests described in this paper were undertaken with 
a view to finding, if possible, the form of the stress- 
repetitions curve for any one material, and to determine 
the effect of speed or rate of alternation of stress on the 
stress-repetitions curve and on the limiting resistance for 
an indefinite number of repetitions. The testing-machine 
was specially designed and built with these objects in 
view, but the tests deal also with the comparative endur- 
ance of various materials and with the effect of rests, 
vibration, surface and form of test-piece, and annealing 
on endurance. 

Description of Testing-Machine uscd in the Experimer.ts. 
—The testing-machine is of the revolving-beam type, in 
which the test specimens are subjected to a uniform 
bending moment while revolving on their ownaxes. The 
method of loading the test specimen is shown diagram- 
matically in Fig. 1.* The test-piece, 4 in. in diameter 
and 12in. long, is supported on swivelling bearings at 
Aand D and loaded at B and C. The distance between A 
and Band between C’and D is 4 in. The central portion of 
the test specimen is reduced in diameter, and the bending 
moment is uniform over the reduced portion and numeric- 
ally equal to 2 W inch-Ib., where W is the total load on B 
and C in pounds. 

The maximum stress on the test-piece is calculated 
from the formula 


where 7 is the maximum stress, M the bending-moment, 
and d the diameter of the reduced portion. 

A double unit of the machine is shown in Fig. 2(above) ; 
and Fig. 3 (annexed) shows a single unit. To prevent 
possible torsional stresses in the test specimen due to acci- 
dental seizing of the bearings, and also to prevent heating, 
ball-bearings are used at A, B, O, and D, Fig. 2. 

The test-piece T is driven by means of a double 
universal joint U and a clutch K from the spindle 8, and 
is supported on the two swivelling ball-bearings A and D. 
The load W is supported by means of the cross-bars on 
the two swivelling ball-bearings Band C. The clutch K 
was added so that any specimen could be withdrawn 
after fracture, and a new specimen inserted, without 
stopping any other specimen. The revolution counter N 
is driven by worm and wheel from the test specimen ; it 
stops automatically when fracture occurs, and the outer 
end of the specimen is thrown clear of the revolving part 
by suitable inclined slopes on the cross-bars. 

The complete machine, Fig. 4, annexed, and Fig. 6 
(page 576), consists of three double units on an angle-tron 
frame ; the three spindles S being driven by belt and cords 
and a counter-shaft from the motor. The speed at which 
the spindles and test-specimens revolve can be varied by 
using different belt-pulleys on the motor and counter- 
shaft. The spindles S were originally driven from the 
counter-shaft by a chain, but as this was too noisy, the 
leather-cord drive shown was substituted. 

Fig. 2 shows the machine as at first arranged, using 
12-in. specimens ; these are shown to a larger scale at B, 
Fig. 5, and d, Fig. 7 (page 576), The 12-in. specimens 
were used in the series of tests numbered X VI. to XX. 
In the earlier series of tests, Nos. I. to X V., short test- 
specimens and holders, shown at A, Fig. 5, were used, 
and C and D, Fig. 5, show the modified holders used in 
the series of tests XXI. to XXVII. and XXVIII. to 
XXXVII. 

The use of holders was a very great convenience, as the 
test-specimen could be slipped into place quickly, and the 
short specimens that could be used with the holders were 
much easier to pre than the long 12-in. specimens, 
and enabled a much larger number of test-pieces to be 
made from a bar of material. For these reasons holders 
and short test-pieces were used in the majority of the tests. 
The corrosion and wear of the holders was, however, an 
objection to their use, and on this account the original 





* A revolving-beam testing-machine of the type shown 
in Fig. 1 was used by the late Professor Sondericker at 
the Massachusetts Institute of Technology, U.S.A, See 
“* Technology Quarterly ” of 1892 and 1899. 
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long test-pieces without holders were reverted to in the | used in the teste; they are distinguished as quality A 


series of tests X VI. to XX. 

Rests.—For various reasons the tests were not all run 
continuously without a stop. In diagrams, Figs. 8 to 31 
(pages 577 to 580), the number of r’s marked on the obser- 
vation points shows the number of times that the test 
was speed before fracture. The symbol R refers to an 
overnight rest of several hours, and r refers to a shorter 
rest. The unmarked tests were run continuously without 








|and quality B, and the letters C and D are used to dis- 


— between two qualities of blued rolled Bessemer 
steel. 
DESCRIPTION OF TESTS. 
Following is a short account of the tests; the object 
aimed at throughout was to find a material and form of 
test-piece which should give a perfectly definite streas- 


astop. During the rests the load remained on the test- | repetitions curve, and to find the effect of speed or rate 
piece. It does not appear that these rests have any | of alternation of stress on this curve. 


appreciable effect on the total number of revolutions up 
to fracture. 

Vibration.—With truly turned test-pieces and holders 
the machine runs quietly, and with very little vibration 
at all speeds used, only a slight tremor being felt when 
the hand is placed on the central ball-bearings, and this 
tremor does not reach the scale-pan and weights. In 


| points lie irregularly, 


Serizs I. (a A).—Five tests of ,%-in. blued rolled Bes- 


| semer steel quality C, untreated, at a speed of 1100 revo- 


lutions per minute. 

Serres II. (a A).—Sixteen tests of the same material, 
but annealed. The plotted results of these two series are 
shown on diagram, Fig. 8 ( 577). In both cases the 

ut the effect of the annealing is 


some of the tests, after the holders had worn and corroded, | quite marked. 


there was, however, considerable vibration, and in some | 


cases the weights were rattled about on the scale-pans, 
making a considerable noise, the noise increasing to a 


maximum, and then quietening down a number of times | 


Sertss IIT. (a A).—Thirteen tests of ,;-in. blued rolled 
Bessemer steel (C), turned and annealed. Speed, 600 
revolutions b on minute. The results of this series, dia- 
gram, Fig. 9 (page 577), give a fairly definite curve with 


during the test. This vigorous vibration and noise would | the exception of three tests which are apparently weaker 
be naturally expected to cause fracture sooner, but it will | than the others. 
be noticed that in many cases tests which showed con- | 


Fig.5. 
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Serres IV. (a A).—Eleven tests of the same material 





Fig.6. COMPLETE TESTING MACHINE. 
S S S 


The maximum variation in endurance is large, one 
specimen running four times as long as another before 
fracture (Diagram, Fig. 11, page 577). 

Series X. (a A).—Exactly the same as Series IX., but 
the specimens were polished ; there is no improvement in 
uniformity, but the effect of the polishing is shown. 
Diagram, Fig. 11. 

It was thought that a ground surface might give more 
uniform results. To facilitate the grinding, and also 
because a larger radius was thought to be desirable,* the 
form of test-piece was altered to that shown atc, Fig. 7 
(below). The grinding was done dry with a rather coarse 
carborundum wheel, and the surface, after grinding, was 
rough in appearance. The same grinding-wheel was used 
for all the test-pieces which are described as ‘‘ ground” 
to size. 

Serres XI. (c A).—Eight tests of }-in. bright-drawn 
mild steel, quality B, ground to 2 in. in diameter. This 
is the first test of this material, and shows very irregular 
results. Diagram, Fig. 11. 

Series XII. (c A).—Five tests of cast-iron specimens. 
With one exception these either broke within two minntes 
of the application of the load or were unbroken. The 
figures are given on diagram, Fig. 11. 

Series XIII. (c A).—Eleven tests of 4-in. bright-drawn 
mild steel, quality A, ground, at 600 revolutions per 
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Fig.7. Test- Pieces. 


atone, 
also annealed, but the 
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turned-down portion was 
carefully polished with the 





finest emery cloth and oil. 
Speed, 600 revolutions per 
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wea tf} .— —\r minute. The curve shows 

more irregularities than 

: Series III., but the effect 

of polishing is very marked. 
Diagram, Fig. 9: 








Series V. (a A).—Nine 
tests of 4-in. bright-drawn 
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per minute. This material 
appears to give more uni- 


5 6 INS form results. Diagram, 
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siderable vibration gave as good results as others. It, 
nevertheless, seems to be of great importance that the 
test specimens ——_ Pople be se te BURA teste whe 

In diagrams, Fi to pages 577 to 580), i 
were noticed as showing vibration are indicated by the 
symbol v; v meaning slight vibration, vv considerable 
vibration, and vvv excessive vibration. ‘ 

Tests Made on the Machine.—Diagrams, Figs. 8 to 31.— 
With the exception of a few series of tests in which the 
number of tests in the series is too few to be of any value, 
all the tests made on the machine are shown by observa- 
tion points on Figs. 8 to 31. The tests were all carried 
out between June, 1906, and December, 1908, and the 
series numbers are in chronological order. The letters in 
brackets after the series numbers refer to the form of test- 

iece and holder, shown in Figs. 7 and 5 respectively. 

he bar numbers refer to the various bars of metal from 
which the test-pieces were cit. Every bar of metal is 
given a separate bar number vith the exception of bars 
numbers 9, 10, 19, 20, and 24. Bar No. refers to a 
number of short-turned bars of pagina, ose type A vana- 
dium steel, and bar No. 10 toa number of short-turned 
bars of annealed type A vanadium steel, all of which were 
supplied by Messrs. Willans and Robinson. The whole 
of these short bars were made from a single length of 
vanadium steel, the only difference between 9 and 10 
being in the heat treatment. Bars Nos. 19 and 20 refer 
to a number of 12-in. turned bars supplied by Messrs. 
Willans and Robinson. was cut up into three 
short tapt-plesss, and no record was taken from which 
bar they were e. 

Bar No. 24 refers to a number of short lengths of trolley- 
wire which were in stock, They are believed to be all cut 


facto ent. 
rTwo qualities of }-in, bright drawn mild steel were 


SS ® = S 





‘ Fig. 10 ( 577). 

As previous tests had shown that ishing the sur- 
faces of test-pieces had a considerable effect on the 
resistance of the steel, it was thought that the varia- 
tions from a smooth curve might be caused by small 
surface scratches which wére not always removed by 
polishing. 

Series VI. (a A) gives the results of ten tests of the 
same material (bright-drawn mild steel) turned and 
peites. and scratched all over with sewing-needles. 

his shows no improvement in uniformity of results, but 
the reduction in the resistance of the material due to 
scratches is clearly shown. Diagram, Fig. 10. 

Srries VII. (b A).—Seven tests of the same material, 
a Re _— yoy — with a one Vv peers. 
ig. above) ; the points lie very i , one bei 
almost on the Series VL curve. Solaray as ™ 

Series VIII. (6 A).—Exactly the same as Series VIL., 
but all six specimens were run together at the same time, 
and all were subjected to the same bending moment. The 
variation in stress is caused by variation in diameter from 
0.35 in. to 0.42 in. The variation from a smooth curve is 
rather greater than before. 

These two Series VII. and VIII. are shown ther 
on diagram, Fig. 10 ; the great irregularity is ly due to 
inaccurate measurement of the diameter at the bottom of 
the V groove, which was measured after fracture with a 
seale to the nearest ;$; in. only. An error of yj, in. 
diameter corresponds to about 8 per cent. error in the 
calculated stress. The effect of the sudden change of 
section is clearly shown. 

' Serres IX. (a A).—Six tests of the jin. bright-drawn 
mild steel, quality A, run concurrently with the same 
bending moment on all the specimens, which were plain 


turned. Owing to small variations in diameter, the stress 


8 not quite the same for all: 





minute. The results are very irregular and are shown on 
diagram, Fig. 22 (page 579), the lower curve. The remark- 
able symmetry of the tensile fractures of some vanadium 
steel tested at University College at this time suggested 
this material as likely to give consistent results in 
repeated-loads tests. Tene preliminary tests appearing 
to bear out this idea, Messrs. Willans and binson 
kindly supplied a large number of test-pieces for more 
extended tests. 

_Serigs XIV. (c A) gives the results of eleven tests of 
oil-tempered vanadium steel. While the results are an 
improvement on Series XITI., there is still considerable 
variation from a smooth curve. Diagram, Fig. 12 (page 

77). 

Series XV. (c A).—Eleven tests of annealed vanadium 
steel. These results are extremely irregular; this is 
believed to have been caused by some of the test-pieces 
being a loose fit in the holders. Diagram, Fig. 12. 

_ The: holders shown at A, Fig. 5 (above), were by this 
time considerably bell-mouthed, and it was thought best 
to give up their use and use 12-in. specimens, as shown at 
B, Fig. 5. This was the form originally intended to be 
used when the machine was built, but the t con- 
venience of using specimens only 37 in. long, which could 
be easily slipped into position, had bender y adoption of 
the holders. 

Sgxtrs XVI. (d B).—Fifteen tests of }-in. bright-drawn 
mild steel, quality A, test-pieces 12-in. long, turned and 
ground, 600 revolutions per minute. This series shows a 
great improvement on XV., and gives a fairly definite 
curve. jiagram, Fig. 13 (page 577). 

Sgries XVII. (d B).—Fourteen tests of 12-in. test- 
pieces of. the same material, but at a much lower speed, 
300 revolutions per minute. This gives a still more 
uniform curve. ars Fig. 14 (page 577). 

Serres XVIII. (d B).—Thirteen tests of 12-in. test- 
pieces of the same material, but at 1300 revolutions per 
minute. This curve is not quite so good as X VIL, but, if 
anything, shows less variation than XVI. Diagram, 
Fig. 15 578). 

ERIES XIX. (d B).—Eleven tests of bright-drawn 
wrought-iron rod, test-pieces 12 in. long, 1300 revolutions 
per minute. 

The wrought-iron rod was not quite straight, so that 
these test-pieces did not run truly. Two of the test- 
= ome straightened before testing. Diagram, Fig. 16 

78). 

Serres XX. (d B).—Twelve tests of the same material 
at 600 revolutions per minute. All specimens carefully 

* Several of the earlier test-pieces shown at a, ~ 
broke high up on the radius, and not at the smallest 
diameter. 
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- A). &” diam. Blued Rolled. Bessemer Stee! C, Bar No.1, Untreated, turned. Speed 1,100r. perm. “srniES V (aA). 4” diam, bright drawn Mild Steel A. Bar No. 3. 
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ad . of ve - » Annealed, —,, x 
} ” ut ” ” ” ” ” 560-600 ; 



















































































Untreated, turned and polished. Speed 
560-600 r. per m. 

































































Fig. 9 Vv anna nealed terned » Ve - bright drawn Mild Steel A. Bar No. 3. Untreated, turned, polished and 
lL» Vin» " . and polished. “ scratched. Spéed 560-600 r. per m. 
y . 4 . § 
Fig 9 TONS Fig.8. » VIT@A) ” bright drawn Mild Steel A. Bar No. 4. Untreated, turned vee groove. Speed 
, PER 500-600 r. per m. 
Oo 200 » VI» " bright drawn Mild Steel A. Bar No, 4, Untreated, turned vee groove. Speed 
30. 
SENT 8 CRACKED E SERIES | 560-600 r. per m. 
—7 7 TONS 
2 UNTREATED PER 
rd 4 oO Fig.10. 
5 1'\<-+— SERIES I, 30 
ad ; } ANNEALED —_ 
Md - 
20 Ya vy 
SERI i ce Lo eee 
th -DERIES IV, Polisnen. 4 a. ue piagires 
.- 2 oe A a i“ Ap » SERIES V, 
w +— ae +——— 2 Lona ke 4 , F aks wate wer 
F 7 id SERIES x wy------ 4 . aa | , 
5 Hl’ TURNED. pa 20 — 
it eevee vu... | ——+} «. 
Oreo uprey “——\ SERIES Vi, 
a: 4 ro . SCRATCHED 
a ra 
1 $2 = UNBROKEN. © l ae / < 
& = LONG “REST.” ] vv rir [ \ \. 
] y = SHORT “REST.” -, SERIES a ED. 
29 = SLIGHT VIBRATION. vee CROOVE x. > 
° af 
) 200 400 600 800 1,000 
(2497) THOUSANDS OF REVOLUTIONS TO FRACTURE A = LONG “REST vy = CONSIDERABLE VIBRATION 
Nore.—The letters in brackets after the Series Nos. refer to the form of test-piece and a fidescon’ “east ee — 
holder, shown on Fig. 7 and Fig. 5 0 200 400 600 — vieo 
Cane) 


SERIES IX (aA). 3” diam. bright drawn Mild Steel A. Bar No. 4. Untreated, turned. Speed 560-600 


+t. per m. 
bright drawn Mild Steel A. Bar No. 4. 


” xX» ” Untreated, turned and polished. 
jpeed 560-600 r. per m. 

- XI (cA). » bright drawn Mild Steel B. Bar No. 5. Untreated, ground. Speed 560-600 
r. per m. 

» AH , aw” cast-iron bar. Bar Nos. 6and7. Untreated, ground. Speed 560-600 r. per m. 

TONS 

PER . 

gy Fig.i1. 

Kt 


SERIES Xi, 8 QUALITY, GROUND. 
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°o 


SERIES X, a QuaLity, 






























































ra POLISHED. 
ws 
3 
os SERIES IX, A QUALITY, TURNED. 
&# = LONG “REST” 
vy = SLIGHT VIBRATION. 
G * 
O 124976) 200 400 600 800 1,000 
THOUSANDS OF REVOLUTIONS -TO FRACTURE 
Serres XII. 
Bar No. Stress, tons per sq. in. Total Revolutions before Fracture. Remarks. 
7 12.6 300 
7 11.7 1,200 — 
7 11.1 400 _ 
6 9.8 622,000 RR 
6 8.9 836,000 RRR unbroken 
Fig.12. 
Series XVI (d B). 4” bright drawn Mild Steel A. Bar No. 11. Untreated, ground. Speed 560-600 r. per m 
TONS 
PER 
oC i\ B 
30 - 
7 2d ar 
Be ee 
-+¢ < < 
4 ™ . } 
: ° aa 
dete - A 
20 a, 7 
Fa * 
rrr, 
” 7 . a 
2) 
wad 
e 
10 J 
4 # = LONG “REST.” ‘ 
7 y = SHORT “REST.” 
4 
Q 
° 200 400 600 800 1,000 


THOUSANDS OF REVOLUTIONS TO FRACTURE 





THOUSANDS OF REVOLUTIONS TO FRACTURE 
Nore.—The letters in brackets after the Series Nos. refer to the form of test-piece and 
holder, shown on Fig. 7 and Fie. 5 
Fig.t2. 
Sexres XIV (cA). Vanadium Steel Type A. Bar No, 9. Oil Tempered, ground, Speed, 560-600 r. per m. 
xV Annealed, 


” ” ” ” w- 10, . ” ” ” ” 


o 
30 


ANNEALED. 


STRESS 


- 

St = UNBROKEN. 

A = LONG “REST” 

v = SLIGHT VIBRATION 


vey = EXCESSIVE. VIBRATION. 


° 





f°) 
400 600 
THOUSANDS OF REVOLUTIONS TO FRACTURE 


t) 800 1,000 
(e499 w) 
Norm.—The letters in brackets after the Series Nos. refer to the form of test-piece and 


holder, shown on Fig. 7 and Fig. 5. 
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all Fig .#4. 
pen+ Series XVII (QB. 2” bright drawn Mild Steel A. Bar No. 1% Untreated, ground. 
0" 7 jpeed 280-300 r. per m. 
30 7 \ ar 
: ‘a rr 
- ° ° r 
4 Tt "nay aar annay 
] Pret 
; : 
20 wd a. 
J vy : ~~ 
» 4 BEARING ¢ 
% 4 craceo F 
a 
4 . 
ad 4 CLLLLLL aac 
104 
4 @> = UNBROKEN. 
a A= LONG “REST~ 
4 vy = SHORT “REST.” 
vy = CONSIDERABLE VIBRATION 
o 1 L ! Ll 
0 200 400 600 800 1,000. 


THOUSANDS OF REVOLUTIONS TO FRACTURE , 
Nore.—The letters in brackets after the Series Nos. refer to the form of test-piece and 
holder, shown on Fig. 7 and Fig. 5 
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Fig. 45. TONS Fig 17. 
e Sunigs XVII1(4 B) 4” bright drawn Mild Steel A. Bar No. 18. Untreated, ground. Speed 1,290- 1,300 r. perm. po SERtEs XXI (eC). 4” “—_s — Wrought-tron. Bar No. 18. Untreated, turned and polished 
ad fr. per m. 
30 








PER 





30 





















# = LONG “REST” 
10 ry = SHORT “REST.” T -_— | 
v = SLIGHT VIBRATION 


















@> = UNBROKEN. 
# = LONG “REST” 
7 = SHORT “REST.” ° 























































vy = EXCESSIVE VIBRATION. _ 200 400 600 800 1,000 
PER Fig.18. THOUSANDS OF REVOLUTIONS TO FRACTURE 
t) 200 400 600 800 1,000 O” senresXX11¢C) 3” bright drawn Mild Steel B. Bar No.5. Untreated, ground. Speed 600r. perm. 
THOUSANDS OF REVOLUTIONS TO FRACTURE e- 
Fig... P 
SERIgs XIX (4B). +” bright drawn Wrought-iron. Bar Nos. 14, 15 and 16. Untreated, ground. E 
TONS Speed 1,230-1,300 r. per m. . | 











PER ” zx » talent Goowe Wrought-iron. Bar Nos. 16 and 17. Untreated, ground, 












































































































































































































































































































co” Speed 600-620 r. per m. : 
Kt) a 
sy t+ nae Pel m ae 
4 oy ny ae a SERIES Xx 4 : ; = o 
1 nae) a . nen ; 4 baa, “ ARRR rereee, 
4 <of v Prati | n 7 oi” rd » — - Y bi 
ii , aT :  — <e mers aay # 204 ms “ —- = 
4 e . a, | = a 
4 a i a ne ela e 4 avrr 4 
goof WV A He HF 
= 4 : a re a a eo — 
a 1 vb pall \ 4d Loos | aannrrer ery 
10. 1 mve — 
4 10 
7 SERIES XIX, 1300 REVS. PER “in. ] @+ = UNBROKEN. 
7 | | q : A= LONG REST" 
] o> & uneroxen f= LONG “AEST- v = SLIGHT VIBRATION. a y= SHORT “REST™ 
; S = STRAIGHTENED ry = SHORT “REST.” vv = CONSIDERABLE VIBRATION. 3 v = SLIGHT VIBRATION 
ri) l i n n 1 1 4 | 
0 i n 
O (2499 K) 200 400 600 800 1,000 
© ¢2aa74) 200 = _ - _— 
Srey ee SDR Ter CONTE . THOUSANDS OF REVOLUTIONS TO FRACTURE 
Nore.—The letters in brackets after the Series Nos. refer to the form of test-piece and Nore —The letters in brackets after the Series Nos. refer to the form of test-piece and 
holder, shown on Fig. 7 . and Fig. 5. holder, shown on Fig. 7 and Fig. 5 
Fig. 20. 
—— Fig .19 Sertgs XXIV (¢ C). Vanadium Steel Type A. Bar No. 20. Oil tempered, ground. 
SERIES XXII (eC). Vanadium Steel Type A. Bar No. 19. Annealed, ground. Speed 600 r. per m. TONS Speed 600 r. per m. 
oO" < wav. ne * “i % Speed 1,300-1,350 r. per m. PER > ee f* Vanadium Steel Type A. Bar No. 20. Oil tempered, ground. 
40 or Speed 1,300-1,350 r. per m. 
q 40> 
“ - 7 
a rr 
. | 
dp.) 14 ‘ 
le uf SERIES| XXIV, ‘600 REVS. PER MIN.. _e 
= °° a p SERIES | XXVI, 1300 REVS PER MIN.__o 
7 dl SERIES XXIll, 600 REVS PER MIN... ae r 7 
_ 4 SERIES "XXV, 1300 REVS PER MIN. -o ee A ae 
z i } anna re si a 
ae " r WF 7 " ot —ol | ae 
der Ps eerie aarr. °° Lge arr oh 7 7 oT 7 
a oe a ee a | ‘“~ wiwaaA UP * J 
is 4 ra at 4 : 4 4 7 ar / H NW a. o> qe 
hoe . ie ee ‘ an oe B04 4s il 
4 ar'l a’ [a ae ft ar aanery--"" |---| Oem a ; a narrrry 
7 mana jee ed a Ya 
Ht dl aaRerr ie 
4 eaten." = j°" e* jf 
i aRRRAR Eee a 
: aRhtrrrri._--- cad 7 
10 al —_}—_—— 
7 oo. 
; Jo» ™ UNBROKEN J + = UNBROKEN 
~ &@ = LONG “REST 7 &@ = LONG “REST~ 
- . ae S —s 
e vy = SHORT “RES 7 rv = SHORT “REST.” 
4 @ = SLIGHT VIBRATION. ; » = SLIGHT VIBRATION. 
° J L J 7 — 
° 200 400 600 800 1,000 e ; ~— “- ene 00 1,000 
(2ea7 
” THOUSANDS OF REVOLUTIONS TO FRACTURE mm, THOUSANDS OF REVOLUTIONS TO FRACTURE 
Nors.—The letters in brackets after the Series Nos. refer tq the form of Norr.—The letters in brackets after the Series Nos, refer to the form of 


test-piece and holder, shown on Fig. 7 and Fig. 6 test-piece and holder, shown on Fig. 7 and Fig. 5 
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Fig M. TONS Fig.23. 
PER ” : 
sertes'XXV (eC) Vanadium Steel Type A. Bar No. 19. Annealed, ground. Speed 1,300-1,350 r. per m. cy «SERIES XXVIII(/D). 4” bright drawn Mild Steel A. Bar No. 21. Untreated, ground. Speed 
rr “ 1,250-1,800 r. per m. 
< 40 
” TONS 4 
,” PER 4 
4 a" J 
* . 7 
4 ar ’ ar ’ ager r 7 “| 
i. “ a yn q aenar fr 7 
i w 
H " o 30 
+ : ig 
~ a a Y 
, n 20 4 7 a 
f / | " ied J P ; > =. 
*o8 fF L / i. G y Ral 
‘ r 2 4 a 
- Pf w : é — ‘ 
} c aanear 20 7 —= x ——~~ 
iin aia aenierre c Scare 5 Y - fe ee ‘ 
+H # = LONG “REST™ 10 of’ ff 
y = SHORT “REST c p ahd 
' ; & = LONG “REST.” 
r 10 +—— yr = SHORT “REST.” 
Lo 4 v = SLIGHT VIBRATION 
‘ , : 7 
MILLIONS OF REVOLUTIONS TO FRACTURE 
Fig.22. : 
series XIII(cA). #” bright drawn Mild Steel A. Bar No.8. Untreated, turned and ground. Speed 560-600 r. pct m 0 7 
» XXVIII). ~ o - Untreated, ground. Speed 1,250-1,300 r. per m. 200 400 600 800 1000 
TONS 4 THOUSANDS OF REVOLUTIONS TO FRACTURE 
PER 4 . 
a : SERIES XXIX (gD). ;” bright drawn Mild Steel B. Bar No. 22. Untreated, ground. Speed 1,250-1,300 r. per m 
30- tons J 
i . J SERIES XXVIl, 1300 REVS. PER MIN. PER 4 
4 , I oO 7 7 
: : se wre 
4 ae a ft av 
7 . di EE ee - 
20 7 ——— 
ae ' f Ve 2 J a 
’ é 
2 1 a 4 i * r a. > 
w ‘ .! 
a 7 r) eo 
e q vvy Ps 
’ rSERIES Xill, 600 REVS. PER MIN. — m 
104 4 wo t 
] I os 
4 @> = UNBROKEN. =. % 
4 & = LONG “REST.” 
= 10] aan : 
4 Y = SLIGHT VIBRATION. q 
a : ¢ = CORE CENTRAL 
4 v . 
: vy = EXCESSIVE VIBRATION. 7 a = LONG “REST.” 
° | } | 
0 200 400 600 800 1,000 7 
2497) THOUSANDS OF REVOLUTIONS TO FRACTURE Z 
NotR.—The letters in brackets after the Series Nos. refer to the form of test-piece and holder, re) 
shown on Fig. 7. and Fig. & fe) 200 400 600 800 1,000 
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THOUSANDS OF REVOLUTIONS TO FRACTURE 


Nore.—The letters in brackets after the Series Nos. refer to the form of test-piece and 






































ven rag. holder, shown on Fig. 7 and Fig. 5 
*  Serigs XXX (g D). ,4” bright drawn Mild Steel B, Bar No. 22, Untreated, ground. 
ub Speed r. per m. 
TONS Fig 6 
Pi 
o Sznizs XXXI (gD) 3” Blued Rolled Bessemer Steel D. Bar No. 23, Untreated, turned. and 
gtound. Speed 1,250-1,300 r. per m. 
30 . 
arene 
.4 
4 wre 
« 20 . 
- 7 ) ape 
- . 
” \ cer: 
yn - 
w 
« . 
"4 . 
# = LONG “RESTS 
r = SHORT “REST.” * 
v = SLIGHT VIBRATION. 7 
7 # = LONG “REST” 
ad 200 400 600 800 1,000 ; y = SHORT “REST.” einai 
THOUSANDS OF REVOLUTIONS TO FRACTURE ; v = SLIGHT VIBRATION 
Z aT 


Straightened before 


testing. The curve, which is rather 
higher than XIX., is irregular. Diagram, Fig. 16. 

In the following tests split-holders which clamped the 
test-pieces were used as shown at C and D, Fig. 5 
fpage 576), the last form D being found the most satis- 

ry. 

Series XXI. (e C).—Sixteen tests of bright-drawn 
—— iron, turned polished, 600 revolutions per 

hute, ‘ 
re tests i lese vibration 4 = 7 and = 

6 curve is qui nite. Diagram, Fig. page . 

Serres XXITL (€ C).—Eleven tests of trtght-drown mild 
steel, quality B, at 600 revolutions per minute. 


as Series XI.; the varia- 
































The test - pieces were 
made from the same bar 


© aero 200 


tions from a smooth curve 
is much less than in the 
earlier series. Diagram, 
Fig. 18 (page 578). 

Serres XXIII. (e C).—Fourteen tests of annealed 
vanadium steel at 600 revolutions per minute. With | 
the exception of two points these tests all lie well on a 
curve. i m, Fig. 19 578), black circles. 

SERIES XXIV. (e C).— tests of oil-tempered 
vanadium steel at 600 revolutions. The results are 


400 600 600 1,000 


THOUSANDS OF REVOLUTIONS TO FRACTURE 


Norr.—'The letters in brackets after the Scrics Nos. refer to the form of test-piece and 
hoider, shown on Fig. 7 and Fig. 5 


oaths irregular. Diagram, Fig. 20 (page 578), black 
circles. 

Srerms XXV. (ec C).—Twenty-eight tests of anne Ued 
vanadium steel at 1300 revolutions minute. In this 
series one test-piece was run up to 34 million revolutions 
without fracture, and- two fractures were obtained after 





580 








THE ENDURANCE OF METALS”~ 


a 
—— 


ENGINEERING. 





Ott, 


(Ocr. 27, 1 





<<>> 




























































































































































































Fig. 27. Tons | Fig .29 
Vv ” bright drawn Wrought-iron. Bar No. 27, U: q a 
SERIES XXXII(AP). Copper (Trolley Wire) hard drawn diam. 0-402”. Bar No. 24. Untreated, turaed. hh eeehases @D) ¢ - hey pin py ntreated, turned and 
Speed 1,250-1,300 r. per m. 30 
Tons 4 mt 7 
PER 4 ” , d 
SO Fa.’ yr 4 
44, J J 
2 %—L- : 
E a hs] 
a y a4 aaer ie 4 i - 
; J F § ° — = 
a . J ee... a 
q 4 Re 7 ; » ’ = ‘ad 
a i, Ps ‘ P . Jf 
, See ree. ¢ a ar rv Yr’ 
” 4 ae ae ry wd 
won . <¢ 4 
«10 > a 4 
-— 2.5 * a Sd 4 
” a ’ on ” 7 fh = LONG “REST.” 
4 ae’ a a 4 
: - 10 ry = SHORT “REST.” 
7 Pi : vy = SLIGHT VIBRATION. 
, e+ = UNBROKEN ‘R= LONG “REST.” Rarer’ 4 
% ¢ = CORE CENTRAL » = SHORT “REST.” - 
0 1 } 1 | al i 4 
° 200 400 600 800 1,000 7 
Fig. 28. THOUSANDS OF REVOLUTIONS TO: FRACTURE 7 
Uv 
SERIES XX XIII (g D), Crossed line 3 per cent. Nickel Steel. Bar No. 25. Untreated, turned and ground. 0 200 400 600 800 1,000 
Tome Speed 1,250-1,300 r. per m. THOUSANDS OF REVOLUTIONS TO FRACTURE 
PER XXXIV. i, Full line 25 per cent. Nickel Steel. Bar No. 26. Untreated, turned and ground. = Fia.30 JOUSAN 
o” Speed 1,250-1,300 r. per m. TONS] 9 
pen 4 SeRIES XXXVI (gD). ¢” bright drawn Wrought-tron. Bar No, 28. Untreated, turned and 
o” 4 ground. Speed 620 r. per m, 
4 rv 
30 | —_ ns 
q@ 
4 hh ‘ v 
7 — © Ps Ps 
20 Pe + 
1 e 21g” | 
eo 4 a 
e | 
ul 
cc 
« 4 
S 4 
R = LONG “REST” 
10 vy = SHORT “REST” 
1 v = SLIGHT VIBRATION. 
1 
@» = UNBROKEN. J 
R= LONG “REST.” ‘ | 
ry = SHORT “REST.” ° 200 400 600 800 1,000 


v = SLIGHT VIBRATION. 
vu = CONSIDERABLE VIBRATION. 


1) 200 400 600 


(2407.2) 
holder, shown on Fig. 7 and Fig. 5 


about 24 million revolutions, The majority of the tests 
fall fairly well on a smooth curve, but there are many 
outside points, and the three tests that passed the million 
revolutions limit differ widely. In this series the vibra- 
tion was very small. Diagram, Fig. 19 (page 578), white 
circles, and ig. 21 (pege 579). 

Series XX VI. (e C).—Twenty-five tests of oil-tempered 
vanadium steel at 1300 revolutions per minute. The vibra- 
tion in these tests was greater than in previous cases. The 
holders did not grip sufficiently, and the specimens, being 
of a tough material, held on by a small core previous to 
breaking, causing considerable vibration until fracture 
pet Diagram, Fig. 20, white circles. 

Serres XX VII. (ec C).—Ten tests of bright-drawn mild 
steel, quality A, at 1300 revolutions per minute. The 
specimens were made from the same bar as Series XIII. 

he test-pieces were slightly bent, and the points do not 
plot very well. Diagram, Fig. 22 (page 579), white cireles. 

Series XXVIII. (f D).—Twenty-one tests of bright- 
drawn mild steel, qualivy A, at 1300 revolutions per 
minute. New clamping-holders were used as shown at D, 
Fig. 5 (page 576). The curve is shown on diagram, 
Fig. 23 (page 579). In this series the draw-in chucks in 
some of the holders broke. New and thicker chucks were 
made to take ,;-in. round test-pieces, instead of the 4-in. 
test-pieces thas used. 

Series XXIX, (9 D).—Eleven tests of j4-in. bright- 
drawn mild steel, 7 ality B, at 1300 revolutions per min. 
The points plot well. Diagram, Fig. 24 (page 579). 

The fractured test-pieces always show a ‘‘ core” differ- 
ing in appearance from the portions outside. The core is 
often round or oval, but is net usually exactly central. 
Most of the test-pieces in this series exhibited a central 
circular core ; these are marked c on the diagram. 

Serres X XX. (g D).—Eleven tests from the same bar 
as Series X XIX., but at 600 revolutions per minute. The 
variation from a smooth curve is rather greater than 
Series XXIX. Diagram, Fig. 25 (page 579). 

Series XXXI. (g D).—Sixteen tests of }-in. blued 
rolled Bessemer steel, quality D, turned down to & in. to 
fit the holders. The variations from a smooth curve in 
this case are so t that the material was thought to be 


unsuitable for obtaining a definite stress repetition curve, 
and no more tests were made.from ip. The vibration was 
very slight. Diagram, Fig. 26 (page 579). 
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30 


SERIES XXXVII (gD). 


THOUSANDS OF REVOLUTIONS TO FRACTURE 
Norz.—The letters in brackets after the Series Nos. refer to the form of test-piece and 
holder, shown on Fig. 7 and Fig. 5 


Fig. ‘ 


2” bright drawn Wrought-iran. Bar No, 29, 
ground. Speed 250 r. per m. 


Untreated, turned and 





Srerirs XXXII. (hk D).— 
Sixteen tests of hard-drawn 


ar 





copper trolley-wire at 1300 
revolutions r minute. 7 
a form of t . test-pieces 4 e 
is shown at h, Fig. 7 ( 7 
ios 


LL 





576). The same ho 
inserted to take the smaller 


were used with bushes 7 rs 
4 ae 








test-pieces. The points lie 
fairly well on a smooth 
curve. Diagram, Fig. 27 
(above 
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Serres X X XIII. (gD).— 
Eleven tests of 3 per cent. 
nickel steel at 1300 revolu- 
tions per minute. Some of 


www 


& = LONG “REST.” 
SHORT * 


REST.” 





the tests show a very high 
resistance, but the points 
plot very irregularly, and 


www! 






































no attempt has been made 
to indicate a smoothed 
curve. The vibration in 
these tests was very slight. 
Diagram, Fig. 28 (above), 
white circles. 

Srrigs XX XTV. (g D).— 
Fourteen tests of 25 per 
cent. special nickel steel at 1300 revolutions per minute. 
The resistance is much higher than was expected, and the 
stress applied in the first tests was too low, so that five 
specimens remained unbroken after a million revolu- 
tions. 

With two exceptions, the points lie well on a curve. 
Diagram, Fig. 28, black circles. — - : 

Serres XXXV. (g D).—Twelve tests of }-in. bright- 
drawn wrought iron, at 1300 revolutions per minute. 
Diagram, Fig. 29 (above). 

Series XXXVI. (g D).—Fourteen tests of. the same 
ee at 600 revolutions per minute. Diagram, Fig. 30 

ve). 

Srerizs XXXVII. (g D).—Fourteen tests of the same 
material at 250 revolutions per minute. Diagram, Fig. 31 


(above). 
(To be continued.) 


0 on 


° 200 


(2497.7) 











400 600 800 


THOUSANDS OF REVOLUTIONS TO FRACTURE 


_ Nore.—The letters in brackets after the Series Nos. refer to the form of 
test-piece and holder, shown on Fig. 7. and Fig. 5. 


Tue Copper Market.—According to the mid-monthly 
report’ of ~ Messrs.~James~ Lewis~ and Sons, Standard 
copper fell from 55/. per ton for cash on October 2 to 
541. 6s. 3d. on the 11th inst., 55/. 2s. 6d. being accepted 
for three months prompt, the small American exports 
for the month of September, and increase of 3428 tons in 
the stocks advised on the 10th inst., creating an un 
favourable impression. With the improved political out 
look, and large exports of Standard copper to Italy, 
materially reducing the stocks held in Eng d, there has 
since an advance to 55/. 5s. for cash and 56/. for 
three months, the closing values on the 16th inst. The 
lower prices at which some of the American producers 
offered electrolytic r, down to 56/. 1s. c.if. for 
wire bars, have indu both American and European 
consumers to. replenish. their stocks, considerable sales 
resulting. Sulphate of:copper continues in good demand. 
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FOREIGN ENGINEERING PROJECTS. 


We give below list of foreign engineering projects, for 
some & which tenders are asked. Further Taformation 
concerning them can be obtained from the Commercial 
Intelligence Branch, Board of Trade, 73, Basinghall- 
street, London, E.C. i 

Bolivia: H.M. Legation at La Paz have furnished the 
following particulars, taken from a presidential message 
to the Bolivian er oy regarding railway construction 
in the Republic :—The construction work in the hands of 
the Bolivian Railway Company is proceeding with 
despatch. The line from Rio Mulato to Potosi is already 
in operation for the first 80km., and 93 km. of track- 
levelling work have been completed. It is stated that the 
whole line will be in operation by the month of February, 
1912. This line will give a great stimulus to the tim 
industry in and around Potosi. The line under con- 
struction from Oruro to Cocha’ 3 m in 
operation for the first 62 km. of the total distance of 
210 km. since August, 1910. The Bolivian Railway 
Company is also proceeding with the construction of 
a line from Viacha to La Paz. When this line is 
finished it is proposed to build an extension therefrom to 
the Yungas Provinces of the Department of La Paz, and 
the necessary surveys have been made already for the 
first 67 kilometres of this proposed extension. The Presi- 
dent recommended to the favourable consideration of 
Congress the proposal of the Bolivian Railway Conpany 
for the construction of the su; ted railway line from 
La Quiaca to Tupiza. The railway from Arica (Chili) to 
La Paz will be opened to traffic in June, 1912, according 
to present estimates. Preliminary surveys will short] 
be made of the projected line from Potosi to Sucre, wit 
a view to its construction as soon as the present line 
under construction from Rio Mulato to Potosi is finished. 
Work on the Madeira-Mamoré railway is proceeding 
rapidly. Already the rails are laid up to the town of 
Villa Murtinho, opposite Villa Bella, and the traffic was 
to be inaugurated to kilometre 220, near the mouth of the 
River Abuna, by September. It is expected that this 
line will be completed by the end of the year 1912. 

Mexico: HM. Legation at Mexico Oity report that a 
contract has been made between the Mexican Government 
and the Compafifa Agricola Tepiquejia for the irrigation of 
lands owned by the me in the district of Santiago 
Ixcuintla, Territory of Tepec. The company undertakes 
to carry out the hydraulic works necessary for the irriga- 
tion of 24,000 hectares (about 59,000 acres) of land, and 
in return the Government undertake to pay a subsidy of 
25 pesos per hectare (about 1/. per acre). Plans of the 
works are to be submitted within a year from the date of 
the contract, and work begun within six months after the 
approval of the plans. Materials and plant uired will 
bs admitted free of duty for ten years from the beginning 
of the works. The Diario Oficial of September 21 notifies 
that a concession has been ey to Sefiora Josefa 
Llano, in conjunction with others, to construct from the 
River Turibo, in the State of Guanajuato, a feeding 
channel and two canals, designed to distribute water for 
hydraulic purposes in the districts of Piedra Gorda and 
Purisima del Rincon. The concessionnaires will be entitled 
to exemption from Customs duties in respect of machinery, 
&c., which it may be necessary to import for carrying out 
the work. 

Argentina: The Bulletin Commercial (Brussels) of 
October 14 notifies, on the authority of the Belgian Vice- 
Consul at Mendoza, that a Bill has been submitted to the 
Legislative Chambers of the Province of Mendoza, with 
a view to obtaining authorisation for the issue of a loan 
of 10,000,000 pesos (about 875,000/.). This amount is to 
be utilised for the establishment of a sewerage system at 
Mendoza, for the extension of the water-works in the 
same town, and for the carrying out of kindred works in 
other towns of the Province. 

Netherlands: The Bulletin Commercial (Brussels) of 
October 14 notifies, on the authority of the Belgian Lega- 
tion at The Hague, that a Bill has been submitted asking 
for Parliamentary sanction for the construction of a 
railway from Burgh to Brouwershaven (Zeeland), and also 
for permission to relay and improve a section of the 
existing line from Brouwershaven to Steenbe . 

Norway: According to a recent report to his Government 
by the United States Consul-General at Christiania, 
the Kristiania Elektriske Sporvei, Valkyriegade No. 21, 
Christiania, propose to make a tunnel to enable the 
Street tramways of the town to reach eventually a neigh- 
bouring amusement resort on a hill 3 miles away. 

Russia: The Journal de St. Pétersbowrg of October 8 
announces that the special conference which has been 
held at Tiflis to discuss the question of the construction 
of the Arkhot tunnel through the main range of the 
Caucasus mountains, concluded its deliberations on 
September 18. The conference pronounced emphatically 
in favour of the project. The tunnel will be about 
14 miles long. The cost of the work is estimated at 
about 100,000,000 roubles (about 10,500,000/.), and it will 
take eight or nine years to complete. It is stated that 
sufficient water power has been found in the vicinity of 
the proposed tunnel to supply electrical energy for 
carrying out the undertaking. 








TT OgRCTED, New Moontain Rattway in Norway.— 
1¢ Norwegian Railway Department has been maki: 

Surveys for a new mountain railway, which is to proceed 
from the Myrdal station, one of the most elevated points 
on the Bergen-Christiania Railway, through the pictur- 
soyee Flaamsdal, to a point on one of the inlets of the 
Sognefjord. The new railway, which it is 


jogt : to 
work by means of electric current from one of e State 


waterfalls, will, over certain portions, have to ° 
structed on the rack-rail system. Age seine 








CATALOGUES. 


New and Second-Hand Machine-Tools.—The Machine- 
Tool Company, Limited, Northern Works, London-road, 
Nottingham, have issued a catalogue giving prices and 
brief particulars of a great variety of new and second- 
hand machine-tools they have in stock. Some hydraulic 
plant, cranes, fans, engines, pumps, and miscellaneous 
machinery are also included in the list. Each item is 
assigned a code word to facilitate telegraphic inquiries. 

Gas-Purifiers and Valves.—We have received from 
Messrs. C. and W. Walker, Limited, Midland Iron 
Works, Donnington, near Newport, Shropshire, a cata- 
logue illustrating and describing Milbourne’s patent lute- 
less purifiers and purifier-valves, of which they are the 
sole makers. In these purifiers the cover-joint is made by 
means of a strip of rubber, semicircular in cross-section, 
secured to the cover without the aid of cement. The 
catalogue contains a list of users, and also illustrates 
several ins tions. A number of small plans, showing 
various arrangements of valves and piping for purifiers, 
are also included. 


Grinding-Machincs. — Messrs. Charles Churchill and 
Co., Limited, 9 to 15, Leonard-street, E.C., have issu 
a descriptive catalogue relating to their plain and 
universal grinding-machines, internal grinders, and also 
ring-grinders, tool-grinders, &c. The leading features of 
the various desi are fully described, and many illus- 
trations of Gaels one given. The machines, which are 
all of entirely British manufacture, are made at the 
works of the Churchill Machine-Tool Company, Limited, 
Manchester, an affiliated company. @ descriptive 
matter deals fully with the range of work suitable for the 
machines described, and gives many practical hints as to 
the methods of setting down the machines and their 
care. The importance of cleanliness and attention tu 
details is also pointed out, and information concerning 
the methods of carrying out work of an accurate descrip- 
tion is also included. Suggestions as to the choice of 
suitable wheels are also given, together with data as to 
the correct speeds for the work, feed, and wheels for 
different classes of work. 


Friction Metal Saws.—We have received from Messrs. 
E. G. Appleby and Co., 10, Victoria-street, Westminster, 
S.W., a pamphlet relating to Marston’s cr high- 
speed friction saws, for cutting all kinds of rolled iron 
and steel sections cold. The sawscan also be employed for 
cutting glass-hard high-speed tool steel. The saw con- 
sists of a plain steel disc, without teeth, driven by means 
of a belt, and carried in a saddle situated vertically over a 
slotted bed on which the bars are placed. The saw is fed 
downwards by two hydraulic cylinders, a third cylinder 
being provided to raise the saddle when the cut is com- 
pleted. Although more burr is produced in cutting soft 
material by this method than by ordinary saws, the 
makers claim that, after making due allowance for this, 
the total cost of cutting is only one-third to one-sixth as 
great as with the older methods. It is stated that a 
15-in. by 6-in. steel joist, or a 110-Ib. girder tramway rail, 
can be cut through in one minute in ordinary working, 
and that much time is saved by the circumstance that it 
is unnecessary to clamp any but round sections. It is also 
mentioned that these saws are well adapted for hot 
sawing if a toothed blade be substituted for the plain disc. 


Incandescent ny System.—A pamphlet relating 
to their well-known lighting system, in which ordinary 
petroleum is used in conjunction with an incandescent 
mantle, has reached us from the Kitson-Empire Lighting 
Company, Limited, of Stamford, Lincolnshire. The 
system is suitable for both interior and exterior lighting, 
and is largely used in factories and workshops, railway 
stations and sidings, wharves, docks, lighthouses, &c., as 
well as for street and shop-lighting. Several different 
patterns of lamps, ranging from 250 to 1500 candle-power, 
are illustrated, some of them being combined with an oil 
reservoir, and therefore self-contained, while others are 
fed with oil under pressure through a small pipe from a 
tank, which may be placed in any convenient position. 
An improvement, which has recently been adopted, will 
greatly facilitate the lighting of these lam t consists 
of an automatic thermostatic valve designed automatically 
to turn on the supply of oil to the vaporising tubes as soon 
as they are proper Y. heated. This arrangement not only 
saves the time which would otherwise be occupied in 
waiting for the tubes to get hot, but prevents the 
burner from being flooded and the mantle blackened 
by the oil being turned on too soon. The device can be 
fitted to any existing pattern of Kitson lamp. 


Centrifugal Friction-Clutches.—Messrs. Thomas Broad- 
bent and Sons, Limited, of Central Iron Works, Hudders- 
field, have sent us a — illustrating and describing 
their automatic centrifugal friction clutches. These 
clutches have been designed to allow an electric motor to 
start up light, and to pick up its load gradually as the 
speed increases. They are thus particularly useful in 
connection with alternating-current motors of the squirrel- 
cage type, and other machines giving a poor starting 
torque. Briefly, the clutch consiste of a boss keyed to 
the armature shaft and carrying four radial arms, in each 
of which slides a friction shoe or slipper. As the speed 
of the shaft increases, these shoes slide along the arms 


until o- come in contact with the inside of the rim of 
the clutch pulley, which is keyed on to the shaft to be 
driven. e latter is thus si gradually by the 


friction between the shoes and the rim. If desired, the 
slippers can be arranged to move against the action of 


springs, so that no load comes on the motor until it has 
attained a suitable speed. The clutches also act as 
flexible couplings protecting the motor from shocks or 
; they can also be designed to slip 
overload. Among the other advantages 


su applied loads 
at any Jeatned 


ed | in an 





claimed for these clutches it is mentioned that their use 
enables a considerable saving to be effected in the cost of 
the motor and ae The pamphlet illustrates a 
few of the many possible-applications of the clutches, and 
tne prices an iculars of thirteen standard sizes, the 
argest of which has an outside diameter of 35 in., and is 
suitable for a load of 280 horse-power at 500 revolutions 
per minute. 


Self-Discharging Railway Wagons.—A catalogue deal- 
ing with steel self-discharging hopper wagons for the 
transport of coal, ore, ballast, &c,, has been issued by 
the ds me Company, Limited, of Leeds.. The 
catalogue first deals with coal wagons, having capacities 
up to 40 tons, fitted with central-discharge doors. One 
wagon illustrated in this section is provided with both 
central and end-discharge doors, this arrangement enabling 
much of the space that would otherwise be wasted by 
the inclined surfaces at the ends of the wagon, to be 
usefully employed. The catalogue next illustrates and 
describes a new type of ballast-wagon arranged so that its 
load can be discharged between the rails, or on either, or 
both, sides of the track. The central and side openings 
are quite independent of each other, so that the disch 
i direction can be reduced or stopped as desired. 
Another recently introduced type of wagon is a composite 
flat-bottomed self-discharging wagon, intended for use 
on railways having « different class of traffic in opposite 
direétions. This wagon is made flat-bottomed so as to be 
suitable for carrying general merchandise, timber, rails, 
&c., and the flat bottom SF yeny - with doors through 
which coal or other minerals can be rapidly discharged. 
The doors cover the greater part of the bottom surface of 
the wagon, so that, when opened, about 90 per cent. of 
the | (when this consists of minerals) is discharged 
through the doors, which are arranged so as to deliver 
the material on both sides, The remaining material 
must, of course, be shovelled out. Any type or arrange- 
ment of doors can be adopted for the sides, or, if desired, 
the whole, or any at of the sides can be made to open 
down to the floor-level of the wagon. These wagons can 
thus be utilised for several different classes of traffic, and 
are, therefore, not so likely to lie idle as those suitable 
for one kind of load only. 





RvuppeR AND Bautoon Faprics.—In, the technical 
testing of rubber and balloon fabrics in the Kénigliches 
Materialpriifungsamt zu Gross Lichterfelde (West) the 
loss on washing of raw rubber samples is determined by 
washing on small rollers. The tensile strength and 
elasticity tests are made on the Schopper-Dalén machine, 
preferably with a ring-shaped test-piece. Many experi- 
ments were made with strips, both uniform in width 
throughout their length, and also with enlarged. ends, 
but the results showed that breaking nearly always 
occurred between the jaws of the grips in the case of 
very soft samples. The rings used @ cross-section of 
6.6 sq. mm. and an inte; diameter of 44.6 mm., and 
were punched from sheet with a circular punch. . As in 
the case of metals, the final extension under a given load 
can only be read off after the lapse of a certain time, and a 
further test is therefore applied in which strips or rings are 
suspended under a given load, and the extension observed 
when it has attained a constant value. The load is then 
removed and the contraction of the test-piece followed, and 
recorded. The behaviour of the sample under this test 
depends largely on the degree of vulcanisation. Further 
valuable information as to the durability of the sample is 
obtained by exposing it, in a stretched condition, to 
various external influences, such as an elevated tem - 
ture. To this end rings are stretched side by side on 
sheets of glass, this arrangement being a suitable one for 
observation, whether visual or with the aid of the camera. 
The behaviour of the test-piece when repeatedly stretched 
is ascertained with the aid of a machine by Schopper 
capable of testing four rings at a time. A bending or 
folding test is also applied by means of an apparatus 
similar to that used for paper testing. For abrasion or 
wear tests, balls of rubber 30 mm. in diameter are caused 
to run round a V groove under a heavyload. The nature 
and extent of the abrasion is very characteristic for a 
given mixing. In a second apparatus rubber rings are 
caused to run between two rollers. For testing rubber 
rollers for Veen a small electro-magnetic hammer is 
employed. In the case of balloon fabrics the tests applied 
are as follow :—1. For tensile strength strips 50 mm. wide 
cut in twoor four principal directions are tested. 2. For 
resistance to bursting pressure. A piece of the fabric is 
clamped between iron rings, the following diameters 
being recommended :—113, 160, 196, 252, 357, 505, and 
618 mm., corresponding to areas of 0.01, 0.02, 0.03, 0.05, 
0.1, and 0.38q. m. Air pressure is then applied from a 
bottle, or direct from an air-pump, until the fabric gives 
way. The bursting pressure is, of course, dependent 
upon the size of ring employed. 3. For gas-tightness— 
(a) Air is forced under a definite pressure through a 
circular disc of the fabric, the quantity being measured 
| means of a gas-meter ; (b) for measuring the diffusion 
of hydrogen eeu the material, a sample is stretched 
between pe ae vessels, into one of which a 
mixture of air and hydrogen is passed, whilst air in 
through the second vessel carries away the diffused 
npdocges, which is estimated by combustion in presence 
of palladiumised asbestos. Tests made after exposure to 
wind and weather for a long time give an indication of 
the durability of the material, 4. Heat conductivity 
is determined by means of Bauer’s apparatus, consist- 
ing of four opaque cylindrical v 8, across which 
samples of four materials to be compared may be stretched. 
The radiation passing th h them from various sources 
is measured by means of thermo-couples placed behind 
the samples. 
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ELECTRICAL APPARATUS. 


10,156/11. S. Benko, Budapest, Hungary. Voltaic 
lls, (2 Figs.) April 26, 1911.—In voltaic cells, in which an 
exciting electrolyte is caused to pass through the porous wall of 
the negative electrode to the soluble or positive electrode, 
complete utilisation of the liquid can be attained if the depolaris- 
ing and exciting liquid be not sent in dilute solution through 
the negative deneele to the positive electrode, but the exciting 
electrolyte be produced in the cell itself by the meeting of two 
liquids. For this purpose, according to this invention, the pores 
of the negative electrode are impregnated with a liquid which 
may or may not be under pressure, and which contains the 
exciting depolarising electrolyte in a highly concentrated 
state, and water, which also may or may not be under pressure, 
isadmitted into the chamber of the cell which contains the soluble 
or positive electrode. The concentrated electrolyte saturates 
the pores of the n 
with the wall thereof dissolves the exciting electrolyte from such 
wall by osmotic action. a is the negative electrode and d the 
positive or soluble electrode. The negative electrode a is provided 
at top and bottom with terminal pieces b, to which is con- 


d 











Qo 





k 
UEY) 6 
nected a casing ¢, which surrounds the electrode and forms 
th-rewith achamber. The electrode d is arranged in the carbon 
chamber. in cases where the electrolyte is introduced into the 
chamber for the negative electrode the positive electrode may be 


ative electrode so that the water in contact | 


relates to an improved internal-combustion engine. 
to this invention, a pair of fixed parallel firing cylinders 
Bisemployed. The cylinders are-open at both ends, and each is 
fitted with a ~ of pistons C (only one of which latter is shown 
in each cylinder), which pistons alternately approach towards and 
recede from each other. These pistons, by connecting-rods 1, 
are connected to means for oscillating inclined discs, one towards 
each end of the engine shaft, and thereby give rotary motion to 
said shaft. The following is the arrangement it is preferred to 
use in combination with the above-described parts for communi- 
cating motion from the connecting-rods D to the inclined discs d. 
At each end of the shaft Ais a ring or gimbal a, oscillating in 
fixed bearings b. On a diameter at right angles to one in 

through the trunnions, the gimbal a is provided with ball- 


invention 
A 

















B c 


bearings to receive the trunnions c! of a cup-shaped ring c. The 
inclined discs d are suitably balanced and keyed on the shaft A 
with capability of sliding longitudinally thereon for adjustment. 
The inclined discs d are each formed with a boss fitting the shaft 
A, and with a split socket to receive an adjusting sleeve screwin 
on to a screw-threaded part of the shaft A. hen the inclin' 
disc d is ne ged adjusted, the lugs of the split socket are drawn 
towards e other by a bolt, thereby locking such parts together. 
The inclined disc d and its adjusting sleeve are locked on the 
shaft A by a locking-ring 4. As the pistons C fly out each way, 
the inlet ports near one end of each cylinder B are uncovered ; the 
charge enters the cylinders and drives out the exhaust through 
the _— openings near the otherend, (Accepted August 30, 
1911. 


20,508/10. C. Y. Knight, Coventry. In -Com- 
bustion Engines. {1 Fig.) September 2, 1910.—In high- 
speed internal-combustion engines, more particularly in petrol- 
motors, it is found that considerable noise and vibration are 
produced by the relative motion between the big end of the 
connecting-rod and the webs of the crank. This invention consists 
in interposing between the big end of the connecting-rod and the 
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laced outside the negative electrode. The electrolyte is intro- 
} ew into the chamber formed by, and between, the casing c 
and the electrode a through a pipe /, and carried away from the 
carbon chamber through a pipe g. 
exciting and depolarising electrolyte is poured into a vessel h, 
with which the pipe f communicates, and from which the liquid 
penetrates into the pores of the negative electrode when the 
vessel A is on a level with the cell—that is to say, when no 

ressure is employed, which is not the case in the example 
fiustrated. Water is supplied to a vessel i, which by a pipe / 
communicates with a passage k formed in the electrode a. In 
the vessel i, or in the pipe l, may be arranged any suitable 
controlling and lating device. From the vessel i the water 
flows in a regulatable stream into the carbon chamber. By regu- 
lating the supply from the vessel i the concentration of the exciting 
liquid may be controlled as desired. (Accepted August 23, 1911.) 
1543/11. J. C. Crawshaw, Dewsbury, and the 
Phoonix Manufact Company, Limited. 
Bradford. Electric Motors. (2 Figs.) January 2v, 1911. 
—This invention relates to electric motors particularly adapted 
for use where accumulations of explosive gases are liable to occur. 
The object of the invention is to construct a motor so that sparks 
in the interior of its casing will not ignite explosive mixture 
around the exterior thereof, without, at the same time, pre- 
venting egress of explosive gases which may enter the casing and 
be ignited inside. In other words, the invention provides a means 
of ication bet the interior of the motor casing and 
t here which allows the passage of 
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- but prevents the of flames. According to the inven- 
jon, somes ¢ are provided for establishing such a communication | 
oe te Smee me ence atte : = ge 
nts where the shaft the ng o motor, a| 
Uae tp batted 40 the latter, and is made of such a form as to 
closely surround the shaft. This ring has the same effect as long 
urnal bearings in allowing the of gas, and, at the same | 
time, presents a sufficiently large cool surface to any flame, to 
vent the flame from passing through. g are the main 
ngsof the motor. An internal ring m corrugated at lis bolted | 
to the inside of the motor casing, and a subsidiary ring n of the | 
same form is bolted to the ring m. (Accepted August 30,1911.) | 


GAS ENGINES. PRODUCERS, HOLDERS, &c. 


20,219/10. F. Lamplo 
Combustion Engines. 


ugh. Willesden. Internal- 
{11 Figs.) August 30, 1910.—The ' 





The highly concentrated | 
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webs of the crank-shaft a face of some soft material which will 
serve as abearing. In carrying the invention into effect, according 
to the form illustrated, a groove a is cut in the bearing metal b at 
the big end of the connecting-rod, and in this groove are fitted 
rings or strips of fibre c, the fibre projecting laterally from the 
grooves so as to form a bearing against the webs d of the crank- 
shafc. (Accepted September 6, 1911.) 


GUNS AND EXPLOSIVES. 


19,847/10. Sir A. T. Dawson and G. T. Buckham, 
London. Breech-Block Gear. [10 Figs.) August 25, 
1910.—This invention relates to breech-block actuating-gear for 

ns of the semi-automatic type that can be readily converted 
into quick-firing guns. According to this invention, the actuating- 
spindle is provided at its end adjacent to the hand-lever with 
a toothed segment which engages with a rack contained within 
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&@ case or cavity forming part of the hand-lever. The rack is 
under the influence of a epring which is preferably of the helical 
type, and bears at one end against the rack and at the other end 

inst an adjustable plug or sleeve screwed into the outer end 

the case. The end of the a remote from that 
carrying the toothed segment is provided with the cam for co- 
operating with hinged pawl in the usual manner. A is the 
breech end of the gun, B the breech-actuating hand-lever, B! the 





spring case containing the actuating spring B*, © the block. 
actuating spindle, O* the toothed segment, C1 the cam: .u7% 
the hinged pawl adapted to engage therewith. The spring case 
B! is made in with the hand-lever B, the handle of the 
latter being provided with a spring catch b adapted to engage 
with a part of the n when the hand-lever is in the breech 
closed or closing position, the hand-lever being thereby restrained 
from moving until the catch is released by grasping the handle 
of the hand lever, as is well understood. ie ‘upper end of the 
— C carries the toothed segment C*, which engages with the 
short rack D!, which is slidably mounted in the case Bl. The 
helical spring B* bears at one end against the rack, and at the 
other against the end of the adjustable screwed plug 8, When 
the gun is to work semi-automatically, the pawl D operates upon 
the cam C! on the actuating spindle C in the usual manner, and 
as the hand-lever B is restrained from moving by the catch h, the 
actuating spindle C wiil revolve, and, through the intervention 
of the toothed segment O*, will move the rack D! in a direction 
to compress the spring B* within the case B! that forms part of 
the hand-lever B, as the block assumes the open position. The 
return movement of the block is effected by the reaction of the 
spring B* on the actuating spindle (©) through the rack D! and the 
toothed segment O*. For the first round the mechanism jis 
— by hand, the hand-lever B being then returned to its 
closed position, in which the catch b engages with its pocket in 
the gun A. As the block is now held open by the extractors, the 
spring B* is fully compressed ready to close the breech when the 
extractors are 2 Pac by the action of loading. When the gun 
is to work as a quick-firer, the said paw] D is set into its inopera- 
tive position relatively to the cam C! by any suitable means, 
such as a change-over switch comprising a transversely slotted 
rotary pin d having an operating arm d! at one end. When this 
rotary pin is turned into a position in which the solid or unslotted 
portion lies against the pawl D, the latter will be retained in a 
ition in which it will not operatively engage with the cam C!, 

he breech-block can then be moved into its open position by the 
hand-lever B, and the connection existing between it and the 
oe Be pment C, through the spring case B!, the rack D!, and 
the too segment O*, the said rack occupying a position with 
its outer end abutting against the case B!. During the closing 
of the breech the pressure of the spring B* maintains the rack Di 
in its relationship to the pinion (*, and is of sufficient strength to 
iol) the spindle C and close the breech. (Accepted August 30, 


Sir A. T. Dawson and G. T. Bu 

London. Sighting A’ tus. (6 figs.) August 17, 
1910.—This invention has particular reference to sighting appa- 
ratus of the kind in which, when the sight is elevated, the 
necessary correction for drift is imparted thereto by means cf a 
cam working in con unction with the sight-elevating mechanism 
and co-operating with a member carrying the sight. In sighting 
— for howitzers, it has been pro d to employ a series 
of cam surfaces (corresponding to the deflection required to be 
imparted to the sight for the various charges used) formed on 
independent non-rotary cams or on a single non-rotary cam 
carried by the sight-holder and adapted to co-operate with a 
roller on a fixed part of the apparatus, the roller being adjustable 
so that it can be brought into contact with any one or uther of the 
cam surfaces. It has also been proposed in rocking-bar sights to 
employ a series of cam surfaces formed on a single rotary cam 
carried by the sight-bar and working in conjunction with an ad- 
justable roller on the sight-holder for the purpose of deflecting 
the line of sight for relative speed of ship and target. According 
to the present invention, the cam surfaces for imparting the neces- 
sary deflection to the sight corresponding to the different charges 
used, are formed on independent rotary cams (or on a single rotary 
cam) carried by a part of the apparatus that moves with the sight 
when the latter is elevated, and the roller co-operating with the cam 
surface is mounted on a member which carries the sight, and 
which is angularly displaceable about a vertical pivot. The 
oe quadrant C! is rotatably mounted at C* in a casin 

attached to one of the gun trunnions. The quadrant C! is form 











with teeth on its inner periphery, with which a pinion c! of the 
usual worm and worm-wheel sight-elevating gear engages. The 
quadrant has a lateral platform C%, constituting the sight-carrier, 
on which the sight-bar is pivotally mounted in such a manner 
that it can move laterally, to compensate for drift. A rack 
c is ted to the aforesaid casing, with which 
member a pinion carried by the sight-carrier OC? engages. The 
pinion is mounted on a horizontal spindle d!, carried in a casing 
d* attached to the carrier. The spindle carries a worm, which 
gears with a worm-wheel d* on a vertical spindle d4, carrying the 
cams Dl, which, in the example shown, are four in number, 
corresponding to the ber of powder-charge divisions on the 
range-drum. The roller A! that age age with the cams is 
carried by a sleeve a mounted in the sight-bar, and screw- 
threaded internally to receive a screwed spindle a!, the rotation 
of which causes the sleeve a and its roller Al to move axially. A 
ring, one end of which is fixed to the sight-bar and the other to 
the ht-carrier C3, causes the roller A! and its co-operating cam 
surface to remain in contact with each other. _When the sight is 
elevated by the rotation of the pinion c!, the sight as a whole is 
angularly di about the axis C*. Consequently the rack 
member c* causes the pinion engaging therewith to be rotated, 
and the cams D! thereby revolved 








through the worm gearing @°, d°. 
The roller A! has previously been adjus'ed so that it is in engage- 
ment with the cam corresponding to the charge employed in the 
gun. Asthe cams D! are mounted on the sight-carrier C4, and 
the roller Al on the sight-bar, the rotary movement of the said 





cams causes the t-bar to be deflected about ite pivot. 
(Accepted August 23, 1911.) 
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TIK ‘4 | regular operation units. The British Army Aircraft 
OERLIKON ELBOTROLYSERS AT eae | oe a South Farnborough, by its ceaseless 


| and extensive work, affords a proof that the import- 
|ance of aerial navigation has been recognised in 

Tne Gordon-Bennett races of spherical balloons, | this country also. 
starting from Berlin on October 11, 1908, from | respectively the British airship Beta ready to 
Zurich on October 3, 1909, from St. Louis on | start, the Gamma in full flight, and views of the 
Uctober 8, 1910, and other events of a kindred sheds and aircraft factory at Farnborough. 


ARMY AIRCRAFT FACTORY. 
By G. WUrarica. 


also for war purposes. The large number of air- 
ships already built and those now under construc- 
tion, together with the increase in size and lifting 
capacity of the new types, have made it very neces- 
sary to give particular attention to the economic, 
commercial, and safe manufacture of pure hydrogen 
in large quantities. 

Tt would lead us too far to describe here, even in 


Figs. 1 to 4, subjoined, show 
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ArrsHie ** Beta” Reavy To Start. 
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Fie. 2. Atrsurp ‘‘GamMa” IN Fant. 























ArIRsHip SHEDS AT FARNBOROUGH. 


|a condensed form, the various processes made use 








of in the production of hydrogen. The best known 
processes are undoubtedly those based on the 
principle of decomposing water—1 lb. of water 
gives roughly 0.11 1b. of hydrogen and 0.89 lb. of 
oxygen. This principle of making hydrogen may be 
divided into two distinct methods—one depending 
on the absorption of energy solely, the other on 
the use of metals, &c., binding the oxygen. In the 
first case the gases, according to the system of opera 
tion adopted, are more or less pure, but ready for 
immediate use. In the second case it is necessary 
mechanically to separate the oxidation product fiom 
the hydrogen. The decomposition by means of 
heated metals, or carbon, or acids, &c., belongs to 
the latter class. Hydrogen manufactured by dis- 
solving iron in diluted sulphuric acid is still used 








for inflating balloons. By far the most effective 
and best-known principle, and probably the only 





Fie. 4. Tae Arrorarr Factory at FARNBOROUGH. 


nature, as well as the feats of the French Army 
dirigibles, and of the German Zeppelins and Perci- 
vals, together with the excellent performances of 
the british ships Beta and Gamma, and the trip of 
the French dirigible Lebaudy in 1910 from Paris to 
Farnborough, have demonstrated clearly that very 
great progress has been made by the lighter-than- 
air machine. For some time past, most Continental 
armies have had dirigibles attached to them as| 





one of any real future value, is that of decomposing 
the water electrolytically. In making this pro- 
nouncement, the writer has in mind the cheap 
electricity now-a-days generated, particularly in 
countries favoured with Nature’s most precious 
gifts—viz., coal-fields and waterfalls. 

The commercial aspect of producing hydrogen 
(and oxygen) by decomposing water electrolytically 
becomes especially interesting when it is shown 
that this process may be used as an effective 
means of improving the relatively low load- 
the Beta and Gamma are inflated by hydrogen | factors under which many lighting stations are 
generated by the Oerlikon type of electrolysers labouring. The surplus energy of these lighting 
described further on. Since the advent of the air-| stations may be transformed, by means of the 
ship motor and air-propeller the design of dirigibles | electrolytic process, into hydrogen and oxygen, 
has made great strides, and the balloon, once the | which may be led into gasometers, or compressed 
plaything of a few enthusiastic sportsmen, occa- | into steel bottles, for future use. 
sionally also used by scientists, has become a! General.—Dr. Schmidt's system of apparatus, as 
serious means of aerial locomotion and transport ;| manufactured by the Maschinenfabrik Oerlikon in 
to act in the service of pleasure and science, and Switzerland, has been greatly developed of recent 
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years, and the wide experience gained during well 
over a decade has resulted in the design of a complete 
series of fully-tried electrolysers, with their acces- 
sories. They have been standardised in twelve 
distinct units, as under :— 

i | | Production of Gas per 


| Hour in Cubic Feet. | Working 


Solution 


| in 
Gallons. 


Number of 
Cells. 


Hydrogen. 
11.30 
22.70 
39.50 
66.50 
19.20 
38.50 
67.50 

112.10 
38.50 


77.00 
135.00 
225.00 


| Kilowatts. 


SSSSESSESESE 
ESSLSESSEBER 


Frere mer 


B 125) 175 
C 20) 30 
C 40 60 
C 75 105 














The maximum voltage and the number of cells 
for which the standard types of electrolysers are 
used are the following :— 

Type é ve = volts with 30 cells. 
ae 250 5, 109 ,, 

Othersizes are, of course, designed and constructed 
to meet special requirements, and the electrolysers 
can be combined in parallel and series banks or 
batteries as desired. 

In the spring of 1910, the British War Office 
authorities, acting upon the specification issued by 
Mr. Mervyn O'Gorman, consulting engineer and 
superintendent of the Army Aircraft Factory, 
gave the Oerlikon Company the order for four 
plants for the production of hydrogen and oxygen 
by the electrolysis of water, and these plants have 
since been erected at the Army Aircraft Factory, 
Farnborough. A great resource of practically cost- 
less power will, in the future, be derived from 
the test-beds and laboratories at Farnborough, 
where the tests of aeroplane and dirigible engines 
are carried out. An essential condition for these 
engines is that they should run with absolute 
reliability over a very lengthy period; they are 
therefore thoroughly tested on terra firma before 
they are fixed into their respective places on the 
aeroplanes and dirigibles. In order, however, 
that the power generated during these trials 
may not be wasted, the dynamo coupled to the 
engines on the test-beds for the loading up of the 
machines generates electric energy—i.e., direct 
current of 100 or 200 volts, the voltage depending 
on the speed at which these long-period trial-runs 
are carried out. The diagram of electric connec- 
tions, Fig. 5, annexed, illustrates the flexible use 
to which the electrolysers can be put by generating 
the current either at 200 or 100 volts respectively. 
The general arrangement of the installation is 
shown in Figs. 6 to 8, on page 585, and Figs. 9 
and 10, on page 586. The run of gas-tubes is 
shown in Fig. 11. It will be seen from the illustra- 
tions that there are two groups of electrolysers; 
each group is built for a current of 500 amperes, 
and consists of two electrolysers, type C. 125, the 
two connected in parallel. 

The Oecerlikon electrolysers consist mainly of a 
number of decomposition chambers or cells, con- 
nected in series, and provided with an automatically 
operated circulation arrangement for the solution 
and the gases, which arrangement keeps the 
chambers always properly filled, and simultaneously 
leads the gases by the quickest route to the gas- 
separators. The electrodes and diaphragms follow 
alternatively, and are carried on two carefully- 
insulated carrier-spindles; they are pressed 
together by means of a heavy screw and headstock- 
plates, filter-press fashion (Figs. 9 and 10). The 
electrodes are of special cast-iron, separated from 
each other by diaphragms made of specially 
prepared asbestos, provided with a rubber border- 
ing about 30 mm. (1.1& in.) in width. The 
diaphragms serve both as an installation and 
a packing medium; they also keep the gases 
separate. The collection of gases inside the 
chambers, and the formation of a mixture of gases, 
is totally excluded. The electrodes are ruffled 
(Fig. 13), and subjected on the anode side to a 
secret process, in order to suppress all polarisation 
troubles and to prevent the formation of deposits, 
and the oxidation of the electrodes themselves. 
This special preparation, in addition to the very 
great care given to the manufacture of every part 
of the electrolysers by the Oerlikon Company, is 





eminently successful, and not only increases very 
considerably the life of the diaphragms and the 

iod during which the plant remains in per- 
ect working order, but the conductivity of the 
apparatus is also greatly improved, increasing 
the voltage efficiency of the whole electrolyser 
appreciably. The space between two electrodes 
and one diaphragm represents a chamber element 
or cell, and the number of chambers required is, of 
course, a direct function of the voltage of the elec- 
tric circuit. The electrolyser used in conjunction 
with the Farnborough installation is of the so- 
called double type, equipped with a monopole 
centre-plate, on both sides of which the rest of the 
electrodes are arranged mirror-like. The design of 
the electrolyser is such that the distance between 
the individual electrodes is a minimum, and the 
quantity of the solution to be decomposed excep- 
tionally small. The current (positive pole) is con- 
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——— 
gravity of 1.10. The solution must show no trace 
of any mineral or chloric acid. 

Efficiency.—As the heat of combination of water is 
68,400 calories, and as 1 coulomb = 4.18 x 107 erg 
=0.2394 calories, the electrolysis of a gramme. 
molecule of water requires 


68,400 _ 285,714 volt-coulombs. 
0.2394 
Technically this pressure could be reached very 
closely if the decomposition of water were taking 
place according to the formula 


H,O =H + O. 


The reaction is, however, more complicated, owing 
to the probable formation of primary O H and to 
the fact that a part of the energy is lost, due to the 
re-formation of water from 2 molecules O H. 

As with the decomposition of 1 gramme-molecule 
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CF. Change-over fuses. 
CS. Change-over main switch. 
BB. Main bus-bars. 


A. Ammeter. 
V. Voltmeter. 
J Current-indicator. 
8. Voltmeter switch. 
nected to the centre monopole-plate, from which it 
passes through both sides of the electrolyser to the 
end electrodes. These latter are electrically inter- 
connected and form together the negative pole. 
The electrodes used for the regulation are — 
round the positive centre-plate. This type of elec- 
trolyser is diagrammatically illustrated in Fig. 12. 
The ruffling on the electrode surface above 
referred to not only increases the effective surface 
very considerably, but also forms a large number 
of small vertical channels, through which the liquid 
and gases are kept in constant motion by the 
rising bubbles. This brings about a very effective 
renewal of the liquid on the electrode surface, and 
apy any possibility of back-pressure arising. 
t also makes it possible to run the electrolysers 
with a very high current density. Fig. 13 shows 
that the plates are made with circular holes on the 
left and right-hand side top corners, and with one 
in the centre at the bottom. These holes, when 
the plates are compressed on the carrier spindles, 
form circular tubes or passages for the gases. The 
are connected to the inner side of the cells 
by means of slots cast into the electrodes. The two 
main gas-passages formed by the holes in the top 
of the electrodes serve the purpose of leading away 
the oxygen and hydrogen, whilst the bottom passage 
represents the main for the electrolyte. 
Solution.—The liquid used in the apparatus is, as 
a rule, a 10 per cent. solution of the purest refined 
potash in distilled water, having a maximum specific 











SR. Starting resistance. 
L. Signal-lamps. 
SH. Switch. 


bb. Auxiliary bus-bars for 
series connection. 
RS. Cell regulating-switch. 


of water, 2 gramme equivalents of hydrogen become 
free on the cathode side of the electrode, requiring, 
on the basis of Faraday’s law, 2 x 96,540 coulombs, 
the theoretical decomposition pressure is 


285,714 volt-coulombs _ 4 4g volts, 
2 x 96,540-coulombs 


The practical decomposition pressure of the 
Oerlikon electrolyser at normal load and tempera- 
ture (40 deg. to 50 deg. Cent.) is 2.2 to 2.4 volts— 
sometimes even lower—and therefore considerably 
lower than required in connection with other elec- 
trolysers. In practice, under normal working 
conditions, with the electrolyte properly warmed 
up, the current efficiency is on an average approx!- 
mately 93 per cent., when 1 kilowatt-hour generates 
5.9 cub. ft. to 6 cub. ft. of hydrogen and about 
3 cub. ft. of oxygen. With the especially treated 
electrodes, this figure has been known to range 
approximately 5 per cent. higher. 

he trials carried out at Farnborough have con- 
firmed the figures above given. 

Gas-Pressure.—The standard apparatus can be 
used for pressures up to 2.5 metres of water column, 
equal to about } atmosphere, or 3.7 Ib. per sq. 1. 5 
and by designing certain parts rather stronger 
than usual, the gas may be generated at a pressure 
of even 2 atmospheres (29.4 Ib. per sq. in.) if 
required. The Farnborough installation produces 
gas at a pressure of about 6 in. to 7 in. of water 
column, which is led into the gasometers, where- 
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from it may either be used direct for the inflating | infinitesimal mixing of gases, roughly in the pro-| the hydrogen generated does not contain more than 
of dirigibles, or compressed to about 120 atmo- 
(1764 lb. per sq. in.) and stored in steel 
showing gasometers, com- 


spheres J 
bottles (see Fig. 4, 


portion of the sections of these passages, to the/ 1 
total effective surface of the electrodes; electric | 24 per cent. 


|resistances and back-pressures make themselves 
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6. Concrete foundations. 

7. Water seals. 

8. Hand-feed pumps. 

9. Testing-board and space 


Electrolyser unit. 

. Starting resistance with re- 
culating switch (cell type). 

Electrolyte tanks. 

Gas-separators with cooling- 
water pipe. 

- Porcelain feet. 


pressor shed, and steel bottles immediately in 
front). for the solution and the 


The 
gases, going right ll h the electrolyser, result 
mm quite a negligible loss of current and an 


al ad 


atte it’s desk. 
10. Main switchboard. 









11. Duct for electrolyser cables 17. Electrolyser feed piping. 


and drain-piping. 18. Gas-cocks. : 
12. Gas pressure meters. 19. f —— ee % 
13. ; “ e gas-separators 
14, f Cooling-water piping. - in number) with the 
15. | Main gas-pipes going to ' | mains. 


16. gasometers, 


only felt when the plant is run with a very small 
current input, a condition which never arises in 
practice. 

Purity of Gases.—Under normal load conditions 





cent. oxygen, and the oxygen not more than 
ydrogen. The Farnborough plant, 
even under a continuous overload of approximately 
35 per cent., generated at the trials isoneeen con- 
taining not more than 0.6 per cent. oxygen, whilst 
the oxygen registered about 1.8 per cent. hydrogen. 

Overload Capacity.—The Oerlikon electrolysers 
easily stand an overload of 20 per cent., and some- 
times more, provided that the cooling of the solu- 
tion by means of cooling-spirals in the gas-separators 
be sufficiently complete. This facility of consider- 
ably overloading the plant, and of generating a 
proportionally increased quantity of hydrogen, is of 
the greatest importance, particularly in connection 
with military aerial navigation, since dirigibles may 
not receive a longer notice for sailing than any 
other army or naval unit. 

Oerlikon Electrolysers.—These electrolysers can be 
connected either directly to an ordinary direct- 
current supply system or fed by a special dynamo. 
Under normal load conditions the decomposition 
voltage per cell is only 2.2 to 2.4 volts instead of 
3 volts and more, as is the case with many other 
—_ of apparatus. The electric connections and 
the system of gas-tubing are extremely simple. 
The insulation and packing difficulties are reduced 
to a minimum, and the cost of maintenance is said 
to be very small. 

Assuming continuous running and normal load 
conditions day and night, the Oerlikon electrolysers 
need not be overhauled and cleaned for some five 
to six months,* and then the whole operation should 
not occupy longer than, say, four hours, if properly 
prepared for beforehand. As already stated, the 
electrolysers allow the gases to be generated up toa 
pressure of about 2 atmospheres (29.7 Ib. per square 
inch), securing the additional advantage that they 
may also be used for soldering and welding purposes, 
which is of particular value where large flames are 
necessary. Small pressure fluctuations have no 
detrimental influence. 








THE TWO-STROKE CYCLE ENGINE. 
By R. G. Wes. 


NEARLY every internal-combustion engineer has 
had at some period of his career what might be 
termed an attack of ‘‘ two-stroke ;” indeed, such an 
experience is almost a part of his training, and may 
well be a not unimportant part. But the majority 
of inventors ap to be so taken up with the pos- 
sibilities of the cycle that they rather ignore the 
impossibilities, whereas it is the latter that demand 
the greater attention. Therefore the present article 
aims ata critical analysis of some of the mechanical 
difficulties —— by the cycle, with a view to 
their possible elimination or modification, and that 
more particularly with reference to engines suitable 
for automobile and similar work. In dealing with 
these points it has to be borne in mind that the 
various functions and features, being largely de- 
pendent upon one another, can only be dealt with 
separately to a limited extent, and should always 
be considered in the light of their interconnection 
as a whole. 

From the increasing number of ‘ two-stroke” 
engines now being made, it would appear that the 
border-line between present practice and complete 
practical success must be a thin one; but while it 
may be thin, it is none the less marked in most 
cases. Reasons for this are not only the inherent 
difficulties of the cycle, but also a lack of working 
experience, for though the cycle calls for as much, 
or more, working experience as the “four-stroke,” 
it has not yet hada tithe. The cycle received its 
share of attention up to the time of the lapsing 
of Crossley’s Otto patents in 1890, when a four- 
stroke cycle of such well-proved merits becom- 
ing generally available, the still struggling ‘‘ two- 
stroke ” engine was quietly discarded by practically 
all the makers. While the lapsing of the Otto- 
Crossley patents was asad blow to the advancement 
of the ‘‘two-stroke” engine, it should not be over- 
looked that, at the time, it was largely Crossley’s 
success, combined with their monopoly, that spurred 
the early inventors on, and so helped to lay the 
foundation from which the cycle is now being 
advanced; this, largely by the elimination of 
numerous ingenious designs, the study of which 


* Oerlikon electrolysers have been at work for as lo 
as twelve months without requiring to be overhauled an 
cleaned, 
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OERLIKON ELECTROLYSERS AT THE ARMY AIRSHIP FACTORY, FARNBOROUGH. 


CONSTRUCTED BY THE MASCHINENFABRIK OERLIKON, ENGINEERS, OERLIKON, SWITZERLAND. 
(For Description, see Page 583.) 
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Fic. 9. View or ELEcTROLYSER. Fic. 11. View sHowine THE Gas-TuBE ARRANGEMENT. 
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Fic. 12. DraGram or ELECTROLYSER. 
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Fie. 10. View sHowING THE Groups oF ELECTROLYSERS. 


may still afford considerable instruction to the|to under-estimate the excellent features of the 
modern designer. In connection with the inventors four-stroke cycle, and going into the pros and cons 
of these early days, Dugald Clerk is one whose name | of the former tends to a fuller appreciation of the ms 
should be mentioned as being closely associated with | latter. Theoretically, almost the only flaw in the ] 
the pioneer work of the two-stroke engine. | four-stroke engine is the lack of complete scaveng- | 

In studying the cycle under review it is well not | ing, otherwise the Beau de Rochas cycle is Jnearly | Fie. 13. View or an ELECTRODE. 
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ideally fulfilled. A deficiency that might he laid 
to its charge is that of the absence of “a 
sive working, with consequent loss on the high 
exhaust pressure. The four-stroke cycle certainly 
does not include any really ‘‘idle stroke,” often 
depreciatingly referred to ; and in any case this so- 
called idle stroke is but transferred to the pump or 
its equivalent in the ** two-stroke engine. At 
the same time it is well to bear in mind that the 
classical compression cycle of Beau de Rochas did 
not necessarily imply four strokes as essential to 
the cycle ; and to carry out the pump functions in 
the working cylinder, while being simple, is not 
ideal. Combustion entails requirements that are 
not necessary for the process of exhausting, charging, 
and compression, and it should be more efficient to 
provide separate cylinders, or their equivalent, 
adapted to the special requirements of the process 
carried out therein. Against this separation, how- 
ever, must be set the slight loss incurred in trans- 
ferring the charge from the pump to the working 
cylinder. As regards the matter of comparative 





thermal loss, this is somewhat swallowed up in the 
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necessary waste by cylinder-cooling, but is in favour 
of the two-stroke cycle. 

In designing a two-stroke cycle engine, many 
points peculiar to the cycle, and of the greatest 
importance to its success in practice, present 
themselves for determination, and yet about which 
there are, so far, but scanty data for our guidance. 
Thus the ports call for serious calculation as to 
their area, position, mode of operation, and timing; 
while such matters as method of control, a 
supply, and t of air-pump all require carefu 
weighing. Ite indeed, tr from the lack of 
essential data of this description that the ‘‘two- 
stroke” engine suffers; and therefore instructive 
research-work, such as that carried out by Dr. 
—— and Mr. Fenning, should prove of real 
Value, 

Ports.—A fundamental point for early considera- 
tion in design is that of the inlet and exhaust-ports, 
their size, ition, and control. Both sets of 
ports chou, be of ample area; the inlet so that 
the fresh charge sweeps in in large volume and 
does not tend to mingle with the old charge so 
much as it would if forced in jet-fashion through 
confined ports; the exhaust should be of large 
area to allow of easy scavenging, with the minimum 
of back pressure, in the short time available. With 
reference to position, the simplest and most usual 
method is to place the two sets of ports opposite 
one another at the outer end of the cylinder, to be 
uncovered by the piston towards the end of its 
working stroke, for a period between one-fifth and 
one-quarter of the stroke (Figs. 1, 2, and 11). This 
arrangement must be carefully carried out with 
respect to exhausting and charging from the one end 
of the cylinder, with which in view, it would seem 
better to make the stroke the same as, or not much 
greater than, the cylinder bore. With the ports 
thus opposite one another it is n to provide 
a battle on the piston-head to deflect the incoming 
charge to scavenge the cylinder-head, and to 
keep the charge from blowing straight across out 


through the exhaust-ports. For this purpose a 
stepped piston (Fig. 4) is preferable to the more 
usual piston-deflecting plate (Fig. 5), as the latter 
may have a tendency at times to become unduly 
hot, whereas a stepped piston, offering less area, 
has not this objection. In either case the baffle 
should be of ample proportions to ensure good 
deflection of the we charge. With the 
step type of piston the long side of the latter 
should preferably be arranged to take the connect- 
ing-rod power-stroke thrust. In its simplest form 
this disposition of ports entails the exhaust-ports 
remaining open longer than necessary on the 
inward stroke ; this being due to the exhaust-ports 
requiring a lead in — to allow the cylinder 
pressure to drop as low as that of the incoming 
charge before the inlet is uncovered ; and as, in 
the ordinary way, the ports to be first uncovered 
will be the last covered, the exhaust remains open 
after the inlet. Placing a non-return valve close 
to the inlet ports would allow of them being 
uncovered at the same time as the exhaust, but 





such a valve, or valves, would have to be large 
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to afford free way for the incoming gases. Placing 
both sets of ports at the outer end of the cylinder 
allows of a simple cylinder casting, with the advan- 
tage of a valveless head, and with an interposed 
charge of air—a point dealt with later—a thorough 
scavenge can be effected from the one end without 
loss of mixture: thus this arrangement has much 
in its favour. ; 

The ible difficulties of exhausting and charging 
from the same end of the cylinder have led to the 
adoption of other port positions. A well-known 
alternative is that of having but one set of ports 
controlled by the piston, preferably for the exhaust, 
while the charge is admitted through a large poppet, 
or other valve, in the cylinder head (Fig. 3). This 
affords larger port area, with an end-to-end sweep 
for scavenging, and automatically gives correct 
timing of the inlet relative to the exhaust, but 
sacrifices the advantages of a plain combustion 
head. The Dolphin automobile engine was an 
example of this construction ; while the Kéorting 
gas-engine, made by Mather and Platt, exemplifies 
it successfully applied for large powers. 

A method of port control which has at least one 
notable exponent is that of utilising two pistons in 
a common cylinder open at both ends, the com- 
pression and explosion taking place between the 
opposed pistons, there being thus no cylinder head ; 
while the inlet ports are at one end and the exhaust 
at the other end. Such is the system of the Oechel- 
hauser gas-engine, built for large-power units by 
Messrs. Beardmore, of Glasgow. While this arrange- 
ment affords an ideal through way from the inlet 
to the exhaust port for scavenging, and incidentally 
relieves the main bearings of thrust, it is at the 
heavy cost of doubling the piston, with its connec- 
tions and crank-throw. modification of the 
double-pistoned Gobron-Brillie automobile engine 
might’ give a successful two-stroke engine on this 
principle (Fig. 6, page 588), but the same number 
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of crank-throws would be required for each two- 
stroke cylinder as for two four-stroke cylinders, thus 
entailing some sacrifice in comparative simplicity. 
This double-piston system is carried further in 
the dual-cylinder type of engine, in which a pair of 
rallel cylinders open into a common combustion- 
ead. It may be roughly likened to the foregoing 
bent double in the middle (Figs. 7, 8,and 9). Here 
the inlet-ports are in one cylinder and the exhaust- 
ports in the other, each set controlled by its own 
piston, while the wall between the cylinders acts as 
a directing baffle, the scavenging flow being up one 
cylinder, across the combustion-head, and down 
the other cylinder. The dual cylinders may be set 
either one behind the other in line with the crank- 
shaft, with the connecting-rods operating from a 
common crank-throw (Fig. 7), or side by side across 
the crank-shaft, when the connecting-rods may work 
from a crank-throw set between the cylinders 
(Fig. 8), or from separate cranks geared together to 
revolve in opposite directions (Fig. 9). The first- 
noted arrangement is the simplest, and was adopted 
in the early Lamplugh design. The present Lam- 
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| plugh engine, however, has the cylinders set side 
o side, with the two connecting-rods working on a 
single crank-throw set between the cylinders, as 
shown by Fig. 8, in such a manner that the piston 
controlling the inlet ports finishes its stroke a 
little behind the piston controlling the exhaust, 
thus giving the necessary lead to the exhaust-ports 
without the usual undesirable lag of closing behind 
the inlets, as indicated in Fig. 12. With this 
arrangement allowance should be made for the fact 
that the extended connecting-rod angle entailed by 
the off-setting effect of such crank position increases 
the piston side-thrust. The last-named dual-cylinder 
arrangement, employing independent cranks, is well 
exemplified in the Lucas engines, where advantage 
is taken of the two crank-shafts to effect a balance 
of impulse reactions by having a fly-wheel on each 
shaft, the shafts being geared together to revolve 
in opposite directions, on the same principle as the 
original Lanchester engine. It has occurred to 
the writer that a dual-piston engine might be made 
with the crank connected to the piston controlling 
the exhaust-ports set a few degrees in advance of 
its fellow-crank, as indicated applied to this latter 
principle by Fig. 9, so that the exhaust-ports 
would not remain open after the inlet, while open- 
ing earlier as usual, giving the cycle, Fig. 13, 
page 589. This differential setting would also put 
the exhaust-piston in a better ition to receive 
the impulse at the time of firing. The gain of 
such a setting should more than compensate for 
~ slight effect on balance. 

he great weakness of the dual-cylinder arrange- 
ment is very evident by noting that the same 
impulses are obtained from a similar number 
of cylinders working on the four-stroke cycle. 
Moreover, the double set of pistons and rods does 
not afford any better balance than a single set ; 
though, as noted in the Lucas engine, advantage is 
taken to balance impulses, but at the additional 
expense of gearing. us it is largely a matter of 
paying in primary parts for a gain of simplicity in 
secondary parts. 

A somewhat untried method of end-to-end sca- 
venging is that of having a tubular tail-rod exten- 
sion from the top of the piston, which tail-rod 
works ina sleeve extension on the cylinder-head 
(Fig. 10). As the piston uncovers exhaust-ports in 





the cylinder walls, this extension, drawn out with it, 
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leaves the cylinder-head at the time of inlet, where- 
upon the fresh charge is forced up the tubular ex- 
tension into the cylinder-head, and drives the spent 
gases out through the cylinder ports. On the return 
stroke the extension enters the sleeve portion of 
the cylinder-head and so closes the inlet, the ex- 
haust ports being covered by the piston. This 
tubular extension may be longer than the stroke, 
so that it does not leave the cylinder-head sleeve, 
in which case it has ports through its upper end. 
The double-acting Enderly-Johnson engine, with 
its hollow through piston-rod, embodies this prin- 
ciple. To givé a good e for the incoming 
charge the tubular rod should of sufficient dia- 
meter to afford an area of at least quarter the 
cylinder-bore area, which means both reduced 
working area and increased cylinder-wall area ; and 
the packing round the neck of the cylinder-head 
extension is a matter that might give trouble in 
withstanding the working heat and pressure. 

A recent idea for obtaining an end-to-end flow 








scavenging is irrespective of port area beyond 
certain limits. 

While there are other possible port arrangements, 
such as piston valve and similar combinations, 
the foregoing can he said to cover the lines of 
present alternatives. Thus it will be seen that the 
position and control of the inlet and exhaust is 
a matter of several pros and cons; and while sim- 
plicity is in itself a most desirable feature, it should 
not be retained at undue expense of efficiency: a 
valve system partly independent of the working 
piston may justify its employment by the efficient 
engine working it ensures. 

Fuel Feed.—In dealing with the usual short- 
comings of the two-stroke engine, a leading point 
is that of economy, in which is involved the matter 
of fuel supply. An ordinary method of supply for 
small engines is for the pump to draw in its charge 
through the carburettor, the mixture thus obtained 
being duly transferred to the cylinder (Fig. 1); 
but in its simplest form this method entails serious 





This intermediate chamber heing adjacent to 
the inlet ports, the pure air therein enters the 
cylinder first, driven © the mixture following it, 

hile a certain amount of intermingling of scayeng. 
ing air and mixture inevitably takes place, such a 
scavenge is 4 marked advance. The Ajax engine 
made at Stockport is a good example of this 
method under Bamford’s patent. A method often 
adopted for large engines is that of having sepa- 
rate pum for scavenging and charging; the 
Mort engine, with its divided rotary blower, is 
a successful example of this principle for light 
engines. While this duplicating of the pump is 
effective, it is at the cost of additional working 
parts, which, however, need not be prohibitive in 
a multi-cylindered engine. By effecting carburettion 
between the pump and the cylinder, part of the air 
may be diverted and admitted direct for scaveng- 
ing; this allows of a good separation of scavenging 
air and mixture if ports can be arranged to deal 
with the separate charges in proper sequence. In 
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between ports is that of having the ports in an 
internal reciprocating sleeve situate between the 
piston and cylinder, similar to the Knight sleeve- 
valve. The inlet ports are in one end of the 
sleeve and the exhaust in the other end, those at 
the inner end sliding behind an inverted cylinder 
head, while those at the outer end are covered by 
the piston in the usual manner. Messrs. Willans 
and Robinson have patented, and commenced 
building, Diesel engines on this principle, in which 
the pump piston is made round the lower part of 
the sleeve, the pump-chamber being annular. To 
gain the required opening in the small portion of 
crank revolution available—55 deg. to 65 deg. 
either side of the dead centre (Fig. 14)—the 
travel of such a sleeve has to be considerable, 
approximating half the piston stroke ; but as the 
lune reciprocates in phase with the piston, the 
frictional aspect of this length of travel is not 
serious. Ports so controlled are slow opening and 
closing, and it should be observed that the sleeve 
is solely on account of the ports at the cylinder 
head end; indeed, the opening and closing of the 
outer end ports is adversely affected thereby, as 
the sleeve moving with the piston partially nega- 
tives the piston’s motion over the ports in the 
sleeve. 

A revolving or oscillating sleeve has also been 
proposed for a similar me cag but the ible 
area of ports so controlled is limited by the fact 
that the bars between ports must be the width of 
the ports plus coverance, thus leaving at most a 
total circumferential port width of but a third the 
cylinder circumference. Further, a revolving 
cylindrical member does not offer the same facility 
as a sliding one for being kept pressure-tight. 

When double sets of ports are provided, as in the 
latter examples (Figs. 6, 7, 8, and 9), or a poppet 
or other valve in conjunction with a set of piston- 
controlled ports (Fig. 3) ; then, assuming that the 
total port area is thereby increased, the period of 
port opening may be less, and the working stroke 
proportionately slightly longer. But this reduc- 
tion of time allowance for port — cannot be 
carried far, as the minimum of time for efficient 
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lack of economy, from two causes: either in 
ensuring complete scavenge, part of the fresh charge 
is lost with the exhaust, or, on the other hand, the 
exhaust is not completely expelled, and a portion 
counties in the cylinder weakens the fresh charge; 
in variable running both these effects may occur. 
Then there is danger of the incoming charge being 
_ by the hot, possibly still burning, gases in 

e cylinder, with a resultant back-fire. These 
difficulties may be ely overcome by an inter- 
posed air scavenge—that is, admitting pure air 
alone before the mixture. This may be arranged 
in several ways: a simple method is for the pump 
to draw in through two inlets, one which admits 
mixture direct inte the main pump body, while 
the other admits pure air into an intermediate 





chamber between pump and cylinder (Fig. 2). 
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this case carburettion 

has to be under pump 

pressure, at which pres- 

sure, therefore, fuel 

must be supplied. This 

principle of an initial 

charge of pure air is 

: practically essential for 

efficient working. In its best form the scavenging 

volume should be variable for control purposes, 

and as less mixture is required proportionately 

more scavenging air should be supplied to ensure 

thorough sweeping out of the burnt gases, and to 

keep compression constant ; though as regards this 

latter point a variable compression offers advan- 

tages for flexibility. Such scavenging should not 

be carried to an extent that unduly weakens the 
mixture by the inevitable intermingling. 

Going a step further, there is what may be 
termed the full scavenge principle with separate fuel 
admittance under pressure, either before firing or 
on the Diesel system. In the Diesel type ‘‘two- 
stroke” engine scavenging and charging is by air 
alone, and fuel is injected under pressure direct 
into the cylinder after compression is completed, 
being ignited as it enters by the temperature 
induced by exceptionally high compression pres- 
sure, upwards of 500 1b. There is no explosion as 
usually understood, the fuel, which may be crude 
oil, being fed in gradually during the initial part of 
the working stroke, so that combustion is con- 
tinuous; a very efficient control is afforded by 
having this fuel feed variable. The principle of 
fuel injection during or after compression lends 
itself peculiarly well to the ‘‘ two-stroke ” cycle ; 
there is no possibility of loss of fuel by scavenging 
through the exhaust ports, and scavenging may 
therefore be thorough, and, with the exception of 
the fuel-feed valve, the cylinder head is clear 
of valves, which valves require a good deal of 
keeping up to their work against the high pressure 
entailed. While many ak engines are running, 
it seems strange that the ‘‘ two-stroke” type of 
Diesel engine is not more in evidence. It may be 
noted that the first Diesel engine built in England, 
by Scott and Hodgson, of Hyde, was on this cycle. 
Owing to the high pressure involved, with resultant 
working strains, the Diesel system does not lend 
itself well for comparatively light engines at 
present, though the near future may see its evolu- 
tion for heavy automobile and similar work; in 
fact, experimental work has been in progress for 





some time with this end in view, and single- 
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cylindered Diesel engines of 5 horse-power were 
running at the Brussels Exhibition. 

There are a number of successful two-stroke 
engines made for running on heavy oil in which the 
fuel is similarly injected after compression, but 
which, having a more normal working pressure, do 
not rely for ignition on compression heat alone. 


Fig. (2. 
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DUAL CYLINDER COMPENSATING 
PORT SETTING. 








EXAMPLE PORT SETTING 


These are started by aid of an external heating 
lamp until the cylinder gets hot enough by running 
for self-firing. A good example of such is the Marmot 
engine, made by Messrs. Sharer and Young, of Alloa, 
while on the Continent there are the Bolinders, the 
‘‘ Primus,” and others. A compromise, retaining 
the chief advantage of this fuel-injection system, 
but of lighter construction, might be evolved by an 
engine made to run on the usual light motor-spirit. 





A simple electric ignition could be used for starting: 
up, to be switched off when the cylinder got suffi- 
ciently hot for auto-ignition, to which end a throttle 
inserted in the coding-omer circulation system 
would be an aid to letting the cylinder retain its 
initial heat. Such an engine might be made to run 
on ordinary paraffin oil after having been got well 
going on the lighter fuel, and should find ample 
scope for commercial-vehicle work ; but the scheme 
is not as feasible as it is ideal. 


(To be continued.) 
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Puan - LanauaGe Extra-EvropEaAN TELEGRAMS AT 
Harr Rates.—A scheme has been suggested by the 
Government of Australia, and elaborated by the Pacific 
Cable Board, by which the existing rates for extra- 
European telegrams may be u in the interests of 
those who only use the telegraph occasionally, chiefly for 

ial and minor business affairs, and who cannot take 
advantage of the use of codes. The proposal, which is 
supported by the Governments of Canada and New 

d, and has been accepted by the British and 
American cable companies, is that telegrams of the less 


urgent nature, which can, if necessary, be held back for 





not more than twenty-four hours in favour of fully-paid 
traffic, shall be sent at half the present rates. 


THE SKEFKO SELF-ALIGNING BALL- 
BEARING. 

Amonc the exhibits at the recent Electrical Exhibi- 
tion at Olympia there was a very striking and novel 
ball-bearing, which we were only able to refer to briefly 
when dealing with the show as a whole. We now 

ropose, however, to describe it in detail, as its special 
eatures render it of singular interest to all concerned 
with ball-bearing applications. The bearing is of 
Swedish origin, but is manufactured in this country 
by the Skefko Ball-Bearing Company, Limited, of 
riton House, Regent-street, London, 8.W., who 
have works at Luton, in Bedfordshire. The com- 
mercial application of the bearing dates only from 
1907, but its use has increased so rapidly that the 
Swedish works have been repeatedly extended, and 
now have a capacity of over 5000 bearingsaday. The 
English works are also now being extended, although 
they were only completed in the early part of this 
year. The success which has attended the introduc- 
tion of the Skefko bearing is witness to its practical 
value, and to the adequacy, in service, of its special 
features. 

Although the bearing is very novel in its design, 
it is, none the less, so simple that the whole of its 
features may be appreciated after a few minutes’ 
inspection of a sample, and there will be no difficulty 
in understanding its construction from the illustrations 
on page 590. Fig. 1 is a perspective view of a Skefko 
radial bearing of ordinary type ; Fig. 2 a perspective 
view of a Skefko thrust-bearing, partly disassembled ; 
Fig. 3 a cross-section through half of the radial 
bearing ; and Fig. 4 a section through a combination 
thrust and radial bearing fitting. Confining our atten- 
tion for the moment to the ordinary redial Skefko 
bearing, as shown in Figs. 1 and 3, it will be seen 
that the arrangement consists of a ridged inner race 
carrying two rows of balls which work against an 
outer race, the surface of which forms part of 4 
sphere. The balls are held in position and their pitch 
is maintained by a solid metal cage, which can be very 
mag seen in Fig. 1, and is shown in cross-section in 

fig. 3. 

‘The first main idea underlying the design of the 
bearing has reference to the fact that the spherical 
outer race allows the inner race and balls to swivel 
out of their plane of rotation, so that they are capable 
of adjusting themselves to any out-of-alignment of 
the shaft owing to bending or bad erection. The value 
of this feature is recognised in ordinary ball-bearings, 
which are so frequently mounted in swivelling housings, 
but the advantage of having the feature inherent in 
the bearings themselves is obvious, more especially as 
the swivelling, of course, takes place on balls instead 
of on a solid bearing, so that even in extreme condi- 
tions, with a badly bent shaft, or one somewhat light 
for the work in hand, the loss in friction due to the 
swivelling is extremely small. The second idea under- 
lying the design is that, owing to the two rows of balls, 
the load is, at any instant, taken on three balls, situated 
at the apices of a triangle instead of on a single ball, as in 
an ordinary bearing. This feature greatly increases the 
capacity of the Skefko bearing, and renders it capable of 
dealing successfully with very heavy loads. third 
feature of the bearing which should be mentioned, and 
which also has relation to the heavy loads which it can 
carry, turns on the areas of contact between the balls 
and the races. In an ordinary ball-bearing the areas 
of contact between the balls and the outer race are 
greater than those between the balls and the inner 
race. This is due to the fact that in the plane of 
rotation the outer race is concave towards the balls 
in contact with it, but the inner race is at the same 
time convex. The effect of the unequal contact areas 
is that undue wear takes place on the inner race, 
and at the same time unequal strains are set up 
in the balls, leading sometimes to fracture. In the 
Skefko bearing, however, these unequal areas do not 
exist, since the radii of curvature of the ridged inner 
race are taken so that the contact areas with the two 
races are the same. The radii of the inner race are a 
little greater than the radii of the balls, although this 
is not shown very well in Fig. 3. 

It is probably hardly necessary to refer in further 
detail to the main features of the bearing, although it 
is perhaps well to point out that any load on the 
bearing must be taken equally by the three top balls, 
as they are at the corners of an equilateral triangle. 
Also that any such load is transmitted through the 
centre of the balls directly to the centre of the bear- 
ing, since the radius of the outer race is struck from 
this centre of the bearing. The tangents at the points 
of contact of any ball with the races are always at 
right angles to the line joining the centre of the ball 
to the centre of the bearing, so that there is at no time 
any outward thrust on the balls due to the load. At 
the same time, however, the bearing is capable of 
taking a certain amount of end-thrust, owing to the 
rid inner race and the spherical outer one. The 
inner race and balls are capable of slewing completely 
round in the outer race, and at the same time main- 





taining proper contact with it. The example illus- 
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trated in Fig. 1 is shown with the balls and inner 
race moved round through a large angle. 

It is claimed by the makers that Skefko ball-bearings 
are not only — of performing very heavy duty 
as a result of their design, but also in virtue of the 
material of which they are made and the accuracy of 
their construction. th balls and races are made of 
Swedish charcoal crucible cast steel, the balls being 
formed by a die-forging process, instead of being 
turned from a bar, so that they receive much workin 
in course of manufacture and are of quite exceptiona 
strength when completed. The races are turned 
from bar and hammered blanks, and are hardened 
and tempered in a special plant before grinding. 
The grinding is, of course, one of the most important 
operations in the manufacture of the races. It is 
done on machines specially designed for the operation, 
and carrying rotating carborundum wheels at the ends 
of oscillating arms. The pockets in the cages are 
proportioned to hold the balls quite loosely, but, at 
the same time, prevent them falling out by their 
own weight. A race with its balls may be handled 
as a complete unit, without fear of losing the balls, 
and, at the same time, any ball may easily be sprung 
out of place by prising it from behind, if it is 
desired. 

We may say that we had an opportunity of inspect- 
ing the works of the Skefko Company at Luton on a 
recent date, and found them excellently equipped for 
the manufacture of the speciality to which they are 
exclusively devoted. The machine plant consists of 
automatic, semi-automatic, and engine lathes, grinding- 
machines, a special gas-heated oil-hardening ory &e. 
The works also contain the usual tool-room, in which 
are made the working jigs and gauges to which the 
bearings are remetaeteded The limit system is used 
throughout, and a very high degree of accuracy is 
obtained, the working gauges being founded on a set 
of Johansson gauges, which form the standard of the 
works. A very complete system of inspection at all 
stages is a feature of the manufacture, while all com- 
plete races are subjected to a Brinell hardness test. 
An interesting feature of the system is that the selling 
organisation of the firm has an inspector who is quite 
independent of the works side, and whose duty it is to 
inspect every complete bearing before it finally leaves 
the factory. 

In conclusion we must mention the thrust bearing, 
shown in Figs. 2 and 4, which, although not the main 
feature of this notice, is of much interest in itself. The 
bearing shown has a double row of balls, but both 
double and single-row thrust-bearings are manufac- 
tured. The balls are carried in a phosphor-bronze 
cage, and the races and housing are turned from 
crucible cast steel and ground. The three races 
making up the bearing are turned so that their outer 
surface forms part of a sphere, which is capable of 
rotating in any direction in the housing to allow for 
lack of alignment. The disasserabling of the bearing is 
allowed for by two slots made in the housing, which 
can be seen in Fig. 2. By swinging the races with 
their balls out of their plane of rotation until one of 
the end races comes opposite these slots it is possible 
to remove this race, and after it the first set of balls 
with theircage. The rie is shown with these two 
parts removed in Fig. 2. The remaining parts may, 
of course, be removed in the same way, while indi- 
vidual balls may be sprung out of their cage exactly as 
in the ordinary bearing previously described. 
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THE ARGYLL SINGLE SLEEVE-VALVE 
PETROL-ENGINE. 


A NOVEL departure from the conventional design of 
valve-gear has been made in the petrol-motor now 
being put on the market by Messrs. Argylls, Limited, 
of Alexandria, near Glasgow. In this engine the 
usual tappet-valves are replaced by a single sleeve- 
valve, provided with suitably spaced exhaust and inlet 

rts, which, by means of an oscillatory rotation com- 

»ined with a linear reciprocation, alternately uncover 
the exhaust and inlet ports in the cylinder. The 
— design of the engine, as will be seen from the 

rawings reproduced on the opposite page, follows 
the firm’s usual practice, and we will therefore confine 
ourselves more particularly to a description of the 
valve-gear which has been designed by Mr. Peter Burt. 

Referring to Figs. 1, 2, and 3, which give respec- 
tively an end view, a longitudinal section, and a cross- 
section of a 25-horse-power engine, it will be seen that 
the cylinders are fitted with loose liners or sleeves A 
in which the pistons work. In the cylinders two sets 
of ports are formed at the upper end, there being three 
ports for inlet and three for exhaust on opposite sides 
of the cylinder, whilst in the valve-sleeves five ports are 
provided, of which one is alternately used for exhaust 
and inlet. In Fig. 4 we reproduce photographs of a 
pair of cylinders, cut in sections in order to show the 
arrangement of the water-jackets which entirely sur- 
round the ports ; the upper view shows the cylinders 
cut through at the port level, and the port will be cut 
between the water spaces shown. The cylinder-heads B, 
which are also water-jacketed, project into the cylinders 
and form pistons, which serve to close the upper ends 
of the valve-sleeves. The arrangement of these heads 
will be seen from Figs. 2 and 3, whilst Fig. 5 further 
shows the manner in which the water-jackets are con- 
nected up to the corresponding spaces in the cylinders. 

As already mentioned, the valve-sleeve receives a 
combined reciprocating and oscillating motion, which 
is obtained as follows:—Referring to Figs. 2 and 3, it 
will be seen that at the lower end of the sleeve a forked 
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lug (clearly shown in Fig. 6) is formed, into which is 
fitted a crank-pin D, held in place by a hinge-pin KE, 
which allows the crank-pin to move in the horizontal 
plane. The crank-pin D works in an eccentric hole in 
the crank-bush F, which is rotated at half engine-speed 
from the lay-shaft C by means of skew gearing. It 
will thus be seen that the valve-sleeve travels in a 
vertical direction equal to the throw of the crank- 
pin D. Owing, however, to the hinge-pin E being at 
a greater,distance from the axis of the sleeve than the 
port-faces, the length of are-travelled in a rotary direc- 
tion by the ports is less than the throw of the crank. 
It will thus be seen that the motion imparted to any 
point in the sleeve is an ellipse, having its longer 
diameter vertical, and therefore the ports in the sleeve 
have an elliptical motion with regard to the fixed 
rts in the cylinder, as indicated in the diagrams on 
‘ig. 7, page 592. In this figure the forms of the 
two sets of ports are shown, and their relative posi- 
tions at six different positions of the engine cycle are 
also indicated, whilst diagrams are also given showing 
the relative positions of the crank and sleeve-valve 
for a complete cycle of the engine. 

From the diagrams it will be seen that the ports are 
opened during the lower portion of the sleeve motion, 
inlet occurring on the upward, and exhaust on the 
downward portion of the stroke. During the upper 
part of its travel, corresponding to the compression and 
working strokes of the engine, the ports in the sleeve 
are covered by the fixed piston, already mentioned, 
and are thus entirely protected from the action of the 
burning gases ; another and more ee function 
of this piston is that of ee the ports of the 
necessity of withstanding the high pressures due to 
compression and explosion of the charge. : 

Referring to the diagrams, Figs. 7 and 8, page 592, it 
will be seen that at the time of — the inlet ports 
the sleeve is passing across the lower end of its elliptical 
path, where its — motion will be relatively rapid 
with regard to that of the engine piston, and further, 
that the direction of motion is such as to give a rapid 
opening of the ports. Continuing its motion around its 
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elliptical path, the motion of the sleeve becomes rela- 
tively small compared to that of the piston during the 
time that the port opening is at a maximum. On 
reaching the point of closing the sleeve motion is again 
rapid as compared to the piston movement, whilst 
its direction is also such as to result in rapid closing 
of the ports. A similar set of conditions also obtains 
in the case of the opening and closing of the exhaust 
ports, and this ra id operation combined with a com- 
paratively.long duration of full port opening is a 
noteworthy feature ot the engine. In Fig. 8 the 
relative areas of the port openings are shown in dotted 


; Fig.7. 
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lines for the two sets of ports, the areas being plotted 
radially to the ellipse corresponding to the valve path. 

It will also be seen from the diagram that slight 
modifications in the position of opening the ports can 
be effected by removing a portion of the leading edge 
of the sleeve ports, whilst a later closing is effected by 
removing some of the ‘‘ trailing” edge. 

In order to simplify the replacing of the valve- 
sleeves in their correct positions after overhauling the 
engine, the fly-wheel is marked to correspond to the 
lowest position of the sleeve, and it is only necessary 
to set the mark at its bottom position to ensure the 
correct setting of the valve. 

A feature of the valve-gear that is worthy of men- 
tion is the fact that the motion given to the sleeve 
ensures a very efticient lubrication being effected. It 
is also claimed that the engine is practically free 
from vibration at all speeds, whilst the employ- 
ment of a single sleeve considerably simplifies the 
construction and renders the cooling effect of the 
water-jacket more efficient than in the case of engines 
having two sleeves. ; ; 

The engine, which has undergone a series of ractical 
tests during the past two years, will be exhibited at 
the Exhibition which opens at Olympia to-day, and 
will, no doubt, be examined with interest by all con- 
cerned with internal-combustion engines. 





CANADIAN RAILWAY PROGRESS. 

WE recently analysed the position of the Canadian 
Pacific Railway, and we pro’ now to review the 
older, but less successful, undertaking known as the 
Grand Trunk Railway of Canada. This well-known 
railway has been combating since 1860 what have 
sometimes appeared to be almost hopeless difficulties. 
This is due largely to the fact that the Grand Trunk 





Company has not received anything like such substan- 
tial aid and encouragement from the Canadian Govern- 
ment as has been accorded to the Canadian Pacific 
Railway. ‘The Grand Trunk Railway received, in its 
early stages, Government advances to the extent of 
3,111,500/., and then the Canadian Treasury was closed 
against it for many years. In comparatively recent 
times, however, the Canadian Government has shown 
some disposition to assist the Grand ‘I runk in its efforts 
to reach the Pacific. 

The company has, during the last decade, deemed it 
well to form a new company for linking the original 
Grand Trunk Railway undertaking with the Pacific 
Coast. This railway got to Winnipeg long since, and 
now it has practically reached the Rocky Mountains. 
Here great constructive difficulties have, of course, 
to be encountered : but when these have been over- 
come it will be a comparatively easy matter to reach 
the Pacific Coast at ae Rupert, which has been 
selected as the terminal point. The company has had 
to create everything in connection with its Pacific 
Coast development ; even Prince Rupert has had to be 
called into existence, and built from beginning to end. 

The amount of the ordinary stock in circulation is 
22,475,993/., and as most of it was created fifty, 
forty, or thirty years ago, it is high time that its 
holders should be obtaining some return upon their 
capital. In the six months ending June 30, this 
year, the receipts increased by 239,546/., but the 
working expenses were larger by 172,140/., so that 
the additional net profit acquired was only 67,406/. 
Still it is certainly satisfactory to find that the revenue 
acquired in the first half of this year was 3,561,182/., 
as compared with 3,321,636/. in the corresponding 
period of 1910, and when the large extent of new line 
now in course of construction has been brought into 
complete operation, there can scarcely fail to be 
a further growth of business and revenue. On the 
other hand, the fact cannot be overlooked that the 
ratio of the working expenses to the tratlic receipts 
was still as high as 73.81 per cent. in the first half of 
this year, which was slightly less than the corre- 
sponding ratio for the first half of 1910, when it was 
as high as 73.94 per cent. 

We must, however, give the Grand Trunk directors 
credit for endeavouring to develop the undertaking 
with true British perseverance. Notwithstanding the 
disheartening position of the ordinary stock, the 
company had raised capital in one way or another 
to the close of June, 1911, to the extent of 76,283,582/. 
An addition of 341,328/. was made to the expendi- 
ture on capital account during the first half of this 
year, 112,705/. being laid out for new works and 
sidings, 205,683/. for 1000 steel coal-cars, and 2829/. 
for further double tracking. As regards the Grand 
Trunk Pacific Railway extension, track has now been 
laid to Fitzhugh, a distance of 111 miles from Wolf 
Creek (the end of the Prairie section), and 1027 miles 
from Winnipeg. This new track is not at present in 
complete working, but it will assist the harvesting of a 
considerable extent of new country in the summer and 
the early autumn of 1912. Even if the Grand Trunk 
Pacific Railway were not completed, the exten- 
sion of the Grand Trunk system 1027 miles further 
into Western Canada must necessarily assist greatly 
the development of the country, and aes consider- 
able additional revenue into the Grand Trunk 
Railway exchequer. There is no reason, however, 
to suppose that the Grand Trunk Pacific Railway will 
not be completed, although it will not be in full 
operation, before 1913 or 1914. Construction has been 
commenced at the Prince Rupert end, and grading has 
been completed 185 miles to Hazelton. 

In the course of the six months ended June 30 
maintenance of way and works cost the Grand Trunk 
395,714/., as compared with 365,487/. in the corre- 
sponding period of 1910; maintenance of equipment, 
600,415/., as compared with 638,696/. ; traffic charges, 
114,947/., as compared with 107,374/. ; conducting trans- 
portation, 1,373,042/., as compared with 1,204,624/. ; 
and general charges, %6,524/., as compared with 
93,507/. The item ‘conducting transportation ” com- 
prised locomotive power, signalling, working station 
yards, &c. The aggregate distance run by trains in 
the first half of this year was 10,381,006 miles, as 
compared with 9,548,039 miles in the first half of 1910. 
These details show that the company is progressing, 
and give encouragement to those responsible for the 
management. The hopes of the Grand Trunk Railway 
rest, of course, upon the great Canadian future. 








Tue Institution or Civit ENGINEERS: AWARDS FOR 
Papers.—The council of the Institution of Civil Engi- 
neers have made the following awards in respect of papers 
published in Section II. of the proceedings for the session 
1910-11 :—Telford Premiums to Messrs. 8S. M. Dixon, 
M.A., B.A.I., Birmingham ; H. J. F. Gourley, B.Eng., 
London ; J. Holden, London; A. a Horsell; A. 
Griftin, Hong Kong; and F. C. Lea, D.Sc., Birmingbam ; 
and a Crampton Prize to Professor W. E. Dalby, M.A., 
B.Sec., London. They have also awarded the Indian 
Premium for 1911 to C. E. Capito, Ahwaz, Persia, and 
the Webb Prize to F. W. Bach, London. 


NOTES FROM THE UNITED STATES. 
. PHILADELPHIA, October 25. 

THE possibility of a reduction in the price of ore 
and a reduction in freight rates on ore has precipi- 
tated a possibility that is encouraging to the steel in- 
dustry. The United States Steel Corporation has been 
threatened by the Federal Government with prosecu. 
tion for violation of the Sherman law. To avert this 
contingency it is rumoured that this Corporation wi)! 
give up its lease on the ore properties leased from 
the Great Northern Railroad Companies, and that 
freight rates will be also reduced on ore from that 
region to the Lake ports. This will throw open 
a great deal of ore to the iron and steel makers 
at large, which in turn will give room for further 
reductions in pig iron and to possible shadings 
in their products. Last week pig iron dropped an 
additional 0.25 dols. per ton. The great producers have 
_ yet opened their books for 1912 orders on a large 
scale. 

The t week or two has developed a demand 
for crude steel. Tin-plate has been shaded 4 dols. 
per ton. This means 3.40 dols. abox. Large tin-plate 
contracts will soon be placed, and the above price will 
likely be permanent. Heavy contracts have just been 
placed for structural steel throughout the east. Con- 
tracts for 75,000 tons in all will result from the present 
activity. The New York Central has placed a small 
order for 1500 tons. The boat builders along the 
Atlantic coast are having an unusual amount of work. 
Agitation is progressing, looking to the construction 
of a canal along the coast from Boston to the (Gulf. 
This enterprise has been agitated for years, and 

werful commercial and manufacturing interests are 

eing brought to bear on Congress to enter upon the 
work, which involves for its completion an outlay 
roughly estimated at 80,000,000 dols. The promoters 
are arguing that if the Government can afford to put 
400,000,000 dols. in the Panama Canal it ought to be 
able and willing to put 80,000,000 dols. into a canal 
that would affect the interests of some 25,000,000 of 
people. 

In many respects the steel industry is showing 
decided improvement, though all orders and purchases 
| are based upon present and urgent necessities. There 
is a prevailing disposition to accept present extremely 
low prices on business for delivery far into next year, 
but with one-fourth of productive capacity idle the 
manufacturing interests will hardly be able to hold 
out for higher prices. 








THE ASSOCIATION OF ENGINEERS-IN-CHARGE.—The first 
‘*social” meeting, or ‘‘ Ladies’ Night,” of this Association 
for the current session took place on Saturday evening last, 
the 28th ult., at the Liverpool-Street Station Hotel, and 
took the form of a dinner and concert, at which Mr. Alfred 
E. Penn, the Chairman of the Association, presided. 
The gathering was made the occasion of the presenta- 
tion of a testimonial to Mr. Henry Capsey on his 
retirement from the position of honorary secretary, an 
office which he had held for seven and a half years. 
Mr. Capsey joined the Association in 1899, became a 
member of council in 1900, was elected vice-chairman of 
the council in 1903, and succeeded Mr. Davey as honorary 
secretary early in 1904. The testimonial took the form of 
an illuminated address, accompanied by a suitably en- 
graved gold watch and chain, for Mr. Capsey ; a purse 
containing the unexpended balance of the sum subscribed, 
for Mrs. Capsey ; and a gold bracelet for Miss Capsey. 
In making the presentation the President for the current 
session, Mr. William H. Maw, expressed the indebtedness 
of the members of the Association to Mr. Capsey for the 
admirable way in which he had discharged his duties as 
honorary secretary, and referred to the material aid he had 
received from Mrs. and Miss Capsey during bis long period 
| of office. The meeting was exceedingly well attended, a 
| large number of ladies being present, and a very pleasant 
| evening was spent. 

s 

| Tue InstTrrvTE OF CuemistrY.—The Council of the 
Institute of Chemistry have inaugurated a series of lec- 
| tures, the first of which was oars Mr. Bertram 
Blount, F.1.C., at King’s College on Thursday, October 20. 
In the unavoidable absence of the President, Dr. Beilby, 
'the chair was taken by Professor J. Millar Thomson, 
|LL.D., F.R.S., who opened the proceedings with a 
| reference to the scheme of lectures which, he said, was an 
| extension of the work of the Institute on lines mainly 
| directed to benefit advanced students of chemistry. Its 
aim would be to indicate the scope and object of the work 
actually carried out in various branches of professional 
chemical practice, as distinct from academic training ; 
| while occasionally the lectures would deal with matters of 
| forensic and ethical interest. Mr. Blount’s lecture was 
| the first of two on ‘‘Cement.” He limited his discourse 
| to the consideration of calcareous cements as being of pre- 
| dominant importance, and more particularly to the Port- 
| land cement industry, the size of which might be — 
| by the fact that the world’s production was estimated at 
| 25,000,000 tons per annum, valued roughly at 35,000, 000/. 
The industry is essentially a chemical one, and, in the 
| interests of both manufacturer and consumer, was, and 
| should be, controlled by the chemist. In the next lecture, 
to be given in the latter part of November, the chemistry, 
properly so-called, and testing of cement will be dealt 
with, ‘The lectures will be published, 
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PASSENGER LOCOMOTIVE (4—6—2 TYPE 


) | Superheating surface ‘‘S,” .. 


Total heating surface “‘S”’ .. 240 sq. m. (2583.38 sq. ft.) 


62 sq. m. (667.39 sq. ft.) 


FOR THE BELGIAN STATE RAILWAYS. | Ratio: " ; 0.257 

WE gave in Figs. 1 and 2, on our two-page plate, | Length of grate 2.5m. (8f 
No. LiL, with our issue of October 20, two general widen dene a om cen. sth in} 
w iv, me te oe es : 
views of a passenger locomotive of the 4-6-2 type, Diameter of driving-wheels “D” 5 sq. m. (53.82 sq. ft.) 


designed by Mr. J. B. Flamme, chief engineer fur the 
Belgian State Railways. As stated in our notice on 
age 525 ante, there are two engines of this type, 
ae as ‘‘ Type 10,” at the Turin Exhibition, one 
built by the Société Anonyme de St. Léonard, Liége, 
and the other by the Cockerill Company, Seraing. 

The passenger engine, ‘‘ Type 10,” of which we give 
further engravings in Figs. 3 to 8, on Plate LIV., 
sublished with the present issue, and Figs. 9 to 36, on 
the present page and pages 594, 595, and 598, is an 
improvement upon the preceding ‘‘Type 9.” It has 
four equal cylinders and six coupled wheels, the latter 
1.980 m. (6 ft. 6 in.) in diameter. In the locomotive 
“Type 9,” the first axle alone was the drivingaxle. It 
was an oblique crank-axle fitted with outside crank- 





Fig.9. 


pins keyed at 180 deg. as regards the cranks on the axle 
body. In the locomotive ‘Type 10,” which we illus- 
trate, a much more powerful engine than the preceding 
one, the leading driving axle is a crank-axle, with cir- 
cular webs, driven by the inside cylinders, the outside 
cylinders being connected to crank-pins on the second 
coupled axle. 

The piston-rods of the outside cylinders are made to 
slide in a special guide, owing to their greater length, 
this arrangement having made it possible to uce 
the length of the outside connecting-rods. The steam 
distribution mechanism of the inside cylinders is 
driven by a rocking shaft ; in this, the newer type of 
engine, it was not possible, owing to the position of 
the cylinders, to make use of a horizontal rocking- 
lever, as was the case in the engine “ Type 9.” 

The principal dimensions are the following :— 


es? of the four cylin- 
ders‘“‘d” .. on ve 500 mm. (19.69 in. 
Stroke “1” 660 mm, (25.98 in} 


Boiler pressure ‘‘p”.. -. 14 kg. persq. em. (205 

Inside diameter of boiler PY ™ (205 Ib. per eq. in.) 
barrel .. -” on - 

Distance between tube-plates 

Thickness of barrel-plates .. 

Height of boiler centre above 


1,800 m. (5 ft. 11 in.) 
5 m. (16 ft. 5 in.) 
20 mm. (0.79 in.) 


raillevel .. . 2.850 m. (9 ft. 4 in ) 
Boiler { Number ee od 230 31 
tubes | Outside diameter .. 50mm. (1.97in.) 127mm (5 in.) 
(Thickness .. |. 2.5 mm, (0.098 in.) 4.5 mm. (0.176 in.) 
20 sq. m. (215.28 sq ft.) 


Heating surface of fire-box. . 











Heating surface of tubes ., 


220 sq. m. (2368,10 sq. ft.) 


Diameter of trailing-wheels 
Diameter of bogie wheels .. 
Weight in working order on 
each bogie axle... - 
Weight in working order on 
each coupled axle .. ; 
Weight in working order on 
trailing axle . . es 
Total weight in working order 
Weight, empty. . ae ae 
Weight available for adhe- 
rence .. 


Draw-bar pull 7 * “ pHi 


0.900 m., (2 ft. 11} in.) 
14,000 kg. (13 tons 15 cwt. 2 qr.) 
19,000 kg. (18 tons 14 cwt.) 
17,000 kg. (16 tons 14 ewt. 2 qr.) 
102,090 kg. (100 tons 7 cwt. 2 qr.) 
92,000 kg. (90 tons 11 cwt. 1 qr.) 
57,000 kg. (56 tons 2 cwt.) 
15,166 kg. (33,370 Ib.) 


The engine has been designed with a view to 
hauling the heavy passenger trains which hitherto 
have required two engines of the ordinary type 
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over the heavy gradients. The Belgian lines, as is 
well known, form a most intricate system, and to 


leroi, 57 km. (35.5 miles) between Charleroi and 
Namur, and 63 km. (39.3 miles) between Namur and 
Liége. It should be noted, however, that the in- 
tricacy of the Belgian railway system alluded to above, 
especially in the industrial districts of Charleroi and 
the Lower Sambre, where the junctions and branch 
lines are very numerous, frequently makes it difficult 
to exceed a speed of 70 km. (43.5 miles) per hour. 

The Belgian State Railways used coke on their 
locomotives until 1853, when firing with coal and 
briquettes became the practice. In 1856 and 1857 
briquettes formed one-third of the fuel used on the 
Belgian locomotives, a proportion which increased to 
half in 1858, and to three-quarters in 1859. The change 
of fuel was accompanied by no change of practice as 
regards fire-box design, as low - grade slack coal, 
which was available in abundance, and at a com- 

ratively low cost in the country, was being used in 
arge quantities for raising steam in stationary engines, 
the possibility of utilising it in locomotives also 
was then considered. As a result, in 1860, Belpaire, 
a Belgian engineer, designed his well-known locomo- 
tive fire-box for the purpose. On the locomotives 
gradually increasing in power, the fire-box for burnin 
slack coal exclusively gradually increased in size an 
ultimately reached large proportions. This led the 
Belgian State Railways to fit their engines with the 
Flamme type of boiler, in which slack, nut coal, and 
| briquettes can be burnt separately or together. 
| The Flamme boiler is characterised by a round- 
| topped fire-box casing, strengthened by transversal 
ties and T-bars riveted to the sides. The fire-box, the 
width of which, as above stated, is 2 m. (6 ft. 6}4 in.), 
| is placed, as shown in Figs. 4 and 6, Plate LIV., 
| above the wheels, and is provided with two doors. 
The cylindrical ring of the boiler-barrel is followed 
| by a taper course, the object of which is to reduce the 
| height of the boiler in front, so as to bring the 
| steam-dome and the chimney within the limits of the 
| loading gauge. The four safety-valves have been re- 
| duced in height, and have been placed in pairs side by 
| side. 
| ‘The barrel is built up of three steel-plate rings, 
| 20 mm. (0.79 in.) in thickness, lap-riveted together. 
| The top part of the fire-box shell is 30 mm. (1.18 in.) 
thick, and is directly connected to the crown by 
| vertical stays. The two rows of stays in the vicinity 
| of the tube-plate are arranged to allow for expansion. 
| The connections of the crown to the sides are on a large 
| radius, thus making it possible to decrease the height 
| of the upper row of stays which are specially exposed 
|to fracture. The lower portion of the fire-box tube- 
| plate and of the throat-plate below the arch has been 
| made slanting, as shown in Fig. 4, Plate LIV., and 
| Fig. 1, Plate LII. ante, to clear the trailing coupled 
| wheels. The fire-box tube-plate is stiffened by four 
| longitudinal stays connecting it to the smoke-box tube- 
| plate. 
| The frame-plates are inside the wheels ; they are of 
| steel, 30 mm. (1.18 in.) in thickness. Owing to their 
| dimensions, they are made in two parts, lap-jointed 
together. The boiler is fixed at the smoke-box, and rests 
|on expansion-brackets on the underframe under the 
| barrel and at the fire-box. The Schmidt superheater 
consists of 124 superheating tubes, which are contained 
| in the thirty-one large smoke-tubes. Each one of the 
| latter contains two loops, the superheating tubes being 
| joined together at the fire-box end by steel bends, in 
| which they are screwed. Each loop thus formed estab- 
| lishes communication between the two compartments 
| of the steam-collector placed in the upper part of the 
smoke-box. As in the usual practice, the first com- 
partment receives the saturated steam coming from 
the regulator, and from the other superheated steam 
| is supplied to the steam-pipes leading to the cylinders. 
As already pointed out, this locomotive has four 





the east of Brussels, especially in the vicinity of | cylinders, two outside the frames and twoin. They 


Liége, the gradients are at places particularly diffi- 
cult. 
gradients of 31 mm. per metre (1 in 32.3) ; the lines 
serving the par Brag cok of Herve, Pepinster-Gouvy, 
Verviers-Aachen, Liége-Vivegnis-Liers, have long | 
continuous gradients of 16 mm. to 25 mm. per metre | 
(1 in 62.5 to 1 in 40). These difficulties, combined | 
with the fact that Belgium is on the route taken by a 
large proportion of the travelling public from this 
country and from Holland, have compelled the Belgian 
State Railways gradually to increase the power of 
their engines so as to enable them to cope with the, 
increasing weight of passenger-trains running at the 
high speeds which now generally obtain. The latest 
type of Belgian engine to meet these conditions for | 
passenger traffic is the ‘‘ Type 10,” which we illustrate. | 

Mr. Flamme states that, for dealing with traffic in | 
Belgium, special types of engines are required, and he | 
gives as an illustration the following instance :— 
Between Paris and the Belgian frontier, the Paris- 
Cologne trains, which are hauled as far as Liége by 
the magnificent du Bousquet engines of the Northern 
Railway Company of France, run at an average speed 
of 95 km. (58.5 miles) per hour. On Belgian territory, 
between Erquelinnes and Liége, their speed is 65 km. 
(40.5 miles) per hour between Erquelinnes and Char- | 





For example, the line from Liége to Ans _ has | 


| in front ; it is provided with a lubricator. 


| are carried far forward over the bogie. On page 594, 
in Figs. 10 and 11, are given drawings of the outside 
cylinders, and in Figs. 12 and 13 drawings of the 
| inside pair, the latter being cast separately. Details 
of the pistons are given in Figs. 14to 17. They are 
steel castings, and are fitted with three packing rings. 
The latter are grooved in the middle of their outer 
surface, and are drilled with holes 3 mm. (0.118 in.) 
in diameter, which run through their whole thickness 
from the bottom of the groove, to allow the steam to 
exert a pressure at the back of the rings to cause them 
to press against the cylinder walls. The rings do not 
serve to support the pistons ; these are carried in the 


‘rear by the cross-head, and in front by tail-rods. 
| Each tail-rod runs in a cast-iron liner made with lubri- 


cating grooves, enclosed in a cast-iron casing bolted to 
the front cover of the cylinder. The casing is closed 
n order to 
prevent compression of the steam which might leak 
along the tail-rod, a hole 3 mm. (0.118 in.) in dia- 
meter establishes a communication between the cylin- 
der and the annular space round the liner and the 
tail-rod end. 

Steam distribution is by piston valves, with inside 
admission. Drawings of the valve and valve bushings 
or liners are given in Figs. 18 to 22, page 595. Fige, 19 
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and 20 show the valve piston. Fig. 21 shows the steam- 
port openings developed, and Fig. 22 sections through 
the steam and exhaust ports. Figs. 23 to 25 show the 
piston-valve rings in three stages of finish, Fig. 25 
representing their final form. With inside admission 
it has been found possible to dispense with metallic 
packing for the valve spindles, which are simply pro- 
vided with oil grooves. The valve spindles are shown 
in Figs. 26 and 27, Fig. 26 showing the spindle for the 
outside cylinders, and Fig. 27 the spindle for the 
inside cylinders, operated by rockers at thefront. The 
valve gear is of the Walschaert type. The cylinders 
are fitted with relief valves, 100 mm. (3.94 in.) in 
diameter, and a by-pass valve operated from the foot- 
plate by compressed air. Figs. 28 to 32 show the 
piston-rod packing of metallic rings, fitted with spring 
neck-rings carried in a box. Figs. 31 and 32 show the 
gland, and Figs. 29 and 30 the oiler fixed to the gland 
studs, and shown in section in Fig. 28. 

The reversing-gear consists of a small steam cylinder, 
the = of which is connected on one side to the 
weigh-bar, and on the other to the reversing lever. 
Lubrication of the valve casings, cylinders, and piston 
counter-rods is ensured by two eight-way distributing 
boxes, operated by the link-motion gear. The flow of 
each of the eight pipes is made adjustable. 

The engine is coupled to a six-wheel tender which 
has acapacity for 24,000 litres (5280 gallons) of water 
and 7 tons of coal. 

The bogie is of the Flamme type with lateral play. 
It is illustrated in Figs. 33 to 36 on page 598. It has 
a spherical centre bearing which rests in a centre 
casting suspended by four inclined swing-links. The 
bogie centre is a steel casting made with stiffening 
ribs. The bogie frame-plates, 26 mm. (1 in.) in thick- 
ness, are inside the wheels, and are further connected 
together by two headstocks of plates and angles. The 
load is transmitted by four independent supporting 
springs. The spherical centre pivot is fixed to a 
horizontal “women titted to the locomotive underframe, 
and which bears against the inside cylinders. A hori- 
zontal bar fixed to two lugs, cast in one piece with the 
bogie centre, holds the bogie to the engine. Check- 
clamps prevent the side play online 65 mm. 
(2.56 in.) towards either side. The bogie is fitted 
with the Westinghouse brake, since it carries a high 
pate (28 tons) of the total weight of the engine. 

‘he Belgian railways were the first to extend the con- 
tinuous brake to the bogie. In the case of the engine 
‘*Type 10,” the bogie is provided with a separate brake 
mechanism and cylinders connected to a separate triple 
valve and receiver. The bogie, therefore, in regard to 
braking, forms, as it were, a distinct vehicle. 

The running on curves is also facilitated by a 50-mm. 
(1.97-in.) play, provided between the guides and the 
axle-boxes of the trailing axle, controlled by wedge 
blocks above the axle-boxes. 

The engine is provided with the Westinghouse 
brake, which acts on all the wheels, the bogie-wheels 
being also braked as above stated. 





Tue LATE Mr. Wivuiam C. Martin.—We ragret to 
have to record the death, at an early age, of Mr. 
William C. Martin, of the firm of Messrs. W. C. Martin 
and Co., of Glasgow. Mr. Martin, who was born in 1862, 
was well-known in electrical and shipbuilding circles, his 
firm having made a speciality of electrical ship work for 
many years. They were responsible for the electrical 
installation on the Cunard liner Mauretania. Mr. Martin, 
who, in earlier years, was connected with the Telephone 
Company, of London, and the British Electric Light and 
Power Company, of Scotland, was a member of the Insti- 
tution of Engineers and Shipbuilders of Scotland, of the 
Institution of Electrical Engineers, and of the Incorpora- 
tion of Hammermen, of Glasgow. He had been a member 
of the Glasgow Town Council since 1908. 


PrrsONAL.—The office of the Patents Secretary (Mr. 
H. G. Graves) under the Inventions and Designs Act, 
which is now a branch of the Department of Commerce 
and Industry, Government of India, has been removed 
from 2, Bankshall-street, Calcutta, to 1, Council House- 
street, Calcutta.—Messrs. Cutbill, King, and Co., of 
26, Nicholas-lane, Lombard-street, E.C., have been ap- 

vinted sole agents in Great Britain for the De Laval 
Steam-Turbine Company, Limited, of Stockholm.—Mr. 
Rowland C. Feilding has ceased to be a member of 
Messrs. Hooper, Speak, and Feilding, mining engineers 
and managers, of 3, London Wall Buildings, E.C., and 
his business address now is 18, St. Swithin’s-lane, 
London, E.C. Mr. Edward Hooper and Mr. 8S. J. 
Speak will remain in partnership, and will continue to 
carry on their business under the style of Hooper, 
Speak, and Co.—Mr. J. R. Garner, for eight years works 
manager of the Electric and Ordnance Accessories 
Company, Limited, Aston, Birmingham, has resigned 
in order to take up a similar position with the Lancashire 
Dynamo and Motor Company, Limited, Manchester.— 
Mr. William ©. Mountain, M.I. Mech. E., M.I. Min. E., 
M.1.E.E., is retiring from the firm of Messrs. Ernest 
Scott and Mountain, Limited, and proposes to devote 
his whole time and attention to Premed =. work, and has 
taken offices in Sun-buildings, Newcastle-on-Tyne. He 
has been appointed arbitrator by the coal trade to 
represent a number of the principal counties of England 
in connection with the use of electricity in mines. 





‘“* JET PROPULSION.” 
To THE EpiToR OF ENGINEERING. 

Si1r,—With reference to the interesting article on ‘‘ Jet 
Propulsion,” which appeared in last week’s ENGINEERING, 
we are in entire agreement with the opening paragraph, 
in which the efficiency of jet propulsion is insisted upon. 
Our experience, moreover, goes to show that whatever 
may be the obstacles to the adoption of jet propulsion on 
an extensive scale, it is undoubtedly extremely useful in 
many special cases. One of these special cases is in 
relation to fire-floats stationed in canals, harbours, or 
other situations where the frontage to be protected is 
small, and where, consequently, any desired position can 
be reached in a sufhciently short time at a moderate 


speed. 

We have frequently utilised the pumping plant of such 
a fire-float to effect its propulsion with very gratifying 
results. In one recent case a boat 50 ft. long, with a 
relatively small pumping outfit—1000 gallons per minute 
only—was fitted with two 14-in. nozzles fore and aft, and 
attained a speed in still water of 5 miles per hour, with the 
jets discharging into the atmosphere just above water- 
level. This, of course, is only a sharp walking pace, but 
serves its special purpose admirably, with a minimum of 
initial outlay and expenses of upkeep. This method of 
propulsion is also extremely handy for manceuvring pur- 
poses, as the vessel can be readily steered or reve by 
the simple operation of two valves. 

With regard to the type of pump proposed in the article 
referred to above, though no doubt a centrifugal pump 
would necessary to deliver the enormous volume of 
water required for ~ propulsion on a large scale, for the 
small quantities which we have employed for this pur- 
pose we have invariably used reciprocating pumps. Our 
experience shows that with the relatively small quantity 
and high pressure necessary for this class of work a 
conakibalile improvement in efficiency is obtained with 
reciprocating pumps as compared with pumps of the 
centrifugal type. 

In conclusion, we would say that, though water-jet 
propulsion may never reach an efficiency high enough to 
warrant its general adoption, it still possesses features 
which, perhaps, merit more consideration than they com- 
monly receive. 

We are, Sir, yours faithfully, 
MERRYWEATHER AND Sons, Limirep. 
Greenwich-road, London, S8.E., November 1, 1911. 








Jet Proputsion: ErratuM.—By a slip of the pen, in 
our article on page 569 of our last issue, the efficiency of 
a jet propelling a tank which moves at half the speed of 
the jet was said to be unity. It should, of course, have 
been 75 per cent. 

City or Brapvrorp TrcHNiIcAL CoLLEGE.—We have 
received from the City of Bradford Education Committee 
a copy of the Calendar for the thirtieth session, 1911-1912, 
of the City of Bradford Technical College, which gives 
complete information in all the various courses. These 
cover the textile industries, chemistry and dyeing, and 
engineering. 


Tur LoNDON CHAMBER OF ComMERCE (INCORPORATED). 
—Members desirous of being included in the engineering 
and allied trades sub-section are requested to forward, 
for registration, the name of the person whom they may 
wish to depute to represent them at meetings. The 
engineering section is divided into (a) consulting engi- 
neers, or those who have more or less the same interests as 
professional engineers ; and (6) manufacturing companies, 
tirms, and individuals interested in or concerned with 
engineering. 


Liorn’s Recorp oF SuHipwrecks.—A gratifying con- 
dition is reflected in the quarterly report of shipwrecks 
just issued by Lloyd’s, which indicates continuous im- 
provement in ship construction, because it establishes a 
decreasing rate of loss, the total number of vessels re- 
moved from the Register from all causes during the quarter 
being 112, and the tonnage 129,211. This, as will be seen, 
is equal to only about half a million tons per year. Of the 
totel, 52, of 97,645 tons, were steamships, and 60 vessels, of 
31,566 tons, sailing ships. In view of the enormous pre- 
ponderancs of steamships in Lloyd’s Register the number 
of sailing vessels seems great, but against this it has 
to be noted that the average age is considerably higher. 
Wrecks, as usual, account for the greater number of 
losses — practically two-thirds — namely, 55 vessels, of 
79,085 tons, of which 20,716 tons were of sailing ships. 
Collisions account for the second largest number, 28 
vessels, of 28,858 tons; and here naturally steamers 
preponderate, sixteen steamships owing their loss to 
this cause, the tonnage in this case being 25,770 tons. The 
number of ships reported missing is om of 7441 tons, 
including a allieg ship of 146 tons. The other causes of 
loss are—ships foundered, eight, of 4480 tons; ships 
abandoned at sea, four, of 3094 tons ; ships destroyed by 
fire, four, of 2412 tons ; and ships lost from other causes, 
five, of 2204 tons, In the case of four vessels, of 1637 tons, 
the explanation is that they were broken up or aban- 
doned. The British ships again establish a satisfactorily 
low rate of loss per 100 tons owned, the percentage 
being only 0.29; but for no country is the rate more 
than 0.66 per cent., the ratio cageente to Italy ; next 
comes Spain, with 0.51 per cent.; Norway, 0.45 per cent.; 
the United States of America, 0.41 per cent.; the British 
Colonies, 0.40 per cent.; France, 0.30 per cent.; Germany, 
0.21 per cent.; Denmark, 0.19 per cent.; Russia, 0.17 per 
cent.; Sweden, 0.14 per cent.; and Austria-Hungary, 
0.02 per cent. All of these rates, it must be admitted, 
are most satisfactory. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning 
there was little doing in the pig-iron market, and the 
dealing consisted of only one lot of Cleveland warrants 
at 46s. 5d. cash, with sellers over at that figure and at 
46s. 9d. one month, and 47s. 4d. three months. Cash 
buyers of hematite offered 60s. 9d., but sellers wanted 
61s. 3d. In the afternoon Cleveland warrants were the 
turn firmer, but business was confined to 3000 tons at 
from 46s. 5d. to 46s. 54d. cash, and at 47s. 44d. 
three months. Closing sellers quoted 46s. 6d. cash 
46s. 94d. one month, and 47s, 5d. three months, 
Hematite was unchanged at 60s. 9d. cash buyers. On 
Friday morning quietness again prevailed, and only one 
lot of Cleveland warrants was done at 46s. 44d. cash. 
The closing quotations were called at 46s. 5d. cash, 
463. 94. one month, and 47s. 4d. three months sellers, 
The afternoon session was a complete blank as regards 
business, and sellers of Cleveland warrants quoted easier 
at 46s. 44d. cash, 46s. 8d. one month, and 47s. 34d. 
three months. On Monday morning Cleveland warrants 
were again in small demand, and prices were weak. 
The turnover consisted of 1500 tons at 46s. 3d. cash, 
46s. 6}d. one month, and 47s. 14d. three months, with 
sellers over at these quotations. One lot of hematite 
changed hands at 62s. 14d. three months, with sellers 
over. In the afternoon the market was the turn firmer, 
and 1500 tons of Cleveland warrants were dealt in at 
46s. 4d. cash, and 47s. 14d. and 47s. 2d. three months. 
Closing sellers quoted 46s. 4d. cash, 46s. 74d. one month, 
and 47s, 24d. three months. Hematite was quoted at 
61s. cash sellers, with buyers at 3d. less. On Tuesday 
morning the tone was steady, but business was limited 
to one Cleveland warrant at 46s. 34d. cash, and there 
were sellers at the close at 46s. 4d. cash, 46s. 74d. 
one month, and 47s. 24d. three months. The after- 
noon session was a repetition of its predecessor, 
and only one Cleveland warrant henged hands at 
47s. 14d. three months. Closing quotations were easier, 
with se:lers at 46s. 34d. cash, 46s. 7d. one month, 
and 47s. 14d. three months. When the market opened 
to-day (Wednesday) business was quiet, and only two 
lots of Cleveland warrants were done at 47s. 14d. three 
months. At the close prices were the turn firmer at 
46s. 4d. cash, 46s. 74d. one month, and 47s. 2d. three 
months sellers. Buyers of hematite offered 60s. 64d. 
cash, but there were no sellers. The afternoon session 
was also quiet, and dealings were limited to 1500 tons of 
Cleveland warrants at 46s. 7d. one month, and 47s. 14d. 
three months. Closing quotations were unchanged at 
46s. 4d. cash, 46s. 74d. one month, and 47s. 2d. three 
months sellers. The following are the market quotations 
for makers’ (No. 1) iron :—Clyde, 61s. 6d.; Calder, 
61s. 6d. ; Gartsherrie, 62s. ; Summerlee, 63s. ; Langloan, 
63s. 6d.; and Coltness, 82s. 6d. (all shipped at Glas- 
gow); Glengarnock (at Ardrossan), 63s. 6d.; Shotts 


(at Leith), 62s. 6d.; and Carron (at Grangemouth). 
63s. 6d. 


Sulphate of Ammonia.—A good demand for sulphate 
of ammonia is general, and the forward inquiry is 
also of a satisfactory nature. The current price is firm 
at 14/. 5s. per tun for prompt lots, Glasgow or Leith. 
The amount shipped from Leith Harbour last week was 
1555 tons. 

Scotch Steel Trade.—Scotch steel-makers report no 
scarcity in specifications for ship-plates and heavy 
material generally, with the result that the various works 
are all very well employed. Old contracts are, of course, 
responsible for the present activity, but new home busi- 
ness is still exceedingly quiet. For the latter, producers 
must now quote the official selling prices, although 
export orders do not come under the category of the new 
rebate scheme, particulars of which are given on page 597. 
A fair amount of business has lately been put through on 
shipping account, India, Australia, and Japan all having 
fixed lots of ship-plates and angles for early dispatch. 
The demand for angles and boiler-plates is rather better, 
but there is not quite so much doing in structural sections 
generally. No falling-off is reported by makers in the 
demand for black sheets, and consumers at home and 
abroad are pressing for delivery. 


Malleable-Iron Trade.—Producers of malleable iron in 
the West of Scotland are much better off for work at pre- 
sent, and most of the plant is fully employed. Inquiries for 


lots for home consumption have improved, but the prices 
on offer are still very low. 


Shipbuilding.—The shipbuilding industry in Sec otland 
is at present in a very healthy condition, and the majority 
of the yards are well off for work. New orders have been 
fixed up with some regularity during recent months, and 
a number of important contracts were also booked during 
October. With regard to output, the past month stands 
out well, and the Clyde total alone creates a record for 
the month of October. The district figures are :— 

Tons. 
58,186 
60 


Vessels. 


The Clyde 24 


The Forth 
The Tay 
The Dee 


1,250 
79 


28 60,286 


Total : 
As is only to be expected, the output from the yards on 
the Clyde is a long coy ahead and is the third highest 
month’s total for the year, ani it also makes the years 
total to date the third highest on record. The figures for 
the past ten months now amount to 219 vessels, of 
491,404 tons, as against 5C9,823 tons for 1907, and 
509,862 tons for 1906, so tkat there is quite a possi- 
bility of the year 1911 creatirg a new record in output. 
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Scotch Pig-Iron Trade.—Some improvement falls to be 
noted this week in the local inquiry for the ordinary 
qualities of Scotch pig iron, and a fair amount of business 
has resulted. The export trade continues satisfactory, 
and from the South the inquiries have been on a larger 
scale. The <_< over all is again most encouraging, 
as buyers have been taking delivery of fairly large quan- 
tities. The hematite ition shows little change, and 
although some new forward business has just been 
arranged, the current price is still 64s. per ton. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—Steam coal has shown 
a marked strengthening on the week. The explanation 
is to be found in the rush of orders coinciding with the 
bringing to a close of the shipping season proper. _ Con- 
tract deliveries from many of the collieries are consider- 
ably in arrear, and merchants have m pressing for 
supplies. The hard-coal position is still further improved 
by the fact that manufacturers are still taking large quan- 
tities. Considering the manner in which they hove heen 
stocking for several weeks past, the large works, in the 
event of a recrudescence of the railway labour troubles, 
ought to be better able to face the situation, provided 
such a stoppage is not of long duration. The railway 
companies, too, are in the market for odd lots. Most of 
this class of coal, however, is fetching high prices, since 
outputs are practically swallowed up by contracts elready 
in hand. Prices are firmer all round, and there are rumours 
of increases running up to 1s. a ton having been obtained 
in respect of coal to be delivered next year. Business in gas 
coals is still vigorous, and in this branch also there are 
arrears on contracts. Slacks are easier, in consequence 
of the present large productions, and supplies have been 
offered at slight reductions. Coking smalls show a similar 
tendency, and are in good supply. A marked contrast is 
afforded in the house-coal market. Here orders are 
coming in in driblits. What little business is done is 
mostly in the open market, and many merchants are 
very slack. There are still a good number of orders on 
hand at pits for best grades, but these are a diminishing 
quantity, and the cheaper qualities are in very little 
request. Prices have not altered materially, but the 
trend is downwards, and merchants are awaiting reduc- 
tions. Week-end quotations on Change were :—Best 
branch hand-picked, 15s. to 16s.; Barnsley best Silk- 
stone, 12s. 6d. to 13s. 6d.; Silkstone, 11s. 6d. to 12s. 6d.; 
Derbyshire brights, 12s. 6d. to 13s.; Derbyshire house, 
10s. to 11s. ; large nuts, 10s. to 11s.; small nuts, 6s. 6d. 
to 8s.; Yorkshire hards, 9s. 3d. to 10s. 3d. ; Derbyshire 
hards, 9s. to 10s.; washed nuts, 8s. 6d. to 9s. 6d. ; rough 
slacks, 5s. 6d. to 7s. 6d.; seconds, 4s. 6d. to 5s. 6d. ; 
smalls, 2s. to 3s. 


Iron and Steel.—Hematites still remain on the weak 
side so far as prices are concerned, and the market has 
remained steady during the past week. The Lincolnshire 
and Derbyshire makers keep up quotations, and are 
doing well in forge irons, There isa considerable demand 
for the best basic material: Scrapcontinuesto be depressed. 
The present price-list is as follows :—Hematites—West 
Coast, 75s. to 77s.; East Coast, 68s. to 70s.; Lincolnshire 
No. 3, 50s. 6d.; forge, 49s. 6d.; Derbyshire No. 3, 51s. 6d.; 
forge, 493. 6d. ; bars, 7/.; sheets, 9/. The finished iron 
industry has shown an improvement recently owing to a 
quantity of iron being used, principally in railway wagon 
work, in place of steel. Whilst benefiting the finished- 
iron makers, these orders are not of sufficient moment to 
have any real adverse effect upon the steel manufacturers, 
who have been, and _ still are, receiving a very large 
quantity of work. The steel trades generally seem in 
no danger of slack time during the winter, and there is 
just now a little more confidence in the labour outlook, 
tending towards increased activity in the placing of 
orders. Outside the armament departments, and exclud- 
ing certain special. branches of 1 industry, a good deal 
of the existing prosperity is attributed to a big volume of 
work given out by railway companies, who have been 
compelled materially to increase their rolling-stocks, 
and to the improvement in general engineering. 








Contracts.—The Mawchi Tin and Wolfram Mines, 
Limited, have recently placed an order with the British 
Humboldt Engineering Company, Limited, of Dixon’s 
House, Lloyd’s-avenue, E.C., for the supply of a complete 
Magnetic separating plant for the Mawchi Company’s 
mines in India. e plant is complete, including the 
—- screens, shafting, Humboldt’s Wetherill sepa- 
rator, &c, 





MaNcHESTER TuBE RaILways.—A definite scheme has 
been matured for tube railways for Manchester, and a 
syndicate of Manchester men has been formed to promote 
« Bill upon the subject next session. The system pro- 
posed is about 4} miles long, and a capital of 1,000,000/. is 
Suggested. Mr. J. Webb, a Manchester engineer, has 
prepared plans and estimates. 





ZORLLY TurbINES.—Following the torpedo-boat de- 
stroyers Warrington and Mayrant, both fitted with 
Zoelly turbines of 13,000 shaft-horse-power, and built at 
Messrs. Wm. Cramp and Sons’ yard in Philadelphia for 
the United States Navy, the latter have placed an order 
with the same firm for other four torpedo-boats fitted with 
Zoelly turbines. The turbines of each vessel are designed 
for 16,000 shaft-horse-power. Messrs. Wm. Cramp and 
Sons are the licensees of Messrs. Escher Wyss and 


Co., in Ziirich, for the construction of Zoelly marine 
turbines, 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIpDLEsBROUGH, Wednesday. 

The Cleveland Iron Trade.—Little new of moment can 
be reported concerning the pig-iron trade. Buyers con- 
tinue to act with extreme caution, and as a rule confine 
operations to the purchase of small lots to meet early 
requirements. At the same time, however, there are 
occasional inquiries for forward business, and it is grati- 
fying to learn, as indicating that confidence in the future 
has not altogether disappeared, that rather higher rates 
are demanded on forward account than those ruling 
for early delivery. Producers of Cleveland pig iron 
are well sold, and they have practically no stocks, 
but a much less satisfactory state of affairs exists so 
far as hematite iron is concerned. Makers of hema- 
tite pig are said to have rather heavy, and_ still 
accumulating stocks, and sales are very slow. It is 
understood that some merchants are prepared to sell 
No. 3 g.m.b. Cleveland pig at 46s. 6d. f.o.b., but the 
general market quotation is 463. 74d. ; whilst No. 1, 
which is still rather scarce, is 503. 6d. ; No. 4 foundry, 
46s. 3d. ; No. 4 forge, 46s. ; mottled and white iron, each 
45s. 9d. ; and mixed numbers of East Coast hematite pig 
iron, 60s. 6d.—all for early delivery. Foreign ore shows 
a marked upward movement. Sellers take a very firm 
stand, and market rates are now based on fully 20s. ex- 
ship Tees for best Rubio. Coke continues in good 
request, and prices are firm. Local consumption is 
heavy, and medium blast-furnace kinds realise 15s. 
delivered here. Foundry coke for shipment is fairly 
well taken up, and the quotation is in the neighbourhood 
of 17s. 6d. f.o.b. 


Manufactured Iron and Steel.—There is great activity 
in practically all branches of the manufactured iron and 
steelindustries. Several firms have contracts made that 
will keep them busily employed over the whole of next 
year, and, in addition to this favourable state of affairs, 
there are quite a number of inquiries in the market. 
Under such circumstances values naturally tend upwards, 
and for some descriptions advances may be announced at 
any time. Up to the present, however, no quotable 
changes have been made. Common iron bars are 7/.; best 
bars, 7/. 7s. 6d.; best best bars, 7/. 15s.; packing-iron, 
5l. 15s.; iron ship-plates, 62. 10s.; iron ship-angles, 7/.; 
iron ship-rivets, 7/. 5s.; iron girder-plates, 6/. 17s. 6d. ; 
iron boiler-plates, 7/. 7s. 6d.; steel bars, 6/. 5s.; steel 
en 6l. 15s.; steel ship-angles, 6/. 7s. 6d. ; steel 
boiler-plates, 7/. 10s.; steel strip, 6/. 10s.; steel hoops, 
61. 12s. 6d.; steel joists, 6/. 7s. 6d. to 61. 10s. ; cast-iron 
railway chairs, 3/. 12s. 6d.; light iron rails, 6/. 10s. ; 
heavy steel rails, 5/. 12s. 6d.; steel railway sleepers, 
61. 10s.; and iron and steel galvanised corrugated sheets, 
11/. 5s.—sheets less 4 per cent. f.o.b., railway material net, 
and all other descriptions less 24 per cent. 


Iron and Steel Shipments.—For the month of October 
shipments fully realised expectations. Those of pig iron 
averaged 4423 tons per working-day, the total despatches 
being returned at 115,003 tons, as compared with 106,693 
tons, or a daily average of 4103 tons for the previous 
month, and a total clearance of 111,374 tons, or an average 
of 4283 tons per working-day for the month of October, 
last year. Of the pig iron loaded during the past month 
105,858 tons went from Middlesbrough and 9145 tons from 
Skinningrove, the whole of the latter going to Scotland. Of 
the Middlesbrough clearances, 70,439 tons went to foreign 

rts, and 35,419 tons to coastwise customers. Once more 

otland was the largest buyer, receiving 24,809 tons; 
whilst Japan took 13,160 tons; Russia, 8540 tons; 
Germany, 8015 tons; Canada, 7410 tons; Sweden, 6302 
tons ; and Holland, 4100 tons. Of 12,674 tons of manu- 
factured iron shipped at Middlesbrough last mcnth, 4602 
tons went abroad and 8072 tons coastwise; and of 133,125 
tons of steel despatched, 27,574 tons went to foreign buyers 
and 5551 tons coastwise. Again India was the largest 
importer of both manufactured iron and steel, taking 
3521 tons of the former and 9671 tons of the latter. 
Other importers of steel were :—West Australia, 4352 
tons; the Argentine, 2448 tons; Canada, 2215 tons; 
Japan, 2144 tons ; and Portuguese East Africa, 1914 tons. 








Tur Joun CockrriLtt Company.—The past financial 
year has been one of the best ever enjoyed by this com- 
pany, the metallurgical orders received othe footed up 
to 1,357,648/., and the mechanical and construction orders 
to 729,252. The rough profits of the year were 240,2141., 
of which 94,6007. was available for distribution in divi- 
dends and statutory allocations. A dividend of 3/. 12s. 
ee 201. is accordingly announced for payment Novem- 

r 2. The amount paid in wages during the year by the 
company was 539, 1080. The production of pig for the 
twelve months in the company’s seven blast-furnaces was 
250,000 tons. The company is building a Diesel motor- 
boat for the Congo. 





THE LATE Mr. Benjamin Hartow.—We regret to 


Harlow, which took place at Macclesfield, at the age of 
eighty-two. The deceased was a member of the firm of 


by his father in 1836. 
for their steam-heating 
inventive genius of Mr. 








B. Harlow and Son, heating engineers and iron-founders, | given. 
King Edward-street, Macclesfield, which was established | draw from the arrangement, he is 
The firm had a wide reputation | months’ notice, and the rebates 
rocess, chiefly owing to the| termination of such notice ; but no consumer can give 
. Harlow, who, in the North | notice jof termination until after the expiry of six months 
of England, was one of the pioneers of the low-pressure | from enterin 
system of hot-water heating. Mr. Harlow retired from | any maker 

active participation in the business about twenty-five| beyond deliveries un 


NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal trade has been quiet, tonnage 
arrivals having been checked by stormy weather. Colliery- 
owners in many cases have orders which will carry them 
to the end of November, but they are less favourably cir- 
cumstanced as regards transport facilities. Holders of 
best Admiralty steam-coal have shown unwillingness to 
make concessions, but other ~— 4~— have been obtain- 
able upon rather easier terms. ne best large steam-coal 
has made 16s. 9d. to17s. per ton; secondary qualities have 
ran between 15s. and 16s. 6d.; best ordinary bunker 
smalls between 7s. 3d. and 7s. 6d.; and cargo smalls be 
tween 6s. and 6s. 9d. ton. House-coal has shown a 
firm tone; the best ordinary qualities have made 14s, 6d. 
to 16s. 6d.; No. 3 Rhondda large, 17s. to 17s. 6d.; and 
smalls, 10s. 3d. to 10s. 6d. per ton. No. 2 Rhondda large 
has been quoted at 11s. 9d. to 12s. 3d.; and smalls at 6s. 3d. 
to 6s. 9d. per ton. Foundry coke has realised 18s. to 
20s. 6d.; and furnace ditto, 16s. to 17s. per ton. As regards 
iron ore, Rubio has made 18s. 6d. to 19s. 6d. per ton, — 
a basis of 50 per cent. of iron, and charges, including 
freight, insurance, &c., to Cardiff or Newport. 


Dowlais.—The works are well supplied with orders, and 
the blast-furnaces, as well as the Siemens and Bessemer 

lants, have been actively employed. The Goat Mill has 
— turning out tin bars, steel rails, and steel ero, 
while the Big Mill has been engaged on small and light 
rails, fish-plates, curves, angles, 


More Welsh Coal.—Another seam of coal has been 
struck at Bedwas, where the Bedwas Navigation Colliery 
Company is sinking new pits. The seam is 3 ft. 3 in. in 
thickness, and it was ceached at a depth of 730 yards. 
This is the third seam of workable coal struck in the 
district this year. 


Welsh Coal for Belgium.—The administration of the 
eee State Railways has placed orders for four lots of 
Welsh small coal, amounting to about 18,000 tons. Of 
these, two lots, or 9000 tons, were secured by Messrs. 
Morgan, Wakley, and Co., Limited, at 11s. 9d. per ton ; 
and two lots by Messrs. G. H. J. Davey and Co. 








Tue InstiruTion or AvTOMOBILE ENGINEERS.—The 
graduates of the Institution of Automobile Engineers 

id a visit on October 28 to the works of Messrs. J. 

ylor and Sons, Limited, King’s Cross, where they were 
conducted over the motor-construction department. by 
the manager, Mr. W. F. Drayson, M.I.A.E. One of the 
chief points of interest was the large marine motors 
constructed by the firm for the National Lifeboat Insti- 
tution. These engines presented an example of the use 
of low-tension ignition, which is preferred for this class of 
work, owing to the damp conditions under which the motor 
has to work. They are also required to continue working 
until the boat heels to an angle of 45 deg., when an auto- 
matic ball-valve breaks the ignition circuit. The arrange- 
ment of the water-pipes is very neat, Gonsisting of small 
inverted U castings connecting the cylinders ther, 
the water entering at one end and flowing to the cylinders 
consecutively, with a difference of temperature between 
the first and last cylinders of only some 9 deg. Forced 
lubrication to all the parts is supplied, which can be 
immediately replaced in cases of failure by splash. The 
upper part of the crank-chamber is made of the firm’s 
special bronze, under the name of ‘‘ Rolyt metal,” which 
has a tensile strength of 20 tons, and makes an excellent 
substitute for aluminium for marine work, both from the 
view of strength, lightness, and absence of corrosion. 
Motors of very similar design are also made for omni- 
buses and commercial purposes generally, and altogether 
the visit provided a very interesting study in manu- 
facturing methods and in the design of motors for special 
pur which the graduates have all too few oppor- 
tunities of examining. 


Street Propucers’ Resates To Customers.—A circular, 
signed by twenty-three of the leading steel-makers of 
Great Britain, has been issued to consumers of plates, 
angles, bars, &c., intimating that, from October 13 last, 
they will, under certain conditions, grant a rebate of 5s. 
per ton on certain classes of specified material delivered 
direct from the makers’ works to, and used by, the con- 
sumers, against sales made py the makers or through 
merchants since October 13. This rebate becomes due on 
the fourth month following delivery, and is to be paid 
each month thereafter on the material paid for within 
the previous month. In order to secure the rebate, 
the consumer is required to lodge a statement of 
claim for rebate (signed by the principals only) on a 
form which includes a declaration to the effect that 
he has not purchased or received any of the specified 
materials which have been manufactured by other firms 
than those granting the rebate, except, of course, 
against contracts made prior to the issuing of the circular. 
In other words, those accepting the agreement and rebate 





of the steel producers undertake not to accept any steel 


have to announce the sudden death of Mr, Benjamin | material of the form specified—plates, angles, bars, &c.— 


from other British or foreign makers who are not parties 
to the producers’ agreement ; failing this, no rebate is 
Should the consumer at any time desire to with- 
ae to give twelve 
will continue until the 


into the agreement. The responsibility of 
or the Cs age of rebate does not extend 
er sale made by himself. The 


es ago. The business is now carried on by Mr. Charles | arrangement does not apply to any of the specified 
arlow, his son. 


| materials which may be sold for export. 
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PASSENGER LOCOMOTIVE (46-2 TYPE); BELGIAN STATE RAILWAYS. 


CONSCRUCTED TO THE DESIGNS OF MR. 


Fig.33. 


J. B. FLAMME, ENGINEER-IN-CHIEF, BY THE SOCIETE JOHN COCKERILL, SERAING. 
(For Description, see Page 593.) 
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SeLENIUM.—The results of interesting researches on | 
selenium and its sensitiveness to light have been published 
by Christian Ries inthe programme of the Theresien-Gym- 
nasium of Munich, and have also appeared in the Phystkal- 
ische Zeitschrift, 1911, es 480 and 522. Ries finds that 
the light does not affect the volume of selenium, and that 
there is no special modification of a sensitised, less dense 





_ 


selenium. In normal selenium cells the current intensity | to light of selenium seems to be a resonance phenomenon. 
increases under illumination. In abnormal selenium the | Light, particularly of a certain wave-length, causes me 
current intensity decreases when the cell is illuminated. | electrons in selenium to oscillate. The translatory move 
The chief source of this anomaly, Ries ascertains, is the | ment imparted to them is not of sufficient intensity, 
moisture of the atmosphere, which also influences the | however, to allow them to escape, but they increase the 
resistance of the selenium in the dark. Selenium cells | number of electrons available for conducting the current, 
should therefore be kept ina vacuum. The sensitiveness | and thus improve the conductivity. 
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| NOTICES OF MEETINGS. 


Tus NortTHampron Institute Enoingerine Society.—Friday, 
November 3, at 5.45 p.m., when Mr. T. R. Houston and Mr. F. G. 
Parnell will read a paper on “‘ Diesel Engines.” 

Tue Geo.ogists’ Association, Lonpon.—Friday, November 3, 
; at 8 p.m. A conversazione will be held in the library of University 
| College, Gower-street, W.C. Morning dress. 
| ‘Tus InstiTvuTe or Marge Enoineers.— Monday, November 6, at 
8 p.m. Paper on ‘‘Notes on Two-Cycle Oil-Engines,” by Mr. F. 
Duncanson, B.Sc. (Substituted in place of Mr. W. Veysey Lang’s 
paper, “Specification of the Engines of a Tramp Steamer,” the 
reading of which has been postponed.) 

Tue Society or ENGINEERS (INCORPORATED).—Monday, Nov- 
ember 6, at 7.30 p.m., at the Institution of Electrical Engineers, 
Victoria Embankment, W.C. A yo will be read on ‘ Two- 
Cycle Engines,” by Mr. Robert W. A. Brewer, A.M. Inst. C.E., 
A.M.I. Mech, E., M.LA.E, (Fellow). 

Tus LnsrireTion or Orvit Exemesrs.—Tuesday, November 7, at 
8pm. Address by Dr. W. C. Unwin, F.R.S., the President, and 
presentation of medals and ~— awarded by the Council. 

ption by the Presi in the library after the meeting. 

Tue ROéntTeEN Society..-Tuesday, November 7, at 8.15 p m., at 
the Institution of Electrical Engineers, Victoria Embankment, 
W.C. The President, Mr. Alan A. Campbell Swinton, M. Inst. C.E., 
M.LE.E., will deliver his address. 

Tue INstiruTION ory AUTOMOBILE ENGINEERS —Wednesday, Nov- 
ember &, at 8 p.m., at the Institution of Mechanical Engineers, 
Storey’s-gate,S.W. A paper on “Chassis Design” will Be read 
by Mr. Howard Coffin (Past-President of the American Society of 
Automobile Engineers), and a number of members of the American 
Society who will be visiting this country are expected to be 
present. A representative programme of visits to works in this 
country has been arranged for the visiting Society, concluding 
with a dinner at the Trocadero, given by the Institution of Auto- 
mobile Engineers on November 11. 

Tue Farapay Socirtry.—Wednesday, November 8, at 8 p.m., at 
the Institution of Electrical Engineers, Victoria Embankment, 
W.C., when Dr. Edward G. Acheson, of Niagara Falls, will give 
an account of his researches to the members of the Society. The 
address will be accompanied by experiments. Non-Members will 
be admitted by tickets to be obtained on application to the 
secretary, 82, Victoria-street, 8.W. 

Tue Concrete InstiruTs.—Thursday, November 9, at 8 p.m., 
at Denison House, 296, Vauxhall Bridge-road (close to Victoria 
Station), Westminster, S.W., when a Presidential Address will be 
given by Sir Henry Tanner, O.B. 

Tue [nxstrrvrion oF ELRorricaL ENnainesrs.—Thursday, Nov- 
ember 9, at 8 p.m., when the premiums awarded for papers read 
or published during the Session 1910-1911 will be presented, 
and a paper by Mr. W. T. Taylor (Member), entitled ‘“‘ Modern 
High-Voltage Power Transformers in Practice, with Special 
Reference to a T Three-Unit System,” will be read and discussed. 
In the author's absence in Brazil, the paper will be read on his 
behalf by Mr. J. F. C. Snell, Vice-President. 

THs PHysicaL Socmury or Lonvox.—¥friday, November 10, at 
5 p.m. (and not at 8 p.m. as announced in the time-table 
already circulated’, at the Finsbury Technical College. Agenda: 
1. “Reflecting Polariscopes for the Study of Optical Stress in 
Materials,” by Professor Silvanus Thompson and Professor E. G. 
Coker. 2. ‘The Effects of Holes and Semicircular Notches in 
the Distribution of Stress in Tension Members” (demonstrated 
by polarised light), by Professor E.G. Coker, 3. (a) ‘“‘A Surface- 
Tension Phenomenon ;” (0) ‘‘ Temperature Rise in Drops as they 
Part ;” (c) “‘ Temperatures of Equidensity of Liquids,” by Mr. 





C. R. Darling. 4. (a) “‘ Exhibition of a Large Harmonograph ;” 
(6) “ Physiological Effect of an Alternating M etic Field ;” 
(c) “‘ Demonstrations of Acoustical Experiments, New and Uld,” 


by Professor S, P. Thompson. 
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THE UNEMPLOYMENT INSURANCE 
BILL. 


THE second part of the Government scheme for 
insurance against ill-health, unemployment, &c., 
has been remitted to the Grand Committee, which 
began its consideration of details yesterday, while 
the House of Commons in Committee are simul- 
taneously considering the first part of the scheme, 
dealing with ill-health and other causes of invali- 
dity. The consideration of such Bills by the Grand 
Committee can be commended, because the pro- 
cedure may, perhaps, be more businesslike, owing to 
the comparative smallness of the Committee, and to 
the less tendency to ‘‘talk to the gallery.” There 


x | are, however, grave objections ; the Committee may 


not be thoroughly representative, so that discussion 
on the subsequent report stage has to be exten- 
sive. Again, many members of Parliament on the 
Grand Committee are intensely interested in the 
invalidity insurance section of the Bill, and have 
therefore to attend also the House of Commons. 
A great tax is thus placed on their time and 
on their capacity for careful consideration of 
important details. Such great pressure on mem- 
bers has arisen because of the determination on 
the part of the Government to pass the Bill this 
year, and to carry out the original intention of 
bringing it into operation on May 1 next. Such 


609 | haste is not fully justified, because a further pro- 


longation of the present condition of affairs for a 
year would not have involved great hardship ; 
moreover, the result would probably have been 
such a perfecting of the details of the measure as 
to obviate the need for later amendment in Parlia- 
ment and to avoid the possibility of serious dis- 





|1s room for thorough consideration of the details 


putes in the application of the scheme. That there 











is established by the many amendments which have 
been made even by those who have drafted the 
Bill, while the acceptance by the Government of 
amendments suggested by those having experience 
of industry further goes to show that a fuller ex- 
change of opinion between the drafters and the 
representatives of all interests involved would have 
ensured a greater measure of permanent success for 
the project. Hasty legislation is never satisfac- 
tory, because the saving of time at the outset is 
more than counterbalanced by the waste of time 
occupied in the subsequent process of amendment, 
and because of the difficulty of interpreting ill- 
eee and immature ideas in the clauses. 
or the present we confine ourselves to the 
scheme for insurance against unemployment. In 
view of modern altruistic tendencies by those in 
authority, there is little need to enter into the 
principle of the Bill; moreover, that was done 
when the Bill was introduced. (See ENGINRERING, 
vol. xci., pages 623 and 727.) Again, it would 
probably be futile to point to the objections to the 
compulsory character of the scheme. Another 
subject on which there is sharp and justifiable 
difference of opinion is as to the trades em- 
braced by the unemployment scheme. So far as 
it affects ill - health and invalidity generally the 
Bill is all-embracing, but in respect of unem- 
ployment it only extends to the industries con- 
nected with shipbuilding, engineering, and build- 
ing. Now iron-founding is added, a change which 
we contended for in our previous article, because 
many engineering factories include foundries. The 
argument in favour of such limitation carries con- 
siderable weight, the view being that, as legislation 
in this direction is to a large extent experimental, 
it was desirable to confine the experiment within 
well-defined limits and to those trades where the 
organisation of Jabour made the administration 
fairly easy. We attach no importance to the further 
view that the industries scheduled include those 
most affected by alternating periods of activity and 
depression, because the same can be said of most 
industries, and, moreover, the effect of such alter- 
nations in the industries included affect many other 
trades. As we have said, however, the general idea 
of a legislative experiment in insurance against unem- 
loyment is accepted, although perhaps unwillingly 
by many who are involved, and the only alternative 
left for those interested, not only in the branches 
affected, but in commercial prosperity generally, 
is todo everything that is reasonably possible so 
to amend the details as to involve the least per- 
manent injury to commercial prosperity. hat 
there will be injury is widely agreed, because the 
cost of providing for the recurrent periods of de- 
pression in a scheme which involves 24 million 
workmen must be considerable, and the provision 
made must be directly charged against the pro- 
ductions of the works embraced. 

We admit, however, that indirect advantage may 
accrue. One effect will undoubtedly be to bring 
employers and the labour exchanges into closer 
contact. Under Clause 73 provision is made 
whereby the labour exchanges may be largely uti- 
lised in connection with the collection by each 
employer who provides 24d. per week for each 
workman, and a corresponding amount collected 
from each employee, in addition to the State con- 
tribution of 14d.—equivalent to one-third of the 
worker’s and employer's contribution. The weekly 
payments may be handed over to a labour ex- 
change in a lump sum, to be credited by the authori- 
ties at the exchange to each workman’s card. At the 
same time the exchange is to be utilised for the pur- 
pose of paying the out-of-work benefit to such men 
as are not connected with a friendly society or trade 
union approved under the Bill. It will be the duty 
also of the labour exchange to find work for those 
who may seek relief under the scheme ; and, as we 
shall presently show, a most satisfactory amend- 
ment has now been agreed to by the Board of Trade 
as to the conditions under which workmen may 
refuse to accept employment. The tendency, 
therefore, will . to sift out the man ‘seeking 
work while trusting to God that he won’t find it.” 
There is the further advantage that from each 
worker’s card the employer can learn much as to 
the constancy or otherwise of the applicant for 
work, and generally as to his record of service. 
Such evidence possessed initially by the Labour 
Exchange Commissioner will help him in establish- 
ing the credit of the exchange in meeting eftici- 
ently the requisition of employers for capable and 
‘steady’ men worthy of appointments. While 
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€mployers may thus be able to improve the stand- 
dard of the workmen within their establishments, 
the State may suffer, as the number of permanent 
unemployables may be increased. Claims under 
the poor law may thus ultimately grow, since it is 

rovided in the Bill that payment of out-of-work 
Senet must terminate at the end of fifteen weeks 
in any one year. A workman, too, can only secure 
payment after he has been one week idle, and can 
only get one week’s benefit for each five weeks of 
employment and, therefore, of contribution to the 
funds. While expenditure is thus limited, it is still 
liberal, and we can only hope that in the presence 
of the process of elimination possible under the Bill 
all workmen will awaken to the fact that the State 
demands such steady service and application to 
work as merit continuous employment. 

We have referred to the proposed amendment 
in reference to the terms of employment to which 
a man seeking work is entitled to object. This is 
one of the most important points in the scheme, 
and we think that Mr. Buxton, in the amendment of 
which he has given notice, is acting wisely. The 
clause in question (62) provides that an unem- 
ployed workman will atill be eligible for unem- 
ployment benefit although he refuses to undertake 
work in a situation vacant in consequence of ‘‘a 
strike or lock-out.” This phrase has now been 
amended, so that the last words read ‘ a stoppage 
of work.” This is more or less a euphemism. 
The real amendment affects the second part of the 
clause, under which the workman is justified in 
refusing to undertake work ‘‘at a rate of wage 
lower than the rate which he habitually earns 
when in employment, or, in the case of the 
offer of employment in a district other than that 
in which he resides, at a rate of wage lower 
than the rate current in the district in which 
the employment is offered.” There was room 
here for very serious dispute. The question as 
to what was the ‘‘ rate” which a man habitually 
earned in any employment would have been most 
difficult to interpret. The use of the word ‘‘earns” 
in conjunction with ‘‘rate” is incompatible. A 
man does not earn a rate; he is paid according 
to a rate. A difficulty might arise, for instance, 
in the case of a piece-worker who is supposed to 
earn, say, 25 per cent. above time rates. Is he 
to be allowed to refuse a time-rate job simply 
because he was habitually earning 25 per cent. 
more than the time-rate when on _piece-work ? 
Other difficulties of the same nature will suggest 
themselves. A solution has now been found 
by the adoption of practically the terms of 
the ‘‘fair wage resolution” of the House of 
Commons. The new words are that the ‘‘ work- 
man shall not be deemed to have failed to fulfil the 
statutory conditions by reason only that he has 
declined an offer of employment in the district where 
he was last ordinarily employed at a rate of wage 
lower, or with conditions less favourable, than those 
which he habitually obtained when in employment 
or would have obtained had he continued to he em- 
ployed, or an offer of employment in other districts 
at a rate of wage lower or under conditions less 
favourable than those observed in such district by 
agreement between associations of employers or 
workmen, or, failing any such agreement, other 
than those generally recognised in such districts by 
good employers.”’ 

It may be remembered that in our previous articles 
we took exception also to the terms of the con- 
cession which Mr. Lloyd George made to employers 
provided they were prepared to pay in advance a 
lump sum for the year’s contributions for any work- 
man. This lump sum was to be 15s. per annum, 
and was to cover the weekly charge of 2}d. from 
the workman and 24d. from the employer. But, as 
we pointed out, it was difficult for the employer 
to say that ‘‘John Smith” would be engaged by 
the firm for the whole of the calendar year, and 
yet in the event of ‘‘John Smith” resigning, 
and ‘John Brown ” taking his place at any time, 


tinuous np io geo aimed at in the original clause. 
The new clause states that ‘“‘the Board of Trade 
shall, on the application of any employer, made 
within one month after the termination of any 
calendar year, or other prescribed period of twelve 
months, refund to such employer, out of the un- 
employment fund, a sum equal to one-third of the 
contributions (exclusive of any contributions re- 
funded to him under any other provisions of this 
part of the Act) paid by him on his own behalf 
during that period in respeet of any workman who 
has been continuously employed by him throughout 
the period, and in respect of whom not less than 
forty-five contributions have been paid during that 
riod.” 

Another amendment officially proposed removes, 
in part, a hardship which the casual worker would 
have laboured under. According to the eighth 
schedule of the Bill, the intention originally was 
that such a workman, even if he were only em- 
ployed by one ae for one day in a week, 
must pay 24d., while the employer paid 24d. An 
extreme case would be a man engaged on six 
successive days by six different employers, in which 
case he would have had to pay a total of Is. 3d., 
while the six employers collectively would pay a 
corresponding amount. This provision has now 
been modified. If a man is employed for one day, 
or less, he pays a penny, and so does the employer ; 
if he is engaged for more than one day, 2d. is paid 
by each. Thus, a man employed for two days 
successively by three separate employers during one 
week will pay 6d. Here we have another indication 
of the looseness with which the project was prepared, 
and of the great difficulties and occasional injustice 
which may result from the scheme. 

Another point which must sooner or later involve 
difficulty has reference to the workmen who may be 
yo part of their time within the industries 
embraced by the scheme, and partly in works which 
have no connection with the new law. One can 
conceive, for instance, of a labourer being employed 
in the building trade for part of the year, and being 
compelled, during succeeding months, to seek other 
outlets for his energy—for instance, in dock labour- 
ing. He would only be contributing to the unem- 
ployed insurance fund while engaged in the building 
trade, while his term of unemployment might arise 
after he was engaged as a dock labourer. If he 
belonged to a trade union, or other society approved 
under the Act, there would be difficulty in connec- 
tion with his contribution, and perhaps also with 
his benefit payment, unless the trade union ensured 
that, when not employed in an industry scheduled 
under the Bill, he would pay dd. a week to the 
trade-union fund for unemployment benefit in addi- 
tion to other union demands. Where the payment 
is made to the unemployed worker from the labour 
exchange, his payment-card will clearly show how 
much he is entitled to—namely, one week’s benefit 
for each five weeks’ contributions. Here one 
finds justification for the general contention that 
difficulties would have been minimised had the 
Government made up their minds to utilise the 
labour exchanges exclusively for the receipt of work- 
men’s and employers’ contributions, and for the pay- 
ment of the 7s. per week of benefit money, instead of 
relying on the media of approved societies, whether 
friendly societies or trade unions. In connection 
with the amount of the benefit, it is provided that 
if experience shows that the rate cannot be main- 
tained, it may be reduced to 5s. per week. Mean- 
while the Treasury is to advance three millions 
sterling to launch the scheme, and reserves the 
right not only to reduce the benefit, but to increase 
the contributions by ld. per week per work- 
man. Benefit payment will not begin until six 
months after the beginning of contributions. 
A man ‘‘who loses employment through mis- 
conduct, or who voluntarily leaves his employ- 
ment without just cause,” or who has been sent 


to prison, will not get benefit until ‘six weeks | difficulty. 


have elapsed. No benefit may be paid where un- 





to involve complications will be removed by the 
regulations which the Board of Trade propose to 
make. These will no doubt settle also the allow- 
ances to be _ to the friendly societies and trade 
unions for the administration of the funds ; but in 
the latter cases such allowances will assist in main- 
taining sinews of such industrial warfare as is, under 
ne in | militant unionism, more and more 

oming the chief function of these combinations 
of workers. 








THE “LIBERTE” DISASTER INQUIRY 
REPORT. 

THE report of the Commission appointed to 
inquire into the cause of the Liberté explosion 
has now been made public, and it is impossible to 
help being struck with the baldness of the con- 
clusions arrived at, and with the inadequacy of the 
recommendations made to avoid a repetition of this 
appalling disaster. Briefly put, the Commission 
find :—1. That it was not due to an act of malevo- 
lence. 2. That it was not due to a fire having 
occurred in any of the spaces adjoining the maga- 
zines. 3. That it was due to the inflammation 
of a cartridge of service powder in one or other 
of the forward starboard magazines, and almost 
certainly in the upper magazine containing only 
powder from one lot—namely, lot BM,, AM, 
2.06 P.B.—i.e., the second lot of powder manufac- 
tured in 1906 at the Government powder factory of 
Pont-de-Buis. The Commission hesitate to attri- 
bute the cause to ‘‘ spontaneous combustion” of 
the powder for reasons which are not only extremely 
hypothetical, as they admit, but also because ‘‘ the 
powder being enclosed in soldered cases, we are not 
able to go further than the outside of the cases 
themselves in discriminating as to the causes of the 
inflammation of the powder.” The report then 
continues in the following words: ‘‘ The task of 
the Commission appointed to investigate the 
causes of the catastrophe is finished.” It is diffi- 
cult to imagine a report which is more unsatisfac- 
tory in its conclusions or one which, in its subse- 
quent recommendations, will inspire less confidence 
in the minds of those who have to serve aboard 
French war vessels. 

The recommendations are as follow, to quote, 
in translation as nearly as possible, the actual words: 
**But it goes without saying that the members 
of the Commission could not help exchanging 
amongst themselves their views as to the progress 
which should be realised in the storage and conser- 
vation of the powders on board, as well as in the 
guarantees of security against fire and malevolence. 
They are of opinion that certain improvements in 
the actual installations, not necessitating any great 
modifications, could, from henceforward, be under- 
taken in all vessels in service. A study of this 
special question calling attention to the competency 
of the military and technical services will no doubt 
shortly be made. As regards the guarantees of 
safety against the instability of ‘‘ B” powder, the 
recent order lowering to four years the limit 
of age allowed for powders stored on board will be 
without doubt, for a long time yet, one of the most 
efficacious. Foreign navies have preceded us in 
this direction, and, according to certain docu- 
ments, their limit of age is even lower.” (The 
italics are our own.) 

Could futility go further? It may be remarked 
that the final recommendation is not even based 
upon fact, at any rate so far as Britain is con- 
cerned, for the latest regulations on the subject, 
July, 1911, state as follows :—‘‘ Every lot of cordite 
on board His Majesty’s ships and in store is to 
be tested as soon as possible after it becomes eight 
years old ;” and thoagh periodical examination of 
all cordite is made also twice a year, no matter of 
what age, it is clear that our powder, at any rate, 
is expected to last at least eight years without any 
Nor can the Liberté Disaster Com- 
mission have studied the conditions in Germany or 
Italy, both of which countries use nitro-glycerine 


employment is due to trade disputes. Every appli- | 


the weekly contributions for *‘ John Brown” would 
cant must prove that he has been at work and | 


require to be met in addition to the lump sum paid 
for ‘‘ John Smith.” Everyone acquainted with 
industrial conditions knows that there are many and 
frequent changes in the personnel of all large estab- 
lishments. The Board of Trade, therefore, have 
drafted a new clause, which is much more accept- 
able, and confers benefit from compounding. This 
new clause —— gives a Ressent on the 
completion of the calendar year for each workman 
who has been continuously paid for each week by 
the employer. This ensures the incentive to con- 


seer for their navies, which, so far as is known, 
contributing for twenty-six weeks; that he is| have been immune from trouble as regards powder. 
willing, but unable, to find employment; that he | But possiblythe United States regulations have been 
has not previously had fifteen weeks’ benefit for referred to by the Commission, and this is probably 
each year the scheme has been in operation ; and | so, since the United States Navy use a nitro-cellu- 
that all contributions on his behalf have been paid. | lose powder—i.e., the same type as the French 
Workmen at the age of sixty years who have paid Navy. 
500 weeks’ contributions may secure refundment of __ All this would appear to furnish confirmatory ev1- 
money which they have not had occasion to demand | dence from an official and responsible source as to 
in the way of benefits. the correctness of the views we have always held 

It is possible that the difticulties which threaten | to the effect that, for naval purposes, the nitro- 
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cellulose type of propellant powder is vastly inferior, 
both chemically and ballistically, as compared to the 
nitro-glycerine type. We dealt with this question 
in our leading article of October 6 (page 463 ante), 
and though that was written previous to the publi- 
cation of the Commission’s report, there is nothing 
in that report which causes us to modify our 
views in the smallest degree ; on the contrary, a 
close study of the body of the report confirms the 
views we put forward as to the probable causes of 
the disaster. 

It is a matter of astonishment that the recom- 
mendations, instead of making an attempt to eradi- 
cate the seat of the disease, which will always be 
liable to break out, merely suggest mild palliatives, 
which are based not only upon inaccurate informa- 
tion, but actually upon a wrong diagnosis. The 
disease itself is the persistence with which the French 
authorities adhere to the use of a nitro-cellulose 
powder for their navy; and if the signs are not 
wrong, we fear that one day the United States 
navy may have to deplore a similar disaster, as 
they have lately adopted the course of ‘‘reworking”’ 
their ‘‘ old” powders, some of them only a couple 
or so of years old, with so-called ‘‘ stabilizers.” 
These latter have their uses when added to newly- 
made powders, but to add them to powders which 
have already shown themselves to be unstable, 
from the fact that they are sentenced to be re- 
worked, is a dangerous expedient, which no economic 
consideration can excuse. 





ALLOTROPY AND THE TIN PEST. 


Tue adoption of a designation like ‘‘ tin pest” 


seems to suggest that metals, like living beings, may 
be subject to infective diseases. That will appear 
absurdly fanciful to those who believe in a definite 
boundary-line between the living and the non- 
living, and may not be approved of by others, who 
feel less sure of the existence of such a boundary, 
but who would not compare a living organism built 
up of many compounds, constantly undergoing 
changes, with a metal or other elementary sub- 
stance, which is uniform in its mass and endowed 
with certain permanent qualities. Yet Professor 
Ernest Cohen, of Utrecht, did not act without reason 
when he designated the peculiar decay of tin—which 
probably does not stand alone in this respect—by the 
name of a plague or pest. He has carefully inves- 
tigated the phenomenon, and he has succeeded in 
demonstrating that the decay of tin can be pre- 
vented and cured. Tin should not be exposed to 
cold, to put the matter briefly. The subject is of 
considerable interest to engineers, and for this 
reason Professor Cohen’s discourse on ‘‘ The Allo- 
tropy of Metals,” delivered last summer at the 
Faraday Society, deserves attention. 

The main facts of the decay of tin were recognised 
forty or fifty years ago. O. L. Erdmann noticed 
in 1851 that some organ pipes in the castle church 
of Zeitz (Prussian Saxony) were decaying; he 
thought that the concussions to which the pipes 
were subject might under certain conditions cause 
a mechanical disintegration. When Fritzsche was 
consulted upon some peculiar Banca tin in Feb- 
ruary, 1868, by a St. Petersburg firm, Erdmann’s 
observation had been forgotten. Some blocks of 
the bright white Banca tin—a very pure material 
—which had been kept in the customs-house sheds 
during the winter, had turned into a dull grey 
powder, and had begun to crumble. It was ascer- 
tained that the case was not isolated ; tin buttons 
for military uniforms had changed into shapeless 
lumps, for instance. Fritzsche suspected the cold 
of the severe winter, and experiments convinced 
him of the correctness of his assumption ; the store- 
keepers in a drug firm, he found out subse- 
quently, had long Seswn that tin should not be 
exposed to the cold. When Fritzsche heated 
the grains of his grey tin in hot water, it 
became bright again, and contracted at the same 
time ; whether the heat was dry or wet did not 
matter. On the other hand, white tin, cooled 
artificially, became brittle and grey, expanding at 
the same time. When the grey tin was fused it 
changed into ordinary white tin again, and the 
transformation could be repeated. Fritzsche thus 
proved that decayed tin is not bad tin ; yet, after 
the organ-pipes of a church in Ohlau, Silesia, which 
had been restored in 1837, were found badly cor- 
roded and full of holes in 1884, organ-builders did 
not consider such tin a suitable raw material for 
making new pipes, and the manufacturers of art 
objects shared this prejudice. 





Professor Cohen’s attention was first drawn to 
the matter when a badly-corroded 25-kg. block of 
tin was returned by a Moscow firm to Rotterdam 
because an adulteration was suspected. The tin 
was found to be very pure, containing not more than 
0.05 per cent. of impurities. Experimenting with 
it, Professor Cohen confirmed and extended the 
observations of Fritzsche, and he demonstrated that 
the case of white and grey tin is entirely analogous 
to that of ice and undercooled water. Below its 
normal freezing-point water can exist in two modi- 
fications—the stable modification, or ice, and the 
metastable condition of carefully undercooled water. 
When water contained in a closed vessel is cooled, 
and the vapour pressure plotted as ordinate against 
temperature as abscissa, the curve will be some- 
what like the curve a, b in the annexed diagram ; 
at the freezing point the slope will become steeper, 
and the vapour tension, or, more correctly, the 
sublimation pressure of ice, will take the trend ), c. 
But when water is undercooled, the vapour tension 
curve of the liquid water will take the continuous 
course a, b, c,. When a small crystal of ice, i.e., 
of the solid phase of water which is stable at tem- 
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peratures below the freezing-point, is introduced 
into the undercooled metastable water, the whole 
bulk will freeze in an instant. With regard to the 
reversible transformation which water undergoes 
at 0 deg. Cent., this temperature, at which the 
two phases of ice and of undercooled water can 
co-exist, is called the transformation or transition 
point, and the reversible process is expressed, after 


Van’t Hoff’s manner, by : ice > water. 


With the aid of his transition cell, Professor 
Cohen has proved that the transition temperature 
of tin is 18 deg. Cent. The transition cell is a 
glass vessel of i form. A few grammes of grey 
tin are brought into each limb, a solution of pink 
salt is poured over the tin, and platinum wires in 
glass capillaries are inserted into the limbs. When 
the one limb is heated by being dipped into warm 
water, while the other !imb is kept cold, the grey 
tin in the warm limb turns into white tin. The 
whole cell is then slowly heated up in a water bath 
to5 deg., 10 deg., and 15. . . deg. Cent.; there is a 
potential difference between the grey tin and the 
white tin, which is measured by the Poggendorff 

tentiometer method. When the temperature 
Coanee up to 18 deg. Cent., the potential dif- 
ference vanishes, showing that the grey tin (left in 
the formerly cold limb) has also been converted 
into white tin at that temperature. The reversible 

18° 
change may hence be expressed: grey tin Ss white 


tin. The addition of the pink salt accelerates the 
change in both directions ; this can be explained, 
but Professor Cohen did not enter into this expla- 
nation during his discourse. 

In order to measure the volume change accom- 
panying the transition, Professor Cohen connected 
a cylindrical glass vessel, charged with about 70 
grammes of grey tinand water, with a (J-tube filled 
with mercury; on the mercury floated a piece of iron 
which was suspended by a thread from a pulley, 
and a long pointer was attached to this pulley. 
When the cylinder was lowered into warm water 
the grey tin changed into white tin, and the result- 
ing diminution of the volume was indicated by a 
sinking of the mercury level and a rise of the 
pointer. In this way Professor Cohen demonstrated 
that the volume change at the transformation 
amounted to as much as 30 per cent., and this was 
confirmed by determining the densities of the two 
modifications, white tin having the density 7.28, 
and grey tin the density 5.70. This enormous 
increase in the volume leads to the disintegration 
of the white tin when passing into the grey modi- 
fication ; warts begin to appear on the surface, the 
tin swells, and the warts afterwards crumble into a 
grey powder, 





Since the transition temperature of 18 deg. Cent. 
(64.4 deg. Fahr.) is so low, it might be objected 
that white tin should practically be unknown. But 
the change is very slow, and we know from the 
analogy of water that undercooling is possible. Yet 
if the theory be correct, all tin should turn grey as 
soon as the temperature falls below 64 deg. Fahr., 
and Professor Cohen found that this was so, He 
examined the tin coins and art objects of museums, 
and made inquiries of dealers in tin ware, and he 
was able to show photographs of some very badly 
corroded objects, coins, a coffee-pot, organ-pipes 
&c., which were covered with warts and holes. 
At ordinary temperatures, as just stated, the change 
proceeds very slowly. At lower temperatures the 
change takes place more rapidly ; at —48 deg. 
Cent. it is very rapid, and Professor Cohen has 
hastened the change by bringing the white tin in 
contact with some grey tin. hen a block of good 
Banca tin was brought in contact with grey tin at 
—5 deg. Cent., the change was very marked in a 
few weeks, while a block kept at + 15 deg. Cent. 
was not badly corroded after eight years. The 
decay or transformation starts from the particle of 
grey tin, as a small crystal of ice, a germ of ice, 
dropped into the undercooled water mes the 
centre of a crystallisation. In a similar way every 
particle of grey tin becomes a centre for the forma- 
tion of more grey tin ; the transformation advances 
very slowly in the dense metal, but the particle of 
grey tin acts like the germ of a disease, and in this 
sense it may be said that the tin is infected, and 
that all tin is liable to infection with the tin disease 
cr tin pest. In the cold galleries of museums the 
danger of the tin infection is particularly great, and 
this museum disease is very prevalent. It can be 
— by keeping the temperature above 18 deg. 

ent. 

Technically the tin pest is not so serious, fortu- 
nately, because it does not appear to affect the 
alloyed tin. In what way the presence of other 
metals exercises a retarding effect does not seem to 
be well understood. Professor Cohen did not refer 
to this side of the problem ; but it was pointed out 
during the discussion, by Mr. J. W. Hinchley, 
that terne plates (whose coating consisted of a 
tin-lead alloy) made good moulds for refrigerating 
plant, while tin plates always failed. Whether or 
not lead is subject to a similar disease as tin is 
doubtful. Professor T. Turner mentioned that 
Canadian architects distrust roofs built up of iron 
and glass and lead, because the cold is believed to 
affect the lead. Professor Cohen had so far been 
unable to decide whether or not lead was liable to 
suffer from the cold. Cases of failure in the lead 
walls of sulphuric-acid chambers, which he had 
examined, and in which chemical corrosion seemed 
to be out of the question, rather suggested to 
him a different phenomenon, a surain disease, to 
which most metals were subject. To avoid confu- 
sion, he had not referred to this disease, of which 
Professor Ewing and Dr. Rosenhain spoke after his 
lecture. When crystals of metals are broken up 
by severe straining, they begin to recrystallise ; 
that, in Professor Cohen’s opinion, would be a re- 
arrangement, not a transformation of state, and an 
irreversible, but also infective, process. On the 
other hand, Professor Cohen emphasised that the 
tin pest was characteristic of the pure metal, and he 
felt sure—though he was, of course, anxious to 
investigate the point—that some exceptionally pure 
tin, which Mr. G. T. Holloway had obtained from 
Nigeria, would also be liable to the t ; the 
natives run this tin into straws or reeds, and it 
does not appear to contain any impurities except 
traces of iron. That the grey tin always contains some 
oxide does not disprove Professor Cohen’s assump- 
tion. For the fine grey powder would owen 
oxidise more readily than the compact white tin. 
This oxidation may prevent the ready re-conversion 
by heat of the grey tin into ordinary white tin ; 
but re-fusion of the grey tin with the addition of 
some carbon to reduce the oxide always yields good 
white tin again. 

In his discourse Professor Cohen also dealt with 
another type of dynamic allotropy—that of the 
so-called explosive antimony. It is a less simple 
type than that of tin, and might rather be thought 
to indicate that some supposed allotropies might, 
after all, be due to impurities. The late Dr. George 
Gore, of Birmingham, observed in 1885 that when a 
solution of antimony chloride in hydrochloric acid 
was electrolysed, the antimony was deposited in 
a peculiar state. Scratching sufficed to make the 
antimony ‘‘explode” with the evolution of white 
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vapours. It is not a violent explosion—rather a 
puffing. Professor Cohen has studied this explosion 
phenomenon for some years, in conjunction with his 
pupils. He deposits the metal on a platinum wire ; 
a rod of antimony is then obtained, which explodes 
when slightly scratched with a glass rod. When 
the antimeny was deposited on the bulb of a mer- 
cury thermometer, the thermometer rose, in a de- 
monstration, to 310 deg. Cent. during the explosion ; 
it should really rise higher—to about 390 deg. Cent. 
—as Professor Cohen has established by careful 
calorimetric experiments. For 1 gramme of explo- 
sive antimony liberates 19.6 gramme-calories during 
the explosion, and the specific heat of antimony is 
approximately 0.05. The heat generation is hence 
stupendous. 

Antimony, Professor Cohen has proved, can also 
be deposited in its explosive modification from its 
tribromide or tri-iodide, but not from the trifluoride. 
In each case the deposit includes mechanically a 
little (a few tenths of a per cent. only) of the elec- 
trolyte. Some more of the electrolyte enters into 
a sol:d solution with the antimony. When the explo- 
sive antimony is cooled down to — 80 deg. Cent., 
it can be powdered without exploding; but the 
trichloride in it cannot be extracted by means of 
alcohol and ether. When the explosive antimony 
is slowly heated, however, the trichloride oozes out. 
This trichloride (or tribromide, &c.) accounts for 
the white vapours—which consist of this compound 
—and the exploded antimony, i.e., the metal left 
behind after the explosion, is nothing but ordinary 
antimony. Originally it had been assumed that 
there were three modifications: ordinary anti- 
mony, explosive a antimony, and exploded 8 
antimony. That Professor Cohen seems to have dis- 
proved by his very careful calorimetric researches 
and in other ways. Yet one is a little inclined to 
regard the phenomenon as due to impurities rather 
than to allotropic modifications. We can, of course, 
not account for the striking differences between 
the allotropic modifications of carbon—diamond, 
graphite, charcoal—by suggesting impurities, and 
there are other cases of undoubted allotropy. On 


the other hand, every chemist knows that the 
appearance of apparently pure crystals, their melt- 
ing-points, &c., may, to an extraordinary degree, 
be influenced by the presence of impurities, and 
that repeated re-crystallisation will yield the sub- 


stance in the previously observed normal condition. 
But the meaning of the term ‘‘ allotropy” is fairly 
well understood, and the term will conveniently 
be retained. 





FRENCH RAILWAY ECONOMICS. 


VEILED conflicts have been going on for years 
past between the French Parliament and the French 
railway companies ; that Parliament evinces a most 
supreme disregard of the rights of capital and 
capitalists, and has never for one moment given 
the least consideration to the services which these 
render to the whole community. At the pre- 
sent time, the situation has become more acute than 
ever owing to the more active interference—a most 
arbitrary proceeding at all times—of Parliament 
with the contracts signed between the companies 
and the State. For example, Parliament has taken 
upon itself to modify the conditions under which 
the railway employees are pensioned off by the 
funds belonging to the companies ; it has increased 
the rates of the pensions ; it has decided that its 
new measures shall be retroactive and shall 
apply to the older employees already in receipt of 
a pension ; it wauts, further, to compel the com- 
panies to take back those of their employees who 
go out on strike, and who thus deliberately and of 
their own free will cancel the contract which unites 
them to the companies. This untoward action 
on the part of Parliament is fraught with great 
danger to the whole community ; it is unjust; it 
leads to an increase in the companies’ expenditure, 
to a corresponding decrease in their net receipts 
and in the return they are able to afford the 
shareholders, and also—according to the terms 
of their agreement with the State—in the pay- 
ments they have to make to the Treasury. It 
has led the general public to question whether 
the situation is not such as to cause the 
greatest alarm, for it should be remembered 
that the measures put forward by Parliament 
have for their only purpose the benefit of the rail- 
way employees, who form but a fraction of the 
labouring class of the country. Serious, however, 
as the situation certainly is at the present time, 





it will require deeper intervention still on the 
part of Parliament to impair the safety of rail- 
way debentures. The same cannot be said in regard 
to the railway shares; an evidence of the evil 
effects which the parliamentary measures have upon 
the share values is afforded by the fluctuations in 
the latter, fluctuations which began as soon as 
Parliament commenced, without any just cause 
whatever, to meddle with controlling the working 
of the railways. Parliamentary interference of a 
similar nature is, unfortunately, becoming very 
general ; other countries are feeling the effects of 
it. One of its results is to compel the French 
railway companies to show, occasionally it may be 
with the aid of the State Budget, special generosity 
towards railway men. 

In order to ascertain the actual situation of the 
French railway companies from the financial and 
economical standpoints, it is necessary to look into 
more than one of their balance-sheets. We shall 
consider their working during 1909, and shall com- 
pare this with that for 1910, a comparatively easy 
matter, since the balance-sheet for the latter year 
has been put before the shareholders at recent 
meetings. In the matter of gross receipts, the 
situation for 1909 was a satisfactory one. These 
receipts amounted, for the whole of the large 
companies, to a total of 1,671,000,000 francs 
(66,840,0001.); we include in this the Western 
Railway of France, which has been taken over by 
the State, and is subjected to the same parlia- 
mentary measures in regard to labour legislation. 
The corresponding figure for 1908 had been 
1,636,000,000 francs (65,440,0001.), and that for 
1907, 1,607,000,000 francs (64,280,000/.). In the 
total for 1909, the receipts of the Paris-Lyons- 
Mediterranean system entered for 524,000,000 
francs (20,960,0001.) ; then came the Paris-Orleans 
system, with 281,000,000 francs (11,240,0001.) ; 
the Northern of France, with 280,000,000 francs 
(11,200,000/.) ; the Eastern of France, with 
243,000,000 francs (9,720,0001.) ; the Southern of 
France, with 127,000,000 francs (5,080,000/.) ; and 
the Western of France, now worked by the State, 
with 215,000,000 francs (8,600,000/.). The average 
gross receipts per kilometre for all the railways 
amounted, in 1909, to 47,000 francs (3020/1. per 
mile). They were 74,000 franos (47601. per mile) on 
the Northern ; 55,000 frances (3535/. per mile) on 
the Paris-Lyons-Mediterranean ; 49,000 francs 
(31501. per mile) on the Eastern ; 36,000 francs 
(23151. per mile) on the Paris-Orleans ; 37,000 
francs (23801. per mile) on the Western; and 
33,000 francs (21201. per mile) on the Southern. 

These tigures, considered alone, are sufliciently 
satisfactory ; it should be noted also that they are 

roduced by tariffs which are comparatively low, 
»0th for passenger and for goods traffic. On the 
Northern of France Railway, for example, the com- 
plete tariff for passengers is 5.48 centimes per kilo- 
metre (0.88d. per mile) on an average ; for return 
tickets it is only 4.27 centimes (0.68d. per mile) ; 
for excursions, only 2.9 centimes (0.46d. per mile); 
while the rate for season-tickets is only 1.54 cen- 
times (0.24d. per mile); and that for clerks’ and 
workmen’s ‘iebete only 9.95 centime (0.15d. per 
mile). The special concessions for clerks and work- 
men have been granted at the request of Parlia- 
ment; they lead to a loss for the companies, as is 
the case on the railways in every other country. 
There is but a very small proportion of tickets 
issued at the full rate; almost half the passengers 
my. at the rate of 3 centimes (0.48d. per mile) only. 

he rate for goods is satisfactory. In this con- 
junction it should be borne in mind that heavy 
goods of comparatively low value are carried in less 
uantity in France than in most other countries. 

he average rate varies between 3.59 centimes per 
ton-kilometre (0.57d. per ton-mile) on the Northern 
of France Railway, and 4.55 centimes (0.73d. per 
ton-mile) on the Paris-Orléans system. 

When comparing the gross receipts for 1909 with 
those for 1908, both of which include the Western 
of France Railway, taken over by the State, we find 
the difference in excess for 1909 to amount to 
35,000,000 francs (1,400,0001.); by leaving out of 
both accounts the Western of France system, the 
difference in excess for 1909 would be slightly 
greater, a fact which shows that even for the early 
days of State ownership there has occurred a falling- 
off in the receipts. Expenditure for 1909 compared 
with that for 1908, and leaving out the Western 
of France Railway under State ownership, showed 
an increase of 24,000,000 francs (960,000/.). This 
was not as bad as it might have been, since 





in 1908 expenditure had showed an increase of 
44,000,000 francs (1,760,0001.) over 1907, while the 
receipts had only increased by 29,000,000 francs 
(1,160,000/.) over those for the same year. Matters 
were more unfavourable still as between 1907 
and 1906. The law of March, 1905, was then 
commencing to show its effects. This law compels 
the railway companies to bear the full weight of 
responsibility arising from damage caused to the 
goods carried, and from loss of goods, whatever be 
the special advantages in the shape of reduced 
tariffs granted by the companies to the senders. 
At that same time, and in reply to claims put for- 
ward by their employees, the companies were also 
making increased grants to their pension funds, 
which they had started of their own free will, for 
the benefit of the whole of their staff. In 1905, 
the Northern of France Company added 6,000,000 
francs(240,000/.)tothe55,000,000 francs (2,200,000/. ) 
they had already paid to their pension fund ; the 
Paris - Lyons - Mediterranean Company paid in 
8,000,000 francs (320,000/.), in addition to a former 
sum of 48,000,000 francs (1,920,0001.). The effects 
of the law of March, 1905—called the Rabier law, 
from the Member of Parliament who put it forward 
—were heavily felt in the course of the year 1910, 
owing to a very great increase in goods traftic. The 
law which provides a day of rest per week also 
resulted in a large increase in expenditure. 

When viewing the situation of the French rail- 
ways, the fact should be borne in mind that they 
have to face financial expenses which are constantly 
on the increase ; they have to issue loans for the cost 
of the work they have to undertake on their perma- 
nent way, and for increase of their rolling-stock, 
and matters are rendered for them more complicated 
still year by year, owing to the gradual decrease in 
the time at their disposal for redeeming their new 
issues, which time is limited by the terms of their 
contracts with the State. This means that they 
have to borrow at increasing rates of interest. The 
increase in receipts for 1909 was to a large extent 
absorbed by the higher financial charges, as was 
the case also in former years ; this increase has not 
benefited the shareholders. 

If now we turn to the balance-sheets for 1910, we 
find that in the case of the Northern of France 
system the gross receipts have increased by 
13,500,000 francs (540,000/.) over the corresponding 
figure for 1909—a fact which gives evidence of 
favourable conditions and good management. Ex- 
penditure on the same system has increased by 
9,350,000 francs (374,0001.) over the figure for 1909, 
which amounted to 161,800,000 francs (6,472, 0001. ); 
expenditure, therefore, has increased in a greater 
proportion than receipts, and the percentage has 
risen from 57.75 to 58.29 per cent. The greatest 
portion of the increase is in expenditure for 
the staff. At the close of 1910 the Northern Rail- 
way Company had a reserve of over 113,000,000 
francs (4,520,0001.) in the pension fund ; this sum 
became insufficient from the commencement of 
1911, owing to the new law dealing with the increase 
in pensions, and the company will be obliged to 
set apart 1,500,000 francs (60,0001.) of the profits 
of the present year, and to continue on the same 
lines for meeting the increase in the charges for 
pensions. In 1910 the general working expenses 
had to be increased by 1,700,000 francs (68,000/.), 
as compared with 1909, owing to an increase in the 
salaries and wages; the increase in the rolling- 
stock department for the same purpose amounted 
to over 1,750,000 francs (70,0001.). 

For 1910 the gross receipts of the Paris-Lyons- 
Mediterranean Railway Company amounted to 
536,000,000 francs (21,440,000/.), as against 
524,000,000 francs (20,960,000/.) for 1909 ; but the 
expenditure increased from 279,000,000 francs 
(11,160,0001.) to 289,000,000 francs (11,560,000/. ), 
showing for the latter a much greater paaee 
difference than for the gross receipts. In the case 
of this company also the increase in expenditure 1s 
mainly to the profit of the staff; in the course of 
1910 it spent large sums for improving the condi- 
tion of its employees in a great number of ways, 
and 8,000,000 francs (320,000/.) were added to the 
pension fund. 

The year 1910 was one of difficulty for the 
Eastern of France Railway Company, and, not- 
withstanding this, it will have to pay back to the 
State 18,000,000 francs (720,000/.) on account of 
the loans made to it by the latter in the shape 
of guarantee of interest. Gross receipts in 1910 
amounted to 256,500,000 francs (10,260,000/.), or 
13,500,000 francs (540,000/.) more than for the 














Nov. 3, 1911. ] 


ENGINEERING. 


603 





preceding pee Fortunately, in the case of this 
company there occurred a lower proportional in- 
crease of expenditure in 1910 than has been noted 
for the two former companies, but, in this increase, 
such as it stands, expenditure for the staff takes 
by farthe larger amount. It is too early to speak 
of the working during the present year; the 
Eastern Company, however, estimates that its 
wages bill this year will be 4,000,000 francs 
(160,0001.) higher than that of 1910, without 
counting the increase for rise in pensions. 

The gross receipts of the Paris-Orléans system 


|portant of these is that it affords a means of 
selecting those to whom it is worth while giving 
the Llama’s *‘ education of best sorts.” This fact 
is now becoming more generally recognised. The 
new buildings at Bradford are, we gather, intended 
|for advanced work, and only in so far as they 
|are confined to this are they likely to prove of 
| much benefit to the textile industries. The useful- 
/ness of such an institution should be reckoned not 
| hy the number of pupils, but by the value of the 
work done. One of the difficulties met with, how- 
|ever, is that employers who take technical-school 


in 1910 amounted to less than 282,000,000 francs | graduates are generally indisposed to make their 
(11,280,0001.), showing an increase over 1909 of | service attractive enough to secure and retain the 


700.000 francs (28,0001). The expenditure fo 
1910 exceeded that for 1909 by 5,800,000 francs 
(232,0001.). The net receipts, therefore. decreased 
by over 5,000,000 francs (200,0001.), and the working 
expenses exceeded 55.5 per cent., as against 53.60 
in 1909. The unfavourable conditions for 1910 
are due, in part, to the inundations at the com- 
mencement of the year, and also, in part, to the 
programme which the company has instituted for 
improving the status of its staff. In 1910 it added 
large sums to its wages bill. 

The gross receipts of the Southern of France 
Railway in 1910 amounted to 128,500,000 francs 
(5,140,0001.), equal to 1,500,000 francs (60,000I.) 
in excess of the total for 1909, whilst the expen- 
diture for 1910 was over 2,000,000 francs (80,0001. ) 
in excess of the total for 1909. The bad harvests 
in 1910 were specially felt by this company, but 
apart from this fact, the increase in wages and 
pensions due to Parliamentary intervention are 
also largely responsible for the increase in expen- 
diture. 

This increase in expenditure which the companies 
are made to bear naturally leads to a decrease in 
their net receipts, and ieacts upon the return 
which the davdidien expect from the companies. 
In a former article (see ENGINEERING, vol. Ixxxv., 
page 756) we explained the working of the guarantee 
of interest between the State and the railway com- 
_—. The constant intervention on the part of 
-arliament in the inner working conditions of the 
railway companies, made in favour of the railway 
staffs, reacts upon the whole French budget, and 
thereby upon every French citizen, by reason of 
this same guarantee of interest. Up to compara- 
tively recently it was possible to calculate pretty 
closely the date on which the railway companies 
would be able to reimburse the totality of the 
sums which had been advanced to them in the 
shape of the said guarantee. This is now most 
difficult, and as an instance we may state that 
the Paris-Orléans Company, which had paid back 
into the Treasury as much as 40,000,000 francs 
(1,600,000/.), has been compelled lately to borrow 
back 6,000,000 francs (240,0001.) as advance money, 
a sum to which every French tax-payer has to 
contribute. Had it not been for this same Parlia- 
mentary meddlesomeness in matters which concern 
the railway companies alone, and which they were 
in every way capable of conducting satisfactorily 
to all parties concerned, the French Treasyry, and 
every French tax-payer, would have already com- 
menced to reap the advantages of a division of 
profits in the case of several of the French railway 
systems, 








NOTES. 
ENLARGEMENT OF THE Braprorp TECHNICAL 
CoLLeceE. 
_ Braprorp, it is claimed, was one of the first towns 
in the United Kingdom to provide technical educa- 
tion for the working classes ; but we gather from 
the proceedings which took place at the opening of 
the new Textile Building at the Technical College 
on the 25th ult., that the education authorities 
there would now find themselves in agreement 
with the Llama’s aphorism on the value of edu- 


cation as set forth in Kipling’s *‘ Kim”: ‘“Educa- | 
Other- | 


tion is greatest blessing if of best sorts. 
wise no earthly use.” The technical education 
needed by workmen is best secured in the fac- 
tory. At the Leicester meeting of the British 
Association the extraordinary manual dexterity of 
young people of both sexes was noted by several 
speakers in the Engineering Section, and the future 
workman had far better be making the most of this 
period of unstiffened fingers and muscles at learning 
his trade than in getting a misleading smattering 
of theoretical principles. The elementary technical 
school has, of course, its uses, but the most im- 


ablest, who can commonly get a better immediate 


| return in other than tec'nical work. The buildings 


for the new department have, we learn, been erected 
at a cost of 20,000/., and are equipped with plant 
for studying every department of the textile in- 
dustries for which Bradford is specially noted. The 
policy of the Education Committee is now one of 
concentration of a few branches of study, and this, 
we think, is eminently wise. 


Emptoyers’ Lrapitity ror ExcessivE SIcKNFss. 


Next week the House of Commons will reach the 
consideration of Clause 46 of the Insurance Bill, 
and as this clause, like some others, may involve 
serious consequences for employers, it is important 
that definite action should be taken in order to 
have amendments made which, while fair to the 
workers, will not involve injustice to the employers. 
The clause in question empowers approved societies 
and local health committees to demand inquiry 
into cases of ‘‘ excessive sickness,’”’ which is defined 
to mean 10 per cent. above the average ‘‘ expecta- 
tion of sickness.” In the event of it being found 
that such excess is due to any industry, the extra 
expenditure involved must be met by the employers 
In other words, should an ‘‘ approved society” find 
that, in any particular district, their funds are 
being depleted at an exceptional rate, such an 
inquiry would at once be demanded. There is 
room here for serious injustice. In the first place 
the inquiry, which is to be conducted by one official, 
opens up possibilities of great difference of opinion 
as to what constitutes unhealthy conditions of 
employment, due either to collateral causes or to 
the nature of the work carried on. At present, 
under the Factory and Workshop Acts and the 
Public Health Acts, employers are required to 
maintain their workshops and factories in a 
satisfactory condition, in order to comply with 
the requirements of those Acts, and it would 
seem that such a provision, if satisfactorily en- 
forced, should meet the case without any need 
for special inquiry or further penalty. If the 
conditions are not met, then the factory inspectors 
are not performing their duties efficiently. Pre- 
suming even that such inquiry is justified under 
the insurance scheme, it would seem that a more 
representative board of inquiry should be instituted, 
particularly as the clause also makes the owners 
of property responsible for ‘‘ excessive sickness” 
which may be attributed to the unsanitary condi- 
tion of property. The inquiry in all cases of exces- 
sive sickness, provided it is justified, ought, there- 
fore, to be more comprehensive, as it should be 
determined whether the excess is due directly to 
‘* the conditions or nature of employment,” or to the 
sanitary state of the habitations of the workers. The 
board of inquiry ought to include a certifying surgeon 
under the Factory Act and a factory inspector, with 
a barrister of standing as president. Again, as 
the Bill now stands the decision of the one official 





is to be final. Even were a board of inquiry insti- 
| tuted, appeal ought to be permitted, first to the 
county court and subsequently to the High Court, 
since the consequence to employers of an adverse 
decision might be serious from the commercial 
point of view. 


Tue New Atian Canapian LINERS. 


One of the most important shipbuilding orders 
laced recently is that for the construction of two 
high-speed Allan liners for the Liverpool-Canadian 
service, one of which will be built and engined by 
Messrs. William Beardmore and Co., Limited, 
Dalmuir, and the other by the Fairfield Ship- 
building and Engineering Company, Limited, 
Glasgow. The ships, which are expected to steam 
20 knots, will be the fastest in the Canadian 
service, but apart from this, Mr. Hugh A. Allan, 
|the chairman of the line, and the management 
_ generally, aim rather at providing special comforts 











which involve weight and space, than the achieve- 
ment of very high speeds. As the two new ships 
will take 200 first-class, 500 second-class, and 
1000 third-class passengers, all in state-rooms, 
and will carry 3000 tons dead-weight of cargo, 
it will be recognised that a sound compromise has 
been made from the dividend-earning point of 
view. In the arrangement of cabins several in- 
teresting features are to be introduced. For 
instance, bath-rooms will be arranged with direct 
access from practically every first-class state-room. 
In some cases a bath-room will be located between 
two state-rooms, with doors from each ; in others the 
bath-room will be exclusively for the use of those in 
an adjacent state-room. There will be, of course, 
suites of rooms, and a large number of single-berth 
cabins. The rooms, too, are to be of larger cubical 
capacity than is the general practice ; the first- 
class accommodation will be heated by steam, by the 
thermo-tank system and by electricity, the second- 
class passengers’ quart ars by steam and the thermo- 
tank system, and the third-class rooms, &c., by the 
thermo-tank system. There will be the usual 
public rooms, which include verandah cafés, gym- 
nasium, &c., and, in addition, a separate card- 
room, where “silence” is often more desired than 
even in the reading and writing-rooms. The length 
of each ship is to be 570 ft., the beam 72 ft., and 
the depth moulded 45 ft. 6in., and the gross 
tonnage expected will be about 18,000 tons, while 
the displacement in service will be about 25,000 
tons. These dimensions are the largest yet 
adopted for a vessel for the St. Lawrence trade. 
One interesting feature is that the stern will be 
designed on the lines of a cruiser, which not only 
gives a smart appearance, but lengthens the water- 
line, and enables the steering gear to be placed 
under the water-line. This will make the ships 
specially adaptable as unarmoured cruisers, particu- 
larly as they are well subdivided by bulkheads, the 
doors of which are operated by the Stone-Lloyd 
hydraulic system, and as the coal-bunkers are being 
arranged to add to protection. Another feature is 
that the Frahm anti-rolling tank system will be 
adopted. There are to te four screw - shafts 
arranged in three engine-rooms, and the shafts 
are to be driven by turbines of the Parsons type, 
consisting of one high-pressure ahead, one inter- 
mediate-pressure ahead, and two low-pressure 
ahead turbines, and two astern turbines. The 
two astern turbines are to be incorporated with 
the low-pressure ahead turbines, and will be on 
the inner lines of — The power is to be 
divided as nearly as possible over the four shafts, 
and each shaft will be fitted to work indepen- 
dently of the others by a suitable arrangement of 
pipes and valves. The total power is to be 19,000 
shaft horse-power. The boilers are to be worked 
under Howden’s forced-draught system, and to be 
arranged so that oil fuel may be used, if it is found 
economically possible to do so. There will be six 
double-ended and four single-ended boilers, the 
former being 16 ft. 9 in. in diameter by 22 ft. 
long. For the carriage of provisions refrigerating 
machinery and cold stores with a capacity of 
70,000 cub. ft. are arranged for. It will thus be 
recognised that the two ships, which are to be 
classed under the British Corporation for the 
Survey and vm any | of Shipping, promise to be 
thoroughly adapted for the Canadian service, alike 
in speed, comfort, and cargo capacity. 








Co.uiery Exurerrion.—At a meeting of the sub-com- 
mittee of the Northern Mining Industries Exhibitors’ 
Committee, held at the Midland Hotel, on Tuesday, 
October 17, it was decided to recommend the committee 
to hold the next Colliery Exhibition in the North in 
1914. Among those present were :—Messrs. A. EK. L. 
Chorlton (Messrs. Mather and Platt, Limited); A. FE. 
Mathewson (Tilghman’s Sand-Blast Company, Limited) ; 
F. Steel (Messrs. A. Steel and Sons); G. E. Rowland 
(Rossendale Belting Company, Limited); and Mr. Cal- 
lender (representing Mr. Maurice Gibb, of the Central 
Marine Engine Works), 





Brentwoop Sewace DisposaAL Works.—A_ meeting 
of the members of the Institution of Municipal Engineers 
was held at Brentwood, on Saturday, October 28, for the 
purpose of inspecting the sewage disposal works there, 
which are now nearing completion. The scheme com- 
prises the construction of the main outfall sewer and a 
complete installation of bacteria beds, on the most modern 
lines, for dealing with the sewage of the joint drainage 
area, having a population of 12,000, including detritus 


and screening chambers, sedimentation tanks, colloidal 
tanks, high and low-level filters, humus-tanks, sludge 
lagoons, together with —o~ area for dealing with 
the supernatant water an 

lagoons. 


drainage from the sludge 
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INDUSTRIAL NOTES. 


A REVISED edition of the National Programme for 
railway workers has been issued ; but the demands 
made show such a lack of appreciation of the economic 
conditions obtaining in the railway service that the 

rogramme does not merit serious consideration. 

any of the demands made are most extravagant, 
indefensible, and impracticable. One or two instances 
may suffice as proof of this. Lads, on joining the 
service, irrespective of the kind of employment they 
are engaged in, are to be paid, between the ages of 
fourteen and sixteen, 15s. per week (with 2s. extra if 
in London), and at higher rates according to age, with 
two weeks’ annual holidays, during which they are 
to be paid, and for which they are to have two free 
ses. Again, in all sections ‘‘length of service 
is to have primary consideration in all cases of pro- 
motion.” ngth of service should only be regarded 
in so far as it confers greater experience, superior 
knowledge, and increased reliability. Again, it is 
stated that ‘‘where it can be shown that the cost 
of living at country stations is 5s. pe week less than 
the standard rates of pay, it shall be competent for 
the company and the men’s representatives to tabulate 
such stations, and, if mutually agreed to, the stan- 
dard rates of pay may be reduced by not more than 
5s. per week.” What is the ‘‘ cost of living”? Who 
is to set the standard? Workmen know that the cost 
is in most cases dependent on housewifely manage- 
ment, and thus the idea is to penalise the thrifty 
household. Finally, future alterations in rates of pay 
are to be ‘‘ governed automatically by the rise in the 
cost of living.” There is no need for comment. 


Several of the leading railway companies have given 
most practical evidence of their desire to deal fairly 
by their employees. The Great Western Railway 
Ceagng announced at the end of last week that they 
were arranging for revision of the scale of wages in 
order to give increases in wages, particularly to workers 
in the lower grades. This will represent in the first 
year an addition to the total wages bill of 53,000/., 
rising to 83,000/. in four years, excluding the 
advances to the locomotive department. inclading 
the latter, the ultimate addition to expenditure, due 
to present concessions alone, will be 100,000/. per 
annum. Like action has been taken also by nearly all 
the other important lines. In the case of the London 
and North-Western Company the concessions now 
made total 80,000/. per annum. The Midland and 
other lines have been equally liberal, and the total 
result for all railways must be very considerable. 

Whether this proof of the conciliatory attitude on 
the part of practically all companies will appease 
the restlessness of the men remains to be seen. ‘There 
are strong indications, however, that all matters hold 
a minor place with the unionist leaders to that of 
‘*recognition,” for which they have a great longing. 
But it is almost impossible to believe that the men will 
be so misguided as to commence the war again, for in 
the face of the unanimous and geen fair finding of 
the Royal Commission any such action must hove tes 
one ending—disaster to the men. Workers may rest 
assured that there will be no further Government 
interference to help them out of their difficulties, and 
public opinion will be even more against them than it 
was during the late trouble. Meanwhile the executive 
councils of the unions concerned with railway workers 
are considering in conference the situation, with par- 
ticular reference to the report of the Commission, 
but at the time of writing the decision has not been 
announ 

A discouraging feature of the situation is that the 
men are now stating that they were not a party to the 
Royal Commission, a position which it seems rather 
late to take up now. Mr. J. H. Thomas, M.P., speak- 
ing at Crewe on Sunday last, said that there had been 
no breaking of their word by the men’s representatives, 
for they were never asked whether they would accept 
the findings of the Commission, and they never said 
they would. The only people who did say so were the 
companies, and they said it in writing. By no stretch 
of imagination could it be said that the men’s repre- 
sentatives gave a pledge to accept the findings of the 
Commission. They could not, and would not, accept 
the Commission’s recommendation that, before any pro- 
gramme could be considered, 25 per cent. of the men 
must sign a petition. 

The general impression by the public at the time 
the Commission was called was, however, that the 
leaders and the men hailed it with joy ; at any rate, 
so far as we know, no statements to the contrary were 
made. No doubt the men then felt sure of getting 
a decision much in their favour, and therefore the 
matter of signing was omitted. But it was undoubtedly 
a mistake, for both sides ought to have agreed in writing 
to submit to the finding of TeDamaieee, Had things 
turned out more to the satisfaction of the men it 1s 
probable that we should have heard nothing about 
the men’s representatives not having stated in writing 
their intention of abiding by any decision that might 
be arrived at. There is, however, hope that better 





counsels will prevail. 
speaking last week at Haworth in support of the 
Labour candidate for the Keighley Division, said that 
he had met a body of railway workers in Keighley, 
and discussed with them the report of the Commission, 
and he thought he had convinced them all that, by 
means of the machinery provided by the Commission, 
if that machinery were properly used, and if the 
recognition recommended were granted, they would 


secure before long a vast improvement in the con- | 


dition of the railway workers of the land. 


According to the monthly report of the National 
Union of Boot and Shoe Operatives for October we 
find that employment continued moderate, but was 
slightly better than a year ago. 


September 23 showed an increase of 0.2 per cent. in 
the number employed, and of 0.8 per cent. in the 
amount of wages paid, compared with a month ago. 
Compared with a year ago, there was an increase of 
0.9 per cent. in the number employed, and of 2.7 per 
cent. in the amount of wages paid. At Leicester 
employment was moderate, and slightly worse than a 
month ago ; it was better than a year ago, but much 
short time was reported. At Northampton employ- 
ment showed little change compared with a month 
ago, but was better than a year ago. At Kettering 
trade continued fair, but with army bootmakers in 
Northamptonshire it was still slack. At Norwich it 
was good in some branches, but bad in others, while at 
Bristol and Kingswood it showed an improvement. 
At Leeds trade was moderate, but better than a 
month ago and a year ago. In Scotland it continued 
fair, and was better than a year ago. 


The oil-millers at Hull struck work last week, and 
on Friday about twenty mills in the Stoneferry and 
Sculcoates districts were idle. The transport workers 
have mixed themselves up with the agitation, for ata 
mass meeting held on Sunday they unanimously agreed 
to a motion pledging themselves to refuse to handle 
goods going to or from the mills affected. 


The annual Congress of the National Free-Labour 
Association commenced its sittings on Monday last at 
the Memorial Hall, Farringdon-street, E.C. A resolu- 
tion was unanimously adopted urging the establish- 
ment of boards of conciliation and arbitration through- 
out the country upon which free labour should be fully 


represented. The Congress condemned the growing | 


tendency of employers to enter into ‘‘closed shop” 

reements with trade unions, and called upon em- 
ployers to stand up for the right to engage a man 
according to his ability and irrespective of his mem- 
bership of any trade union or other society. The 
repeal of the mischievous Trade Disputes Act was also 
strongly advocated. 


Trouble has arisen at Messrs. Mark Brown’s wharf, 
Tooley-street, owing to a dispute with the shipowners 
as to rates of pay for unloading, and some fifty or sixty 
stevedores are on strike. As usual, the Board of Trade 
was at once turned to by the representatives of the 
men, and the position was laid before Sir George 
Askwith. The demand made by the men is for 8d. per 
hour for day-work and ls. an hour for overtime, as 
against 7d. and 9d. now paid. As the owners refuse to 
pay the increased amount, there is at present a deadlock. 


It must causé a feeling of satisfaction to all true 
lovers of freedom to know that an association of 
London manufacturers and employers of labour for 
the purpose of taking such action as may be necessary 
for the protection of free labour and the prevention of 


unfair picketing is to be formed, though not until a | 


meeting has been held to consider the details of the 
scheme, probably about the end of November. It is 
not at present known what the liability of the 
members will be, but the promoters intend to confine 
themselves to purely defensive action in the matter of 
labour troubles, and for the protection of non-union 
labour, so that large contributions from individual 
firms will probably not be necessary. It is not proposed 
that there should be any interference with the right 
of any members of the Federation personally to settle 
disputes with their workmen. In case questions of 
general interest should, however, arise, reference 
would be made to the Council. It is suggested that 
the Federation should form sectional committees, 
which would consider the questions submitted to 
them with full knowledge of the circumstances and 
conditions of the particular case, in order that the 
varied interests affected might be adequately dealt 
with. It is not intended in any way to supersede the 
many associations of employers which already exist in 
particular industries, but to co-operate with them in 
questions common to all. Employers in other places 
are carefully watching this London movement, and 
if the scheme proves successful it will probably be 
followed by similar movements in other cities. 


The strike at the Douglas Bank Collieries, in the 


Mr. A. Henderson, M.P., | 


Returns from firms | 
employing 65,252 workpeople in the week ending | 


Wigan coalfield, has now been settled, after lasting 
| twenty-three weeks. The dispute arose over ‘‘abnormal 
places,” and affected 1200 men. By this settlement 
miners in abnormal places are guaranteed 7s. 6d. a day 
for a fortnight after work is begun until the new 
system of dealing with abnormal places becomes opera- 
tive. A local committee, consisting of two repre- 
sentatives of the men and two of the masters, is to 


| inspect abnormal places, and if the management and 


the men cannot agree as to payment, the com- 
| mittee will consider the question. If no agreement is 
arrived at by the committee, an outside arbitrator 
is to decide the point. 


On Thursday last week a strike of two hours’ dura- 
tion occurred among the shunters on the Great Western 
at Llanelly. Asa result of a conference between the 
men’s representatives and the divisional superintendent, 
the men were granted eight-hour shifts and certain 
increases of wages varying according to circumstances. 


An alleged act of injustice in the matter of ‘‘ extras” 
has been the cause of another strike, some hundreds 
of taxi-cab drivers of the National Motor-Car Com- 
pany having stopped work yesterday on account of it. 
The cause of the trouble appears to be that a driver 
who had been watched by an inspector ought, it was 
said, to have paid 4d. as an extra ; but did not pay this 
in on Tuesday morning, and it was (less 25 per cent., 
his due) deducted fromhim. The driver denied having 
had the ‘‘ extra” given to him and refused to pay it, 
and was therefore told that he would not be allowed 
to take out a cab until he did. ‘The men therefore 
went out in sympathy. The men’s executive held a 
— yesterday to discuss the situation, but at the 
time of going to press the result was not announced. 
Yesterday there were said to be 6000 men out. 


The statistics of German labour conflicts during the 
first half of the present year were as under, the figures 
for the corresponding half-year of 1910 being given for 
comparison’s sake :— 

1910, 
7389 


1911. 
Number of strikes 1,259 
" lock-outs. . 
1,319 1,654 
Number of concerns affected : 
By strikes .. ae as 
», lock-outs 


4,579 
923 


3,106 
7,703 
5,502 10,809 
Of these there were brought to a com- 
plete cessation of work : 
By strikes .. ; - 
», lock-outs.. 


765 

2,490 

"8,255 
Number of hands affected : 

re f strikin 88,433 | 

By strikes \ compuleery idle 10,562 f 


locked-out 31,477 
By lock-outs { compulsory idle 7,786 


55,871 


39,268 150,101 


138,258 205,972 
Victory for the hands by strikes : 

— 

Partly 

None 
Victory for the employers by lock-outs : 

—- 83 
Partly in cases er a 54 
None 3 


176 
327 


362 


228 

in cases 609 
J 422 
64 
695 
30 


The general strike in Sweden in the year 1909 seems 
to have had some very serious and, it would appear, 
lasting effects upon the Swedish labour organisations. 
In the year of the great strike the number of members 
of the all-Sweden labour organisation went down from 
169,776 to 108,079, and in the course of the same year 
the members of the Social-Democratic Party were 
| reduced to 60,813 from 112,693—a decrease of 46 per 
‘cent. This retrogressive movement was continued 
| during 1910, the party experiencing a further reduc- 

tion to 55,248 members. The all-Sweden labourers 
| organisation fared still worse, the number of members 
| sinking to 85,176—a reduction of 21 per cent. That 
| the Social-Democratic Party shows a somewhat smaller 
| decline is no doubt attributable to new bodies having 
| joined. The all-Sweden organisation of trade unions 
has during the last three years lost considerably more 
than half their members, the figures being :— 
Memberr. 
186,236 
169,776 
108,079 
85,176 





January 1, 1908 ... 
January 1, 1909 ... 
January 1, 1910 ... 
January 1, 1911 ... 


Insurance against unemployment is at present 
attracting considerable attention in Germany, and at 
a recent representative congress of delegates, held at 
Diisseldorf, more especially for the smaller industries, 
very pronounced opinions were expressed. The lead- 
ing principle set forth, amongst others, by an Augsburg 
organisation was to the effect that all insurance against 
unemployment must be based upon self-help; any 
other principle must be denounced as reprehensible, 
and the application of common funds to such purposes 
must be termed an injustice. Even a parliamentary 
| regulation of the question was objected to, as was 
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DIAGRAMS OF THREE MONTHS’ FLUCTU ATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
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In the accompanying diagrams each vertical line represents a market day, and each horizontal line 
represents 1s. in the case of tin-plates, hematite, Scotch and Cleveland iron, and lJ. in all other cases. 
The price of quicksilver is per bottle, the contents of which vary in —_ from 70 lb. to801lb. The metal 


prices are per ton. Heavy steel rails are to Middlesbrough quotations. 


in-plates are per box of I.C. cokes. 











the plan of laying the burden of such insurance on the 
community, which, through recent social politics, had 
already been called upon to serve as a maid-of-all-work 
or an all-round nurse. The representative of a 
Cologne institution urged that insurance against un- 
employment was only acceptable when it rested on the 
basis of self-help, and on the expenditure being in no 
way levied upon the employers, &c. 








_, PETROL-ENGINES.—A special course of five lectures on 
‘‘ Petrol-Engines” will be given at the City and Guilds 
Technical College, Finsbury, Leonard-street, City-road, 
K.C., by Professor W. Watson, D.Sc., F.R.S., on Tues- 
day evenings, at 8 p.m., commencing on November 7. 
The fee for the course will be 5s. 





Tue Junxior InstrruTion or ENGINRERS.—At the re- 
ception of the Junior Institution of Engineers by the 
President, Sir J. J. Thomson, F.R.S., and Lady Thom- 





Caxton Hall, Westminster, a feature of the evening will 


| be an illustrated lecture entitled ‘‘Some Physical Experi- 


ments,” to be given at 7.30 p.m. by Sir J. J. Thomson. 





ASSOCIATION OF TEACHERS IN TECHNICAL INSTITUTIONS. 
| —The annual meeting of the Association of Teachers in 
Technical Institutions will be held at the Borough Poly- 
technic, Borough-road, 8. E., on Saturday, November 4; the 
President, Mr. Barker North, will ey the chair. The 
| annual report of the Council, which will be considered at 
this meeting, deals with the large increase in the member- 
ship of the Association in the past year. Branches have 
been formed in Ireland and Wales, so that the activities of 
the Associaton are now spread over the whole kingdom. 
After the consideration of the report a discussion will 
| initiated, at 4 p.m., on the Board of Education Examina- 
| tions in Science, by Mr. C. F. Smith, Manchester School 
of Technology, and Mr. J. Wilson, Battersea Polytechnic. 
| To this discussion visitors are invited. Particulars can be 
| obtained from the hon. secretary, Mr. P. Abbott, the 


sun, taking place on Saturday evening, November 4, at Polytechnic, Regent-street, W. 








JOHNSON’S DIRECT-READING 
TORSION-METER. 


Tue instrument which we illustrate on page 606 
is the invention of Mr. Charles H. Johnson, assistant 
works manager to Messrs. Kelvin and James White, 
Limited, of Glasgow, who are noted throughout the 
world as nautical instrument makers and electrical 
engineers, and are the sole makers of this apparatus. 
This system has proved most successful in the ships 
in which it has been fitted, having been manufactured 
during the past eighteen months by the firm, so that 
the details we are enabled to publish will be studied 
with interest, particularly as, with the increasing use 
of the marine turbine, a means of accurately determin 
ing the power developed is desiderated. Mr. Johnson, 
it may be noted also, has a wide and varied experience 
of torsion-meter design and application, and his first 
instrument, designed while he was associated with 
Messrs. William Denny and Brothers, the well-known 
firm of shipbuilders in Dumbarton, and described in 
these pages in April 7, 1905 (vol. lxxix., page 441), is 
known and used all over the world. Figs. 1 and 2 are 
perspective views of the new direct-reading torsion- 
meter, while the important details of the mechanism 
are shown in Figs. 3 to 6. 

On the shaft, the torsion of which it is desired to 
measure, is fixed a split-metal sleeve (Fig. 3), provided 
at one end with two projecting arms. The other end 
of the sleeve is fixed to the shaft by means of pinching- 
screws, and arranged so that its free end—i e., the 
end with the arms—can rotate about a collar on a 
metal resting-piece, which is also provided with _ 
jecting arms similar to those on the sleeve, and fixed 
to the shaft by means of pinching-screws. It is evident 
that when the shaft twists, due to its transmitting 
power, the arms on the sleeve and resting-piece 
respectively will move circumferentially relatively to 
one another, and that the movement will be a measure 
of the torsion of the length of shafting situated 
between the pinching-screws. It is necessary to 
measure accurately this movement of the arms, and 
the following means are employed to do this. 

On one arm of the resting-piece is fixed a short strip 
of very high resistance material—an alloy of platinum 
iridium of extreme hardness and quite non-corrosive— 
the ends of which are connected to two slip-rings 
(shown in Figs. 1, 3 to 6), so that a current of 
electricity may be passed along the resistance strip 
(which in future we will term the shunt), the current 
being led to and from the slip-rings by means of 
brushes and cables (Fig. 4). A mall 4-volt storage 
battery supplies the necessary current, and included, 
in circuit with the battery and each shunt, is a regu- 
lator (Fig. 4), by means of which the current flowing 
through the shunt may be adjusted at will. On the 
corresponding arm of the sleeve is fixed a bracket carry- 
ing a spring contact-piece, which bears on the shunt, 
and makes contact with it. The contact-maker is also 
connected to a slip-ring, and thence to a brush, and b 
means of a suitable conductor to a torque-meter, whic 
is practically a voltmeter, measuring the potential 
along the shunt when current is passed along it. 1t 
will be seen that as the contact-maker moves along 
the shunt in one direction or the other, depending on 
whether the vessel is going ahead or astern, the con- 
tact-maker, and hence the torque-meter, will be sub- 
jected to a higher or lower potential, and the instru- 
ment will directly in proportion to this rise or 
fall, and therefore to the distance travelled by the 
contact-maker—i e., to the relative displacement of 
the arms of the sleeve and resting-piece. This is a 
measure of the torsion of the shaft. 

The torque-meter is calibrated in units of shunt- 
length instead of potential, and the full scale-length 
represents the total length of the shunt. The position 
of the contact-maker when the shaft is transmittin 
no power is exactly at the middle of the shunt, an 
the pointer of the torque-meter consequently also at the 
centre of its scale. This centre point is made the 0 of 
the torque-meter, and the pointer rises or falls from 
this point, depending, as previously explained, on the 
direction of travel of the contact-maker on the shunt. 
The torque-meter scales are divided into tenths, one- 
hundredths, and one-thousandths of an inch, and, as 
the smallest divisions can easily be subdivided by the 
eye into two or more parts, the error of observation 
may be said to be nil. As it is somewhat difficult to 
set the contact-maker exactly to the middle point of 
the shunt, and consequently the pointer of the torque- 
meter also exactly to 0, the scales of the torque- 
meters are made movable, so that the 0 point of the scale 
can be adjusted to correspond exactly with the position 
of the pointer. This arrangement makes the setting of 
the zero a very simple operation. 

A very important feature is the two-way switch for 
the torque-meter (Fig. 4) and its connections. Before 
taking a reading of torsion, this switch is put in the 
** test” position; this connects the torque-meter 
directly across the ends of the shunt. The regulator 
isthen adjusted until the pointer of the meter comes 
to the extreme end of its scale. It is then definitely 
known that the necessary strength of current is flow- 





ENGINEERING. 


[Nov. 3; ror. 





JOHNSON’S DIRECT-READING TORSION-METER. 


CONSTRUCTED BY MESSRS. KELVIN AND 


JAMES WHITE, 


LIMITED, ENGINEERS, 


GLASGOW. 




















Fia. 1. 





Ie: sage 
a YASS 


y 
A 
4 


ing in the shunt to give a difference of potential 
between its endscorresponding to the full scale length of 
the torque-meter. The two-way switch is then placed in 
the ‘‘ reading ” position connecting the torque-meter be- 
tween the contact-maker and one end of the shunt, and 
the torsion read off. If desired (by means of a special 
arrangement of the switch), the torque-metgr can also 
be connected between the contact-maker and the 
other end of the shunt. The two readings thus ob- 
tained should be exactly equal, and this provides a 
simple and very definite check on the accuracy of the 
ouliee obtained. This special arrangement is not 
shown in the diagram of connections, as it is only 
fitted where specially desired. It will beseen that the 
two-way switch enables the torque-meter to be 
instantly checked with its shunt, and it is not neces- 
sary to ascertain what the voltage of the battery 
may be, nor what the strength of the current flowing 
in the shunt is. It may be mentioned here that the 
contact-maker could, of course, be ‘‘earthed” to the 
sleeve—i.e., connected directly to it—and the circuit 
completed through the shaft and bearings and hull of 
the ship, and the third slip-ring dispensed with. 
This, however, is not good practice, as with the two- 
way switch in the ‘test” position, two slip-rings 
would be included in the circuit, and when the switch 
was in the ‘‘ reading” position only one ring would be 
in the circuit. With a third slip-ring, however, there 
are always two slip-rings in circuit in either the 
‘*test’”’ or ‘‘ reading” position, and any slight resist- 
ance there may be at the slip-rings is constant, and 
affects both circuits equally. The two-way battery 
switch (Fig. 4) is for enabling the battery to be charged 
when desired direct from the ship’s electric circuit. 
When in the “ charge ” position it is connected to the 
ship’s circuit, and when in the “discharge ” position 
it is connected to the torsion-meter. 

Various forms of shunts aid contact-makers were 
tried. The first form, which is shown in Fig. 5, 
consisted of a semi-circular resistance wire mounted 
on an insulating base, and a contact-maker bearing 
upon it and carried by the base, the whole arrange- 
ment being carried by the resting-piece arm. A 
pinion fixed to the spindle of the contact-maker 
engages with a rack fixed to the sleeve-arm. The 
relative displacement of the arms was multiplied 
considerably by the gearing thus. introduced, and 
a large travel of the contact-maker on the shunt 
obtained. It was considered, however, that the 
advantage of the larger movement of the contact- 
arm, and consequently the greater potential dif- 
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ference obtained for small movements of the arms, was 
negatived by the backlash and uncertainty of the rack 
and pinion gearing, andthe present arrangement, giving 
a direct motion without the use of multiplying gear or 
any secondary motion, was adopted as the standard 
method in all cases where a length of 4 ft. or 5 ft. was 
obtainable for measurement. In extreme cases, how- 
ever, where only about 2 ft. is available for measure- 
ment, a Tee attachment becomes desirable, 
and the method ultimately adopted for such cases is 
shown in Fig. 6. An eediinn base carrying a semi- 
circular resistance wire is fixed to the arm of the 
resting-piece, and a contact-maker, pivoted as shown, 
bears upon it. The end of the contact-maker arm 
is made, as shown, in the form of a steel roller 
which engages with a steel fork attached to the sleeve- 
arm. The movements of the sleeve and resting-piece 
arms are, of course, multiplied considerably by this 
arrangement, and a large travel of the eontact-maker 
obtained. This method gives all the advantages of 
— arrangement, with the minimum of back- 
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Fig. 1 is from a photograph of a three-shaft torsion- 
meter, and shows the three sleeves and resting-pieces, 
with their slip-rings, brushes, shunts, and contact- 
makers. Fig. 2 is from a photograph of the same 


set, and shows the ‘indicating - board,” on which | 
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are grouped the torque-meters, regulators, switches, 
&c. This board may, of course, be placed in any 
desired part of the vessel, and the readings of all 
three shafts be taken practically instantaneously 
by one observer. This is an important feature, as 
it is, of course, very desirable to obtain the readings 
of all the shafts in the vessel at the same moment, 
and also to limit the personal error to one man. The 
average length of sleeve is about 5 ft. between the 
pinching-screws, and the radius of the arms is so pro- 
portioned as to give a movement of about ,’; in. at full 
power. This gives a deflection of 3 in. ‘‘ ahead ” and 
3in. ‘‘astern” on the torque-meter, so that a very 
wide open scale is obteined A particular advantage 
of this torsion-meter is that it is quite independent of 
any displacement or distortion of any part of the hull 
of the vessel, such as may occur in destroyers and 
other light high-powered vessels. It has also the 
advantage of being an integrating meter, and there- 
fore gives the true mean torque. Another advantage 
lies in the fact that the torsion of stationary shafts 
can be measured by means of it, so that the shafts can 
be calibrated with their own torsion-meter before 
being placed on board. The means of calculating the 
horse-power from the torsion readings obtained is so 
well known that it is not propo to make any 
reference to it here. 
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MECHANICAL COUNTER AND ELECTRICAL 
RECORDER FOR USE IN GAS-ENGINE 
EXPERIMENTS. 

By Professor Joun Eusticr, B.Se., A.M. Inst. C.E. 

A FEW years ago the writer commenced some in- 
vestigations in connection with internal-combustion 
engines in which it was necessary to obtain a correct 
record of the explosions, the difficulty of counting the 
explosions was overcome by employing a device which 
has since been in constant use, the arrangement is 
shown in the sketch, Fig. 1. 

The controlling lever and striker for the ordinary 
hit-and-miss gascontrol is shown at A, an adjustable 
rod is connected at B to the gas-valve spindle, and at 
C to the bell-crank lever C S D ; this lever is pivoted 
on a fixed spindle § 8, which also carries the gas-con- 
trolling lever of the governor ; when the gas-valve is 
opened the rod D E gives motion to E F ; if E isin 
the position shown—that is, at the end of the rod E F 
—the angular movement of E F is insufficient to 
actuate the counting mechanism in the gas admissions 
counter Ex. C. 

To throw the counter into action it is necessary to 
bring the point E nearer to F ; this is done as follows :— 
A slider at E is connected by means of a link toa 
lever H K L, pivoted at K ; by moving the handle H 
in the right-hand direction, E is brought closer to F, 
and the angular movement of E F is sufficient to 
actuate the counter. The motion of the handle H to 
the right moves the spindle M L P to the left, and a 
clutch at P throws the revolution counter R C into 
gear, @ linkage M Q R connects the spindle M L P to 
the lever RST, which is the lever used for obtain- 
ing a reduced motion of the piston for taking in- 
dicator diagrams. When the handle H is in the 
position shown in the sketch, both counters are out 
of action; when H is moved to the extreme right of 
its swing, both the gas-admissions counter and the 
revolutions counter commence to register. 

_‘his mechanical counter gave accurately the number 
of revolutions and the number of times the gas valve 
opened during a test, but it afforded no means of 





The writer has 


the number of misfires. 
used a Mathot recorder, which gives a valuable record 
of the explosions, but it does not give a record of the 
opening of the gas valve, nor of the number of charges 


determinin 


which have been received into the engine, and which 
have not been exploded, nor does it lend itself to 
test which extends over a long period 

In order to obtain a complete and permanent record 
of the number of strokes of the engine, as well as the 
number of charges of gas and air, and at the same time 
to ascertain if there have been any unexploded charges, 
an electrical attachment has been made to the counter. 
The arrangement adopted is as follows :—A steel dia- 
phragm, fixed as in the Schiffer pressure gauge, is con- 
nected to the junction-piece between the indicator and 
the cylinder by a small J-pipe, as shown at U, in 
Fig. 1. The space between the diaphragm and the 
junction-pipe is filled with glycerine, which prevents 
the hot gases a into contact with the diaphragm ; 
at the same time it lessens the volume of gases passing 
through the indicator connection. The (J-pipe is kept 
cold by surrounding it with water. 

The cover of the diaph case is fitted with a 
screw insulated from the casing ; the end of the screw 
may be adjusted to the pulsations of the diaphragm ; 
the screw is in electrical connection with the coils of a 
tape chronograph, as shown by the dotted lines in the 
circuit numbered 2 and marked thus - - - - - ° 

The diaphragm responds to the variations in pressure 
in the cylinder if the contact-screw is adjusted so as 
to make contact when the pressure in the cylinder is 
just above that of the ordinary compression pressure of 
thecharge. The record consists of the parts EK’ E” E’”, 
&c., only (see Fig. 2, L.). If, however, the screw is 
adjusted so as to make contact when the pressure is 
just below that of compression the record has the 
additional ridges CCC, Fig. 2, II. This record gives 
the number of cycles and the number of explosions. 


E, Explosions. 

C, Compressions. 

G, Gas-charges. 

OC’, Compression, no explosion after gas-charge—i.¢., misfire. 
88, 


Start. 














To indicate a misfire the recorder is arranged with 
an electrical contact-piece, which is placed either in 
connection with the gas inlet-valve, or as shown at F, 
in the sketch (Fig. 1). The record then contains the 
additional ridges GGG, &c., Fig. 2, II. If an 
explosion follows the opening of the gas inlet-valve, 
the ridge G is immediately followed by an elongated 
ridge, as at E’ EK” E’”, &o. If there is a misfire, two 
short ridges are marked close together, as shown at 
GC’, in Fi . 3; in the tape record these misfires can 
be clearly distinguished. 

As at first afranged the recorder was fitted so as to 
give the revolutions of the cam-shaft ; but it was found 
that the record of the compressions, obtained by 
adjusting the contact-screw, gave the number of com- 
plete cycles, and hence the revolutions of the engine 
could be counted. There is necessarily a slight falling- 
off in the speed of the engine between the completion 
of a working stroke and the commencement of the 
next working stroke; by careful measurement it is 
possible, by means of the recorder, to measure the 
variation in speed between the explosions. 

The chronograph used consists of the clockwork of 
a Morse tape-machine, but the Morse inker is replaced 
by fine tubular glass pens attached to the armature of 
an electro magnet, as in the ordinary tape-chrono- 

raph. The writer designed a tape-recorder to be 
, a by the cam-shaft of the engine, but on account 
of the limited space around the engine when several 
persons are engaged in a test, it has been found con- 
venient to keep the recorder at some distance from the 
engine, communication being kept up between the 
instrument and the engine by electric signals. 

The rollers at r draw the tape along a flat plate p, 
over which are the pens x and ¢, the pen x is in the 
circuit 2, and when the diaphragm in U makes contact 
with the screw an earth circuit is completed, the 
armature and pen x then make a movement which is 
recorded on the tape as shown at C, Fig. 2. The 
contact-piece F completes the same circuit when the 

-valve is opened, and this produces the ridges G, G 
in Fig. 2, IIL. 

The time record is obtained from the circuit 1 (shown 
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by the lines —. —.—) which is completed at the 
bottom of each swing of the clock pendulum, con- 
tact being made by a piece of thin copper, at the end 
of the pendulum, touching the mercury in the grooved 


receptacle m, shown underneath the pendulum ; the | pro. 


same circuit is continued to a contact-piece on the 
starting-handle H, which gives the record shown by 
the small ridges ss on the left-hand side of Fig. 2. 

The dotted circuit 3 is for transmitting signals from 
the key k on the recording instrument to the bell 
which is fixed over the gas-engine. 

The person conducting the test starts the revolution 
counter on the engine by pushing in the handle H, at 
the same time electrical contact is made at G by the 
link EG, an electric bell is rung, and the start is 
recorded on the time-line in the tape by a series of 
small ridges as at ss (Fig. 2), the approximate time 
of start being written on the tape by the observer in 
charge of the instrument ; at the close of the test a 
similar record is made b — = the handle H, 
the approximate time of finish being written on the 
tape ; lines are drawn on the tape at the exact time 
of the commencement and finish of the test, and the 
chronographic record is checked by means of a stop- 
watch, 

The recorder has been a useful auxiliary in experi- 
ments which the writer is carrying out at the Hartle 
University College, Southampton, in conjunction with 
one of his colleagues, on the ‘‘ distribution of heat 
energy in internal-combustion engines,” and in other 
experiments on the fluctuations in speed of the engine 
between explosions. 








Tue Urat Coat-Mininc Inpustry.—This industry 
continues unsatisfactorily, and the output for the earlier 
portion of the present year compares unfavourably with 
the corresponding figures for the two last years, being 
only about two-thirds of the corresponding output fer 1909. 
Several mines have discontinued work. he greatest 
output, at least in the earlier part of the year, was from 
the Kiselowski mine; of Prime Abamelek- n. 


Tue GerMAN Fue. Inpustry.—The production of coal 
in Germany in July was 13,611,845 tons, as com 
with 13,031,280 tons in July, 1910. The output of lig- 
nites was 5,611,596 tons, as compared with 5,666,355 
tons ; of coke, 2,058,619 tons, as compared with 1,975,107 
tons; and of briquettes, 1,804,433 tons, as compared 
with 1,671,442 tons. The production of coal in the 
Zollverein to July 31, this year, was 92,278,434 tons, as 
compared with &3'360,970 tons in the correspondi 
period of 1910; of lignites, 39,818,351 tons, as uel 
with 38,027,891 tons ; of coke, 14,580,632 tons, as com- 
pared with 13,388,070 tons ; of coal briquettes, 2,835,533 
tons, as compared with 2,471,358 tons; and of lignite 
briquettes, 9,261,206 tons, as compared with 8,355,414 
tons. In this year’s output of Prussia figured for 
86,933,523 tons, Bavaria for 446,779 tons, Saxony for 
3,124,409 tons, Alsace and Lorraine for 1,762,457 tons, 
and other districts for 11,266 tons. To the coal produc- 
tion of Prussia to July 31, this year, the Breslau group 
contributed 24,046,823 tons, the Halle district 4188 tons, 
the Clausthal district 513,174 tons, the Dortmund district 
52,583,338 tons, and the Bonn district 9,786,000 tons. 


IMPERMEABLE Fabrics FOR BALLOON ENvELoPEs.—H. 
Hoernes, in the Gumme-Zeit, of 1911, discusses the relative 
values of the materials used in making balloon envelopes, 
and in producing impermeability. Ponghee silk has an 
advantage over other fabrics in that it has great tensile 
strength combined with lightness. Its disadvantages are 
its high cost, its electrical properties, and its marked ten- 
dency to become brittle. Cottons, such as perkal or calico, 
possess the advantage over silk of greater stability towards 
atmospheric influences, but they are much heavier and less 
strong. They are generally —_ ed in the form of a 
double layer of the fabric, with the threads either parallel 
or at an angle of 45 deg. to one another, united by an 
intermediate layer of india-rubber. Fine linen is almost 
as costly as silk, without the advantage of lightness in 
weight, and therefore is not recommended. Gold- 
beater’s skin is very costly, difficult to repair, and very 
sensitive ing atmospheric influences. Its com- 
paratively high tensile strength per unit of weight and 
its low porosity are advantages. Aluminium is used in 
the form of strips of sheet about 0.2 mm. thick, riveted 
or welded together. It is not advisable, however, to make 
the entire envelope of sheet aluminium on account of the 

t risk of damage. The materials used for securin 
impermeability to gases are :—Linseed oil varnish, which 
has the advantage of low cost and ease of application, 

ogether with great efficiency in rendering the Fabric gas- 
tight. The disadvantages attending its use are the need 
of constant attention during storage, the risk of spon- 
taneous inflammation of the freshly varnished fabric, in the 
absence of a sufficient supply of air, the slowness of the 
repairing process, and tackiness, especially at an elevated 
temperature. India-rubber, in the form of a layer of vul- 
canized rubber, between the — of fabric. With this 
repairs are easily effected, the fabric always remains 
supple, and there is no tackiness at high temperatures. 

‘he disadvan are the high price of rubber, the possi- 
bility of electric discharges, its great weight, and its 
susceptibility to the action of the violet and ultra-violet 
rays of light. The other gas-tight materials referred to 
are ‘ Ballonin,” a solution of gutta-percha in benzol; 
**Konjaku,” a Japanese vegetable product, which is placed 
on the market in the form of a white powder, soluble in 
warm water; bichromated gelatin, and ‘‘ Pegamoid.” 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


We: give below 2 list of colonial and foreign engineering 
jects, for some of which tenders are asked. Further 
information concerning them can be obtained from the 
Commercial Intelligence Branch, Board of Trade, 73, 
Basinghall-street, London, E.C. 

Argentina: The Boletin Oficial of September 14 con- 
tains the following notices and decrees, &c. :—(1) A notice 
authorising the Direccién General de Obras Hidraulicas, 
Buenos Aires, to proceed departmentally with the erection 
of sheds and workshops at the harbour of Concepcién del 
Uruguay, the cost of which is estimated at 136, a 
currency (about — Tenders will be invited publicly 
or privately for the supply of boilers, machinery, and 
ay aE aeee accessories ui : for on of >» ) ame —_ 
is i to supply electric light an power for 
working machinery, cranes, &c. (3) The text of a 
Bill, ther with a contract, under the terms of 
which the Entre Rios Railways Company engages 
to take over and assume financial responsibility for the 
construction of the railway from Hasenkamp to Curuzi 
Cuatia, in respect of which the Argentine Govern- 
ment in 1909 granted a subsidy of 5,500,000 pesos gold 
(1,100,0002.) to the above-mentioned company. In con- 
nection with this undertaking a sum of 4,247,500 pesos 
currency (about 372,000/.) has already been expended, 
and this amount the Entre Rios Railways Company 
agrees toreimburse to the Argentine Government. Four 
years are allowed for the completion of the line. (4) A 
decree ages A plans submitted by the General 
Directorate of ilways for the construction of the 
second portion of the Quimili section of the Central 
Northern Railway—viz., from Quimili to Barranqueras 
al Oeste, a distance of 56 miles. (5) A decree authorisi 
the Direccién General de Obras Hidrdulicas to p 
departmentally with the carrying out of breakwater and 
dredging works on the River Gualeguaychi. The cost 
of the operations is estimated at 200,000 pesos currency 
(about 17,5000. ). 

Brazil: The Diario Official of September 30 publishes 
a decree (No. 8989) granting, in favour of the Ministry 
of Communications and Public Works, a credit of 
1,500,000 milreis (about 100,000/.) to meet the expenses in 
connection with the surveying operations and construc- 
tion of the so-called ‘‘ Fluminense ” system of railways. 

Italy: With reference to the notice on page 516 of the 
Board of Trade Journal of September 14, relative to the 
carrying out of harbour works in the Port of Ortona, the 
Gazzetta Ufficiale (Rome) of October 16 notifies that, as 
no award been made in respect of this contract, 
tenders are again invited, and will be opened on Nov- 
ember 14 at the offices of the Ministero dei Lavori 
Pubblici, Rome. The upset price is put at 2,700,000 lire 
(108,0002.). Although the foregoing contract will doubt- 
less be awarded to an Italian firm, nevertheless the carry- 
ing out of the works may involve the purchase of some 
materials out of Italy. 

Mexico: Adverting to the notice on page 115 of the 
Board of Trade Journal of January 20, 1910, relative to 
the construction of a dam on the River Conchos, State of 
Chihuahua, to store the flood waters of the river up to 
1,019,000,000 cub. m., for the generation of electrical 
energy, the Mexican Herald of September 20 states that 
more than 1000 men are at work on the dam and reser- 
voir, which, it is announced, will be completed by June, 
1913. The power generated will be transmitted to the 

, Naica, Santa Barbara, Santa Eulalia, and other 
mining districts of Chihuahua. Water will be stored 
along the course of the Conchos fora distance of 30 miles, 
the reservoir varying in width from 4 to 5 miles. The total 
cost of the work is estimated at 15,000,000 pesos (about 
1,530,000/.). The undertaking is being carried out by the 
Mexican Northern Power Company, a Canadian company. 
The Diario Oficial of the 3rd ult. announces that a con- 
cession has been granted to Mr. William T. Leek for the 
utilisation of 500 litres per second of water from the 
River Humaya, for the purpose of carrying out irrigation 
works on the concessionnaire’s property entitled Yetato. 
Exemption from customs duties will be granted in respect 
of any machinery, &c., which it may be necessary to 
import for carrying out the work. 

Russian Far East : The following information is from 
the report by H.M. Consul at Vladivostock (Mr. R. M. 
Hodgson) on the trade of that district in 1910, which will 
shortly be issued :—Wire nails are imported from Ger- 
many or Belgium. For private buildings and for general 
eckag a very thin nail is required, the principal users 

ing Chinese. Government building contracts require 


large quantities of nails. American nails come in occa- 


sionally, and this being so, there seems to be no good 
reason why British manufacturers should not compete, 
having a great advantage in freights (which are 
2l. 12s. or thereabouts from New York, as against 1/. to 
ll. 5s. from Europe). C.i.f. prices for ian and 
German nails are from 1 rouble 46 kopecks to 1 rouble 
50 kopecks per pood (9%. 7d. to 9s. lid. per cwt.). 
They would require to be ked in 5 lb. (Russian 
[= 44 lb. avoirdupois} Locks, door an 
window fittings, stoves, and builders’ accessories gene- 
rally are of Russian and German manufacture, and of the 
x quality which this market demands. American 
ocks, butts, and hinges find a good sale. British locks 
should be saleable in small quantities on account of their 
high quality. Window glass is imported almost entirely 
from jum, and is of what is known as the “china” 
quality. Higher grade glass is very little in demand ; the 
consumption of window Pay is largely on the increase. 
It has foes decided to e 
the accommodation and 
vostock. The work, whi 


uipment of the port of Viadi- 





ect important improvements in | 


1s to be completed in three | 
periods of construction, is being begun this year (1911), but 


the whole scheme of the modifications is not yet fixed (see 
also Board of Trade Journal of September 28, page 640). 
The question of water works and a sewerage system for 

Vladivostock remains in abeyance. The former would 
certainly seem to be one of urgency, for the town con. 
tinues to increase, and the supply of water available to 
become more dy ee and more inadequate. The deep. 
bore wells sunk by — landowners give rer results 
than formerly, and a miserable stream called Pervaya 
Ryetchka, which is an important source of supply, runs 
close to a flour-mill recently built, and to the new 
railway goods station now in course of construction. A 
new town council was elected in the early summer of 110 
but the elections have recently been cancelled by the 
Senate for certain irregularities. It is conceivable that 
the body which will be returned in the autumn of 191] 
in the room of the one displaced, may again take the 
matter of the water-works in hand. 

South Africa: H.M. Trade Commissioner for South 
Africa (Mr. R. Sothern Holland) writes that, according 
to the report for 1910 of the general manager of the South 
African ways, provision is made in the 1910-12 capital 
estimates for the installation of improved signalling 
_ — on the South African Railways. The work 
is to be spread over a number of years, beginning with 
the stations most urgently needing improved signalling 
arrangements. : 

Suntzerland : With reference to the notice on page 656 
of the Board of Trade Journal of June 29 relative to the 
construction of a tunnel, 8135 m. in length, between 
Tecknau and Olten, the Fewille Fédérale Suisse of October 18 
notifies that, as no award was made in respect of this 
contract, tenders are again invited, and will be received 
up to November 11 at the offices of the Direction Générale 
des Chemins de Fer Fédéraux, Berne. 

Spain: H.M. Consul at Bilbao (Lord H. Hervey) reports 
that tenders are invited for the carrying out of the filtra- 
tion and sterilisation of the water supply of that town. 
Tenders will be received at the Secretaria del Excmo. 
Ayuntamiento, Bilbao, up to noon on December 1. A 
statement of the conditions governing the contract (in 
Spanish) may be seen by British firms at the Commercial 
Intelligence Branch of the Board of Trade, 73, Busing- 
hall-street, London, E.C. 

_ Venezuela: The Gaceta Oficial of September 29 pub- 
lishes a notice, issued by the Ministry of Public Works, 
gen the plans and estimates for the extension of 
the water main and water-works generally in the town of 
Tariba, State of TAchira. 





Tue Coat InpustrY oF THE HENNEGAN DistTRIcT.— 
Tn the year 1829 the output of coal in the Hennegan 
district amounted to the modest aggregate of 1,760,000 
tons, whilst the present output is 16,000,000 to 17,000,000 
tons, and in the meantime the number of pits has been 
reduced from 274to181. The number of hands employed 
has risen from 19,600 in 1829 to 101,700 in 1909. The 
wages have risen from an average of 1.56 francs per day 
in 1848 to 5 francs per day in 1907. Fatal accidents 
averaged in 1852 5.45 per mille and in 1907 0.94 per mille. 


LAUNCH FROM THE MIDDLETON SHIPYARD.—The Middle- 
ton yard of Messrs. Irvine’s Shipbuilding and Dry Docks 
Company, Limited, West Hartlepool, on Monday, the 
23rd inst., launched the El Paraguayo, the first of the 
twin-screw insulated steamers built to the order of Messrs. 
Birt, Potter, and Hughes, Limited, which is intended to 
take her place in the new fortnightly express service of 
steamers between the River Plate and Liverpool, shortly 
to be inaugurated jointly by Messrs. Birt, Potter, and 
Hughes, Limited, and Messrs. Furness, Withy, and Co., 
Limited. This vessel is the largest meat-carrier yet 
constructed, having an insulated capacity of over 405,000 
cub. ft, and the whole of this space is fitted for the 
carriage both of chilled and frozen meat. She has been 
constructed to the plans and specifications of Messrs. 
William Esplen, Son, and Swainston, Limited. The 
dimensions of the vessel are 456 ft. 6 in. in length by 
59 ft. beam by 38 ft. 1 in. depth moulded, and she is 
fitted with four complete decks, all fore and aft. The 
various decks are supported by three rows of stanchions, 
all fore and aft; cae being about 900 stanchions 
in all. The vessel has nine steel transverse bulk- 
heads, seven extend to the shelter-deck, which, with 
the various decks, divide the vessel into twenty-six com- 
partments, twenty of these being insulated throughout. 
Accommodation for a limited number of first-class pas- 
sengers is provided in a deck-house on the fore end of the 
bridge-deck, and accommodation for about 400 emigrants 1s 
fitted under the bridge-deck. An installation of ae a 
rating machinery is being fitted by the Haslam Foundry 
and Engineering Company, Limited, of Derby, con- 
sisting of two horizontal combined surface-condensing 
duplex refrigerating-machines of the carbonic anhydride 
type, with brine circulation. Two large carbonic anhy- 
dride condensers with copper coils are fitted, together 
with four brass-lined brine-circulating pumps and a large 
duplex water-circulating pump for circulating through 
the condensers. The insu chambers throughout are 
cooled by brine-circulation with flows and returns in 
sections, and the various insulated compartments can be 
regulated to a temperature suitable for frozen or chilled 
meat, the entire control of the brine system being centred 
in the refrigerating engine-room. This installation includes 
the supplying and fitting of 45,000. meat-hooks. For 
ascertaining the temperature of the insulated spaces 108 
thermometer-tubes are fitted to the various compart- 
ments. The machinery, which has been constructed by 
Messrs. Richardsons, Westgarth, and Co., Limited, 
Hartlepool, consists of twin-screw triple-expansion ¢n- 
gines, with cylinders 25 in., 41} in., and 70 in., by 48 in. 
stroke, with six large boilers working under forced 
draught at a pressure of 200 Ib. per sq. in. 
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- VOLUME CHANGES IN THE ALLOYS OF 
COPPER WITH TIN.* 


By J. L. Haventon, M.Sc., and Professor T. TuRNER, 
‘ M.Sc. (University of Birmingham). 


INTRODUCTION. 
By Professor TURNER. 


Tue work which has been done by Mr. Haughton 
during the past session may be regarded as a continuation 
of previous researches on the changes in length which 
occur ina cast bar during and after solidification. To 
these investigations Picken, Simpson, Murray, Hague, 
Ewen, and Coe have contributed. The method employed 
has been that of applying an extensometer to one end of 
a cast bar while the other end was kept fixed. With a 
single substance, such as a pure metal or a definite com- 
pound, the extensometer does not appear to act until 

















Fic. 1. Tae ExTENSOMETER. 


extend down to 500 deg. Cent., in which case the maxi- 
mum would fall into proper order. 
It is interesting also to note that the hardness tests do 


brium diagram if viewed in the 
Kurnakow and Shemtschunsy, nor is there any obvious 
connection between density » Acca ral mer and composi- 
tion. These facts also depend upon the complicated 
nature of the changes which occur in this series of alloys, 
and in certain parts of the diagram there are evidently 
obscurities which have yet to be made clear. 

Mr. Haughton records the fact that certain of the inter- 
mediate — of the series are remarkably insoluble in 
acids and ordinary solvents. Hence the analysis presented 
unexpected difficulties. These were overcome by the use 
of bromine, and this simple method of solution may be of 
use to other investigators of the tin-copper series. 





VOLUME CHANGES IN THE ALLOYS OF 
COPPER WITH TIN. 


By J. L. Haveuton, M.Sc. (Birmingham). 


1. HistoricaL AnD InTRopUcTORY REMARKS. 

The following research is a continuation of the work on 
volume changes, o« din 1904 by Professor Turner(!)* 
on cast iron, and continued by Turner and Murray (?) on 
eas alloys; Turner and Ewen (%) on antimony- 
lead and on aluminium-zinc alloys ; Turner and Hague (*) 
on silicon-carbon-iron alloys ; and Coe (5) on manganese- 
carbon-iron alloys. While the methods employed have 
been, in the main, the same as those described in the 
— mentioned above, a few minor alterations have 

en made which will be referred to as occasion demands. 
_ The copper-tin alloys form a very interesting and 
important series. both from a practical and theoretical 
point of view. The fact that they include the ‘‘ bronzes” 
makes them of such practical value that they can only be 
said to be exceeded in this respect by the iron-carbon 
and the copper-zine series, while in theoretical interest 
om are of the first rank. 

he equilibrium diagrams of these alloys have been 
worked out many careful investigators — notably 








b 
Heycock and Neville (5), whose results were embodied in 
the now classical paper read before the Royal Society. 


3 














Fic. 2. THe CHRoNoGRAPH. 


immediately after solidification has occurred, and contrac- 
tion thereafter proceeds regularly. But where internal 
changes take place, due to such causes as the se tion 
of a constituent, or of an eutectic, from the solid matrix, 
such changes are indicated by changes in length of the 
bar. The separation of a constituent is generally accom- 
panied by an expansion, while if the interval between 
the solidus and the liquidus is considerable, the expansion 
of the cast bar is also generally large, and it extends over 
a considerable interval of time. 

_ The apparatus employed has been modified in an 
ingenious manner by Mr. Haughton in order to allow a 
Single operator to observe both pyrometer and extenso- 
meter readings at the same instant, and to record these 
saris by means of a Gosnepayh on a paper tape. Ina 
ay cases tin-copper alloys have been already examined 
»y Ewen and by Wiist, and it is satisfactory to find that 
the agreement between Haughton and these previous 
workers is generally quite satisfactory. 

From an examination of Fig. 6 it will be seen that 
there are four maxima in the expansion curve, and that 
three of these, with about 10, 46, and 65 per cent. of tin 


ywteess om agree with the ‘‘crystallisation interval ” as 
_— from the accep’ equilibrium diagrams. 
> Maximu 


a observed at 30 per cent. of tin is not easy 

o.2xPlain, though it may be pointed out that the equili- 
—y diagram at this point is exceptionally complica 

an that perhaps the “crystallisation interval” should 





Paper read before the Institute of Metals at New- 
Castle, 








Shepherd and Blough (’), as well as Giolitt: and Tavaati (°), 
have also published di ms for the series. Mention 
must also be made of Roche (*), Behrens (?°), and Roberts- 
Austen (!!) as workers who, though they did not attempt 
to find the whole of the equilibrium diagram, nevertheless 
did useful work in breaking the ground for the later 
investigators. In spite of all this work, however, the 
diagram can only be said to be somewhat imperfectly 
known, as the agreement in the results is not good in 
certain places, especially near the tin-rich end. 

Much work on the expansion during solidification of 
these alloys has been done by Wiist (!2), Ewen (°), and 
others, but up to the present the volume changes of the 
whole series have not been systematically investigated. 


2. MATERIALS USED. 

The materials used consisted of very pure electrolytic 
copper and the purest obtainable tin. Analysis showed 
the copper to contain only 0.004 per cent. of lead and 
0.023 per cent. of iron. Tin, antimony, and sulphur could 
not be detected, and arsenic and bismuth were only 
present to the extent of a minute trace. The tin con- 
tained at least 99.9 per cent. tin. The materials were 
melted in a covered fireclay pot in a coke-fired wind fur- 
nace, and were cast at a temperature sufficiently above the 
melting-pomt to enable the mould to be completely filled 
before any solidification comm The bars were cast 
in two series, their composition being shown in Table I. 





_* The numbers in brackets refer to the Bibliography 
given at the end of the paper. 





not agree with what might be oxyorred ae y ~ — 
of the theory of | 





| Tasie I.—Bars Cast. 


























First. Series, Second Series. 

Number. Tin per Cent. Number. Tin per Cent, 

1 10.4 21 32.0 
2 31.0 22 37 4 
3 | 49.4 23 69.0 
4 €0.2 24 52.5 
5 80.7 25 45.0 
6 100.0 26 65.0 
7 19.6 27 66.0 
8 0.0 28 59.0 
9 90.6 29 15.0 
10 39.3 30 27.3 
ll 70.6 31 30.0 
12 65.2 32 81.2 
13 76.0 
14 34.3 
15 4.5 A. 11.0 
16 25.0 B. 22.0 
17 65.3 Cc. 32.0 
18 42.8 
19 86.2 Bars A, B, and C, were cast 
20 96.0 by Mr. D. Ewen in 1910, 
3. APPARATUS EMPLOYED. 

(A) The Mould and Bar.—The mould, made with 
common “moulding sand,” was prepared in the usual wa. 
in two cast-iron boxes. The bar, cast in the now well- 
known T-shape, which has been used in all these researches, 


| was held by a pin passing through the head of the T and 
|clamped to the moulding-box. A second pin, of ,4-in 
| wire, penetrated for about 1 in. into the other end of the 
| mould, and was clamped to the extensometer. 
The bars were made # in. square, in the hope that, 
owing to the slower cooling obtainable with this cross- 
section over what was obtained with the standard }4-in. 
| bars, it might be possible to detect some of the chan 
occurring below the solidus. Results have “ys +4 justified 
this supposition. After cooling, samples for analysis 
were taken by drilling right through the bar in two places, 
|and a piece for microscopic examination was taken about 
3 in. from the T-piece. Another piece about 6_in. long was 


SHOWING THE ARRANGEMENT OF THE APPARATUS. 


preserved for future experiments, and the rest remelted 
to make up new bars. 

(B) The Extensometer.—The instrument used was the 
mirror extensometer designed by Murray, and employed 
by Ewen in his researches on the antimony-lead alloys 
(q.v.). It consists of a rack carried in guides, which is 
clamped to the pin from the cast bar. This rack engages 
with a pinion, which forms part of a vertical rod turning 
in cone-shaped bearings, the upper one of which is made 
adjustable so as to enable any trace of “‘play” to be 
removed without making the bearings tight. A small 
mirror is carried on this rod, and in the mirror the 
reflected im of a scale can be viewed by means of a 
telescope. The whole is mounted on an iron plate, which 
is fixed to a wooden block provided with levelling enews 
(Fig. 1, above). As it was found that the contraction 
of some of the bars was so great as to cause the extenso- 
meter mirror to move right off the scale while the metal 
was still very hot, an adjustable clamp was fitted between 
the pin and the extensometer, which enabled the latter 
to be brought back whenever this was necessary. 

(C) The Pyrometer.—The pyrometer consisted of a 
platinum ar thermo-couple, connected 
through a 1000-ohm resistance and a mercury switch to a 
galvanometer. This latter was housed in a large box, 
painted dead black inside, and containing a semi-trans- 
parent scale illuminated by an electric lamp, the image of 
the scale reflected from the mirror of the galvanometer 
being viewed through a telescope. The cold junction 
was kept at a constant temperature by immersion in a 
water-bath ; the reading of the thermometer in this water 
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was only taken just before casting the bar, as it wax found 
that the variation of temperature during one experiment 
never exceeded 0.5 deg. Cent. 

(D) The Chronograph.—In all previous researches on 
the volume changes in alloys three people have been 
necessary to carry on the work.- One poured the metal, 
one read the extensometer, whilé the third read the pyro- 
meter. To obviate this necessity the author designed, 


and with the assistance of Mr. Ward, the University steei- 
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melter, made a chronograph, by means of which one 
observer was enabled to record the readings of both instru- 
ments. The chronograph consisted of a centrifugally- 
gered driving clock, which drew a strip of paper 

neath three vertical pencils fastened to the armatures 
of three electro-magnets that, when energised, gave a 
lateral motion to the pencils, A clock transmitted a cur- 
rent to one of the magnets every second, and the other 
two were actuated by means of a pair of tapping keys. 
Fig. 2, page 609, is a photograph of the chronograph. The 
arrangement of the whole apparatus is shown in Fig. 3, 
where A is the scale whose reflection in the mirror B of 
the extensometer is directed by the mirror C into the 
telescope D. This ssoenee © provided with cross wires 
in the focus of the object g 








Similarly, the reflection of the scale E in the galvano- 


meter mirror F' passes below the reflector C into the tele- | 


8cO In this way the observer, seated at G, sees both 
scales simultaneously. As each division of either scale 
“* transits ” the cross wire of the telescope he presses one 
or other of the tapping keys (H), thus actuating one or 
other of the pencils on the chronograph. In this way a 


simultaneous record of the temperature and expansion is | 


obtained, the exact position of any halt or maximum 
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the chronograph record unless it should happen to 
coincide with a whole division of the scale. (This obvi- 
ously applies to any method of recording in which time is 
the variable function.) 


se on the curve being noted down, as it is not shown 
y. 


4. Votume CHANGES. 


The bars that were cast ranged from pure copper to 
pure tin in steps of 5 per cent., except in a few cases 
where it seemed desirable to cast intermediate ones. 
These, ther with certain bars which were cast twice, 
brought the total number up to thirty-eight. The curves 
of volume change and of temperature are shown in 
Fig. 4, above. It will be noticed that, in addition to 
the expansion during solidification, most of the bars show 


| marked changes in the rate of contraction, many of which 


| will be dealt, with in a later part 





appear to correspond with phase changes as shown by thie 
equilibrium diagram. These changes in the solid alloys 
deal the paper. 
Considering first the volume changes occurring during 
solidification: The expansion curve for the whole seri. 
is shown in Fig. 5, below, and is repeated in Fig. §, 
together with the crystallisation interval according to 
Heycock and Neville, to Shepherd and Blough, and : 
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EXPANSION CURVE OF THE 
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Fic. 10. Fractures sHOWING DIFFERENT CRYSTAL 
Size 1n DirFERENT Parts ofr THE SAME Bar. 


Giolitti and Tavanti. (The equilibrium diagrams of these 
workers are reproduced in Figs. 7, 8, and 9.) The object 
of this is to investigate whether the remarkable agreement 
between these two phenomena (expansion and crystallisa- 
tion interval), which was found by Murray for the brasses, 
exists in this series also. Murray pointed out that, in 
the copper-zinc alloys, the expansion during solidification 
was directly proportional to the distance between the 
liquidus and the solidus, and suggested that the extenso 
meter might be used to plot the latter. Ewen showed 
that, while there was some relationship in the case of the 
aluminium-zine alloys, it was not nearly so pronounced 
as in the copper-zinc series, and that there was no 
such relationship in the antimony-lead alloys. It will 
be observed that in the series at present under dis- 
cussion the expansion curve po with the crystal- 
lisation interval of Shepherd and Blough from 0 per cent. 
to about 23 per cent. of tin, and from 40 per cent. to 
65 per cent. of tin, while it agrees with that of Giolittiand 
Tavanti from 15 per cent. to 25 per cent. of tin, and from 
35 per cent. to 60 per cent. of tin. The agreement with 
Heycock and Neville is only pronounced between 40 per 
cent. and 65 per cent. of tin, where it is very good eed. 
As a first approximation it may be said that the general 
form of the ex ion curve is the same as the curve of 
crystallisation interval in alloys of tin content ranging 
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» 0 per cent. to 25 cent. and from 35 per cent. to 
7 po cat Beyond this last point the uncertainty of 
the equilibrium diagram makes it impossible to draw any 
definite conclusion, though the author believes that the 
extensometer records show some slight evidence of a 
horizontal line at about 500 deg. Cent., or a little lower. 
This can hardly be seen on the curves as plotted in 
Fig. 4, 610; but if the alteration in length for a 
given number of degrees be plotted against the mean 
temperature at which that alteration takes place, a change 
in the direction of the curve in the neighbourhood of 
500 deg. Cent. is noticeable in many cases. 

While aware that the evidence is at present utterly 
inadequate for drawing any definite conclusion, the 
author would hazard a tentative guess that either the 
line separating the a + 8 region from the a + 6 region, 
or that separating 8 + 6 from a+ 46 (Heycock and 
Neville), should be continued right across the diagram 
towards the tin end. Two causes combine to give rise 
to this uncertainty. In the first place, the alloys are 
cooled so rapidly that they are a very long way from 
being in equilibrium ; and secondly, the cooling condi- 
tions are such that the temperature of one part of the 
bar may differ from that of another part; and, while 
the pyrometer is registering the temperature of the 
metal m its immediate vicinity, the extensometer is 
registering the contraction or expansion of the bar as a 
whole at a mean temperature which may differ somewhat 
from that indicated by the pyrometer. The author is 
convinced that valuable light might be thrown on the 
composition of these alloys by taking extensometer read- 
ings on a bar heated or cooled very slowly—say in an 
electric furnace—and with this in view he has designed 
a much more sensitive form of extensometer, Sige 

The other part of the expansion curve which exhibits a 
marked divergence from the crystallisation interval curve 
is that lying between 25 per cent. and 35-per cent. of 
tin. i 

This expansion is a very remarkable one, the curve rising 
rapidly to a maximum at about 30 per cent., and falling 
away even more rapidly. It _is confirmed by an observa- 
tion of Ewen’s mentioned ‘at the end of his paper referred 
to above (3), and he seems inclined to attribute it to the 
existence of the compound Cu,Sn. In this connection it 
is interesting to note that the peak at 66 per cent. tin, 
which shares, with the 30 per cent. maximum, the charac- 
teristic of very great changes of expansion for very small 
differences in composition, corresponds closely with the 

ossihle compound CuSn ; on the other hand, a glance at 
Fig. 6 will show that this part of the expan-ion curve corre- 
sponds very well with the solidus-liquidus distance accord- 
ing to Heycock and Neville, and this explanation of the 
peak seems more probable than the alternative one, that it 
is caused by a very doubtful compound, inasmuch as there 
isno a priori reason why a compound should expand more 
than a solid solution ; indeed, one would rather suppose 
the reverse to be the case, a supposition which is borne 
out by the fact that the compound Cu;Sn—the only one 
whose existence is fully proved—falls very near the mini- 
mum at 40 per cent. tin. This is also the case in the 
copper-zine series, where Murray has shown that the 
compound Cu,Zng practically corresponds with the mini- 
mum at 60 per cent. zinc. 4 

In discussing these facts, however, it must be noted 
that, with the possible exception of Cu;Sn (Giolitti and 
Tavanti), none of the copper-tin ag ee or pseudo- 
compounds separate out from the liquid, but are all 
formed in the solidified alloy ; and as the expansions 
under consideration appear to take place during solidi- 
fication, the presence or absence of a compound at a 
temperature below that of the solidus can hardly he 
expected to have any effect on them. (The question 
as to whether or not the expansions observed are really 
volume changes during solidification will be discussed in 
a later part of the paper.) 

While, therefore, the author is unable to accept the 
existence of a compound at about 30 per cent.stin as being 
the cause of this very remarkable expansion, yet he must 
admit that he can, at present, offer no other explanation 
for it. In passing it may be noticed that the hardness 
curve exhibits a maximum at this same point. 

Turning now to the volume changes in the solid alloys, 
it will be found that the:e are many and of great-<nterest 
The most pronounced is that which occurs in the tin-rich 
end of the series, at about 220.deg. Cent., and which is 
obviously caused by the separation of the eutectic. It is 
noticeab'e for the first time in the bar containing 50 per 
cent. tin, which was the earliest one taken toa low enough 
temperature to show the change, and it appears in every 
succeeding bar that was cooled far enough down. The 
temperature curve als» gives marked evidence of this 
change from 55 per cent. tin onwards. Heycock and 
Neville only mark this line in full from 65 per cent. tin, 
dotting that part which lies between 38 per cent. and 66 per 
cent. tin. Shepherd and Blough do likewise. Giolitti and 
Tavanti, on the other hand, show the line in full the whole 
way. Unfortunately, very little can be deduced from the 
present results, as the alloys are not in equilibrium. 

It will be noticed that in many, though not in all, cases 
this arrest is followed by a second retardation in the rate 
of contraction, of which no sign is given by the tempera- 
ture curve ; the reason for this is not clear, and the matter 
is by no means simplified by the fact that the arrest does 
not occur invariably. It may, however, be pointed out 
that Shepherd and Blough have on their diagram a dotted 
line at 180 deg. Cent. between 38 and 60 per cent. tin. 
If this line were continued right across the diagram, it 
would explain the occurrence of this peculiar change, but 


not the fact that certain bars show no sign of it. 

. Much more light might be thrown on this and other 
interesting points by measuring the expansion of the 
alloys on slow heating. 


(To be continued.) 





THE RESIDUARY RESISTANCE OF 
VESSELS. 


The Relationship Between Residuary Resistance Horse- 
Power and Forms of Vessels.* 
By Ernest Saxton Waits, B.Sc. 


So much has been said and written by eminent autho- 
rities of this and other institutions on subjects akin to the 
heading of this paper, that it is with some d of 
hesitation the writer has approached the study of this 
interesting problem. 

In estimating the indicated horse-power necessary to 
drive a given vessel at a particular speed, the designer 
may adopt several methed, more or less accurate, such as 
the Admiralty coefficient, the extended law of com- 
parison, the use of standard curves, the model-tank 
experimental and the independent estimate methods. 
te is not the purpose of this paper to discuss the rela- 
tive values of the methods mentioned ; but, failing actual 
tank experiments, a careful analysis of trial-trip results, 
in conjunction with the independent estimate method, 
gives good indication of the power necessary to drive any 
particular ship at a given speed. As you are aware, in 
this latter method the horse-power necessary to overcome 
the — resistance is determined by using the following 
formula :— 


E, = 0.0030707 fS V" +}. 
E, = skin resistance power, 
f = a coefficient of friction depending on the nature 
of the surface; average value being 0.00907. 
the wetted surface in square feet 
m = index of friction ; average value being 1.83, 


To obtain the horse - power uired to overcome 
residuary resistance—i.e., the combined resistance of 
wave and eddy—suitable coefficients are used which can 
be derived from carefully analysed speed trials of similar 


form of the vessel has been designed ; for instance, if a 
vessel has been given a form suitable for 20 knots 
maximum speed, one cannot obtain by this method the 
residuary horse-power for the same vessel at a 5 of 
12 knots, and vice versd, as this would imply that the 
residuary horse-power varied as the speed raised to a 
constant exponent for all speeds for the same vessel, 
which is, of course, entirely erroneous. The factors used 
in the analysis of the form are as previously stated :— 

(1) Relation of Beam to Draught.—It is well known 
that with a constant beam and varving draught the 
residuary horse-power increases as the draught decreases, 


which for analysis is wri'ten but in order to bring 


b , 
the result to an exponent approaching constancy for 
various types of form this has been reversed and called 
D 


B* 
2. Midship Section Area Coeficient.—This is taken as 
the measure of the fulness of the midship body. 
3. Form of Ends.—For this a fair representation may 
be said to be (1l- prismatic or cylindrical coefficient) x 


B’ called in practice the ‘‘ends in terms of beams.” In 


other words, it is the end coefficient multiplied by the 
number of beams in the length. For low speeds this 
factor, which may be called y, is generally much lower 
than for high speeds, varying from about 1 at 8 knots tu 
about 3.5 for 26 knots. By combining these factors it 
will be admitted that the principal items in the form of 
the vessel affecting residuary resistance are included, and 
by treating these as follows as coefficient K is obtained :— 


D 
B 


xeaxy2 K, 


D = draught in feet, excluding hanging keel. 





vessels. The addition of the skin resistance horse-power 
to the residuary resistance horse- power gives the effective 
horse-power, and from this the indicated horse-power | 











| Length D anght Midship 
TH? | ot, lever | srattae | Conan: | Aree. | Pore 

. Water angin) soe | Coeffi- | 
Ship. Line. Shell. ia Client. | cient. Ends. Maximu 
} | | Speeds, 

| ft. ft. | ft. | 
8.8. 374 | 49.5 240 | 0.794 0.977 |143 11.2 
8.8. 4°0 | 65.0) 19.78 | 0.797 | 0.973 | 1.540 12.54 
T.S.S. 449 | 55.1) 20.25 | 0.72 0.985 | 212 16.0 
T.8.8. 428 | 55.0 24.2 «| 0.623 0.92 | 2.20 17.05 
T.3.8. 481 | 566 21.7 | 0.602 0932 | 2.575 19.9 
T.S.2. | 432 66.0 23.3 | 0.537 0.91 2.88 22.1 
T.S.8. | FOO | 622 23.3 0.488 0.877 | 3.43 26.1 
T.S.8. | 506 | 60.3 23.3 | OF 0.88 4.40 25.92 
T.8S.8. | 485 63.15 23.4 0.49 0.884 | 3.37 25.7 


B = breadth over shell-plating. 
a = midship section coeftticient. 
y = form of ends in terms of beams. 
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may he determin‘d by the use of suitable propulsive 
= “ae obtained from the results of progressive speed 
trials. 

An analysis of the results of a very large number of 
en trials of various types of vessels, with the object of 
obtaining suitable coefficients for this residuary horse- 
power, sbowed that a close relationship existed between 
the form of the vessel and the residuary resistance at the 
———- speed for which the various vessels had been 

esi q 

The system of comparison pursued was to bring all 
vessels to a standard displacement of 10,000 tons to obtain 
in the usual manner the corresponding maximum speeds 
and indicated horse-powers at this displacement. The 
effective horse-power was then ascertained as previously 
mentioned. 

In the case of vessels, say, under 3000 tons displace- 
ment on trial, it would be advisable to bring these results 
to a less standard than 10,000—say 5000—and work out an 
exponent value z in the same manner as hereafter described. 
In this way any small discrepiancy in the results is not so 
magnified as it would otherwise be if brought to the larger 
displacement. 

If the skin resistunce horse power be deducted from the 
effective horse-power for each vessel at its designed maxi- 
mum speed, the remainder naturally gives the residuary 
horse-power. 

In order to arrive at the relation which exists between 
the forms of the various ships and the residuary horse- 
power three factors were taken into account :— 

1. The relation of beam to draught. 

2. The midship section area coefficient. 

3. The form of the ends. 

These factors were combined in the formula, and the 
results obtained corresponded to a definite exponent of the 
speed, which is practically constant for all designed 
maximum speeds. No claim is made that this result is 
arrived at from any scientific basis ; in fact, when certain 
theoretical principles are applied to it, the fault is appa- 
rent. Yet the fact remains that the results obtained are 
extremely yy oy particularly constant. 

If this paper is the means of inducing some of the 
scientific members of this Institution to give their 
consideration to the matter from a theoretical standpoint, 
it will have served the purpose for which it has been 
written. It cannot be too strongly emphasised also 
that the results obtained should not be applied to find 
the residuary horse-power of any one ship at several 
speeds, but only at the maximum speed for which the 


* Paper read before the North-East Coast Institution 








of thoes and Shipbuilders, Friday, October 27, 1911. 


If V = speed in knots, x the exponent of this speed, 
then this coefficient K x V* is to arrive at the resi- 
— power for the designed maximum speed of the 
vessel, 

An analysis of the results of speed trials of some 
hundreds of vessels gave this exponent z a value of about 
2.7, so that residuary horse-power for the maximum speud 
- which the form was designed would be obtained 
thus :-— 


Residuary horse-power = > xaxyx V27, 

A tabulated list of some results taken at random from 
a large number of speed trials is given in the table above, 
the skin horse-power being deducted from the effective 
horse-power to give the residuary power. 

The indicated horse-power given is that actually deve- 
loped on the speed triala, and the figures obtained by the 
above formula for residuary power are practically identical 
with those obtained from the results of the s trial. 

No claim is made that this exponent of the speed is a 
fixture, and it would be well if each designer worked out 
his own value of « from the particulars which he has at 
his disposal. In the analysis normal trials have only 
been taken, and specially good results, never likely to be 
repeated, have been eliminated, as were also poor results, 
which were clearly no indication of what the vessel was 
able todo. Hump and hollow speeds were also neglected. 
In the above table there is a range of speeds from 11 tu 
26 knots, and the results will no doubt speak for them- 
selves. 

A comparison of the figures for residuary resistance 
horse-power obtained from trial results with those 
obtained from the formula show that the latter has an 
over-estimate of about 1 per cent. in the indicated horse- 
power for the 10,000-ton vessel at low speeds, and an 
under-estimate of 1 to 14 per cent. at high speeds, while 
at medium speeds the results are practically identical. 

Before finishing, I must express my thanks, first to 
Mr. Frank Hope for his invaluable assistance in the 
Le cng ee of this paper, and, secondly, to the members 
of this Institution who most kindly gave me particulars of 
trials which they had at their disposal. 





New Unton-Castie Liner.—TheT.-S.S. Galway Castle, 
built my hm noe Harland and Wolff, Limited, Belfast, 
for the Union-Castle Line, left Belfast on the 9th inst., 
and, after very satisfactory trials on the Clyde, proceeded 
to Hamburg. The new steamer is 452 ft. long between 
perpendiculars, by 56 ft. beam and 33 ft. 9 in. deep, with 
& gross tonnage of about 8000, and is intended for the 
company’s intermediate service to South Africa. 
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THE ENDURANCE OF METALS. 
Experiments on Rotating Beams at University College, 
London.* 


By E. M. Even, of the Armstrong College, New- 
castle-on-Tyne, W. N. Ross, and F. L. CunNINGHAM, 
Graduate, of London. 

(Concluded from page 580.) 

Tensile Tests of Materials.—The results of tensile tests 
of test-pieces cut from some of the bars of metal used for 
the endurance tests are shown in Table I. All the ten- 
sile tests were made on the full-size bar, and extensometer 
. readings were taken on a 10-in. length. 


TaBLe I.—Tensile Tests of some of the Metals used in 
the Endurance Experiments. 


sien 
‘Limit of 








Bar | Tena- 
| Material. Elias 
No. | ticity. city. 
| tona p. | tons p. 
| sq. in, | sq. in, 
5 |}-in. bright-drawn mild-steel rod,quality B| 28.8 40.0 
8 Ditto Ditto Al 25.0 | 35.7 
9 |Vanadium steel-type A, oil-tempered 46.5 | 57.2 
10 | Ditto A, annealed. . «+| 26.8 38.4 
23 |4-in. blued rolled Bessemersteel, quality D) 35.7 49.3 
26 |3 per cent. nickel steel " ee --| 446 | 57.0 
26 |25 per cent. special nickel steel .. . | 24.1 48.8 
27 «|4-in. —— wrought-iron rod “¢] 25.9 33.3 
28 Ditto Ditto --| 26.8 34.0 
29 Ditto Ditto 26.8 34.1 








The limit of elasticity was obtained from extensometer 
readings, and is the limit of the straight portion of the 
stress-strain curve. Both the limit and tenacity are ex- 
pressed in tons per square inch of original area. 

The Form of the Stress-Revolutions Curve, and the 
Limiting Stress causing Fracture afteran Indefinite Number 
of Revolutions.—The series of experiments in which there 
is least variation from asmooth curve a tobe X VIT., 
XXI., XXII, XXIX., XXXII, XVI., shown in 
Figs. 14, 17, 18, 24, 27, and 30, pages 577 to 580 ante. 
The same curves are repeated, plotted on logarithmic 
scales in Figs. 32 to 37, annexed. The curves are all of 
similar form, 

It is generally assumed that the stress-revolutions curve 
becomes horizontal after a sufficiently large number of 
repetitions of stress, and the ordinate of the curve where 
it is horizontal is the limiting stress causing fracture after 
an indefinite number of alternations or repetitions of 
stress. An examination of the curves shows that this 
limiting stress is not reached with one million revolutions: 
this is seen most clearly in the | ithmic curves (Fi 
$2 to 37), where, as in the case of the other curves, the 
limiting stress is the ordinate of the curve when it 

mes horizontal. In spite of the irregularities in the 
position of the points, it seems to be certain that the 
curves have not me horizontal after one million re- 
volutions. 

The actual existence of a limiting stress, at any rate 
for revolving beam tests, appears to be doubtful; the 
logarithmic curve for Series X XIX., Fig. 35, herewith, 
has been smoothed by a straight line from 10,000 to 
400,000 revolutions ; the equation to this line is log N = 
15.7 — 8.1 log f, where N = the number of revolutions 
up to fracture, and f = the applied stress. It is unlikely 
that this curve remains indefinitely straight if continued 
to the right; but even taking this extreme assumption, 
the number of revolutions required to cause fracture 
with low applied stresses is very large, a continuous run 
of the machine at 1300 revolutions per minute for about 
34 years would be required to cause fracture with an 
applied stress of 6 tons ee sq. in., and about 100 years’ 
run would be required if the applied stress were 4 tons 
per sq. in. 

For the sake of comparison, Wohler’s rotating-beam 
experiments on wrought iron are shown in Fig. 38, 
page 613. These are by far the most definite curves 
obtained by Wéhler, and it is remarkable that in the case 
of the ‘‘ Phoenix” iron the limiting stress is not reached 
with 19,000,000 revolutions, 


Tue Errect or SPkED ON THE StTRESS-REVOLUTIONS 
CuRVE. 


Mild Steel. Quality A.—A comparison of Figs. 13, 14, 
and 15, pages 577 and 578 ante, shows that in the case 
of this material a variation in speed from 250 to 1300 
revolutions has no appreciable effect on the curve. 
In all three diagrams the smoothed curve is identical, 
and it will be seen how closely the observed points from 
all the series of tests follow thesame curve. In order to 
show all the available evidence of the effect of speed, 
Series XIII. and XX VII. are shown together in Fig. 22, 
page 579 ante. Both series were made with test-pieces 
cut from the same bar, but the two series were made at 
different times and with difierent holders. The earlier 
series at 600 revolutions per minute is very irregular, and 
it seems probable that the higher and more consistent 
figures obtained at 1300 revolutions per minute are due to 
the improved form of holders used, and not to the in- 
creased 8 + 

Mild Steel, Quality B. — Figs. 24 and 25, page 579 
ante, show mild steel, quality B, at 1300 and 600 revo- 


* Paper read before the Institution of Mechanical 
Engineers on October 20. 

+ That a change in the holders can affect the results is 
shown from a comparison of Series XI. (Fig. 11, 577 
ante), and Series XXII. (Fig. 18, page 578 ante); the 


test-pieces for both these series were made from the same 
bar of steel, and both series were at the same speed, 


lutions per minute; the same smooth curve is drawn 
on both diagrams. The evidence is not, perhaps, so con- 
clusive as for the A quality mild steel, but there appears 
to be no speed effect. 

Vanadium Steel.—Two series of tests on annealed vana- 
dium steel at 600 and 1300 revolutions per minute are 
shown in Fig. 19, page 578 ante; in this case also 
speed appears to have no effect on the curve. The 
results for oil-tempered vanadium steel are not so con- 
clusive. Fig. 20, page 578 ante, shows the comparison. 
The points lie rather irregularly, but on the whole the 
lower speed tests gave lower values. 

Wrought Iron.—Fig. 16, page 578 ante, compares 
two series of tests on wrought iron at 600 and 1300 
revolutions per minute. Neither of the curves is very 
definite, but on the whole the series at 1300 revolutions 
per minute gives lower results than the series at 600 
revolutions per minute. The drawn bars from which the 
test-pieces were cut were not quite straight; in Series 
XTX., at 1300 revolutions per minute, only two of the 


for 
annealed and oil-tempered vanadium steel in Fig. 12, 





test-pieces were straightened before testing, whereas in 


Fig 32.SeRies XVI. MLD STEEL A 


Fig33.SERIES-XXI. WROUGHT IRON. 


ground to size, but no direct comparison was made of 
ergs ae of ground as compared with polished or he 
ieces. 


Effect of Annealing.— Annealed and “as rolled” 
ssemer steel are shown in Fig. 8, page 577 de eek 


577 ante, and also in Figs. 19 and 20, page 578 antc. 


= all cases the annealed material shows a lower resist. 


ance. 

Range of Stress Required to Cause Fracture after a 
Million Alternations.—The range of stress in these tests is 
double the applied stress, as the stress alternates between 
equal positive and negative values. 
causing fracture after a million alternations is twice the 
ordinate of the stress-revolutions curve at a million revo- 
lutions. Table IT. gives the values of this range of stress 
for some of the more important series of tests and also 
the limit of elasticity and tenacity obtained from tensile 
tests oe y mney . 
materials, as shown by the range of stress fi a ; 
to depend more on the tenacity than on the lenis of 


The range of stress 


e endurance of the various 


Fig.J34. series Xxm, mice stece c. 
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V groove, The majority of the test-pieces used were 
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- 
gl eee eee vee l i om | oak —_" | a 
0 50 100 500 14000 Vi 50 100 500 1000 10 50 100 500 1000 
(2497.) Thousands of Revolutions to Fracture. 
Series XX. all the test-pieces were carefully straightened 
before tine One of the two straightened test-pieces =e 
of Series X1X., tested at 1300 revolutions, lies well on carina qheakrns is Sida ” 
the curve drawn for Series X X., at 600 revolutions. Tensile Tests. Endurance Tests. 
As it seemed probable that the lower values obtained nats 
at the higher speed were caused by want of straightness ear 
in the test-pieces, Series XXXV., XXXVI, and $ | 6 58 23 | 
XXXVII. were carried out at 1300, 620, and 250 revolu- | 38! ss ae | 
tions per minute. In these series particular cere was Material. ls |2e/|/8. |8- 
taken in preparing the test-pieces which were turned and é.. | 3 = ss a5 a | 
fitted to clamping holders. The results are shown in $\/8F sss |b | 29) sz 
Figs. 29, 30, and 31, 580 ante; the same smooth | oo | oot 38 Qeoe 3 | g\5 
curve is drawn for each diagram. The points lie rather Be | ok FES S33)" 8 |e 
irregularly, particnlerty in te onee, of the high-speed 33 | 2 : #33 fee) s 1s 
tests, but, as in the case of the steels, speed a rs to 5 |e < asia ig 
ay nod «are meth ata |e" [ae a<% |ae> a nes 
careful examination of the evidence of the various} : jn. bright-draw 
curves referred to proves that in the testing-machine used "oe eek “od, { :s00} | 31.6 | 
a variation of speed from 250 to 1300 revolutions per| quality B 
minute has no appreciable effect on the stress-revolutions }-in. bright -drawn = | s46| 1.02 13 
curve, and that for any one material the stress to cause |~ wrought-iron rod {| *-8 | 26 on Agra Deg 55 
fracture depends on the number of repetitions or alterna- j-in. bright -drawn } | 300 
tions, and not on the rate of alternations. mild - steel gt 85.7 | 26 f 4] 39 | 1.09 | 1.56 
Effect of Surface and Form of Test-Piece.—The increased | quality A \ 1300 J 
resistance of a polished specimen compared with one that | Vanadium steel, an-|| 5. 4 | 26.8 | =} | 41 | 1.07 | 1.53 
is plain turned is shown in Fig. 9 and in Fig. 11, page 577 | __nealed P t| 1300) | 
ante. The curves are tooirregular to obtain any numerical -—- cent. nickel) 425 241 1300 | 442 0.90 1.83 
results. 7 : : : Vanadium steel, oil-\| 579 46.5 | 1800 | 49 0.86, 1.05 
The reduction resistance caused by scratching a polished | tempered | 57.2 | 45 
test-piece is shown in Fig. 10, page 577 ante, and also | Copper trolley-wire, ) | | 1300 | 22 — 
the still greater reduction on resistance caused by a} hard-drawn Sas | 
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elasticity, the material with higher tenacity always show- 
ing greater resistance to alternating stresses. 
values of the elastic limit and tenaeity in the case of tl 
wrought iron and mild steel A are due tothe material 
being in the form of drawn rod. 

range of stress qa Tange of stress 
limit of elasticity tenacity 
are also shown. It is remarkable that the drawn mild 
steel rod and the annealed vanadium steel give nearly 
the same values for these ratios. 

Corrosion of Test-Pieces and Holders.—A good deal 
of trouble was ca by corrosion where the test speci- 
men fits into its holders. The rusting at this point was 
so great in the case of heavily loaded tests lasting for 
several days that it was often difficult to remove the 
broken specimen from the holder. The same trouble was 
experienced in an earlier repeated-loads testing-machine 
at University College. This machine was of the Wohler 
rotating cantilever type, with round test specimens 1 in. 
in diameter, fitted into conical holes in the testing- 
machine spindle. In this machine red rust was produced 
in considerable quantity. There seems to be no doubt 
that this corrosion is due to the varying stress between 
the test specimen and its holder, and the authors believe 
that the rust often found between a wheel and its shaft 
or a key and key-way, and the corrosion of a 
is usually due to a simi action, and not only to the 
presence of moisture. After the first few trials the 
specimens were well oiled before being put in place, but 
this was only partially effective. @ specimens were 
somewhat easier to withdraw, but rust was still produced, 

Comparison of these Tests with other Alternating Stress 
Tests.—A few values for the range of stress causing 
fracture after 10° alternations of stress by various ex- 

rimenters are quoted in Table III., given below. The 
Wahler, Baker, Rogers, and University College (Lon- 
don) tests were all on rotating beams; the first three 
being rotating cantilever tests, while the Universit 
College tests were on rotating beams supported at eac 
end and loaded at two points. In the testing-machine 





The ratios : 


than those obtained by other experimenters with the 
exception of the Turner tests. The ratios eo 
agree with ’s and some of Turner’s tests, but are 
higher than any other results quoted for material of similar 
tenacity. Turner’s value for the ratio for mild steel is 
still higher. : 

The University Coll tests confirm the increased 
endurance of high-tenacity steels, shown by Woihler, 
Baker, Rogers, Stanton and Bairstow, and by Turner, 
and the reduced ratio range of stress as the tenacity 

tenacity 
Fig.38. WOHLER'S WROUGHT-IRON TESTS. 
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TABLE III.—EnpvurANcE UNDER ALTERNATING STRESSES. 





























TENSILE Tast J 
Frevans. ENDURANCE TEst FIGURES. 
2 
| o 
b tes Type of Endurance : ‘ Speed. {si Z| f = 
Experimenter. Test. Material. Tenacity. 1 one mans aa — 38 b| se 4 
Elasticity.| Stress | Fracture after ae 3 3 4 s 
per 
Minute — i° s2 
| a 3 
tons per | tons a tons per sq. in. 
sq. in. 8q. in. 
Phoonix iron 21.3 2 60—80 22.8 1.07 a 
Wohler* Rotating Homogeneousiron .. 28.1 ea 60—80 24.5 0.87 = 
cantilever Vickers’ steel axles .. 27. 60—80 24.0 0.87 oe 
— _ steel =e 60—80 30.9 0.56 — 
* , stee i 27. vs 50—60 25.0 0.90 - 
Baker Ditto { Fine drift steel.  -|| 54.0 ss 50—60 27.5 0.51 = 
Ditto Steel © (0.32 per cent. 29.3 16.7 400 32.0 1.09 1.92 
Rogerst O.) as ro! 
: Steel C annealed . 26.5 7.1 400 27.7 1.05 3.9 
250 
e }-in. bright-drawn 620 84.6 1.02 13 
vous || Retatingeam. || Seroaghtiron bar |} $88) °65 [| 1500 
is ieee e- }-in. bright-drawn 300 
mild-steel rod A 35.7 25.0 600 39.0 1.09 1.56 
1300 
Turnerg { Fixed cantilever Mild steel 27.3 18.8 250 35.6 1.8 1.9 
Rotating deflection Nickel steel 48.0 36.1 250 52.5 11 1.46 
Reci: go 
weight, direct 
a tension and com- Wrought-iron No. 2 25.6 13.4 800 19.2 0.75 1.43 
ame prencion.. piston-rod steel 43.8 19.6 800 28.3 0.65 1.44 
| . ension — 
male: Compression 
=1L4 
1337 20.9 0.81 ~— 
- ‘ 1428 20.1 0.78 ~ 
Reci ting ‘ 
wel direct Mild steel annealed 25.8 — 74 = = _ 
Reynolds | tension and com- 1744 16.2 050 | — 
Smith? | pression. 1917 12.4 0.48 ~ 
Smith4 Ratio: Tension — 1 20.1 0.42 — 
Jompression| | Oast steel annealed 48.0 bi 1660 18.3 0.38 — 
= 1,15 1820 16.8 0.35 ~ 
1990 13.1 0.27 _ 


























Nots.—The values for ‘‘range of stress” causin 


lished accounts of the experiments of Turner, Reynolds and Smith, 
tests of Wohler, Baker, and Rogers have been estimated from stress revolution diagrams plotted from 


fracture after 106 alternations of stress in this table are 
ton and Bairst Th 


ied from the pub- 
the 


and of St figures for 
the various published results. 





The tenacity figures for the Reynolds and Smith tests are for short test-pieces two diameters long. 


* ‘* The Testing of Materials of Construction.” Unwin. 
| ‘“‘ Heat-Treatment and Fatigue of Iron and Steel.” 
{ F —— metals see Table II. (page 612), also Proceedin 
§ “The Stren 


183, and 247 ante) 


“On the Resistance of Iron and Steel to Reversals of Direct Stress.” 


tion of Civil Engineers, 1906, vol. clxvi. 


Rogers. Journal of the Iron and Steel Institute, No. 1, 1905. 
of the University of Durham, Phi 
h of Steels in Compound Stress, and Endurance under Repetitions of Stress.” L. B. Turner. 


Soc., vol. iii., page 251. 
(See pages 115, 


Proceedings of the Institu- 


Stent 


and Bairst 





‘| ‘Ona Throw Testing-Machine for Reversals of Mean Stress.” Professor Osborne Reynolds and J. H. Smith. Phil. Trans. 


of the Royal ety, 1902. 
used by Mr. Turner the free end of a fixed cantilever is 
made to move in a circular path, thus giving what may be 
described asa rotating deflection. The machine is an 
alt-rnating strain-testing machine, and the stress is caleu- 
lated from the load required to cause the strain used in 
the test. The Reynolds and Smith* and Stanton and 
Bairstowt tests were direct tension and compression tests 
produced by the inertia of a reci ting weight. 
Referring to Tables II. and III., the range of stress 





figures in the University College tests are seen to be higher 


be See ENGINEERING, vol. lxxiii., page 504. 
+ Ibid., vol, Ixxxv., page 697, 





increases shown by Woéhler, Baker, rs, and Stanton 
and Bairstow. Inthe Reynolds and Smith tests annealed 
cast steel showed rather less endurance than annealed 


mild steel, in spite of the much greater tenacity of the | ti 


cast steel. 

The reduced endurance caused by annealing in the 
Pivoosty See tests is in ce with fessor 
Osborne Dane ow ’s suggestion and with Rogers’s results. 

The ening effect of a V groove agrees with 
Wohler’s tests on i with a sudden change of 
section and with Stanton and Bairstow’s results on 


screwed specimens. 
The form of the stregs-revolutions curve in the Uni- 


versity College tests agrees as well as can be expected 
with other tests. A comparison with the two wrought- 
iron tests of Wéhler has been referred to, and is seen 
from a ‘comparison of diagrams, Figs. 33, 37 (page 612), 
and 38 (annexed). 

The stress-revolutions curves in the University College 
tests are not horizontal at a million revolutions, and the 
limiting stress causing fracture after an indefinite number 
of alternations of stress is not reached in these tests. This 
is the case also in the Wohler and tests. The 
Reynolds and Smith and Stanton and Bairstow curves 
are said to be about horizontal at 10° alternations, but the 
evidence in favour of this statement is not very conclu- 
sive. This limiting stress, the ordinate of the stress- 
revolutions curve where it becomes horizontal, does not 
ap to have been reached with any certainty in any 
endurance tests. Wohler’s estima values for the 
limiting stress are quoted in Professor Unwin’s “ Mate- 
rials of Construction,” but it is not clear how the figures 
are arrived at. 

The most remarkable point shown in the University 
College tests is the absence of all speed effect between 
250 and 1300 alternations per minute. In the experiments 
of Reynolds and Smith a very large and perfectly definite 
8 effect was found for s between 1300 and 2000 

ternations per minute. e fi are quoted on 
Table III. The entirely different results of the Univer- 
sity College tests must be due to the different form of test 
and testing machine. . 

In the re of the National Physical Laboratory for 
1908 Dr. Stanton stated that tests on a special rin 
machine, giving a combination of alternating stress wi 
rolling abrasion, did not confirm the Reynolds and 
Smith speed effect, and in the report for 1910 he states 
that later tests on a rotating cantilever machine at 100, 
200, and 2200 reversals of stress per minute show no 
evidence of a reduction in the fatigue strength due to the 
rapidity of the alternations. -This is in agreement with 
the University College tests. 

The endurance figures of the Reynolds and Smith tests 
were compared with the Wéhler and Baker tests of steels 
of similar tenacity, and it was suggested that the lower 
endurance figures of the a and Smith tests were 
due to the increased speed, the speed of the Wéhler tests 
being only 60 to 80 alternations per minute. 

Stanton and Bairstow’s tests at 800 alternations per 
minute showed endurance figures more nearly agreeing 
with the Wéhler tests at 60 to 80 alternations minute 
than with the Reynolds and Smith tests at 1300 to 2000 
alternations per minute, and this agreement has been 
explained on the assumption that change of speed from 
60 to 800 alternations of stress per minute does not affect 
endurance, but that change from 800 to 1300 alternations 
per minute does do so. 

In view of the great difficulty of obtaining endurance 
figures which agree with each other from endurance tests 
on one machine, under ap tly identical conditions, 
and the difficulty of obtaining a ogeosy | definite stress- 
revolutions curve, it seems unwise to draw conclusions 
as to the effect of speed from a comparison of endurance 
tests made on machines so different as the rotating canti- 
lever machine of Wéhler and the reciprocating weight 
direct tension and compression machines of Reynolds and 
Smith, and of Stanton and Bairstow, particularly when 
the tests are on different materials. 

The thanks of the authors are due to Professor J. D. 
Cormack, member, in whose laboratory the tests were 
carried out, to Messrs. Willans and Robinson, who sup- 

lied the vanadium-steel test-specimens, and to Mr. C. é. 
iden, who carried out the three last series of tests on 
wrought iron and assisted in the preparation of some of 


the diagrams. 





CEMENTATION OF NickEL Street: Gases In STEEL.— 
F. Giolitti and F. Carnevalli continue in the Arts 
Reale Accademica Torino, 1911, 407, their studies 
of the cementation of steel containing from 2 to 30 per 
cent. of nickel, by the action of carbon monoxide and 
ethylene gases. e ce of nickel, especially if 
exceeding 5 per cent., diminishes the maximum content 
of carbon in the cementation zone. In successive layers 
of this zone the carbon content varies much more 
regularly when nickel is present than in ordinary carbon 
steel. In further experiments on the liberation of 
from steels at a temperature of 950 deg. Cent. in a 
vacuum furnace, G. er and 8. Bonnerot (Comptes 
Rendus, vol. cli., page 1 7) ind that the generation of 
gas appeared to stop very a after five days’ heating, 
and that the critical points of hard and soft steels were 
not altered by this treatment. 





FarLures OF Open-HEARTH AND BesseMER RAILS IN 
THE UniTEeD States.—A report corertag 11,759,000 tons 
of rails has lately been issued in the United States by 
the Committee on Rails of the American Railway Asso- 
ciation, and shows a noticeable difference between the 
number of failures of open-hearth and of er rails. 
The failures for the year ending October 31, 1910, were 
11.5 per 10,000 tons for open-hearth material, and 33 
per 10,000 tons for er. It may, however, be 
pointed out that whereas the open-h material bas 
mostly been introduced during and since the recent rail 
soanaee in the United States, and the failures cover, 

refore material on which considerable care was ex- 
pended in manufacture, theinfluence of methods till recently 
In vogue in connection with the manufacture of Bessemer 
rails is probably still felt with resulting heavy failures. 
The failures are classified as 29} per cent. b , 554 per 
cent. head failures, 7 a cent. web failures, and 8} per 
cent. base failures. In 1909 the head failures amounted 
to 664 per cent., so that this part of the rail is apparently 


still unable to stand up to the heavy loads common on 





American roads, 
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FATAL STEAM-PIPE EXPLOSION FROM 
WATER-HAMMER. 


A FORMAL investigation under the provisions of the 
Boiler Explosions Act, 1882, has been conducted by the 
Board of Trade at the Town Hall, Stratford, E., into 
the cause and circumstances attending a steam-pi 
explosion which occurred on October 31, 1910, at the 
Electricity Works, nes Stratford, belonging 
to the Charing Cross, West End, and City Electricity 
Supply Company, Limited. 

he investigation was conducted by Mr. A. A. 
Hudson, K.C., and Mr. G. Fullerton Bell, consultin 
engineer. Mr. George C. Vaux appeared for the Boa 
of Trade, Mr. Lane for the owners of the works, and 
Mr. Percy Gibbs for George Town, one of the men, 
injured by the explosion. 

Mr. Vaux, in opening the proceedings, stated that at 
the end of October a new range of steam-pipes, including 
two stop-valves, was fixed up at the Bow works to 
carry steam to some new engines. The steam-valves 
were made in 1889, and were originally used at the 
Liumbeth works at a pressure of 165 lb. per sq. in. 
From October, 1909, to March, 1910, they remained 
unused, and were then fixed at the Bow works for a 

ressure of 1801b. per sq. in. In September, before 
Cina fixed, the valves were “" ¥- entirely and ex- 
amined by Mr. Ernest Coates, the company’s superin- 
tendent engineer, and Mr. J. W. Kingston, works 
foreman, who was subsequently killed by the explosion. 
The work of erection was supervised by Mr. Coates, who 
was assisted by Mr. Kingston. Orders were given that 
the work must be completed without delay, and steam 
was not to be admitted into the new pipes until all 
was in working order. A steam-trap was fitted, and 
steam was admitted into the new range by Wilson, 
one of the foremen, at 3.30 p.m on October One of 
the steam-valves, A, was grad wally closed until the full 
pressure was on the new pip3s, but half-an-hour later it 
was slightly open, and water and steam issued from it. 
At7.30 the next morning the valve was again seen, and 
water and steam appeared to be coming from it. Shortly 
afterwards, when the valve B was still shut, orders were 
given that it should be opened very gradually. An 
assistant named Blyth commenced to turn the wheel 
gently, acting on signals from the foreman, until he was 
requested to stop. Almost immediately a knocking sound 
was heard in the pipes, and this was followed by a violent 
explosion. Both valves were completely fractured, and 
the room was filled with steam. The valve admitting 
the steam to the new pipes was shut off as quickly as 
pssible, and it was then found that Mr. Kingston, the 
foreman, was killed, and that a fitter named Henry 
Hands was so severely injured that he died shortly after- 
wards. Three other men were also injured, but fortu- 
nately recovered. Mr. Vaux stated that the pressure in 
the pipes at the time of the explosion appeared to have 
been 1751b. He thought it would be found, from the 
evidence to be given, that no question would arise as to 
the fitness either of the valves or of the pipes for their 
intended purpose. What would have to considered 
was whether there were proper means for draining the 
pipes, and at this point he might say that there seem 
to have been an unfortunate mistake on the part of the 
deceased foreman in the carrying out of his instructions. 

Mr. Walter Henry Kingston, chief engineer to the 
Electricity Supply Company, said he designed the whole 
of the plant for the works in 1901, and remained in 
charge till 1906, when he was appointed engineer-in-chief. 
Mr. Coates was appointed superintendent of the Bow 
Works, and the late Mr. J. W. Kingston was foreman. 
In 1910 witness designed a new length of steam-piping 
and two steam-valves to meet certain demands of steam. 
The valves were in perfectly good condition, and witness 
saw them before they were fitted, and was satisfied that 
they were fit for the pressure for which they were intended. 
Three lengths of 5}-in. piping were used, and these were 
in accordance with his designs. 

In reply to Mr. Vaux witness stated that he anticipated 
that when the length of pipe was energi the valve A 
would be closed, but to his knowledge there were no 
special directions on that point. On Monday, October 31, 
he received a telephonic communication, and on going to 
the works found that the three 54-in. pi n 
detached from their position, and that both valves had 
penn with the serious consequences that had been men- 
tioned. 

In answer to Mr. Vaux, witness said that the cause 
of the explosion was water-hammer. Although two 
steam-traps had been connected to the new range of 
piping with the object of sufficiently draining it, and 
although the foreman remained until late on the Satur- 
day night to complete his work, valve B was closed, and 
so put both steam-traps out of operation. The result was 
that when steam was admitted into the range on the after- 
noon of Sunday, it condensed in the three lengths of 
pipes, and a quantity of water collected there. ‘This was 
oped harmless had it been allowed to remain without 

ing moved, but on the Monday morning valve B was 
opened, allowing part of the water which had collected to 
be disch into the water-separator attached to the 
engine. is would cause a part vacuum, and send the 
water in motion. In 
pass through valve A and then rebound with considerable 
velocity, which would be checked by the two valves, 
resulting in this rupture. Witness went on to say that 
on the Sunday following the accident, he replaced the 
two injured valves with new ones, and also replaced the 
steam-trap ; valve A was closed and valve B was opened ; 
steam was then turned into the pipes, and no trouble 
whatever was experien The pipes had been in work- 


ing order since that time withont trouble of any kind. 
superintendent engineer to the 


r. t 


uence of this, the water would | had 


Electricity Supply Company, gave evidence of a similar 
| nature, and cad. that there were two knocks followed by 
| on explosion. The explosion was undoubtedly due to 
water-hammer action. ie 
| In reply to Mr. Lane, witness said that the energising 
| of the new pipes was not a difficult undertaking ; it only 
required a little ordinary care, and the d foreman 
was a competent man. If valve B had been left open 
there would have been no trouble. He could give no 
other explanation for the mistake beyond some mental 
lapse or some misjudgment on the part of the deceased. 
James Wilson, boiler-house foreman, was the next 
| witness, and in answer to Mr. Lane, said the late Mr. 
| Kiagston, told him particularly not to open valve B. 
He thought himself competent to undertake the work 
qutepeind t him, and it was quite an 7 proceed- 
ing for him to put on and take off the steam. Possibly it 
would have been better had he taken orders from Mr. 
Coates instead of the late foreman. 

David Baxter, engine-fitter, said the deceased foreman 
also told him to make sure that valve B was closed, but 
for what reason hedid notsay. Witness was instructed to 
drain the pipes dry, and this having been done, steam was 
turned on gradually. He noticed valve A leaking, and it 
continued to do so until the Monday morning. alve B 
had been kept shut all the time, and to his knowledge it 
was never opened. Witness heard the knocking in the 
pipes, and ran to tell the foreman, who made no reply, 
and a second later the explosion occurred. Witness 
crawled on the floor and escaped without injury. 

After further evidence by two of the workmen, Mr. 
William George Coomber, engineer-surveyor to the Board 
of Trade, said he made an examination after the explo- 
sion, and found that the end of valve A had been blown 
‘a distance of 24 ft., and the other valve was cracked. 
He came to the conclusion that the explosion was due to 
water-hammer. He thought that if valve B had been 
open the steam-traps would have taken off the water 
rapidly enough to avoid the accident. The reason was 
that both the valves were erected in a horizontal position, 
and witness thought there should have been a drain in 
the lowest part of the pipes to have taken off the water. 
He was of opinion that the valves should not have been 
fixed-horizontally, but vertically, because when they were 
in the former position it was quite impossible to drain 
the pipes. A steam-trap should have been fixed at the 
Jowest portion of the pipes, so that the water would gravi- 
tate there and drain off. Witness also took exception to 
the level of the pipes, &c. The lowest point was near 
valve A. and, owing to the vertical position of the valve, 
a — portion of the water would always remain 
in the pipes. 

Mr. Kingston said he would like here to point out that 
the valves were not put in for drainage purposes, but 
only for shutting off the range when necessity occurred. 

At the conclusion of the evidence the presiding Com- 
missioner, Mr. Hudson, delivered judgment, reviewing 
at some length the events which led up to the explosion, 
dealing fully with the arrangement of the pipes and 
valves, and also with the cause of the explosion, which, 
he stated, was simply water-hammer. Dealing with the 
question of the responsibility of the different persons who 


ed | had been made by the Board of Trade parties to the 


inquiry, the Commissioner said that with to Mr. 
Kingston, the superintendent engineer to the Electric 
Supply Company, the Court considered that the design 
of the new range of steam-piping without some method 
of drainage was defective. It mattered not whether the 
drainage was by means of traps or some other effective 
method. In the second place, knowing that it was 
dangerous to admit steam with valve B closed, he gave 
no explicit instructions on the subject. Mr. Kingston 
had told the Court that the valves were never intended 
for drainage, and no doubt this was correct ; but valve A 
had to be used for drainage, and in the condition the 
pi were in at the time when steam was let in, the 
valve was not an effective means to this end. In the 
third place, a system was in operation at the works by 
which the foreman of one department could give an order 
to another foreman without any communication with Mr. 
Coates or anyone else in authority. Mr. Coates had a 
good deal to answer for, but he was not responsible for 
the order to the works foreman to close the valve B. 
With regard to Mr. Coates, the presiding Commis- 
sioner said there were many matters to which refer- 
ence might be made. Mr. Coates’s chief responsibility 
lay in the fact that when he was in charge of the 
works on the morning of the explosion he failed to satisfy 
himself that the pipes were free of water. Further than 
this, Mr. Coates had said that he knew it was very 


dangerous to open the valve, but he was present when it 
was opened, and made no objection. He left the opera- 
tion to a subordinate, a person who apparently had 


nothing to do with pipes charged with steam. ith 
regard to the question of the blame which attached to the 
Electricity Supply Company, it was scarcely conceivable, 
the President said, that the owners of a works of this 
magnitude should be so reckless as to place an engineer 
in charge who at the time had apparently only served 
an apprenticeship with regard to steam. He might be, 
and no doubt was, highly competent to look after an 
electricity plant, but, in the judgment of the Court, he 
not sufficient experience to look after the steam 
plant, and the company ought to have known it. 

On this finding of the Court, Mr. Vaux made applica- 
tion for costs against the parties found to blame. 

_ The Commissioners then retired to consider the ques- 
tion of costs, and, on returning to the Court, the presiding 
Commissioner stated that they had taken into considera- 
tion the question of the amount which, in their opinion, 





engineer-in-chief, had given their evidence, and having 
to the distress which any criticism of their con. 
duct Se must cause them, the Commissioners 
had decided to make no order for costs inst those 
“itemte. Wits cemed to the Chestne Deen, Won 
nd, and City Electricity Supply Company, Limited, 
the Court held that they were to blame, and therefore 
ordered them to pay the sum of 100/. towards the costs of 
the investigation. 





COAL-MINING IN JAPAN. 

WHEN the subject of the future of our coal supply is 
being discussed in this country, it is interesting to note 
how ——- are shaping in Japan. While the quantity of 
coal produced is increasing slowly, the prices obtained 
are going down rapidly, as is shown by the following 
statistics for the past five years :— 


Quantity. Value, 

Metric Tons. Yen, 
1906 12,980,103 63, 144,000 
1907 13,803,969 59,961,264 
1908 14,835,363 63,622 773 
1909 15,048,113 58,213,680 
1910 piel 15,681,324 49,379,308 

The consequence of the falling prices has been that 


many colliery-owners have been compelled to abandon 
business; with the exception of the Mitsui, Mitsui 
Bishi and some other large mine-owners, most of the 
collieries have discontinued working, and are waiting for 
brighter prospects. The main cause of this depression in 
the coal trade is very interesting, as it is said to be mainly 
attributed to the remarkable decrease of demand conse- 
quent on the recent development of the hydraulic electric 
industry, aided, no doubt, by the general industrial 
depression. The downward tendency of the market price 
has been remarkable during the past year, when the price 
went down to 3.10 yen a ton, against 4.50 yen or so in 
1909 (the yen is approximately 2s.). Should the depre- 
ciation continue for some time, it is feared that there 
will Le a panic in the coal market. In these circumstances 
some of the colliery-owners of smaller means are gloomy 
over the prospects of the industry, and are thinking of 
disposing of their mining properties, which are thus 
likely to fall into the hands of the larger colliery-owners, 
at prices much below what they cost a few years ago. 

eé mention these facts as bearing on the industrial 
evolution of Japan, and its relation to competition in 
several departments with the countries of the West in 
which the price of coal is rising. Japan is specially 
favoured in the matter of water-power, and during 
the past few years remarkable progress has been 
made in its utilisation, and the Government is doing 
all in its power to favour this development. Some time 
ago it appointed a Commission for the purpose of 
examining and making a record of the water-power 
resources of the country, in the hope of assisting in the 
development of the use of water-power, and at the same 
time to guard against the granting of water-power con- 
cessions to persons seeking to obtain them for speculative 
purposes. The water-power for which charters have been 
granted is estimated at some 592,000 kw. In addition 
to the use of hydro-electric power for lighting and 
traction pa there is undoubtedly a great future 
for it in supplying the requirements of factories and mines 
of all kinds. Besides the power-stations already erected, 
a large number are in contemplation or in course of erec- 
tion. This action on the part of the Japanese proves (as 
many other things have done) that they take long views 
of the work they undertake, and not only conserve their 
coal supply, but as far as possible make themselves inde- 
pendent of it for industrial purposes. We wish we could 
feel that we, in this country, had always been as far- 
seeing. 








Tue INsTITUTION OF AUTOMOBILE ENGINEERS.—A 
number of gentlemen interested in the automobile 
industry met at the Albion Hotel, Manchester, on Wed- 
nesday night, October 25, at the invitation of Mr. Edgar 
Stafford, to discuss the feasibility of the formation of a 
north provincial branch of the Institution of Automobile 
Engineers. Mr. Stafford was voted into the chair, and the 
meeting was addressed by the secretary of the Institution, 
and a resolution was unanimously passed that the Council 
of the Institution should be requested to permit the forma- 
tion of a branch. Some thirty-five of those present, from 
Lancashire, Yorkshire, and Cheshire, expressed their desire 
to join, in addition to the forty-two gentlemen in those 
counties who are already members of the Institution. 





Prize CoMPETITION OF THE VEREINS DEUTSCHER 
GIESSEREIFACHLEUTE —The Vereins Deutscher Giesserei- 
fachleute offers three prizes, of the value of 1000, 500, and 
300 marks respectively, for the best three essays on 
whether any practical progre-s has been made during the 
last twenty years in cupola furnace construction. With 
regard to the handling of this question, special value will 
be placed on information relating to advances in economy 
ond in improvement of the quality of the molten material. 
The hygienic side of furnace working should also be dealt 
with. A committee of the following gentlemen bas been 
formed to judge the essays :—Geh. Regierungsrat Pro- 
fessor De.:inge F. Wiist, Aachen; Kais. Regierungsrat 
W. Schlenker, Berlin; Professor Dr.-Ing. A. Nacht- 
weh, Hanover; Direktor C. Gilles, Berlin ; Direktor F. 
Meyer, Winterthur; Direktor C. Henning, Mannheim ; 
Dipl.-Ing. H. Adiimmer, Hengelo; Ober-Ingenieur U- 
Humperdinck, Durlach; Direktor H. Dahl, Berlin; 
Gieserei-Ingenieur F. Bock, Berlin. Detailed conditions 








they should order to be paid to the Board of Trade as|can be obtained from the Geschiiftstelle des Vereins 
costs. In view of the fair way in which both Mr. Coates, | Deutscher Gi ifachleute, Berlin - Charlottenburg 
the superintendent engineer, and Mr. Kingston, the | Sybelstr. 60. 
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‘“‘ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRAOTS OF RECENT PUBLISHED SPEOCIFI- 
OATIONS UNDER THE AOT OF 1907. 


number of views given in the Specification Drawings is stated 
The eaneaiee ee Iaens 0 ceameead, he portion to eat 
Where inventions are Srom abroad, the Names, éc., 
of the Communicators are in italvs. 
Cc. i may be obtained at the Patent O; Sale 
vot » Chancery-lane, W.C., at 
a ara of 84 a ine 
S feation ts, in cach case, poo after abstract, unless the 
Patent has been sealed, when the date of sealing is given. 
Any person may, at any time within two months from the date of 
berg ble ep my 
Patent on any of the mentioned in the Act. 


ELECTRICAL APPARATUS. 


25,683/10. ty British ThemagenBonsten Com- 
pany, . London, and . Martin, . ' iy: 
Alternating-Current Induction Motors. [2 mgpy: 
November 4, 1910.—An alternating-current induction motor, 
according to this invention, has a primary member wound so as 
to produce a variable number of poles in the ratio of 2to 1 and 
a secondary member having a star connected six-phase winding, 
the latter operating inductively as a single-winding for one 
number of poles of the primary member or as two windings of 
half the number of phases for the other pole member. The stator 
of an asynchronous motor has a three-phase winding adapted to 
be connected so as to produce either two poles, as in Fig. 1, or four 
poles, as in Fig. 2. The rotor is fitted with a six-phase diametric: 1 



































winding A, with its neutral or crossing points permanently con- 
nected together by the conductor B and its free ends connected 
to slip-rings, between which are connected an adjustable six-phase 
r: sistance C having a common neutral point D. When the stator 
winding is excited as a two-pole winding, as in Fig. 1, the rotor 
winding responds as a six-phase winding, and the motor runs at 
& speed corresponding to the two-pole connection of its stator 
winding, which speed may be varied by oy | the resistances 
connected to the slip-rings. When the stator is connected for 
double the number of poles, or four poles, as in Fig. 2, the rotor wind- 
ing responds as two distinct three-phase windings, and the speed 
of the motorn this connection may again be controlled by varia- 
tion of the rotor resistances. (Accepted September 6, 1911.) 


20,441/10, Marconi’s Wireless Telegraph Co . 
Limited, and H. J. Round, London. Wireless Tele. 
grapby. [4 Figs.] September 1, 1910.—According to this inven- 
tion, the effects produced by powerful atmospheric discharges 
are reduced or eliminated, and for this purpose a path which is 
normally a bad conductor, but which, when acted upon by power- 
ful oscillations, becomes a relatively good conductor, is pro- 
vided in the receiving circuit. The path is so arranged that it 
annuls the effect of the current in the receiver circuit when it is a 
good conductor, but does not materially affect the —_ when 
it is a bad conductor. The applicants employ for this purpose 
unidirectional conductors of type s , and have found 
that mercury-vapour valves, crystal detectors, and Fiemin 

valves are suitable. In Fig. 1, the aerial A is connected to earth 

through the primary P of an oscillation transformer. The 
Secondary 8 is connected through the condenser C to the receiver 
D. The variable conductor V is connec across the secondary 
S. When the circuits are in tune, signals can be received if they 
are not sufficiently strong to affect the variable conductor V ; but 
if 9 powerful atmospheric discharge occurs, the variable conductor 
V will become a shunt to the secondary 8, and very little effect 
will be produced in the receiver. The variable conductor V 
1s of the unidirectional type, and two such conductors are 
employed connected in parallel and in opposition as shunts 
across the secondary. Only one such conductor may be 
employed when a receiver which is also of the unidirectional 
type is used. Fig. 2 shows such an arrangement. The aerial 
A is connected to earth E through the condenser C!, induct- 


telephone T, the latter being connected either direct to the 
circuit as shown, or through a transformer. The variable con- 
ductor V is ited in liel with the receiver D, which, in 
this case, is a similar Fleming valve connected in opposition. The 
filaments of the valves D V are rendered incandescent by the 
current from the batteries B! and B? passing through the adjust- 
able resistances r! and r2 vely, and R! and R? are poten- 
tiometers for varying the v +7 across the valves. When the 
circuits are in tune, als can received in the telephone T if 
they are not sufficiently strong to affect the variable conductor V; 
but if a powerful atmospheric discharge occurs, the valves D and 
V become almost Be peony and, being in 0) tion, no 
rectification takes p! * no sound is poohueed n the tele- 
hone T. It will be seen that the variable conductor V must not 
sufficiently sensitive to be affected by the received signals, and 

as the strength of the received signals may vary considerably, it is 
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necessary either to adjust their effect npon the variable con- 
ductor V, or to vary the sensitiveness of the latter. For example, 
if the signals are so strong as to affect the variable conductor V, 
the coupling between the primary P and secondary S may be 
weakened by moving them apart until the variable conductor V 
is no longer affected by the als. But it is preferable to adjust 
the sensitiveness of the variable conductor, and since its resist- 
ance varies with the voltage across it, this can conveniently be 
done by applying an adjustable vol! to the variable conductor. 
Thus, in Fig. 2, the potentiometers R! and R? may be adjusted to 
give such a vol across the valves D and V that the additional 
voltage due to the signals is sufficient to render the valve D 
operative, but insufficient to appreciably affect the valve V, while 
the additional vol due to a powerful atmospheric discharge is 
sufficient to render both valves operative. (Accepted September 6, 
1911.) 


LIFTING AND HAULING APPLIANCES. 


27,299/10. Adamson, Rams! and Co., Limited, 
and H. Ramsbottom, Sivkenhond. Hoists. (3 Figs.) 
November 23, 1910.—In an electric hoisting apparatus which may 
be hung from « fixed support, or may form part of a travelling 
carriage, according to this invention, the os member has 
end plates upon it carrying between them the stationary carcase 
of the motor with the fixed field portion thereof, while the arma- 
ture is revolubly supported in the end plates and is suitably 
geared to the hoisting drum, which is supported on bearings 
around the stationary carcase of the motor. The top piece a of 


we ~ 
































27299) 


the frame has two side pieces b and c, carrying between them the 
carcase of an electric motor: The carcase.carries the field portion 
of the motor, and the armature / is supported in bearings in the 
end pieces ) and c. On one end of the armature shaft / is fixed a 
pinion n which with and drives a toothed wheel o on a 
countershaft, and a pinion p attached to the wheel o serves to 
drive in turn a toothed wheel g on the end of a shaft supported | 
in brackets r,s. This shaft carries a pinion t which drives a | 





ance L, and primary P; The S is connected to 


the condenser O2, and across this are the valve-receiver D and 


toothed wheel & on the 
of the motor. (Acce; September 6, 1911.) 





MACHINE AND OTHER TOOLS, SHAFTING, &c. 


pa seete. G. H. Broadbent, Hyde. Friction- 
Clu (2 Figs.] December 20, 1910.—This invention has 
particular reference to that type of clutch in which the two main 
elements consist of a flan disc and segmental plates forced 
into contact with the inner surface of the flange by various 
mechanical means so as to obtain sufficient friction to turn the 
shafts which are coupled together by means of the clutch, the 
aforesaid mechanical means also being employed to disengage the 
disc and plates, being aided in such operation by a spring or springs. 
A friction-clutch of the type described, according to this inven- 
tion, comprises a flanged disc fixed on one shaft having an 
inwardly-projecting removable flange at its open end, a second 
flanged disc on the other shaft located between the removable 
flange and the flanged disc, adapted to carry radially movable 
wedge-blocks mounted in holes formed in the jatter, two or more 
segmental blocks arranged between the periphery of the second 
flanged disc and the inner face of the first disc, with the ends of 
which the wedge-blocks engage, a slidable sleeve mounted on the 
boss of the second disc carrying adjustable wedges supported in 
holes parallel to the clutch-shafts, and adapted to engage with 
the inner ends of links pivoted to the radially movable wedge- 
blocks, and a circumferential spring or springs located in cir- 
cumferential grooves in the segments. A disc a, flan at 
b, is secu to the shaft c. The open end of this flanged 
disc has secured to it a removable flange d, arranged parallel 
with the main disc a. On the shaft f is fixed another flanged 
disc g, the diameter of which is somewhat less than the 
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inner diameter of the flange b. In the space so left are arranged 
two or more loose and unpivoted segmental plates A, the ends of 
which are bevelled off and located a little distance apart from 


each other. In the spaces between the ends of the segments /, 
and sliding in radial holes in the flange g, are w -shaped 
blocks k adapted to force the segments / apart, and cause them 


to grip the inner face of the flange ). The segments are moved 
together when the wedges are withdrawn by one or more circum- 
ferential springs » located in grooves formed in the ents. 
For the purpose of engaging or disengaging the segments A, there 
is mounted on the boss p of the flanged disc g a grooved operating 
sleeve g which can be actuated by a forked lever. This sleeve is 
rovided with holes r lel to its axis, in each of which is 
ocated a hardened steel wedge s adjustable in an axial direction 
by means of screws t. Communicating with each hole r at a 
point near the inner end of the sleeve q is a slot u, through which 
one end of a pivoted lever v passes, each lever being arranged 
radially. The other end of each lever is coupled to one of the 
wedge-shaped blockg k. To operate the clutch, the slidable sleeve ¢ 
is moved forward so that the hardened wedges s bear on the inner 
ends of the radial levers v and force the wedge-shaped blocks k 
between the bevelled ends of the segments h, so causing the latter 
to engage with and grip the inner face of the flanged disc a, 
This operation is carried on against the action of the springs n. 
When the slidable sleeve is moved in the opposite direction the 
springs » contract the segmental blocks /, thus forcing the 
wedges k towards the shaft and allowing the segments to become 
disengaged. (Accepted August 23, 1911.) 


MOTOR ROAD VEHICLES. 


20,850/10. East London Rubber Company. 
and E. A. Bain Gainsborough. otor cles. 
{1 Fig.) September 7, 1910.—This invention relates to clutches 
especially applicable for use with motor-bicycies, which clutches 
consist of two series of plates held in contact by a spring, the 
plate with which the spring engages being formed with a tubular 

rojection, around which the spring circles. According to this 
invention, the spring is compressed by a sleeve caused to slide 
on a stud attached to the engine-shaft by a lever, whose fulcrum 


London, 





| isthe stud. @ are plates attached to, but free to slide on, the 











engine shaft b, whilst c are plates attached to, but free to slide 
upon, two rods d, d eecured to the clutch-casing ¢. On one end- 
plate c is a tubular projection /, around which the sprin is 
coiled. Engaging with ‘the flange f! on the projection AA a 
sleeve h, free to slide on a stud i attached to, but not capable of 
revolving with, the engine shaft b. To the sleeve / is secured a 
bar j, pivoted to which isa lever k. On pressure being applied to 
the end of the lever & in any convenient way, the sleeve A slides 


ley-drum v mounted around the carcase | on the stud i, moves the outer end-plate ¢ mentioned, com 


the spring g, and leaves the plates a and ¢ free to revolve in 
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relation to one another. The wheel with which the driving-band 
engages is made in two parts; one part m is secured to a ring n 
secured to.the casing ¢, whilst on the other part o are sockets p 
of varying depth, into which enter the rods d. The position of 
the part o when the depth of the socket is small is shown in dotted 
lines. By these means the wheel may ly adjusted for use 
with bands of different widths, (Accepted August 16, 1911.) 


PRINTING AND ALLIED MACHINERY. 


21,567/10. H. B. Cro London. Die-Printing 
Presses. [4 Figs.) September 16, 1910.—In a die-printing 
ress having a reciprocating die-carrier and die, and, according to 


his invention, the die-carrier is connected with the driving 
means through a connecting-rod formed of two parts so 
arranged that relative motion therebetween takes place when the 
die-carrier and die-plate arrive at the printing point, and remain 
stationary while the impression plunger is moved in relation to 
the face of the die, the carrier and die remaining stationary all 
the time during which relative motion of the parts cf the con- 
necting-rod takes place. The main driving shaft 7 is mounted 
in bearings in the main frames1, 2. 13 is a second-motion shaft 
driven from the shaft 7, and also mounted in the main frames 
1, 2. On one end of the shaft 13 is a pinion 15 which meshes 
with a spur-wheel 16 on one end of a third-motion shaft 17 
carried in the main frames 1, 2, 18 is a crank-wheel mounted on 
the shaft 17. The third-motion shaft imparts movement to the 
die-carrier and die, and also actuates the impression plunger. 
The crank-wheel 18 is connected through a connecting-rod 27 to 
an arm 28 fixed to a spindle 29 mounted in the main frames 
1,2. On the spindle 29 is mounted a lever 47 connected with 
one end of a connecting-rod 48, the other end of which is con- 
nected at 61 with the die-carrier 21. When the shaft 17 is 
rotated, the arm 28 and lever 47 are rocked and the die- 
carrier 21 is reciprocated. The angle through which the 
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lever 47 rocks is greater than that necessary to reciprocate 
the die-carrier between the limits of its motion. To allow of 
this greater movement it will be understood that some means 
must be provided to permit of relative motion on the line 
joining the pins connecting the connecting-rod with the lever 47 
and lug 61. This relative motion is allowed for by the connecting- 
rod 48, which is telescopic, and comprises a solid part 48a and a 


the die-carrier is accordingly again set in motion and moved 
towards the rear of the press. 3u is a projection mounted on the 
shaft 17. The arm 30 forms the a) moped preyed means. 
The or “force” is carried on the lower end of the impression 
plunger 50, normally maintained in a raised position by a spring, 
against the action of which it is depressed by the arm 30 so as to 
bring the or ‘‘force” on to the r and press the same into 
contact with the face of the die on the die-carrier 21. 


(Accepted 
September 6, 1911.) 
PUMPS. i 
771/10. W. Evans and Brecknell, Munro, and 
s Bristo: ee (2 Figs.) 


Rogers, 

December 22, 1910.—This invention relates to air-compressors, 
and consists in the combination of a cylinder having a crank- 
chamber attached thereto, and an automatic admission valve for 
preventing the creation of a vacuum therein, of a tightly-fitting 
piston having an automatic admission valve therein, and a 
receiving chamber attached to the cylinder and fitted with an 
outlet-valve and an adjustable relief-valve. A is the cylinder to 
which is attached the crank-case B. C isa eg having a tight 
fit in the cylinder ; G is a snifting valve-in the piston, and which 
automatically regulates the admission of air to the cylinder for 
compression. The air flows in from the exterior of the cylinder 
through a perforation N and passes through the piston by valve G. 

























At the top of the cylinder is placed an inlet-valve H, having a 
regulating spring S for the purpose of allowing the entrance into 
the cylinder of sufficient air to prevent a vacuum during the down 
stroke of the piston. Attached to the head of the cylinder and 
at right angles thereto is a receiving chamber K, having at the 
top thereof a spring-controlled outlet-valve I, and at the bottom 
aspring-controlled and adjustable relief-valve J. The compressor 
operates in the following manner :—On the down-stroke of the 
piston sufficient air is allowed to enter the cylinder by the action 
of the automatic valve H to prevent a vacuum therein; air also 
enters through the perforation N in the cylinder and passes the 
automatic valve G, and is compressed on the up-stroke, and 

into the receiving chamber K, and from thence to its required 
destination through valve I, the pressure being controlled and 
adjusted by relief-valve J. (Accepted August 30, 1911.) 


SHIPS AND NAUTICAL APPLIANCES. 


19,626/10._ J. Stone and Co., Limited, Deptford, 
and W. S. Parsons, Ladywell. Ash-Ejectors. [5 Figs.) 
August 22, 1910.—This invention relates to apparatus for dis- 
charging ashes from ships, the apparatus being of the type com- 
prising a hopper, in which is deposited the material to be expelled, 





03.626 A) 





hollow part 48), within which the part 48a can slide. 48¢c is a | 
spring placed within the part 48) between the closed end thereof | 
and the end of the solid 48a contained therein. 48d is a slot | 
cut in the part 48) longitudinally thereof, and 48e is a pin carried 
by the part 48a and engaging the slot 48d. The slot 48d and pin 
48e limit the relative movements of the parts 48a and 48). As 
before stated, the die-carrier has not a movement equal to the 
angular movement of the lever 47; the shortening of its stroke is 
effected by means of stops mounted on the machine frame. When 
the die-carrier is moved towards or from the front end of the 
press, its resistance to motion is not sufficient to alter the stress 

on the spring 48¢, The stress is, however, altered as soon as the | 


die-carrier in its movement towards the front end of the press 
comes into contact with, and is stopped by, the stops; relative | 
motion in one direction is set up between the parts 48a, 48), and 


the die-carrier remains stationary until the end of the lever 47 
has moved through a distance in one direction equal to the length 


of the slot 48d and in the reverse direction to a similar 
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and a water circulatory system, comprising the discharge-pipe, to 
which system the ashes are admitted from the hopper, and are 
discharged by the stream of water. The invention consists in the 

bination of a contracted or coned water-jet nozzle and a 





The contact between the end of the slot 4Sd and the pin 48a 
prevents further relative motion between the parts 48a, 48), and 


‘stream. The hopper a is provided with crushing rollers b, geared 


together and driven from the engine k, which also drives 
centrifugal pump / provided with a suction-pipe m and a delivery. 
pipe n. The delivery-pipe is connected to a casing r, and has a 
nozzle s delivering into a chamber or space t below and to one 
side of the hopper a. The other end of the casing r is provided 
with a nozzle u of o ite taper, and the pipe n is continued, and 
ultimately through the side of the ship. The nozzle u is 
provided with a cone or cones, leaving an annular v com. 
municating by a pipe w with acylinder 2, in which slides a piston y. 
One end of the piston-rod 1 carries a valve 2 for opening and 
closing the discharge orifice from the hopper a, while the other 
end of the rod 1 has mounted thereon a piston 8 working in a 
cylinder 4 open on one side to the low-pressure end of the cylinder 
x, and on the other side through a hollow piston-valve 5 to a pipe 
6 in communication with the sea. This valve 5 is provided with 
a spring 7, which tends to keep it closed. A port 8 connects by a 
pipe 9 with the water inlet 10 of the hopper a, the valve 5 being 
opened by the end of the piston-rod 1, when the latter is moved 
owing to the jal vacuum set up in one end of the cylinder x 
by the suction action of ede passing by the annular space », 
The a ipe is provided with a gate valve 11. In operation, 
as long as the jet is powerful ——_ to effect the discharge of the 
ashes, there will be sufficient suction through the pipe w owing 
to the action of the stream flowing past the space v, to reduce the 
pressure on one side of the piston » so as to allow the atmospheric 
pressure acting upon the other side to force back the piston to 
open the valve 2 against the action of the head of water upon the 
small piston 3. As soon, however, as the jet diminishes or ceases, 
owing to a stop of the engine, or other breakdown, the pres- 
sure in the pipe w will rise, so that the pressures upon both sides 
of the piston y will be equalised, or nearly so, and the pressure 
upon the piston 3 will at once effect the closing of the valve 2. 
Therefore it is not essential that the gate valve be closed imme- 
diately a breakdown occurs or the jet ceases, as the automatic 
closing of the valve 2, the opening of which depends upon the 
sufficiency of the suction set up by the jet, ensures safety against 
flooding due to back-flow of the sea. (Accepted August 23, 1911.) 


STEAM ENGINES, BOILERS, EVAPORATOBRS, &c. 


24,864/10. A. Robertson, Fleetwood. Valve- 
Operating Gear. (2 Figs.) October 26, 1910.—The inven- 
tion relates to valve-operating gear for steam-engines, and par- 
ticularly for steam-engines in which the high and low-pressure 
cylinders are set at right angles to one another. One end of a 
rocking lever @ is pivotally attached to the low pressure valve- 
spindle b, the other end of the lever being secured by a link cto the 
crosshead d of the piston-rod e of the low-pressure engine. To the 
rocking lever a, and adjacent to the low-pressure valve-spindle, 
one end of a link or connecting-rod / is secured, the other end of 






























the link or connecting-rod working in a slotted T lever g ful- 
crummed about the centre of itsslot. The link or connecting-rod 
f is also connected to a radius-rod i attached to the reversing 
lever n. The free end of the slotted T lever is pivotally attached 
by means of a connecting-rod j to the crosshead & of the piston- 
rod of the high-pressure engine. A similar arrangement, of links 
and rods is employed for actuating the high-pressure valve- 
spindle, the one reversing shaft or spindle » acting by yneans of a 
bell-crank lever and radius-rods upon both valve-geavs. (Accepted 
August 23, 1911.) 


10,844/11. W. M. Still and Sons, Limited, E. H. 
Still, and A. G. Adamson, London. steam-Traps. 
[ Fig. 1.) May 4, 1911.—In steam-traps of the kird in which the 
dischzrge of water and steam is controlled by the contraction and 
expansion of fluid contained in a capsule or chamber, the capsule 
or chamber has fixed to it a jacket which shields that part of its 
front wall that serves as the valve, an air or other po geen een 
space preferably being provided between the valve part an 

jacket. a is the casing, b the inlet thereto, c the outlet therefrom, 
d the fluid-containing capsule, e the adjusting screw, and / the 





orifice to be closed. The front and rear walls of the capsule d are 
formed of concentrically corrugated diaphragms, the front wall 
being fashioned with acone g to which the expansible fluid has 
access, and the rear wall with a similar but inward depression / 
adapted to receive the end of the screwe. kis the jacket which 
is similarly shaped to the front wall of the capsule d, but has 4 
hollow conical valve-piece 1, so shaped as to leave an air spa‘ 

between it and the cone g which delays the exchange of hes 
between the fluid in the capsule and that at the mouth of Cie 





flared or reversely-coned delivery-pipe connection in such opera- 
tive relation with the nozzle that the ashes are sucked into th: 





orifice f, so that an intermittent action is obtained. (Acce ‘4 
September 6, 1911.) 
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PEED-WATER HEATING AND SUPER- | 
HEATING ON LOCOMOTIVES.—No. VI. 

CoMPARATIVE TRIALS OF THE TREVITHICK Com- 
yINATION SYSTEM AND THE HicH-DeEGREE SuPER- 
HEATER SYSTEM. 

As a result of the trials, described in our last 

article,* on the Upper Egypt division of the 

Kgyptian State Railways, between engines fitted 


chief Lower Egypt train services are run between 
Cairo and Alexandria, and Cairo and Port Said, the 
former being the best as regards timing, and espe- 
cially suitable for test purposes, owing to the com- 
parative regularity of the loading of the trains, and 
the ease with which checking at either end can be 
carried out. For convenience the chief particulars 
of the two classes of engine are shown side by 
side in the statement subjoined. 







































































































































































‘increase was therefore made over and above that 
considered to be necessary with the larger grate 
area and higher working pressure. In Table IX., 
subjoined, are given particulars of the two more 
important forms of heater tried, together with data 
concerning those applied to the Upper Egypt 
engines, for comparison. 

The results obtained with engines 706 and 709, 
and with other modifications tried on other loco- 
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with the Trevithick combination system of feed- “612” ** 695" motives of the same type, were such as to lead to 
y , Class. Class y 
water heating and moderate superheating, and | cyii i 24 *; | the conclusion that the best all-round arrangement 
ordinary engi f th i Pp g, | Oylindere = ‘ " in. 18x24 18 x 26 g 
) é engines o e€ same ciass, experiments Jriving-wheels, diameter os .. 6 ft. Sin. 6 ft. 3 in. Taste IX.—Particulars of Single-Drwm Smoke-Box 
Were continued with a view to seeing |e: ae = Heaters. 
re provement was attainable with other proportions! _;; » total > 1235.0 1249.5 
ea ‘ oe heater. Engines of the **695— | orl 6a ‘lb per 8q ‘in iso is Engine { ee — an, 
‘29 "class were used in connection with this further | ‘ Pe eesent. ten ant ""\ Claes | Class | Class 
hi = ba has already been described in | Weight of engine and tender 7 gs 5 Smoke-box heater, inside diameter eT ee 
‘NGINEERING? in connection with feed-water heat- | —— : aie ; in. 258 27} 304 
mg trials, in which No. 711 (heater engine) On acccunt of ite simplicity, the experiments vere | Suche ten heater, length botmoas ' ; 
competed with N 95 g continued with the single-drum type of smoke-box| tube-plates .. ie, 80 24] 36 
: 1 No. 695 (non-heater). These |}, h : bei l in the direc- | Tubes, number vo, . orf 908 943 1169 
engines are rather more powerful than the 612 eater, the proportions ing & tered in the direc size, inside diameter _ in. 4 
class, and they are used f a> By tion of providing greater heating surface and more | Heating surface, total —.. sq. ft. 270 322 674 
Lower Eevot. wh _ OF express Working 10 | ample flue area. This step was taken as a result of | Flue area - «8g. in, 156 106 229 
wind hese aes 7 ee os is more exposed and | experience with the “612” class, and it proved | - LP :, 
a y great effect on train-working. The|o¢° considerable benefit. Such experience had|was most certainly that of the type fitted to 706. 
* See 517 ante. suggested that more liberal provision in these| With this, steam temperatures of between 80 deg. 
t See vol. xci,, page 271. directions would result in freer working, and an| and 90 deg. Fahr. are obtained when the regulator 
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is full open, calculated on the temperature equiva- 
lent tothe boiler pressure. The point at which the 
temperature is recorded is near the entrance to the 
steam-chest, so that, if the practically unavoidable 
drop of pressure between the boiler and this point 
be taken into consideration, the actual superheat 
would most likely be somewhat in excess of the 
figure calculated on boiler pressure. This heater 
proved of convenient size in every way. 
obstruct the smoke-box interior, and it gave a very 
free-running engine. While the heater fitted to 





It did not | 
| rocking-shafts into the valve-gear. 
| engine may thus have been slightly handicapped in 


engine 712 in line with modern high-degree super- 
heating practice, excepting that, for some reason or 
other, the proposals submitted included hand regu- 
lation for the superheater damper in the smoke-box, 
instead of automatic gear. This, of course, so far 
as the value of the trials is concerned, is a matter 
of no moment. 

The introduction of piston-valves with inside 
admission rendered necessary the introduction of 
Though the 


The General Manager delegated the supervisiv.y 
of the trials to Mr. H. W. Davis, M.I. Mech. §.. 
of his office, now outdoor superintendent of the 
locomotive department. The test extended fron 
the beginning of April to the beginning of May, 
This happens to be about the least favourable 
period of the year in Egypt for such a test, as 
the weather is then subject to violent disturbances. 
from which the climate of that country is, as a 
rule, free. The ordinary workings were therefore 
modified, each engine doing one single trip between 











engine No. 709 gave rather higher superheat— 
between 90 deg. and 100 deg. Fahr., calculated on 
boiler pressure—its size was rather against it. 
Its introduction rendered necessary the extension 
of the smoke-box, while the extra resistance to the 
flow of the gases, due to the greater length of tubes, 
did not give quite such a free engine, with the 
result that the advantage of the extra 19 or more 
degrees of superheat was in this way counteracted, 
and proved to be of little real benefit. 

In Figs. 22 to 25, page 617, are given views of the 
smoke-box of engine 706. Fig. 22 shows the heater 
and the blast-chamber fitted at the back with the 
hinged door. This door can be opened and closed 
from the outside by means of the spindle and hand- 
lever shown in Fig. 23. The door is kept open 
while raising steam, and with this arrangement it 
can be shut without opening the smoke-box. The 
spark-arrester in this final arrangement is fixed 
wholly to the door. The horizontal netting is 
abolished and the arrester takes the form of a sieve 
with sides of mesh. It is cut away in the upper 
part so as not to cover the heater tube-plate, the 
enclosure being completed by a plate fixed inside 
the smoke-box. The smoke-box door and spark- 
arrester are shown in Fig. 25. On opening the 
door the whole smoke-box is thus left free of 
netting, a great convenience when any work has to 
be done in it. 

In the spring of this year, soon after engine 706 
had left the shops, trials were arranged between 
this engine and one of the same class, which 
had been converted to a high-degree superheater 
locomotive. In order that full justice might be 
done to the latter system, the matter of the conver- 
sion was entrusted to the Schmidt Company, Wil- 
helmshdhe, and at their direction Messrs. Henschel 
and Sohn, of Cassel, the original builders of the 
engine to be taken in hand, submitted an offer to 
the Egyptian State Railways for the supply of the 
necessary material. The work was stinted in no 
way. A free hand was given as regards proposals, 
and these the railways accepted without moditi- 
cation. The work of installing was, of course, done 
at the Egyptian Stato Railways’ Works, Boulac, 
and involved practically the reconstruction of the 
engine, for, although it is known that slide-valves, 
provided with special lubrication, have been success- 
fully used with high degrees of superheat, it was 
proposed to the railways that cylinders with piston- 
valves should be substituted for those with slide- 
valves of the standard Egyptian State Railway 
pattern. 





Everything, in fact, was done to put, 
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one direction, this loss was probably much more 
than compensated for by the advantages piston- 
valves possess over slide-valves as regards leakage, 
resistance, &c. In these matters engine 712 
undoubtedly possessed a considerable advantage over 
the other engines of the same class engaged in the 
trial. The modification of the boiler was carried 
out in such a way that the total heating surface 


was increased from 1249 sq. ft. to about 1277 sq. ft., | 
of which latter figure some 216 sq. ft. represented | 
‘guperheater tube surface, part of which, however, 


is, of course, in the smoke-box. 


Heating Surface Tubes 1108-4 


Firebox 141-1 
Total 1249-5 
Grate Area 23-74 S¢ Ft 


Cairo and Alexandria each day, a distance of 130 
miles. Each in this way completed fifteen double 
trips of 260 train-miles. The coaling and other 
arrangements were carried out as in the Upper 
Egypt trials considered in a previous article, all 
coaling being done at Cairo, and the engines carry 
ing their coal in sealed bags, the weight of which 
was constantly checked. 

In order to provide a basis of comparison, five 
ordinary engines of the same class were included in 
the same link working, and the best engine of 
a class of De Glehn compounds, with independent 
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FOUNDRY PLANT AND MACHINERY. 


(For Description, see Page 621.) 
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cut-off to the high and low-pressure cylinders, was 
also run on measured coal over the same period and 
on the same trains. Two other De Glehn engines 
of the same class were also introduced into the 
trial at a later stage, but they were run on trains of 
rather a slower timing, eo that their results are not 
quite comparable with those of the other engines, 
though the difference in conditions is slight. An 
external view of one of these compounds is given 
in Fig. 26, page 618, while Fig. 27 is a diagram 











showing the chief particulars of engines of this 
class. The diagram, Fig. 28, gives particulars of the 
class to which the four-coupled non-heater engines 
belonged, as also the engine 706, fitted up on the 
Trevithick system, and 713, fitted with a high-degree 
superheater. A class of large six-coupled passenger 
engines were also tried on the same schedules, against 
the heater engines and compounds, but the results 
were so unsatisfactory that their consumption is not 





recorded here, The trains selected for trial purposes 





were two daily expresses from Cairo to Alexandria, 
timed at mean speeds, omitting stops, of 42.6 and 
43.3 miles per hour, and two daily from Alexandria 
to Cairo, at s of 42.4 and 43.1 miles per hour. 
The records for this test give the results shown in 
Table X., on the next page, these figures being 
quoted from Mr. Davis’s report. 

From these figures the savings recorded in 
Table XI. following are found to result, when 
engines on the Trevithick combined system, the 
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Tapte X.—Coal Consumption of Trevithick, Schmidt, 
De Glehn, and Ordinary Locomotives, Egyptian State 
Railways. 





669, 674, 
675 








Engine Nos... .., 697, 713, 706 712 
717, 720, 
721 

System ..|Ordinary. Trevithick. Schmidt. | De Glehn. 
Average load, tare 

behind tender tons 328.65 336.14 332.83 333.53 
Coal Consumption. 
Average per mile lb., 47.766 33.8 33.971 42.061 
Average per ton- 

mile ‘ Ib.) 0.14534 0.10055 0.10207 | 0.12611 


high-degree superheat system, and the De Glehn 
system of compounding, are compared with ordi- 
nary engines, 


TaBLE XI.—Savings Realised with the Trevithick and 
Schmidt Heater Systems and the De Glehn System of 
Compounding. 


Trevithick Schmidt | De Glehn 








_~ System. System. | Compound. 
Saving on the pound per 
mile basis. «o Po 29.24 28.88 11.94 
Saving on the pound per 
ton-mile basis - po 30.82 29.77 13.29 





| 





So far as these trials were concerned, therefore, 
the Trevithick combined system and the high- 
degree superheater system gave results which were 
extraordinary for their similarity. A very slight 
advantage was recorded throughout for the Trevi- 
thick system, but the difference was scarcely 
material, except at the heavier loads, when engine 
706 showed up very well. At the conclusion of his 
report Mr. Davis states: ‘‘I found that both 
engines Nos. 706 and 712 were stronger than the 
non-heater engines of the same class, and were 
able to deal successfully with heavier loads. Under 
heavy stress engine 706 steamed remarkably well, 
and had a good reserve of steam when it was 
necessary to let the engine out.” 

The heaviest trains in the trial were taken by 
engine No. 706, which showed so large an economy. 
The De Glehn engines were expressly introduced 
on to the system some years ago, before, of course, 
the heater systems had been brought to their pre- 
sent state of reliability and economy, in order to 
deal with heavy loads, but their usual train-loads do 
not exceed by much, if at all, the figure of 336 tons 
behind tender, which was the average hauled in 
these trials by engine No. 706. Their economy 
amounts to less than half the saving realised by the 
heater engine on either system. The non-heater 
engines took the lighter trains only, and even with 
these lost a great deal of time. Time was also lost 
to a varying extent with the other types of engines. 
The most important cases occurring to engine 
No. 706 were one loss of 17 minutes and another 
of 11 minutes, besides other smaller delays. The 
worst case of No. 712 was a loss of 10 minutes. 
All but one small loss occurred in the case of 
engine No. 706 within one week, and the runs 
on which engine No. 712 lost time also fall 
within this week. The engines of the other types 
included in the trial likewise lost time on these 
days, including even the powerful compounds, 
which suggests that this was a period of excep- 
tionally heavy weather, such as is sometimes 
experienced at the time of year at which the trials 
were run. The report, however, does not enter 
into this point, neither do the figures for total coal 
consumed afford any correct indications with regard 
to this, since the coal is recorded for the double 
or round trip. A heavy run against a head wind 
might, of course, be followed by an easy return 
trip with a strong wind. The total coal consump- 
tion would then appear no different than for two 
average runs. Only when two heavy workings come 
together do the coal records reveal anything in the 
way of exceptional figures. The road worked over 
is very exposed ; the line is raised above the sur- 
rounding flat Delta country, and the trains feel the 
full force of the wind, which is often very strong 
indeed. 

The savings thus shown for the two heater 
systems are larger than those arrived atin previous 
articles, either in connection with the theoretical 
consideration of the two systems, or with the appli- 
cation of the combined system of feed-heating and 
moderate superheating on the Upper Egypt Division 
of the system. Some explanation for the difference 
between theoretical and practical results has already 
been given in Article V., while extended experience 
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firmed the impression that the fullest benefit was 
not derived from the system as actually applied in 
the ‘‘612” class, owing to the waste gases not being 
able to pass sufficiently freely to the chimney, 
which necessitated, in that class, a smaller blast- 
pipe top than the system would otherwise have 
permitted. This having been rectified in the later 
arrangement, a blast-pipe top 4} in. in diameter 
is found suitable, compared with 44 in. for ordinary 
engines of the same class, the virtual increase in 
size being, as previously pointed out, for engines 
using exhaust-steam heating, very much larger than 
the actual increase. On the other hand, the high- 





with engine No. 706 and other engines con- 





degree superheater engine, No, 712, would only 








Fig. 
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|steam properly when the oe was reduced 
from 44 in. to 42 in. A similar change has been 
recorded as necessary in connection with the Purdue 
trials, but no explanation for this is offered in the 
reports on these tests. It appears probable, how- 
ever, that this reduction is a necessary accompant- 
ment of the reduced volume of steam consumed, 
which, with the standard top, would give too low a 
vacuum. The top has therefore to be reduced to 
some extent, though, on account of the reflex influ- 
ence of the demand for less steam, the reduction need 
not be quite in proportion to the smaller volume. In 
the Trevithick system the demand for steam is also 


| reduced to some extent, but not, of course, to the 
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Fig 561. 
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on the turn-over table, now empty on top, an empty 
moulding-box and sand-frame is placed, filled with 
sand, and squeezed as described above. 

Figs. 556 to 559, pages 620 and 621, illustrate an 
hydraulic machine, by the London Emery Works 
Company, moulding gas and water-valves of the rack- 
and-pinion type. A photograph of the machine in 
operation, Fig. 556, will assist to the better under- 
standing of the design and the moulding, while the 
photograph, Fig. 557, shows the pattern and core- 
box work very clearly. 

In this design the table A—of the turn-over ty 
—is raised and lowered by the side-rams B, B, 
which are connected to one supply-pipe, seen below. 
These rams withdraw the pattern, while the main 
one C performs the work of pressing. The presser- 
head D is brought forward for pressing, or is run 
back during filling, along the bar-rails E, E, which 
are supported on brackets from the massive founda- 
tion casting which is seen in section in Figs. 558 
and 559. It is bolted down over a pit, into which 
a portion of the hydraulic cylinder descends. The 
pressing takes place between the moulding-box 
when the table is supported on the trolley truck F 
carried on rails G, and the presser-head D. The 
table is turned over by the Gee worm gear at H 
to lay the rammed box on the trolley table F to be 
ran away. The numerous details of the machine 
do not call for special observation, as they are 
shown clearly by our engravings. The piece of work 
being done on the machine, as shown in Fig. 556, is 
the middle section or cheek of the casing of the 
valve. The mould is seen in front of the photo- 
graph in Fig. 556, flanked by castings, and the 
pattern work in Fig. 557. 

An hydraulic machine, with rigid uprights for the 
presser-head, which is hinged, to be thrown aside, 
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early in the piston’s travel, to allow of high speed, 
then the power stroke is unduly iaeseeel. 

Bearing the foregoing in mind, it will be seen 
that if the ports were independently controlled 
to remain —_ a relatively longer period on the 
inward stroke, then the power stroke could be 
kept normal, or might well be longer than usual, 
approximating that of a “four-stroke” engine. 
Fig. 15, annexed, gives an indication of such a divi- 
sion of the cycle. While this timing would diminish 
the volume of compression charge (but not com- 
pression pressure), the subsequent slight decrease 
of power would be more than compensated for by 
increased working efficiency ; for this port timing 
would also give, in a simple manner, expansion of 
the charge to a suflicient extent to obtain full 
practical advantage of expansive working, that is 
exhausting at about 15 1b. above atmosphere. As, 
at a low estimate, some 25 percent. of the total 
thermal efficiency of an internal-combustion engine 
is, in the usual way, lost by the exhaust, this 
matter of low exhaust pressure is of considerable 
consequence. It is important to note that such 
expansive working on the two-stroke cycle would 
afford other advantages in addition to that of 
economy ; thus, the expanded charge, being reduced 
in pressure at the time of emission, would be more 
easily scavenged, the exhaust ports would not 
require much lead on the inlet ports, and the 
exhaust emission would be less noisy. An engine 
working on this desirable cycle, the *‘ Utilité,” was 
brought out about 1893 by Mr. Atkinson, and gave 
very economical running, but was not made in 
numbers. The short life of this engine was largely 
due to commercial reasons, and possibly also 
partly due to the fact that the ports were controlled 
by a piston-valve ; while such a valve might afford 
a larger area than could be conveniently obtained 
by a poppet-valve, it could not well give the same 
clear way that is obtained by the usual ports in 
the cylinder wall controlled by the main piston ; 
and ample port area having clear way is essential 
for the higher speeds on a two-stroke engine. 

Going further into the question of speed range, 
it will be seen that with embryo ‘‘ two-stroke” 
engines, having the time of port opening and closing 
arbitrarily set, such setting can only allow of 
efficient running at one certain speed, above or 
below which speed the setting is not correct. If, 
however, the timing of the ports be made variable, 
a greater proportion of red could be allowed for 
scavenging and charging at high speeds than at low, 
and vice versd. Thus, as engine speed fell, the 
cycle duration of port opening could be decreased, 
when the time duration would remain constant or 
be extended but slightly. Variable port opening of 
this description would allow full benefit to be taken 
of the increased time allowance at low speeds to get 
in a longer power stroke and larger charge, thus 
tending to keep torque up as speed fell, and so 
afford to some extent that valuable but elusive 
quality of flexibility in the true sense of the word. 

t must not be overlooked that this variable timing 
would have its effect on the compression ; as the 
period of port opening was shortened, and the 
compression portion of the stroke proportionately 
lengthened, the volume for compression being thus 
increased, the compression pressure would be raised 
likewise. By fixing the minimum compression 
ressure at the maximum cycle period of port open- 
ing, the compression, and consequently the torque, 
could be increased as the engine speed fell. 

Such variable timing might well be combined with 
expansive working previously outlined, when the 
ratio of expansion would be also variable ; then, 
indeed, both speed range and economy would be 
much more ideal. Further, with variable expansion 
action such an engine while working expansively for 
normal load could be run at its greatest power, 
irrespective of expansion economy, when required 
for abnormal load ; such working further tending 
to flexibility, in a manner similar to the running of 
a steam- engine. 

The crux of the question of torque and speed- 
range of the two-stroke cycle-engine would seem to 
lie largely in this matter of time of port opening 
and closing, in fact, almost as largely as it does with 
the steam-engine. Thus variable port-timing giving 
expansive working is an interesting proposition, 
promising, as it does, some real approach to ideal 
working ; and more than one patent has been t’.’:en 
out with something of this end in view. Dr. 
Watson’s and Mr. Fenning’s investigations s. \.ed 
that with a Day type of two-stroke engine the loss 
of fresh charge with the exhaust was much gr<ater 





at low than high speeds, varying from 33 per cent. 
at 600 revolutions per minute to only 7 per cent. 
at 1500 revolutions per minute; thus to some 
extent indicating that at low speeds the ports were 
uncovered for an unnecessarily long period, even 
when due allowance has been made for the fact 
that loss of fresh charge through the exhaust of 


this simple type of engine does not altogether imply | 


that scavenging has been completed. 

Before leaving the subject of control it may be 
just noted that a delightfully simple system is that 
effected by varying the time of ignition. It is hardly 
necessary to say that the range of speed varia- 
tion obtained by such a crude control is low, and 
economy likewise ; also with the spark retarded 
for slow speeds the late firing endangers pre-igni- 
tion of the incoming charge. Some launch-engines 
on the market are so equipped, but with regard to 
these it is only fair to note that for small inexacting 
boat-work this simple system may come well under 
the head of good enough. Crude as this control is, 
it should be observed that the function of scaveng- 
ing is not impaired thereby at low speeds as it is 
when control is effected by throttling the ingoing 
charge. 

Pump Action.—Another cause of inefficiency is 
that due to the power absorbed in what is descrip- 
tively known as ‘‘ pump losses.” This should be a 
minor cause, but is not as negligible a matter as 
many designe might lead one to suppose. Its 


DIVISION OF CYCLE FOR 
EXPANSIVE WORKING. 


importance increases with the size of engine, and 
in Jarge gas-power plants, such as the Korting and 
Oechelhauser, a saving in pump eftliciency of 2 or 3 
per cent. is a consideration. It may be remarked 
that the ‘‘ four-stroke’ engine is not by any means 
free from this loss, the power absorbed in the 
scavenging and induction strokes being ‘‘ pump 
losses” pure and simple ; while the time taken, 50 
rcent., for the performance of them must also 
be charged to the same cause. The compression 
stroke in both cycles also comes under this division 
of ‘‘pump losses.” In dealing with the pump question 
it should be noted that no great pressure is necessary 
or, indeed, advisable, for, besides absorbing power, 
if the pressure of the incoming charge be over high 
it has a tendency to blow through the spent charge 
instead of sweeping it out. A pressure of about 
5 lb. to 7 1b. is mostly ample ; but if high pressure is 
not required, large volume is very desirable ; the 
volume for scavenging should be greater than the 
cylinder working capacity. It is practically impos- 
sible to time it so accurately that while no fresh 
charge is lost no burnt gas is left in ; so that, to 
ensure the scavenge being thorough, provision should 
be made for allowing a small quantity of the new 
charge of air being lost with the exhaust. Desirable 
as my tnt scavenging volume thus is, it is a point 
in which many engines are deficient. 
The operation of replacing the burnt gases with 
a fresh charge by the necessary pump action may be 
arranged for in several combinations. The most 
common and the simplest method for medium-size 
engines is that of utilising the open end of the cy- 
linder in conjunction with a closed crank-case (Fig. 1, 
e 587 ante). All doors, &c., have, of course, to 
aya air-tight fit ; and in multi-cylindered engines 
the crank-case must be so divided as to make a 
separate housing for each throw. A point requiring 
attention is the prevention of lubricating oil in the 





crank-case from being forced out by the interna) 
pressure through the end-bearings yal this dane 
not appear such a difficult problem but that it 
should be met better than it often is. The eiij- 
ciency of this method is impaired by the fact that 
when the piston is fully out there still remains the 
crank-case area in which air is compressed but not 
expelled from ; therefore this area should be kept 
as small as possible, to which end disc crank-webs 
are an aid. The defects of this system may be 
largely mitigated by careful design ; and for envines 
where ew is the keynote, a pump action is 
thus afforded practically without additional parts, 
excepting the air-valves. : 

The utilisation of the other side of the piston 
with the inner end of the cylinder closed, gives 
high pump efficiency (Fig. 2, page 587 ante). The 
consequent crosshead construction adds to the heicht 
of the engine if vertical, and entails increased weight 
of reciprocating parts, which latter, however, need 
not be a serious matter with the lower speed of the 
two-stroke engine, and is but following sound steam 
practice. Moreover, such construction relieves the 
piston from side thrust. With this combination 
the pump volume is greater than that of the cylinder 
area to be filled, for while the volume given by the 
full length of the stroke is available for pump 
action, less the area of piston rod, the volume of 
cylinder area to be filled for compression is less than 
this by the length of stroke devoted to scavenging, 
This construction, therefore, practically affords the 
maximum of pump efficiency with the minimum of 
extra parts and friction. 

Another method of attaining the desired end is 
that of having a piston of two diameters, the larger 
diameter working in a similarly enlarged extension 
of the cylinder forming an annular pump (Fig. 3, 
page 587 ante). This type is best suited for a two or 
three-cylinder engine with cross-transfer passages 
from the outlet of one pump to the inlet of the 
adjacent cylinder, as the air-pressure is obtained 
simultaneously with compression in the working 
cylinder, from which it may be noted that instead of 
the air-pressure tending to slightly balance the work- 
ing stroke, as in the previous systems, it augments 
it. A three-cylinder engine with cranks at 120 deg. 
lends itself to an arrangement of transfer passages 
affording excellent pump delivery efficiency. This 
construction permits of ample pump capacity and 
allows the engine being kept low, assuming it to be 
vertical, though, on the other hand, the distance 
between cylinder centres is increased somewhat. 
For all-round efficiency with simplicity this method 
affords a good alternative to the one just dealt with. 

In the foregoing systems, where one piston is 
common to both working cylinder and pump, the 
pump stroke is necessarily completed with the 
piston stroke, and therefore pump delivery finishes 
and suction commences before the cylinder inlet 
ports are closed, so that the pressure behind the 
incoming charge drops rapidly before the main 
cylinder is fully charged. Thus an intermediate 
reservoir would seem desirable to conserve the pump 
pressure and utilise it to fuller advantage, but 
such a reservoir entails a certain amount of waste 
compression for a similar reason to that noted with 
crank-case compression. With an engine of three 
or more cylinders, however, high efficiency should 
be obtained by arranging an intermediate passage 
of minimum area common to all pump outlets and 
cylinder inlet ports, so that there would thus be no 
pump action against closed outlets, and an even 
pressure would be maintained. 

Then there is the alternative of arranging the 
pump as a more or less separate unit (Fig. 11, 
page 588). In this case, by having the pump stroke 
set before that of the working piston by about 
130 deg. on the crank, the completion of its stroke 
coincides with the closing of the cylinder inlet ports, 
so ensuring delivery of the full pump charge. This 
entails cither a separate crank-throw for the pump, 
or if set to work off the main throw the pump has 
to be set at an angle. For a small engine such 
separate pump means a somewhat serious addition 
and sacritice of simplicity, though the Lamplugh 
and Dolphin engines are neat exponents of it. 
But there is more to be gained for large engines 
by thus partially separating the engine components, 
and practically all large power engines have se}4- 
rate pump cylinders. An interesting type of 
separate pump is found on the producer-gas marine 
engine designed by Mr. C. H. F. Alston, for the 
trial boat Progress. This is a double-acting * two- 
stroke” engine, and the pumps, which are «!s° 
double-acting, are situated where the usual steai- 
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condenser pumps are found, being similarly worked 
by bell - crank rocking -levers from the cross- 
heads. For big plants of a number of engines, 
such as at an electric station, the separation might 
be carried still further, and an independent blow- 
ing unit for the whole station, supplying air pres- 
sure for all engines, much as a boiler battery 
does steam, might well afford good working effi- 
iency. 

: A Cpution with possibilities for large power 
plants is that of a ‘*two-stroke” turbine combina- 
tion, the reciprocating unit of the plant to exhaust 
—comparatively early—direct into the turbine unit. 
Such a combination would allow of ample time 
for scavenging and charging with low - exhaust 
waste, and the turbine would not be subjected to 
the initial heat of combustion. The turbine could 
be direct-coupled to a rotary scavenging blower ; 
or be utilised for power purposes, in which case 
the reciprocating and turbine units would pre- 
ferably drive separate loads. A successful lead 
in a similar direction has already been given by 


steam. 

Still another method of raising the wind is the 
adoption of a rotary blower, and the low pressure 
required can well enough be obtained by this means 
with fair efficiency; a good Root’s blower, for 
instance, should have an efficiency of about 70 per 
cent. This method possesses the advantage of 
simplicity as a pump unit, there being an entire 
absence of valves and reciprocating parts in most 
designs. Yet a small engine incorporating such a 
blower may not be so simple, on the whole, as an 
engine combining one of the outlined reciprocating 
pump actions, insomuch as, with the latter, funda- 
mental parts of the engine may be utilised, addi- 
tional parts being thus few. Further, crank-shaft 
speed being rather low for the full efficiency of the 
usual rotary blower, a geared drive is called for. 
It will be readily understood that such a blower, 
with its constant delivery, cannot be as suited for 
a single as a multi-cylindered engine. The Mort 
engine is a good example of the successful adaptation 
of such a scavenge. 

A rather different system of scavenging and 
charging is one in which the burnt gases are par- 
tially expelled by the piston through an exhaust- 
valve in the cylinder-head, while at the same time 
a fresh charge is compressed in a separate chamber, 
which compressed charge is admitted into the 
cylinder near the end of the inward stroke, and 
sweeps out the residue of burnt gases, when the 
charge may be still further compressed by the main 

iston for the completion of its stroke. The old 
Irrent gas-engine worked on this principle, having 
a double diameter piston, the outer diameter com- 
pressing the charge, which was admitted to the 
main cylinder through a valve in the piston. In 
practice great difficulty was found in timing the 
valves sufficiently closely to deal with the high- 
pressure final scavenge by the compressed charge 
without loss. 

Yet another method of scavenging is found in 
the adoption of a suction-pump.that forms a partial 
vacuum to draw the burnt gases out and the fresh 
charge in after them. Theoretically this should be 
efficient, as less energy is required to fill a chamber 
(the cylinder in this case) by suction than by pres- 
sure. But the size of suction cylinder to adequately 
withdraw the expanded gases is so large as to render 
the idea unwieldy. Should a rotary suction-pump 
be adopted for the same end, it also will have to be 
of large size to deal with the exhaust in the short 
time allowance. 

While the foregoing may be said to constitute 
the sum of ordinary pump arrangements, other 
combinations will suggest themselves, especially in 
connection with unorthodox designs: the pump is 
such a salient feature of the engine that its form 
must be largely a matter of general design of the 
complete unit. But while the matter is capable of 
a number of solutions, there are not many affording 
that fewness and simplicity of parts desirable for 
small engines. The suction and delivery ports may 
be controlled by piston covered ports (Fig. 1), auto- 
matic valves (Fig. 2), or mechanical valves. The 
first arrangement is inefficient, owing to the resul- 
tant waste partial vacuum ; the second is the most 
common, and is very sound ; while the third may be 
good in special cases if the valve mechanism be of 
simple construction. 

_By a suitable combination of two separate and 
differently timed pump actions super-compression 
may be applied to the two-stroke cycle. The first 
operation of scavenging is performed by an air- 








pump whose stroke finishes with the outward stroke 
of the piston, or the closing of the exhaust ports ; 
this scavenging air being admitted through ports in 
the manner described, common to the majority of 
engines, or through the same valve as the mixture, 
which valve opens into the cylinder-head. The 
mixture pump forces its charge into the cylinder 
during compression stroke, where it is super-com- 
pressed with that bcm of the scavenging air 
trapped in the usual manner ; the mixture having 
to rich enough to stand this dilution. Thus a 
charge of larger volume than the cylinder working 
area is finally compressed and fired ; the amount 
of super-compression depending upon the capacity 
of the mixture-pump, which might with advantage 
be made variable for control purposes. Various 
modifications can be worked out in this combination : 
the scavenging air might well be compressed in the 
crank-case, or supplied by a simple rotary blower ; 
but the mixture charge must be injected by a 
pump to deliver at a pressure of some 50 lb. per 
square inch and wpuset. While there is much in 
super-compression that is in the right direction, 
presenting possibilities of good scavenge and high 
power per working-cylinder capacity, the system 
entails serious problems. The exhaust is very heavy 
to clear out, and therefore scavenging calls for a 
larger portion of the stroke than for normal work- 
ing ; the increased pressure of the exhaust is so much 
increased loss, while economy is also sacrificed in 
no small measure by the more than double ‘‘ pump 
losses.” Owing to the pressure in the mixture- 
pump having to be equal to the compression pres- 
sure to effect late entry into the cylinder, care 
must be exercised in the design to ensure that the 
charge cannot fire back into the mixture-pump. 
Generally, the design must be heavy to withstand 
the strains. resultant from the high-pressures, and 
complicated in pump action. 

The importance attached to silent running for 
automobile engines raises a minor issue in the point 
that the exhaust of a two-stroke engine is more 
noisy than that of a four-stroke, this being due to 
the longer period—more than half a revolution— 
allowed for emission with the latter type. While, 
of course, a generously-designed silencer mitigates 
this evil, it would be better met by the expansion 
cycle outlined, in which more work is taken out of 
the gases, so that they are liberated at a lower 
pressure, and a longer period may be allowed for 
exhausting without curtailing the working stroke. 

The question of balancing multi - cylindered 
engines is affected by thecycle. A three-cylindered 
‘** two-stroke’ engine, with cranks at 120 deg., 
gives practically all that is required with the mini- 
mum of parts—that is, evenly-spaced impulses 
affording a constant, i e., overlapped, torque, and 
an excellent all-round balance of reciprocating 
parts, with a constant sum of piston speed, only 
the couple being unbalanced. A four-cylinder unit 
does not give any further advantage worth the com- 

lication of the added cylinder, for if the couple 
” balanced, as with the usual “ four-stroke” 
practice, by having the two outer or inner pistons 
descending at the same time, then two of the 
impulses occur together, and the torque is no better 
than that of a ‘‘four-stroke ” engine. It may also 
be noted that while this four-cylinder type gives a 
balanced couple, the piston speed is periodic, all 
four pistons reversing motion simultaneously. On 
the other hand, if the impulses are evenly spaced 
by setting the cranks at 90 deg., then the balance 
is no better than with three cylinders ; in fact, the 
unbalanced couple is more pronounced. These 
remarks do not apply to pan | the cylinders in 
pairs V position at 90 deg., as with the Mort engine, 
a form which affords an excellent balance, but may 
not be the most convenient disposition of cylinders. 

Although the subject of lubrication is one of 
importance, it does not offer any special difficulties 
peculiar to the cycle in general. When the outer 
side of the piston is utilised as the pump piston, 
provision has to be made for its proper lubrication, 
but no great difficulty is entailed thereby. Engines 
incorporating peculiar construction will have to be 
dealt with by provision to meet the special require- 
ment; and it is important to keep this matter of 
lubrication in view in working out a design that 
departs from known practice. 

Adapting the two-stroke cycle to the double- 
acting type of engine somewhat modifies the con- 
ditions of design. The pump may be arranged 
tandem fashion, but otherwise cannot well be 
incorporated in the engine itself, especially as the 
pump has to be double-acting, or, in any case, equal 








to feeding both ends of the cylinder. One set of 
ports round the centre of the cylinder may be made 
to serve for both ends, as is done with the 
exhaust in the Kérting engine before referred to. 
Such an engine has fewer parts for the turning 
movement afforded, which is, of course, equal to 
that of the usual steam-engine. The greatest pro- 
blem presented by double-acting internal-combus- 
tion engines is that of keeping the piston cool and 
lubricated, the difficulty of dealing with which 
increases inversely to the size of cylinder. Mr. 
Alton’s marine design, already mentioned, is an 
excellent example of a double-acting two-stroke 
engine of moderate dimensions ; it develops 100 
horse-power from three cylinders, each having 
Poppet inlet-valves, and a single set of piston-con- 
trolled exhaust-ports. 

While there are other matters of interest which 
might be touched upon, the foregoing may be said 
to constitute the chief mechanical features requiring 
the consideration of the designer. None of the 
problems are altogether insurmountable ; indeed, 
many have been well met in recent practice, while 
the future promises further advance. As the engi- 
neer well knows, it is not a matter of striving for 
an ideal design, in which all theoretical faults are 
eliminated, but evolving one which will afford a 
practical working compromise without any out- 
standing fault, functional or mechanical. Apart 
from the theory of design, the financial aspect is 
one of great importance, Other things being equal, 
it is easier to market an engine the design of which 
lends itself well to cheap shop production, than one 
which may bea little more efficient, but is expensive 
to put through the shops. The inventor and de- 
signer have to exercise care in their calculations to 
see that the term ‘“‘I.H.P.” is not used to the 
entire exclusion of £ s. d. 

It is not sufficient for a two-stroke engine to be 
an interesting mechanical success, it must possess 
advantages in some, if not all, of such points as 
simplicity, economy, flexibility, weight, and size. 
While this is obvious, it is surprising to note the 
number of two-stroke designs that are more compli- 
cated than that of a four-stroke engine giving 
similar, or better, results; the natural advantages 
of the cycle being in many examples practically 
nullified by the mechanism entailed to ensure them. 
While the simplest two-stroke engine is not as 
efficient as the more complicated and refined four- 
stroke engine, ite very simplicity entitles it to a 
certain freedom from comparison. This primitive 
simplicity has to be abandoned if fuller efficiency is 
to be obtained ; but it is undesirable to go to the 
other extreme of obtaining a theoretically satis- 
factory cycle of operations at the expense of con- 
siderable auxiliary complications, such as an inspec- 
tion of the patent records only too fully exemplifies. 
It is comparatively easy to work out a feasible two- 
stroke engine by incorporating without limit pumps, 
mechanical valves, &c. But while such a design 
might include nothing but sound engineering prac- 
tice in all its components and motions, and make 
quite a workable engine, the number of its parts 
at once puts it right out in competition with a 
four-stroke engine giving the same number of 
impulses. Or it is possible to obtain an ideal 
sequence of operations —at least on paper—by aid 
of giant cams, toggles, or other abominations ; but 
an — depending upon such mechanism having 
irregular motion, especially if entailing an ex- 
extremely high or quick reversal of some 
important part of one period, stands no chance of 
ever being more than interesting. At the same 
time, in dealing with small engines for special work, 
it is well to bear in mind that size modifies design, 
and some imechanical arrangements, which would 
not be desirable for a large engine, might well be 
= legitimate and advantageous in a small type. 

ith the foregoing in view, a designer might start 
with the simple primary type as a base to build up 
on with additions and ollicdiiee for overcoming 
its initial deficiencies ; or, conversely, take a theore- 
tically perfect but complex type, and modify it by 
elimination so that without undue complication 
the advantages of the cycle are given full scope. 
The fact that many poorly designed and cheaply- 
made engines work as vale they do on this ae 
is encouraging tothe designer witha well-equipped 
works behind him. 

Much of the antipathy of engineers against the 
two-stroke cycle is due to so many of the smaller 
— of this cycle on the market being sadly 
behind in finish, both as regards design and work- 
manship ; and too often most exaggerated claims, 
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based on the cycle, are put forward for these very 
engines—an exaggeration quite uncalled for, as the 
cycle offers sufticient legitimate claims Referring 
to the more sweeping claim so often put forward, of 
double power to the four-stroke cycle, in the ordi- 
nary way it is impossible to obtain full double 
the power of a four-stroke engine of equal cylinder 
capacity, and there is no reason why such should 
be expected. Of course, increased power can be 
obtained by additional components, as in super- 
compression, but at the expense of complication 
and consequent losses ; and, in the matter of com- 
parison, super-compression is also applicable to the 
four-stroke engine. 

As initially intimated, this réswmé may to some 
extent be regarded as a pessimistic view of the 
matter, in which the advantages of the cycle have not 
been emphasised ; but when the deficiencies touched 
upon are overcome totally, or in part, the legiti- 
mate claims of this cycle will place it as a strong 
competitur of the once nearly universal four-stroke 
cycle. With such advantages of better torque, 
greater speed range, more even stresses, less weight, 
and absence of half-speed shaft, and perhaps gear- 
ing, there is indeed much worth striving for. 
And once the cycle obtains a sound commercial 
footing, it may be relied on to advance towards 
practical idealism by that gradual but sure evolu- 
tion of constant refinement brought about by 
practice, and by practice only. 








OLYMPIA MOTOR EXHIBITION. 

Tue tenth annual show promoted by the Society 
of Motor Manufacturers and Traders opened at 
Olympia on Friday, the 3rd inst., and will remain 
open until to-morrow. The chief features of the 
Show are :— 

First, the extending use of sleeve or rotary valves. 

Second, the increased number of cheap American 
cars exhibited, and the attempts of the European 
makers to meet the competition thus established. 

With regard to the first feature, it is obviously 
the result of the success of the Knight engine, 
introduced some years ago by the Daimler Com- 
pany. It still, of course, remains to be seen 
whether any form of sliding or rotary valve will 
supersede the ordinary beat-valve, but there can be 
no doubt whatever that it has had a very con- 
siderable success in the form designed by Mr. 
Knight. It is, however, obvious that the essential 
point on which this depends is the ability of a 
piston-valve to keep tight. Granted that it can do 
this, there are undoubtedly innumerable ways in 
which either ordinary piston-valves or sleeves can 
be arranged. It seems likely, however, that sliding- 
valves of all types will find a formidable rival in the 
rotary valves. These have the very great advan- 
tage that they have no reciprocating parts at all, 
and therefore, if they can = made tight, should 
work with less noise and vibration than the slide- 
valves. Silently as the latter work, there must 
be a certain amount of. wear in the various brasses, 
and therefore a liability to knock, which will be 
quite absent in the rotary valve. The question 
of balancing is also of some importance. 

The ordinary four-cylinder engine is perfectly 
balanced as regards the inertia of the pistons, &c., 
except for the error due to the angle of the connect- 
ing-rods, and even this can be eliminated in the 
double opposed horizontal type. As the slide-valves 
work at pat the speed of the engine, however, their 
motions do not balance each other in the same 
manner ; and as they are a great deal heavier than 
the ordinary beat-valve, and have a much longer 
travel, the question of vibration at high speeds 
becomes of importance. The rotary valve is, of 
course, entirely free from vibration. Further, the 
rotary valve should be a very cheap design to make 
if well carried out, especially as it is quite possible 
to arrange that one valve shall serve for two or 
more cylinders. Meanwhile the beat-valve is still 
in a very large majority, and with careful design 
of cams there is no difficulty in making it work 
extremely quietly. 

The question of American competition may be 
serious for the European car-maker. It is per- 
fectly well known that the price at which such 
articles as motor-cars can be produced depends 
largely on the number which can be put in hand 
at a time, and this, of course, depends entirely on 
the number which can be sold. The American 
manufacturer has for his cars a huge market pro- 
tected from foreign competition by a heavy import 
duty, and can therefore be sure of selling far greater 


numbers than would be possible in this country, 
more especially as he has the whole of the English 
market open to him on the same terms as our own 
manufacturers. He can therefore economise labour 
in their manufacture to an extent quite impossible 
here. The result is that even after paying freight, 
and a European agent’s commission, American cars 
are being offered here at prices very much below 
what a corresponding otide of home manufacture 
can be got at. Whether this will result in the 
American cars being widely used in this country 
remains to be seen, and probably depends very 
largely on whether or not the American manufac- 
turers think it really worth while to make an endea- 
vour to sell them here, as they do in the case of such 
articles as typewriters. At present most American 
manufacturers appear to be able to sell pretty 
nearly all the cars they can make at home, and there- 
fore many of their best cars are either not repre- 
sented at all here, or not pushed with any energy. 
Further, the American and English manufac- 
turers are attacking the problem of the cheap car 
in very different ways. 


Fig.1. 





In engine construction the | 
American makes a light engine with fairly large ' 


Chains are now being extensively emplo 
driving the cam-shaft and magneto fh the — 
The main object for this no doubt is silence, the 
noise of the timing wheels being one of the many 
difficulties of the excessively high-speed engine. 
The use of chains is, however, a very great conveni- 
ence to the designer, as the height of the various 
spindles can be fixed without any reference to the 
diameters of the gear-wheels. 

It is noticeable that there is a great tendency to 
substitute roller bearings for balls, the claims of 
the makers for durability on the part of the latter 
not having been rp ore ¢ borne out in practice. 

In the matter of lubrication there is not a great 
deal of change. Forced lubrication is gaining 
ground, while the simple splash is being abandoned. 
This is undoubtedly an improvement, as although 
the splash has worked on the whole very well, it is by 
no means an ideal form, as it is impossible to supply 
the bearings with as much vil as is desirable without 
throwing so much on to the cylinder walls that smoke 
is produced. In some cases oil is only forced to the 
main bearings, and not the crank-pins, the latter 
being lubricated by scoops on the big ends, which dip 
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cylinders, and runs it comparatively slowly, whereas 
the English maker uses very small cylinders, but 
runs them very fast, making the engine heavy 
enough to stand the high speed. The American, in 
spite of his larger engine, often makes both his 
engine and car lighter than the English car per horse- 
power, and with the large engine and light car 
tinds three speeds ample, and often only uses two. 
The English car, with its small engine and heavy 
weight, on the other hand, must have three speeds, 
and often has four. Further, as bevels, with a 
great reduction, are difficult to make to run quietly 
at high speeds, the English maker often uses a worm 
on the back axle in place of a bevel. 

As it is hardly likely that it will suit the 
American manufacturer to build cars especially for 
the English market, their sale here will probably 
depend on whether English people will take up the 
slow-running engine, &c. There is much to be 
said in its favour, and we shall refer to the matter 

in. The use of the worm drive is extending, 
though it has become by no means universal, even 
for smallcars. It appears curious that there should 
be no serious attempt to apply it to the larger type 
of car, for the only objection to it is the lower 
efticiency, and this would be less important in the 
large car than the small one, owing tu the greater 
engine-power available. One reason for the reten- 
tion of the bevel-gear in the larger car is, perhaps, 
that the ratio of reduction in the back axle does not 
need to be so great as in the small one, and there- 
fore there is less trouble in making the gear run 
quietly. Cost may also have a good deal to do with 
the matter, as in the cheap car it is impossible to 
spend money in tuning up the bevel-gear as can be 





done in the more expensive car. 
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THe LANCHESTER CARBURETTOR. 


into troughs in which the oil is kept at a constant 
level. This is undoubtedly a great improvement on 
the simple splash, as the amount of lubrication is a 
perfectly constant quantity, but it is open to the same 
objection as the splash, though in a smaller degree. 
The whole problem of lubrication in the ordinary 
type of petrol-engine is to supply the maximum 
possible amount of oil to the bearings without 
getting too much on the cylinder walls. Obviously 
the right way to do this is to pass the whole of the 
oil through the bearings before any of it is thrown 
into the cylinder, and the only system which does 
this is the forced feed. The trough system is, 
however, probably cheaper, as it avoids drilling 
the crank-shaft. It is possible that in the sleeve- 
valve engines the above arguments may not apply, 
and that more lubrication to the sleeve is neces- 
sary. 

In the matter of placing the worm above or below 
the axle there is still great diversity of opinion. 
Many makers—e.g., the Rover, N.E.C., Maudslay, 
Thornycroft, and Wolseley—follow the lead of 
Lanchester, and place the worm below the axle, 
where it runs covered in oil. Others—e.g , Argyll, 
Darracq, ‘‘Standard,” B.S.A. ‘* Vulcan,” and 
Dennis—have it above, while one firm—Messrs. 
Humber, Limited—show one car with the worm 
placed above, and another with it placed below. 
The worm above the axle undoubtedly makes the 
neater arrangement, and gives considerably more 
clearance from the ground. On the other hand, it 
raises the floor at the back of the car, and it is 
dependent for its lubrication on the oil carried up 
by the worm-wheel. ‘ 

There is a strong tendency to dispense with 
torque-rods and radius-rods to the back axle, and 
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MOTOR-CAR ENGINE WITH ROTATING VALVE AT THE OLYMPIA SHOW. 
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to allow the back springs to take the torque as well 
as to hold the axle in position. 

In springing the half elliptical front springs are 
almost universal, while the three-quarter elliptical 
back springs are in a very large majority. It is 
becoming increasingly common to fit some form of 
supplementary spring, such as a spiral spring inter- 
posed between the two after parts of the three- 
quarter elliptic back springs. 

_itis interesting to note that while the petrol-car 
of the ordinary pattern is nearly universal, it is not 
quite so, and there are several variations of it still 
ia the market. One or two of these are freaks, of 





no commercial or practical value, but some are well 
tried machines, which still have a substantial sale. 
It is well that this should be so, for however well 
the ordinary type of petrol-car may answer its pur- 
pose, it is too early yet to say that we have evolved 
the permanent future type, and it is as well that 
there should be some successful cars of special 
design to remind us that the petrol-car, with the 
engine in front, usual change-speed gear, &c., is not 
the only possible type. 

The Lanchester, a. instance, is a car which still 
retains its popularity, in spite of its very special 
design. In the pattern shown by the Lanchester 
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Motor Company, Limited, Armourer Mills, Birming- 
ham, the modifications from previous patterns are 
orig “ony! in matters of detail. The stroke of 
»oth the four and six-cylinder models has been 
increased from 3in. to 4in., the cylinder dia- 
meter remaining 4in. One of the most interesting 
features of the Lanchester car is the wick carbu- 
rettor, it being probably the only car in the Show 
not fitted with a carburettor of the float-feed 
spray type. 

We Hastrate this carburettor in Fig. 1, on the 
opposite page, from which it will be seen that it 
consists of a number of wicks dipping into a 
chamber in which petrol is kept at a constant 
level. The upper part of these wicks projects into 
an evaporating chamber, through which warm air 
is drawn. This passes through a mixing-valve, 
where it is diluted with pure air, so as to make a 
suitable explosive mixture for the engine. The 
carburettor proper is placed immediately above 
the petrol-tank, which is built into the frame ; in 
fact, forms a ig of it. The petrol is continuously 
pumped up by a small pump of the oscillating- 
cylinder type, driven by a shaft passing dewn from 
the top of the tank. An overflow pipe is fitted to 
the carburettor, through which the excess of petrol 
returns to the tank, the level in the carburettor 
being thus kept constant. This system is stated to 
be an improvement on the pressure feed and float 
regulation previously employed. 

here are still two types of steam-car exhibited. 
The Stanley, shown by the Stanley Steam-Car, 
Limited, 13, West Cambridge-circus, London, W., 
is a representative of the type having a shell boiler 
and simple two-cylinder engine, while the White, 
shown p the hite Company, Carlow-street, 
Camden Town, London, NW. a a flash boiler 
and compound engine. 

Among the petrol-cars the N.E.C., shown by the 
New Engine (Motor) Company, Limited, of Grafton- 
street, Bond-street, London, W., is almost, if not 
quite, the only car in the Show which retains the 
horizontal engine. This is of the double opposed 
type, and is therefore very much better balanced 
than the ordinary vertical engine, as the error due 
to the angle of the connecting-rods is eliminated. 
The engine is placed in the centre of the car, and 
as the dashboard is done away with, the whole body 
can be got between the axles. 

Among the substitutes for the ordinary poppet 
valve is one shown by Messrs. A. Darracq and Uo. 
(1905), Limited, Walnut Tree Walk, Kennington, 
London, 8.E, In this engine, the principle of 
which we illustrate in Figs. 2 to 5, on the present 

ge, a long parallel cock (see also Figs. 6 and 7) 
ies alongside the cylinders near the top, and is 
driven by suitable pe gear at half engine speed. 
Ports communicate from the top of each cylinder 
to the cock, and the plug of the latter has suitable 





628 


ENGINEERING. 


[Nov. 10, 1911. 





ilats in it for the control of the inlet and exhaust also those of the second and third. Many advantages 
There are no means of packing the plug, areclaimed for this type of gear-box. The chains are 


which is simply a mechanical fit. 


said to run absolutely silently, and this being so, the 


So far the arrangement differs little from other | necessity of a direct drive is largely done away with. 
arrangements of parallel cock valves, the difficulty The direct drive involves driving through two sets 
of which has always been to keep them tight | of gear on the lower speeds, and, therefore, although 


under wear, a difficulty which is increased by 
the fact that at the moment of explosion the 
plug of the cock is subject to a side pressure 
frm the gases in the cylinder. In the Darracq 
engine, however, this is avoided by making the 
piston over-run the port from the cock to the 
cylinder, thus isolating the plug for the end of the 
compression stroke and commencement of the work- 
ing stroke. The arrangement forms in many ways 
a new departure in the distribution of gases in 
internal-combustion engines, and it will be interest- 
ing to see how it works in practice. It is obvious 
that as the piston overruns the port to the valve, 
the port will be closed on the exhaust stroke before 
the piston gets to the end of its travel, and that a 
very much larger amount of exhaust gases will be 
retained in the cylinder than is usually the case. 
For the same reason the inlet passage cannot open 
till the piston is some way down the stroke. is 
will probably mean that a larger cylinder will be 
required for a given power, but as nothing need 
bs increased except the diameter of the cylinder, 
this need not add materially to the weight. The 
question will probably be rather whether the 
large increase in the proportion of exhaust gases 
will affect the flexibility of the engine. The design 
should be very cheap to build, makes a very neat 
engine, and is very simple. 

The example shown is a 20-horse-power engine 
having four cylinders 95 mm. by 140 mm. (3¢ in. 
by 54 in.), and the valve is driven by skew-gear 
from a vertical shaft. This is the only size to be 
put on the market at present. The radiator in this 
engine is behind the bonnet. Final transmission is 
by a worm-drive, with the worm above the axle, 
and the propeller-shaft runs in a tube forming a 
torque-rod. A 15-horse-power chassis is also shown 
with a similar final transmission. 

A car embodying many original features, and in 
some ways recalling American practice, is shown 
by the Birmingham Small Arms Company, Limited, 
Sparkbrook, Birmingham. The frame, which we 
illustrate by Figs. 8 and 9, annexed, isa very simple 
one, consisting of two straight longitudinals upswept 
at the back with three cross-pieces, one at each 
end, and one just behind the engine, which is 
carried on the cross-pieces by a three-point suspen- 
sion. The engine is of the Knight pattern, and 
has cylinders 75 mm. and 114 mm. (3in. and 44 in.). 
The clutch is of the leather-faced conical pattern, 
and from it the power is transmitted through a 
universal joint to a propeller-shaft running in a 
tubular torque-rod. A three-speed gear-box with 
gate change is used, but this is placed on the back 
axle in place of the frame, as usual. Final trans- 
mission is by worm and wheel. The springing is 
peculiar, the back axle being carried by a single 
very deeply curved cross-spring, the front axle 
being on very short and broad semi-elliptical springs 
having only four leaves. The steering-gear is bolted 
to the front cross-member of the frame just above 
the front axle, and the worm and wheel are placed 
transversely in place of longitudinally, the steering- 
rod working therefore across the car. Both brakes 
are hand-brakes on back hubs. An excellent feature 
of this car is that the track is 4 ft. 8} in., and it 
therefore fits the usual cart tracks of the country. 

The Maudslay Motor Company, Limited, Park- 
side, Coventry, and 60, Piccadilly, London, W., 
show a chassis with a completely new transmission 
gear. We illustrate the change-speed gear-box in 
Fig. 10, on page 634. In place of the transmis- 
sion being by gears it is by chains. Four speeds 
and a reverse are provided, and the drive is from 
shaft to shaft in all cases, no direct drive being 
used, The change is made by clutches operated by 
a gate change of the usual type. 

[t will be seen that the clutches for the third and 
fourth — are on the driving shafts, while those 
for the first and second are on the driven shafts. 
The ratios of speed between the driving and driven 
shafts are 0.518, 0.800, 1.25, and 1.93, giving gear 
ratios of 1.0, 1.6, 2.5, and 3.8. When the first or 
second speed is used, the reverse pinion slides with 
the reverse wheel, which is part of the first and 
second speed clutch ; but when the reverse is used, 
the clutch with the wheel is held still, and the pinion 
slid into gear with it. The wheels and chains of 
the first and fourth speeds are interchangeable, and 





the loss through gear friction is eliminated in the 
direct drive, it is doubled on the lower speeds. It 
is in these that efficiency is really of the most 
importance, for any reasonably powerful car is 
amply fast enough on the flat, and where additional 
speed is required ison the hills. By gearing up the 
counter-shaft the worm and wheel can havea greater 
reduction, and therefore be of suitable proportions, 
while a large ratio can be got between the top and 
bottom speed without having very large ratios 
between any _ of chain wheels. The arrange- 
ment of the clutches not only allows of the chain 
wheels being manufactured in double the quantities 


/ 





the larger are, in many cases, really fit to take a 
three or four-seated one. In the case of the four- 
cylinder cars the diameter of the cylinders is often 
kept down to 69 mm., to keep the car within the 
three-guinea tax. The reintroduction of the light 
car is probably ely due to the fact that the 
Americans are producing numbers of cars whose 
weight is little more than half even the lighter 
European cars of a couple of years ago. 

The De Dion, Austin, Waverley, Star, Belsize, 
Turner, and 11-horse-power Humber, described 
below, will show the tendencies of manufacturers 
of the lighter types of cars. 

Messrs. T. B. Andre and Co., 8, Great Marl- 
borough-street, London, W., are showing an im- 
proved form of their ‘‘ Waverley” voiturette. We 
illustrated this car in its 1911 form in our issue of 
November 11, 1910, page 663. The general features 
remain very much the same, but the two-speed gear 
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they could be if both were on one shaft, but keeps 
a relative motions of the idle wheel and shaft 
ow. 

An incidental advantage of doing away with 
the direct drive and placing the driven shaft below 
the driving one is that it is possible to get a 
straight drive through the universal joints of the 
propeller shaft with a worm drive below the axle 
without inclining the engine. The final drive is by 
worm and wheel. The steel forging forming the 
axle and centre piece of the differential casing, 
which has been the distinctive feature of the 
Maudslay car, is retained, but is turned on its side 
and a worm and wheel is placed below it. The 
worm and wheel are of the Lanchester pattern. 
The ratio on the back axle is usually from 5 to 1 
to 6 to 1. 

A distinct feature of the Show is the very largely 
increased number of really small cars shown. A 
year or two ago hardly any maker appeared to think 
it worth while to make a chassis below the size 
suitable for ing a fairly heavy landaulet body. 
Hence if one eonaele two-seated car of good make, 
it was practically necessary to have a chassis weigh- 
ing some 17 cwt., which is obviously quite unneces- 
sary for carrying two people. There are now quite a 
numberof reallysmall and medium-size cars specially 
built to cope with this demand. The smaller ones 
are intended swlely for a two-seated body, while 





on the back axle has been replaced by a three-speed 
ear-box in the ordinary place, with a gate change. 

e lubrication is now by mechanical pump 
through a sight-feed to a splash lubrication. 
The circulation is now by thermosyphon and the 
special springing of the back axle, with ‘‘ coster- 
monger” type springs, is retained, but the front 
axle is carried on ordinary half elliptic springs. 
The wheel-base has been lengthened from 8 ft. 
to 9 ft., and the wheels increased in diameter from 
700 mm. to 750 mm.; the weight complete is about 
12 cwt. The engine has four cylinders 65 mm. by 
110 mm. (24 in. by 48 in.), cast en bloc, with the 
inlets over the exhausts worked by rocking levers 
and a two-bearing crank-shaft, as last year. 

Messrs. Turner’s Motor Manufacturing Company, 
Limited, Wulfruna Works, Lever-street, Green- 
lane, Wolverhampton, show two light cars, the 
larger of which is fitted with a four-cylinder engine 
having the cylinders cast en bloc, a two-bearing 
crank-shaft, and all valves on one side, the cylin- 
ders being 60 mm. by 100 mm. (29 in. by 4 in.). 
Two aa and a reverse are provided, the gears 
being always in mesh, and the change-speed being 
by expanding clutches. Both speeds are shaft-to- 
shaft drives. The final transmission is by worm 
drive on a live back axle. A reverse actuated by a 
friction-clutch and foot-pedal is provided, and this 
can be used as a brake if necessary. The other 
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foot-pedal works a brake on the back hubs. 
The front springs are of the ordinary semi-elliptical 
type, and the back of the ‘‘costermonger ” type. 
The weight of the car complete is 10} cwt. A 
smaller car, having twocylinders 90 mm. by 90 mm. 
(34 in. by 3} in.), placed diagonally, is also shown. 

‘An interesting example of the small car is shown 
by the Austin Motor Company, Limited, Long- 
bridge Works, Northfield. This car is rated at 
10 horse-power, and in most of its details follows 
far more the features usual in large cars than small. 
The engine has four cylinders, 24 in. diameter by 
34 in. stroke, giving 10 horse-power at 1000 revolu- 
tions. The cylinders, contrary to the usual prac- 
tice in small engines, are cast separately, and the 
crank-shaft is provided with five bearings, while 
the valves are placed on opposite sides of the cylin- 
ders, and are driven by two cam-shafts. ater 
circulation is by centrifugal pump. A leather-faced 
cone-clutch drives a three-speed gear-box having 
gate change, universal joints being provided between 
the clutch and gear-box. In place of the usual 
ball-bearings the shafts in the gear-box, which are 
hardened and ground, run in long bearings of cast 
iron. As usual in Austin cars, the engine and 
gear-box are carried on an underframe. The live 
back-axle has no torque-rod, the front arm of the 
three-quarter elliptical spring serving this purpose. 
The petrol-tank is built into the dashboard, and 
gravity feed can therefore be used without any 
possibility of the petrol failing to get to the carbu- 
rettor on a steep hill. The engine lubrication is by 
pump circulating the oil to the bearings in proper 
quantities. The wheel-base is 8 ft., and the weight 
of chassis is about 10 cwt. The front wheels run in 
plain bronze bushes carried on hardened and ground 
spindles. 

Altogether this is a most interesting departure in 
the matter of small cars, being, in fact, a large car 
in miniature, and it will be interesting to watch its 
progress as compared with the more ordinary type 
of small car. The workmanship appears to be excel- 
lent, and the car should appezal to those who want 
areally small car, but to whom price is not the most 
serious consideration. 

Another new car of the really small two-seated 
type is the 7-horse-power De Dion, shown by 
Messrs. De Dion Bouton (1907), Limited, 10, Great 
Marlborough-street, London, W. This car is in 
many ways a very great departure from Messrs. De 
Dion Bouton’s previous practice, as the distinctive 
axle, with its special change-speed gear, &c., is 
abandoned. The engine has two cylinders, 66 mm. 
by 120 mm, (24 in. by 4? in.), having thermo- 
syphon circulation, forced lubrication, and ignition 
by high-tension magneto mounted direct on the 
end of the cam-shaft. This makes a very simple 
and neat engine. A three-speed gear-box is used 
of the run-through type, with a direct drive on 
the top speed. The bottom half of the crank- 
chamber and gear-box are bolted rigidly together 
so as to form one unit, on which are carried the 
brake and clutch-pedals. The back axle is of the 
ordinary bevel-geared pattern, the propeller-shaft 
running in a tube torque-rod. The clutch is of the 
three-plate pattern, leather faced ; three-quarter 
elliptic back springs are provided. The wheel-base 
of this car is 6 ft. 5 in., and it is therefore quite of 
the small two-seated type. 

It is interesting to note that Messrs. De Dion 
are again making a single-cylinder car, the general 
features of which are much like the above, except 
that the engine is single-cylindered, 84 mm. by 
130 mm. (3;% in. by 54 in.), and is rated at 6 horse- 
power. 

Messrs. Humber, Limited, Stoke, Coventry, 
show two chassis having some features of interest : 
« 20-horse-power and an 11l-horse-power. The 
larger has cylinders 90 by 120 mm. (33 in. by 
*/ In.), cast in pairs, while the smaller has cylin- 
ders 68 by 120 mm. (2.7 in. by 4.7 in.), cast en bloc. 
lhe construction of the latter engine is interesting, 
as the crank-shaft is of the two-bearing type ; but 
instead of the cylinders being all placed as close 
together as possible, a e is cast between the 
centre pair of cylinders for the inlet from the 
carburettor. This necessarily slightly lengthens 
the distance between the bearings, but makes a very 
neat engine, as the carburettor can be placed on the 
opposite side of the engine to the exhaust-valves 
without any complicated pipes being needed. 
Thermosyphon circulation and forced lubrication are 
used in both cars. The clutches in both cases are 
leather cone-clutches, running in oil. The larger 
car has four speeds, and the smaller three, gate 





change being used in both cases. Contrary to the 
geo of many makers, who use worm drives 
or their small cars and bevels for their larger 
ones, the smaller car has a bevel drive, while 
the larger has a worm. There is a great deal 
to be said for this, as the efficiency of the worm 
is probably less than that of the bevel, especially 
on steep hills, where the pressure on the teeth is so 
high that the oil is liable to be largely squeezed 
from between the surfaces. This is a matter of less 
importance with a laige car having a reserve of 
wer and four speeds than in a small one which 
as very little reserve. The 11-horse-power car has 
no torque-rod, the front half of the spring perform- 
ing this function, while the 20-horse-power car has 
a tube torque-rod surrounding the propeller-shaft. 
Messrs. 8S. F. Bennett, Limited, 219 to 229, 
Shaftesbury-avenue, London, W.C., show the 30- 
horse-power Cadillac. In general design this car 
is not materially altered since we described it last 
year, but it is now provided with an electrical 
equipment of special design. The essential feature 
of this system is that a dynamo is used which can 
be used as a motor if required, and it is so used 
for starting the engine, the usual starting-handle 
being therefore suppressed. The system of opera- 
tion is as follows :—In normal running the dynamo 
furnishes current to a storage battery of 80 ampere- 
hours capacity, and this battery furnishes current 
for the ignition, which is by single-contact coil and 
high-tension distributor, and also for the side and 
tail lamps and the head lamps. The dynamo auto- 
matically cuts out when the revolutions fall below 
those necessary to give the required voltage, and 
cuts in again when the speed rises. The dynamo 
will give a potential sufficient to charge the accu- 
mulators at about 300 revolutions of the engine, 
and in order to prevent its furnishing too much 
current as the speed rises it is regulated by short- 
circuiting some of the field-magnet coils. The 
accumulators are arranged in four sets, giving six 
volts for ordinary purposes, and are all connected in 
parallel. In order to start the engine the spark is 
fully retarded and the clutch-pedal fully depressed. 
The effect of this is, firstly, to couple the accumu- 
lators in series, so that the dynamo is supplied with 
current at 24 volts ; secondly, to connect it to the 
engine by a suitable reducing gear to give it power 
to turn it round. It is stated that the batteries are 
of enough capacity to keep the engine turning for 
twenty minutes, though, of course, it usually starts 
in the first few turns. When the engine starts the 
reducing gear is automatically thrown out and 
locked, so that it cannot be put in till the engine 


stops. 

Whether this system will be successful in practice 
remains to be seen. It is an undoubted convenience, 
and using the dynamo for the lighting and ignition 
as well as starting is a simplification of many 
systems. A starting-handle is provided in case of 
emergency, and a completely separate ignition with 
dry batteries. 

An interesting example of en bloc construction is 
the new 10-horse-power car, shown by Belsize 
Motors, Limited, Clayton, Manchester, and Dean’s- 
yard, Cavendish-square, London, W. This car 
has a four-cylinder engine, having cylinders 69 mm. 
by 130 mm. (2}} in. by 54 in.), cast en bloc, with all 
the valves at one side. The crank-shaft is of the 
three-bearing type, and lubrication is forced, the 
pump being placed at the bottom of the crank- 
chamber, and a float provided to show the oil 
level in the sump. The connection between the 
engine and gear-box is peculiar. A large unsplit 
aluminium casting bolts up to the after end of 
the crank-case, and is bored out to take a casting, 
which slides into it from the after end, carrying 
the gear-shafts and the brake. The lay-shaft is 
below the driving-shaft. This inside casing has a 
spigoted oil-tight joint at the front end, and a flange 
joint at the afterend. Doors are provided in the 
outside casing for access to the clutch and oe. 
This unit is carried on short lengths of tube fitting 
into sockets in the castings of the engine and gear- 
box. The clutch is of the internal leather-cone 
type. The back axle is of the worm-drive type, 
with the worm at the top. A tubular mig -rod is 
provided, placed alongside the propeller-shaft, and 
the back axle is carried on semi-elliptical springs, 
with subsidiary spiral springs at the back. The 
wheel-base of this car is Bites track, 4 ft. 3 in. 

A new design embodying several interesting 
features is the 10-horse-power car exhibited by the 
Star Engineering Co., Limited, Wolverhampton. 


This car, which we illustrate by Figs. 11 and 12, 





e 634, has a four-cylinder engine, the cylinders 
ing 68 mm. by 120 mm. (2}} in. by 4} in.). The 
engine is of the two-bearing type, having all the 
cylinders cast en bloc, with all the valves on one side. 
The ‘‘ bloc” system is also employed for the crank- 
case and gear-box, these being bolted up in one 
piece by means of an extension of the bottom half 
of the gear-box. The whole is carried by two very 
substantial croes-arms near the front of the crank- 
case and a single bolt attached to the middle of a 
cross-piece immediately behind the gear-box. Forced 
lubrication is employed for the engine, the crank- 
shaft being drilled for the lubrication of the crank- 
pins. Circulation is by thermo--yphon. The clutch 
is of the metal to metal cone type, and the gear- 
box has three speeds, operated by a gate change. 
The pedals are carried on the casting of the gear- 
box, making their erection a bench job. The back 
axle is of the bevel type, and the back springs are 
three-fourths elliptic. The track is 4 ft. 3 in., wheel- 
base 8 ft. 2in , and weight of chassis about 12 cwt. 


(To be continued.) 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

We note below a number of colonial and foreign en- 
gineering projects, for several of which tenders are 
asked. Further information on these projects can be 
obtained from the Commercial Intelligence Branch, 
Board of Trade, 73, Basinghall-street, London, E.C. 

New Zealand: The Imperial Trade Correspondent at 
Dunedin reports that the New Zealand Government pro- 
pose to proceed with the extension of two or three lines 
of railway, which will open up a large area of agricul- 
tural and pastoral land. Where other modes of traction 
are not available it is a meg to employ the Renard 
road-train as a means of ringing produce to the rail-head. 
The system of irrigation which has been successfully tried 
on a small scale in North Otago is also to be extended. 

Norway: With reference to the report by the United 
States Consul-General at Christiania, that the Kristiania 
Elektriske Sporvei Company pe to make a tunnel 
to enable the street tramways of Christiania to reach a 
neighbouring amusement resort, H. M. Consul there states 
that the company above-mentioned is not promoting the 
scheme, but another company. which is already in touch 
with firms with a view to the supply of such plant as 
is required. 

Australia : A recent report by the Queensland Engineer 
for Harbours and Rivers recommends, in view of the 
rapid growth of trade at Brisbane, the expenditure of a 
sum of about 809,000/. for improving the accommodation 
for shipping in the Hamilton Basin at that port. The 
pro works involve the dredging of the in toa 
depth of 26 ft., the construction of reinforced-concrete 
quays, the laying of railway lines, the installation of 
lighting systems, the construction of sheds, and the 
installation of a 40-ton floating crane. The Age, Mel- 
bourne, states that the Melbourne Harbour Trust con- 
template the carrying out of various important works at a 
total estimated cost of 990,530/. The following isa list of 
works contemplated and authorised, including some under 
execution :— 

Dredging 64 miles of river and bay channels, also 2 
the swinging basin and Victoria Dock to 30 ft. at 
low water (work now being carried out) .. .. 175,000 
Plant, two dredgers and three steam hopper barges 93,240 
Rock excavation in upper and lower river (work 
now proceeding). . + oo bs - .. 15,000 
Vee Dock pier, 1800 ft. in length and 240 ft. in 


on i ‘ o a ms .. 216,000 
Widening Victoria Dock wharf from 40 ft. to 100 ft. 
on north-east and north-west sides. . a - 185,000 
Setting back the south wharf and widening the 
swinging basin ; also erecting a new wharf 6600 ft. 
by 6U ft. .. na + ce of - . 165,000 
Removing old wharf one mile .. i - .. 26,000 
Widening the north wharf at Nos. 17 and 27 sheds, 
and between 6 and 8 Victoria Dock, and erecting 
the shed thereon (expenditure authorised in July 
last) Ss nh ae ca .. 17,000 
Sheds on reconstructed north wharf (the contract 
for which has been let). . is ‘ be .. 6,490 
Wet shed for bulk spirit (acceptance of tender 
authorised) ~ ee ai - wi . 12,100 
Sheds around Victoria Dock and on proposed pier, 
25 in number ‘a - a ™ .. 70,000 
Cutting off angle at entrance to Victoria Dock (ex- 
~ authorised in March last) ei .. 10,000 
Widening Victoria Dock 10 ft. .. - ae .. 20,000 
Widening sheds along the Victoria Dock by 20 ft... 20 000 


New launch (expenditure authorised in May last) .. 5,000 


H.M. Trade Commissioner for Australia has forwarded 
a copy of the report of the Royal Commission on 
Northern Rehowge appointed by the South Australian 
Government in 1910, in which the construction is recom- 
mended of a railway from Wirrabara, via Melrose, to 
Wilmington, a distance of 31 miles, and of another line 
from Booleroo Centre to Willowie township, a distance of 
10 miles, 

Italy : The Gazeetta Ufficiale announces that tenders will 
be opened on November 15 at the offices of the Comando 
degli Stabilimenti Militari di Pena, Gaeta, for the supply 
of a large quantity of machine and d-made paper, 
parchment, and ink, during 1912, 1913, and 1914. The 
total upset price is Pat at 945,000 lire (37,800/.). The 
Gazzetta also states that, as no award has been made in 
respect of the contract for the carrying out of harbour 
works at Viareggio, tenders are again invited and will be 
opened on November 22, at the offices of the Direzione 

eral delle Opere Marittime, Ministero dei Lavori, 
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Pubblici, Rome. Although the two foregoing contracts 
will doubtless be awarded to Italian firms, nevertheless 
the carrying out of the contracts may necessitate the pur- 
chase of some materials out of Italy. 

Turkey : His Majesty’s Consul at Trebizond reports 
that the municipal authorities of that place invite tenders 
for the preparation of (1)a plan of the town ; (2) a project 
for a water supply system, the water to be brought by an 
aqueduct 22 km. long from the Gallian-Dere River ; and 
(3) a project for the , he ag of the town. No final date 
has yet been fixed for the receipt of tenders. 

Morocco: His Majesty’s Consul-General at Tangier 
reports that tenders are invited by the Special Com- 
mittee of Public Works for the construction of a road, 
389.5 metres long, from the ‘‘ Grand Sokko” gate to the 
British Legation at that city. The estimated value of 
the contract is placed at 37,468 francs (about 1500/.) ; a 
deposit of 500 francs (20/.) is required with each tender, 
to be increased by the successful tenderer to 2000 francs 
(80/.). Tenders will be received by M. le Président du 
Comité Spécial des Travaux Publics, Dar en Niaba, 
Tangier, up to 10 a.m. on December 21. The contractor 
must elect domicile in the neighbourhood of the works. 

Braz‘l: The Diario Official publishes a decree (No. 9006) 
approving the plans and specifications which have been 
a in connection with the construction by the Com- 
= ia Mogyana de Estradas de Ferro e Navegacio of the 
ine from Igarapava to Uberaba. The line will be 31 miles 
long, and the cost is estimated at 4,166,000 milreis 
(280, 0002. ). 


Argentina: The Boletin Oficial contains the text of a | 


contract under the terms of which Mr. Abel J. Pagnard 
engages to construct and work during sixty years a com- 
mercial port at the mouth of the River Pareja, near Puerto 
Belgrano, Bahia Blanca. The harbour will have a depth 
of 30 ft. at low tide. The works will comprise docks and 
wharves having a total frontage of 5000 m. (5450 yards), 
railway lines, grain-elevators, and other harbour equip- 
ment, such as cranes, gantries, &c., sufficient to deal with 
500 tons of goods per lineal metre of wharf per annum. 
The work will be Nivided into five sections, the first of 
which will comprise the establishment and equipment of 
1000 metres of wharves ; as soon as the tonnage dealt with 
aggregates 500,000 tons per annum for two consecutive 
years, the second section must be commenced; and so 
on with respect to the remaining sections. Exemption 
fr »m customs duties will be granted in respect of any ma- 
terials which it may be necessary to import from abroad. 
The official decree approving the foregoing contract ad 
referendum provides for the transference of all the rights 
and obligations assumed by Mr. Pagnard to the Sociedad 
Administradora General de Ferrocarriles y Obras Pub- 
licas. The Bolctin also publishes the text of a decree 
(No. 8157) under the terms of which a concession is 
granted to Messrs. Francisco Doll and Co. for the con- 
struction and working of the following railways :— 
Between General Acha, in the Pampa territory, and the 
port of San Antonio, in the Rio Negro territory ; between 
Carhué and San Antonio; between General Acha and 
Bahia Blanca; a line to link up the General Acha-San 
Antonio section with the General Acha-Bahia Blanca 
section ; a branch from a point near the fifth meridian 
to the Bay of San Blas. Within two years from 
the promulgation of this law the concessionnaire must 
submit complete plans and specifications of the projected 
lines, and constructional work must be completed within 
seven years after the approval of the plans. The Boletin 
further publishes a decree (No. 8203) issued by the 
Ministry of Public Works, under the terms of which the 
executive authorities are empowered to proceed with 
the construction of the railway from Tinogasta to the 
Chilian frontier via Paso de San Francisco, in accordance 
with the plans submitted. The amount to be expended 
for this purpose is put at 8,122,000 pesos gold (1,624, 400/.). 





PrRsONAL.—Messrs. Watts, Fincham, and Co., Billiter 
Buildings, E.C., have completed arrangements with the 
Halesowen Steel Company, Limited, Halesowen, Wor- 
cestershire, for the sole selling rights in London and 
district, including fifteen counties, of their English and 
American qualities of bright-drawn steel, for use in auto- 
matic machines.—Messrs. Richardsons, of Billiter-square 
Buildings, London, E.C., have just been appointed 
London representatives of Messrs. Tait and Co,, Kobe, 
Japan, who are opening an engineering department.—The 
Lilleshall Company, Limited, are removing their London 
office to Billiter Buildings, 22, Billiter-street, E.C. 





Tur Institution oF ELectricaL ENGINEERS.—At the 
opening meeting of the session of the Institution of Civil 
Engineers, last Tuesday evening, a deputation consisting 
of Mr. 8. Z. de Ferranti, President of the Institution of 
Electrical Engineers, Mr. R. K. Gray, Past-President, 
Messrs. W. Duddell, F.R.S., W. H. Patchell, J. F. C. 
Snell, and Major W. A. J. O’ Meara, C.M.G., Vice-Presi- 
dents, Mr. Robert Hammond, Hon. Treasurer, and Mr. 
P. F. Rowell, Secretary, presented to the Council and 
members of the Institution. of Jivil Engineers an illumi- 


nated address of thanks, as follows, on behalf of the | 
Institution of Electrical Engireers:—‘* We, the Presi- | 


dent, Council, and members of the Institution of Elec- 
trical Engineers, desire hereby to express to the Institu- 
tion of Civil Engineers our deep sense of gratitude for the 
privilege so generously granted to us from February, 
1872, to April, 1910, of holding the ordinary meetings of 
this Institution, more than 500 in number, in the hall 
of the Institution of Civil Engineers. The hospitality 
extended to us during this long period of thirty-eight 
years has conferred a material and lasting benefit on the 
development of the electrical profession, and will always 
be held in our memories with sincere appreciation and 


” 


thankfulness. 


HIGH-SPEED RADIAL DRILL. 


CONSTRUCTED BY MESSRS. JAMES ARCHDALE & CO., LTD., ENGINEERS, BIRMINGHAM. 























WE illustrate above a radial drilling-machine, built 
by Messrs. James Archdale and Co., Limited, Ledsam- 
street, Birmingham, for drilling at high speed holes 
up to 2 in. in diameter. The rapidity of drill- 
ing by using high-speed steel twist drills calls for a 
corresponding rapidity and ease of movement to enable 
the operator to position the drill for the next hole. 
The machine illustrated has been so designed as to 
enable all movements of spindle and saddle to be made 
by handles and levers carried on the saddle and 
within easy reach. As will be seen, the machine 
has a centre standard, which is bolted down upon 
a |-slotted base-plate. The radial arm, of extra 
deep-box section, with square edges, is adjusted verti- 
cally by power on a rotating sleeve which encircles 
the centre standard, the adjusting mechanism being 
operated by lever through friction-clutch and gear- 
|ing. It is then clamped firmly at the height desired, 
| the sleeve being also clamped to the standard where 
|required. Ball-bearings and vertical anti-friction 
| bearings are provided for the various movements. 
| The saddle is carried by rollers on the upper edge of 
the radial arm ; it is exceedingly easy to traverse, and 
|is provided with an improved locking-gear by lever 
|and taper wedge. An additional spindle can be fitted 
| to the saddle for tapping and studding. The drilling- 
spindle is driven by gearing through a strong friction- 
clutch, which can be engaged at any speed, and can be 
instantly reversed for tapping. It is carried as close 
to the arm as possible in order to reduce twist; it 
extends in one piece through the upper and lower 
gui‘les, and runs ina sleeve with hardened-steel ball 
thrusts: It is counterbalanced by a spring having a 
compensating device, and is fitted with quick with- 
draw motion graduated in sixteenths of an inch, 
|and bored to No. 4 Morse taper, also arranged with 
|automatic stop motion. The double gear, which is 
| carried on the saddle, can also be engaged by a lever 
while running. The spindle can be raised or lowered, 











started, stopped, reversed, the feed can be altered, 
the double gear engaged or disengaged, and the saddle 
can be moved along the arm by levers and handles on 
the saddle, while running at the highest speeds. _ 
The machine is provided with a positive gear-driven 
feed-motion, with four feeds, which can instantly be 
changed by lever ; the feed-motion is driven through 
an improved friction-clutch, which can be instantly 
engaged or disengaged by lever. The machine as 
illustrated is driven by a constant-speed belt through 
a change-speed box and oun The change-speed 
box is of the sliding-wheel type giving nine speeds ; 
the double gearing gives a total of eighteen speeds. 
The machine can also be driven by an electric motor. 
The machine is specially suited for work requiring 
extra height between the spindle and the base-plate ; 
it is fitted witha box-table which can be swung round 
completely clear of the base-plate. The box-table 
requires no setting ; being supported, it is comparable 
to a fixed table. It can be made to swivel round its 
horizontal axis for angular drilling. ee 
All the main bearings are provided with ring lubri- 
cation and oil reservoirs. All the gear-teeth are 
machine-cut, and all bevel-wheels and wheels in the 
change-speed and feed-boxes are of steel. 








Cuttine GLAss, PORCELAIN, AND QUARTZ Tupes.—A 
neat way of cutting the glass and quartz tubes of delicate 
apparatus by means of etching with hydrofluoric acid is 
described by Jaroslaw Milbauer in the Chemiker Zeitung, 
1911, page 669. The tube is rested horizontally ina fork, 
and a wet string is tied round in a single knot. One end 
of the string is placed in a vessel containing hydrofluor 
acid mixed with one-third of its volume of hydrochlori 
acid ; this vessels stands above me tube. ry os = 
is di into a vessel filled with water, at a lower level. 
Theetrng is tightened as the etching proceeds, and the 
tube turned and the knot shifted. When the etching has 
proceeded to a sufficient depth, the tube is wrapped with 
a cloth and broken. 
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THE ELLIOTT FLANGE-LUBRICATOR. 
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Ix another column we draw attention to the favour- 
able report recently presented to the American Master 
Mechanics’ Association by its Committee on flange 
lubrication as a means of reducing tyre and rail wear 
The report dealt with various methods of lubricating 
the wheel flanges, among them being that employin 
the Elliott flange-lubricator, which is being introdu 
into this country by Messrs. Davis and Lloyd, of 26, 
Victoria-street, Westminster, S. W. 

This lubricator is on the sight-feed system. It is 
illustrated in Figs. 1 and 2, herewith, which are part 
sections, in order to show the various features. The 
lubricator consists of the usual body or oil receptacle, 
with sight-feed attachments and the necessary steam 
supply. Steam is brought along pipe a from the boiler 
to the lubricator, where it encounters a small choking- 
nipple. On the other side of this nipple the steam can 
flow in three directions either towards the branch-pipes 
b, b or to the condenser coil c. In flowing down the 
condenser coil it is reduced to water, and is in this form 
— coy oP to and delivered at the bottom of the 

ubricator y containing the oil supply by the pi 
d. The oil is thus via, and son the feed 
needle-valve e. The drip from the latter can be 
regulated according to requirements, the supply given 
being visible through the glasses /,/, held in their 
fitting by gasket and gland nuts. A delivery-valve g is 
placed at the base of the sight-feed arrangement. On 
the upper side of the valve y connection is made with 
the steam branch-pipe }, and steam flowing down this 
carries with it the Pt delivered by the valve e, past the 
valve g, to the delivery-pipe and nozzle h. A valve is 
provided at the base of the condenser coil, and a filler- 
valve in the top of the lubricator body. A drain-cock 
is also fitted to the latter, for emptying the water of 
condensation before re-filling with oil. The spray- 
nozzle h is placed 15 in. above the rail and 2 in. from 
the flange, at the inclination shown in Fig. 2. The 
lubricator itself is placed in the cab. 

It is the custom, in fitting this lubricator to ordinary 
road engines, to apply the nozzles to the leading 
coupled wheels. For Mallet compounds on heavy 
pusher and other service, it is usual to employ two two- 
teed lubricators, or one four-feed lubricator, supplying, 
by means of JT connections, six nozzles. On these 
engines each side requires three nozzles, one fitted to 
the front coupled wheel of the articulated frame, and 
one each to the front and back coupled wheels of the 
main frame. Cocks allow the supply to be directed 
to either, according to the direction in which the 
engine is working. For shunting engines one two-feed 
oiler is used, with four nozzles applied to the leading 
and trailing coupled wheels. 

The oil used is crude asphaltum oil, the Californian 
oil proving to be very suitable. This oil is heavy 
enough to cling to the flanges, and is transferred to 
the side of the rail-head, where it is of benefit to the 
following wheels of the whole train. If such an oil 









Fig. 2. 
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is used, there is no fear of it spreading on to the tread. 
This lubricator is in use on over seventy roads in 
America. In addition to the favourable particulars 
given regarding its use in the Master Mechanics’ 
report referred to, statistics have been furnished to 
us, showing that on the Santa Fe, Prescott, and 
Pheenix Railway, its introduction has led to a great 
reduction in the number of sharp flanges found on 
engines and cars. The number of sharp flanges on 
tenders reported on that line in 1906 was 63. uip- 
ment commenced in June of that year, resulting in a 
gradual reduction, until, two years later, only 21 tender 
tyres were reported for sharp flanges in twelve months. 

ar tyres were affected in a similar way, the number 
of sharp flanges per twelve months being reduced from 
71 to 22 in two years. No driving-wheel tyres have 
been turned for sharp flanges since the use of this 
lubricator. Engines have run 153,630 miles and 
122,308 miles without developing sharp flanges, though 
the road is no easy one to nae there being bad and 
continuous curves in many parts. Some engines have 
been kept in service for ictr-twe months without 
shopping for extensive repairs since adopting flange 
lubrication. 

With regard to cost, the Santa Fe, Prescott, and 
Pheenix Railroad reports that one gallon of crude oil 
suffices for 575 miles in freight service, and 800 miles 
in passenger work. The Atlanta, Birmingham, and 
Atlantic Railroad puts the cost at 3 cents per 100 
engine-miles, a figure which is also very similar to that 
reported by the Norfolk and Western Railroad. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, November 1. 

Tue steel industry is thoroughly aroused over 
the possible consequences of the suit of the Govern- 
ment against the United States Steel Corporation, 
looking to its dissolution. There are some twenty- 
eight subordinate companies and a number of indi- 
viduals involved. Freight rates are to be reduced on 
ore from the Lakes, but the amount is uncertain. 
The Corporation will probably insist upon a 60 cent 
rate from the mines, while the independents will 
insist upon a 40 cent rate. The cancellation of the 
lease with the owners of the Hill ore properties, it is 
estimated, with the reduction in treight rates, will 
reduce the cost of making pig iron as much as 1 dol. 
per ton, but these reductions will not fe into effect 
until the close of the shipping season. This means, of 
course, that the long contracts for the 1912 pig iron 
will not be closed at present. It is this possibility 
which has restrained the making of next year’s delivery 
contracts so long. 

The users of crude steel, such as billets, have begun 
to F  -a large contracts at the very low price of 
19 dols. The larger buyers are now engaged in placin 
contracts which will see them through with materia 


up to Aprill. Makers of billets are accepting this 
business in a very grudging way, as they naturally 
hope for a reaction which will bring them better prices. 
There are also inquiries for large quantities for struc- 
tural material. e Illinois Central Railroad is plac- 
ing an order for 112 steel cars of a new pattern, costin 
a total of 1,500,000dols. The cars will have six-whee 
trucks, and will be 70 ft. long, or 10 ft. longer than 
the present standard size. Other big contracts may be 
placed at any time. The car-builders are filling up 
once more, and are promptly arranging for the delivery 
of material to complete the contracts. In the smaller 
products, such as merchant steel and bar iron, further 
improvement has develo within a week. This 
improvement is also due in part to the heavy require- 
ments of the car-builders. 





STEAM-TURBINES. 
To THE EprtTor oF ENGINEERING. 

Srr,—With regard to Mr. Samuelson’s letter published 
in ENGINEERING, dated October 20, I do not think that he 
has quite correctly construed my remarks. 

My statement that the thermal efficiency of a com- 
pound wheel would not exceed 58 per cent. was meant to 
apply only in the case of high-pressure stages, in which a 
large heat drop is employed, and not toa whole turbine 
in which a series of compound wheels are used. I ex- 
plained this more fully in my reply to the discussion on 
the paper read before the Institution of Mechanical 
Engineers in Zurich. 

I agree that a good thermal efficiency can be obtained 
with a compound-velocity wheel in the low-pressure 
portion of a turbine, or when working with a com- 
paaeeey small drop in heat. For this very reason I 

ave ee this particular design for marine turbines 
where only a low number of revolutions is permissible, in 
combination with a large number of stages with a small 
heat drop in each. 

The comparison drawn by Mr. Samuelson between the 
efficiencies of a Curtis and a Zoelly turbine of similar 
size is not altogether a fair one, as the total adiabatic 
drop in heat in the case of the Curtis turbines mentioned 
is only about 175 calories, whereas in the Zoelly turbine 
design it is about 215 calories. 

It is obviously much more difficult to obtain such a 
high thermal efficiency in the turbine in which a large 
drop is used than in the turbine in which a small heat 
drop is used. 

Yours faithfully, 


November 6, 1911. H. Zoey. 





‘* JET PROPULSION,” 
To THE Epiror or ENGINEERING. 

Sir,—Perhaps I may be allowed to make a few obser- 
vations on this subject in view of your article thereon in 
ENGINRERING of October 20. 

First, in regard to the main question. A good deal is 
taken for granted in accepting the high efficiencies 
usually claimed for screws as propellers. 

hornycroft’s results of meted Santa, given by 8S. W. 
Barnaby, touch 70 per cent., and gave an average of 
65 per cent. efficiency, but obtained by eliminating all 
losses but those in the screw itself. What the efficiency 
Thrust x Speed Thrust x Speed $ J 

LH.-P. x 550 “ BH.-P. x 5560 ““*™ BH ges. 

Other tests have been made, but it is doubtful if 
re. Soot in many cases exceeds 50 per cent. 

Froude took 40 per cent. as the average for screw pro- 
pulsion, but improvements have been made since his 
time, 

It does not appear to me that any vast improvements 
would be euanietl be jet propulsion to equal these results, 
or go one better. The writer of the article on the sub- 
ject seems to convey the idea that bad as were the results 
of bygone tests with jet propellers, they could not be 
much improved upon at the presentday. Let the usually 
- figures speak for themselves. The gunboat tested 

the following efficiencies :—Engine, 77 per cent.; 
pump, 46 per cent,; jet 71 per cent.; total efficiency, 
25 per cent., or thereabout . 

Will any ordinary engine-maker of first-class high- 
pooe triple-expansion engines not do a great deal better 
than 77 per cent. to-day’? An engine of that efficiency 
would not now be accepted as a gift. 

As for the pump, I have guarantees from several makers 
of pumps to give 85 per cent., but, accepting the article- 
writer’s estimate of 75 per cent., even that is a slight 
improvement on 46 percent. Taking the jet as without 
improvement, and an engine efficiency of 90 per cent., we 
would get 0.90 x 0.75 x 0.71 = 47.9 per cent. ; not so bad 
for an over-all efficiency. I think it is high time that 
marine engineers should at once and for all time reject 
these reported re<ults of tests on jet propulsion. They 
are trotted out every time anyone mentions jet propulsion, 
as if they were conclusive tests for all time, whereas they 
were nothing of the kind, but merely tests of jet propulsion 
machinery as it was made at that date of their trials. And 
the machinery was of very low efficiency all over. 

Then as to pumps, I may observe that the whirling 
velocity of the waterin the pump is converted into 
pressure in present-day pumps with very little loss, 
whereas in old pumps the velocity was destroyed, or only 
partially conserved, in diffusers. It is therefore, I think, 
justifiable to call the centrifugal pump a pressure pump; 
whatever happens inside, the result aimed at is to raise 
the pressure of the water. 

Then in regard to losses in expanding tubes reducing 





the velocity and increasing the pressure of water, the 
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fact that the limit of taper should be about 1 in 10 for a 
straight conical tube has been known to me for fort. 
years, and probably to more engineers before that. e 
at that time made expanding conical tubes, cones, and 
poten tng tubes, for ejector condensers, and soon 
found the limits. . Expanding tubes for Venturi meters at 
water works are all made of a very long taper for the 
same reasons, so that the experiments at Dundee have not 
revealed much that was unknown about Venturi tubes or 
cones at this date. 

Applied to the inlet of a centrifugal pump and of 
proper trumpet-shape and “— the loss is absolutely 
negligible. Applied, badly designed, and ignorantly, 
there, of course, might be any amount of losses. 

I believe from what I have seen of the Humphrey gas- | 
pump that it may yet put jet propulsion on a competitive | 
footing. Any direct-acting internal-combustion pressure | 
on the water, producing a jet of correct velocities, would | 
place the jet propulsion ahead of the screw ; and even 
now, with a good high-speed modern engine and modern 
centrifugals, correctly designed on modern knowledge 
and experience, the jet — would approximate 
very nearly the efficiency of the screw. 

Yours truly, 
RANKIN KENNEDY. 

47, Argyll-street, Rothesay, November 3, 1911. 

[We are unable to share our correspondent’s sanguine 
anticipations as to the future of jet propulsion, nor his 
estimates as to the efficiency of the trumpet-shaped inlet 
sketched in his paper.—Ep. £.] 








“THE RESIDUARY RESISTANCE OF 
VESSELS.” 
To THE Eprror oF ENGINEERING. 
Str,—I notice in your issue of this week you publish 
a paper of mine on “‘ The Residuary Resistance of Ships.” 
I regret, owing toa clerical error, that one of the columns 
of the page of figures, ‘‘The Form of Ends,” has been 
wrongly copied in the paper sent you. I am sending you 
a revised and correct list, and if it would not incon- 
venience you, I should be much obliged by your inserting 
it in your next issue, 
I remain, yours truly, 
November 6, 1911. Ernesr Saxton WuiTtE, B.Sc. 
[We reprint Mr. White’s table, as corrected, in the 
adjoining columns.—Ep. E.] 








THE INSTITUTION OF ELECTRICAL 
ENGINEERS. 
To THE Eprror oF ENGINEERING. 
Sir,—The alarm with which the proposed new articles 
of association of the Institution of Electrical Engineers 
have been received by the members all over the country, 
and the informal discussion in London, have proved that 
there is a wide difference of opinion between the Council 
and the general body of members. The Council have 
d to an open discussion, which no doubt will result 
in a large number of amendments being sent in. As, 
however, hundreds, and possibly thousands, of amend- 
ments cannot be taken into consideration, the purpose of 
the deferred discussion will be frustrated unless some 
definite method is adopted beforehand to reduce the 
number of amendments to the vital points only, leaving 
matters of detail to be put at the meeting in London. | 
As points affecting the future policy of the Institution, 
on which a vote should be given, I would propose the 
following :— ; ; 
1. Inadvisability of creating the new class of licentiates 
(par. 4). 
' 2. Necessity of beeping the Institution a strictly scien- 


tific and professional y =. 12d). 
3. Increase of fees (pars. 26 and 27). 
4. Examinations (par. 16). 


5. Nomination and election of Council (pars. 49, 51, 
and 52). : 

Under the present by-laws the local sections have no 
power to vote or pass any resolution in respect to the 
affairs of the Institution, and, therefore, whatever votes 
are taken will have to be forwarded direct from the 
members to the secretary. In order to enable any 
member to gauge the strength and the direction of the 
opinion of the Body of members, I would suggest that 
copies of the resolutions on the above points should 
be published in the technical Press, together with the 
number of the members in favour. 

Yours faithfully, 
R. Orserrion, M.1.E.E. 

Villa Nuva, Gravelly hill, Birmingham, 

November 6, 1911. 








Tur InstmvutTion oF Execrricat Enoingers: Stv- 
DENTS’ Sgction.—The bow address will be delivered 
by Mr. C. P. Sparks on Wednesday, November 15, in the 
Institution Lecture Theatre, at 7.45 p.m. 





Tux Junior InstiTurion OF ENGINEERS.—At the recent 
annual general meeting of this institution the scrutineers 
reported that the election of officers, &c., had resulted as 
follows :—Chairman, Mr. Walter T. Dunn; vice-chair- 
men, Messrs. S. Bylander and Percy L. Young; librarian, 
Mr. 8. V. Cooke; hon. auditors, Messrs. H. Norman 
Gray and W. D. MacPherson; members of council, 
Messrs. D. N. Hunt, J. B. Knowles, Reginald Krall, 
and J. J. Page; provincial members of council, Messrs. 
R. Hockly (Newcastle-on-Tyne), Ernest King (Sheffield), 
R. H. Parsons (Peterborough), Eustace W. Porter, 
(Southampton), T. P. H (Bristol), A. Knight 
Oroad (Glasgow), W. E. Lilly (Dublin), and H. F. Hunt 





(Pewbroke), 
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NOTES FROM THE NORTH. 
Gtascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market opened with a firm tone, but business 
was confined to 2000 tons of Cleveland warrants at 46s. 4d. 
and 46s, 5d. cash, and 47s. 3d. three months. Closin 
sellers quoted 46s. 6d. cash, 46s. 9d. one month, an 
47s. 4d. three months. Cash buyers of hematite quoted 
60s. 9d., and there were sellers at 62s. three months. 
The market was nominally steady in the afternoon, 
and one Cleveland warrant changed hands at 46s. 54d. 
cash, with closing sellers at 46s. 6d. cash, 46s. 94d. 
one month, and 47s. 34d. three months. On Friday 
morning business continued quiet, and 2000 tons of 
Cleveland warrants were dealt in at 46s. 54d. cash, 
46s. 84d. twenty-seven days, and 46s. $d. one month. 
At the close the quotations were 46s. 54d. cash, 46s. 9d. 
one month, and 47s. 34d. three months sellers. In the 
afternoon the market was quietly steady, and only one lot 
of Cleveland warrants was done at dbs. 5d. seven days. 
Sellers’ closing quotations were 46s. 54d. cash, 46s. 9d. one 
month, and 47s. 3d. three months. nm Monday morning 
Cleveland warrants were firmer, and a good business was 
done at 46s. 5d., 46s. 6d., and 46s. 54d. cash, 46s. 5d. four 
days, and 46s. 9d. one month. The turnover was 8000 tons, 
and the closing prices were 46s. 6d. cash, 46s. 9d. one 
month, and 47s. 44d. three monthssellers. Hematite was 
quoted 61s. 3d. cash sellers, and 61s. one month buyers. The 
tone was a shade easier in the afternoon, when 2000 tons of 
Cleveland warrants changed hands at 46s. 54d. four days. 
Quotations at the close were 46s. 53d. cash, 46s. 9d. one 
month, and 47s. 34d. three months sellers. On Tuesday 
morning firmness prevailed, and 3000 tons of Cleveland 
warrants were put through at 46s. 6d. cash, 46s. 94d. 
one month, and 47s. 4d. three months. Closin 
sellers quoted 46s. 64d. cash, 46s, 10d. one month, an 
47s. 44d. three months. Hematite was firm, with buyers 
at 60s. 9d. cash, and 61s. 14d. one month. In the ue. 
noon the dealings only amounted to 1000 tons of Cleveland 
warrants at 46s. 6d. cash, with closing sellers at 46s. 7d. 
cash, 46s. 10d. one month, and 47s. 5d. three months. 
When the market opened to-day (Wednesday) the tone 
was strong, and 3000 tons of Cleveland warrants were 
dealt in at from 46s, 74d. to 46s. 8d. cash, and from 46s. 11d. 
to 47s. one month. At the close sellers quoted firm at 
46s. 9d. cash, 47s. 04d. one month, and 47s. 7d. three months. 
The afternoon session was not active, but Cleveland war- 
rants were again firm, and changed hands at 46s. 84d. 
and 46s. 9d. cash, and 47s. one month. The turnover 
was 2000 tons, and closing sellers quoted 46s. 94d. cash, 
47s. 04d. one month, and 47s. 7d. three months. Sellers 
of one-month hematite quoted 61s. 7d., with buyers at 
61s. 14d. for that position, and at 62s. for three months. 
The following are the market quotations for makers’ 
(No. 1) iron :—Clyde and Calder, 61s. 6d. ; Gartsherrie, 
62s. ; Summerlee, 63s. ; Langloan, 63s. 6d.; and Colt- 
ness, 82s. 6d. (all shipped at Glasgow); Glen ock 
at Ardrossan), 63s. 6d. ; Shotts (at Leith), 62s. 6d.; and 
‘arron (at Grangemouth), 63s. 6d. 


Sulphate of Ammonia.—The market for sulphate of 
ammonia is in strong, and the inquiry is good. The 
current quotation is from 14l. 5s. to 14/. 7s. 6d. per ton for 
prompt lots, Glasgow or Leith, and business is reported 
at 14/. 6s. 3d. per ton. Shipments from Leith Harbour 
last week amounted to 445 tons. 


Scotch Steel Trade.—There has been little change in the 
Scotch steel trade since last report and conditions are 
practically unaltered. The various works are well em- 
ployed, and a large output is general both for the home 
market and for export abroad. Fresh business is still 
slow, owing mainly to the newness of the rebate scheme 
which is now in operaticn, and as a consequence buyers 
are not committing themselves to any extent, and most 
of the present activity is due to specifications against old 
contracts. Inquiries for shipment lots amount to a fair 
tonnage, and the prospects point to a good business bein, 
put through. Makers of structural sections are hopefu 
of an improvement in the near future, and the demand 
for thin sheets and P ates for export is of a very healthy 
description. Official selling prices are without change. 


Malleable-Iron Trade.—The West of Scotland malle- 
able-iron makers continue to be fairly well occupied, and 
are turning out quite a lot of material. With regard to 

rices, however, no change can be reported ; but with a 
tter local inquiry the outlook is, perhaps, more promising. 

Scotch Pig-Iron Trade.—During the past week the tone 
of the Scotch pig-iron trade has been rather quieter, and 
although deliveries have been fairly large, the booking 
of new contracts has not been very heavy. Some in- 





| quiries have come to hand from the Continent for a fair 


tonnage of No. 1 iron, but buyers in the South have not 
been quite so much in evidence during the last week. 
No change can be reported in the hematite position, and 
only a limited business is passing. 
Shipbuilding.—Messrs. Bremner, Dunlop, and Co., 
Port Glasgow, have received the order to build a steamer, 
250 ft. in length and of 2500 tons, for Messrs. J. and J. 
Denholm, Greenock—the Park Line. This vessel is for 
the firm’s Continental and Baltic trade, and is to replace 
the Mountpark, which was sunk in collision in the North 
Sea last February. She will be constructed to Lloyd’s 
— class, and will be supplied with engines by the 
uilders. 








Water-Works Directory AND Sratistics.—Messrs. 
Hazell, Watson, and Viney, Limited, 52, Long Acre, W.C., 
have published this volume for 1911—thetwenty-ninth issue 
of this directory—at the price of 10s. 6d. net. It gives 
detailed information concerning water-distribution in 
this country, arranged alphabetically as per towns. A 
shorter section at the end of the book contains similar 
data on foreign water works with offices in London. 


Exectric Towne LocoMoTivEs FOR THE PANAMA 
CanaL.—We read in the Canal Record that specifications 
have been sent to Washington with a view to obtaining 
tenders for the supply of forty electric locomotives for 
towing ships in the locks of the Panama Canal. The 
towing scheme has been prepared by Mr. E. Schildhauer, 
of the Panama Canal engineering staff. It is proposed, 
in the first instance, to ask for tenders for one locomotive 
only, which will be thoroughly tested ; the remaining 
thirty-nine would be delivered should the trials with this 
first one prove satisfactory. The scheme in question 

rovides for the towing of a ship through the Gatun, 
?edro Miguel, and Miraflores Locks at a speed of 2 miles 
= hour, the ship being held between four lines of 

awsers; the ship would stop in the fore bay of the lock, 
and four hawsers would then be fixed to it—two forward 
and two aft. The hawsers would be fixed at their 
other ends to the windlasses of four electric locomotives 
on the lock walls, there being two locomotives in front 
for towing, and two locomotives aft being towed, and 
holding the ship steady. Except when passing from one 
lock to another, the locomotives would travel on a level 
track. Two systems of tracks are provided for, one for 
towing and one for the return of the locomotives when 
not towing. Crossings between the tracks are to be 
located at each end of the locks only ; there are to be no 
switches. The tracks are to be of the 5-ft. Panama 
Railway gauge, built of 90-lb. rails. Two towing- 
tracks, with a return-track between them, are to be laid 
on the centre wall, there being also a towing and a 
return-track on each side-wall. The towing-tracks are 
to be provided with a central rack over their whole 
length. Racks are also to be provided on the return- 
tracks, but on the inclines between the locks only. After 
they have hauled a ship through the last lock-gates 
and into the forebay, the locomotives will coil their cables 
and will return to take another ship through thesame way, 
or they will immediately take charge of a ship going in 
the opposite direction. The type of locomotive proposed 
is to consist of two traction trucks, one at each end of the 
locomotive, with an electrically-driven windlass in the 
centre, carried on a frame pamee to the traction trucks by 
a draw-bar and trunnion forming a universal joint. The 
electric equipment for each traction-truck is to consist. of 
one three-phase traction- motor, with its controlling 
mechanism. The motors on both traction-trucks are to be 
operated in parallel. Current will be collected by each trac- 
tion-truck by means of a plough fitted with two contact- 
shoes, each in contact with a separate rail laid in an open 
conduit, one for each of two phases, the third phase being 
carried by both track rails. The maximum load on the 
traction motors will occur, it is stated, when the loco- 
motive is on the gradient between the locks ; this will be 
greater than the actual towing load. Since weight will 
not be required for tractive effort, the locomotives are 
designed comparatively light ; they are to weigh about 
30 tons. The windlass drum will have two motors, one 
for driving it under a towing load, and the other for the 
rapid coiling of the hawser. The former motor is to have 
a full-speed torque of 120]b. at 1ft. radius; it is to be 
capable of a 50 per cent. greater torque for one minute, 
and will have a full-load speed of not less than 630 revo- 
lutions per minute. The coiling motor is to have a 30-1b. 
torque at 1 ft. radius; it is to be capable of ye 
50 per cent. greater torque for one minute, and will 
have a full-load speed of 630 revolutions per minute, 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. | 
The Cleveland Iron Trade.—So far as Cleveland p 
iron is concerned a marked improvement can be re rted. 
Buyers ate now coming forward rather freely, having 
apparently concluded that they are not likely to benefit 
by further delaying purchases. A good deal is now being 
purchased for shipment before the northern navigation 
season closes, and long-delayed deliveries to inland Con- 
tinental customers are being executed, several canals and 
rivers abroad, which have been practically dried up during 
the summer and autumn, having become navigable once 
more. Higher prices than have ruled for nearly two 
months past are now being realised for Cleveland pig iron. 
No. 3g-m.b. is now fully 47s. f.o.b., and, in fact, that 
is more a buyers’ than a sellers’ quotation. No 1, which 
js still by no means plentiful, runs from 50s. 6d. to 50s. 9d., 
and the other qualities are firm, No. 4 foundry being 
46s. 6d.; No. 4 forge, 46s. 3d.; and mottled and white iron, 
each 46s.—all for early delivery. Quietness still prevails 
in East Coast hematite pig. es are slow; the output 
is in excess of needs, and quotations are easy. Mixed 
numbers are offered rather freely at 60s. 6d., and some 
second hands are prepared to sell at a trifle below that 
figure. Dealers in foreign ore report rather more doing, 
consumers showing less reluctance to enter into contracts. 
Prices are very strong, being based on fully 20s. ex-ship 
Tees for Rubio of 50 per cent. quality. Coke is in good 
request for local use, and medium blast-furnace qualities 
command 15s. delivered here. 


Manufacturcd Iron and Steel.—Encouraging accounts 
continue to be given of the various branches of the manu- 
factured iron and steel industries. Producers of all 
descriptions are busily employed, many firms having 
orders booked which will keep them in full swing over 
the ter part of next year. Under these favourable 
conditions prices show a decided upward tendency, but 
have not as yet been quotably advanced. Principal 
market quotations stand :—Common iron bars, 7/. ; best 
bars, 7/1. 7s. 6d.; best best bars, 7/. 15s.; packing-iron, 
bl. 15s.; iron ship-plates, 62. 10s.; iron ship-angles, 7/.; 
iron ship-rivets, 7/. 5s.; iron girder-plates, 6/. 17s. 6d. ; 
iron boiler-plates, 7/. 7s. 6d.; steel on 5s.; steel 
ship-plates, 62. 15s.; steel ship-angles, 6/. 7s. 6d. ; steel 
boller-qiates, 7l. 10s.; steel strip, 6. 10s.; steel hoops, 
6l. 12s. 6d. ; steel joists, 62. 7s. 6d. to 6/. 10s. ; cast-iron 
railway chairs, 3/. 12s. 6d.; light iron rails, 6/. 10s. ; 
heavy steel rails, 5/. 12s. 6d.; steel railway sleepers, 
6l. 10s.; and iron and steel galvanised corrugated sheets, 
11/. 5s.—sheets less the usual 4 per cent. f.o.b., railway 
material net at works, and all other descriptions less 
the customary 24 per cent. discount. 


New Yees Dry Dock.—We understand that Messrs. 
Smith’s Dry Dock Company, of North and South Shields 
and Middlesbrough, have secured from Messrs. Bolckow, 
Vaughan, and Co., Limited, a long tract of land on the 
east side of their present yard and graving-docks at South 
Bank, Middlesbrough, for the purpose of providing a new 
dry dock and any other facilities that may be required 
by the shipping of the Tees. It is the intention of the 
directors, we believe, to proceed with the construction of 
an additional dry dock at once; also that they have 
acquired a considerable portion of the Eston jetty of 
Messrs. Bolekow, Vaughan, and Co., with the view of 
making a deep-water quay about 700 ft. long, where there 
will always be a sufficient depth of water for any size of 
vessel which trades with the Tees. This important deve- 
lopment, following on the comparatively recent enterprise 
of this firm, shows its determination to keep abreast of 
the requirements of the Tees as a first-rate shipping port. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Industrial Exhibition.—Although it cannot be said 
exactly that Sheftield has hidden her light under a bushel, 
still it is the fact that, unlike many other la towns, 
she has not been particularly prominent in making her- 
self familiar to the world at large. The magnitude of her 
industries is certainly not known to the average person, 
and there is a large proportion of the inhabitants of the 
city who themselves do not realise the multiplicity 
of industrial activities which flourish in their midst. 
Sheffield’s present position as premier city in York- 
shire has created a favourable opportunity of drawing 
attention to herself by some big scheme. Undoubtedly 
something of this kind is in the minds of a 8 
committee which has been appointed by the City Coun- 
cil to consider the question of holding an industrial 
exhibition on a large le, in which every branch of 
Sheffield industry would be represented, from the pro- 
ducts of the big armament and engineering firms down 
to the work of the silversmith and cutler. Such an 
exhibition would a revelation of Sheffield’s indus- 
trial possibilities, Not only would visitors be im- 
pressed by the gigantic nature of the operations of 
the great East End firms, but they would be delighted 
with the specimens of art craftsmanship which ‘Shef- 
field is still producing, in spite of the narrowing 
demand and the competition of the machine. A big 
open space in one of the suburbs would be used for the 
pec nn it is ry « oe last a whole 
summer. € co-operation of the Cutlers’ Com . of 
the Sheftield Ch be of Ce ce, and of the leading 
manufacturers will be sought, in order that the exhibi- 
tion may be thoroughly comprehensive and in every sense 
worthy of the city. Councillor Bashforth is the chairman 
of the special committee. 


South Yorkshire Coal Trade.—The position in the hard- 
coal market may be said to be satisfactory. For some 





jal | © 





weeks now there has been steady buying, both for ship- 
ment and for industrial and prices have 
remained firm. Collieries have been continually working 
ae time, in endeavours to clear up contract arrears 
of deliveries, and on this account there is not a t 
weight of steam coal on the open market. The railway 
companies are still buying freely, and the general indus- 
trial demand manifests a strengthening tendency. Buyers 
in some cases are endeavouring to renew contracts over 
next year. Prices tend to advance. Deliveries of gas- 
coal on contract continue to be considerable, and stocks 
are being accumulated at some of the works. Inquiries 
for slacks have been more numerous, and coke is selling 
well. House coal is naturally quiet for the moment. 
Recent ordering was sufficient to meet consumers’ require- 
ments for some time, and the only thing likely to bring 
about an increased demand just now would be a spell of 
severe weather or active fears of trouble in the colliery 
world. Prices accordingly are easier and there have been 
some —_ reductions. London trade is very quiet, 
and orders are arriving at collieries only very slowly. 
Latest Exch quotations are:—Best branch hand- 
pat. 15s. to 16s. ; Barnsley best Silkstone, 12s. to 13s. ; 

ilkstone, 11s. 6d. to 12s. 6d.; Derbyshire best brights, 11s. 
te 12s. 6d.; Derbyshire house, 10s. to 11s. ; large nuts, 
108. to 11s. ; pon med 6s. 6d. to 8s. ; Yorkshire hards, 
9s. 3d.; Derbyshire hards, 9s. to 10s.; washed nuts, 8s. 6d. 
to 9s. 6d.; rough slacks, 5s. 6d. to 7s. 6d.; seconds, 
4s. 6d. to 5s. 6d. ; smalls, 2s. to 3s. 


Iron and Steel.—The iron market has not been very 
satisfactory on the week, “a the position has not 
shown any real weakening. hilst makers have dis- 
paves a tendency to advance prices, a few merchants 

ve been accommodating customers at lower figures, so 
that any tangible result is practically cancelled out. On 
the other hand, makers have not changed their attitude 
in consequence, and the bulk of the consumers are keep- 
ing out of the market for the time being. The common 
irons are in a good ition, with the Derbyshire makers 
asking increases. The -iron makers are busier than 
they have been for some considerable time. Good orders 
have been received from the wagon-builders and a con- 
siderable amount of overtime is being worked. Steel 
scrap remains in a depressed condition. Nothing has so 
far occurred to check the increasing prosperity of the 
general industries of Sheffield. The reports of arma- 
ment departments and shipbuilding branches being in a 
state of quite exceptional activity are amply confirmed 
in a recent statement made by one of the directors of 
Vickers, Limited, who said that their firm alone had 
5,000,000/. worth of shipbuilding construction work in hand 
for the British and foreign Governments. This will give 
some idea of the value represented by the orders on the 
books of the three big East End firms put together— 
Messrs. Vickers’, Cammell’s, and Brown’s. Some interest 
is evinced locally as to the effect upon Government order- 
ing of Mr. Churchill’s transference to the Admiralty, but 
whatever that may be, the present position of affairs in 
Europe is scarcely likely to mean less work for the arma- 
ment departments. ilway steel manufacturers are 
busily engaged on the extensive orders recently given out, 
and there is considerable work in prospect for makers of 
tramway material. Practically all the general steel trades 
are fully occupied. The demand for engineers’ tool-steel 
is growing, and there isa very big export of this and other 
special steels. American trade prospects also are better, 
and there is good reason to anticipate that all branches of 
the steel trade wil] be able to record a remarkable year. 





Coat Srorace.—On October 28 Mr. Edward A. Har- 
man, M. Inst. C.E., engineer and manager of the Hud- 
dersfield Corporation Gas Works, read a paper having 
the above title before the Manchester District Institu- 
tion of Gas Engineers. He dealt with the various methods 
followed in this country for the stacking of coal, stated 
their advantages and defects, compared tests made with 
fresh coal and coal which had been stacked, and expressed 
the hope that other members would contribute their 
experience to the question. 





Iron aND Stree Institute.—The Council of the Iron 
and Steel Institute have unanimously elected Mr. Arthur 
Cooper, of Middlesbrough, to succeed His Grace the 
Duke of Devonshire in the presidency of the Institute 
in May next. The presidency is held for two years, the 
Duke having been elected in 1909, in succession to Sir 
Hugh Bell, Bart. Mr. ArthurCooper was elected a member 

f the Iron and Steel Institute as far back as 1874, was 
appointed on the Council in 1894, and became a vice- 
resident in 1906. In 1892 he was awarded the Bessemer 
Bold Medal for his services to the —a of iron and 
steel. He is the managing director of the North-Eastern 
Steel Company, Limited, and is also a director of Messrs. 
rman, Long, and Co., Limited, Middlesbrough. 





A New Orpnance Map.--Mr. Edward Stanford, of 
12, 13, and 14, Long Acre, official agent for the “y= 
scale ordnance maps, announces the publication of the 
first 165 sheets of a new issue on the scale of 50 in. toa 
mile (1 : 1250). Hitherto, apart from the town plans, the 
largest scale on which urban districts have been obtain- 
able has been the well-known 25 in. to a mile, and the 
new issue is based on an enlargement of that map. The 
larger scale map has been specially prepared for use 
primarily in connection with land valuation, and the area 
senesedl G each sheet is one-quarter of that of a 25-in. 
sheet. @ size of the sheets is 40 in. by 27 in., and the 
price 2s. 6d. each. A number of sheets relating to dis- 
triets in the counties of Cheshire, Durham, Hampshire, 
Lancashire, Leicestershire, Northumberland, Sussex, 
and Yorkshire have already been issued, 


NOTES FROM THE SOUTH-WEST. 


Cardif.—One of the current features of the Welsh 
steam-coal trade is a keen demand on the part of the 
Italian Government, which requires large supplies of 
combustible in connection with the extremely serious 
conflict with Turkey into which it has drifted. “Business 
in steam-coal has, however, at the same time, been 
rendered difficult by delays in steamer arrivals, in conse- 
quence of unfavourable weather. The best large steam- 
coal has made 16s. 9d. to 17s. 3d. per ton; ordinary 
qualities have ranged between 15s. and 16s. 9d.; ordinary 
bunker smalls between 7s. 3d. and 7s. 6d.; and cargo 
smalls between 6s. and 7s. per ton. House-coal has 
remained at about its former level; the best ordinary 
qualities have made 14s. 6d. to 16s. 6d.; No. 3 Rhondda 
large, 17s. to 17s. 6d.; and smalls, 10s. 3d. to 10s. 6d. per 
ton. dda has brought 12s. to 12s. ba; 
> > ton. Foundry coke has 
made 18s. to 20s. 6d.; and furnace ditto, 16s. to 17s. per 
ton. As regards iron ore, Rubio has realised 18s. 6d. to 


19s. 6d. per ton, upon a basis of 50 per cent. of iron, 
and charges, instadiing freight, insurance, &c., to Cardiff 
or Newport. 


Bristol City Engineer.—Mr. T. H. Yabbicom having 
given notice of his intention to retire from the offices of 
city engineer and nay Re ae the sanitary committee 
of the Bristol City Council proposes, with the approval 
of the Council, me pew Mr. L. 8S. McKenzie, at present 
one of the divisional engineers, to the vacant offices, at a 
salary of 700/. per annum, rising in five years to 10000. 

annum, the amount now paid to Mr. Yabbicom. 

r. Yabbicom’s services are not to be entirely dispensed 
with; indeed, he is to receive 400i, r annum as 
consulting engineer, to be reduced at the end of five 
years to 2501. per annum. 


The Severn.—Mr. W. R. Needham, speaking on the 
question of the development of the Severn waterway at 
a meeting of the Worcester Chamber of Commerce, on 
Thursday, said he had always muintained that the im- 
provement of our waterways was more a question of 
organisation than of reconstruction. After pointing out 
that the railway companies found it much to their advan- 
tage to carry heavy goods by water, he said there was no 
doubt that if the Worcester and Birmingham Canal and 
the Severn Navigation were under the control of one of 
the great railways, the volume of traffic down the canal 
and the Severn would be much increased. But while 
that would be an advantage to the railways, it would not 
be for the benefit of the trading community. What was 
wanted was a waterway board, under which the several 
canals could be unified. There should also be legitimate 
competition between waterway and railway. 


New Slipway for Devonport.—A contract to build a 
large steel brow at No. 3 building slip, Devonport Dock- 
yard (from which the Centurion will be launched to- 
morrow week), has been let to Messrs. Redpath, Brown, 
and Co., Riverside Works, East Greenwich. The work 
has to be completed by February 4, as the brow will be 
required during the construction of another battleship, 
which is to be laid down soon after the launch of the 
Centurion. 





Motor Traction on British Canats.—The Canals 
Motor Navigation Syndicate, Limited, whose offices are 
at Nerfolk ‘emn Laurence Pountney-hill, E.C., are 
working in conjunction with Messrs. J. W. Brooke and 
Co., Limited, Adrian Works, Lowestoft, for the develop- 
ment of motor traction on our canal systems. Barges 
fitted with a 10-horse-power Brooke paraffin-engine have 
been running between Birmingham and London. An 
engine of this type propels a barge 71 ft. 6 in. long, 7 ft. 
beam, carrying 30 tons of goods on a 3-ft. 6-in. draught, 
at a speed of 3} miles per hour. 





Tuer LATE Proressor L. J. Troost.—We regret to 
record the death of Louis Joseph Troost, a veteran 
scientist, one of the last surviving links with the great 
scientists of the middle of the past century, a pupil and 
collaborator of Sainte-Deville, Hautefeville, Debray, and 
Marie-Davy Claire, who died in his eighty-sixth year, 
enjoying unimpaired faculties and excellent health almost 
up to his very last days. Troost was a chemist, and is 
most widely known, perhaps, for his early work on 
vapour densities and high-temperature research, and for 
his later investigations of the constitution of iron. Born 
and educated in Paris, he spent all his life in the capital 
of France, except four years, when he was teaching in 
Angouléme in the ’fifties. Up till 1900 he was professor 
of chemistry at the Sorbonne. He entered the Ecole 
Normale in 1848, and first made a name by his researches 
on lithium, then regarded as a rare element—though 
now known to occur almost everywhere, always, Lowever, 
in small quantities—and its compounds. When he took up 
the investigation of vapour densities and dissociation at 
high temperatures together with Deville, the preparation 
of suitable vessels and thermometers for the experiment 
caused the greatest difficulties. It was this work which 
secured wider acceptance to the doctrines of Avogadro 
and of Ampére. is subsequent work concerned mole- 
cular volumes, zirconia and its compounds, the allotropic 
state, the influence of gases dissolved in metals, and the 
porosity of metals ; one of the constituents of carbon-iron 
is named troostite, after him. His “‘ Traité Elémentaire 
de Chimie” has seen many editions. In 1884 he was 
elected a member of the Institut de France, as successor 
to Wurtz; Moissan, whom he survived, was his own 
successor when he resigned his professorship at the 
Sorbonne. He was a man of remarkable activity, both 





as experimenter and writer, 
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Tue TempPeRine or Tuninc-Forxs.—In giving tuning- | sodium nitrates, kept at 320 deg. Cent; it was found, 
forks their blue temper, the Reich:anstalt had formerly | however, that the tuning-forks became speckled, unless 
made use of a cylindrical oil-bath; that is to say, a| they were pre-heated in the air before being dipped into 
cylinder the air in which was heated with the aid of an | the fused salts, which would coat the fork with a crust of 
oil jacket. The oil had to be kept boiling by means of | solid salt. Air-baths were again resorted to, therefore, 


gas-burners, and this operation required constant atten- | but electric heating was adopted, as F. Gipel described | 
i A | the method is not economical. In recent years, fifty-two 


tion, although the vapours passed up a condenser and | in the Deutsche Mechaniker Zeitung of June 15, 1911. 
were returned to the Path, Experiments were therefore | clay cylinder is wound with bare constantan wire, which 
made with baths of fused mixtures of ‘potassium and | is covered by two layers of asbestos cord, and further by 


asbestos paper. A copper cup fits into the cylinder, 
forming a metallic lining for the bottom and the lower 
portion of the cylinder, in order to equalise the tempera- 
ture in the cylinder. The best temperature for producing 
the blue tint, 315 deg. Cent., can easily be maintained in 
this bath ; but the operation takes nearly an hour, and 


standard tuning-forks have been treated on an average Ly 
the Reichsanstalt in the course of a year, 
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NOTICES OF MEETINGS. 


Tue INstrruTION OF Post-Orrick ELECTRICAL ENGINEERS,—Mon- 
day, November 13, at 6 p.m, in the Lecture Hall of the Institu- 
tion of Electrical Engineers, Savoy-place, Victoria Embankment, 
va @ ental Contracts,” by Mr. W. 8. Mountain. 

Tue Surveyors’ Instrruti0n.—Monday, November 13, at 8 p.m. 
= President, Mr. W. Edgar Horne, M.P., will deliver an opening 

ress. 

Tue Instirure or Sanitary ENGineers.—Monday, November 13, 
at 8 p.m., at Caxton Hall, Westminster, S.W. A lecture will 
be given on ‘“‘ Camp Sanitation: My Experiences during the 
Annual Training, 1911,” by Sergeant Dunworth, 1st London 
(City of London) Sanitary Company, R.A.M.C.T. 

Tue INSTITUTION OF MECHANICAL ENGINEERS : GRADUATES’ AssO- 
CIaTION.—Monday, November 13, at 8 p.m. A paper on “ Modern 
Locomotives,” by Mr. James Brander, Graduate, of Bristol, will 
be read. Chairman, Mr. H. A. Ivatt, Member of Council. 

Tue Institution or Crvi, ENarnvers.—Tuesday, November 14, 
at 8p.m. Papers to be read :—‘‘ The Loch Leven Water-Power 
Works,” by Mr. Alfred Henry Roberts, M. Inst. O.E.; “‘ The Hydro- 
Electric Plant in the British Aluminium Company’s Factory at 
Kinlochleven,” by Mr. Frederic Bolton Sonnenschein, Assoc. 
M. Inst. C.E. 

Tae Royat Santrary Instrrurs.—Tuesday, November 14, at 
8 p.m., at 90, Buckingham Palace-road. A discussion will be held 
on “* Sewage Farms,” to be opened by Mr. H. A. Roechling, M. Inst. 
O.E., F.G.S (Fellow). The chair will be taken by Mr. H. Percy 
— M. Inst. C.E. (Chairman of the Council of the Insti- 
ute). 

Tue LInstrrotion or Exgcrrica, Enemesrs : Yorksiire Loca 
Secrion.—Wednesday, November 15, at 7.30 p.m., at the Hotel 
Metropole, Leeds. The chairman, Mr. T. Harding Churton, 
M.I.E.E., will deliver his inaugural address. 

Tue Royat Society oF Arts.—Wednesday, November 15, at 
8p.m. The opening address of the 158th session of the Society 
will be delivered by Lord Sanderson, G.C.B., K.C.M.G., LS.0O., 
Vice-President and Chairman of the Council. 

Tux RoyaL Merrorowoeicat Society.—Wednesday, November 
15, at 7.30 p.m., at the Institution of Civil Engineers, Great 
George-street, Westminster, 8S.W. Papers to be read :—1. “‘ The 
Abnormal Summer of 1911.” by Mr. Charles Harding, F.R. Met. 
Soc. 2. ‘* Notes on Solar Halos,” by Mr. Walter Larden, M.A. 

THe InstirvTion or ELEcTRICAL ENGINERRS.—Thursday, Nov- 
ember 16, at 8 p.m., in the lecture theatre of the Institution. 





Second informal meeting of bers and iat bers, for 
the purpose of hearing any further suggestions regarding the 
pro new articles of association. 


Tur INSTITUTION OF MINING AND MeraLiurey. — Thursday, 
November 16, at the Rooms of the Geological Society, Burlington 
House, Piccadilly, London, W., at 8 p.m. The follewing papers 
will be discussed :—“ Fallacies in the Theory of the Organic 
Origin of Petroleums,” by Mr. Eugene Coste, Member. *‘ The 
Economics of Tube-Milling,” by Mr. H. Standish Ball, M.Sc., 
Student. ‘‘ The Whim Well Copper Mine, West Pilbara, North- 
West Australia,” by Mr. H. R. Sleeman, Member. 

Tue NortTsampron Institute ENGINEERING Society.—Friday, 
November 17, at 5.45p.m. Mr. A. H. Perrett will read a paper on 
** The Design of Electric-Power Stations.” 

Tus INsTITUTION OF MECHANICAL ENoIneERS.—Friday, Novem- 
ber 17, at 8 p.m. Adjourned discussion upon the paper by Messrs. 
E. M. Eden, W. N. Rose, and F. L. Cunningham, on “ The Endur- 
ance of Metals; Experiments on Rotating Beams at University 
College, London.” Paper to be read and discussed (if time 

rmits) :—*‘ Double-Cutting and High-Speed Planing-Machines,” 

y Mr. J. Hartley Wicksteed, Past-President, of Leeds. 

Tue ILLUMINATING ENGINEERING Soctety.—Friday, November 17, 
at 8 p.m., at the Royal Society of Arts, John-street, Adelphi, 
London. The honorary secretary will present a brief + of pro- 
gress during the vacation, and a paper will be read by Dr. H. R. B. 
Hickman, M.A., M.B., M.R.C.S., ER C.P., entitled ‘‘ Notes on 
the Design of Motor-Car Headlights.” 
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THE STRENGTH OF MATERIALS. 


In his noteworthy presidential address to the 
Junior Institution of Engineers, delivered four 
years ago, M. Gustave Canet referred to the time 
when, as a young man fresh from college, he had 
discussed the principles governing the construction 
of ordnance with a reverence for formule and 
mathematical science which further experience 
showed him to be more or less misplaced. All 
young men, we think, leave college with very 
similar views, and are commonly quite confident 
that there exists a satisfactory and non-empirical 


36 | Science of the strength of materials. From calcu- 


lations based on a. few simple elementary prin- 
ciples the young student of engineering is quite 
ready to state boldly that such and such a bar or 
structure is safe or unsafe, whilst his more experi- 
enced elder is correspondingly more cautious and 
less dogmatic. Few living engineers can rival Dr. 
Unwin’s experience in the scientific testing of 
materials, or match his exceptional acquaintance- 
ship with the best work of the ablest investigators 
abroad. His experience goes back to the time when 
he was associated with Fairbairn in the experiments 
on the effect of repeated loads 3n a girder, which 
a little later led to the classical researches of 
Wohler on the effects of fatigue. To Dr. Unwin 
must also, we think, be given the credit of popu- 
larising in this country a knowledge of the memor- 
able researches of Bauschinger which resulted in the 
discovery of the fact that many materials had an 
“‘elastie range,” a conception which went far to 


653 | rationalise the purely empirical conclusions drawn 


from Woéhler’s experiments. The new President of 





the Institution of Civil Engineers is therefore pecu- 





liarly well fitted to pronounce an authoritative 
opinion as to the adequacy of the various theories 
as to the fixing of working stresses which have 
from time to time been pro Naturally, we 
are not a little gratified in finding that Dr. Unwin’s 
views on this head, as stated in his most interest- 
ing Presidential Address delivered last Tuesday 
evening,* are substantially in agreement with those 
which have from time to time found expression in 
these columns. 

The only rational theory as to the strength of 
structures yet offered is based on the circumstance 
that, if a bar of certain materials is loaded up to, 
and not beyond, a. certain limit, it recovers its 
original dimensions on the removal of the load. 
It was concluded, accordingly, that the bar had 
been totally unaltered by the loading it had under- 
gone, and the natural and logical deduction was 
that any stress not exceeding the elastic limit was 
safe. In the minor field of technology, as in the 
greater affairs of the world, pure logic is, however, 
likely to be a most misleading guide, and, as Dr. 
Unwin points ou‘ in his address, this theory, which 
is that most frequently adopted in technical schools 
and places where they teach, is, perhaps, the most 
ambiguous and elusive of all. Many metals have 
no elastic limit, as the term is commonly under- 
stood, and experience shows that a bad steel and a 
good one may have practically identical elastic 
properties. The basing of factors of safety on 
the elastic limit is thus in no way mcre scientific 
than the plan of making the working stress 
some fraction of the ultimate strength. The 
latter, indeed, probably gives a somewhat larger 
margin of security. Steels are known in which the 
elastic limit is nearly equal to the ultimate strength, 
but it is by no means certain that the comparative 
working strengths of such a steel and of an 
ordinary ductile mild steel are accurately propor- 
tional to their elastic limits. In some recent auto- 
mobiles, crank-shafts have been used, made from 
a special steel having a strength of over 100 tons 

r sq. in., and an elastic limit of but little less. 

o data exist by which safe working stresses on 
such a material can be fixed a priori, and as Dr. 
Unwin well points out, the use of scientific data 
and rational or semi-rational formule should not be 
allowed to conceal the fact that a purely empirical 
element is always involved in the fixation of work- 
ing stresses. Piano wire, for instance, has a tensile 
strength of about 110 to 120 tons per sq. in., and, as 
Dr. Pole pointed out years ago, such wires are com- 
monly strained in use up to very nearly their limit 
of resistance. Were a similar material built into a 
riveted girder, however, we believe it would be 
found necessary to greatly reduce the working stress. 
In short, the plan of basing working stresses on 
the elastic limit completely ignores the reserve of 
strength possessed by a plastic metal when subjected 
locally to stresses in excess of the yield-point. 
Recent researches in the mathematical theory of 
elasticity show, for example, that the stresses round 
a rivet-hole attain to no less than three times the 
average stress, and in this fact probably lies the 
explanation of the universal practice of using a 
mild material for riveted structures. 

A material like the special steel already men- 
tioned may possibly be stressed quite safely up to 
a large fraction of its ultimate strength, provided 
the conditions in which it is used are not likely to 
give rise to local concentrations of stress. In fact, 
it would seem that, to a very considerable degree, 
structures of ductile material may be proportioned 
on the basis of average stresses, whilst with harder 
materials scantlings must be fixed, so far as may be, 
by a consideration of the maximum stresses sus- 
tained. At the best, however, as has already been 
argued in these columns, the only really scientific 
method of proportioning a machine or a structure is 
by trial and error. Such a method automatically 
takes into consideration every ible straining 
action to which resistance must offered. Life, 
however, is too short, and the process too costly, 
for the plan to be followed in its entirety, and 
the engineer is therefore compelled to adopt a less 
certain, but more rapid and less costly, system of 
proportioning, in which he avails himself of every 
artifice suggested by the mathematical theory of 
elasticity, or by his experience of the behaviour of 
his materials under conditions as nearly similar as 
he can find. 

Dr. Unwin acutely remarks that most practical 
problems in designing, if traced to their foundation, 





* We publish Dr. Unwin’s address on page 643, 
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are merely applications of the law of similarity, 
which, he suggests, is really the basis of the so-called 
‘* mechanical instinct ” which many practical engi. 
neers have developed to so high a pitch of utility. 
Within the limits of their experience such men 
completely out-class the mathematical analyst, 
fixing proportions and guessing weights with an 
accuracy truly astonishing. One man of this type, 
we remember, had, as the result of long experience, 
an extraordinary instinct for fixing the proportions 
and estimating the cost of railway bridges of the 
type common on British railways, where considera- 
tions of weight are of much less importance than 
questions of durability. His limitations, however, 
became immediately apparent when his firm were 
called on to tender for bridges to be sent many 
thousand miles over seas and up country, and where 
it was accordingly essential to save every pound of 
useless weight. Here he utterly failed, and his 
firm were only rescued from their dilemma by call- 
ing for the assistance of a lad in little more than his 
teens, fresh from a technical college, and with but a 
few months’ shop experience. 

At their worst bridges are relatively simple struc- 
tures, but elsewhere engineers have often to make 
provision for resisting very complicated straining 
actions. Even where these are statically deter- 
minate there is as yet no general agreement as to 
what criterion of strength should be adopted. 
Many of those who have developed the theoretical 
side of the subject have adopted the hypothesis 
that the danger of failure is proportional to the 
maximum strain experienced; that is to say, to the 
maximum amount by which the distance between 
adjacent molecules has been increased. There is 
a certain semblance of logic in this hypothesis 
which makes it a very attractive one; but it re- 
ceives no support from either experience or experi- 
ments. The results of the latter are, however, 
conflicting, as they seem to show that the failure 
of ductile materials depends upon the maximum 
shearing force to which they are subjected, whilst 
with non-ductile materials failure seems to be 
determined by the value of the principal stress. 

Where the stresses are indeterminate other 
considerations arise, and we are very much inclined 
to doubt whether, in such cases, the value of 
the maximum stress, as calculated by the mathe- 
matical theory of elasticity, bears any very direct 
or simple relationship to the safety of the struc- 
ture. Elasticians tell us that if a hole, even 
révo in. in diameter, be drilled through the 
centre of a rotating disc, the stresses due to the 
centrifugal forces are immediately doubled in value. 
Were such disc spun up to the bursting point, 
however, we question whether it would fail at any 
notably less speed than a similar unpierced disc. 
The old puzzle as to the strength of solid beams 
affords another and better known instance of the 
fact that calculated stresses in compound structures 
afford only partial and imperfect evidence as to its 
danger of failure. 

In the second portion of his address, Dr. Unwin 
deals with an equally controversial, but less tech- 
nical, matter of y ww A general agreement as 
to methods of training engineers is, perhaps, even 
less likely of attainment than is the adoption of a 
universal and uniform system of basing working 
stresses, and it would be impossible to discuss Dr. 
Unwin’s recommendations briefly. We hope, how- 
ever, to deal with them in a future article. 





WEAR OF RAILWAY TYRES. 

Tue state of the tyres is often the deciding factor 
when it becomes a question of temporarily with- 
drawing rolling-stock for repairs. Under many 
conditions it is far more than this. It frequentl 
happens that it is the sole reason for keeping ree | 
out of service when, in other respects, it is in good 
order, and tyre wear is therefore a matter of great 
importance, not only from th» point of view of cost 
of maintenance, but also because of its crippling 
effect on the earning capacity of the stock. 

Wear of the tyres takes two forms, one of which 
is known as ‘‘ tread wear,” and is due to the rolling 
of the tread on the rail, the unavoidable slipping 
of one wheel or the other on curves, &c., and the 
action of the brake-blocks on the tyres. The 
second form of wear affects the flanges, the easy 
curve at the heel or root of the flange being cut 
away, leaving a sharp flange of a shape 
result in accident. The relative seriousness of 
these two forms of wear depends on many factors. 
Curvature of the road worked over, and the 
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length of the rigid wheel-base of the vehicle, most 
marked, generally, in the case of locomotives, are 
probably the most important items, though, of 
course, with these, speed also comes into the ques- 
tion, and in some cases—as, for instance, with 
locomotives—the efficacy of guiding devices also 
plays a part. With great curvature of the road 
flange wear becomes very much more important 
than tread wear, and several expedients are re- 
sorted to in the attempt to ameliorate these con- 
ditions. Efforts to reduce this wear by employ- 
ing harder tyres result, of course, in it being trans- 
ferred to the rail, whose life is thus shortened. 
The engineer is thus between the devil and the 
deep sea. A working compromise is all that is 
commonly secured, there being properly some most 
economical distribution of wear between the rail 
and the tyre, which, with the aid of experience, 
may be arrived at by careful adjustment of their 
relative hardness. The situation is sometimes 
helped out by the provision of guard-rails stiff 
enough to hold the vehicle off the outer rail, by 
means of the back of the inner wheel-flange. This 
only transfers the wear to another point, and thou sh 
the expedient has been made to serve, it is by no 
means the best that can be done under many 
circumstances. 

A glance at a tyre template will show how great 
is the waste occasioned by sharp flanges, and all 
flange wear, when it comes to re-turning. A 
diagram illustrative of this is contained in the 
report presented to this year’s convention of the 
American Railroad Master Mechanics’ Association, 
by its Committee on Flange Lubrication. This 
diagram shows how much of the tread of the tyre 
has to be turned off in order to build up again a 
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flange of the proper section, if it has become worn 
in the usual manner. With only ,}, in. tread wear 
in conjunction with a worn flange, the thickness of 
the tyre has to be reduced, in the case illustrated, 
another # in. on the tread in order to form a flange 
to template. On the other hand, a tyre worn on 
the tread, but not at the root of the flange, only 
needs cleaning up to the desired taper on the 
tread, and the flange trimming up. Of these two 
operations, the latter does not affect the life of the 
tyre, while the former can be effected with very 
little loss of life, so that for an approximately equal 
reduction of tyre thickness on the tread, with 
flange wear only three-fifteenths of the reduction 
results from useful work, and twelve-fifteenths is 
pure waste, while with tread wear only as much 
as, and even more than, eleven-fifteenths may go 
in useful work, and the small remainder in trimming 
up the flange. 

Most of the railroads reporting to the Master 
Mechanics’ Committee give evidence to the effect 
that the mileage between re-turning of locomotive 
tyres is very seriously affected by wear of the flanges. 
In the case of some roads with certain classes of 
engines on mountain divisions only half or one-third 
the estimated proper tyre-mileage is obtained. In 
the case of yard engines it is sometimes only one- 
tenth of the proper mileage life. Twenty-one systems, 
or large divisions of important roads, reported to the 
Committee on this question, and of these, twelve 
give figures showing the life to be much smaller 
than it would be if tread wear alone occurred. Of 
the nine remaining, two roads only state that tyres 
last for their full estimated life, while the other seven 
have refrained from offering statistical evidence, 
in some instances for very evident reasons. A very 
instructive table has been drawn up by the Atchison, 
Topeka, and Santa Fe Railway, based on the average 
for a class of 4-4-2 type engines, with which, as a 
matter of fact, the particulars of loss due respec- 


tively to wear and to re-turning, already referred 
to, have to do. This table shows that the mileage 
between turning for flange wear on these engines 





was 18,600 miles. The tyres only stood three 
turnings, resulting in a total life of 74,400 miles. 
Between turnings for tread wear it was subsequently 
found that the tyres would run for 60,400 miles, 
and with three turnings this gave a total life of 
241.600 miles, or about 3} times as long. 

We give herewith a figure which illustrates this 
point. It is taken from the paper entitled ‘‘ Loco- 
motives Designed and Built at Horwich, with Some 
Results,” by Mr. G. Hughes, read before the 
Institution of Mechanical Engineers in 1909, at the 
Liverpool Meeting. It is usual in English practice 
to turn all tyres of coupled wheels down to the 
diameter of the most worn wheels. This involves 
considerable loss, of course, on wheels which 
ordinarily wear slowly. American practice, as will 
be seen below, is often different in this respect. 
The accompanying figure represents the tyre 
templates of a six-coupled goods engine. The 
dotted line represents the original thickness, and 
the full line the wear. In re-turning, to bring the 
tyre again to template, machining has to be con- 
tinued down to the chain-dotted line. It will be 
noticed that the flange wear is severe for the 
leading tyre, and this tyre diagram shows how much 
unavoidable waste occurs in the process of building 
up a good flange again. The wear to the driving 
and trailing wheels is not nearly so severe, and these 
wheels would clearly show a much higher mileage 
per 4 in. reduction of thickness were it not for the 
need of turning the set down to uniform diameter. 
The mileage per 4 in. reduction for this engine is 
9105 miles. The loss of tyre mileage by turning to 
uniform diameter is estimated at 80,942 miles in 
this instance, due largely to the flange wear of the 
leading wheels. Other diagrams illustrating tyre 
wear, in Mr, Hughes's paper, are equallyinteresting. 
For instance, in the 4-4-Oand 4-4 2 types, where the 
guiding effect of the leading truck comes in, the 
result is shown by heavy flange wear on the leading 
bogie-wheels, which necessitates so much turning 
down that mileage per { in. reduction of 21,553 
and 9497 miles respectively is obtained on these 
wheels, compared with which the wheels of the 
second axle of the bogie show 60,340 and 17,412 
miles for 4 in. wear for the two types. The leading 
drivers show considerable flange wear in the case 
of the 4-4-2 type, as do the trailing wheels. In a 
2-6-2 type of tank engine the leading drivers show 
a good deal of flange wear, but the leading wheels 
(radial axle)show much less. Similarly in a 2-4-2 
tank the leading drivers show considerable flange 
wear. Such results would seem to lead to the con- 
clusion that, even if no other expedients were 
possible, it would prove beneficial if the guiding 
effect of the truck were to be increased. It is evi- 
dently better to have to turn up one pair of bogie 
wheels than to have to reduce to uniform diameter 
a whole set of drivers. 

The second loss resulting from excessive flange 
wear involves frequently great inconvenience. It 
is dependent, however, in intensity on many factors, 


which vary in every case. The practice of dealing . 


with worn tyres differs ; the facilities for re-turning 
vary, so that it is impossible to suggest any length 
of time for the enforced idleness due to the neces- 
sity of attending to the tyres. In America practice 
permits of the employment of many methods which 
are not at present tolerated here. The tyres are, 
for instance, sometimes removed from the wheels 
by means of heaters, without taking the wheels out, 
and they are similarly replaced. Drop-pits for 
expediting the removal of wheels are in use in both 
countries, but it is only at certain sheds that they 
can be provided. At the large shed with pite and 
lathes on the spot, but little delay may occur in 
doing what is necessary to tyres ; but at the small 
centre it cannot help being considerable. The 
lifting appliances are often, in these cases, crude, 
and the wheels must be sent away to be turned, 
so that it is just where the stock is small, and the 
temporary loss of a unit most severely felt, that 
worn tyres may cause the maximum of incon- 
venience. The time an engine may be kept out of 
service for attention to worn tyres may thus vary, 
according to practice and facilities, between five 
hours and a large number of days, during which 
time it, of course, earns nothing, in addition to 
which account has to be taken of the cost of taking 
out and of changing the tyres or of turning them up. 
In order to reduce expense and keep the engines out 
as long as possible, it is the practice on some 
American roads to change the tyres, shifting those 
from wheels where the wear is least to those 
where it is greatest. In this way an engine may 
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be kept at work until it has be be shopped for 
tread wear or for general repairs. 

Such methods will probably not commend them- 
selves to the generality of British engineers, and 
there are other and better means of overcoming the 
trouble. We refer to the lubrication of the side of 
the head of the rail, in order to reduce the wear 
which concurrently occurs there and on the flange. 
The lubrication of the rail may be effected in several 
ways. It may be direct, or it may be indireot. 
Several devices have been tried with the object of 
providing a direct system, while cruder systems of 
application by hand have also been attempted. 
The indirect system consists in lubricating the 
flanges of the wheels, whence the lubricant is trans- 
ferred to the side of the rail-head. This seems in 
many cases to have proved most efficacious, though 
all the systems tried have not proved equally suc- 
cessful. The systems reported on by the Master 
Mechanics’ Committee cover the use of crude 
oil, engine and car oils, solid lubricant, water, 
and exhaust steam. Some of these are not new, 
of course, but the information brought together 
in this report probably covers for the first time 
the use of so many systems on a large number of 
independent roads. The particulars as to the value 
of the use of water or steam as a flange lubricant 
are meagre, though one line states that water 
sprayed on to driving-wheels of passenger engines 
has increased the life between re-turning three or 
four-fold. The solid-lubricant system is perha 
the simplest, but it is reported to fail to give satis- 
faction in either hot weather or cold. In simplicity 
some of the cruder devices using oil probably rank 
next, such as, for instance, waste saturated 
with oil, held up against the flange; but these 
devices also appear to fail in cold weather. 

There are several points to be thought of in 
deciding on a system. It is necessary that the 
lubricant shall be of such consistency that it will be 
able to resist being thrown off the flange. There 
must also be no risk of application of the lubricant 
to the tread, The systems apparently conforming 
best to these and other requirements employ crude 
oil containing a high percentage of saben, with 
gravity or pressure feed. Reports of the use of 
such systems are most satisfactory, and several 
hundreds of engines are so equipped in the United 
States. Among the appliances working on these 
principles is the Elliott flange-lubricator, which we 
illustrate on another page this week. 

At twenty-two centres from which reports were 
sent in it is the opinion, except in four instances, 
that flange wear is much reduced by lubrication. 
Of the four exceptions, one stated that its experi- 
ence was too limited as yet to determine the point, 
and only one produced any evidence supporting its 
conclusion that it was of no service. By far the 
majority of the other lines report that tyres will 
run, if lubricated, until re-turning is necessary on 
account of wear on the tread. The life between 
turnings is increased in some instances from three 
months to twenty, or six weeks to six months. In 
other instances, measured in mileage, the improve- 
ment is from 25,000 to 75,000 miles, from 8000 to 
30,000, from 30,000 to 100,000 miles, and so on. 
Another line reports that whereas formerly it was 
able to obtain only half the proper life as deter- 
mined by tread wear, now it obtained the full life. 

The Kansas City Terminal Railway reported a 
case of a yard engine wearing its tyres so sharp on 
the flange in three months that they had to be 
changed. The opportunity was taken to fit on a 
fiange-lubricator, after which the engine stayed 
in service thirteen months, when, though the tyres 
were still in good condition, it had to be shopped for 
other repairs. Another interesting case is reported 
from the Atlanta, Birmingham, and Atlantic Rail- 
way. In this instance an engine had worn its 
flanges sharp after about 18,600 miles. As it could 
not be - omer a flange-lubricator was fitted, and it 
ran another 34,500 miles without further appreci- 
able wear, after which the tyres were shifted, and 
the engine still kept in service. The Southern 
Pacific Railway estimates that it saves 16,710 dols. 
per year on the tyres of sixty-nine consolidation 
engines on one of its mountain divisions, and 
7390 dols. on the tender tyres, owing to reduced 
cost of attention to and work on the tyres, due to 
the adoption of lubrication. Other reports are no 
less interesting. The Wabash Pittsburg Terminal 
Railroad states that since adopting the system 
tyres are only turned because of wear on the tread, 
and not on aceount of sharp flanges. 

The improvement is naturally not confined to the 
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wheel ; the rail also benefits. Though exact figures 
are not available, it is estimated that, on the New 
Mexico division of the Santa Fe road, the life of 
rails in certain places has been increased from 13 
to 15 months. On the Southern Pacific Railway, 
on bad curves, where the life was formerly 8 or 
10 months, it has been extended to three years or 
so. There is thus plenty of testimony favourable 
to flange lubrication where, from the nature of the 





country or district, sharp curves are unavoidable. 





BLADELESS TURBINES. 
From a recent issue of the Scientific American 
it appears that Mr. Nikola Tesla has revived a 
method of steam-turbine construction which recalls | 
one tried here some nine or ten years ago. The 
idea was patented by Mr. E. C. Thrupp in 1901, but | 
Mr, D. J. Smith, of 58, Compton-street, E.C., | 
informs us that at a still earlier date he assisted | 
an Australian inventor to experiment with a similar | 
type. The Tesla turbine is represented dia-| 
grammatically by Figs. 1, 2, and 3, which we 
reproduce from the Scientific American. As will 
be seen, its meehanical simplicity is extreme. 
The whole machine consists of a series of 25 
thin discs 18 in. in diameter and , in. thick 
mounted side by side on a shaft, with a small 
clearance between them. Steam is admitted 
tangentially through a nozzle on the right, and 
after flowing through the interspaces between the 
at the centre, causing the rotor to 
rotate by its frictional drag on the discs. To reverse 
the direction of rotation, the nozzle on the right is 
closed, and that shown on the left opened. 
Mechanically nothing could be simpler, but un- 
fortunately this mechanical simplicity is purchased 
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at the expense of hydraulic inefficiency, as any of the 
various inventors, who have experimented on the 
device, could have ascertained they applied to 
someone with a competent knowledge of theoretical 
mechanics. That the system is likely to be defective 
in this respect is obvious from the consideration 
that in a perfect turbine the steam must expand 
adiabatically. Now, in turbines of the type under 
consideration, the whole impelling force is due to 
the fact that the fluid slides over the surfaces of 
the discs with friction, against which it does work, 
and this frictional work is returned to the steam as 
heat. The whole impulsion of the rotor accord- 
ingly is dependent on the wasting of work by 
friction. f there were no friction, the steam 
would expand adiabatically, but would do no work, 
whereas, in the case of an ordinary turbine, could 
adiabatic expansion be secured, the efficiency would 
be a maximum. It can be shown, in short, that 
the maximum possible hydraulic efficiency of such 
a turbine is 50 per cent., and any experiments 
showing a better result than this can safely be 
discarded, though some allowance may be neces- 
sary for the fact that an hydraulic efficiency of 
50 per cent. may, in a compound turbine, owing 
to the reheat factor, correspond to a somewhat 
higher thermodynamic efficiency, since the work 
wasted in friction at the high-pressure end of such 
a turbine is partially recoverable in subsequent 
stages. 

Obviously, the system of maintaining a motion 
and doing work by the frictional drag of a fluid is 
not confined to cases of rotation, and the mathe- 
matical aspect of the questionis, perhaps, more simply 
presented if we consider a case of rectilinear motion. 
Thus, suppose a stream of fluid moving at v ft. 
a second to be discharged into a tank mounted on 
wheels. Let the latter at the outset be held fast, 
then, although the jet exercises a frictional drag on 
the tank, no work is done, since motion of the latter 
is prevented. The frictional drag on the tank is 
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ar to the momentum destroyed per second ; or if 
denote the weight discharged per, second, the. 


thrust on the tank is given by the relation T = We. 


g 
At the same time the kinetic energy destroyed 


per second is W i Next assume the speed of 
the jet and the speed of the tank are both increased 
by the amount s. Then assuming, as before, that 
the fluid merely collects in the tank, the frictional 
drag is unaltered, since the fluid enters with an 
absolute velocity v + s, and remains there with 
an absolute velocity s. Hence the frictional drag 


impelling the tank is again T = W,, and the 
useful work done per second in propelling the tank 
is Ts = Ne 8. 


g 
The kinetic energy supplied bythe jet is now, how- 
W (vw + sp 
ever, — : 
g 2 
Hence the efficiency of the device is 


Ww os . W(v+sP_ 2vs 
9 “g 2 (v + s)* 
By differentiation, it is easily seen that this is a 
maximum when v = 3s, in which case the efficienc 
is 4. Finally, let the speed of the jet be still 
further increased by an amount y, whilst the s 
of the tank remains constant at s. The fluid is 
now delivered from the tank with an absolute velo- 
city s + y, and arelative velocity y. The case, 
therefore, is exactly analogous to the Tesla turbine. 


The frictional drag remains the same as before— 
viz., T= V », and the work done is still ¥ » s. 


q 
The kinetic energy supplied is now, however, 


Fig.3. 








wetst yy so that the efficiency is eee =9 

q (vts+y)? 
which is less than when the whole of the fluid 
remained, and moved with the tank. In that case 
the maximum possible hydraulic efticiency was 50 per 
cent., so that when the fluid is delivered as it is in 
the case of the Tesla turbine, the hydraulic efficiency 
must be less than 4. Of course, the motion in the 
latter is not rectilinear, but the argument above set 
forth applies identically, if for linear momentum 
we substitute moment of momentum, for frictional 
drag frictional torque, and for linear velocity an- 
gular velocity. 

To make an efficient turbine of the device it 
would be necessary to provide vanes. We should 
then get a construction analogous to the ‘‘ Jumbo ” 
turbine patented and experimented with by Sir 
Charles Parsons many years ago. This was aban- 
doned because it was found that any solid particles 
which might accidentally get into the turbine were 
kept in a constant state of flux between the rotor 
and the standing portion of the machine. They were 
carried in with the steam and flung out again by 
the centrifugal force, and the wear was consequently 
excessive. 





THE METROPOLITAN WATER SUPPLY. 

Ir is well known that, in accordance with sound 
principle, the Metropolitan Water Board are taking 
steps to increase the storage capacity of their works. 
This move is one of importance for several reasons. 
In the first place, the growth of population in the 
area served has resulted in an expansion in the 
demand for water for several years, and the prob- 
able continued increase in the future renders it 
essential that adequate steps should be taken to 
ensure growth in supply commensurate with still 
greater requirements during the years to come. For 
this reason alone, therefore, it is necessary that 
the capacity of water storage should be enlarged. 
In addition there is the advantage of having such 
ample capacity that in times of flood the water 
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may be drawn off, to serve in times of less copious 
supply. Working this principle to the limit would 
entail withdrawing water from the river supplies 
only in flood time, and storing it in such quantities 
as not only to reduce the risks of flood, but also 
to avoid withdrawing from the rivers at other times. 
The third and perhaps the most important reason 
for securing ample storage, if anything in advance 
of increase of population, arises from the necessity 
of reducing to a minimum the risks of water-borne 
disease. In this connection the Board’s Director 
of Water Examination, Dr. Houston, carried out 
recently some very convincing experiments. Dr. 
Houston infected raw river water with typhoid 
bacilli, and found that on the water being kept the 
bacilli perished rapidly. In two experiments the 
typhoid bacillus was dead within one week, and in 
two others it was dead within two weeks. On the 
twenty-fourth day after the commencement of the 
test, Dr. Houston drank half-a-pint of the. water 
which had been infected without any harm. The 
value of lengthy storage is thus demonstrated, and 
for these and other the reasons already mentioned 
steps have been taken to increase the reservoir 
capacity of the Metropolitan works. 

he existing storage capacity amounts to 9745 
million gallons. The population served at the 
present time numbers about 7 millions, and the 
average daily supply, according to the last report, 
is about 223,461,000 gallons. It is estimated that 
in 1941 the population supplied will probably 
number about 12 millions, and that the daily sapply 
will then need to be about 420 million gallons. 
At the present time 55.5 per cent. of the water is 
drawn from the Thames, and by the time a supply 
of the amount above cited is required, it is calcu- 
lated that 71.4 per cent. of the water will have 
to be taken from the Thames. To provide for this 
would require a storage capacity in the Thames 
Valley of 27,276 million gallons, of which about 
7000 million gallons is now available, leaving 20,000 
million gallons additional storage to be provided. 

In 1910 a scheme was drawn up by the Board for- 
mulating this undertaking, and a Bill was intro- 
duced into Parliament in the early part of this 
year providing for the construction of eight new 
storage reservoirs, but the project has since been 
modified. The proposed reservoirs were, with one 
exception, in a group in the vicinity of Staines. 
The sites for Nos. 1 and 2 lay between the Thames 
and the London and South-Western Railway, west 
of Staines, at Wraysbury. That for No. 3 was 
between Horton and the London and South-Western 
Railway, a little further west. The site for the 
a aang reservoir No. 4 was near Runnymede, 
vetween Colne Brook and the Staines Branch of 
the Great Western Railway. No. 5 was planned 
alongside the existing Staines reservoir, near Staines 
Moor. Nos. 6 and 7 were to be near Littleton, 
while No. 8, away from the others, was to be on the 
north side of the river west of Sunbury. 

This scheme was not proceeded with in complete 
form owing to opposition by public authorities and 
others. The last-mentioned reservoir, that opposite 
Walton, was abandoned, and for the moment Parlia- 
mentary sanction has only been obtained for the 
construction of reservoirs Nos. 5,6, and 7. The 
former when constructed will have a capacity of 
about 2290 million gallons, while the two latter 
together are expected to have a capacity of 
7312 million gallons. In addition to these under- 
takings, the Bill, to which Royal Assent was given 
in August last, provides for the construction of two 
other reservoirs, one near Greenford, on Horsenden 
Hill, and one at Wembley, on Barn Hill, with con- 
duits, &c. These, however, are service reservoirs, 
and not storage reservoirs in the ordinary sense. 
There is thus in contemplation additional storage 
for nearly some 9600 million gallons in the Thames 
Valley, for which sanction has been obtained. 

The latest addition to the storage reservoirs of 
the Board was that which was officially opened by 
the Lord Mayor of London with no little ceremony 
on Saturday last, the 4th inst. This reservoir is 
situated in the urban district of Kast and West 
Molesey, on the south of the Thames. It occupies 
an island bounded by the Rivers Ember and Mole, 
and has been named the Island Barn Reservoir 
after some farm buildings, part of which still 
remain on the site. The situationSof this reservoir 
is shown on the map, Fig. 1, on this page, while a 

lan of the reservoir itself is shown in Fig. 2. 

his reservoir has been constructed upon land 
acquired by the Lambeth Water-Works Company. 
In 1907 the Metropolitan Water Board obtained 
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powers to construct it, and work was commenced 
upon it in October, 1908, the contract having been 
let to Messrs. Robert McAlpine and Sons at the 
sum of 152,727/. The reservoir has a capacity of 
1000 million gallons, and, when filled, the water 
surface is about 120 acres in extent. 

The embankment enclosing the reservoir is com- 
posed of the material excavated from the site, about 
950,000 cubic yards of earth having been utilised 
in this part of the work, exclusive of the 112,000 
cubic yards of clay used for the puddle trench inside 
the embankment, and of a length of 3000 yards. 

The puddle trench is carried down to the 
London clay through a bed of gravel. In the 
embankment proper, the puddle is 9 ft. thick, 
reduced to 5 ft. at the top; but below the normal 
ground level the thickness is reduced to 6 ft. 

The interior face of the embankment is on a slope 
of 4to 1 for the lower unlined portion, and of 3 to 1 
for the upper lined portion. The outside slope is 
about 2} to 1. The interior slope is lined with 
concrete slabs measuring 5 ft. by 4ft. 10$in. by 
6in., extending from 104 ft. to4 ft. below top 
water-level. Above the later level the lining is 
composed of concrete blocks 2 ft. 8 in. by 8 in. by 
8 in., the whole being finished by a moulded con- 
crete coping. 








The inlet is shown in Figs. 3 and 4, on the 
opposite page. There are five 36-in. mains pro- 
vided for at these works, communicating with the 
Walton pumping-station and the Knight and Bess- 
borough reservoirs at Walton, and also with the 
Molesey reservoirs. Water can, if necessary, be 
run by gravity into the Island Barn reservoir from 
the Walton reservoirs, the top water-level having 
been kept at the necessary height for this to be 
possible. The five inlet-pipes are shown in the 
plan, Fig. 4. They are carried up the outer slope 
below the surface, and are supported on concrete 
blocks. They terminate in a trough or basin pro- 
vided with a granite sill, below which is a spillway 
with the upper steps of blue bricks, and the lower 
sills of concrete. At the top sill the inlet works 
are 52 ft. across between walls, but lower down the 
sills are 30 ft. between the concrete side-walls. 
At the base is an apron 60 ft. by 30 ft, composed 
of concrete slabs 12 in. in thickness. A coping, 9 in. 
high and 18 in. wide, is carried round the sides of 
the apron. The upper part of the works is finished 
with granite balustrade and coping. == 

The outlet works are illustrated in Figs. 5 to 10. 
They consist of two ate gene 
passing under the puddle trench, «Xc. e two 
valve-towers are pineal one 36 ft. inside and the 
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the reservoir. It contains a shaft 10 ft. in diameter. | The outlet tower is similar in its main features to 38 ft. above mean river level. 
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INDEBTEDNESS AND SOLVENCY OF 
METROPOLITAN BOROUGHS. 


In the past ten years the metropolitan boroughs 
have borrowed 8,914,1871., and although there has 
been a falling-oft of loans under all heads during 
the later years of the decade, principally under the 
heads of ‘‘lighting” and ‘‘ paving works,” the 
London County Council have issued a special 
minute on the subject with a view of urging greater 
caution on the part of these boroughs in adding to 
their already heavy debts. The London County 
Council, it will be remembered, is the sanctioning 
authority for most of the loans raised by the 
metropolitan borough councils, although since 1900 
these councils have had a right of appeal to the 
Local Government Board. Six appeals have been 
made, but in only one case was the decision given 
against the London County Council’s attitude. Now 
it is pointed out that the last quinquennial valua- 
tion, taken this year, showed, for the first time, 
a decrease in the assessable value of the County of 
London. In the aggregate this decrease, it is true, 
is small, being 189,505/., due in large measure to 
the effect of finance legislation upon the valuation 
of licensed property ; but beyond this there was 
‘*indication of arrest in the expanding power 
of the assessable value of the county,” which is 
‘*of importance in considering the burden on the 
rates of future years which borrowing involves.” 
It is, too, in the boroughs less able to bear the heavy 
burdens that this decrease has arisen, and amounts 
in some cases to nearly 5 per cent. The Finance 
Committee of the County Council consequently 
urge more careful scrutiny as regards loans, because 
‘*if the local rate in any borough is much in excess 
of the average throughout the county, whether the 
average be regarded as high or low, the fact is 
likely to affect adversely the assessable value of 
that borough by driving away the population and 
reducing rents, and this in turn must involve a 
further increase of rate; if the rates became 
unduly high, this might in course of time affect 
srejucicially the security for loans advanced to the 
lool authority.” No mention is made of the 
capitalist who is anchored in such boroughs, and finds 
himself handicapped in the struggle for work owing 
to the high rates, and to the increased cost of 
living, which results from high rates upon house 
and shop property. No more convincing state- 
ment of the evils of extending municipal trading 
could have been made, and the warning ought to 
be carefully kept in mind. 

The procedure adopted by the Finance Com- 
mittee in recommending the sanctioning of a loan 
includes, in the first place, consideration of the 
financial position of the borough—its existing debt, 
assessable value, the extent of local and county 
debt chargeable on the rates, and the percentage 
which oak debt bears to assessable value, the 
proportion due to unremunerative debt, and the 
amount of the local rates. In the second place, 
the accuracy of the estimated cost of the work is 
investigated with the assistance of the professional 
officers of the County Council. The third point 
has reference to the necessity for the work for 
which the loan is desired. Here, of course, there 
is room for wide latitude in decision, but no 
strictures are don the greatest evil—un- 
justifiable trading. The Council very properly 
state that paving works, because of their constantly 
recurring nature, should be paid for by the current 
revenue. Even in the case of original permanent 
paving, where there is more tendency to permit 
a loan, the Finance Committee try to get the 
borough council to do the work in such sections 
as will enable it to be paid for out of the rates. 

As to the repayment of the loan, the general 
principle adopted is that the loan should be repaid 
during the ‘‘ life” of the work, so as to preclude 
the possibility of future ratepayers being saddled 
with the cost of exhausted works. Two of the sub- 
jects of appeal to the Loca) Government Board 

ave arisen in connection wita this matter. The 
Poplar Metropolitan Borough Council appealed 
against the decision to limit the period of repay- 
ment of part of the loan for paving works to five 
instead of ten years, the plea for the County 
Council in favour of five years being that the 
need for all the paving was not proved, and the 
financial circumstances of the borough. But the 
Local Government Board gave Poplar permission 
to extend the repayment of the loan over twelve 
years. In the case of an appeal by the Hackney 
Council the decision of the County Council was 





. 


maintained that the loan for Jarrah wood-paving 
should be repaid in seven instead of ten years, 
and for repaving in three instead of seven years. 
In 1908 the Electric Light Supply Act provided 
that in the case of loans for freehold land, and local 
improvements which include the cost of freehold 
land, the time for repayment should be 60 years, 
and in some cases under the Housings Act the 
statutory term is 80 years ; but the County Council 
are trying to reduce the period. In the case of 
loans for substantial buildings—say, for housing 
purposes—the maximum period allowed is 60 
years ; for electricity buildings, 50 years; and 
for town halls and other buildings, 30 years. It 
is difficult to understand the reason for these dif- 
ferences. Up to 1906, most of the loans for electric 
light plant were sanctioned for an all-round term 
of 42 years, although this period, according to 
the Finance Committee, exceeds the probable life 
of some of the mechanisms for which such loans 
were required. His Majesty’s Treasury exacted 
the condition that if renewals were necessary 
during the 42 years, the cost of these should con- 
stitute a maintenance charge. The practice, how- 
ever, now is to considerably limit the term, the 
repayment period for plant and machinery being 
20 years. The County Council has made great 
endeavours to induce borough councils who have 
loans for a period of 42 years to reduce the 
outstanding periods of repayment for such loans. 
This is undoubtedly a wise proceeding, because 
machinery depreciates at a much greater rate than 
is met by the 42 years term of the loan, apart 
altogether from the probabilities of such plant 
becoming obsolescent. 





NOTES. 
THE TRAINING OF NAvAL OFFICERS. 

THE critics of the new scheme which provides 
for common entry and training of all naval officers, 
irrespective of the branch of the service in which 
they are ultimately to take rank, have all along 
contended that, apart from the insufficiency of the 
special education and experience required for un- 
dertaking the responsible duties of the respective 
ranks, there was possibility of failure owing to lack 
of volunteers for some of the branches of the 
service. The military officer of the ship is practi- 
cally always ‘‘in the limelight.” He has oppor- 
tunities of adding to his emoluments by special 
grants in the form of pilotage money, &c. In action 
he has chances of distinguishing himself which do 
not arise in the case of other officers, and thereby of 
securing promotion, honour, and distinction. In 
peace, too, honours have gone tothe military officer 
more freely than to the other branches, even when 
allowance is made for the numbers of officers 
of the respective branches on the active list. In 
view of the superior inducements thus offered to 
the military branch of the Service, cadets and mid- 
shipmen may not care to volunteer for Engineer- 
ing and Royal Marine ranks. Evidence of such dis- 
favour is afforded in the official announcement now 
made that ‘‘an insufficient number of candidates 
entered at the naval colleges have exercised their 
choice in favour of joining the Royal Marines.” The 
consequence is that the Lords Commissioners of 
the Admiralty have had to resort to the modified 
arrangement made some months ago. They invite 
candidates to enter by examination to fill fifteen 
vacancies for appointment as second lieutenants 
in the Royal Marines, instead of all these vacancies 
being filled by officers trained under the common 
system. Moreover, such ofticers of the Marines will 
not, as was the intention in the original scheme, have 
permission at certain periods of their career to pass 
into the military branch. It remains to be seen 
whether the same result will not be experienced 
when vacancies have to be filled in the engineering 
branch of the Service. The examination for candi- 
dates for the Royal Marines is to be held in 
December next, and the candidates must be not 
less than seventeen or more than eighteen years of 
age. After medical examination and satisfying the 
ar requirements (the height being specified as 

ft. 5 in.), the candidates will be subjected to a 
written examination in mathematics Lemme 
statics and dynamics), elementary physics an 
chemistry, and English (mainly on composition, 
but not including Sietour and geography). -No 
candidate will be accepted who does not show a 
fair proficiency in mathematics and science. Suc- 





dians will be required to make allowance of at least 
601. a year until the new officer’s pay amounts to 
7s. 6d. a day, which will, it is anticipated, be in 
three years; while for the succeeding two years, 
when the pay will be 10s. a day, the allowance 
must be 451. This is in addition to the cost of 
outfit and the additional uniform authorised upon 
the candidate receiving his commission. 


EDUCATION IN JAPAN. 


A perusal of the thirty-sixth annual report of 
the Minister of State for Education shows that the 
Japanese are not only making the details of their 
educational administration very complete, but also 
that they take very wide and liberal views of the 
aims and objects of education from the national 
point of view. During the period under review the 
development which has been going on for years has 
been continued with all its former zeal and success. 
The Emperor issued a rescript on the realisaticn of 
the national destiny, pointing out the duties of 
individuals, officials, and the public; and the 
Minister of Education not only issued an instruction 
relating to the observance of this gracious command 
to the directors of Government schools and local 
governors, but also instructed them to lay it to heart. 
Those engaged in education, in particular, were 
cautioned to keep always in mind and to put into 
practice this command, together with another urging 
all engaged upon education, which is the basis of 
morality, to fulfil their duties of instruction and 
discipline, and to aim at the formation of a 
healthy, vigorous nation, as well as the realisa- 
tion of the national principle of uniting the whole 
nation into one, manifesting at the same time 
the glories of the fundamental character of the 
empire. It is this national aim in education which 
is the striking characteristic of all that is done 
in Japan, and is in marked contrast to the indi- 
vidualistic aims in Western countries. The arrange- 
ments for elementary, secondary, and higher edu- 
cation are being made more and more complete, while 
the number of schools for special purposes is now 
very large. These are established for the purpose of 
training those who intend to engage in productive 
labour, such as agriculture, manufactures, and com- 
merce. The total number of such schools is 5167, 
but, of course, a large proportion of these are small, 
and are suited to the requirements of the localities 
in which they are situated. Some of them are, 
however, very complete, and compare favourably 
with similar institutions in Europe. The crown of 
Japanese education is the Imperial Universities. 
That of Tokyo is the oldest and most complete, and 
consists of the six colleges of law, medicine, engi- 
neering, literature, science, and agriculture, and 
a university hall. In the year under review, it 
had 314 professors and instructors, 5411 students, 
and 1154 graduates. We have, on previous occa- 
sions, given details of the colleges of engineering 
and science, and meantime we need not repeat 
them. The Imperial University of Kyoto consists 
of a university hail, and colleges of law, medicine, 
literature, science, and engineering. The number 
of professors and instructors was 178, of students 
1412, and of graduates 409. What may be called 
the auxiliary institutions connected with education 
are very numerous, and a perusal of the report lets 
us into the real secret of the success of the Japanese 
in almost everything to which they put their hands. 


Brakes on Mortor-Cars. 


The fact that every year a certain number of acci- 
dents occur through the brakes of motor vehicles 
failing on hills shows that there is still room for a 

ood deal of improvement in this very essential part. 
Motor vehicles are by law compelled to have two 
quite independent brakes, each of them capable of 
stopping the machine. If the law is complied with 

roperly, this should provide for perfect safety. 

he usual arrangement is to have a foot-brake act- 
ing on the countershaft, and a hand-brake acting 
direct on the back wheels. In addition to this, it 
is usually possible to keep the vehicle under control 
on a hill by putting in one of the lower speeds and 
shutting the throttle. This will not necessarily 
stop the car, but will generally keep it down to 
such a lows that there is no risk of accident. 
If there is a enough margin of safety in the 
various parts, and they are kept in good order, it 
is quite clear that this arrangement provides fur the 
full control of the vehicle under all circumstances. 
Unfortunately, there have been several accidents 


cessful candidates will join the Royal Naval College,,| due to vehicles having run away. In these cases it 


Greenwich, in January next, and parents or guar- | is therefore quite clear that 
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properly complied with. The sequence of events 
is usually the same. The foot-brake fails, and the 
hand-brake, when wanted, is found to be useless. 
In some cases the failure of the foot-brake has been 
caused by the transmission gear giving way in some 
part. This, of course, also prevents the driver using 
the engine asa brake. In case of such brake failures 
the fault lies either in the construction or the main- 
tenance. However good brakes may be, it is neces- 
sary that they should be kept in order, while if 
they have such small surfaces that they want constant 
adjustment, or have very small margins of safety in 
the various parts, failure is inevitable sooner or 
later. An examination of the chassis shown at many 
of the Exhibitions will, however, show that brakes 
are not invariably given large enough margins for 
wear, and are often very light in the various parts. 
In such cases, if an accident occurs, the makers 
usually blame the drivers for what is really their 
own fault. Thus, in a case of a hand-brake failing, 
when wanted suddenly, the driver (who in the case 
referred to had been killed), was blamed for — 
ing it too suddenly.” In cases of emergency, how- 
ever, brakes generally are used suddenly, and if not 
capable of standing the strain are not safe. It is 
high time that those responsible for the building 
and running of motor vehicles should recognise that 
brake failures are not more inevitable than any other 
failure of machinery, and that makers incur a very 
serious responsibility if they disregard mechanical 
laws in this matter. No doubt there is always a 
temptation to cut down the weights of brakes, either 
to reduce the total weight of the car or to put more 
weight into the engine or other parts, and thereby 
make it suitable for a greater load. No doubt also 
purchasers are unreasonable, and expect too much 
on a given weight of chassis. These are, however, 
only questions between the user and maker. What 
the public has a right to expect is that no user 
should put a vehicle on the road unless it complies 
with the law, and it is for the user to insist on the 
maker giving the various parts enough margin to 
enable them to comply with the law without exces- 
sive attention. 





“La Megratturecia ITatiana.”—We have received a 
copy of the Italian journal Za Metallurgia Italiana, 
Milan, for September-October, giving a few data on the 
recent meeting of the Iron and Steel Institute, held in 


London (see 460 and 483 ante), and reproducing the 
papers by Mr. Dompé, Mr. F. 8. Pucci, and Mr. R 
Catani. 


ni. These were on the .y— for the Turin 
meeting, which was abandoned. ‘The journal also gives a 
few interesting notes on the electro- metallurgical and 
electro-chemical industry of Italy. 





ConTracts.—Messrs. Joseph Kaye and Sons, Limited, 
South Accommodation-road, Leeds, and 94, High Hol- 
born, London, W.C., have again secured the whole of the 
contract to supply His Majesty’s naval establishments 
with their seamless serrated oil-cans during the next three 
i ending 1914.—Messrs. Ernest Scott and Mountain, 

imited, Close Works, Gateshead-on-Tyne, have recent] 
booked orders for six large centrifugal pumps for col- 
lieries, iron works, and shipbuilding concerns in this 
country. 





APPRENTICESHIP.—We are informed by the Institution 
of Automobile Engineers that the Institution has collected 
a lot of information in regard to the terms and conditions 
for taking apprentices and ~— which are in vogue in 
the various automobile works in the country, and this 
information is placed at the disposal of nts and 
guardians without charge. The secretary adds that the 
utility of the department would be greatly increased if 
manufacturers who have not already done so would kindly 
apply to him for a form to fill up regarding the conditions 
obtaining in their works, and if they would also inform 
him as to the probable dates at which vacancies will occur 
in their works, 





Tue Non-Ferrous Merats Exuisrrion.—The first 
meeting of the vice-presidents and honorary advisory 
council of the above Exhibition was held at the Holborn 
Restaurant on Wednesday. The President of the Exhi- 
bition, Sir Gerard Albert Muntz, Bart. (President of the 
Institute of Metals), was in the chair, and said that the 
Exhibition would serve the useful purpose of bringing 
to the front all the various non-ferrous metals, showi 
the uses to which those metals could be applied, an 
affording all manufacturers of machinery a apparatus 
connected with the working up of those metals an oppor- 
tunity of making known their specialities. Mr. Bri 
the organiser of the Exhibition, then briefly ref to 
the prosp. tus, from which, he said, it would be seen that 
this Exhibition would be of a threefold character—it 
would show non-ferrous metals from the crude ore up 
to the finished article ; it would show the various pur- 
poses to which non-ferrous metals could be applied, and 
would convey a wider knowledge of the machinery em- 
port in turning out the goods. Special efforts would 

directed te ensure the attendance of buyers and users 
of everything shown at the Kxhibition. 





INDUSTRIAL NOTES. 


On Saturday last the executive committee of the 
four railwaymen’s unions—the Amalgamated Society 
of Railway Servants, the General Railway Workers’ 
Union, the Locomotive Engineers’ Union, and the 
Signalmen and Pointsmen’s Society—decided to take a 
ballot of their members on the question of a national 
strike. Having failed to secure the conference which 
they sought with the representatives of the railway 
companies, they have taken this step. The object of 
the ballot is to decide whether the findings of the 
Royal Commission of Inquiry shall be accepted or 
whether a general strike, to secure the ‘‘ recognition ” 
of the unions and a national programme, is desired. 
There will be no immediate strike, however, for a month 
will be allowed for taking the ballot, the papers bein 
returnable up to December 5. The directors of the Mid- 
land Railway Company have decided that the minimum 
rate of pay for all adult members of the staff shall 
be 22s. per week if employed in London, 20s. per 
week at certain of the large towns, and 19s. per 
week at all other places. The minimum rates for 


station-porters, porter-shunters, and _porter-guards 
will be ls. per week above the rates of the platform- 
rters at the respective classes of stations. Allowance 


or nger-train trips worked b: rter-guards 

will pe > in Pram» Mas.o with polstiog Suede 
tions, and the sums so earned in excess of the increase 
of a, yee week in wages will be paid to the men con- 
cerned. The minimum rates referred to came into 
force on November 3. Under the revised scale of 
pay, passenger porters will receive an advance in some 
cases of 3s. and in others of 4s. per week. 





The leading British railway companies are taking 
steps with a view to more united action in the event 
of a general strike, and communications are ing 
between them with this end. In the case of the late 
strike they were taken by surprise, and so had not a 
fair chance of showing what they could really do to 
meet such trouble. Even as it was, however, they did 
remarkably well, and had it not been that the Royal 
Commission was appointed, they would probably have 
broken down the strike in a fewdays more. They are 
very wise, however, in now making preparation for 
coming eventualities, whatever they may be. Of 
course, it does not necessarily follow, even in case 
the ballot of the union men is in favour of a general 
strike, that a general strike will take place ; but if it 
should, the railway companies will be far better able 
to co-operate than they were last August with a 
view of minimising inconvenience to the public. There 
are several suggestions put forward, one of them 
being for the enrolment by the companies of large 
peas Bin of special constables, duly sworn in and 
provided with the uniforms of the railway police, 
in order to protect men who remain at work when 

icketing of a too ive kind is being carried on. 
ft is said that many of the leaders among the railway 
officials declare openly that they are in favour of a 
fight to the finish, as being preferable to the uncer- 
tainty that at present exists, and they feel that with 
proper organisation beforehand they may face another 
strike with confidence. That this view has much to 
support it can hardly be disputed, for in the present 
temper of the men there is not much likelihood of 
permanent peace until the matter is fought to a finish, 
and the present is probably as good a time as any for 
the companies to face the trouble. The perpetual un- 
settlement kept up by the men is so bad, both for therail- 
way companies and the country, that almost anythin 
is to be preferred—however serious, from a financia 
standpoint, a strike must be for all workers. In some 
places the men appear to be getting out of hand, and 
are threatening sectional strikes before the ballot is 
taken. This is particularly the case in South Wales 
and on parts of the Great Northern Railway between 
Sheffield and Doncaster. It has already been resolved 
by the Llanelly railway men to stop work, and the 
coal strike committee has been authorised to intimate 
at once to other branches in the country their inten- 
tion to strike and to ask for support. Next Sunday 
is fixed for the strike to commence. The action of the 
Government during the late coal strike seems to have 
given offence to the men, and it is recommended that 
in future the Government be left severely alone and 
the fight fought to a finish. 





The question of a minimum wage came up in 
before the South Wales Coal Conciliation Board at 
Cardiff on Saturday last, and at the close of the 
meeting the coal-owners directly refused to accept 
the —_ for which the men are contending. 
Although the meeting was private, it is understood 
that the following were the minimum sums per day 
that were asked for by the workmen’s representatives 
of the Conciliation Board:—Mi , 8s. ; timber-men 
and rippers, 8s. ; assistant timber-men and rippers, 
6s. 6d. ; unde road-men and block-layers, 7s. ; 
haulers over eighteen years of age, 7s. ; rope-men and 
traffic-men, 7s. ; hitchers, 7s. ; banksmen, 7s. ; aasis- 
tant banksmen, 6s. 6d. ; tippers, 5s. 6d. ; screen-men, 








5s. ; and labourers, 5s. The masters contend that the 
Conciliation Board agreement was entered into for five 
years, and that it was balloted upon by the men ; the 
masters further declare that they are not prepared to 
abrogate the agreement in any way whatever. 


Sir Lindsay Wood, Bart., presided at a meeting of 
the Durham Coal Trade Conciliation Board at New- 
castle on Friday last. The appointment of an umpire 
was the first matter to be considered, and it was 
agreed that Sir David Harrel should be invited to 
accept reappointment. It was resolved that wages 
remain unaltered for the present. At the last meeting, 
in August, there was a 24 per cent. reduction of wages, 
which left them 38 per cent. above the basis of 1879. 





At a private meeting of the Scottish Coal Trade Con- 
ciliation Board, held at Glasgow on Monday last, the 
following demands were made by the miners :—'That 
an individual district minimum wage be paid under 
all circumstances to all men working at the coual-face ; 
that the wages of underground on-cast men be stan- 
dardised in accordance with a scale proposed ; and that 
the wages of all lads employed underground be stan- 
dardised in accordance with a scale proposed. The 
owners’ reply is that they cannot agree to the demands 
for an individual district minimum wage for all miners 
working at the coal-face, and they adhere to the agree- 
ment made at the Board of Trade on July 30, 1909. 
The demands of the men in respect of the wages of 
on-cast men and lads, and the question of machinery to 
deal with wages in abnormal p » will be laid before 
the coalowners, and will be discussed at a future 
meeting of the 

As an example of misguided Government interfer- 
ence, cases of which have been only too frequent of 
late, the proposed legislation with regard to pit-brow 
women is quite as ridiculous as any, and makes one 
wonder how far this sort of meddlesomeness is going. 
The women themselves resent any suggestions that their 
work needs legislative control, as there is nothing 
about it that is unduly hard, it is much healthier than 
many occupations followed by women and sanctioned by 
law, and the morals of the workers are quite as good as 
those of any other working women. Indeed, all these 
reasons why the work should not be interfered with 
appear to be substantially supported by the best evi- 
dence, both by medical men familiar with the district, 
and by those who have charge of the moral welfare of 
the women. It is therefore sincerely to be hoped that 
these honest workers will be left alone, and no more 
wretched charges made as to their lack of health or 
morals. 





The end of the dispute which has existed between 
the Boiler-Makers’ Society and the Shipwrights’ 
Society since May last has come. The question was 
whether members of the former organisation should 
be allowed to work in the shipbuilding yards of 
Messrs. Short, Sunderland, where only members of 
the Shipwrights’ Society have hitherto worked. In 
future esllen of the Society will be allowed in other 

ards on the Wear from which they had previously 

n excluded, and the boilermakers will be permitted 
in the yard of Messrs. Short. The firm will take back 
the men discharged at the beginning of the dispute. 


About one hundred men were idle at the beginnin 
of the week in consequence of the London stevedores 
dispute, some of them being on strike and others 
having been suspended or discharged by the Port 
of London Authority for having refused to unload 
the steamer Sea lle, which vessel was, when 
the dispute originated, diverted from the Mark 
Brown Wharf. The general council of the National 
Transport Workers’ Federation resolved to instruct 
all transport workers to refuse to do the work of 
the men who have been dismissed or suspended 
for refusing to discharge the Sea Belle or any other 
vessel at any wharf or dock that may be affected, and 
a general stop throughout the port was discussed. 
On Tuesday, however, it was decided to submit the 
matter to arbitration. 

There does not med to be any immediate prospect 
of a settlement of the strike at the works of the 
Birmingham Small-Arms Company, and there are said 
to be now about 4000 employees idle. 





On Friday last a large number of spinners, twisters, 
and goffers, employed at Northside Mills, Bradford, 
went on strike. They were mostly boys and girls, 
who in a small way committed some rioting, and broke 
some of the mill windows with stones, e police, 
however, soon restored order. 





There was a meeting of the Motor-Cab Proprietors’ 
Association on Tuesday last, at which it was unani- 
mously decided that garages should remain closed for 
the present. One of the non-associated firms, how- 
ever—the British Motor-Cab Company, Limited— 
decided to open their garages to drivers who would 
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resume work under new conditions, the men retaining 
the extras and paying a hiring fee of 6d. a day each. 
It was stated that if these terms were not accepted by 
to-day, the directors will endeavour to obtain abolition 
ofall extras. At the time of going topress there appears 
to be a prospect of the strike coming to an end soon. 


The Grand Committee of the House of Commons 
began on Thursday, last week, consideration, clause b 
clause, of Part II. of the National Insurance Bill. 
This part sets up a system of insurance against 
unemployment, and its provisions apply compulsorily 
to five groups of occupations to begin with—namely, 
building, construction of works, shipbuilding, mecha- 
nical engineering, and the construction of vehicles, 
occupations which include nearly 2,500,000 workers. 
Mr. Buxton stated that the Bill had been in pre- 
patation for nearly three years, and great considera- 
tion bad been given to it. Two clauses, Nos. 60 
and 61, were passed, the first being ‘‘that every 
workman who, having been employed in a trade men- 
tioned in the sixth schedule to this Act (in this Act 
referred to as ‘an insured trade’) (that is, the trades 
set out above) is unemployed, and in whose case 
the conditions laid down by this part of this Act 
(in this Act referred to as ‘statutory conditions ’) 
are fulfilled, shall be entitled, subject to the pro- 
visions of this part of this Act, to receive payments (in 
this Act referred to as ‘unemployment benefit,’ at 
weekly or other prescribed intervals, at such rates and 
for such periods as are authorised by or under the 
seventh schedule to this Act, so long as those condi- 
tions continue to be fulfilled, and so long as he is not 
disqualified under this Act for the receipt of unem- 
ployment benefit.” The following addition was made 
to the clause :—‘‘ Provided that unemployment benefit 
shall not be paid in respect of any period of unem- 
ployment during the six months following the com- 
mencement of this Act (May 1, 1912).” The other 
clause, No. 61, which was passed, is couched in the 
following terms :—(1) ‘‘The sums required for the 
payment of unemployment benefit under this Act 
shall be derived partly from contributions by work- 
men in the insured trades, and partly from con- 
tributions from employers of such workmen, and 
partly from moneys provided by Parliament. (2) Sub- 
ject to the provisions of this part of this Act, every 
workman employed within the United Kingdom in an 
insured trade, and every employer of any such work- 
man, shall be liable to pay contributions at the rates 
— in Part I. of the English schedule of this Act. 
(3) Except where the regulations under this part of 
this Act otherwise prescribe, the employer shall, in 
the first instance, be liable to pay both the contribu- 
tion nee by himself and also on behalf of, and to 
the exclusion of, the workman, the contribution pay- 
able by such workman, and, subject to such regula- 
tions, shall be entitled, notwithstanding the pro- 
visions of any Act relating to truck or any contract to 
the contrary, to recover from the workman, by deduc- 
tions from his wages or otherwise, the amount of the 
contributions so paid by him on behalf of the work- 
man. (4) Notwithstanding any contract to the 
contrary, the employer shall not be entitled to deduct 
from the wages of, or otherwise recover from, 
the workman the contributions payable by the em- 
ployer himself. (5) Subject to the provisions of this 
part of this Act the Board of Trade may make regula- 
tions providing for any matters incidental to the pay- 
ment and collection of contributions payable under this 
part of this Act; and in particular for (a) payment of 
contributions by means of adhesive or other stamps 
affixed to or impressed upon books or cards, and for 
regulating the matter, times, and conditions in, at, 
and under which such stamps are to be affixed and 
impressed ; (b) the issue, sale, custody, or delivery up 
of books or cards, and the replacement of books or 
cards which have been lost, destroyed, or defaced. (6) 
A contribution shall be made in each year out of moneys 
provided by Parliament equal to one-third of the total 
contributions received from employers and workmen 
during that year, and the sums to be contributed in 
any year shall be paid in such manner and at such 
times as the Treasury may determine.” 

The sitting was resumed on Tuesday, when 
Clause 62, which lays down the conditions qualifying 
for unemployed benefit, was proceeded with, and was 
passed, as well as Clause 63 relating to disqualifica- 
tions for benefit. 








Gas-Works Directory AND Statistics.—The volume 
for 1911-12 of this directory—the thirty-fourth issue— 
been published by Messrs. Hazell, Watson, and Viney, 
Limited, 52, Long Acre, W.C., at the price of 10s. 6d. 
net. It opens with a general index of officials of gas- 
lighting works, which is followed by a directory and 
statistics of works classified alphabetically peaveding 
to towns in England and Wales, tland and Ireland, 
with similar data on colonial and foreign gas-works having 
London offices. This directory jy the population, the 
owner, capital or amount and date of loans, dividends, 
coal carbonised, ee. illuminating power, price 
paid, and so forth. 
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Tuer latest addition to the series of cross-Channel | ller shafting, are all of Siemens-Martin steel ; the 
steamers which run between Dieppe and Newhaven | latter shafts can be drawn ——- the stern gland. 
is the turbine-driven passenger boat Newhaven, built | The stern tubes and propeller-shaft supports are steel 





by the Société Anonyme des Forges et Chantiers de 
la Méditerranée, at their Havre works, to the order 
of the French State Railways. We illustrate the 
Newhaven in the view above, and in Figs. 11 to 14 
on our two-page plate, on which is given a side eleva- 
tion of the ship, a longitudinal section, plans of the 
shelter, promenade, main and lower decks, and various 
cross-sections. 

The Newhaven is divided into eight compartments 
by seven water-tight bulkheads, which extend up to 
the main deck ; the openings in the bulkhead at the 
turbine-room and at the propeller-shaft tunnel are 
closed by water-tight doors which are operated from 
the main deck. The principal dimensions are as 


follow :— 
Length between perpen- 
diculars __... So 89 m. (292 ft.) 
Length over all dp 92 m. (302 ft.) 
Breadth = ... 10.55 m. (34 ft. 7 in.) 
Depth ... ie * 6.75 m. (22 ft. 2 in.) 
Maximum draught ... 2.95 m. (9 ft. 8 in.) 


As will be seen from the plans and sections, Figs. 1 
to 14, the boat is provided with a central deck-house, 
with side gangways on the promenade deck which 
communicate with each other forward at the back of 
a screen built up of plates and angles, an arrangement 
generally followed on the matin, se Pane steamers ; 
the screen extends upwards from the promenade deck 
to the roof of the steering-house. Accommodation has 
been provided for 1000 ngers ; the first-class 
cabins are forward and the second-class cabins aft. The 
galley and engineers’ and stokers’ quarters and bath- 
room are in the centre of the ship on the main deck, 
and separate from the passenger accommodation. 

The Newhaven is propelled by Parsons turbines ; 
a high-pressure turbine drives the central shaft, and 
two low-pressure turbines the side shafts. 
latter contain the turbines for running astern. 
chief engineer’s station is level with the main deck ; 
it is well lighted, and is provided with all the con- 
nections for working the turbines. Stairways give 
access from this station to the turbine-room under- 
neath. All the connections are grouped together, 
and are located on the forward bulkhead of the chief 
engineer’s station. The various connections are pro- 
tected by a casing in which openings are cut ; through 
these openings run the hand-wheel shafts and 
levers operating the connections. The reversing-gear 
of each low-pressure turbine contains two valves 
operated by a toothed wheel and an endless screw 
driven by a hand-wheel ; this gear enables reversing 
to be effected in four seconds. When the ship is 
running at a speed of 12 knots, she can be brought to 
a deadstop in 30 seconds over a length of 90 m. 
(295 ft.), or less than her extreme length, instead of 
the 100m. (328 ft.) which were stipulated in the 


contract. All the donkey, bilge, main feed, and service | 


pumps are in the turbine-room under the main deck, 
with the exception of the feed-pump for the auxiliary 
boiler. There are two condensers, each having 392 
sq. m. (4220 sq. ft.) of cooling surface; they are con- 
nected to a centrifugal circulating pump capable of 
dealing with 1750 cub. m. (385,000 gale.) of water per 
hour, and arranged to draw from the holds if necessary. 
Each condenser has a separate air-pump which can 
draw from either condenser; each air-pump has a 
capacity of 400 cub. m. (14,120 cub. wed wr hour. 

Cihe turbine rotors, and the intermediate and pro- 


The two | 
The | 


castings ; the propellers are of Stone’s bronze, fitted 
to ey th with nut and double feather. The bearings 
are water-cooled by service pumps. Separate pumps 
ensure lubrication. 

The turbines are supplied with steam by two sets 
of Belleville boilers working at a pressure of 17 kg. 
per sq. cm. (250 lb. per sq. in.), and their centre line 
is parallel with the centre line of the ship. The set 
forward consists of four boilers of twelve elements 
provided with feed-water heaters ; the set aft consists 
of two boilers of twelve elements and two of thirteen 
elements provided with similar feed-water heaters. 


| Total gratearea.... a 60 sq. m. (646 sq. ft.) 
Heating surfaces of boilers 1587.60 sq. m. (17,100 sq. ft.) 


| Heating surface of feed- 
402.40 (4,330 ,, ) 


water heaters 
rates are of the Belleville type. The feed is 
§ by three double-acting Belleville pumps, 





” 


| The 


| ensure 
| havin a cast-iron steam-cylinder and a brass pump- 
jcylinder. The eight boilers work under forced 


draught in closed stokeholds, the draught being sup- 
plied by two Belleville air-compressors, having each 
a capacity of 800 cub. m. (28,250 cub. ft.) of free air 
perminute. Air is also supplied to the stokeholds by 
four fans driven by vertical engines. The steering- 
gear is of the Brown type. 
| The full speed trials have shown that there occurs 
| no vibration throughout the ship, apart from the stern, 
where the propellers drive the sea-water against the 
(hull. The builders attribute this satisfactory result 
| to the strength of the structure in general, and more 
| especially to the good longitudinal stiffening of all the 
| parts forming the hull. The Newhaven covered the 
|distance from Dieppe to Newhaven in 2 hours 43 
| minutes 28 seconds, as against the 3 hours contracted 
‘for ; this gives a speed of 24 knots. nip 
The ship is provided throughout with electric light- 
|ing. All the cabins and saloons are carefully venti- 
lated ; they are heated by steam from the main boilers 
|when the ship is running, and by steam from the 
auxiliary boiler when in harbour. The fitting up and 
| upholstery work of the cabins and saloons have been 
learried out by Messrs. Jeanselme, Paris. We may 
mention, as a special feature, the fact that the pro- 
menade deck has been strengthened on each side of the 
hatch giving access to the aft hold with a view to the 
transport of four motor-cars of the largest type, 
weighing each up to 2.5 tons. These can be lashed 
down fast by means of shackles, which have been pro- 
vided for the purpose. ; 
The ~ A replaces a former unit, the Tamise, 
which is to be sold out of the service. 








Tne AMERICAN SocreTY OF AUTOMOBILE ENGINEERS.— 
The programme of the European trip of the American 
Society of Automobile Engineers included, on the 7th, 
8th, and 9th inst., visits to the Olympia Show, to 
the works of the London General Omnibus Company, 
and to South Kensington Museum ; and on Wednesday, 
the 8th inst., at 8 p.m., a joint mosting wi the Institu- 
tion of Automobile Engineers, at the hall of the Insti- 
tution of Mechanical — To-day there will be 
a visit to the National Physical Lahevssory. Visits to 
motor-car works in the provinces and on the Continent 
down to Wednesday, the 22nd inst., have been ar 
or are being planned. Information can be obtained on 
|application to Mr. A. Ludlow Clayden, St. Ermin’s 
Hotel, Westminster. 
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Fig.6. LOWER DECK 
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Section at Frame 714 


Fig 8. 
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THE INSTITUTION OF CIVIL ENGINEERS. 


Address of Wirtt1am Cawrsorne Unwin, LL.D., 
F.R.S., President, November 7, 1911. 


Ir is first of all a duty to thank the members of the 
Institution for the honour they have done me in electing 
me their President. It is the greatest honour they can 
confer, and the highest reward I have received. I assure 
them that I will devote myself to the increasing business 
of this t and influential society, and that, relying on 
the assistance of the Council and officers and on your 
goodwill, I will endeavour to the best of my ay 
promote the interests of the important profession to which 
we belong. - 

I a the presidency with som3 feeling of hesita- 
tion, because your choice is in some respects unusual. 
Generally your President has been one who has added 
glory to the records of engineering by the magnitude and 
importance of the constructive work he has carried out. 
I have not that claim to distinction. My work has lain 
somewhat outside the territory of constructive engineer- 
ing, though not far from its borders. I have been con- 
cerned in studying the application of science to the 
practical problems of engineering and in training young 
engineers to be more competent members of the profes- 
sion. I take it that, as in establishing an examinational 
qualification of membership, so in electing me you have 
meant to recognise the importance of systematic tech- 
nical training for the maintenance of the status of what 
is, in one of its aspects, a learned profession. No pro- 
fession or industry has been more indebted in its develop- 
ment to the advancement of scientific knowledge and 
research. It is true of engineering more than of most 
activities that, to quote some words of Huxley, “‘ As 
industry becomes more complicated and competition 
more keen, the sciencesare dr: in one by one to take 
their partin the fray, and he who can best avail himself 
of their help is the man who will come out uppermost in 
the struggle for existence.” 

It is a consequence of the scientific basis of engineering 
that it is international, not national. Scientific advances 
are not restricted within political boundaries. If we 
gave the world the steam-turbine, Germany returned us 
the gas-engine and Diesel engine. Ability to appreciate 
the value of new discoveries, and readiness to take advan- 
tage of them, depend as much on a widespread scientific 
education as the making of the discoveries themselves. At 
any rate, 1 hope that is so, because it is the best justifi- 
cation of the work of a professor of engineering. It is 
forty-four years since I became an associate member, and 
thirty-four since I was made a member of the Institution, 
and it would be impossible to overrate the debt I owe to 
it. Itis difficult for a professor, especially for one re- 
sponsible for the organisation and discipline of a large 
technical school, to undertake, in addition, the anxieties 
of an arduous business. To me, membership of the Insti- 
tion, a share in its proceedings, and association with engi- 
neers engaged in practical work have been of the greatest 
service in enabling me to keep abreast of the progress of 
engineering. 

Vith regard to the new building for the Institution, 
the protracted and very difficult negotiations carried out 
by a committee under the chairmanship of Sir William 
White have come to an end, and the erection is now pro- 
ceeding in charge of the architect and the contractors, 
with whom we believe we have every reason to be satisfied. 
We have confidence that we shall get a stately and con- 
venient building, worthy of its position in Westminster. 

It is the privilege of a president to be allowed in his 
address to take a retrospect—rather to gather some lessons 
from the past than to give new material for discussion. 
My distinguished predecessor, out of a long and varied 
experience in the development of the most modern of the 
many branches of engineering industry, discussed the 
economic conditions of production on which successful 
manufacture results. It will be more natural to me to 
deal with some of the technical principles on which the 
successful design of engineering structures is , 

Strength of Materiats.—The object of a study of the 
strength of materials is to determine the proper dimen- 
sions to be given to parts of machines or structures, in 
order that they may resist the straining actions to which 
they are subjected without breaking or prejudicial defor- 
mation. 1t is a modern study, for the earlier architects 
and builders seem to have had no definite knowledge : 
only it may be noted that the earliest buildings were the 
most massive. The Egyptian columns were not more 
than five or six diameters in height, the Greek about 
nine. Medizval buildings dapend more on considerations 
of stability than of strengib, but there are medieval 
columns carrying arches which are twenty-six diameters 
in height. 

So far as we know, however, Galileo (born 1564, died 
1642) was the first scientist definitely to consider strength. 
He found that a rod of copper suspended vertically might 
have a length of ‘* 4800 arms,” or, say, yards, before break- 
ing im tension by its own weight—a reasonable result. 
Having no conception of elasticity or of variation of stress 
Gue to variation of deformation, he seems to have assumed 
that bodies always broke by tension, and that tension was 
vniform at the surface of fracture. Applying these 
notions to determine the strength of a cantilever, he 
supposed the whole cross-section would be in tension 
uniformly distributed. He arrived at an equation for 
ending strength which for rectangular sections is right in 
ran but affected by an erroneous constant, and he acutely 

educed the result that, while a model of a structure 
might be strong enough to carry a load, the structure 


itself —— be so large as to break by its own weight. | to ha 


This is the germ of the law of a limiting 
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On the same false assumptions Grandi, in 1712, pabhiehed 
eegant and correct demonstrations of what we know as 





solids of uniform resistance to 
first instance in science of false assumptions leading to 
partially correct results. In fact, the vast edifice of the 
mathematical theory of elasticity rests fundamentally on 
an unverified generalisation of Hooke’s law, and on one 
or other of two unverifiable assumptions, either an 
assumption as to the molecular constitution of matter or 
another still more abstract hypothesis. Nevertheless the 
theory can be verified as at least yn gam oy in so 
many applications that it can be t , in spite of the 
uncertainty of its mathematical foundations. 

It was not till 1660 that Robert Hooke discovered the 
fundamental law that stress is proportional to strain in 
elastic materials. It was not till 1680 that anyone made 
further experiments on the strength of materials. Then 
Mariotte made rough tests of very small bars of wood and 
glass strained in various ways. e first perceived that 
in flexure, part of the cross-section is in compression and 
part in tension, and placed the neutral axis for a rect- 
angular bar at half the height, correcting Galileo’s result. 
[t was not till 1776 that Coulomb determined the position 
of the neutral axis for sinate sections, and not till 1824 
that Navier determined it for all sections. 

In 1729 Muschenbroek, at Leyden, published the results 
of what may be considered the first tests of materials 
made with precision. He made tension and bending 
tests, and tests of long columns, but on a very small scale. 
Perronet, occupied with the construction of the Bri 
of Neuilly, in 1758, constructed the first comparatively 
large testing-machine, a machine capable of applying a 
stress of 18 tons. Rondelet, in 1787, construc a test- 
ing-machine with knife-edges, and with a screw arrange- 
ment for taking up the deformation of the test-bar. This 
was employed for testing the stone and timber used in the 
construction of the Panthéon in Paris. It was the first 
machine containing in principle all the essential elements 
of a modern testing-machine. ie, soon after, con- 
structed a 100-ton machine for the port of Havre, and 
Girard carried out with it the first tests on a | scale 
of the elasticity of materials. In 1813 and 1817, Brunton 
and Company and Captain Sam Brown constructed cable- 
testing machines. e latter machine was erected at 
Millwall, and had ing at one end and a lever system 
at the other. Telford used these machines for testing 
the links of chains for suspension bridges.* 

Theory of Elasticity.—A very great step in the sim- 
plification of the mathematical expression of formule of 
strength of materials was taken by that very remarkable 
English physicist, Thomas Young (1773-1829), who de- 
fined the coefficient of direct elasticity, or Young’s 
modulus, and first considered shear as an elastic strain. 
Young practised for a time as a physician, was a classical 
scholar, but in mathematics largely self-taught. He was 
Foreign Secretary to the Royal Society, Superintendent 
of the Nautical Almanack, made extraordinary advances 
in many branches of physics, and is described by 
Helmholtz as one of the clearest-sighted men who have 
ever lived. From Galileo to Young—a period of two 
centuries—Professor Love has said, ‘* The fruit of all the 
ingenuity expended on elastic problems might be summed 
up as an inadequate theory of flexure, an erroneous 

eory of torsion, an unproved theory of the vibration 
of bars, and the definition of Young’s modulus.” But 
this statement no doubt leaves out of account the fore- 
shadowing of clearer conceptions in the work of the 
earlier workers. The time had come for the development 
of a general theory of elasticity. Navier, in 1827, first 
investigated the general equations of equilibrium of an 
elastic solid, starting from an assumption as to the mole- 
cular constitution of matter. Navier’s equations are still 
accepted, —- part of his reasoning is considered to be 
unsound. At the same time Cauchy founded the theories 
of stress and strain, and é and Clapeyron made 
important developments. It is impossible to follow 
further the development of the theory of elasticity which 
has involved the most strenuous efforts of the ver 
highest mathematical genius, which is valuable, as all defi- 
nite knowledge is, but which, for the most part, is not of 

ractical importance for engineers. One may note the 
undamental controversy as to multi or rari-constancy— 
a controversy not settled,.and, perhaps, never to be 
settled, because no material substance sufficiently con- 
forms to the mathematical definition of an isotropic solid. 
For the engineer, the constitution, say, of steel, a con- 
glomerate of crystals and eutectic, with different elastic 
properties, seems very widely removed from the ideal 
solid with uniformly-distributed molecules or centres of 
force assumed in mathematical theories. For the engi- 
neer, it is sufficient that Hooke’s experimental law is 
very approximately satisfied for structural materials and 
for such straining actions as are permitted in structures, 
and that the results of elastic theory are sufficiently accu- 
rate for practical purposes for small finite strains. As to 
the condition of things if the elastic limit is exceeded, 
there is at present no satisfactcry theory, though the 
experiments of Tresca are very interesting, and throw 
light on some engineering operations. _ 
verting to experimental work in this country, early 
in the last century George Rennie made investigations of 
the resistance of structural materials, and Peter Barlow, 
who was a professor of mathematics at Woolwich Aca- 
demy, and an honorary member of this society, made 
experiments on the strength of timber at the Dockyard 
and at the Arsenal. This led to his association with engi- 
neers, and he assisted Telford in calculations for 
Menai Suspension Bridge. His “ Essay on the Strength 

* Mr. Wicksteed has described a testing-machine 

capable of applying agtraining action of 130 tons, stated 
ve been constructed at the Cyfarthfa Ironworks, 
Merthyr Tydvil, in 1829. It had _ oe straining 
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of Timber,” in 1817, when pote pm in later editions, 
may be regarded as the first treatise in English on 
the strength of materials. 

Down to about the end of the first quarter of the last 
century most of the knowledge of strength of materials was 
due to the work of Continental engineers and physicists. 
Then an advance was ie here in a very teristic 
way. Thomas Tredgold was a working carpenter to the 
age of 25, and was almost entirely self-educated. In 1820 
he published a treatise on the principles of carpentry. 
This, which has been La een ye down to 1886, dealt 
scientifically and practically with all the then known data 
of resistance. In 1822 he published a treatise on cast-iron, 
which was re-edited by Eaton Hodgkinson in 1860. His 
book on the steam engine, dealing specially with questions 
of strength, was published in 1827 and republished down 
to 1850. It has been rather a fashion amongst elasticians 
to ignore or depreciate the work of Tredgold. But he 
had a practical insight into what was important and what 
was negligible in engineering problems greater than that 
of writers with more ample mathematical resources, and 
he rendered essential services to the engineers of his 
time. It must be remembered that the problems dealt 
with by Barlow and Tredgold were simpler than those 
with which engineers are now concerned. 

A little later, Professor Hodgkinson, whom I knew 
in my apprentice days, and some of whose testing appa- 
ratus I used, began the researches on strength of materials 
which give him a foremost place among careful experi- 
menters. His apparatus was rough, but he knew how to 
reduce the relative amount of error. He was for a few 

ears a professor at University College, London, where 

e lectured, I think, during two months of the year. He 
is credited with the discovery of permanent set, and of 
the position of the neutral axis. His ene of 1830 on 
**Tron Beams,” and that of 1840, on ‘‘ Columns,” were 
very valuable contributions to practical science. 

here is not time to trace further the history of the 
science of strength of materials. Experimenters and 
laboratories in the last fifty years have increased enor- 
mously, and theoretical investigations have been pushed 
to great lengths. But I wish to take the opportunity of 
paying a tribute to one who seems to me the prince of 
observers in this branch of science. I mean the late 
Professor Bauschinger, of Munich, Born in Nurem 
in 1834, the son of an artisan, he studied at Munich Uni- 
versity, and in 1866 became professor of mechanics and 
graphic statics at the Technical High School at Munich, 
in which he worked for twenty-five . There he 
established a laboratory, rather more for research than 
instruction, where engineering experiments were carried 
out with a thoroughness and delicate accuracy never 
previously equalled. In 1868 he published the result of 
indicator observations on eight locomotives, on seven 
different ope ge extending over 63 miles. But his 
special field of work was that of tests of materials. He 
created the first public laboratory for this purpose, under 
government auspices, and it has served as a model for the 
numerous great engineering la tories since established 
on the Continent. He first applied Gauss’s method of 
reading by reflection in instruments for measuring the 
deformation of bodies when strained. 

Amongst many researches remarkable for their extent, 
it is only i just to mention one on cements and 
cement and lime mortars, demonstrating, amongst other 
things, the importance of fine grinding, and one on the 
building stones of Germany. is researches on timber 
first indicated the precautions necessary for securi 
comparable results, especially the law of variation o 
strength with moisture. He carried out many researches 
on cast iron, wrought iron, and steel, especially some 
with reference to the variation of the position of the 
elastic limit under different conditions of straining, which 
first gave a key to the explanation of Wéhler’s law. 
Perhaps one of his most important achievements was the 
foundation of the International Association for Testing 
Materials, which has done, and is doing, most valuable 
work in investigating methods of testing. 

Testing Materials for Q-vality.—Down to the middle of 
the last century the only generally used tests of the 
quality of iron and steel used in construction were bend- 
tests, and in certain cases shock-tests. Such other re- 
searches as were made were directed to a different object, 
either to determine the constants in formule on which 
engineers relied, or to - the sufficiency of complete 
structural members. In constructing the suspension 
bridge over the Seine at the Invalides in Paris, Navier 
required all the chain-links and suspension-bars to be 
tested to 11 tons per — inch, a precaution justified 
by the imperfect knowledge of materials at that time. 
Chain-cables have been tested for a century, not to de- 
termine the quality of the material, but to detect defects 
of manufacture. It was the introduction of Bessemer 
steel, and cases of unexpected failure of steel structures, 
which forced on engineers the necessity of systematic 
tests of quality. Anim t series of tests carried out 
by the late Mr D. Kirkaldy, at the instance and at the 
expense of Messrs. Napier, in 1860, led to the adoption 
of a tension test as the usual test of quality. Its special 
merit is that exact figures can be specified for elastic 
limit, resistance to fracture and elongation. 

With the introduction of definite tests the importance 
of accurate and reasonable specifications became urgent. 
The engineer is responsible for the careful drafting and 
strict enforcement of his specifications, and in fixing on 
tests of quality, questions of cost, and of the convenience 
of manufacturers must not be disregarded. Recently the 
work of the Engineering Standards Committee, the crea- 
tion of which is due to the action of this Institution, at 
the suggestion of Sir John Wolfe Barry, and on which 
users and producers of material are equally represented, 
has done very much to guide the engineer in securing 
trustworthy material without imposing conditions too 
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irksome or costly on the producer. Hence it has come 
about that the testing engineer has been created, having 
functions partly as an investigator of the properties of 
materials, partly as adviser of manufacturers, and partly 
as inspector of materials. It was the opinion of the late 
Dr. Dudley, who organised the testing department of the 
Pennsylvania Railway, that the testing engineer was 
destined to play a more and more important part in the 
development of civilisation. 

Application of the Science of Strength of Materials to 
Practice.—The general object of the accumulation of 
experimental and theoretical knowledge of strength of 
materials has been to determine the minimum amount of 
material and the best disposition of it in machines and 
structures to secure safety. Putting it another way, by 
theory the stress conditions due to any given straini 
action can be calculated, then it has to be determin 
what is the greatest permissible working stress, and in 
what way does it depend on such physical properties of 
the material as can be ascertained by testing. As to this 
there are still considerable differences of opinion. 

The oldest and still the most common method of pro- 
ceeding is to reduce the straining actions to simple 
tension, thrust or shear, by calculations based on the 
aneuains of Hooke’s law, and to provide material 
enough to limit the intensity of these stresses to a frac- 
tion of the breaking strength of test-pieces similarly 
strained. The ratio of the breaking strength to the 
working strength is termed the factor of safety. In by 
far the largest number of cases with which an engineer 
has to deal, the breaking strength of a structure cannot 
be calculated, for Hooke’s law ceases to be true for stresses 
much below the breaking stresses. Hence the engineer 
sometimes proceeds one step further. He tests a scale 
model of a structure to breaking, and from this deduces 
the breaking load of the full-size structure by the law of 
similarity. Thus a model of the Conway Bridge was 
constructed, the linear dimensions being one-sixth those 
of the complete bridge, and it was assumed that the 
breaking load of the bridge, including its own weight, 
would be thirty-six times that of the model, including its 
own weight. There have been recently some similar 
tests of large-scale models of some of the members of the 
Quebec Bridge. 

In the case of complex structures, in which the deter- 
mination of the exact maximum stresses is beyond the 
resources of mathematical analysis, the value of model 
experiments is unquestioned. 

Now it is easy to show that the ratio of the breaking 
stress to the working stress, or the breaking load of a 
girder to the working load, is not a real factor of safety ; 
the point at which danger occurs in different cases is 
not a fixed fraction of either the real or the calculated 
breaking load. It has even been contended with some 
plausibility that the fashion of dividing the breaking 
stress by a factor to find the working stress isa barbarous 
method. The factor must be varied for different condi- 
tions, and can only be fixed empirically. 

The ductile materials chiefly used in construction yield 
or suffer a large deformation at about half to two-thirds 
of the breaking stress. The deformations, if the yield 
stress is exceeded, would be at least in very many cases 
far too large to be tolerated in either machines or struc- 
tures. If the yield stresses are taken as the limits of 
safety, then the real factor of safety is only about half 
the ratio of the breaking to the working stress. Further, 
the ratio of the yield stress to the breaking stress is not a 
very constant ratio. 

Shall we, then, drop the breaking strength, and adopt 
the yield-point as the measure of the constructive value of 
a material. Many constructive materials, such as stone, 
timber, and cast iron, have no yield-point. Besides, even 
for ductile rolled material, such as mild steel, the point 
ordinarily determined as the yield-point is not a very 
fixed point for a given material. It depends a little on 
the rate of loading. Yielding really begins at the elastic 
limit, a — below the yield-point, spreading along the 
bar and becoming general over the bar at the yield-point. 

Mild steel is a conglomerate of crystals and eutectic, 
the components of which are of different hardness. At 
the yield-point slipping at crystalline cleavage planes 
occurs, and the harder become better bedded in the 
softer. But in any case can the yield-point be taken as 
the measure of constructivestrength’? Ina simple uniform 
tie-bar, no doubt, the deformation at the yield-point 
fixes a limit to the possible working stress. So, in tele- 
phone wires, rigidity is deairable to limit their deflection, 
and a maximum elongation is prescribed. In composite 
structures, such as reinforced concrete, no doubt, the 
whole relation between the concrete and steel assumed in 
calculation is disturbed if the stress on the steel 
the yield-point. But in most other cases only indefi- 
nitely short portions of a structure are exposed to the 
maximum stress, and the deformation due to these is not 
necessarily serious. In a rive girder, for instance, 
designed for a limiting stress on the planes of weakness 
through the rivet-holes, only very short portions of mate- 
rial near the planes of weakness reach the maximum stress 
under an increasing load, and the great mass of the 
material is subjected to much lower stresses. In fact, 
no marked yield-point is shown in testing a riveted 
girder. Ina riveted joint the effect of slight yielding of 
short portions near the rivet-holes is to render the distri- 
bution of stress more uniform. The yield-point of the 
material does not appear to me to measure a definite 
limit of safe load in such cases. 

Some writers assume that the elastic limit, as deter- 
mined in a tension test, is the measure of the con- 
structive strength of a material, but Iam not sure that 
this is not, when rigidly examined, the most ambiguous 
and:elusive of all the measures proposed. Cast iron has 


no elastic limit, nor have copper and most alloys unless 
hardened by straining, cold rolling or drawing. Lither 





the stress strain relation is not linear, or possibly, in use, 
they acquire an elastic limit corresponding to the stresees 
to Thich they are subjected. In mild steel there is a 
— tensile elastic limit or limit of proportionality 

eterminable by careful measurement. But it is not an 
absolutely fixed point, its position can be altered by strain- 
ing, and its primitive position is in general a somewhat 
artificially raised one, due to the processes of manufacture. 
Mild steel is a conglomerate, and Professor Arnold has 
stated that the elastic limit of pearlite is 23 tons per 
square inch, of normal ferrite 10 tons per square inch, of 
laminated pearlite 13 tons per square inch. I do not 
know how those numbers have been determined, or how 
trustworthy they are, but it is certain the different con- 
stituents have different elastic properties. In what sense, 
then, is the elastic limit found in a tension test to be 
understood ? 

No doubt thera are cases where the primitive tensile 
elastic limit does fix a superior limit to the stress consis- 
tent with safety. But it cannot be taken generally as an 
exact measure of constructive value, though it certainly 
is a valuable indication. Further, the elastic limit in 
compression is seldom observed, and the elastic limit in 
shear is experimentally almost unknown. Yet resistance 
to shear is probably for ductile materials the most impor- 
tant element of constructional value. It would be inte- 
resting to have the elastic limit in torsion of thin tubes 
accurately determined. 

The classical research of Wihler showed that, subjected 
to equal alternate tensions and thrusts, a steel bar would 
in time fracture, if the stress exceeded about one-third of 
the statical breaking strength. The ratio is, however, 
not a constant one, and must be determined independently 
for different materials or different qualities of the same 
material. Bauschinger showed that a bar, subjected to 
equal alternating stresses gradually increased, would be 
found to have ultimately equal elastic limits in tension 
and thrust of about one-third the statical breaking weight, 
and these he termed ‘‘natural elastic limits.” These limits 
do appear to define the range of variation of stress a 
material can sustain, but we do not know much about 
them except in the case of steel. It is when these limits 
are ex ed in alternating stress that fatigue ensues, 
and the bar breaks. Dr. Stanton’s results confirm this. 
But for the engineer’s purpose the natural elastic limits 
are not easily found. 

Hence, whether we take the breaking stress, the yield 
stress, or the primitive elastic limit, we have not found a 
satisfactory rational basis for measuring the constructive 
strength of a material. There is not a fixed ratio between 
the greatest safe working stress and either of these. But 
1 do not wish to be understood as depreciating the value 
of the determination of breaking stress, yield-point, and 
elastic limit in testing materials. 

A composite factor of safety has sometimes been pro- 
posed. or instance, you take a factor of 14 to 2 for the 
ratio of the breaking to the yield stress ; a factor of 1 to 3, 
according to the character of loading in accordance with 
Wohler’s law; a factor of 1 to 2, according to the rapidity 
of loading, or as an allowance for shock ; and, finally, a 
factor of 14 to 4 to allow for unknown contingencies. 
Multiplying all these together, you obtain a so-called 
factor of safety by which the breaking stress is to 
divided to find the working stress. I donot know that any 
practical designers proceed in this way, and the margin of 
choice in selecting the factors is so wide that the method is 
not really useful. But there is a more serious objec- 
tion. The component factors are not independent factors 
forming sub-multiples of a real factor of safety. It is 

uite irrational, for instance, to multiply a factor 2 for 
the ratio of yield to breaking strength by a factor 3 for 
alternating loading. The product is meaningless. None 
of these sub-facturs is unimportant or to be disregarded, 
but we do not reach a rational rule or even a safe rule of 
thumb by merely multiplying them together. Valuable 
as are the data of breaking strength, yield-point and elas- 
tic limit determined in a tension test in influencing the 
judgment of the engineer, they do not furnish any purely 
rational rule for fixing the working stréss for designers. 
Experience in similar cases must always be the ultimate 
appeal. 

Compound Stress.—So far all that has been said relates 
to cases of simple tension, thrust, or shear. Lut in a very 
large number of cases two of these stresses are combined. 
In such cases the theory of elasticity furnishes the prin- 
cipal stresses and the principal strains, but the question, 

tis the criterion of safety? involves another of the 
unsolved problems of engineering. Two schools arose 
amongst theorists, one wiles that the maximum stress, 
the other that the maximum strain, determined fracture. 


;| For simple stresses either assumption leads to the same 
result. It is not so with compound stress. Very early 


Coulomb suggested that fractures would be determined 
bape et as is the case with cast iron under compression. 

e subject is now under investigation experimentally, 
and, speaking generally, it seems that for ductile mate- 
rials, the material gives way at some limit of shearin 
stress, while for brittle material in tension the puladigal 
stress is the best criterion of strength. 

Comparative Structural Value of Materials.—It is only 
when comparing two different materials that an engineer 
needs to consider relative constructive value, and then he 
bases his judgment on all the properties of the material. 
Ordinarily, the safe working stress is fixed by experience 
in similar cases, theory helping mainly in explaining why 
in different cases different stresses are suitable. The 
history of engineering design is a history of experiments 
in construction, in which by trial and error ree propor- 
tions have been found—and in the settlement, the different 
relative importance of cost and weight enter into the 

uestion as well as considerations of mechanical strength. 

e fact that scientific data and rational or semi-rational 


formule are conveniently used should not be allowed to | 





conceal the fact that an empirical element always enters 
into the solution. _ 

New designing is really a process of comparison, in 
which the engineer extends experience in known cases to 
new conditions, and the problem is, in what roportion 
dimensions must varied to allow for differences of 
size, of material, of loading, of speed, or of form. 

Most practical problems in designing for strength 
reduce themselves, if traced to their foundation, to 
applications of the law of similarity. At a time when 
steam-engines all worked at about the same steam pres- 
sure, it was broadly stated that the drawings of an engine 
of any size could be used for constructing engines of any 
other size, by merely altering the scale of the drawing ; 
that is, two metrically similar engines would be 
equally strong for a — steam pressure, and, subject to 
some restrictions, the principle is correct. Generally 
two geometrically similar structures are equally safe with 
loads of the same intensity, applied at corresponding 
places. Two pipes are equally stressed by a given fluid 
pressure if the diameters and thicknesses are in the same 
ratio. Two uniform flooring slabs similarly supported 
will carry equally well a given load per square foot if the 
lengths, widths, and thicknesses are in the same propor- 
tion, If all the linear dimensions of two girder bridges 
are in the ratio N, they will be equally stressed by total 
loads in the ratio N®. So-called mechanical instinct is, 
no doubt, really reasoning based on the law of similarity. 

Note that the total load on a structure is made up of 
the useful load and the weight of the structure, and that 
the latter increases as the cube of the linear dimensions. 
Hence, as the strength of the structure, or total load it 
will carry, increases only as the square of the linear dimen- 
sions, the weight of useless load becomes a larger fraction 
and the useful load a smaller fraction as the size increases. 
A limit of size is reached at which the structure will only 
carry itself. Hence proportions will in general vary greatly 
with size. In the Britannia Bridge the depth of girder was 
about one-sixteenth of the span. To make the Forth Bridge 
possible, the depth of the cantilevers is about one-fifth of 
the span. In that bridge the possible limit of span in a 
steel structure is nearly reached. 

In the case of machines, another consideration enters. 
The weight stresses are not usually important, but the 
inertia stresses due to variation of velocity or direction 
of motion are very important. The stresses in a fly-wheel 
rim due to radial acceleration are proportional to the 

uare of the rim velocity whatever the cross-section. 

ence fly-wheels are equally safe in this respect if the 
rim velocity is the same, or if the rotations per minute 
are inversely as the diameters. 

The exceedingly interesting application of a law of 
similarity in determining the resistance of ships by model 
experiments is outside the questions treated in this 
address. It is by an application of the law of similarity 
that the Engineering Standards Committee have been 
able to define the forms of test-pieces, so as to give com- 
parable results as to percentage of elongation. 

Engineering Education.—I turn to another subject 
which, indeed, has frequently been discussed in presi- 
dential addresses, but which seems to be appropriate in a 
year in which the Institution has held a Conference on 


be | the education and training of engineers. An important 


change is going on in all types of education. In all it 
is being recognised that they should be such as to afford 
a training for the duties of life. The free discussion of 
this subject at the Conference was no doubt interesting 
and useful. Only eight years ago, the Institution 
appointed a distinguished and representative Committee, 
with Sir William White as chairman, to report on the 
character and conditions which should obtain in the train- 
ing of engineers. This Committee consulted widely other 
members of the profession, and arrived at definite conclu- 
sions, which appeared to be generally in accordance with 
the opinions of the majority of engineers. The valuable 
and influential report of the Committee* deals in detail 
with the whole subject, including preliminary and col- 
lege education and practical training. It was curious to 
me that in the discussion at the Conference, most speakers 
treated as still quite open questions matters as to which 
the Committee had a at definite conclusions. It 
seemed to me that the report had hardly received the 
attention which so weighty a pronouncement deserved. 
The term “‘engineer” is used in such wide and loose 
senses that it is necessary to be explicit as to one’s point 
of view. There are vocations associated with engineering 
work for which no special training is absolutely required 
beyond that of the factory or commercial office, or 
for which any other training required is different and 
more limited in scope than that of the professional engi- 
neer or director of engineering works. But the Confer- 
ence and the Committee were considering the case of 
those who aim at becoming ultimately professional engi- 
neers—that is, men who advise, design, and direct the 
execution of works of civil engineering in the wide sense 
in which that term is used in this Institution. If the 
course of training of such men is provided for, the less 
complete training of men for lower grades of service 18 not 
liely to be wanting. ButI do not think that we dis- 
tinguish sufficiently at present the different type of educa- 
tion required for leaders and subordinates, the heads and 
the hands. ; 
It must be recognised that the professional or consult 
ing engineer is not solely concerned with technical 
oblems, though as to these he must be an expert. But 
5 is more and more concerned with economic, legal, and 
commercial problems of much intricacy, and must be 
prepared to meet men of affairs and of liberal education 
on an equal footing. : : ee 
In his presidential address, in 1898, Sir John Wolfe 
* Minutes of Proceedings of the Institution of Civil 
Engineers, vol. clxvi., page 159 
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Barry said that ‘‘no profession requires more education, 
theoretical and practical, and more training of the mind, 
than the profession of a civil engineer.” A distinguished 
American member, Dr. E. L. Corthell, has said that ‘‘ the 
civil engineer of the twentieth century must be an 
educa man, and prepared for his life’s work by the 
highest order of educational instruction and training.” 
Now the earlier great engineers in this country had no 
formal technical training ; indeed, very little general 
education either. Brindley, George Stephenson, Fair- 
bairn, had only parish -school education; Smeaton, 
Telford, and Watt only grammar-school education. They 
picked up even their practical experience gradually and 
casually. They differed in this from their contem- 
yoraries in France. Perronet, Gauthey, Rondelet, and 
Noviee, for instance, were of a more academically educated 
t 


Te is no doubt due in part to such early conditions of 
English engineering, in part to the narrow and unscien- 
tific character of secondary and university education in 
this country, that until recently the education and train- 
ing of engineers has been so unacademic and unsyste- 
matic. 

That the state of things was gradually recognised to be 
unsatisfactory is shown by many in our Pro- 
ceedings. For instance, Sir John Fowler said in his 
address in 1866: ‘‘We of the passing generation have 
had to acquire our professional knowledge as best we 
could, often not till it was wanted for immediate use, 
generally in haste and precariously, and merely to fulfil 
the purpose of the hour. Therefore it is that we earnestly 
desire for the rising generation those better opportunities, 
and that more systematic training, for which in our time 
no provision had been made, because it was not then so 
imperatively required.” 

It was just after this time that ninety-three pupils of 
members of the Institution petitioned the Council to 
consider the training of engineers, ‘‘so that they might 
worthily maintain the reputation of their predecessors in 
face of the strenuous and increasing competition of their 
rivals on the Continent and in America.” 

Preliminary Education.—A very great obstacle to the 
progress of technical education in this country has been 
the want of any definite aim, the unsuitable character 
and poor average quality of our secondary education. 
Lord Haldane has pointed out the enormous advantage 
Germany has had over us in the organisation of her 
secondary schools. The dominance of classical studies, 
the imperfect teaching of mathematics, the exclusion 
of science and modern languages, and the excessive 
interest in games in the schools of half a century ago, 
are only slowly giving way to more rational ideals of 
education. When Sir Henry Roscoe became a governor 
of Eton, he found that, in a not very laborious cur- 
riculum, twenty hours per week were given to Latin 
and Greek. Grant whatever can fairly be urged as to 
the honourable spirit, the pluck and resourcefulness of 
boys from the better public schools; grant also the value 
of dead languages as a means of culture for those who 
really master them, it must still be recognised that the 
average boy left, and to some extent even still leaves, 
school sadly unfitted for any form of higher education. 
The success of the clever and brilliant few, educated for 
university prizes, has obscured the poor quality of the 
intellectual equipment of the average many. at is to 
be said for a system in which “‘lads spend most of their 
working time in spelling out languages which not 5 per 
cent. of them learn to read, and in writing such prose 
and verse in those languages as no mortal would write 
in English.” 

Happily, if the state of things is not yet satisfactory, 
if secondary education is still unorganised, and the school- 
master is only partially converted, still science has obtained 
a footing, and school-leaving and other examinations have 
secured that the average lad is better taught. As Lord 
Haldane has said, ‘‘The Teutonic spirit is moving 
amongst us.” Even the Zimes tells us that our schools 
must do more than they have done, if England is to 
become, as Germany has become, an educated nation. 

It was pi mor a cause, partly a consequence of defective 
school education, that the great universities have not 
addressed themselves, in a responsible and _ scientific 
manner, to securing that candidates for admission to 
higher courses had reached a reasonable standard. Still 
less were the engineering schools, with one or two excep- 
tions, able to insist that students were properly prepared 
for technical instruction. Rankine, in notes for the 
guidance of candidates applying to attend his classes, 
merely stated that it was Tota le, if possible, that the 
elementary part of mathematics should form part of their 
preliminary education, and that they should, if ible, 
obtain some knowledge of drawing outside the university. 
In several engineering schools students were permitted to 
enter all or any classes without preliminary examination. 
It is only recently, and partly under pressure from the 
Institution, that a fairly satisfactory entrance examina- 
tion has been prescribed in some English and Colonial 
engineering schools. To admit lads with imperfect pre- 
liminary education to advanced instruction lowers the 
whole standard of work in the classes. Lads who have 
taken technical instruction without a serious basis of 
re are likely to lower the estimate of academic 
training by employers, and it is such half-educated lads 
who are most likely to get a bad reputation for conceit. 

An erroneous opinion has prevailed that technical 
instruction requires little or no literary and scientific 
education to prepare the way for it. 

I noticed the statement in the address of the Chancellor 
of St. Andrew’s, on the occasion of the quincentenary of 
the University, that the test now imposed for entrance 
would in some respects cmmgee not unfavourably with 
that for graduation about half a ae Oo ge In the best 


engineering schools a similar change occurred, and 





should indeed make further . The possibility of 
effective technical teaching depends on suitable seovleus 
reparation, and on this point the Committee of the 
nstitution in 1906 came to very decided and definite con- 
clusions, and laid down explicitly a scheme of school 
education for engineering students. 
echnical Education.—I do not think it is generally 
known that the earliest universities were strictly tech- 
nical schools. They were intended for the education of 
clerics, lawyers, and doctors. Salerno was a medical 
school, Bologna was a school of civillaw. Paris was the 
first pe ged to have a faculty of arts in addition to 
faculties of theology, law and medicine. It is only in 
modern times that universities came to be regarded as 
solely concerned with a general liberal, and, except as 
rds medicine, an entirely non-technical education. 
“The colleges were in their inception,” says Mark Patti- 
son, the Rector of Lincoln, ‘‘endowments not for the 
elements of a general liberal education, but for the pro- 
longed study of special and professional faculties by men 
of riper age ;” and he lamented that they no longer pro- 
moted the researches of science or directed professional 
study. That state of things is happily changing, especi- 
ally in the modern provincial universities. 

The new vocation or profession of engineering grew up 
in this country with very little academic encouragement. 
It is true that since 1840 engineering schools were attached 
to a few universities. But they were generally unendowed, 
unequipped, or uninfluential. The most distinguished of 
them was that at Glasgow, where the Regius Professor- 
ship was held by Gordon and Rankine. Some distin- 

uished engineers owe stimulus to Rankine’s teaching ; 

ut his influence was much greater through his writings 
than through his school. He was the first really powerful 
thinker in this country to bring the highest mathematical 
resources to bear on engineering problems. He became a 
professor after eighteen years of practical engineering, 
and while in some subjects, such as thermodynamics, he 
was a discoverer and pursued an original line, he was 
largely indebted in other subjects to his unusual know- 
ledge of Continental writers. 

eanwhile, in France and Germany, there had lon 

existed remarkable engineering schvols with distinguish 
teachers. The Paris Ecole Polytechnique was instituted 
in 1794, the Ecole des Ponts et Chaussées in 1795, the 
Ecole des Mines in 1778, the mining school at i> ae 
where many foreigners obtained education, in 1765. In 
the first quarter of the nineteenth century were estab- 
llshed the technical high schools of Carlsruhe, Hanover, 
Berlin, Dresden, Vienna, and the Ecole Centrale at Paris. 
The great Zurich Polytechnicum dates from 1854. 

With one exception, I do not think there were any 
engineering schools in this country with what could be 
poe as a reasonably complete and satisfactory curri- 
culum or equipment before 1870. 

In giving this date I am passing over the system of 
education adopted by the Admiralty for naval engineers 
and architects in 1843. In that system lads were educated 
in the dockyard schools, and selected lads of marked 
ability were given the means of obtaining advanced tech- 
nical education in the school of naval architecture and 
marine engineering. Some of the lads so trained passed 
into private employment, and became the chiefs of some 
of the largest shipbuilding yards. Others rose to the 
highest positions in the Admiralty, Sir William White 
has pointed out that this system of education has had a 
very great influence upon the leading ition which 
Great Britain occupies in the shipbuilding and ship- 
owning industries of thé world. 

Sir Alexander Kennedy established the first college 
engineering laboratory in 1878, and from that may 
dated the beginning in this country of a necessary equip- 
ment of engineering schools. In the establishment of 
what are now costly institutions, many leading engineers 
have taken a generous and conspicuous part. There are 
now a number of university engineering schools, or schools 
of university rank, directed by teachers of eminence, not 
only in science but in practical engineering, with system- 
atic courses of instruction, covering bi ly all branches 
of engineering up to the graduate stage, and of a 
thoroughly practical character. Quite recently a begin- 
ning has been made of t-graduate instruction of a 
specialised character. It is only in a post-graduate course 
that engineering students can be usefully or efficiently 
employed in research. 

Advanced Education and Practical Training.—I cannot 
help thinking that there is a tendency amongst some 
practical engineers to suspect those of us who are 
interested in formal technical instruction of indifference 
to the value of practical experience. But surely that is 
a mistake. Most engineering professors are themselves 
engineers of considerable practical experience. What, in 
fact, they do somewhat doubt is the value of so much 
practical experience as an ordinary apprentice gets, who 
goes straight into works without technical training, and 
who has to pick up his knowledge as he can. At the best 
his experience is a narrow one. Some of the jealousy 
occasionally shown as to college training seems to arise 
from the feeling that it interferes with the traditional 
English system of articled pupilage, which, as far as 1 
know, hardly exists in any other country. It does seem 
to me that the old apprenticeship system for professional 
engineers, taken by lads direct from school, was unecono- 
mical, wasteful of time, involving unnecessary drudgery, 
and in some respects unfair. 

No more lucid account of the difference in this respect | 
of the English and Continental methods is to be found 
than the memorandum, prepared by Professor pine | 
Jenkin, in the volume on the education and status o 
engineers, printed by the Institution in 1870. He pointed 
out that practically all the civil engineers in the narrower 
sense, in public or private employ in France, were mem- 
bers of the Corps des Ponts et Chaussees, and had 








through the Polytechnic and the Ecole des Ponts et 
Chaussées, or the Ecole des Mines. Other engineers in 
France had nearly all been pupils in the Ecole Centrale, 
and the one recommendation which ved they were 
worth a salary, and they obtained employment, 
was the diploma of the school. In contrast with this, 
in this country, path to employment as an engineer 
lay through the works or office of a civil or mechanical 
engineer. Professor Fleeming Jenkin had been a 
pupil, had reached a distinguished position as a prac- 
tical engineer, and was not an advocate of the aban- 
donment of a pupilage system. But he does not give 
ov favourable view of the working of the system in 1870 
before it had been sensibly affected by engineering schools. 
He says that young Englishmen very imperfectly edu- 
cated S sended the doors of offices and workshops, offer- 
ing premiums of 300/. to 500/. for mere permission to 
three years within the magic gates.” And of the results 
he says: “‘ Notwithstanding their ignorance at starting, 
the neglect in which they were left during pupilage, and 
the absence of opportunities for increasing their theo- 
retical acquirements, many of them do become useful 
men.” That is surely a very unsatisfactory account of a 
pupilage system pure and simple in the days of its pre- 
dominance forty years ago. No doubt in many cases at 
the present time some standard of education is exacted 
in —_ =; pupils, and care is exercised in training 
them. But I want to urge that the change has not yet 
gone far enough. 

There is another consideration as to the pupilage system 
as it existed forty yearsago. It was suitable only for the 
wealthy ; but many of the most hard-working, capable, 
and even brilliant students are not of the wealthy class. 
In these days there are ders from the elementary 
school to the university and the technical college. It 
would be a loss to the country and the profession if really 
able, but comparatively poor, students could find no way 
toemployment. In this competitive time we can least of 
all afford to neglect or waste intellectual ability. 

The Institution has, by its system of examinations, 
expressed its view of the importance of such theoretical 
and practical technical educaticn as it is the object of 
technical schools to Ere, while at the same time it has 
done what is possible by its bye-laws to encourage or 
require a term of pupilage or apprenticeship as a means 
of acquiring experience. 

Further, in the report of the Committee of 1906, while 
insisting on the value of pupilage or apprenticeship, it 
has most definitely exp the opinion that a three 
years’ course in a technical college is equally necessary, 
and should form an integral part of the training of an 
engineer, and this conclusion was endorsed by a lar 
majority of the engineers who were consulted by the 
Committee. 

The question arises, and I think it isa serious one, how 
far engineers now are taking any steps to carry out the 
recommendations of the Institution Committee as to the 
requirement of preliminary training antecedent to pupil- 
age. It is clear that young men will not incur the 
expense, the labour and the delay of a college course, if 
it gives them no advan in entering the profession. 

me inquiries were lately made by the Institution 
of more than a hundred engineers in various branches 
of cugmperring as to the conditions on which they 
accepted pupils or apprentices. In a few cases it appears 
that pupils or apprentices are required to have passed an 
examination equivalent to the studentship examination 
of the Institution. In a very few cases the possession 
of a degree is accep’ as a reason for shortening the 
period of apprenticeship. But what is desirable is that 
a lad should reach the standard of the associate member- 
ship examination or the examination for a first degree 
before entering on pupilage. If he does not he will only be 
able to reach it by cramming, which, though not quite 
useless, is much inferior to a systematic course of study. As 
a matter of fact, however, within my own knowledge the 
colleges have more influence than these returns seem to 
show, and, especially in the case of the provincial univer- 
sities, local patriotism ensures preference to men trained in 
the local university. But it cannot be said that the state of 
things is satisfactory, or will be so, till complete college 
courses are ised as a necessary step to engineering 
employment of the higher type. 

This is already the case in the United States and 
Canada, where college-trained men are sought for by 
railway and structural engineers and by large corpora- 
tions, and where, after a short trial, such men always 
receive wages. In this connection I might, perhaps, mention 
that I recently received an interesting letter from one of 
the most eminent of American engineers, Dr. Corthell, in 
which he states, as to the men trained in the engineering 
schools, that ‘‘they go to work immediately in good posi- 
tions, and witha living salary, and that the railroads, th 
mines, the hydro-electric works, the waterways and ports, 
and the United States Government want and apply for 
them.” Conditions in the United States are, no doubt, 
different from ours, and here the intermediate pupilage 
or apprenticeship stage is generally insisted on; but 
American engineers are not shortsighted or unbusiness- 
like, and their experience has lessons for us. 

The Transition from College to Practice.—It seems to 
me that the great efforts made during the last forty years, 
and the expenditure incurred, ly from private 
sources, in establishing engineering schools, lack in one 


| respect full recognition by the profession. Many engi- 


neers have given generously in money and in time ; but 
engineers in general might do more in facilitating the 
transition from school to works. With an experience of 
twenty years, I believe that more organised and recog- 
nised relations between the schools and offices and 
works are desirable and possible. It is not that my 
students did not find employment, but that the pro- 


| cedure in finding it was so casual, and in some cases 
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demoralising. It would be ungrateful, however, not 
to acknowledge how often I was helped by engineers in 
practice. The most difficult —_ of a young engineer’s 
career is the step between college and full capability in 
some special branch. No engineering school can prepare 
students completely for any special ition in the engi- 
neering field without very undesirable narrowing of the 
scope of the instruction. Two years of pupilage or 
employment is desirable as a transition period, and the 
difficulty is that generally engineers expect that someone 
else should have the task of rounding off the college 
training. Even in the United States it is perceived that, 
as Mr. Kimball, of Cornell, has put it, to make technical 
education effective the employer must shoulder a part of 
the load imposed by the old apprenticeshipsystem, which 
in the United States has been to a great extent thrown 
on the schools. 

I am, therefore, much in sympathy with the proposal 
which Mr. Yarrow pl fore the conference that 
there should be an endeavour to produce some co-ordina- 
tion between the coll and employers, by making an 
inquiry as to the conditions under which well-qualified 
students may be able to get practical training, whether 
they seek employ ment later in the mechanical or electrical 
branches of engineering or in constructional or adminis- 
trative work. Some scheme might be evolved linking the 
colleges and the manufacturing, municipal, or other public 
works, so far that the first stage of practical experience 
might be gained under conditions less haphazard than at 
present. No doubt, college graduates who want to fit them- 
selves for service in India, or for starting in private busi- 
ness, are fairly asked to pay for the privilege of entering 
works or office. But in other cases, well-trained students 
who are quite capable of being useful might very well be 
taken on easy terms, for a trial of a year or two, in the 
expectation tbat they would remain afterwards as valuable 
assistants. In the engineering departments of munici- 
palities oe facilities for apprenticeship might be 
— a nerng technically well-educated 8s, and 

irecting their practical training, they would form a loyal 
staff, ultimately more competent and useful than others 
less educa’ but selected as more immediately useful. 
Further, it is now proved that technically-educated lads 
are very fit, with some experience added, for the com- 
mercial branches of an engineering business. 

If a university degree or college diploma is to be taken 
as a qualification for beginning an engineering career, it 
must not be overlooked that degrees and diplomas are of 
very varied value, and that one great function of a college 
is to distinguish the more and the less capable amongst 
its students. It has been a surprise to me for many years 
that employers, who took my students into works or 
offices, so rarely cai to inquire as to my opinion of 
their abilities. Generally the degree or diploma has the 
highest value when it certifies to education in an insti- 
tution of great prestige, with high ideals of work and 
conduct, where the influence is felt of teachers dis- 
tinguished both for practical knowledge and scientific 
attainments. 

I believe there are no schools of university rank where 
the work is more strenuous, the methods more practical, 
or new ideas more welcome thin in the best of the engi- 
neering schools of the day. What was said of Eton in 
the seventeenth century may be said of more than one 
engineering school to-day : ‘* This is a brave school and 
the best teaching in the world.” The association of young 
men at their most formative and impressionable time in 
such an institution has a value for them which no appren- 
ticeship can replace. 

Dr. Henry Smith Pritchett, the late President of the 
Massachusetts Institute of Technology, has said that 
** there are few human organisations for which it is so 
difficult to estimate either the value of the energy which 

in or the value of the product which comes out, as 
it is for a colle Any subject may be so taught as to 
tend towards the upbuilding of the intellectual and the 
moral life of a student, or it may tend the other way. So 
much depends on the personality of the teacher.” But 
I have not been so long concerned with engineering 
education without concluding that generally the engi- 
neering schools are efficient instruments of education, or 
without acquiring a faith in what Dr. Pritchett calls the 
stream of moral earnestness and moral energy which 
flows through them. It is not merely the specific know- 
ledge acquired, or the capability of using the tools of the 
engineer, but also the comradeship of students and pro- 
fessors which happily in so many cases is the most valu- 
able part of college training. 

The Institution of Civil Engineers is the oldest and 
most important representative of the profession in this 
country, the evidence to the public of its honourable 
past, its great traditions and high standards of conduct and 
ability. It requires for its members and associate mem 
theoretical knowledge, tested by its own examinations or 
by others accepted as equivalent, and a definite amount 
o paee experience. It striven to promote a 
high standard of honour, of culture and attainment 
among those to whom it extends recognition. The educa- 
tion and training it demands involve prolonged and 
expensive study, and a period of unremunerative activity 
in the early part of our engineers’ career. Does not this 
[me on employers, who have at heart the welfare and 

ignity of the profession, an obligation as to the condi- 
tions under which they select young engineers for employ- 
ment. Especially in appointments in the public and 
municipal services, it seems desirable that the technical 
staff for constructive or administrative services should 
not be recrui by tests inferior to those accepted by 
the Institution. 

I have touched on various subjects, unavoidably in a 
short address, with some i e have 
driven lately to recognise how intimately the very exist- 
ence of society, as now constituted, depends on the work 


| of the engineer. It is because I have come to believe in 


the importance of coherent and systematic instruction, 
and in the value of the play of mind on mind, and the 
influence of generous rivalry, best enjoyed at a plastic 
and impressionable during studentship, that I have 
ventured to urge the claims of engineering schools in pre- 
paring the engineer for service in shaping the destinies of 
the Empire. 








THE PHYSICAL SOCIETY OF LONDON. 

At the meeting on October 27, held in the eet 
Coll of Science, Professor H. L. Callendar, F.R.S., 
President, occupying the chair, a paper on ‘‘ Further 
Observations on the Afterglow of Electric Diseharge and 
a Phenomena” was read by the Hon. R. J. Strutt, 


It is shown that ozone prepared by means of the 
Siemens ozone tube used at atmospheric pressure is able, 
when mixed with nitric oxide, to give the greenish yellow 
after-glow flame. This result is only attained, however, 
when the ozone has been concentrated by fractional dis- 
tillation. A blue glow is vbtained under the same con- 
ditions with sulphuretted hydrogen and ozone. : 

The effect of sulphur compounds in improving the air- 

low noticed by the older experimenters is shown to be 
. not to any direct intervention of these bodies in the 
reaction, but to their power of destroying organic matter 
prejudicial to ozone. When once this is got rid of, the 
sulphur compounds are of no further advantage. 

tt is found that pure — does not give an afterglow. 
The afterglow seen in electrodeless bulbs containing 
oxygen is due to some interaction with water vapour. 

e luminosity given out when ordinary spring water 
is shaken with ozone is shown to be due to oxidation of 
peaty matter contained in it. Brown peat water gives 
greatly enhanced luminosity. 

Mr. A. Campbell inquired whether quartz would not 
be better than glass in vacuum-tube work for preventing 
occlusion of moisture and gases. : 

Mr, Egerton asked whether the afterglow might not be 
due to ozone decomposing into oxygen. 
liquid air and phosphoric pentoxide would prevent the 
glow by removing the oxone. 

The author replied that quartz would undoubtedly be 
superior to glass, but pointed out the difficulties of 
working with it, and the impossibility of making sealed 
joints. In reply to Mr. Egerton he stated that there was 
some evidence that moisture was necessary for the after- 
glow in oxygen, as it was found that the afterglow dis- 
appeared at the same time asthe red hydrogen line. 

A paper on ‘‘ Homogeneous Fluorescent X-Radiation of 
a Second Series,” by Professor C. G. Barkla and J. Nicol, 
was read by Professor Barkla. It was shown by one of 
the writers that the fluorescent X-radiations emitted by 
elements exposed to primary Réntgen radiation can be 
a in series, one radiation in a particular series 
being emitted by each element, and the radiation belong- 
ing to that series ming more pes with an 
increase in the atomic weight of the radiating element 
(Proc. Camb. Phil. Soc., May, 1909). The homogeneity 
of radiations of only one series (the K series) was shown 
by Barkla and Sadler. This paper describes experiments 
showing the homogeneity of fluorescent X-radiations in 
the second series (the L series), and exhibiting the homo- 
geneity of radiations of the two series from a number of 
elements. Details are given of the observations on the 
radiations from barium. Similar results are recorded in 
pe case of the radiations from iodine, antimony, and 
silver. 

The homogeneous fluorescent radiations of different 
series are emitted simultaneously by an element exposed 
to ng oy radiation of more penetrating type than 
either. The fluorescent X-radiations can thus be analysed 
into well-defined radiations widely different in penetrat- 
ing power, and may be said to give a line spectrum in 


X-rays. ‘ 
The absorbability of the fluorescent radiations is givan 
by the following values of 3 where } is the coefficient of 


absorption of these radiations in aluminium of density p :— 
Ag radiator: (Series K) [2.5]; (Series L) 700 
Sb » a 1.21 ‘ 435 
I os $9 0.92 ” 300 
Be 0.8 “i 224 


Dr. S. Russ inquired as to the mechanism of the pro- 
duction of scatte radiations, and asked whether 
scattered radiation would be produced by homogeneous 
radiations. 

Professor C. G. Barkla, in reply, said that scattered 
radiation was produced by a pulse passing over an electron 
disturbing it, and so causing it to radiate a pulse of the 
same wave-length or hardness. No satisfactory explana- 
tion of either X-ray fluorescence or ordinary fluorescence 
had been given, but he pointed out that after the pulse 
had over an electron the latter would continue to 
vibrate with its natural frequency. 





Lonpon CHAMBER OF CoMMERCE: NATIONAL INnsuR- 
ANCE Bitt.—At a special meeting of the Engineering 
Section of this Chamber, held on Friday, the 3rd inst., 
the terms of this Bill, especially Part II., relating to 
unemployment, were considered. Reports were presented 
showing the amendments which had been tabled on the 
suggestion of the Chamber, which the Section generally 
approved. In the course of the discussion it was pointed 
out that the condition of the engineering trades was 
such, owing to the relatively small profits earned by many 
of the firms and companies, especially the ler con- 
cerns, that the cost of unemployment insurance, in addi- 
tion to that for sickness, would materially reduce the 





margin of profit. 


In this case both | f 





VOLUME CHANGES IN THE ALLOYS OF 
COPPER WITH TIN.* 


By J. L. Haveuton, M.Sc., and Professor T. Turner, 
M.Sc. (University of Birmingham). 
(Concluded from page 611.) 

THE next volume change of considerable interest is that 
occurring at 500 deg. Cent., where a + § changes into 
a+ 6. is should be shown on bars containing from 
15 to 25 per cent. tin. The 25 per cent. alloy was unfortu- 
nately not cooled down far enough to show it, but it can 
a be seen on the 20 per cent. alloy by placing a 
straight-edge re | the curve. The change appears to 
last, according to the expansion curve, from about 540 deg. 
to 480 deg. mt., due, doubtless, to the fact pointed out 
earlier in this paper, that the rate of cooling, and there- 
fore the temperature of the bar, differs in different parts. 
Further confirmation of this is obtained from the photo- 
graph shown in Fig. 10, page 610 ante. This represents 
the fracture of one of the bars in three different places ; 
A is from the head of the bar, near the cross-piece ; B, 
from about two-thirds of the way down; and OC, from 
the end close to where the pin enters. ‘The difference 
in crystal size is very striking, the most probable ex- 
ee being that the cooling was slower near the 

ead where the mass of metal was so much greater. 
The change above referred to is also visible, though 
much less pronounced, in the 15 per vent., and possibly in 
the 28 per cent. alloy. 

The alloys containing 33, 34, 37, and 39 per cent. tin 
show analteration in the rate of contraction at somewhat 
above 600 deg. Cent., corresponding, presumably, with 
the separation of 7 from y. This is specially marked in 
the bars containing 34 and 39 per cent., and although the 
temperature of the change cannot be determined very 
accurately, yet it will be noticed that it agrees quite 
reasonably with the values given by Shepherd and Blough. 
Attention is drawn to the cooling curve of the 34 per cent. 
alloy, which shows two definite arrests at 600 deg. and 
630 deg. Cent.; these correspond almost exactly with the 
gures given by Shepherd and Blough. 

The 43 per cent. alloy appears to contract uniformly 
after the first expansion, the allotropic change at 400 deg. 
Cent. being hardly, if at all, shown, although it is quite 
visible on the cooling curve. On the 50 per cent alloy, 
however, it is very plainly marked, and bars of 52, 55, 
59, 60, 65, 66, 69, 70, and sed ow cent. tin content all show 
this separating of €, as it is called by Shepherd and Blough. 
After this it becomes masked by the preliminary expan- 
sion of the alloy. It ap to be at a maximum in the 
65 per cent. bar, where it renders the rate of contraction 
abnormally slow for over four minutes, under the cooling 
conditions of the experiment. 

Between 25 and 40 per cent. tin the polymorphic 
changes indicated by Shepherd and Blough are so rapid 
that it is impossible to expect the extensometer to show 
them with the rapid cooling employed. With these ex- 
ceptions it may be said that every important line crossed 
on the equilibrium diagram is accompanied by a change 
in the rate of contraction, as shown by the extensometer. 
This fact causes the author to attach great importance 
(perhaps undue importance) to the changes which have 
no such explanation, and he would run the risk of being 
over-importunate by once more urging the importance of 
taking slow heating and cooling volume change curves of 
these alloys. 

At this point attention may be drawn toa few pecu- 
liarities shown by some individual bars. Thus the 25 
per cent. tin bar contracts much more rapidly than any 
of its neighbours, although the pyrometer curve shows 
that the rate of cooling was almost identical. It appears 
to be pure 8 down to 550 deg. Cent., below which its rate 
of contraction was not measured. This seems to suggest 
that the coefficient of expansion of pure f is greater than 
that of a or y, while it appears thata + 8 has a smaller 
coefficient of expansion than a + 6. Much mcre work, 
however, must be done on the subject before it is safe to 
draw any conclusions. ; 

35 per cent. tin, after it has passed the 600 deg. line, 
behaves in a similar way, though its cooling curve is 
shown by the pyrometer to be slower than those of ad- 
jacent bars ; 37 per cent. tin seems to do the same, but 
the absence of pyrometric data renders this uncertain. 

It has been urged by several metallographists, Dr. 
Desch in particular, that the phenomena observed 
during solidification are not really volume changes, but 
are caused by crystal thrust, and in the discussion follow- 
ing the paper before the Institute of Metals on 
volume changes in the copper-zinc alloys (2) he instanced 
the case of acrystal of alum being able to exert a force of 
2kg. In this connection it is interesting to notice that, 
in the series at present under discussion, at least three 
alloys giving quite large expansions exerted a very small 
force, sosmall indeed that, owing to the extensometer not 
working quite freely, a zero result was registered, although 
the contraction appeared to be quite uniform once solidi- 
fication was complete. Before each bar was cast, the 
freedom of the extensometer was tested by moving the 
pin backwards and forwards in the mould a few times, so 
that the resistance exerted must, of necessity, have been 
very small, and, had the apparent expansion been due to 
crystal thrust, it would seem probable that no difficulty 
would have been experienced in overcuming this small 
resistance, the assumption being that a skeleton of crystals 
is formed, one of which is connected to the pin; if, how- 
ever, we assumea kind of muddy mass—a mixture of solid 
crystals and mother-liquor—each particle of which ex- 
pands at the moment of solidification, it is very easy to 
conceive of such a mass failing to grip the extensometer 





* Paper read before the Institute of Metals at New- 
castle. 
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pin until almost all the material is solid. Incidentally | 0 percent. to 20 percent. tin have abnormally low specific | of Kurnakow and Shemtschusny (14), but , 
this observation shows the need of checking all zero ities, doubtless due to blow-holes from eadatel Gnaen plicated state in which the pom AF = SS - 
points on the expansion curve. | ais will probably explain the low results obtained by | sibility of determining exactly what that state is, without 

It was also noticed that pure copper, when melted with- | Mallet (5) in the same neighbourhood, and also the fact annealing and quenching experiments, renders 
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: - is longed 
out a covering of charcoal, gave a large expansion. The | that Riche found that the density of powdered specimens livery difficult to apply the theory. 
Fig. 11. SPECIFIC GRAVITY OF THE COPPER-TIN ALLOYS. 
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Fie, 13.. Tin, 30 PER Cent. Maeniriep 100 
Diameters (Repucep 30 per Cent. in REepro- 
puction). Ercnep with FeCl,+ HCl. 





Fig. 16. MAGNIFIED 
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same effect was observed by Wiist (2), whoattributes it to 
the liberation of dissolved gases. his is obviously a 
case of a real volume change which affects the extenso- 
meter. It is noteworthy that the value of this expansion, 
as obtained on two occasions by the author, is almost iden- 
tical with that of Wist; this seems to suggest that a 
definite amount of gas is absorbed by the ite copper 
and is given off on cooling. The agreement is all the 
more remarkable in view of the fact that one of the 
author’s bars seemed to consist more of blow-holes than 





of metal, while the other was reasonably sound. Refer- 
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It is rather disconcerting to notice that the sclero- 
scope returns gun-metal as only slightly harder than tin. 

The results plotted in Fig. 12 are from the mean of ten 
fairly concordant results, any abnormal readings not 
being included in these ten. 


: 6. MICROSTRUCTURE. 
The microstructure of the copper-tin series is exceed 
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Fic. 14. Try, 34.5 per Cent. Macntriep 
100 Diameters, Ercuep witx FeCl, + HCl. 





Fic. 17. Trin, 94 per Cent. Maeonirirep 100 
Diameters. EtcHep witH FeCl,+ HCl. 


was greater than that of cast bars between about these 
limits, while beyond them the converse is true. 
All these results are shown in Fig. 11. 


5. Harpness TEsts. 

Hardness tests were carried out on the bars by means 
of the scleroscope, the results of which are plotted in 
Fig. 12. The striking feature of this curve is the high 
maximum occurring at 30 per cent. tin, which oan ae 
as has already been pointed out, with that shown the 
expansion curve. It seems almost impossible te find any 


enge to Fig. 1} will show that the bars containing from | agreement between the observed hardness and the theory 








Fie. 15. Tin, 34.5 per Cent. Maoniriep 
1000 Diameters. Ercnep witH FeCl, + HCl. 


ingly complicated, and, although each bar was examined, 
any attempt to consider it at all fully would be quite out 
of place in this paper. Nevertheless, a few typical photo- 
micrographs are reproduced to show the exceedingly 
complicated conditions in which the bars exist, and how 
far they are removed from being in equilibrium. 

Fig. 13 is interesting as showing the alloy with 
the inexplicable maxima of sepenenes ane hardness (30 
per cent. tin). Under very high magnification the dark 
constituent shows signs of ing resolved into two 


materials. 

Figs. 14 and 15 are both from the same bar (34.5 per 
cent. tin), the former being magnified 100 diameters and 
the latter 1000 diameters. The eutectoid structure of 
the latter is very remarkable. 

Fig. 16 is from the bar containing 60.5 
the three constituents are the H, 7, and 
of Heycock and Neville. 

Fig. 17 represents the alloy whose tin content is 94 
per cent. ; the beautiful six-rayed stars are very strik- 
ing, and show well the hexagonal structure of the 
metal. , 

The majority of the specimens were very hard to polish 
owing to their extreme brittleness, and several of the 
photographs show holes from which pieces have fallen out 
during ——- 

It was generally found best, when preparing the speci- 
mens—after the usual treatment with emery paper—to 
use Globe metal polish, followed by gentle rubbing on 
parchment dusted with calcined magnesia. 


7. Resume. 

To sum up these results it may be said :— 

1. That, as pointed out by Murray, the expansion 
during solidification is closely related to the crystallisation 
interval, but that the exact nature of the relationship is 
not at all clear, and that in two regions the relationship 
does not hold good. 

2. That allotropic changes during and after solidifica- 
tion cause variations in the coefficient of expansion. 

3. That it is not possible to get accurate determination 
of the densities of the ere bars on the original 
castings, owing to blowhcles. 

4. That the hardness curve does not fit in with the 
theory of Kurnakow and Shemtschusny, probably owing 
to the metastable condition in which the bars exist. 

There only remains to the author the pleasant task of 


r cent. tin; 
+8n eutectic 
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this work. To mention all by name would be impossible, 
but he would refer in particular to Professor Turner, 
under whose guidance the research was carried out, and 
who always took the keenest interest in cones relat- 
ing to it; to Messrs. O. F. Hudson and D. M. Levy his 
best thanks are also due for their continual willingness to 
help, both by advice and in many other ways; to Mr. R. 
M. Field for assistance in erecting the a tus and in 
designing the new extensometer, and to Mr. J. Ward for 
help in making the chronograph, and for melting and 
pouring the metal, he also tenders his sincere thanks. 


APPENDIX. 
Themical Analyses. 

The earlier members of the series were analysed by 
the method recommended in all the text-books for the 
analyses of bronzes, gun-metal, &c.—i.e., dissolve in 
HNO,, filter off the SnO,, ignite and weigh; take down 
filtrate with a little H,SO, to dryness, take up with water, 
neutralise and titrate with Na,S,O, and KI. This worked 
satisfactorily with alloys containing up to 30 per cent. tin. 
Beyond this a residue was left which was insoluble in 
nitric acid. Sixty per cent. tin was hardly attacked by 
the acid at all unless ground eg & ne, and even 
then a considerable residue was left. oth aqua-regia 
and potassium chlorate in HCl attacked it ily, but 
the tin chloride formed was so volatile that it was quite 
impossible to get any results for the tin. It may be 
noted that Heycock and Neville do not make any men- 
tion of the method that they employed for analysis— 
indeed, it seems probable that they made the alloys very 
carefully, and trusted to the non-volatile porgerts of 
copper and tin to keep the results accurate; Shepherd 
and Blough distilled off the tin as chloride in a 
stream of HCl, but do not claim any considerable 
accuracy for the method which, at best, is very clumsy 
and tedious. Several other methods were tried, but 
without success, until it was found that the whole series 
was easily soluble in bromine. On diluting and boiling, 
the tin is precipitated as tin hydroxide, leaving the copper 
in solution. ore oy the method pew was as 
follows :—4 gramme of the finely-ground alloy is treated 
with about 5 cub. cm. of strong bromine in an 8-oz. beaker, 
and approximately 20 cub. cm. of water added. This is 
very gently warmed for a few minutes, and then diluted 
to 50 cub, cm. with water. The solution is boiled in a 
water-bath till all the bromine is driven off and the tin 
precipitated. The clear liquid, after settling, is poured 


off, and the precipitate is washed several times by decan- | }, 


tation, all the washings being poured through the filter. 
The precipitate is then washed into the filter, where it 
is further washed with water, and then dried, ignited, 
and weighed as SnO,. The washings are boiled down to 
a very smal! bulk to ensure any remaining traces of bro- 
mine being expelled, and are then neutralised and titrated 
with sodium thiosulphate and potassium iodide in the 
usual way. 

As a test of the method, 0.3 gramme of copper and 0.3 
gramme of tin were treated as described above, and 
yielded 0.2989 gramme of copper and 0.2990 gramme of 
tin respectively. 
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NEW INDUSTRIAL PROCESSES FOR THE 
CASE-HARDENING OF STEEL.* 


By Dr. F. Grorrrti (Genoa). 


Durine the last four years the author, in collaboration 
with Carnevali, Tavanti, Astorri, and Scavia, has carried 
out a series of experiments, the results of which have 
served to clear up several highly controversial points 
connected with the theory of the processes of the case- 
hardening of steel, by means of which it has been possible 
to formulate a few rules for the application of those pro- 
cesses on an industrial scale. 

It was at first the author’s intention to present here a 
brief resumé of his previous results in order to show how 
those rules, the application of which forms the principal 
object of the present paper, have been deduced. Con- 
siderations of space, however, obliged him to omit such a 
review, and he decided instead to compile a short biblio- 
graphy containing a list of some of the memoirs published 

yy him, in which reports readers will find the logical conclu- 
sions of the experiments which have led to the establish- 
ment of the scientific principles forming the basis of the 
ractical processes. The list of reports referred to will 
found at the end of the paper. The results of some of 
the first of these experiments a already been reviewed 
by Portevin,+ who also makes many interesting personal 
observations. 

As the result of the experiments and from the theo- 
retical considerations elaborated by the author in his 
several reports, and chiefly in the more recent ones, 
several fundamental facts, besides many of secondary 
importance, have been proved with certainty. It has, 
moreover, been specially demonstrated in the report 
marked No. 15 in the list at the end of the paper, that 
these facts are in perfect agreement with the work of 
previous investigators, although they were unable to arrive 
at exact conclusions on account of the lack of the necessary 
theoretical knowledge which has become available to 
science only within the last few years. 

These fundamental facts, the discussion and proof of 
which the reader will find in the reports contained in the 
bibliography, may be briefly enumerated as follows :— 

1. ere case-hardening is carried out with solid 
cementing agents having a carbon , the carburising 
effect of the free carbon on the iron, the materials being 
in simple contact and without the intervention of gaseous 
carbon compounds, is exceedingly weak, and in any case 
is entirely negligible in industrial practice. This assertion 
us been fully confirmed by the more recent investigations 
of Guillet, Griffith, Weyl, and Charpy. The last-named 
experimenter even comes to the conclusion, already dealt 
with by others, that the direct effect of carbon in cement- 
ation with solid agents is absolutely nil. 

2. Where case-hardening is effected with the solid case- 
hardening agents ordinarily employed in the industry, the 
specific effect of the nitrogen is very weak, as admitted 
and variously explained by many investigators. Only 
with the cementing agents containing a high proportion 
of the cyanogen compounds (alkaline cyanides, ferro- 
cyanides, &c.), does the direct action of volatile nitrogen 
compounds have any marked effect. 

3. In the cementations by means of the solid: agents 
ordinarily employed in the industry, the specific direct 
carburising effect of carbon monoxide preponderates enor- 
mously over every other carburising effect. 

4. Purecarbon monoxide carburises iron at all tempera- 
tures within the range (700 deg. to 1300 deg. Cent.), at 
which the process of case-hardening can be performed by 
means of any other medium whatever. Moreover, the 
rate of case-hardening (by which is understood the depth 
of carburisation which can be obtained in a given time) 
when working under suitable conditions is greatest when 
carbon monoxide, or a mixture in which the carbon mon- 
oxide can efficaciously exercise its specific carburising 
effect, is used as the agent. 

5. This specific carburising effect exerted by the carbon 
monoxide on the iron at high temperature is due toa series 
of chemical reactions, the course and state of equilibrium 
of which have been actually observed with precision. 
Moreover, the conditions of equilibrium of the systems 
in which these reactions take place are in general com- 
prised within the ranges of temperature and pressures 
ordinarily es ap re in practice. It is therefore possible 
to obtain with certainty a predetermined result using 
case-hardening agents whose activity is due, if not exclu- 
sively, at least very largely, to the specific carburising 
action of the carbon monoxide. More particularly, it is 
possible to obtain with such agents carburised zones in 
which the concentration of the carbon does not exceed a 
| meen ane maximum limit and varies in a well-defined 

——s towards the inside of the carburised zone. Such 
definite results, variable at will within sufficiently wide 
limits, are obtained by varying, in accordance with fixed 
rules, the temperature at which the case-hardening is 
performed, the pressure of the carburising gas, and the 
amount of carbon monoxide which, in a given time, comes 
in contact with the unit surface of the steel to be 
carburised. 

6. The results obtained by the use of carbon monoxide 
as an agent vary regularly, other conditions being equal, 
as the chemical composition of the steel to be pom eee 
is varied. 

7. It is possible to vary regularly and within fairly 
wide limits the characteristics of the desired product b 
subjecting the steel to the action of substances along wit: 
carbon monoxide which are capable of modifying the 
conditions of equilibrium of the chemical systems under 
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which the reactions due to the specific carburising effect 
of the carbon monoxide are completed. Such substances 
may be gases, such as hydrocarbons or nitrogen, or they 
may be solids, such as carbon in various forms, and their 
actions can proceed simultaneously with that of the 
carbon monoxide throughout the whole cementation 
period or during a portion only of it. 

8. In particular, by means of the agents, the activity 
of which is due to the specific carburising effect of carbon 
monoxide, it is possible to obtain with ease and certainty 
—whatever kind of steel is being operated upon—soft 
case-hardenings and graduated case-hardenings ; that is 
to say, carburised zones in which the concentration of 
the carbon without being excessive in the outer layers, 
diminishes mg tg with regularity in the succeeding 
deeper layers. is is the essential condition for the 
avoidance of the dangerous phenomena of brittleness and 
peeling, which defects manifest themselves so frequently 
in steel mene case-hardened by the processes ordinarily 
used in the industry. 

9. The chemical reactions produced by agents in which 
cyanogen is the active element are at present but imper- 
fectly understood, particulariy as regards their condition 
of equilibrium, upon which depends the concentration of 
carbon in the carburised zones. It is, however, certain that 
in the conditions under which case-hardening should be 
performed in practice, the conditions of equilibrium just 
now alluded to correspond to a very high concentration 
of carbon passing into solution in the iron. Thus it 
happens that the cyanides, ferro-cyanides, and other 
derivatives of cyanogen, if used alone as case-hardening 
agents, always give rise to too rapid (energetic) a case- 
hardening ; that is, carburised zones are produced in 
which the concentration of the carbon is excessively high 
in the outer layer up to a certain depth, and is then 
suddenly lowered in the succeeding layers. Zones of 
that type, the formation of which has been fully studied 
and their cause explained by the author, produce brittle- 
ness and peeling. 

10. Further, gaseous or volatile hydrocarbons, when 
used alone as agents, also give rise to too rapid case- 
hardening, the causes being identical with those referred 
to in the case of cyanogen and its compounds. 

The author repeats that the experimental proofs and 
theoretical explanations of all the foregoing statements 
are fully dealt with in the memoirs, the list of which is 
given at the end of the paper. 

In the light of the facts recited in the foregoing, the 
great advantage of the use of agents, the activity of 
which is due, if not exclusively, at least principally, to 
the specific carburising action of carbon monoxide, is 
clear. In order to obtain the best results with such an 
agent, the author has demonstrated in his publications 
previously quoted that it is necessary to satisfy the fol- 
lowing fundamental conditions : — 

L The chemical composition of the agent should be 
absolutely definite, and should be accurately known. 

2. The compounds should be as simple as possible. 

3. The reactions which take place during the case- 
hardening process between the various constituents of the 
agent and those of the steel should be simple, and should 
proceed rapidiy—under the conditions most easily obtain- 
Ing in practice—to a well-defined state of equilibrium 
corresponding to definite concentrations of carbon in 
the carburised zones. 

The author in his previous work has demonstrated 
from the theoretical point of view that the agent which 
best satisfies these conditions would be pure carbon 
monoxide, except that by its use the concentrations of 
carbon in the carburised zones, which correspond to the 
conditions of equilibrium, are in general too low, when 
working within the ranges of temperature and pressures 
ordinarily maintained in practice, and when the metal 
cuhiostell to case-hardening is an ordinary mild carbon 
steel or a steel containing a low percentage of nickel or 
chromium. : 

On the other hand, that inconvenience can be avoided, 
and the three conditiens indicated above can be suffi- 
ciently well realised by the use of case-hardening agents, 
in which along with the carbon monoxide small quantities 
of hydrocarbons of known composition, or solid carbon in 
a properly divided state, are allowed to act either through- 
out the whole period or during a portion only of it. 

Further, of these two classes of agents, those of the 
second-class, based on the simultaneous use of free carbon 
and of carbon monoxide, are the most suitable for the 
majority of ordinary technical ———— since by 
their use the operation can be performed with the max1- 
mum degree of simplicity and the certainty of obtaining 
predetermined results. 

Below are enumerated the principal technical advan- 
tages which the author has shownt to be obtainable by 
the employment of case-hardening agents, which satisfy 
the three essential conditions previously mentioned, and, 
in particular, of the ‘‘ mixed ” agent based on the simple 
simultaneous action of carbon and carbon monoxide. The 
following are the principal advantages :— : 

1. The great speed of penetration of the carburised 
zone. That fact, if indeed it does not constitute the 
chief value of any = case-hardening process, as many 
manufacturers still believe, is certainly most advan- 
tageous on economical and technical grounds too numerous 
to mention. : 

2. Great uniformity in the distribution of carbon in the 
carburised zones, which is the cause of the fact, as already 
stated, that the peeling of case-hardened and tempered 
pieces is redueed toa minimum. | Laligs 4 

3. The possibility of regulating, either by diluting the 
carbon monoxide with nitrogen, or by limiting the contact 

* See reports Nos. 6, 9, 13, and 15 in the bibliographical 
list at the end, which ticularly deal with this matter. 

+ See bibliogvaphicel list, 
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of the solid carbon with the surface of the steel, or by | 


suitably varying the temperature during the case-harden- 
ing process, the concentration of the carbon in the car- 
burised zone so as to maintain it within the most suitable 
limits for conferring the maximum hardness combined 
with minimum brittleness. The extent of carburisation 
must, of course, vary according to the composition of the 
steel subjected to cementation. 

4. The ibility of establishing with certainty from 
the start the necessary conditions for obtaining a predeter- 
mined result which may be chosen within sufficiently wide 
limits, and may be obtained with great accuracy. 

5. Continuous use of the same carburising materials 
(solid carbon and carbon monoxide), which do not become 
attenuated, but may be used up to their last residue. This 
also permits of carburising to any depth without the 
necessity of renewing the agent during the operation. 

6. Absolute security against the introduction into the 
steel of any foreign su nce apart from the carbon. 
This is an advantage of the highest importance in most 
cases, and cannot be realised in the case of most of the 
case-hardening powders habitually used, consisting of 


the ordinary case-hardening furnace, and by following a 
special method of operation. 

The particular object of the present paper* is to present 
a short description of this furnace, of the accesso 
apparatus,t and of the method of its operation whic 

enable the specific advantages of each to be readily 

understood. Nevertheless, the author will refrain from 
describing at great length either the special conditions 
which the substances used as case-hardening agents must 
fulfil (granular carbon and carburising gas), or the quali- 
ties of the products obtained, these having been made 
sufficiently public in the author’s previous publications, 
in which the characteristics and conditions are fully 
discussed and illustrated. 


DESCRIPTION OF THE FURNACE AND ITS OPERATION. 

The type of furnace which experience has proved to be 
best adapted to the case-hardening of small and medium- 
sized objects with the mixed case-hardening agent above 
referred to, consists of cylindrical muffies arra 
vertically and heated by producer-gas. It is a double- 
muffle furnace provided with regenerators, of the kind 





Fig./. SECTION SHOWING GENERAL ARRANGEMENT OF VERTICAL CASE- 








organic nitrogenous substances, such as alkaline cyanides, 
or ferrocyanides. 

7. The ease with which the surface of the case-hardened 
pieces is preserved without alteration, thus obviating the 
necessity of any subsequent dressing of the case-hardened 
pieces, 

8. The deformation and change of volume which the | 
steel pieces may undergo during case-hardening are 
reduced to a minimum. In any case it is seasiee to | 
determine from the start the extent of such volume 
changes as may occur. 

For a full account of the experiments and their results 
the author would refer readers to his previous reports on 
his research work on this subject. 

Besides the advantages enumerated above, which refer | 
particularly to the quality of the product, the use of the | 
mixed agent having a carbon monoxide base offers other 
Practical benefits, consisting in the ability to modify very | 
advantageously the method of operation. In one of the | 
reports referred to,* it is shown by the author how | 
the method may be used even without discarding the 
ordinary horizontal mutfle generally used for case-harden- 
ing. The same advantages, to a greater extent, may be 
— easily secured by using the mixed agent in a 

urnace the form of which differs radically from that of 


* Report No. 13 in the bibliographical list, 











constructed by Messrs. C. M. Stein, of Paris, for the 
Sampierdarena Engineering Works of Messrs. G. Ansaldo, 
Armstrong, and Co. : 
With regard to the construction of the furnace, Figs. 1 
and 4, above and page 650, convey a sufficient idea of 
its principal parts to render unnecessary any further 
description. It may, nevertheless, be of interest to give 
some information concerning those parts more directly 
connected with the carrying out of the case-hardening 
operations, and to describe a the —— The 
of the apparatus particularly applied to the case- 
ening process are represented in Fig. 1, which shows 
a section through the centre of the vertical muffies of the 
furnace with the accessory apparatus completely mounted. 
For the sake of clearness, the dimensions of the several 
parts are omitted on the drawing, but they can be readily 
measured, if desired, by the help of the metric scale, 
which has been shown on the drawing for that purpose. 
Inside of each of the muffies of refractory material is 
laced a cylindrical retort of mild steel A, the external 
Sieeater of which is about 10 mm. to 20 mm. less than 





* Both the apparatus and the process about to be 
described are patented in many countries. 

+ In the construction of this apparatus the author has 
to acknowledge the great assistance rendered to him by 





Mr, G. Scavia, 


the internal diameter of the muffle. Mannesmann 
seamless tubes serve very well for making the retorts, as 
| they are easily obtainable in stock sizes up to 35 cm. in 
| diameter. For retorts of larger diameter, as in the case 
of the furnace here represented, tubes welded by the 
autogenous process are used. The retort is supported on 
a bottom flange attached to a frame fixed to the brick- 
work of the furnace. The arrangement which serves to 
hold the retort, whether it ——s | supported by the bottom 
flange or by the upper flange H, intended to receive the 
cover, is such as to enable one retort to be replaced by 
another in a few minutes. To the bottom flange is 
attached a cast-iron funnel B, closed at the bottom , 8 
non-return valve Q. 

The steel nozzle C, admitting the carburising gas, 
| passes through an opening in the side of the funnel, pro- 
vided with a good-sized The gas, which, as has 
been previously stated, may consist of carbon monoxide or 
dioxide, in a pur® state or mixed with other gases, is 
introduced, through the screwed tube D, and through the 
nozzle UC. This latter is connected to the hollow cast- 
steel dish E, intended to support the pieces to be case- 






Depth (m/m) 


Depth (m/m) 


hardened by means of the disc F, consisting of a steel 
plate covered with refractory material. 

The carbon monoxide, after passing through the hole 
bored axially in the nozzle ©, is delivered into a small 
distributing device placed inside the dish FE, from which 
it passes to the case-hardening chamber G through a 
number of holes eTrT in the disc F. During case- 
hardening the dish E is supported upon a series of pro- 
jections on the same lower flange to which the funnel B 
is attached. This ring has thus to sustain the entire 
weight of the dish E, the disc F, and any articles to be 
case-hardened which may be resting directly or indirectly 
on the disc. The section shows exactly the position of the 
various parts during case-hardening. 

Considering now the method of operating, beginning 
with the charging of the retort, the mode of this varies 
very much according to the dimensions and shape of the 
articles to be case-hardened. The author will therefore 
confine himself to one * few special examples. 

In the case of spur-wheels, the maximum diameter of 
which might be 100 mm. to 150 mm. less than the internal 
diameter of the retort, the first thing to be done is to 
unscrew the tube D; then by means of the plunger L, 
actuated by the hydraulic cylinder I, the whole of the parts 
C, E, pint 4 are lifted together, the blunt conical end of 
the plunger M engaging with these as it rises. The 
plunger L M is cooled internally with water circulation, 
so as to avoid the heating of it in case it should acci- 
dentally remain raised inside the retort for too long a 
period. When the piston L has reached the end of its 
stroke, the upper surface of the disc F being now only 
about 30 cm. below the cover of the retort, the cover 
R is removed, and the wheels to be case-hardened are 
= horizontally one on top of the other upon the disc 

. As the wheels are inserted one Mg one, the apparatus 
as the weighted portions C, E, and F is gradually 
lowered, and when the charge is complete the ap 
must have reached the lowest position indica’ in the 
figure. In that position the last wheel charged should 
be at least 30 cm. below the upper edge of the retort. 

Generally, the articles to be case-hardened are charged 
hot at a temperature of about 800 deg. to 900 deg. Cent., 
this being a matter of prime importance, as it affects 
most favourably both the quality of the product and the 
omeeey and regularity of the operation. 

For the preliminary heating of the pieces a smal] coal- 
fired muffle will serve, since the uniformity of temperature 
which can be obtained in such a furnace is quite suffi- 
cient for the purpose. If, however, the case hardening 
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furnace is not being worked to its fullest capacity, one 
of the vertical muffies may be used for the preliminary 
heating of the articles, while the case-hardening of the 
charge is proceeding in the other. In that case the best 
method of working the furnace is to use the muffles 
alternately, the one for case-hardening and the other for 
pre-heating the pieces. 

As soon as the articles to be case-hardened have been 
inserted as described, the cover is placed on the retort and 
the bottom discharge pipe N, leading from the iron box O, 
is passed through the central opening in the cover. This 
box is full of the granular en still hot (generally at 
about 900 deg. Cent.), which was discharged from the 
retort after use during the last case-hardening operation 
jo concluded. The box is easily swung above the muffies, 

ing rae by a tackle from a swinging arm. The 

Is of the box, notwithstanding that its con- 
tents of granular carbon are at a te rature of nearly 
1000 deg. Cent., do not become heate@ above 200 deg. to 
250 deg. Cent. during the time required for the loading 
and unloading of the retort, even when working under 
the most unfavourable conditions. This is due to the 
small thermic capacity and the very low conductivity of 
the mass of granular carbon which, although at a high 
temperature, can only impart to the walls of the box 
containing it a small proportion of its heat in a unit of 
time. The heat is quickly dissipated simply by the 
cooling action of the air currents passing round it. 

The box O having been adjusted as indicated, the 
butterfly-valve which closes the lower end of the opening 
N is gradually opened, and in a few seconds the whole 
of the free space in the retort surrounding the pieces is 
filled with glowing granular carbon. The author has 
previously pointed out (see Report No. 13 in the biblio- 
graphy) that the hot granular carbon employed by him 
for case-hardening with his mixed medium constitutes a 
mass which, particularly at high temperatures, is en- 
dowed with a mobility comparable to that of a liquid. 
On this account it is able to penetrate simply by its own 
weight into all crevices among the articles to be case- 
hardened, and between these and the walls of the retort. 
The filling up may be further assisted by means of iron 
rods introduced through holes in the cover and manipu- 
lated by the operator, who stands on the furnace. 

When the granular carbon has been filled in up toa 
level of 2 cm. or 3 cm. below the upper edge of the retort, 
the butterfly-valve of the tube N is ~ he the box O is 
lifted, the central opening of the cover is closed, the plunger 
L is lowered right down, and the tube D is screwed 
into the nozzle C, through which the carbon monoxide or 
dioxide, pure or mixed with air, is admitted gradually to 
the distributor in E and thence into the retort. In order 
to regulate the current of carbon monoxide according to 
the method indicated in the report already referred to, an 
ordinary gas meter of the dry type is used. The case- 
hardening then proceeds without further trouble, the 
only thing that is necessary to be watched and regulated 
being the current of gas and the temperature. 

For the observation of the temperature, an operation 
which, with the type of furnace described and when 
ane properly, does not often require to be made, an 
ordinary thermo-electric pyrometer is used by passing it 
through any one of the holes in the cover from time to 
time and inserting it into various parts of the mass of 
granular carbon. The temperature should be maintained 
quite constantly at a fixed point between 900 deg. and 
1100 deg. Cent., chosen in accordance with the rules 
laid down by the author in the reports previously referred 
to. 


outer wa 


The gas issuing from the retert through the pipe fixed 
in the cover can be collected in a gasometer, and after 
suitable regeneration it will serve for further heats. The 
necessary length of the heating period can be determined 
with the test precision, and is dependent on the 
result which it is required to obtain. When the heating 
has p ed long enough, the current of carbon mon- 
oxide is shut off, the tube D is removed, and the dis- 
charge of the retort is undertaken. 

ere results of a very special nature are not aimed 
at, the discharging operation begins by withdrawing the 
whole of the granular carbon at once, and removing it 
be are ps the non-return valve Q into the box O, now 
pl underneath. 

Where, however, exceptionally graduated case-harden- 
ing is required, the specific action of the carbon monoxide 
is isolated during the last phase of the case-hardening 
from the direct action of the granular carbon. In that 
case the box O is placed so that the neck of the funnel B 
is inserted into the o end of the tube P, the box for 
this purpose being placed in the chamber below the 
muffle, where it can be manceuvred on a small bogie. 
The non-return valve is then opened gradually, and a 
quantity of the granulated carbon is drawn out from the 
retort.* Only those parts of the case-hardened pieces are 
uncovered in which a well-graduated case-hardening is 
required. Sufficient solid carbon is retained in the 
retort to ensure the desired chemical equilibrium of the 

The remainder of the carbon is removed from the 
retort after the second phase of the case-hardening with 
isolated carbon monoxide has proceeded long enough to 
attain the desired results. 

In either case, as soon as the whole of the granular 
carbon has been evacuated from the retort, the cover of 
the latter is lifted. In performing that operation the 
operator must be careful to remain at some distance from 
the upper open end, because the air which enters forms 
with the carbon monoxide contained in it, a mixture 





* The carbon contained in the retort falls out from 
below, passing first through a series of holes in the bottom 
flange, upon which the apparatus C, KE, F rest. It was, 
however, not possible to show all these holes in the 
sectional view of the furnace. 





which explodes suddenly at the high temperature of the 
retort. e explosion, which in any case is light and 
not at all dangerous, may be avoided by rapidly scourin; 
the muffle with a little carbon dioxide after the remova 
of all the solid carbon. Care must be exercised, however, 
to perform this operation as quickly as possible, in order 
to prevent the carbon dioxide causing a superficial 
decarburisation of the case-hardened pieces. 

When the pieces rest direct on the disc F, as in the 
present supposed case, they may be lifted by means of 
the appliances OC, E, F, up to the open top of the muffle 
without first discharging all the granular carbon from 
the retort. In that manner the light explosion just 
referred to is avoided, but the picking up of the pieces 
for quenching is made more difficult, and a considerable 
quantity of the solid carbon is apt to get burnt in the 
retort. At all events, whether the carbon is removed 
from the retort or not, as soon as the cover R is removed 
the plunger L is raised until its conical head beds itself 
in the recess provided for it in the part C. The hydraulic 
ram then continues to move slowly, gently lifting the 
weight-supports C, E, F, with the case-hardened pieces 
resting on them. It only remains then for the operator, 
standing above the furnace near the open muffle, to pick 





(a) Placing the pieces on the supporting disc ; from 1 to 
2 minu 

(It is clear that this operation is longer according as to 
whether the pieces are smaller in size and larger in 
number ; but even with quite small pieces ked in 
alternate layers of carbon, this ae | the least favourable 
condition, the time does not generally exceed 5 minutes.) 

(6) Closing the lid of the retort and placing in position 
= ~ a my granular ——s ; about 1 minute, 

c) Filling up the retort completely with nu 
carbon ; from 14 to 2 minutes. r. , ited 

(This operation is also prolonged when the pieces are 
very small and there is a large number. Generally in the 
least favourable case the time does not exceed 4 minutes, ) 

(d) Lowering the plunger of the hydraulic ram, adjust. 
ing the pipe for admission of carbon monoxide, remova] 
of the box containing granular carbon, and complete 
closing of the cover of the retort ; altogether 1 minute. 

As will be seen in the case under consideration, the 
entire period for the operation of charging the retort may 
vary from 44 to 6 minutes. In the most unfavourable cases 
it may, however, be increased to 10 or 12 minutes, 

The following are the approximate times occupied by 








the discharging operations :— 


Fie. 4. 


up the case-hardened pieces one by one as they come 
within reach and oll them in the tank, also placed 
above the furnace (in case double quenching is desired), 
or bury them in hot ashes. When all the pieces have 
been removed, the furnace is ready for a fresh charge. 

As already mentioned, the method of loading the pieces 
to be case-hardened into the retort varies greatly accord- 
ing to their shape or size. Pieces of cylindrical shape can 
be piled on one another as in the foregoing example. If 
the pieces are of small diameter, such as pinions, cutters, 
cups and rings for ball-bearings, several columns can be 
built up for one heat ; but in that case it is desirable to 
keep the pieces in position by threading them on iron 
rods, assuming that the external surfaces only require 
to be case-hardened. For cylindrical pieces to be case- 
hardened internally, such as rings for ball-bearings, the 
rods are placed outside the columns. Pieces of great 
length or of irregular shape have also to be suitably sup- 
ported inthe retort. Finally, very small pieces are placed 
in cages formed of iron framework, held. together with 
iron wire-netting. Such pieces can also be laid free on 
successive layers of granular carbon. 

As regards the necessary time for the purpose of the 
single operations above indicated, it is impossible to give 
it exactly for every case, for it must naturally depend on 
the shape, size, and number of pieces forrtting the charge. 
A few definite data may, however, be quoted here, giving 
the approximate time required for the several operations 
to be * ese age in the special case which has been under 
consideration above, where the charge was assumed to 
consist of about thirty cylindrical pieces, or spur-wheels 
of such a size as to form a singlecolumn in theretort. In 
that case the times are as follow :— 





(a) Removal of the pipe admitting carbon monoxide, 
placing the box for granulated carbon below the lower 
neck of the retort, and opening the non-return valve ; 1 to 
14 minutes. 

(6) Evacuation of the whole of the carbon from th 
retort into the receptacle and closing the valve ; 1} to 2 
minutes. } 

(c) Raising the supporting disc, and unloading of the 
case-hardened pieces ; 1 to 2 minutes. 

(If the case-hardened pieces are very small and 
numerous, and particularly if they are laid out on layers 
of carbon, this last operation may be lengthened tw 
10 minutes. The time required for the complete dis- 
charge of the retort is therefore 34 to 54 minutes, though 
in the most unfavourable cases it may extend to 13 or 14 
minutes. ) j : 

Further, in the caseof the process described and in 
almost all cases occurring in the practical production of 
case-hardened pieces for machine construction, in which 
the carburised zone is seldom required to exceed 2 mm. 
in thickness, the period of case-hardening never exceeds 
2 hours, and may even be reduced to 1 hour, the time 
being reckoned from the moment of completing the 
charging operation to that at which discharging begins. 
It therefore includes the time necessary for bringing the 
temperature up to working point, which requires not 
more than 10 minutes, owing to the fact that both the 
solid carbon and the pieces are already hot when charged. 

The foregoing particulars show that in practice, under 
ordinary working conditions, the time for a complete 
heat is less than 24 hours, and since the weight of @ 
charge, which retorts of the size shown in the section 
on page 649 can conveniently hold, varies from 4 
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inimum of 100 kg. in exceptionally unfavourable cases, 
~ a maximum of over 500 kg., it will be seen that the 
productive capacity of each retort ranges from a minimum 
‘of 1 ton toa maximum of 5 tons of case-hardened steel 
pieces per 24 hours. : : 

From the preceding statements, and leaving aside all 
considerations as to the superiority of the product, which 
is due to the principle on which the process is 
rather than to the method of its application, it is clear 
that the furnace with vertical muffies has distinct advan- 
tages as compared with horizontal mufties, the applica- 
tion of which latter for case-hardening with the mixed 
agent has been dealt with by the author at some length in 
Report No. 13 in the bibliographical list. 

he advantages consist mainly in the oe speed of 

‘working for a given charge, greater simplicity of operat- 
ing, and in the increased uniformity of the treatment of 
all the pieces forming the charge in the muffle. The 
uniformity is not limited to the temperatures of starting 
or of working, but, what is more important, it applies 
also to the distribution of the carburising gas (carbon 
monoxide pure or mixed with other gases). Besides, in 
the vertical furnaces arranged as described, the clearance 
spaces left in the retort are reduced to a minimum, 
whereas in the horizental muffles the clearance s 
have a considerable effect, especially at the head of the 
retort, where they cause appreciable losses of heat and 
of carburising material, thus lowering the productive 
capacity. For these reasons the vertical type of furnace 
is superior in every respect, especially as regards economy 
of production, as al y stated. . 

3efore concluding the paper, it may be useful to discuss 
a little more fully some of the more interesting results 
which are obtainable with ease and regularity in the new 
type of furnace when using the mixed case-hardening 
agent having carbon monoxide as its base. Referring 
first to the special feature of the distribution of the carbon 
in the carburised zones, which can be graduated by 
isolating the action of the carbon monoxide during a part 
of the carburising period, it has already been shown how 
that result can atate obtained, when using the vertical 
furnace, by removing from the case-hardening chamber 
at the proper moment that portion of granular carbon 
which, during the first part of the operation, has been in 
direct contact with the surface of the pieces, leaving in 
the lower part of the retort a layer of carbon of sufficient 
thickness to maintain the chemical equilibrium of the 
gaseous mixture poe over it. : 

The effects of the isolated action of the carbon monoxide 
on the carburised zones obtained at the commencement 
of the operation, using the mixed agent, has been dealt 
with fully in ~— No. 9 in the bibliographical list. It 
may, however, be of interest to consider the effects to 
‘which that method of procedure gives rise in case-harden- 
ings of medium depth (from 5 mm. to 10 mm.) in which 
4and still more in the case of very deep case-hardenings) 
the application of the process in question presents the 
greatest technical interest. In the accompanying tables 
are collated the results of estimations of the carbon in 
successive layers of a thickness of 0.5 mm., obtained by 
case-hardening with the mixed agent, followed by exposure 
to the action of carbon monoxide isolated in the manner 
previously described. The same results are graphically 
represented in the diagrams, Figs. 2 and 3, which will be 
found on page 64. In the tables the exact conditions are 
«stated under which the two distinct phases of the opera- 
tion are conducted. 

Series I.—The material used was an ordinary mild steel 
of the following composition :— 


Per Cent. 
Carbon 0.12 
Silicon oad 0.06 
Manganese ... 0.47 
Sulphur te ee 0.02 
Phosphorus ... ae 0.03 


The results after each phase of treatment were as 
4ollows :—* 

(a) Case-hardening for ten hours at 1100 deg. Cent. 
with the mixed agent :— 


Amount of Carbon in the Single 








No. of the | Distance from | yers. 
Range of | the Surface of 
we the Central (~~~ ince 
ayers | Portion of the | 7 
Analysed. (Layer Analysed. | a... my Mean. 
| tion. tion. 
mm. | per cent. per cent. | per cent. 
1 0.5 1.16 1.18 1.17 
5 2.5 0.80 0.82. | O81 
10 5.0 0.33 035 | 036 


()) After re-heating the same carburised zone for five 
hours at 1100 deg. Cent. in isolated carbon monoxide :— 





| Distance from _ Amount of Carbon in the Single 





_ of the | the Surface of Layers. 
phy the Central 
entee Portion of the 
Pree es Layer First Second 
— Analysed. Determina- Determina-| Mean. 
tion. tion. 
mm. per cent, r cent. r cent. 
1 0.5 0.84 ar 86 Pe.85 
5 2.5 0.76 0.80 0.78 
10 | 5.0 0.46 0.46 0.46 
15 | 7.5 0.23 | 0.27 0.25 


* Both in the first series of experiments, as well as in 
the succeeding series, similar pieces of steel were subjected 
rmultaneously to each of the various treatments and 





(c) After re-heating same zone for another five hours 
(altogether ten hours of re-heating) at 1100 deg. Cent. in 
isolated carbon monoxide :— 


| 
| Amount of Carbon in the Single 


No. of the | Distance from 


Range of the Surface of | 
Single the Central 
Layers Portion of the Second 


| rst 
Analysed. |Layer Analysed.' Determina- Determina- Mean. 





tion. tion. 
mm, | per cent. percent. per cent. 
1 0.5 |” 0.69 0.71 0.70 
5 2.5 0.66 0.68 0.67 
10 | 5.0 0.52 0.54 0.53 
0.38 v.40 0.39 


15 | 7.5 | 
The numerical data contained in the three tables relating 
to the first series are graphically represented in the dia- 
gram, Fig. 2. 
Serics JJ.—The material used was a chromium nickel 
steel of the following composition :—* 


Per Cent. 
Carbon ... . 033 
Silicon 0.06 
Manganese 1.15 
Sulphur ... 0.02 
Phosphorus 0.015 
Chromium 1.50 
Nickel 3.17 


The results after each single phase of treatment are as 
follows :— 

(a) Case-hardening for ten hours at 1100 deg. Cent. 
with the mixed agent :— 





Amount of Carbon in the Single 
No. of the | Distance from Layers. 
Range of | the Surface of 
Single the Central ee _a ee 
Layers Portion of the First Second 
Analysed. Layer Analysed. petermina- Determina-| Mean. 
tion. tion. 
mm. per cent. percent. | per cent. 
1 0.5 1.18 114 | 1.16 
5 | 2.5 0.79 0.82 | 0.81 
10 5.0 0.49 0.51 | 0.50 


(>) After reheating the same carburised zone for five 
hours at 1100 deg. Cent. in isolated carbon monoxide :— 


Amount of Gee in the Single 





No. of the | Distance from ayers. 
Range of the Surface of 
Single = ange 
Layers | Portion of t First Second 
Analysed. Layer Analysed. petermina- Determina-| Mean. 
tion. tion. 
4 mm, | per cent. per cent. | per cent. 
0.5 | 0.80 0.8L =| 0.80 
5 2.5 | 0.76 078 | 0.77 
10 5.0 0.58 0.58 0.58 
15 7.5 0.45 0.44 0.45 





(c) After reheating the same zones for a further five 
hours (total reheating period ten hours) at 1100 deg. 
Cent. in isolated carbon monoxide :— 








| Amount of Carbon in the Single 
Layers. 


No. of the | Distance from 
Range of the Surface 
Single of the Central | 
Layers Portion of the | First Second 





Analysed. Layer Analysed. ee Determina-| Mean. 
| tion. | tion. 
mm. per cent. | per cent. | per cent. 
1 0.5 0.87 0.85 |; 0.86 
5 2.5 0.85 0.88 0.87 
10 | 5.0 0.75 0.75 0.75 
15 7.5 


0.60 « 0.58 0.59 


The numerical data contained in the three last tables, 
relating to the second series, are graphically represented 
in the diagram, Fig. 3. 

In view of the detailed study, of which the author has 
given an account in his previous reports, upon the causes 
of the various phenomena of brittleness and peeling which 
may occur in case-hardened steel, any further comment 
in explanation of the data in the preceding tables and 
represented in the two diagrams will be superfluous. In 
fact, bearing in mind the conclusions to be drawn from 
the author’s previous research work, a simple examina- 
tion of the gradual changes of the form and position of 
the curves of concentration and depth of zone due to the 
effect of the treatment gradually prolonged with iso- 
lated carbon monoxide is sufficient to demonstrate clearly 
how, with the rational application of the process of 
case-hardening under consideration here, it is possible 
to obtain carburised zones in which are eliminated the 








under identical conditions, one piece of which was used 
after each operation for the purpose of making a quanti- 
— determination of the carbon in the successive 
ayers. 

% As will be seen, this is a steel of the kind ordinarily 
used for Krupp armour-plates. On this account the data 
here given ae A to case-hardening at moderate depth 
are of peculiar interest. But the author proposes later 
to present particulars of even ter interest relating to 
case-hardening to considerable depths as carried out upon 
this steel by the process described in the paper. 





principal causes of brittleness and peeling which always 
occur, in a greater or less d , in steels case-hardened 
by the ordinary processes. The principal causes of these 
defects are excessive concentration of carbon in the super- 
ficial zones of the case-hardened pieces, and the rapid dimi- 
nution of the carbon in passing to the deeper layers. It is 
also worthy of note that this rapid diminution contributes 
in a high degree to render more intense the phenomenon of 
liquation of the cementite or of the corresponding complex 
carbides of the various special steels, and of the ferrite. 
These phenomena in their turn are productive of the 
sudden local variations of the concentration of carbon in 
the carburised zones to which is due the peeling off of the 
carburised and quenched zones.* 

Finally, the a “y- | to alter the form of the curves of 
case-hardening, as shown in the diagrams, su ts that 
case-hardening can also successfully applied to those 
special steels on the exterior of which the ordinary pro- 
cesses of case-hardening yield carburised zones, which are 
practically useless on account of their excessive brittle- 
ness. 

The author hopes on a future occasion to be able to 
present results of technical interest in this direction 
which practical experience has already amply proved to 
be possible, and also to deal specially with the question 
of cementation to great depths. 
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LITHERLAND BorLerR Expiosion.—The formal investi- 
gation ordered by the Board of Trade to be held in this 
matter is fixed for hearing in the Chancery Court, St. 
George’s Hall, Livérpool, on Tuesday, December 5, at 
11 a.m. 





Tue Roya Society or Arts.—The Royal Society of 
Arts begins its 158th Session on Wednesday, November 15, 
with an address from Lord Sanderson, G.C.B., the 
chairman of the council. Five meetings are announced 
before Christmas, at which papers will be read on ‘‘ The 
Industrial Progress of America,” by Professor James 
Douglas, LL.D.; on ‘‘ The Efficiency of the Aeroplane,” 
by Mr. A. E. Berriman; on ‘British Guiana,” by Mr. 
J. A. J. de Villiers; on ‘‘London Transport,” by Mr. 
W. Yorath Lewis; and on “ Bengal Fisheries,” by Dr. 
J. Travers Jenkins. Four Cantor lectures on ‘ The 
Carbonisation of Coal” will be delivered by Professor 
Vivian Lewes, and two juvenile lectures on ‘‘Soap- 
Bubbles” will be given in January by Mr. C. V. Boye. 
F.R.S. A long list of papers for the meetings to be held 
after Christmas is also published. 


* See reports previously quoted, more particularly 
report No. 9 in the bibliographical list. 
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TRADE WITH THE PHILIPPINE ISLANDS. 


Tue development of the trade and industry of the 
Philippine Islands since they came under the Goverr- 
ment of the United States of America has received a 
great amount of attention from American capitalists 
and merchants, and many important extensions have 
taken place. When the islands were under Spanish 
rule, things were generally allowed to drift, and 
little real progress was made, but now they are 
attracting the attention of many who are inte- 
rested in the trade of the Pacific area. According 
to the latest advices, some of the leading citizens 
of Manila have been interesting some of Australia’s 





most prominent men and mining financiers in the 
development of the mineral resources of the Philip- 
pines, and it is stated that arrangements have been 
made for the importation of some of 


the most improved | 


machinery and appliances in order that practical | 


operations may be at once commenced. Other groups 
of capitalists are also actively engaged in prospecting, 
and some have already made considerable progress in 


carrying out their work. The residents in the islands | 
are doing what they can to make their resources known, | 


and thus to encourage external trade and the starting 
of industries of various kinds. 
year what is to be known as the Phili 
is to be opened. Advantage is to 


E 


In February of next | 
pine Exposition | 
e taken of the | 


annual carnival to attract large numbers of visitors to | 


the Exposition. 

During the last session of the Philippine Legis- 
lature it was determined to make a special appro- 
priation of a large sum of money which would more 
adequately serve to bring to the metropolis during 
the Carnival week, in 1912, comprehensive exhibits 
of the products, industries, and resources of the pro- 
vinces. With that end in view the Legislature 
passed an Act providing for such an Exposition of 
Philippine products. It is the earnest desire of the 
Philippine Government to make the Exposition as com- 
plete as possible, and to show the nature and extent 
of the natural resources and the uses to which they 
are put. ‘There will be splendid exhibits from the 
Bureaux of Forestry, Constabulary, Public Works, 
Agriculture, Internal Revenue, Navigation, Health, 
Science, and various others. There will be a large 
Machinery Hall, where machinery of all kinds used 
in the islands will be actually in motion. Several of 
the large importing firms will have splendid exhibits 
in this hall. Here the visitor will be able to see in 


actual operation rice and sugar-mill machinery of the | 


latest pattern, as well as all sorts of ground-tilling 
devices and electrical appliances. It is also contem- 
plated to have an ice-making machine in full operation 
in this building. All information with regard to the 
xposition may be obtained from the Director-General 
of the Philippine Exposition, Manila, P.I., and we sug- 
gest that it would be in the interests of British manufac- 
turers who trade in the Far East to make themselves 
acquainted with what is proposed. 

According to the last report of the British Actin 
Vice-Consul, the value of the imports of iron and stee 
in 1910 was 1,159,222/., a gain of more than 50 per 
cent. as compared with the preceding year. The United 
States maintain a good lead in this department of 
trade, and although an increased volume of business 
was shown by the United Kingdom and the Continent 
of Europe, the increase in the imports from the 
United States, favoured by a protective tariff, was | 
very marked. A good business has been done in steel 
rails, a fair supply having been drawn from the United 
Kingdom and the Continent of Europe, the latter sup- 
plying a good quantity of rails of lighter section for 
light and portable railways. There was a substantial 
gain to United States manufacturers in agricultural | 
machinery, tothe detrimentof British andother makers. 
The trade in the heavier class of machinery, steam- 
engines, &c., a aro A divided between the United 
States and the United Kingdom. The trade in petro- 
leum and gasoline motors and electrical machinery is 
controlled by manufacturers in the United States. 
The great advance in the importation of motor vehicles | 


is, perhaps, the most noticeable feature of the year. | of the movable poise B on the large steelyard. The 
United States manufacturers, assisted by a 20 per | receptacle C for the second component is placed on the 
cent. advantage in tariff, have entered the field with | swinging pan and poised by means of the bob D on 
much energy and enterprise, and with the exception | the smaller steelyard, 


of a few cars of well-known European make, the | 


trade is almost exclusively American. 








Prosrcrep Pire-Lines vor Motor Sprerr.—The | i” the receptacle A, the percentages bein 
General Committee of the Wommercial Motor-Users’ ° the large steelyard. 





PERCENTAGE WEIGHING-MACHINE. 


CONSTRUCTED BY MESSRS. W. 


AND T. AVERY, BIRMINGHAM, 












































THE need in several trades of employing accurately | 
proportioned materials has resulted in Messrs. W. and | 
T. Avery, Limited, London and Birmingham, developing 
the form of weighing-machine illustrated in Figs. 1 to 
4 herewith. Fig. 1, a reproduction of a photograph, 
gives a general view of the machine before final instal- 
lation. Figs. 2 and 3 give respectively front and end 
elevations, and Fig. 4 a plan. 

This weigher is of the platform type, the platform 
measuring 48 in. by 30 in., and is capable of weighing 
a to a maximum —— of 3 cwt., the percentages 
of the component materials being varied according to 
requirements. In working, the barrow or hopper, or 
other receptacle A, to contain one component of the 
mixture, is placed on the platform and tared, by means 


The runner E carrying the 
bucket C is then adjusted along the frame until its 
position coincides with the percentage which it is 
desired the material contained in C shall bear to that 

marked off 
Within the Fimita of the 





Association, of which Colonel R. E. Crompton, C.B., is machine material to any amount is then placed in A, 
cbairman, had before it, at its last meeting, Sir Marcus | and the receptacle C is then filled with the other com- 
Samuel’s recent statement that a three days’ fog on the| ponent until the two balance, when they bear the 
river would be followed by a serious interruption, if not | exact proportions required to one another and may be 
complete cessation, of the supply of motor spirit for| mixed together. This use of this machine avoids all 
—— a + achgiroe gna Boxadle agen geno of | possibility of errors in calculating or of the need of 
2 . ’ -car, motor-cab, and motor-van | : vo > defini i 

traffic, the Committee has decided to bring before the | Ming up the larger quantity to any definite weight. 
association a project for the laying of one or more pipe- | n this way it should prove to be a g ee 
lines for the conveyance of motor spirit from the Thames | Though specially designed for cement making, it is 
estuary to various parts of London, For this project | evident that machines of this kind should prove ser- 
Parliamentary sanction will be required and the associa- | Viceable in many trades where proportions have to be 





tio will support an application for the necessary powers, | accurately worked to. 




















CATALOGUES. 


Brush-Holders and Carbon Brushes.—From the Globe 
Electric Company, Limited, 11, Farringdon-avenue, E.C., 
we have received a pamphlet giving particulars of 
‘*Supra” brush-holders, and carbon brushes suitable for 
them. Other types of brush-holders are also dealt with. 


Liquid Controller for Electric Motors.—A small pam 
phlet, giving prices and particulars of ‘‘ Pheenix ” liquid 
controllers for electric motors, has reached us from 
Messrs. E. G. Appleby and Co., 10, Victoria-street, 
Westminster, S.W. The makers claim that these con- 


| trollers are specially adapted for use in steel-foundries, 


rolling-mills, shipbuilding yards, and engineering works. 


Ships’ Fittings.—Two catalogues of fittings for ship= 
have reached us from the Carron Company, of Carron, 
Stirlingshire, N.B. One of these gives particulars of 
ornamental castings for cabin-seat stands, emaking.soom 
tables, deck ventilators and fittings, gangway hinges, 
rigging-screws, tackle-blocks, &c. The other deals with 
saloon lights, deck-house lights, side lights, engine-room 
skylights, &c. 

Ships’ Stcering-Gears and Ash-Hoists.—A sectional 
catalogue, illustrating some of the different types of steam 
steering-gears they manufacture, has been issued by the 
Carron Company, of Carron, Stirlingshire, N.B. The 
illustrations, which are reproductions of scale drawings, 
show vertical and horizontal gears for steam only, or for 
combined steam and hand-power. The Carron improved 
ash-hoist is also illustrated. 


Motor-Starters.—We have received from Messrs. A. 
Reyrolle and Co., Limited, of Hebburn-on-Tyne, a copy 
of a pamphlet giving particulars of lever-type starters for 
direct-current motors. In these starters the special kind 
of resistance material employed allows the current passing 
through it to increase gradually, so that the motor can be 
started on the first contact stud at all loads. Prices are 
stated for open and protected starters ranging from } to 
250 horse-power for voltages up to 600. 
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‘“‘ ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPEOIFI- 
GATIONS UNDER THE AOT OF 1907. 

umber of views in the Specification Drawings is stated 

= —_ pom pent mentioned, the Specteation ts not 


Uustrated. 
Where inventions are communicated from abroad, the Names, &c., 


ommunicators are given in italws. 

Chak may be obtained at the Patent Office, Sale 
—_ 25, pe ap Buildings, Chancery-lane, W.C., at 
the uniform pres 

he date advertisement Gs enestonse of 6 Comptes 
The Atlealion te, tn enah came, ven after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of a Complete 

give notice at the Patent O, of t to the grant ef a 
Patent on any of the mentioned in the Act. 


ELECTRICAL APPARATUS. 


20,565/10. W. F. Perry, Tipton. Motor-Starting 
Rheostats. [6 Figs.) September 3, 1910.—In a motor-starting 
rheostat of the type in which the circuit-breaker arm is held on its 
contact by an electromagnet and released by the de-energising of 
same on overload by means of a second and de-magnetising 
winding, an adjustable resistance in shunt with either winding is 
employed, according to this invention, for the purpose of regu- 
lating the amount of overload at which the magnet will be de- 
energised and the circuit-breaker arm released. The main 1 is 
connected to the motor by the circuit-breaker arm 3, control-lever 


























(20.565) 


4, and adjustable resistance 6, whilst the second main 7 is also 
connected to the motor through a switch 9, which is auto- 
matically closed and opened when the circuit-breaker is closed 
and opened. The magnet coil 10 is provided with a magnetising 
winding 11 so arranged that on an overload occurring it de- 
energises the coil 10 and releases the circuit-breaker. In order 
to set the de-magnetising winding 11 so that it will open the 
circuit-breaker at various overloads, an adjustable resistance 17 is 
connected across the magnet coil 10. By this means the current 
passing through the coil 11 may be altered, and the coil caused to 
release at various overloads. (Accepted September 13, 1911.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


26,015/10. E. Ashworth, Manchester. Internal- 
Combustion Engines, [9 Figs.) November 9, 1910.—This 
invention has reference to devices which impart movement to 
the air and gas-valve spindles. The gas-valve is arranged vertically 
and concentrically with the air-valve, and is actuated through a 
hit-and-miss contrivance. The steel bit @ of the hit-and-miss 
year is carried by a projection forming part of a pivoted actuating 
lever c, which lever c bears a bowl c2 acted on by a cam c? on the 
side shaft c4. The other steel bit ) is attached to a block d which 
fits the jawed end of a guide-bracket e, the connecting-rod / for 





the gas-valve lever being attached to the block d. In the rear of 
the block d is mounted a trigger-lever g, carried upon a small 
spindle g®, to which is attached a cranked and slotted lever-arm 
7’, coupled up by a connecting-rod g4 to a lever pivoted on the 
vovernor stand, and which lever is influenced by the governor. 
As the governor rises and falls, the lastly-mentioned lever is 
affected, and motion is conveyed through the connecting parts to 
the trigger-lever g, the arm of which, acting on the block d, causes 
the steel bit b to hit or miss the bit a, as occasion requires, and 
so the supply of gas is controlled. (Accepted September 13, 1911.) 


21,139/10. F, W. Lanchester, Birmingham. Inter- 
nal-Combustion Engines. [4 Figs.) September 12, 1910.— 


Means for eliminating torsional vibration in the crank-shaft of a 





(21139) 


high-speed reciprocating engine, according to this invention, 
‘omprises a rotational damper consisting of a body of adequate 





moment of inertia connected to the crank-shaft by a yield- 


ing coupling operating by friction between surfaces or by fluid 
friction or viscous friction. In carrying the invention into effect, 
there is keyed to the rotating shaft a, at the end furthest from 
the fly-wheel b, a coupling-piece ¢ provided with discs projectin 
outwardly. Over the Len em oy c there is fitted a heavy whee 
e having internally-projecting discs projecting between the discs 
of the coupling-piece c. The wheel ¢ is provided with a bearing 
on the crank-shaft. A suitable oil film is formed between the 
wheel ¢ and its ribs, and the coupling-piece. In this form of the 
invention, if the shaft is rotating uniformly, the wheel ¢ is carried 
round at the same velocity as the shaft. If, however, owing to 
the action of the connecting-rods on the shaft there isat any given 
speed a tendency to set up torsional oscillations at the end a of 
the shaft, these oscillations cause variations of speed between the 
end of the shaft a and the uniformly moving wheel ¢, and the pull 
between the coupling-piece c and the wheel e through the oil film 
will a to damp out these oscillations. (Accepted September 138, 
1911. 


MINING, METALLURGY, AND METAL- 
WORKING. 


731/10. Mavor and Coulson, Limited, pilongew, 
and A. W. Davies, Carmyle. Coal-Cutting es. 
{4 Figs.) December 10, 1910.—A cutter-bar of the type having 
two or more helical fins for coal-cutting machines has, according 
to this invention, one or more of the helical channels, of which 
the body of the bar forms the base, and the fins the sides, fur- 
nished with picks, and one or more of the helical channels left 
unobstructed. A designates the root of a cutter-bar through 
which the drive is transmitted, and B designates the body of the 
cutter-bar, which, in the form shown, is furnished with two fins 
C, D, thus forming two helical channels E, F. In furnishing a 
bar of this character, according to this invention, picks G are 
fitted in one of the helical channels, the complementary channel 





being left unobstructed to act solely as a conveyor for the cut- 
tings. In some cases, the picks G are set against or close to 
what may be termed the following side of the fin, in distinction 
to the leading side—viz., the side which acts to thrust the cut- 
tings in the operation of conveying, and are arranged so that 
their cutting points project above the periphery of the fins. In 
some cases, one helical channel may be formed of a width some- 
what greater than, or only sufficient n date the picks 
G, nl the channel may be wide in comparison therewith. In 
formation, the fins may be constructed to present a vertical or 
approximately vertical leading side, and the juncture which the 
following side makes with the body of the bar may be curved to 
strengthen the fin. (Accepted September 13, 1911.) 

17,089/11. E. A. Hailwood, Sector. Miners’ Safety 
Lamps. [1 Fig.] August 4, 1910.—In order that a miners’ lamp 
may be relit down in a mine, or where bad gases are prevalent, 
and in the event of a disaster, and in which the person in charge 
of the relighting mechanism is not available, the relighting appa- 
ratus R is provided with an auxiliary casing or chamber N let 


———— 




















into the door or other suitable portion of the apparatus, the 
chamber N having a door or window N! therein, and painted 
thereon or attached thereto a label bearing instructions that in 
the event of a disaster the door or window should be broken and 
the key N2 abstracted in order to enable the relighting apparatus 
te be operated so that the lamp may be relit. (Accepted Septem- 
ber 13, 1911.) 


RAILWAYS AND TRAMWAYS. 


21,044/10. H. A. Thomson, Glasgow. Points and 
Switches. [5 Figs.) September 9, 1910.—This invention relates 
to jtwo-way reversible ground levers. 1 is a casing that may be 
fixed to sleepers. 2 is a hand-lever fulcrummed at an intermediate 
part of its length to the casing 1 byapin3. 4 is a spring encir- 
cling the lever 2. One end of this spring 4 is relatively fixed, 


Rigt. 












whilst the other end is free to bear against a Y-shaped contact- 
piece 5, slidably mounted on the lever 2 and moving therewith. 
6 are roilers supported by the casing 1 in such position as to con- 
tact with the Y-shape piece 5. 7 is a bell-crank lever pivoted to 
the casing and engaging with the Y-shaped piece 5. If desired, 
as shown on the right side of Fig. 1, the spring 4 may either be 








1 ted y 


pp , or rep , by a spring 8 mounted to bear 
against a notched piece 11, which engages with similar notches,10 
on the bell-crank lever 7. The action of the mechanism is as 
follows :—When the lever 2 is operated, motion is imparted to 
the points. When the switches are run through trailing ways 
by a train and changed to another set position, the movement 
given to the switch-blades reverses the switch mechanism. The 
spring 4 or 8 resists movement of the switch-blades during the 
first half of their travel, but after the dead centre is passed the 
spring 4 or 8 tends to complete the movement of the blades and 
retains them securely in their reversed position, (Accepted 
September 13, 1911 ) 


SHIPS AND NAUTICAL APPLIANCES. 





gos The Warwick Machinery Company 
(1908), ited, London, and 8. J. Pigott, Helens- 
ur Marine Turbine Propulsion. [2 Figs.) Sep:- 


ember 12, 1910.—The invention comprises a main turbine and a 
cruising turbine mounted on the same shaft, the cruising turbine 
being connected to a low-pressure stage of the main turbine. 
The cruising turbine, when in operation, exhausts through suit 

able valve-controlled nozzles into the main turbine, and in order 
to prevent abnormal increase of pressure in the cruising turbine 
in the event of failure to open these valves, a by-pass connection, 
controlled by an automatic valve, is provided between the two 
turbines. The main turbine consists of a number of impulse 
stages B and a reaction stage ©. A cruising turbine A is mounted 
on the same shaft as the main turbine, but is housed in a casing, 
so that it is isolated from the main turbine when full power is 
being developed, by means of a diaphragm in which the inlet 





valves for the main turbine are located. The cruising turbine 
consists of a single-stage impulse-wheel, but it may consist of any 
number. In order to prevent leakage of steam from the high- 
pressure stage of the main turbine into the cruising turbine when 
the main turbine is working, the diaphragm D between the two is 
provided with a labyrinth shaft packing. It may also be provided 
with carbon ring packing, held in place by a garter spring. 
Should any fluid pass through this packing into the cruising- 
turbine casing, it would tend to lower the efficiency of the main 
turbine, and to overcome this objection the cruising-turbine 
casing is connected by a valve-controlled pipe G with a low- 

ressure stage of the main turbine, so that a low pressure may 
G maintained in the cruising stage while the main turbine is in 
operation, and also so that the motive fluid which has leaked 
through may be returned to the main turbine, where it can do 
useful work. (Accepted September 13, 1911.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 

20,279/10. F. K. Woodroffe, Newton, and J. C. 
B e, Liscard. Superheaters. [3 Figs.) February 28, 
1911.—In a superheater, meyey | to this invention, the ends of 
U tubes are inclined or bent to the general direction of the legs 
of such tubes, and in parallel directions, and such inclined or 
bent ends are passed diagonally through the centre of the two 
circular headers in which they are held. The two parallel headers 
@ are in the form of cylindrical tubes, and the upper ends of 
the heating LJ tubes } pass through the headers in an inclined 
and parallel direction ; and they are provided at one part, where 
they fit up against or pass into the header, with a shoulder or 
collar ; whilst at the apeete end, which passes through the 
other or opposite wall of the header a, they are threaded exter- 


7) 












































nally, and each tube end has a nut passed over it, by means of 
which the shoulder or collar is drawn up to the outside surface of 
the header, whilst the nut itself is also drawn up on the surface of 
the header ; and over the end of the tube end also a cap nut is 
fitted and screwed, and it is screwed or brought up on to the out- 
side of the nut. Between the shoulder or collar and the header, 
and between the nut and the header, there is preferably employed 
a jointing, which may advantageously consist of — r or equi- 
valent metal rings or washers. The tube ends which extend 
through the headers are perforated with a suitable number of 
holes for forming communication between the interior of the tube 
ends and the header. By the ends of the (J tubes > being dis- 
posed at an angle, and these ends in the alternative tubes being 
oppositely inclined, the holes in the headers through which the 
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tubes pass will be spaced some distance apart, as will also be 
the fastening devices which fit on their upper outer ends, so that 
these tubes may be placed closely together about the headers, and 
the jointings between the headers, and the parts of the tubes 


vehicle fenders comprising a plough with inclined sides arranged 
so that they make in plan an angle one with the other, the apex 
being in advance, ed a rotary obstruction-lifting device located 
in proximity to each’ of the lower edges of the angular plough. 
A ding to this invention, the rear end of the fender is con- 





and their fastenings will be in planes which are tang to 
the circle of the headers, as the axes of these end portions of the 
U tubes which pass through the headers, will also pass through 
the axes of the headers. (Accepted September 13, 1911.) 


1998/11. H. E.Gresham, Salford. Injectors. (2 Fiys.] 
January 26, 1911.—This invention comprises the provision of 
automatic means which shall allow of the escape from an injector 
of the hot water which remains therein when the steam supply is 
cut off, so as to prevent thé water returning to the hot-well or 
feed-tank, and causing difficulty, due to its high temperature, 
when the injector is restarted and creates a vacuum in the feed- 
pipe for lifting pur s. A non-return valve @ is provided in 
the feed-water supply-pipe / which opens when the injector is in 
operation, and tends to draw water from the pipe, but closes 
immediately the injector ceases working so as to prevent a 
return flow down the pipe to the hot-well or feed tank. The 
injector is connected to the fitting illustrated by means of the 
union piece c. Adjacent to, and on the injector side of, the 
valve a, a by-pass or release connection d, having a non-return 





valve ¢ thereon, is provided. The latter closes when the injector 
is working normally, due to the difference in the pressures at its 
two sides, but is opened by the pressure of the water in the feed- 
pipe » above the valve a when the injector ceases working. By the 
means aforesaid, the escape of the hot water which remains in an 
injector when the steam supply is cut off is provided for, and the 
difficulty experienced with lifting injectors when restarting after 
short stoppage, due to the presence in the feed-pipe of water at 
practically boiling = is obviated. The non-return valve ¢ is, 
preferably, of the ball type, having means to prevent the ball 
moving more than a predetermined distance from its seat. A 
cock h is provided upon the by-pass or connection to the non- 
return valve e, which can be closed if the water-level in the hot- 
well or feed-tank is higher than the automatic valve e, or if the 
water in the feed-tank is being heated by steam from the injector. 


(Accepted September 13, 1911.) 

12,349/11. Aktiengesellschaft Brown, Boveri, et 
Cie.. Baden, Switzerland. Surface Condensers. 
(5 Figs.) June 8, 1910.—The invention consists in the arrange- 
ment, in a horizontal surface condenser, of an internal partition 
and the formation of each of the two ends of the condenser as a 
pair of swing doors in such a manner that one part of the condenser 
can be shut down and cleaned out whilst the other part isin use. 
The space in the condenser containing the tube nests is denoted 
by @ and the two water chambers at the two ends by b and c. 
These latter are divided by the horizontal walls d and e soas to 
compel the water repeatedly to ee its direction of flow. Through 
the space @ and the chambers b and c passes a partition » which 
divides the space a and each of the chambers /, ¢ into two 
portions. In the space a, the partition m is of such a height as 
not to interfere with the inflow of steam, and is not connected at 
the bottom with the casing of the condenser. The two spaces on 
the two sides of the partition m thus communicate with each 
other, so that condensed water rises on both sides of the 
partition to an — height, and forms a water seal to shut 
off one-half of the condenser from the other during clean- 
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nected to its support by a pin and slot or other connection 
adapted to allow free up and down movement of that end of the 
fender, and the front end of the fender is connected to a lifting 
lever adapted to be operated, as by foot, from the corresponding 
end of the vehicle. At the lower edge of each side a of the fender 
is a rotary brush l that also constitutes the obstruction-lifting 
device, the two brushes being driven by a track-wheel located in 
the longitudinal centre line of the fender. Each side a is down- 
wardly curved at an angle that gradually increases in steepness 
from the longitudinal centre line of the vehicle towards the sides 


Figs. 
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(9639) —_ 
thereof, so that objects deposited thereon will slide off to one side 
or the other. The rear of the fender is free to rise in order to 
clear small obstacles when in its inoperative position, as shown in 
Fig. 1, and for this purpose it is connected to its supportin, 
brackets g by pins working in slots formed therefore in the en 
brackets of the fender. At the rear the twosides of the fender are 
connected by stays i. The front end of the fender is connected to 
the inner end of a lever k pivoted to the vehicle underframe, and 
the outer end of which is fitted with a pedal conveniently arranged 
for operation by the driver. The connection of the lever to the 
fender is by means of alink. At each end of the vehicle is a gate 
8 freely suspended. Midway of its length the top of the gate is 
provided with a forked catch inclined at its upper face and 
adapted to engage automatically the end of the lever k when it is 
depressed to raise the fender. (Accepted September 13, 1911.) 


TEXTILE MACHINERY. 


2276/11. J. R. Bradshaw, Haslingden. Threading 
Loom-Shuttles. (3 Figs.) January 30, 1911.—This invention 
relates to a device for enabling the thread to be drawn through 
the eye of a shuttle by atmospheric suction, and consists in pro- 
viding a compressible case a Hy b, bl at its ends. Guide- 
rods d are secured in the disc b. e —— ends of the rods d 
are passed through bushes in the disc J!. A spring ¢ is placed 
within the case a, and a non-return valve g is fitted in the disc b. 
In the centre of the disc }! is an aperture b*, in which is fitted a 
rubber bush which will prevent air passing into the case around 








(2276) 


the outside of the shuttle when inserted in the bush. When it 
is required to thread a shuttle, the weaver lays the free ends of 
the yarn in the hollow portion of the nose at the eye end of the 





ing. _In the lower part of the space @ is a perforated plate 
n. The two ends of the condenser are formed as swing 
doors. In normal working, the whole condenser is used. 


The cooling water enters simultaneously at f and g, flows 
first through the two lower spaces of the water chamber b, 
and thence through the tubes which open into these spaces, 
into the space @, after which it is compelled by the wall e to 
reverse its direction in the two lower 
and flow back through other tubes into the two upper spaces of 


the chamber }, in those to again change its direction of flow, and | 


after passing through the upper pipes in the space a, to attain 
the two upper spaces of the chamber ¢, and flow away through the 
side-pockets at h, When the condenser is to be cleaned, the water- 
inlet / and the air-suction pipe are closed. The swing-doors are 
opened, and the insides of the tubes in this part of the space a can 
be cleaned while the plant is still at work. The same space is 
available for the inflow of the steam as before, and the steam is 
drawn by means of the vacuum to one side of the partition m, 
away from the steam-inlet, into that part of the condenser which 
is kept working. On the other side of the partition m the level 
of the water prevents any ingress of the steam, and rather assists 
to condense it. (Accepted September 20, 1911.) 


VEHICLES. 
9637/11. R. J. Marshall, Newoastle-cn-Tyne, and 


w. enman, Gateshead -on - ehicl 
Fenders. (6 Figs.) April 20, 1911.—This invention relates 4 


8s of the chamber c, | 


to ‘ 


| shuttle, the end of the shuttle is then inserted in the rubber 
| bush in the aperture /*, thereby compressing the case a, out of 
| which the air is driven through the valve g. When the end 
| pressure on the shuttle is removed, the spring c causes the disc 
b1 to recede from the disc b; a partial vacuum is thus created in 
| the case a, and the air passing in through the eye of the shuttle, 
the thread is drawn through the eye of the shuttle. (Accepted 
September 13, 1911.) US. 


23,987/10. H. D. de M. Carey, Iichester. 2 
} es. [7 Figs.] October 17, 1910.—If an aeroplane having 
| a vertical longitudinal section, as shown, or in any way similar 
| thereto, be moving through the air at a greater speed than that 
| for which it was designed, the high-pressure air stream shooting 
| past the nose is liable to leave a small low-pressure space at the 
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| 
| under surface just behind the nose (behind the point d) and to 


| impinge. with full pressure further back on the under surface, 
while at the same time downward pressure increases about the 
nose at the upper surface, these changes of pressure, on increase 
of the relative velocity, give a tendency for the nose of the machine 
todip. Now in dipping, lift is reduced, and the machine may 





dive to earth at asteep angle, the speed increasing and i ilit 
increasing. with the. speed, and if, in descending, cytes per 
a horizontal current, equilibrium may be wholly lost. This ha~ 
been a constant source of accidents in descending at high speeds 
and the primary object of this invention is to prevent dipping or 
undue dipping relatively to the air stream when speed is increased 
This object is attained by constructing the main aeroplane in such a 
way that while the sustaining surface is rigidly secured to the ma- 
chine, the entering edge and upper surface are adapted to “ea 
rocked relatively to the sustaining surface on increase of air pres 
sure beyond a given quantity. € upper surface d, a, e, b is con 
structed so as to be movable within certain limits when pressure 
on it is increased beyond the am pe exerted in normal flight at 
the speed at which the aeroplane is primarily designed, in such a 
way as to throw the centre of downward pressure further back on 
the upper surface, while at the same time the entering edge is so 
moved as to avoid the tendency of the air current at increased 
velocity to skip part of the arc of camber of the sustaining surface 
The under surface d, f, c is rigidly secured to the framework of the 
whole machine and the axis through d.is permitted to rock in 
bearings which are rigidly secured also to the framework of the 
machine. The surface e, b is jointed at eto the surface d.a. 
and is free to rock about the joint ate. The section d, a,e iscon 
nected by a stout spring h! to the under surface at gl, which is 
—_ of the rigid framework of the whole machine, and the sprin.: 
i is positively stopped from expanding beyond such limits as mav 
be desirable to maintain the section d, a, ¢ in a suitable positicn i: 
normal flight. The resultant pressure on the section d, a, ¢ in 
normal flight passes a little above the axis at d so as to cause the 
section to exert some pressure on the spring h! ; when the relative 
velocity of the current increases considerably the section d, a, 
will rock about the axis through d in such a way as to cant up 
the surface d, a and push backwards and downwards the point ¢ 
compressing the spring h1; the section ¢, b is permitted to slide 
over another spring 2 which is similarly secured to the under 
surface at g, the spring h2 being also stopped from expanding 
beyond such limits as is desirable in normal flight ; the spring A! 
may be very light and the device may operate sufficiently for prac 
tical purposes without a spring at this section ¢, b. (Accepted 
Septenber 6, 1911). 

21,655/10. J. A. » London. Glazing. [1 Fiv.) 
September 17, 1910.—This invention provides a simple and efficient 
means of erecting or laying glass plates for use as pavement, 
floor or roof lights, and obyiates the use of centering or shutter- 
ing, at the same time affording a special reinforcement. The glass 
plates a}, a! have projections or ledges a*, a2 at the sides, and 
these projections or ledges enable the plates to be lodged on the 
top of ametal bar cl. Curved ribs a*, a* are also formed on the 
lower or undersides of the plates a!, a) the curved ribs butting 














closely. The metal bar cl is placed across the opening to be 
glazed with the glass plates a! lodging on the top thereof, and 
with the ribs a* of adjacent plates abutting. Liquid grout is 
then poured in through a space d] between the adjacent plates 
and ay throngh grout-holes ¢!, el in the projections a’, 
thereby filling the hollow space b! and making a solid joint. The 
top of the metal bar cl serves as a ledge for the glass plates, and 
as acompression flange in the reinforcement of the rib. On the 
lower portion of the bar a bulb f!is formed to resist the tensile 
stresses. (Accepted August 3C, 1911.) 


21,671/10. R. H. Barbour, Crawley Down, and E- 
K. Scott, Bvemsiey. Gyrostats. (4 Figs.) September 19, 
1910.—According to the present invention, a gyrostat wheel is so 
arranged and constructed as to itself constitute the rotor of a homo- 
polar electric-motor. In carrying out the invention, all the iron of 
the magnetic circuit is carried by the rotor ; the usual stationary 
part of the magnet circuit is thus dispensed with. The exciting- 
coil or coils may also be conveniently carried by the rotor. By this 
method the inertia, which otherwise would retard the operation ot 
the gyrostat, is greatly diminished. a is the gyrostat fly-wheel 
constructed to constitute the iron rotor of a homopolar motor, the 
fly-wheel being made all in one piece or built up, asdesired. The 
shafts, or trunnions, ) are mounted in bearings in a casing ¢, pre 
ferably air-tight, which may conveniently be built up ofa number 





of pieces. The rotor is constructed with an air-gap h, the 
copeeee sides or faces of which constitute poles of — 
polarity. Only one exciting coil e! is employed, this coil being 
wound nna | round the core near the inner edge or bottom of 
the air-gap. The magnetism induced by it passes across the gap 
between the two parts of the rotor, but is otherwise entirely im 
the iron of the rotor. The coil el, as shown, consists of @ 
flat copper ribbon wound as a volute coil, so that the broad flat 
faces of the turns are in contact. The outer end of the coil e! is 
electrically connected with the rotor a, and its inner end is insu 

lated from a, and is connected with the slip-ring ¢ by an insulated 
conductor. Current is led into the rotor and out of the slip-ring 
i by the brushes /, one bearing on the core within the air-gap, ang 
the other bearing on the slip-ring. (Accepted September 13, 1911.¥ 








Metric TABLES AND EquivaLents. — The Central 
Translations Institute, 16, Eastcheap, E.C., have recent) y 
issued a card giving fifty metric equivalent tables. The 
calculations are based upon figures supplied by the Board 
of Trade, and they are guaranteed to be absolutely accu 
rate. The price equivalents deal with feet, yards, — 
feet, square yards, cubic feet, gallons, pounds, hundred 
weights, ad 9 40 cub. ft. measurements. The prices are 
calculated at the rate of exchange : 25.22 francs to the £ 
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THE DEVELOPMENT OF THE HOLLAND 
SUBMARINE-BOAT. 


THE pronounced success of the United States 
navy submarine-boats in manceuvres with the 
Atlantic fleet, held in July and August of this 
summer, off Newport, Rhode Island, and Province- 
town, Massachusetts, has again drawn attention to 
the great progress which has been made in the 
design, construction, and reliable service of sub- 
marine-boats in the United States. The present high 
state of efficiency of this type will not be surprising 
when it is remembered that the modern underwater 
fighting craft really originated in the United States, 
where, in the hands of the Electric-Boat Company 
(the owners of the Holland Torpedo-Boat Company) 
a progressive and uninterrupted logical develop- 
ment has taken place. Students of the history of 
naval construction will recall the fact that the 
modern submarine-boat is of recent origin, dating 
back no further than the last decade of the nine- 
teenth century. At that time there were produced 
in France and in the United States the two fore- 
runners of all modern submarines—viz., the Narval, 





designed by M. Laubeuf, and constructed in a 


noteworthy self-supporting cruise in the Philippines, 
where they are now stationed. 

Five vessels of the same design were constructed 
for the British Government by the Vickers Com- 
pany at their Naval Construction Works, Barrow 
in-Furness ; seven of the same type are in active 
service in the Russian navy, five in the Japanese 
navy, and one in the navy of Holland. 

In the United States, the seven vessels of the 
Adder class were followed by three of the Viper 
type, of 170 tons displacement when submerged, 
of 9 knots speed on the surface and 8 knots speed 
when submerged. In addition to an increase in 
displacement and speed, many new features were 
incorporated. Simultaneously with this group a 
still larger vessel, the Octopus, of 272 tons sub- 
merged displacement, was constructed. This was 
the frst example of the twin-screw submarine boat. 
This vessel was very exhaustively tested by the 
United States naval authorities in competition with 
other types, and was pronounced to be greatly 
superior to all the other types and designs sub- 
mitted. The speed on the surface was 11 knots, 
and when submerged 10 knots. As a result of the 





successful trials, the Electric - Boat Company 


American crews. While such a voyage accomplished 
by a single vessel would have been a noteworthy 
performance, it could not be compared with the 
voyage of a whole flotilla of seven vessels, as a 
demonstration either of the efficiency of the type or 
the good organisation of the service. 

Among the vessels which took part in this record- 
breaking run was the Salmon, illustrated by Fig. 1, 
which attracted much attention last year by her 
over-seas voyage from Boston to the Bermudas and 
return, about 1500 nautical miles over-seas. This 
voyage was made under the vessel’s own power, 
without assistance from any external source, and it 
served to demonstrate thoroughly the habitability 
and safety of these vessels at sea in all kinds of 
weather. The Salmon is also noteworthy as the 
holder of the world’s record for submerged speed, 
which, on trial, reached 12 knots. 


Numper or Suspmarines Burtt anp BuILpINe : 
ACCIDENTS. 

The United States flotilla in active commission 
now comprises the eighteen vessels above mentioned, 
all of which were built by the Electric-Boat Com- 
pany. In addition this company has now in hand 








Fig. 1. 


French dockyard, and the original Holland, designed 
and constructed by the Holland Torpedo- Boat Com- 
pany. As the Holland somewhat ante-dated the 
Narval, and, moreover, was equipped with internal- 
combustion engines for surface propulsion, she was, 
perhaps, more truly the prototype of the large 
flotillas which now form part of the naval forces of 
all the great Powers. 

The Holland* was a small vessel of about 70 tons 
displacement when submerged, with a speed of 
ibout 6 knots on the surface, and of 5 knots when 
submerged. She was completed in 1898, and in 
1900 was purchased by the United States Govern- 
ment, remaining in active service until last year, 
when she was struck off the active list as obsolete. 
She is now Wyre es however, as a naval relic 
at the Naval Academy, Annapolis. The value 
of the practical results achieved by the Holland 
won immediate appreciation from naval experts 
throughout the world, and her ap nee unques- 
tionably ushered in the era of the submarine- 
boat. Simultaneously with her purchase by the 
United States Government seven additional boats 
were ordered. These boats, of the Adder type, 
were enlarged and improved Hollands, of 122 tons 
displacement when submerged. To give a surface 
speed of 8} knots and a submerged speed of 
7 knots they had a single-screw power installation, 
including a gasdlene engine of 160 brake horse- 
power, and an electric motor of 70 horse-power. 
[hese boats were fitted with a single torpedo-tube, 
and carried two spare to oes arranged for reload- 
ing when submerged. ese vessels are still in 
active service in the United States navy, and a 
flotilla of four of them has recently completed 


* See ENGINEERING, vol. Ixxi., page 395. 





Tue Unirep Srates Susmarine-Boat *‘Satmon” (SpeEp 13 Knots) CLEARED FOR. ACTION. 


received an order for seven more vessels, four of 
which were substantially duplicates of the Octopus, 
while three were of a still further improved type, 
and of enlarged displacement—337 tons submerged, 
with higher speed both on the surface and when sub- 
merged. It was this group of seven vessels, compris- 
ing the third submarine flotilla, which achieved such 
brilliant results in the naval manceuvres last summer. 
Preliminary to these manceuvres much attention 
had been drawn to this flotilla by its unprecedented 
voyage from the harbour of Newport to Gloucester, 
150 sea-miles. This whole journey was accom- 
plished submerged except that part across ‘the 
shoals of Nantucket, where a lack of depth of 
water required the vessels to run awash.* During 
this voyage the flotilla made uninterrupted runs, 
submerged, of 12 hours’ duration, and only came 
to the surface as was necessary at night to re- 
charge the storage batteries. e whole voyage 
was accomplished without an accident of any kind, 
and without any undue hardship on the crew, 
which speaks very well not only for the excellent 
qualities of the boats for running submerged, but 
for the training, discipline, and intelligence of the 

* Acting Secretary of the Navy Winthrop stated that 
the rum across Massachusetts Bay was an excellent per- 
formance. ‘‘ One vessel,” he said, ‘‘ made a considerable 
run at a depth of 60 ft. The course from Newport to 
Gloucester was 150 miles, and some of the boats made 
120 miles of this run submerged. The longest time sub- 
merged was between eleven and twelve hours. There 
were no mishaps, and officers and crews came in in fine con- 
dition on Saturday, after being out two days and nights. 
It was a splendid practice cruise, and the practicability 
of submerged cruising is ved by the Fact that the 
entire run was made , oP pracomd boats without a single 
one being discovered by a score of other ships in their 
immediate vicinity from time to time,” 








Reapy FoR Quick Dive. 


for the United States Government seventeen addi- 
tional vessels, six of which are due for delivery 
this autumn and next spring, and the balance 
within the next year. Exact data of the vessels 
building is not available, but it is known that they 
will range from 400 to 500 tons displacement when 
submerged, with a surface speed of at least 14 knots 
and a submerged speed of from 10} to 11 knots. 
They are all twin-screw vessels with heavy-oil 
engines, and in all cases they are uipped 
with at least four bow torpedo-tubes. "Besides 
the work done in the United States thus briefly 
summarised, the Holland type is well known in 
Europe, owing to the work done by the well- 
known European firms holding licenses from the 
American company —viz., Vickers, Limited, in 
England, the Whitehead Company in Austria, the 
Nevsky Works in Russia, the Deutsche Parsons 
Turbinia Company in Germany, and the ‘De 
Schelde” in Holland. In some cases their work 
has been from designs by the American company, 
and under the supervision of the American com- 
or dp engineers. In other instances modifications 
ave been introduced into the designs by the 
licensees working in conjunction with the Admiral- 
ties of the respective Powers for which the boats 
have been built. Leaving aside the very large 
number of boats built and building in Europe from 
designs modified by the European builders, the 
number of vessels up to date built or building to 
the detailed designs of the American company is 
sixty-seven, the orders coming not only from the 
United States, but from Europe, Japan, and South 
America. This number excludes the 74 boats 
built or being built for Britain, and the others 
owned or ordered for Holland and Denmark, 
and also the boats built for Japan by Messrs, 











656 


ENGINEERING. 


Nov. 17, 1911. 





Vickers, Limited. In all 152 boats belonging to 
the Holland generic type have been built or are 
heing built—more than half the number owned by 
all the Powers. Britain; according to the latest 
Government returns, has 74 built. or building ; 
France, 81 ; United States, 35 ; Russia, 30 ; Italy, 
20; Japan, 13; and Austria-Hungary, 6; the 
number for Germany is uncertain. 

When the number of boats now in operation, and 
their wide distribution throughout the world, are 
remembered, it is remarkable that up to the 
present time not a single disaster has occurred 
to any boat built to the unaltered designs of the 
Electric - Boat Company of New York. Good 
fortune, of course, most have contributed to this 
fine record, since there is at least one danger 
inherent in submarine operations which cannot be 
fully guarded against by any amount of skill and 
experience in design and construction. We refer 
to the case where the submarine, operating sub- 
merged, is run down by a large surface vessel, as 
allistrated by the sad accidents to the British boat 
A1 and to the French boat Pluviose. The number 
of disasters in Europe and Japan from other 
causes makes notable the entire freedom of the 
American designed boats from such disasters, espe- 
cially when it is remembered that in numbers and 
in wide distribution this is by far the leading type. 
To some extent, at least, this immunity from acci- 
dents must be ascribed to the wide experience of the 
Electric-Boat Company, and to its refusal to incor- 
porate into its designs the dangerous ‘‘ fads ” so 
often advocated by inexperienced persons. In con- 


on draught, special designs are used, es 
radically from the ‘* Perfected ” Hollands. e are 
enabled to illustrate on Plate LVI., published with 
this week’s issue, sections and plan Figs. 2 to 8) of 
a good example of the ‘‘ Perfected.” Holland type, 
as well as similar drawings of an interesting er 
design of a much larger and more powerful boat 
(Figs 9 to 14). A number of vessels to . both 
designs are now under construction by this firm. 


Tue ‘‘Perrectep” Typrz or Hoiianp Boat. 


Referring first to the perfected Holland (Figs. 
2 to 8), the general characteristics of the vessel 
illustrated are as follow :— 


Length... . 150 ft. 
Beam ... si aa 16 ft. 6 in 
Displacement, surface _... 390 tons 
a submerged ... 520 tons 

Buoyanc mtage of sub- 

rato | isplacement 25 per cent. 
Buoyancy tage of sur- 

face displacement... a 33 per cent. 
Surface speed oe 144 knots. . 
Surface cruising radius 4500 nautical miles 
Submerged speed ... ne 104 knots 
Submerged radius ... 120 nautical miles 
Armament .... _ 4 torpedo-tubes and 


eight torpedoes 

All torpedo-tubes are of the internal type, thus 
permitting access to the torpedoes at all times for 
adjustment, charging, &c. Provision is made for 
reloading the tu while submerged. A comple- 
ment of two officers and eighteen men is provided 
for. The stores and fresh-water supplies are for 
twenty days. The safe depth of submersion is 


nection with the technical staff of these builders, | 200 ft 


too, it is interesting to note that the company 
early recognised that the successful development 
of this type of craft could only be ensured on 
safe lines by combining the special qualities and 
experience of the naval officer, the engineer, and 
the naval architect. Thus their technical staff has 
for many years been under the direction of Mr. 
L. Y. Spear, late naval constructor, United States 
Navy, assisted by Mr. G. C. Davidson, late lieut. - 
commander, United States Navy, who had special- 
ised in engineering and torpedo work. 

The development in size, speed, and fighting 
power during the t ten years is set out in 





chronological order in Table I. The displacement 


The general arrangement of the vessel will be 
sufficiently clear from the plans and sections, so 
that a very brief description will suffice. The 
extreme bow of the vessel (Fig. 3) is occupied by 
four torpedo-tubes, installed in accordance with a 
special system patented by the firm. This enables 
double the usual number of tubes to be employed, 
and, at the same time, preserves great rapidity, 
simplicity, and certainty of action of all the 
operating mechanisms. The space around the 
tubes is used for water-ballast, and is divided into 
two compartments by a complete transverse bulk- 
head. he cap or shutter which forms the out- 
board closure for the tubes is protected by a very 


TABLE I,—Drmensions, &c., or TypicaL Ho“ttaAND SusBMARINE-Boats BuiLT 1n SuccessivE YEARS, 


witH ToTaL TONNAGE OF VESSELS BUILT. 











- Maximum | Submerged Number of Horse- | _ Horse- | Total Ton- 
nae of} “ment ymin ee Speed , Radius of | Torpedo- | Poweron | Power when Built 
en. Submerged. 7 Submerged. Action. Tubes. Surface. Submerged. or Building. 
tons knots miles knots miles | b.h.-p. e.h.-p. tons 
1895 70 6 200 at 6 knots 5 | 20 at 5 knots 1 50 50 70 
| | f 25 at 7 knote ; | } oT 
1900 122 8.5 _ | 300 at 8.5 knots, , oo \ | Se) om 70 3,050 
1904 170 9 540 at 9 knots 8 60 at 5 knots 2 250 150 510 
1904 273 ll 900 at 9 knots 10 80 at 5 knots 2 500 | 320 1,911 
1907 337, 13 1300 at 11 knots | 104 and 12 | 100 at 5 knots 4 600 850 and 500 1,011 
1908 870 13} 2200 at 11 knots ll 100 at 5 knots 4 } 600 500 740 
1909 430 14 2500 at 11 knots ll | 100 at 5 knots oe | 800 600 1,720 
1910 475 iat $200 at 11 knots 104 | 100 at 5 knots | oe | 950 on } 1,425 
1911 520 | 144 = 4500 at 11 knots | 10} | 120at5knote | a 1000 — | — 
1911 950 | 17: {5000 ll 140 8 2000 | & 7,924 
} ™ — 
| | Grand total tonnage .. 18,361 





The figures for 1908-11 are approximate ; official data are not available. 


Norg.—This table is exclusive of the boats built by licensees from modified designs, and is also exclusive of certain 
‘ special designs. 


of vessels, it will be seen, has risen from 70 to 950 
tons ; the surface speed from 6 to 17 kaots ;.the 
horse-power of the internal-combustion engines 
from aN to 2000 brake horse-power ; the sarface 
cruising radius from 200 to nautical miles ; 
the submerged speed from 5 to 12 knots; the 
radius of actiun when submerged from 20 to 140 
nautical miles, and the armament from one torpedo- 
tube to eight. The last column in the table gives 
the collective displacement tonnage of vessels built 
in each year. 

While the so-called Holland and modified 
Holland boats are fairly well known in Europe, 
it would appear that, outside Admiralty circles, but 
little is known in Europe of she diversified products 
of the Electric-Boat Company of New York. In 
other words, the name is usually associated only 
with the type of vessel developed, step by step, 
from the original Holland, and still retaining 
some of the principal characteristics of its pro- 

enitor. These highly-developed and perfected 


ollands still constitute the principal output of 
the firm, which considers that for general service 
that system presents on the whole the best possible 
combination of qualities. For special service; how. 





ever, and especially. where limitations are placed 


heavy steel stem, which ends in the overhanging 
superstracture forward (Figs. 2 and 3). The tubes 
themselves are of strong construction, and serve, 
together with their connections, to give great 
strength and rigidity to the bow, affording thorough 
ce gaps to the vessel against the effects of a 
nead-on collision. The efficiency of this arrange- 
ment has been amply demonstrated by collisions 
which have actually occurred in service, as, for 
instance, in the case last year, when the mother 
ship Castine was rammed by the submarine Bonita, 
when the latter was proceeding at full s sub- 
merged. The ship was seriously damaged, and had 
to be hurriedly Bate to prevent sinking, but 
the submarine escaped without any injury worth 
mentioning ; no leaks were started, and no damage 
was done except to the superstructure forward and 
to the periscopes. 

The working space in the boat, from the torpedo- 
tubes aft, is divided into five separate compart- 
ments by complete transverse steel bulkheads, each 
being fitted with a suitable water-tight door. 
Beginning forward, the first’ compartment is the 
torpedo-storing compartment, which contains the 
breech-doors of the torpedo-tubes (Fig. 8), illus- 
trated also in the engraving, Fig. 21, on page 


659, the spare torpedoes, the 0 - loadi " 
gear, &c., and the submerged oe heyy 
Underneath, between bottoms, are tanks for a 


good portion of the oil fuel. This compartment is 
also arranged as a separate living- compartment for 
the two officers. 

The next compartment is the forward crew- 
compartment, under the floor of which, in a water- 
tight tank, is half of the electric storage bat- 
teries; this is entirely surrounded by ballast-tanks, 
which extend well up the sides of the hull. In 
this com ment, too, twelve men are berthed, 
comfortable sleeping accommodation being afforded 
for the two watches off duty during surface cruising. 

The next compartment constitutes the central 
operating compartment (Fig. 7), in which is located 
the eye-piece of the commanding officer’s periscope, 
as well as all the other important elements of sub- 
merged control, such as diving-gear, air-system 
controls, ballast-tank floods and drains, &c. Views 
in such control station are given in Figs. 22 to 26, on 
pages 659 and 670. By this arrangement all members 
of the crew having important duties in connection 
with submerged operations are under the immediate 
control of the commanding officer, who is enabled 
to see exactly what is being done, and can thus 
easily prevent errors on the part of the crew. The 
conning-tower is located immediately above this 
compartment, and is separated therefrom by a 
quick-closing water-tight hatch. An additional 
periscope is fitted in the conning-tower, which is 
also equipped with all the necessary fittings to 
enable it to serve efficiently, first, as a deck 
conning and steering station for severe or cold 
weather; second, as a trimming -station; and, 
third, as a submerged look-out station. Both peri 
scopes are equipped with special range-finding and 
torpedo-directing apparatus, and the torpedo-firing 
apparatus is located within easy reach thereof. 

e next compartment aft is the after crew 
compartment, in which, when at anchor, four men 
are berthed, thus providing, together with the 
forward compartment, separate berths for all the 
crew except the two on anchor watch. Under this 
are the electric storage batteries, while ballast-tanks 
occupy the sides and the lower part of this compart- 
ment, the construction being identical with the 
corresponding forward compartment. In this com- 
partment also are located the galley and mess 
arrangements. 

The after compartment constitutes the engine- 
room (Fig. 5), in which is installed a twin-screw 
power equipment. Each shaft is fitted with a heavy- 
oil engine directly connected to an electric motor 
(Fig. 4), the power being 1000 brake horse-power 
in the case of the main engines and 600 electric 
horse-power for under-water propulsion. Fuel and 
lubricating oilare stored underneath the engines 
and in the after part of the compartment; the main 
bilge-pumps and air-compressors are installed in 
duplicate, one set on each side of the ship, driven 
from the main shaft by a suitable arrangement of 
gears controlled by friction clutch. This enables 
the auxiliary machinery to be operated either by 
the oil-engine or by the electric motor. a 

The superstructure, which is of the self-bailing 
and filling type, provides a working deck, which, 
on account of the good freeboard and buoyancy 
arranged for.in the design, is dry and comfortable 
in moderate weather. For very heavy weather, an 
elevated station, fully equipped as a deck steering- 
station, is constructed on the top of the conning- 
tower, and a weather ‘‘ dodger” is fitted thereon 
(Fig. 7). Access to this elevated station is obtained 
through the conning-tower and from the after 
crew’s compartment, and ample area is provided to 
accommodate all the crew off duty at any time, so 
that fresh air and exercise can always be had, even 
in severe weather. 


Provisions FOR SAFETY. 


It will be noted from Fig. 3 that hatches 
are fitted in each of the internal compartments 
except the forward crew’s department. These 
serve not only to provide convenient access to the 
yarious compartments when the vessel is on the 
surface, but also as a means of escape for the crew 
in the event of a disaster when the vessel is sub- 
merged. A hatch being located in each of the 
compartments where men are stationed submerged, 
the means of escape are thus ready to hand for 
each member of the crew. In connection with 
these hatches, a special system of partial and com- 





plete bulkheads is so arranged that air-locks are 
automatically formed in each compartment, so that, 
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in the event of a disaster in water of moderate 
depth, escape may safely be made without the 
necessity of operating any special appliance. Special 
escape-helmets are employed for escape from the 
ship in deep water ; these embody the patents of 
the Siebe Gorman Company and the Electric-Boat 
Company. we j : 

Owing to the special installation of the electric 
storage-batteries, the bulkhead arrangements, &c., 
the crew are efficiently safeguarded against the 
effects from gas. poisoning which would follow a 
disaster allowing salt-water access to the storaye 
battery and to the electric terminals generally. 
The designers consider this arrangement superior 
to the provision of special escape compartments 
for the crew, as it would be impossible under many 
circumstances for the crew to make their way to 
such a compartment. Again, the patented system 
adopted in this design does not interfere in od 
way with the military qualities of the vessel, whic 
cannot always be said in the case of the other 
system, where space and weight have to be specially 
reserved for the escape arrangements. 

The general theory of safety upon which the 
design is conceived is that, as far as is possible, the 
general structure should previde against the possi- 
bility of admitting water to the hull, even as the 
result of a collision, and, secondly, that ample pro- 
vision should be made for rapidly freeing the vessel 
of water, either from the Nallast-tanke or other 
parts of the interior. This is accomplished, so far 
as the latter is concerned, by providing powerful 
quick-acting pumps, and, as far as the ballast- 
tanks are concerned, by constructing all the walls 
of great strength, so that they may be freed 
by air at high pressure as well as by the pumps. 
These arrangements permit of the rapid creation of 
a large amount of buoyancy atany depth. A simple 
hand-control serves to achieve this end, while- at 
the same time there is an automatic apparatus 
which prevents the vessel passing beyond a pre- 
determined depth. Thus if, as in the A 1 accident, 
the crew should be incapacitated through shock of 
collision, and the vessel should take on board sufli- 
cient water to sink, her tanks would be cleared 
automatically when she reached the depth for which 
the apparatus is set. 

Rescue measures, in the event of a disaster, 
should be directed generally to ensure the escape 
of the crew from the boat rather than the salvage 
of the vessel itself. The latter, for obvious reasons, 
presents almost insuperable difficulties ; lifting- 
shackles, sometimes fitted, are regarded by many 
as of no practical value, except as a convenience to 
the salvage —e in securing an abandoned 
submarine wreck. The arrangements for the escape 
of the crew should not involve their working of 
special apparatus only capable of being operated 
under the conditions following a disaster. On the 
contrary, the gear should be of the simplest character 
and should form an integral part of the structure of 
the vessel, located with particular reference to the 
positions actually occupied by the crew during sub- 
merged operations. 


SUBMERGENCE Tests AND STRENGTH. 


The exterior form of the hull amidships, it will 
be seen from the cross-sections (Fig. 7), is circular, 
except as modified by the superstructure. Suitable 
modifications are introduced at the bow and stern 
(Figs. 5, 6, and 8) in order to avoid certain natural 
operative defects encountered when a pure ‘cigar 
Shape is adopted. This form of structure has 
certain advantages, one being that the maximum 
strength against crushing forces is obtained on a 
iimimum weight. Vessels of this type are con- 
sidered to be good for a submergence of at least 
250 ft., and are all actually tested to the depth of 
200 ft., as against 100 ft. to 140 ft. for other well- 
known types. As many of these vessels have 
been actually subjected to these tests, no doubt is 
now entertained as to the strength provided for in 
the design, and the submergence test made is 
regarded merely as a final precaution for guarding 
against the existence of Pidden defects in the 
material. Indeed, it is looked upon as analo- 
gous to the cold-water test of a boiler, and 
is therefore generally made without the crew. 
Where, as on the Atlantic Coast of the United 
States, sheltered water of great depth, 200 ft. to 
250 ft., cannot be obtained, the carrying out of the 
test presents some difficult and delicate problems. 
The earliest tests of this kind were made y lower- 
ing the vessel from a floating derrick to the bottom 
with negative buoyancy. This, however, is an 





exceedingly delicate operation, for while the actual 
weight being lowered is only a matter of a few tons, 
the inertia effects correspond to the full sub- 
merged displacement of the vessel. It is easy to 
see that the inertia effects of 400 or 500 tons 
might easily prove disastrous, so that when this 
method is employed, special arrangements have to 
be made to restore positive buoyancy to the sub- 
merged boat in the event of the lines parting. To 
avoid these difficulties, the mained’ has been 
changed so that the vessels have positive buvyancy, 
and are hauled down to the bottom by euitable 
anchorage gear. Should the hauling-lines part, the 
vessel, of course, automatically rises to the surface. 
This method has the further advantage that the 
test can be made in other than dead-smooth water, 
which is not the case with the first system. 


Tae Principte oF THE Divine MEcHANISM. 


To those who are familiar with the earlier ex- 
amples of this general type, the study of the above 
design will reveal the principal aims of the designers, 
which evidently have been to secure a large develop- 
ment in the speed, radius of action, armament, 
habitability, and sea-going qualities, without sacri- 
ficing any of the sound principles responsible for 
the mechanical success of the earlier boats. In 
making this development account has necessarily 
been taken of the enlarged ré/e of the under-water 
craft. The work of the earlier boats was assumed 
to be confined to harbour defence, so that opera- 
tions on the surface for long periods in bad weather 
were not taken into account in the early designs. 
Obviously a mere increase in displacement would 
not fit the vessels to keep the sea for long periods, 
so that special modifications have necessarily been 
introduced for the purpose. For instance, the 
percentage of reserve buoyancy allotted to the 
earlier vessels—viz., from 12 to 14 per cent.—has 
been increased to suit the e scope of the 
work they have to do, and in the latest types it is 
as much as from 23 to 28 per cent. of the submerged 
displacement. 

erhaps the best illustration of the experience of 
the Electric-Boat Company will be found in the 
fact that it is the only ee which claims to be able 
to produce vessels, running up to 300 or 400 tons 
displacement, that can be perfectly controlled by 
the use of stern Gsinnouhiun only. All other 
builders employ (except for very small vessels) 
additional horizontal rudders at the bow, supple- 
mented in many cases by submerging planes or 
hydroplanes fitted amidships. Such appliances 
(while generally necessary in large boats) are con- 
sidered objectionable in so far as they interfere 
seriously with the submerged speed, and are 
exceedingly liable to disarrangement either through 
the action of the sea when cruising on the surface, 
or when coming alongside docks or other vessels. 

It has been claimed for the submerging planes 
that they confer on the vessels fitted with them 

ualities not possessed by others, especially that 
they enable the boats to rise and sink at will, with- 
out fore and aft inclination of the axis of the boat. 
The advocates of this system attach great import- 
ance to such qualities, and contend that safe and 
certain operation submerged is not otherwise pos- 
sible. In the attempt to prove this allegation, it 
has been a common — to assert, first, that 
operation by stern rudders alone can only be made 
practicable by reducing the stability to a minimum, 
and, second, that, in practice, vessels so operated 
must necessarily use large and dangerous angles 
of inclination. Practical experience with the 
Holland boats shows that, far from reducing the 
submerged stability of the boat controlled in sub- 
merging solely by stern rudders, the designers 
have endeavoured to make it a maximum, and 
this object has been achieved, as the Holland 
boats’ metacentric height submerged is materially 
greater than in the prevailing practice with other 
types. Again, in practice, no difticulty has 
been encountered with respect to uncontrolled 
dives ; as a matter of fact, the angle of inclina- 
tion of the fore and aft axis is entirely within 
the control of the operators. Where there is 
ample depth of water, and the time required to dive 
must be minimised, angles as large as 4 deg. and 
5 deg. are employed, but under ordinary circum- 
stances the maximum angle of inclination does not 
exceed from 2 ~~ to 25 deg., which is about the 
angle necessary when the diving apparatus is com- 
plicated by the alditional bow-rudders and sub- 
merging planes, or hydroplanes above referred to. 
It has sometimes been stated that Holland vessels 





are subjected to the danger of plunging their noses 


low water. 
The improbability of such result is established by 
the fact that the change in draught for diving does 
not exceed 3 in. or 4in. In other words, these 
vessels can dive without striking the bottom in a 
depth of water only 4 in. greater than would be 
required if they sank on a perfectly level keel. 

The operation of diving and the small angle 
necessary, as already explained, is well illustrated 
in a series of views on e 658 (Figs. 15 to 20), 
which show the angle at different stages and various 
depths. 


into the bottom when diving in shall 


950-Ton DisPLaceMENT SuBMAR'NE-Boat. 


The vessel illustrated in Figs. 9 to 14 on the 
two-page plate is one of the most interesting of 


the special designs of this firm, and has the follow- 
ing characteristics :— 
Length 212 ft. 
Beam Ms na a Ht TE a6 
Surface draught ... 2 is Bice 
Surface displacement : es 650 tons 
Subme displacement ag 950 ,, 
Buoyancy percentage of sub- 
me displacement ... ‘ 314 


Buoyancy percentage of sur- 
face displacement . ae 46 
Armament... oes ... Kight torpedo-tubes 
Surface speed = re 17 knots 
Submerged speed ... - 
Surface radius of action... 


win | ao 
0 ... 5000 nautical miles 
Submerged radius of action 140 


Complement ste oR ... 8 officers and 24 men 
Stores and supplies for 30 days. 
Special desi of this or similar character are 


ordinarily employed only when the boats have to 
meet severe conditions on a limited draught. 
Wherever possible, the main features of the design 
first described are incorporated also into these 
special designs ; and thus, in many respects, the 
two boats illustrated on Plate LVI. are identical. 
The special design (Figs. 9 to 14), however, is 
materially different to the other in the form of the 
hull, the cross-sections of which depart greatly from 
the circular sections employed in the other design. 
As this special form of hull has not the natural 
strength to resist external pressure a by the 
hull with circular sections, a special system of hull 
construction has to used, as well as a special 
arrangement of ballast-tanks. The arrangements 
in these two respects constitute the principal differ- 
ences between the two types illustrated. 1n general 
appearance this special type is more nearly analogous 
to the submersibles built in France from the designs 
of M. Laubeuf, and in Italy from the designs of 
Major Laurenti. Thesystem of construction, how- 
ever, is quite different. to either of these familiar 
types, and special advantages are claimed for it. 
As the plans and sections give a good idea of the 
eneral arrangement and appearance, no detailed 
, maar will be attempted here. We shall con- 
tent ourselves with pointing out that in this design 
also great attention has been paid to the provision 
of comfortable accommodations for the officers and 
crew, and that the standard features employed in 
all designs with respect to safety and certainty of 
operation submerged are preserved, including the 
system of complete bulkheads, means of escape, 
central operating compartment, &c. Moreover, as 
with this system the conditions as to stability, &., 
on the surface are quite different to those obtaining 
in the ‘‘ Perfected” Hollands, it has been found desir- 
able to give this type a still greater percentage of 
reserve buoyancy, in order to secure entirely satis- 
factory results while operating on the surface. 
With vessels of this special type the percentage 
of weights allowed for the hull construction must 
necessarily be greater than for the type previously 
described. Consequently, certain advantages of 
the previous type must be sacrificed. Two of these 
may be mentioned here. One is the strength for 
deep submergence. For this special type this depth 
has to be materially reduced, and they are therefore 
tested, not to 200 ft. depth, but only to 125 ft., or 
in certain cases to 150 ft. Again, owing to the 
nature of the ballast-tank construction, sufticient 
weight cannot be allowed to ensure that all walls 
of ballast-tanks will be of great strength, hence the 
greater proportion of the water ballast cannot be 
pumped out at great depth without endangering 
the outer walls of the tanks. urse must 
therefore be had, in the interests of safety, to 
special arrangements for freeing the tanks of water 
by compressed air without exceeding the maximum 
allowab e difference in pressure between the tanks 
and the sea. It is proper to note, however, that 
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THE HOLLAND SUBMARINE-BOAT; STAGES IN DIVING. 
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these disadvantages are inherent in the general 
scheme, and apply equally well to those solutions of 
the problem found by other designers. 

Both systems of construction, as well as the 
important details common to both, are the subjects 
of letters patent granted or pending in all the 
maritime countries, where already many hundreds 
of claims have been allowed. 


INTERIOR VIEWS IN TYPICAL SUBMARINE- 
Boat. 


On pages 659 and 670 we give a series of views 
of the interior of a submarine which will render 
clearer the description already given of the arrange- 
ment at the various stations within the two types 
of submarine - boats illustrated on Plate LVI. 
These views, however, do not apply to the two 
boats shown in the sectional drawings, but are 
views of one of the most typical submarine-boats 
recently completed by the firm. Fig. 21 is a view 
taken in the torpedo compartment and officers’ 
quarters, showing the breeches of the four torpedo- 
tubes, together with the operating and firing-gear 
of the tubes. Overhead is seen one of the special 
escape-scuttles. 

Figs. 22 to 25 are views within the central operat- 
ing compartment underneath the conning-tower. 
Fig. 22 shows one of the separating bulkheads, along 
the lower part of which will be seen the levers for 
operating the ballast-tank flooding-valves. The 
ladder seen leads to the conning-tower ; overhead 
is the eye-piece of the commanding officer's peri- 
scope, and on each side the electric blowers for the 
special ventilation of the storage battery. Fig. 23 
em in more detail the eye-piece and operating- 
gear of the commanding officer’s | prieer pe On the 
right is seen the diving-gear and depth-gauge used 


in connection therewith. Fig. 24 shows the diving- 
gear, together with the duplicate depth-gauges used 
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Fic. 19. Compietion oF THE Dive. 


in connection therewith. The separating bulkhead 
and the ladder to the conning-tower are seen on 
the left. 

Fig. 25 is a view on the side opposite to the 
diving-gear, and shows the control station for the 
compressed-air and auxiliary pump, by means of 
which all the ballast may be quickly controlled 
from one station. On the left there will be seen 
an air manifold, containing blow and vent valves 
for all ballast-tanks, above which will be noted the 
gauge-board. In the centre is the automatic blow 
apparatus, and on the right the manifolds and 
other control features for the auxiliary rump. 

Fig. 26 is a view taken in the after crew’s 

















Fie. 20. Runnine SUBMERGED. 


quarters, showing the internal hand steering-gear, 
and on the bulkhead to the left the control-box 
for the electric steering-gear. Fig. 27 illustrates 
the engine-room, looking aft, showing the twin 
internal-combustion engines. The practice of the 
company is to make up the engines in six-cylinder 
units on account of the fine balance and even 
turning moment thus obtained. The air-com- 
pressors for the injection air used in the engines 
are built as an integral part of the engines and are 
operated from the engine crank-shaft. Fig. 28, 4 
view from the aft end of the engine-room looking 
forward, shows in the foreground the electric motors, 
and in the background the internal-combustion 
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engines, together with the exhaust piping. The 
engines are connected to the armature shafts by a 
special clutch, shown in the view. 


Srapurry ConpiTions. 

A few words as to stability conditions will 
not be out of place, since, in this respect, there is 
quite an essential and an important difference 
between the two systems of construction, illus- 
trated on the two-page plate. As with any type 
of vessel, the statical stability of a submarine on 
the surface is measured by its metacentric height, 
and hence is determined re by considerations 
of water-plane areas and their disposition and 
partly by considerations of the vertical disposition 
of the weights. To submerge such a vessel, it is 
first necessary nearly to destroy its buoyancy by the 
admission of water to the various ballast-tanks. 
This necessarily affects the statical stability in two 
ways: first, the admission of the water to the ballast- 
tanks necessarily affects the vertical position of the 
centre of gravity of the vessel asa whole. At the 
same time, the sinking of the vessel destroys the 
water-plane area, so that when submerged that ele- 
ment no longer affects the problem, the metacentre 
having then boven coincident with the centre of 
buoyancy ; thus the statical stability in the sub- 


STABILITY DIAGRAMS SHOWING 
PATHS OF TRANSV! 


AND CENTRE 


Owing to the fact that free-water surfaces neces- 
sarily exist in the ballast-tanks during the process 
of trimming, it is necessary to take account of the 
virtual lowering of the metacentre due to these free 
surfaces. This makes the path of the metacentre a 
curved line B of the general character shown in the 
diagram, Fig. 29, A being the theoretical path of 
the metacertre, not taking account of the free 
water in the ballast-tanks, and C the path of the 
centre of gravity. In these designs the ballast- 
tanks are so shaped as to minimise the amount of 
free surface, so that at all times during the process 
of trimming there remains a very substantial 
margin of stability, and it is therefore safe to 
undertake this manceuvre in any state of the sea. 
To sum up, then, this general type has a moderate 
metacentric height on the surface which materially 
increases when submerged. 

In the case of the special type (Figs. 9 to 14) 
the conditions are quite different. Owing to the 
shape of the hull, the water-line areas in the 
surface condition are materially increased, resulting 
in a high metacentre. Taken asa whole, the centre 
of gravity of the hull in the surface condition is 
necessarily somewhat higher than for the first type, 
but the net result is quite a material increase in the 
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merged condition is measured by the vertical dis- 
tance between the centre of buoyancy and the centre 
of gravity of the vessel taken as a whole. 

t is a characteristic of such forms as that of the 
boat illustrated by Figs. 2 to 8 that the position of 
the metacentre for different water-lines, and for all 
angles of inclination at any draught, remains almost 
constant. In practical cases it will be found to be 
located only a few inches above the axis of the 
vessel. A glance at the sections will show that 
all the heavy weights are disposed well down in the 
- ship, the result being that the centre of gravity of 
the vessel, without water ballast, is well below the 
axis. This results in a moderate and safe meta- 
centric height on the surface—from 8 in. to 11 in., 
depending upon the size of the boat. In such 
vessels the stability curve has an easy rise and a 
long range, and is, in fact, a curve of sines, with a 
range of 180 deg., maximum righting arm at 90 deg. 
These conditions result in a comparatively long 
period of oscillation, and an easy movement in a 
seaway. When such a vessel is subjected to the 
process of trimming for submergence, the super- 
structure is thrown oper to the sea, and becomes, 
in fact, a non-watertight structure. Hence, for 
purposes of this description, the water entering the 
superstructure can be neglected. The principal bal- 
last-tanks of the vessel are located in the bottom, and 
the boat is brought awash by filling these. During 
this process the centre of gravity is being lowered, 
while the vertical movement of the metacentre is 
upward, although very small. The net -result is 
that the process of trimming increases the meta- 





centric height generally by as much as 50 per cent. 


SUBMERGED 


does not differ very greatly from that of a torpedo- 
boat or destroyer of ordinary design. In this case 
during the process of trimming the movement of the 
metacentre is necessarily down, because, when the 
water-plane area is destroyed, the metacentre must 
inevitably coincide with the centre of buoyancy. 
The movement of the centre of gravity is also down, 
but not to the same extent as the metacentre, and 
the net result isa decrease of stability, as indicated 
on the diagram, Fig. 30. It will be noted, however, 
that in all stages of the process a good margin of 
stability is preserved, thus avoiding the defect 
which has developed in certain other vessels of this 
general type, where, owing to the small final value 
of the submerged metacentric height, and the large 
free areas in the ballast spaces, a critical point 
is reached when trimming at which the stability is 
nearly zero. Some very unpleasant experiences 
have been had with such vessels when the trimming. 
operation has been undertaken in a seaway. 

While it is probably too much to expect that 
every possible virtue in an under-water t will 
ever be combined in any one design, or that, having 
been combined, there will be unanimity of expert 
opinion as to that fact, nevertheless the conclusion 
seems to be warranted that the British Admiralty 
made no mistake when it selected the original 
Holland type as a basis for the development of 
British floti Their judgment as to the sound- 


ness of the principles involved in the designs, and 
the competency and the ability of the firm respon- 
sible for them, has certainly been confirmed in a 
gratifying way by the wide acceptance of the same 


Europe, Asia, and South America. The policy of 
secrecy pursued by the Admiralty discourages any 
speculation as to the comparative results on the 
same tonnage achieved along the lines of develop- 
ment followed here, as compared with the divergent 
lines in the United States and elsewhere. It is to 
be hoped, however, that the Admiralty arrange- 
ments are such as to permit them to take full 
advantage of the very important developments 
elsewhere which have been, and are being, reduced 
to practice. 





THE STEAM-TURBINE. 
(Continued from page 553.) 

As stated on page 309 ante, the theory estab- 
lished above makes it ible to determine sepa- 
rately the output and efficiency of each group of a 
reaction turbine in practically the same way as the 
corresponding figures are obtained in designing 
compartment compounded impulse-turbines. 

In making such a calculation, however, it will be 
found in every way preferable to start at the exhaust 
end and work backwards. The fact is that large 
variations in ‘the vacuum hardly affect at all the 
inflow, into the first group of a reaction turbine of 
the usual type, under a given initial pressure. 
Conversely, very small differences in the weight 
passed, under a given pressure through the first row 
of blades, correspond to very large differences in the 
final discharge pressure from the last group. 

Starting from the high-pressure end and com- 
puting the turbine group by group down to the 
exhaust is almost analogous to working with a diver- 
gent series in algebra, whilst if the computation is 
started at the exhaust end, the operation may be 
likened to the use of a highly convergent series. 
To make such a calculation the curves plotted in 
Figs. 18, 19, and 20 may be used. These are all 
based on the condition of the steam on discharge 
from a group in place of its condition at entrance. 
They have been derived directly from equation (7), 
page 482 ante, by taking yas 1.108. For those who 
wish to plot the curves to a larger scale the values 
of the coefficients are given in Tables VI., VII , and 
VIII., page 661.* The use of the curves will be best 
understood by taking an actual example, and in Table 
IX. is shown the complete calculation step by step 
of the work done by each group of a low-pressure 
marine turbine, having a drum 65 in. in diameter, 
and eight groups of blades of twelve rows each. 
The blade heights and clearances for each group are 
given in the first line of the table, and the effective 
area available for flow in the third line. At final 


* In plotting such curves to a large scale the use of 
formule of interpolation is often very convenient, as it is 
not always easy to get a curve or a spline to fit the tabu- 
lated values when widely separated. The most useful of 
these formule is as follows :—If %, 7%, Yo, and ys be four 
consecutive values of y, for four equidistant values of z, 
which may be called 2, x), 22, and x3, then the value of », 
corresponding to z,,—i.e., to a value of x, midway 
between x, and x,—is 

Yy.5 = fa (vi + Yo) — rs (Yo + Ys) 
The calculation is most conveniently made as follows :— 
Add y,-and yo, and take the mean. Call this mean y. Also 

d yand ys, and take the mean of these, calling this second 
mean y'; then the required value of y,,isy + 4 (y—y'). 
This formula was published as new in the Comptes Rendus 
a few months since, but had previously been published in 
ENGINEERING, vol. xliii., page 398, and is easily deduced 
from a gan oa formula of interpolation. Asan example, 
suppose a value of ¢ (Table VI.) is needed for x = 2.125 
and 6x = 0.2. We have from the table y) = 1.1948, », = 
es. Yq = 2.2421, ys = 2.8386. 


en 
—_ 1.6943 + 2.2421 
ta? 2 
y= L8 + Same = 2.0167 


= 1.9682 


and 2 
y — y' = — 0.0485. 
Hence the required value of y is 


y-y 5.0060 = 1.9622 

As=y¥t —g = 1.9682 - 0.0060 = 1.9622. 
~If*the values of z are not equidistant, then we may 
calculate x,, corresponding to the above value of », , by 

— g=2i 

an exactly similar formula—viz., 215=2z+ ~g* 
Obviously the formula given above cannot be used to 
calculate, in the case of Table VI., say, values of y corres- 
ponding to « = 1.375 or x = 2.375, but for these we may 





general type, not only in the United States, but in 





use the formula 
Yos = ts [» +.3% - yt ¥ | 
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TasLe VI.—Standard Blades. 
Plotting the Curves in Fig. 


Values ~ 4 pand u for 








Values of 
r ale 
ped 

a o2{ ¢ 

bs 0.3 { 4 

bx = 0.4 { ¢ 

bx as{ ¢ 

a 0.6 . 


1.25 





0.3457 
0.4167 


0.3118 | 


0.3619 


0.2888 | a 


0.3216 


0.2719 | 
0.2909 


0.2607 


0.5743 


0.5865 
0.5183 


0.5652 


0.2672 | 0.4757 


1.0738 
0.9006 
0.9949 
0.7938 
0.9445 
0.7361 
0.9157 
0.6573 


1.6943 
1.3211 
1.5219 
1.1282 
1.4181 
0.9931 


1.3480 | 


0.8955 


1.3162 
0.8238 


2.2421 
1.5836 
2.014% 
| 1.3468 
1.8756 
1.1851 


| 0.9479 


| 1.7708 


| 0.9868 


1.7990 | 


2-8386 
1.8250 
2.5516 
1.5478 
2.3848 
1.3600 
2.3011 
1.2290 


| 2.2856 


1,1378 





TasLe VII.—Semi-Wing Blad:s. 


Values of 
f= \ 


ps 


bs 


Po 
Py 


Row of a Group of N Rows of 

fied and moving); p,, ~ the absolute 

pressure(lb per sq. tv) of the Steam on 
from the last Row 


_ Sor Plotting Curves in Fig. 19. 


Values of @ and wu 








| 
125 | 16 | 1.75 | 20 2.25 2.5 
| 
| | 
0.3553 | 0.7669 1.2447 | 1.7826 | 2.3745 2.9982 
0.4826 | 0.7847 | 1.1059 | 1.4073 1.7 1.9568 
0.3201 | 0.6974 | 1.1357 | 1.6292 | 2.1722 | 2.7492 
0.3.72 | 0.6872 0.9695 | 1.2830 1.4864 | 1.7078 
0.3019 | 0.6513 | 1.0654 | 1.5388 | 2.0662 2.6198 
0.3440 | 06179 | 08718 | 1.1132 | 1.3494 | 1.5451 
0.2871 | 0.6217 | 1.0282 | 1.4982 | 2.0216 | 2.5804 
0.8159 | 0.5671 | 0.882 | 1.0806 | 1.2555 | 1.4408 
0.2776 | 0.6048 | 1.0087 | 1.4868 | 2.0868 | 2.6268 
0.2945 | 0.6296 | 0.9043 | 0.9746 1.1968 | 1.3842 


and Vqythe 
Volume in ca.tt. per lb. 


wea rier 


4 


122076) 


Speatio 





where Uy ~ velocity of Flow trom the last 








TaBLe VIII.—Wing Blades. 
Plotting the Curves in Fig. 20 


vee” lean taal 





Values of 
=» 
Py 


én -oof¢ 
le 


hn as{¢ 
by aa{? 
of? 

le 


tx = 0.64%! 
\m| 


1.25 


1.5 


1.75 





0.3675 
0.4494 
0.3390 
0.4022 


0.3200 
0.3680 


0.3077 | 


0.3426 
0.3010 


| 0.8243 


0.7952 
0.8168 
0.7328 
0.7279 
0 6932 
0.6650 
0.6699 | 
0.6200 | 
0.6604 
0.5888 


1.2805 
1.1623 


1.1784 


1.0156 | 


1.1196 
0.9285 


1.0883 | 


0.8676 


1.0819 
0.8277 


1.8296 
1.4700 


1.6811 
1.2856 


1.6010 


1.1729 | 


1.5671 
1.0995 


1.5740 


Less | 


2.25 


2.4207 | 
1.7838 | 


2.2464 
1.5499 


2.1304 
1.4125 


2.1107 
1.3298 


2.1448 


3.0757 


2.0718 


2.8882 
1.8123 


2.7388 
1.6385 


2.7267 
1.5512 


2.8071 


1.2865 | 1.5152 





_ ABsoLuTE PRESSURE AT ENTRANCE 36.15 Lz. PER 


TABLE IX.—Catcuiation oF Low-Pressurz Marine Tursine Passine 13.4 Le. or Steam PER Seconp ; 


Se. In. ; at DiscHARGE = = = 1.524 Le. PER Se. In. 




















exhaust the steam is assumed to be at an absolute 
pressure py, of 1.524 lb. per sq. in., and to havea 








specific volume V, of 197.0 cub. ft. per lb., corre- 
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to a dryness fraction of about 87} per 
cent e mean blade speed for each group is 
given in line 5. Then, assuming 13.4 lb. of steam 
to pass per second, the velocity of discharge from 
the last row of blades is 13.4 x 197.0 + 5.465 


= 482.9 ft. per second, so that dy = = 0.300, 


UN 
and px Vx = 1.524 x 197.0 = 300.1. 
The:formula governing the flow is 


= (00) Pive 


sponding 











! ‘ 
Group No. .. a ee es es os 1. ; @ 8. | 4. | 5. ; 6 7 | 8. 
h * in. 1 18 2 2} 4 54 54 54 
Clearance — 0.050 | 0.050 | 0.055 0.055 0.085 | 0.070 0.070 0.070 
4, .. 8q. ft.| 0.50126) 0.67484) 0.9736 | 1.3382 1.9601 27328 | 4.0087) 5.465 
- e | 
Stee Li ae Soe -| 0.8583 | 0.8941 | 0.9183 0.9897 0.9505 0.9611 0.9760| 0.9798 
8 soe we os ts perwec.| 186.81 | 1961 | 187.86 138.92 | 141.47 144.54 | 144.64 144.54 
ee Tb. per sq. in.| 25.752 | 17.749 | 124388 | 8.300 | 5.7441 3.7644 2.6182; 1.524 
I eub. ft. perIb.| 14.83 | 20.902 28.756 | 4117 | 58.23 85.89 123.65 | 197.0 
vw os os os . ft. persec.| 304.45 | 415.02 | 395.76 413.82 | 398.1 421.1 | 404.2 | 482.9 
Ses . «CO | 0.342 0.328 0.348 | 0.835 0.356 0.348 0.361 0.300 
Ux } ! 
px Vs ——s ..| 881.89 870.95 | 857.6 | 345.80 | s04.45 ons 31.4 300.1 
x mE a RN 1451 | 1427 | 1L48l]| 1 1.495 1 452 
..| 0.849 | 0.882 | 0.841 0,823 0.830 0.810 0.820 | 0.775 
Log x "] 0.147 0.162 | 0.154 | 0.170 0.166 | 0.184 0.174 | 0.218 
N + 1.05 log z 12.154 | 12170 | 12.162 12.179 12.174 12.193 12.188 12.23 
vw Bx cos @ [N + 1.05 log 2} 3883.1 | 3988.0 3842.3 3936.6 | 88183 | 3947.2 8498.2 | 3525.9 
— . 811.8 816.5 | 24.1 | 8834 | 8487 | 867.1 867.1 | 867.1 
q eo Sie : .| 3071.8 $171.5 | soxs.2 3103.2 | 2960.6 | 8080.1 | 2620.1 | 26588 
ice’ ay ee ++ tb 11,078 11,984 | 11,823 12,580 12,391 | 18,289 | 11,519 11 693 
Cg 
Useful work dene per Lib, of steam, in B.Th.U.| at %@ | 1541 | .15.20 16.17 15.94 | 17.08 14.80 15.08 
Indicated horse-power 59 «| 236 | 242 3134 | 3088 831.0 296.9 | 291.3 
Actual total heat in 1 1b. of steam, B.Th.U. | 1108.40 | 1088.08 | 1072.88 | 1056.71 | 1040.77 | 1028.69 | 1008.99 998.86 
Sensible heat | 190.45 172.53 158.78 187.5 118.92 103.20 84.51 
Actual heat latent... “a 502.83 | 897.63 900.35 902. 98 | soe sonar 903.77 905.69 909 35 
Latent heat of dry steam B.Th.U.| 944.6 | 9685 | 9712 | 984.2 1008.6 1019.6 1082.6 
Specific volume of dry steam on oof +» Oe 22.32 | 31.02 44.88 ar 2 95.74 139.2 225.0 


where ¢ and » are uiben from the curves in Figs. 
18, 19, or 20. If we assume provisionally that » in 
the formula for flow is equal to 1, then substituting 





ent? 4? 73 14 «15 «(16 we 1 20 22 


the values above given for V, , p, , &c., 

_ (482.9\? 12+ 1 

" ( 100 ) 300.1 

hence from the curve, Fig. 20, « is about 1.654, 

but the value of » corresponding to this, it will 

be seen from the diagram, is 0.91. Hence the 

value of ¢ above calculated must be diminished by 

0.075 per cent. That is to say, the true value of 

¢ is 10.03 ; whence x = 1.652, so that the pressure 
in front of the group is 

Po = & pw = 1.652 x 1,524 = 2.518 Ib. per sq. in. 
We now have log x = log 1.652 = 0.218, so that 


we get 


= 10.102, 





(N + 1.05 log x) = 12.23. 

The work done by the group per pound of steam 
passed per second is 

h-c¢ 8 : . Be 
AS {we BN 4 1.08 log 2) cos a — }, 


where B is taken from the curve in Fig. 21. The 
value corresponding to « = 1.652 is, it will be seen, 
B = 0.775. 

The value of vx B (N + 1.06 log x) cos a is 
thus 3525.9, taking cos a for wing blades as 0.766. 


As shown in the table, = 867.1, and putting 


Q = vx B(N + 1.05 log x) cosa — oR 


we get Q = 2658.8. 
The work done per pound of steam is therefore 


ete 144.54 
0.9798 x" 144-54. ose 9 -- 
ieee “322 


11,693 ft., or 15.03 B. Th. U, 
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As 13.4 lb. pass per second the horse-power 
developed by the group is 


13.4 x 11.698 _ 
550 
This completes the calculation for the group. To 





291.2. 










































pass to the next group we have to find the values of 
px and Vy forthis group. The value of py for the 
new group is the same as p, for the old group; i.e., 
pw = 1.524 x x = 1.524 x 1.652 = 2.518 lb. per 
sq. in. ; but Vx cannot be found so simply. We 
note, however, that on discharge from group 8 
the steam had a dryness fraction of 874 per cent., and 
a reference to ordinary steam-tables shows, accord- 
ingly, that the total heat contained in 1 lb. of it 
was 993.86 B.Th.U. In the groupas already shown 
15.03 B.Th.U. per lb. were removed in the form of 
mechanical work. Hence before passing through 
the group the total heat contained in the steam 
was 993.86 + 1503 = 1008.96 B.Th.U. per Ib., its 
pressure now being 2.518 lb. per sq. in. A refer- 
ence to the ordinary steam-table shows that 
saturated steam at this pressure has a sensible 
heat of 103.20 B.Th.U., a latent heat of 1019.6 
B.Th.U., and a specific volume of 139.2 cub. ft 

per lb. Since the steam in its actual condition con 

tains 1008.96 heat units, the amount: latent is found 
by subtracting the sensible heat. Hence the actual 
amount latent is 1008.96 — 102.20= 905.69 B.Th.U. 
905.69 


1019.6 


specific volume Vy is 905. 69 x 139.2= 123.65 cubic 
1019.6 


eet per pound. Knowing this and the weight 
assed per second, the velocity of flow from Group 7 
an be calculated, and the remaining steps in the 
»omputation are simply repetitions of those already 


described, Successive values of x for each group 


Che dryness fraction is thus and the actual 
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are thus obtained, the calculations being fully set 
forth in the table. 

Of the various steam-tables, those of Reeves, 
published by Macmillan and Co., are by far the 
most convenient in use, and they are very cheap, 
though, perhaps, not quite as up-to-date as the 
excellent tables of Messrs. Marks and Davis (Long- 
mans, Green, and Co.). 

If the initial pressure of the steam at the entrance 
to a compound turbine and the final pressure on 
discharge are increased in the same ratio, the efli- 
ciency of the turbine remains unchanged, but its 
output is increased in the same ratio as the pressures 
have been. At all initial pressures the weight of 
steam passing into the turbine is very nearly pro- 
portional to the absolute pressure of the steam in 
front of the first row of blades of the first group. 
The velocity of flow into the first row of blades of 
the first group is very nearly constant, whatever 
the variations of initial pressure and of vacuum. 

Corrections for changes of superheat and of 
vacuum are most conveniently made by means of 
correction curves such as are given in Fig. 21, 
the use of which is sufficiently obvious without a 
detailed explanation. It is taken from actual prac- 
tice. With low superheats the efficiency ratio in- 
creases faster than would be anticipated on thermo- 
dynamic grounds, probably because superheated 
steam is less viscous than saturated.* 


(To be continued.) 





4000-HORSE-POWER REDUCTION GEAR ON 
THE UNITED STATES 8.8. “‘NEPTUNE.” 
ON this side of the Atlantic engineers have for 
some P mony past been cautiously groping their way 
towards a solution of the problem of transmittin 
‘arge powers through high-speed gearing, the initia 


* We regret that, by an oversight, in our last article we 
gave ener the initials of Mr. Chilton in mentionin; 
our indebtedness to him for details. The name should 


have been printed Mr. W. Chilton. 











Fia. 6. 


eedeing Ge to Dr. De Laval, who ten years ogo 
or more at work gears transmitting over 
horse-power. Sir Charles Parsons’s experiments in the 
same direction originated at a later date, but in 1896 
he had running a launch driven by a geared turbine of 
10 horse-power, and two years later he installed at the 
wer-station of the Newcastle and District Electric 
ighting Company a gear-driven alternator of 150 kw. 
capacity. Since then progress here has been made 
step by step up to the 900 horse-power of the 
Vespasian, and beyond that to the much larger trans- 
missions now being fitted on board certain destroyers. 
Whilst, as already stated, progress in Europe has been 
effected by tentative advances, in America Mr. George 
Westinghouse, with characteristic courage and enter- 
— tackled at once the problem of constructing 
igh-speed gears to transmit several thousand horse- 
wer. So large a stride as that involved in passing 
rom hundreds to thousands cannot safely be based 
a on the experience acquired in the smaller 
eld, and hence very careful consideration. was given 
to the theory of such transmission, with the result 
that Messrs. Melville and McAlpine introduced 
the system of supporting the pinion shaft in a 
device named by them a “ floating frame.” We do 
not know how far engineers in general are in agree- 
ment with the theory advanced by these gentlemen, 
but the engineers of the Westinghouse Machine Com- 
pany, whose experience with very large gear transmis- 
sions is unique, have in their actual experience with 
high - power gear found no reason to question its 
accuracy, and through the courtesy of Mr. Westing- 
house we are now able to illustrate an improved form 
of floating frame, which has been fitted on board the 
U.S.S. Neptune. In this case the pinion is direct- 
coupled to a turbine running at 1250 revolutions per 
minute and developing 4000 horse-power. The large 
spur-wheel, which is feet to the screw-shaft, runs 
at 130 revolutions per minute, so that a reasonable 
propeller speed is combined with a high turbine speed. 
A view of this gear with the casing partly broken 
away is illustrated in Fig. 1, opposite, whilst Figs. 2 
to 5 illustrate various details of the mechanism. 
As will be seen, the gearing is of the usual double- 
helical type, and the whole of the novelty, apart from 
the magnitude of the power transmitted, lies in the 











method of supporting the jpinion. This, as shown in 
Fig. 2, is carried in three bearings, formed in a frame, 
which is in turn supported on three hydraulic rams 
at both top and bottom, marked C in the figure. The 
whole pinion frame is thus mounted on hydraulic 
cushions, those at the bottom being in action when the 
rotation is in one direction, and those on the top when 
the rotation is reversed. 

As will be seen, the hydraulic cylinders are formed 
in the floating frame, whilst the rams form part of the 
outer fixed frame, which is rigidly but adjustably con- 
nected to the housings of the large spur-wheels. The 
three cylinders of each set are in free communication 
with each other, so that the pressure in each of the 
three is the same. The supply of pressure oil to these 
cylinders is secured in a very ingenious way. As has 
long been known, a high-speed journal will draw in 
oil at regions of low pressure, and will drag it round 
to regions of high pressure, and if a vent is pro- 
vided there, will act as a high-pressure pump. This 
fact is taken advantage of to secure the pressure neces- 
sary for supporting the floatingframe. Asection through 
one of the journals is illustrated in Fig. 3. A low- 
pressure oil-supply is fed in through the port 6, and, 
according to the direction of rotation, is discharged at 
the top or the bottom of the journal into the corre- 
sponding cylinder. The pressure thus obtainable is, 
however, much in excess of what is required to take 
the drive on the pinion, and a leak-off is therefore pro- 
vided through the ports and passage shown on the 
right, which communicate with a valve-box G, of 
which another section is illustrated in Fig. 4. 

The floating frame is, as will be seen in Fig. 3, tied 
down at the left by the link H, so that should an 
excess of pressure in the cylinders move it in either 
direction, the whole frame will slightly tilt. Hence 
the relatively long arm B moves either up or down. 
As will be seen from Fig. 4, an upward tilt of this arm 
will raise it clear of the lower valve-seat N, so that oil 
can then escape freely from the lower port in B, and 
away through the box to the eam K, Fig. 3. 
A baffle shown at J prevents any leakage of the oil 
into the gear-casing. This escape of oil lowers the 
pressure in the lower set of cylinders, and accordingiy 
the floating frame will fall till the arm B is brought 
down again on to ite seat. This throttles the escape, 
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and in this way the oil pressure in the supporting 
cylinders is maintained at such an intensity as to 
exactly balance the thrust on the pinion. Mr. H. E. 
Longwell, the consulting engineer to the Westinghouse 
Machine Company, informs us that the regulation is 
so accurate that the total motion of the floating frame 
is never more than a few mils. 

The supplemental valves shown at MM, Fig. 4, are 
for using in starting up, since, until the journals 
have attained a considerable linear speed, they have 
no sensible efficiency as oo. The oil supply 
under pressure is then furnished through the branch 3, 
which communicates, it will be seen, with both the 
valves M. If the pinion is started in such a direction 
that a pressure is needed in the upper set of er 
the arm B will rise and lift the upper valve M off its 
seat. Pressure oil then passes through the hollow 
valve-stem of M and the ges in the arm B to the 
upper set of cylinders, bringing back the frame to its 
proper position of equilibrium. 

he pipes shown at 4 and 5, Fig. 4, are connected 
up to gauges, which indicate at any moment the 
torque on the pinion shaft. The Westinghouse Com- 
pany have worked out an arrangement by which these 
gauge readings can be transmitted by air-pressure 
to the bridge or other distant part of the ship. The 
fitting for this device is shown in position at 0, 
Fig. 3, but we have for the present no details of it. 
It will thus be seen that the method of supporting the 
pinion-shaft hydraulically provides at the same time a 
transmission dynamometer, and thus renders unneces- 
sary the installation of a torsion-meter. 

he method of lubricating the gear-teeth is illus- 
trated in Fig. 5. The oil supply is fed in at 6, and 
escapes into the pinion casing by the small port indi- 
cated. It tends to collect, of course, at the bottom of 
this casing, but if the pinion is in movement, it flings 
out the oil on to the teeth of the main wheel just before 
these come into engagement, and this action takes 
place whichever way the pinion is rotating. 

The advantages of reduction gear are equally great 
in turbine-driven direct-current generators and low- 
lift centrifugal pumps as they are in marine service, 
and several equipments have already heen supplied by 
the Westinghouse Company. We illustrate in Fig. 6 
one of the turbine-driven centrifugals. It will be 
noted that the dimensions of the gear-box are by no 
means excessive, the whole plant being very compact. 
As motion in such cases is required in one direction 
only, only one set of hydraulic cylinders is provided. 

For the different services enumerated above the 
Westinghouse gy | have already installed twelve 
1000-horse-power to 2000-horse-power sets, many of 
which have now been in operation for some months, 
running at speeds as high as 3000 revolutions per 
minute. The efficiency of the gearing has been over 
984 per cent.; and the results obtained in service have 
been most satisfactory. 








INDUSTRIAL NOTES. 

AccorpiNnG to the Board of Trade Labour Gazette, 
issued on the 16th inst., the state of the labour market 
in October was as follows :— 

Employment in October was, on the whole, slightly 
better than in September. There was a seasonal 
decline in the building and brick-making trades, and 
some falling off in employment in the linen industry 
and at blast-furnaces. On the other hand, employment 
in the engineering trade remained good, and there 
was an improvement in nearly all the other industries. 

Compared with a year ago, there was an improve- 
ment in all the principal industries, but there was a 
decline in the fn, jute, lace, and brick-making 
trades, and at blast-furnaces. 

In the 394 trade unions, with a net membership of 
792,685, making returns, 21,893, or 2.8 per cent., were 
reported as unemployed at the end of October, 1911, 
compared with 2.9 per cent. at the end of September, 
1911, and 4.4 per cent. at the end of October, 1910. 

Returns from firms employing 453,586 workpeople 
in the week ended October 28, 1911, showed an increase 
of 1.4 per cent. in the amount of wages paid compared 
with a month ago, and of 4.6 per cent. compared with 
a year ago. 

The changes in rates of wages taking effect in 
October affected 97,000 workpeople, and resulted in a 
net increase of nearly 2600/. per week. Amongst 
those whose wages were increased were 18,600 coal- 
miners in Cumberland, the Forest of Dean, and the 
Radstock district, and 33,000 workpeople in the fede- 
rated shipyards in England and Scotland. The 
numbers whose wages were reduced included 11,500 
ironstone miners and limestone quarrymen in Cleve- 
land and Durham, 6900 blastfurnacemen in Cleveland, 
Durham, and Cumberland, and 6250 blastfurnacemen 
and iron and steel workers in South Wales and 
Monmouthshire. 

The most important disputes in progress during the 
month were those involving 5800 coal-miners in the 
Rhondda Valley, 2400 flax-workers at Belfast, 2300 
engineers and other workpeople at Birmingham, 2000 
coal-miners at Bristol, 2000 oil- millers at Hull, 





1400 coal-miners at Wigan, and 1200 underskirt 
and blouse- makers at Nottingham. The number 
of disputes beginning in October was 74, and the 
total number of workpeople involved in all dis- 
putes in progress during the month was 58,528, or 
1748 more than in September, 1911, and 120,641 less 
than in October, 1910. The total number of working 
days lost was 444,600, or 115,800 less than in the 
previous month, and 1,526,100 less than in the corre- 
ape month of last year, when large disputes in 
the cotton and shipbuilding trades were in progress. 

Cases dealt with under the Conciliation Act include 
those affecting railway-carriage workers in Manchester 
and district, tramway workers at Ashton-under-Lyne, 
&c., weavers at Congleton, boot and shoe operatives 
at Wolverhampton and Anstey, stevedores in East 
London, cable workers at Gravesend, and jewel-case 
makers in London. The Right Hon. Lord Robson, 
G.C.M.G., has been appointed umpire in connection 
with the Boot and Shoe Trade National Agreements, 
in succession to the late Lord James of Hereford. 





Trade appears to be very much in the same condi- 
tion with pattern-makers as it was in September last, 
at any rate if we are to judge by the monthly report 
of the United Pattern-Makers’ Association for October, 
for there were at the end of the latter month 240 mem- 
bers out of employment, against 239 at the end of the 
former month. On the North-East Coast trade remains 
steady, and very few members in that district have 
been out of work for more than a few days, while on 
the Clyde a similar condition of things appears to exist. 
Trade is, however, still bad in Belfast, though that 
town seems to be an exception to the general state of 
affairs in the majority of the shipbuilding ports. Ex- 
cellent reports come from Barrow, so far as the volume 
of employment is concerned. At inland centres little 
change is apparent, members being fairly well employed 
in Manchester and Lancashire. In the Midlands there 
are rather more men out of work than is usual in the 
district. Fair returns are, however, made from the 
London district. On the whole, prospects for the 
winter seem to be fairly well assured. The quarterly 
financial statement for the third quarter of the year 
appears in this report, and shows a gain of 2958/. 
during the quarter, which is exclusive of the interest 
due on house property loans. This sum exceeds the 
gain for the June quarter by 250/., and that for the first 
quarter of the year by 1600/. The expenditure during 
the past quarter amounted to 3546/. 12s. 44d., or 173/. 
less than yee the preceding quarter. Unemployment 
benefit continues to be the most important item of the 
expenditure, the sum spent under this head during 
the quarter being 1228/., whereas in the June quarter 
it was 1193/. On the whole, the financial state of the 
society appears to be satisfactory. 





Further progress on the unemployment clauses of 
the National Insurance Bill was made by the Standing 
Committee of the House of Commons. On Tuesday, 
the 7th inst., the following clauses were passed :— 
Clause 64, dealing with the determination of claims, 
and BF wag cm. that all questions shall be deter- 
mined by insurance officers appointed under the Act ; 
Clause 65, dealing with the appointment of an 
umpire and insurance officers, &c., by the Board of 
Trade ; and Clause 66, which establishes a court of 
referees, to consist of employers and workmen’s 
representatives selected from panels constituted by 
the Board of Trade, with a chairman appointed by the 
Board of Trade. On Thursday, the 9th inst., the ques- 
tions that were considered related mainly to the powers 
proposed to be entrusted to the Board of Trade in 
connection with the administration of this part of the 
Act. The first of them—namely, Clause 67—is to the 
effect that the Board of Trade may make regulations 
under this part of the Act and the schedule therein 
referred to. Clause 68 provides that (1) there shall be 
established a fund called ‘‘ The Unemployment Fund,” 
into which shall be paid all contributions payable 
under this part of the Act by employers att work- 
men and out of moneys provided by Parliament, and 
out of such fund shall be paid all claims for unemploy- 
ment benefit and other payments which, under this 
part of this Act, are payable out of the fund ; (2) the 
accounts of the unemployment fund shall be audited 
in such a manner as the Treasury may direct ; (3) any 
moneys forming part of the unemployment fund may 
from time to time be paid over to the National Debt 
Commissioners, and by them invested in any securities 
which are for the time being authorised by Parliament 
as investments for savings-banks moneys ; and (4) the 
National Debt Commissioners shall present to Parlia- 
ment annually an account of the securities in which 
moneys forming part of the said fund are for the time 
being invested. Clause 69 deals with the subject of 
Treasury advances. All these were added to the Bill. 
Clause ¥o, dealing with the power of employers to 
compound at reduced rates, was omitted, the inten- 
tion being to bring forward a new clause, as described 
in our issue of November 3 (see page 599 ante). 


Clause 71 provides for the return to a workman, who 
has reached the age of sixty, the amount by which 
the total of his contributions has exceeded the tota] 
amount received by him out of the unemployment 
fund, together with compound interest at 24 per cent. 
the repayment to be either by a lump sum or by an 
annuity. An amendment moved by Mr. Buxton, 
providing for the payment of the sum to a workman’s 
representatives after his death, was accepted, as was 
also a new sub-section, in the name of Mr. Buxton, 
defining the position of a workman who continues at. 
or returns to, work after taking the refund. The 
clause was carried by thirty-four votes against nine. 
Clause 72 enacts that contributions paid during a 
period of depression in his business by any employe: 
on behalf of his workmen shall be refunded out’ of 
the unemployment fund. Clause 73 defines the posi 
tion of employers with regard to the labour exchanges 
(see page 599 ante). Clause 74 enacts that a work 
man who repeatedly fails to obtain or retain employ 
ment may be cone to follow a suitable course oi 
instruction, at the expense of the unemployment 
fund, in order to ascertain whether this can im- 
prove his prospects. These three clauses were added 
to the Bill, as also was Clause 75, dealing with 
penalties for false statements. On Wednesday, the 
15th inst., the following were the clauses considered : 
Clause 76, providing for the revision of the contributions 
made both by the employers and by the men, also for 
different rates of contribution fordifferent insured trades 
and branches thereof ; Clause 77, dealing with the exten- 
sion by the Board, with the Treasury’s consent, of the 
provisions of the Act to workmen in any trade other 
than an insured trade ; Clause 78, providing the proce- 
dure for making special orders ; Clause 79, indicating 
the arrangements with associations of workmen in 
insured trades for making payments to members whilst 
unemployed ; Clause 80, giving power to the Board of 
Trade, with the Treasury’s consent, to give repay- 
ments to associations making payments to persons, 
whether workmen in insured trades or not, whilst un- 
employed ; and Clause 81, defining the term *‘ workman” 
to mean any person of 16 employed_in manual labour. 
As regarded Seeatie, the boy would not receive any 
in the first year, in the second year he would receive 
half benefit. Any balance which he might during that 
time have accumulated would be available for his 
benefit at a later period. The above clauses 76 to 81 
were agreed to. A new clause was read a second time ; 
this provides that whilst a man is being trained in the 
ss service he shall be deemed to be in the em- 
ployment of the Crown in an insured trade. This 
clause was also added to the Bill. 





A temporary arrangement was arrived at on Thurs- 
day in last week, in consequence of which the taxi- 
cab drivers decided to return to work, and on Friday 
the result was directly noticeable, the crossing of im- 
portant streets being once more a feat requiring care 
and foresight. The agreement is, it is understood, 
not looked upon as satisfactory, and has only been put 
into force in order to suit public convenience. Until 
& permanent settlement is arrived at the agreement 
to which the men have assented is that the two 
men whose discharge was one of the causes of the 
strike are to be reinstated ; all ‘‘ observers” are to be 
removed; no man is to be reported ir future for 
‘* extras ;” no notice is to be taken of the summonses 
against men for last day’s earnings unpaid ; men are to 
retain ‘‘extras,” but to pay 6d. per day hiring fee, and 
receive ld. per day for rank charges. 





At a meeting of the Coal Conciliation Board for the 
federated districts of Great Britain, held at the West- 
|minster Palace Hotel on Friday last, the following 

reply was given, on behalf of the coalowners, to certain 

| proposals of the men which had been submitted to 
| their consideration :—The amended proposals for a 
minimum wage for coal-getters which you have placed 
| before us have had our careful consideration. Whilst 
| we could recommend the adoption of the principle of 
| the minimum wage, the matter is beyond our power 
| to decide to-day. We propose to take it to our dis- 
| tricts, and to suggest an adjournment to December 6 
|for the purpose. In the meantime, the negotiations 
| with regard to abnormal prices, and boys’ and datallers 
| wages shall continue in the various districts.” Another 
meeting will therefore be held on December 6. 








| A special conference of the Miners’ Federation o! 
Great Britain was held at the Westminster Palace 
| Hotel on Tuesday and Wednesday, the 14th and 15th 
inst., in accordance with a resolution which was 
ed at the Conference of the Federation held in 
Routtgert in the first week of October. The purpose 
|of the special London Conference was to receive 
|reports from the various districts as to the replies 
| given by the employers to the demand for an indivi 
| dual district minimum wage for all men and boys. 
We may state here that since the Southport Con- 
ference in question, the colliery-owners of Northum- 





The Bill was again before the Grand Committee berland, Scotland, and South Wales have refused 
of the House of Commons on Tuesday, the 14th inst,, the demand made by the men for an individual 
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district minimum w The colliery owners of the 
federated districts, on the other hand—i.e., Yorkshire, 
the Midlands, Lancashire, Somersetshire, and North 
Wales—have stated that they ‘‘ could recommend ” the 
adoption of the principle of a minimum wage. This 
particular point had been adjourned for discussion at 
the meeting to be held on December 6, above referred 
to. At the adjourned conference, held in London 
on the 15th inst., a motion was proposed in favour 
of an immediate ballot as to the advisability of calling 
a general stoppage. The suggestion to make further 
efforts to arrive at a satisfactory settlement without 
a strike was put as an amendment, and this was 
carried by 366,000 votes against 238,000. 

The following resoluticn was then carried, on a show 
of hands owe Phat this Conference, having heard 
reports from all the districts in reference to the demand 
for an individual district minimum wage, is of opinion 
that the best course to pursue at the present juncture 
with a view to obtaining that object is to negotiate 
nationally, and we therefore instruct the executive 
committee of the Federation to formulate the claim 
for each district, and in order to give effect to this 
resolution the executive committee with additional 
representatives meet the coal-owners of Great Britain 
at the earliest possible date, and report immediately 
thereafter to a national Conference. But this resolu- 
tion shall not prevent or interfere in any way with 
the negotiations being carried on in the various dis- 
tricts of the Federation.” 

The Conference stood adjourned until December 20, 
when final reports will be received as to the negotia- 
tions with the masters in all the districts. Claims 
will be put forward concerning the conditions prevail- 
ing in the different districts, and arte reference to 
the question of the minimum wage to be fixed. Should 
these negotiations prove unsuccessful, the question of 
a general stoppage may then be reopened. 





The trouble which arose between Messrs, Vickers, of 
the River Don Works, Sheffield, and their employees, 
in connection with the new pricing system, has 
settled ; and a vote of thanks has been accorded to 
Mr. Douglas Vickers by the men for the way in which 
their claims have been dealt with. 





The monthly report of the Steam-Engine-Makers’ 
Society for November denotes little change since the 
last report issued in October. Trade on the whole 
continues good, although there are now 193 men out 
of employment, which is an increase of 45 over last 
month. Discharges from Crewe works are said to be 
the chief cause of this increase. A great many of these 
men, however, soon obtained other employment. The 
report states that there are evidently far too many 
men in the North and South Shields district who fail 
to find other than casual employment—a system that 
appears to be a growing evi, affecting the individual 
workman, the employers, and the trade unions. This, 
the report goes on tosay, is ‘‘a state of things largely, 
if not mainly, responsible for much of the present 
unrest that industry and the labour world generally is 
at present suffering from.” Referring to ‘‘ recognition,” 
it says ‘‘ this in itself may be over-valued, as we have 
had it for the past fourteen years. But unless it has at 
its back an organisation of a sound and stable character 
it is a snare and a delusion, and not worth the mention 
or the paper it is written upon. In other words, any 
given industry gets as much recognition as it deserves, 
but only in proportion as it is thoroughly organised or 
otherwise.” 





The feeling among the railway men appears to be 
somewhat divided as to whether they should strike or 
abide by the recommendations of the Royal Commis- 
sion, At Crewe, on Sunday last, a resolution was 
passed deciding to accept these recommendations and 
to give the suggested scheme contained therein a trial. 
At Huddersfield and Bradford, however, the feeling of 
the men appears to be strongly in favour ofa strike for 
‘‘recognition.” At Birmingham also there is a strong 
feeling that the question as to whether the men are in 
favour of withdrawing their labour in order to obtain 
“recognition” should be answered in the affirmative. 








_German Meratiurcy.—The production of pig iron in 
Germany and the Luxembourg in Sept. amounted to 
1,250,702 tons, as compared with 1,232,477 tons in Sept., 
1910. The aggregate production to Sept. 30, this year, was 
11,509,300 tons, as compared with 10,925,629 tons. 





Tue Late Mr. N. S. ArtHUR.—We regret to have to 
announce the death of Mr. Nicol Sinclair Arthur, ship- 
builder and engineer, Glasgow. Mr. Arthur received hi 

early training as a shipbuilder with Earle’s Shipbuilding 
Company, Hull, and Messrs. Denny, of Dumbarton. Mr. 
Arthur invented the Ss machine, which has 
been used in all shipbuilding yards for the past twenty-five 
years, and without which the heavy sections now used in 
shipbuilding could not be worked. His latest invention 


was the roller-bending machine for bending beams and 
other sections to curves, which is rapidly coming into 
general use. Mr. Arthur was of a reticent and retiring 
nature, taking no active part in public affairs, 





been | head 


SHIPBUILDING AND THE NATIONAL 
INSURANCE BILL. 


In The Times of Monday, the 13th inst., there 
appeared a letter from Dr. John Inglis, the well- 
known Clyde shipbuilder, on the National Insurance 


establish so convincingly the gravity of the handicap 
imposed upon industry by recent legislation and almost 
certain to be increased owing to the trend of political 
partisanship, we think the letter cannot have too wide 
a circulation, and we therefore reproduce it. We com- 
mend the letter to the serious consideration not only 
of employers, but particularly of workers, since the 
stand to lose most by any crippling of industry, whic 
depends predominantly upon capital. Dr. Inglis’s 
letter is as follows :— 


Sir,—Amid the sound and fury of discussion on the 
National Insurance Bill one may listen in vain throughout 
the debates for a single word in the interests of the employer 
of labour, who is expected to supply no small part of the 
9d. which the fortunate employee is to receive in exchange 
for 4d. It may be asked, why are the employers them- 
selves silent where their interests are attacked? The 
reply is that no Member of Parliament is independent 
enough or has sufficient courage to present the case of the 
poe pete in the House of Commons. This is not a loose 
and random statement, but is one made after long and 
persistent search for a spokesman carried on by the 
officials of a powerful federation of employers. 

The medical profession has been vocal to some purpose, 
end the friendly societies have compelled the attention 
of the Chancellor of the Exchequer. It is time, if, indeed, 
it is not rather late, for the employers of labour to inquire 
why they are to be singled out for special taxation which 
is escaped by all other members of the community, and 
to demand that some consideration be given to what is 
likely to happen if such taxation be imposed. 

Al ae not prosperous. Enterprises might 
be named which are doubtless able to bear the impost 
with which they are threatened, but it only requires 
perusal of your financial columns to recognise how many 
undertakings in this country are barely keeping their 
is above water. To some of those additional taxation 
is likely to mean total submersion. 

In the important industry of shipbuilding and marine 
engineering, of which I have more than half a century’s 
experience, the fierce competition which exists makes it 
difficult for any but the more fortunately-placed establish- 
ments to keep their ition within the solvent group. 
The capital employed is large, the risks are great, the 
technical skill required not inconsiderable. The rewards, 
on the average, are hardly commensurate with what is at 
stake. The capital required may be assumed at 180/. per 
man employed. The profits realised do not, I am con- 
vinced, exceed, on the average, 5/. per employee per 
annum, or about 2? per cent. on capital, after makin 
yd allowance for Soescition, This is what is call 

y the street-corner orator and Labour Member of Par- 
liament the ‘‘ exploitation of labour.” 

Considering that the employer finds premises, work- 
shops, machinery, materials, designs, buyers of the 
finished product, takes all risks, and finances the work- 
man weekly while often waiting for years for his own 
remuneration, he need not be grudged his 5. as against 
the workman’s share of 70/. to 100/. a year. He has to 
survey the world from China to Peru in search of work, 
and collect money from all quarters to distribute among 
his own and his sub-contractors’ workmen. It is from 
these moneys that our Chancellor of the Exchequer 
pro to find a large portion of his so-called “gifts” 
of millions with which he is not ashamed openly to bribe 
electors. 

Much of the recent legislation which touches the in- 
dustries of the country tends to hamper and impede pro- 
duction, increase costs, and lessen the gross amount from 
which all wages and profits are derived. 

The Workmen’s mpensation Act takes from the 
shipbuilding and engineering employer about 24s. per 
man per annum, equal to 3s. 104d. in the £ of income- 
tax, or 13s. 4d. per cent. on capital. 

The Insurance Bill is calculated to cost, in addition, 
about 23s. per man per annum, equal to 4s. 7d. per £ 
income-tax, or 12s. 9d. per cent. on capital. 

The death duties may be expected to recur every 
twenty-five years, on an average, and will require at 
least 7s. 24d. per man to be set aside each year to meet 
them, equal to another 1s. 5d. per £ income-tax. 

These supertaxes amount to 14 per cent. on capital 
—2l. 14s. _ — man employed, or 9s. 10}d. per £ 
income-tax, besides the usual 1s, 2d., which is queecelly 
considered a severe impost in time of peace. The 6d. 
supertax on incomes of 5000/. and upwards fades into 
insignificance beside a crushing burden like this. 

It may be objected that 1 have understated the profits 
of shipbuilding. To that I would answer that those 
who believe themselves to be better informed may make 
their own calculations—there is margin enough to bring 
out conclusions hostile to the Insurance Bill on any 
reasonable hypothesis. 

There is no underpaying of workmen in the shipbuild- 
ing business, and no reason whatever for employers in 
that business being charged with any part of the cost of 
insurance which prudent men have hitherto provided for 
without any assistance. For the imprudent and the 
waster Solomon has already prescribed. 

Still less is there any reason why employers should be 
tax-collectors at their own expense, or their already com- 
plicated accounts be rendered more complicated still. I 
am informed that it is proposed to have two cards or 





books for each man whereon the employer is to stick four 





adhesive stamps on each pre. In some establish- 
ments that may mean 40, to 50,000 stamps. Com- 
ment on such a proposal would be superfluous. 

Our rulers have probably never found time to study the 
economics of — or to consider how w come to 
be what they are. They may rest assured that, in the 
long run, capital will have a fair return or it will be with- 


Bill ; and as the facts given and the views expressed | held 


Wages will be paid out of what is left after capital is 
served, as far as that residue will go, and population will 
depend, also in the long run, on what is available for 
wages. The immediate effect of legislation of the ‘‘Social 
Reform ” type will be to squeeze out employers who are 
financially weak, and, in course of time, wages will 
readjust themselves according to the gross product. 

I may fitly conclude by quoting a piece of advice to 
working-men by John Ruskin, which appears to me well 
worth weighing and considering at the present time :— 

““You need not think that, even if you obtained a 
majority of representatives in the existing Parliament, 
‘ho could immediately compel any system of business 

roadly contrary to that now established by custom. If 
you could pass laws to-morrow wholly favourable to your- 
selves, as you might think, because unfavourable to your 
masters and to the upper classes of society, the only result 
would be that the riches of the country would at once 
leave it, and you would perish in riot and famine.” 
I am, Sir, yours oy 
JOHN INGLIS. 
Pointhouse Shipyard, Glasgow, November 3, 1911. 








BrIstoL ASsociaTION OF ENGrvgers.—The first dinner 
of the current session was held on Wednesday, the 8th 
inst., at the Imperial Hotel, Clifton, under the chairman- 
o of Mr. T. J. Moss-Flower. The latter, in the course 
of his address, dealt with the developments which had 
taken place of recent years in the various branches of 
engineering. The field was, however, by no means played 
out in regard to this country, and great opportunities 
offered abroad to all engineers who were well equipped 
with knowledge. He also referred to the sewerage 
problem, dealing with it as it affects Bristol. 


Tue O1L- ENGInep Suir “J uTLANDIA.”—Messrs. Barclay, 
Curle, and Co., Whiteinch, launched on Saturday afternoon, 
the 11th inst., the twin-screw oil-engined vessel Jutlandia, 
which they have built to the order of the East Asiatic 
Company, of Copenhagen. The vessel is 384 ft. in length, 
53 ft. 3 in. in breadth, 30 ft. in ge 23 ft. Gin. draught, 
of 10,000 tons Gipiecoment, 7 tons deadweight, and 
5000 tons gross. She will be supplied by the builders 
with two sets of Diesel vil-engines capable of developing 
30C0 indicated horse-power. She will have three masts, 
and the fumes from the engine-room will be led up inside 
the mizzen mast and exhausted at a height of 48 ft. above 
the deck, so that a funnel is not required, even for exhaust 
pee The siren, on the main mast, will be operated 

y compressed air. The vessel will have no steam for 
mechanical purposes, as even the donkey engine will be 
an oil-engine, and it will also generate the electricity 
which will operate the twelve cargo winches and the 
anchor windlass. Perhaps the most noticeable feature of 
the design is that the machinery space is only about a 
third of that which would have been necessary for steam- 
engines, and that the absence of boilers and boiler casings 
leaves a large amount of hold s for the stowage of 
cargo, and far more deck space for the use of ngers 
than would be possible if the vessel were fitted with 
steam-engines. It is expected that the Jutlandia will 
run trials next month. 





Prrsonat.—The Watt Electric Incandescent Lamp 
Works, Scharf, Liti and Latzko, of 17, Schottenring, 
Vienna, have appointed Messrs. Ship Carbons, Limited, 
of 67, Aldersgate street, London, E.C., sole agents in the 
United Kingdom for their ‘‘ Monowatt ” metallic filament 
lamps and carbon lamps.—Messrs. J. Holroyd and Co., 
Limited, engineers and machine-tool makers, of Miln- 
row, near Rochdale, have appointed Mr. Vincent Gart- 
side, a director of the company. Mr. Gartside has been 
with the company for many years in various responsible 
positions. —Mr. H. G. Jackson has resigned his position 
as representative of Messrs. Schuchardt and Schutte, and 
has been appointed manager in Great Britain and the 
Colonies of the Korfund Company, 47, Victoria-street, 
S.W., makers of ‘‘ Korfund” foundation plates for insu- 
lating vibrating machinery, such as gas-engines, motors, 
compressors, &c.—Messrs. Feld Brothers and OCo., 
Limited, 25, Budge-row, London, E.C., have been 
appointed by the Brenne Hangarter Works, Haspe, 

estphalia, as their sole British representatives for their 
manufactures of wagon and locomotive oprings. buffers, 
&c., which they have been making since 1873.—Mr. 
C. C. F. Monckton, M.1.E.E., is leaving Parliament 
Mansions, Victoria-street, 8.W., to me superinten- 
dent of telegraphs and telephones in Fiji. His business 
will be aan on by Mr. Arnold G. Hansard, B.A., 
M.I.E.E., of the same address, in conjunction with whom 
he has worked for the last five years.—Messrs. Edgar 
Allen and Co., Limited, Imperial Steel Works, Shef- 
field, inform us that their cement and crushing machinery 
department is now under the charge of Mr. W. J. Coles, 
M.1.E.E., late of the firm of Maxted, Knott, and Coles, 
consulting engineers, Hull. They have also concluded 
anarrangement with Mr. Frederick Siemens by which 
they are sole licensees for Great Britain for the manufa- 
ture and supply of his patent gas-fired rotary kilns. Mr. 
Coles’s address will be at their London office, 52, Queen 
Victoria-street, E.C.—Mr. W. 8. Smart, of the Gas 
Works, Saltley, Birmingham, has been appointed general 
manager to Messrs. W. J. Jenkins and Co., Limited, gas 
engineers and contractors, of Retford, 
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HORSFALL REFUSE-DESTRUCTOR; MERSEY DOCK AND HARBOUR BOARD. 


CONSTRUCTED BY THE HORSFALL DESTRUCTOR COMPANY, LIMITED, ENGINEERS, LONDON AND PERSHORE. 
(For Description, see opposite Page.) 
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Fig. 10, 


Ir is now some time since what is known as the | the plant simplified, while, at the same time, its 
Horsfall method of dealing with house and other refuse | efficiency has been raised, and the variety of purposes 
in towns came into use, the method being described by | to which it can be applied has been extended. 
us on page 12 of our eighty-fifth volume. Since that| One of the latest of these improved plants has been 
time, however, the method has been improved and recently completed at Liverpool, where it has been 
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installed in Lightbody-street for the Mersey Docks and 
Harbour Board, and is used for destroying the Harbour 
Board’s refuse, which is collected from their ware- 
houses, yards, and docks. The refuse is composed 
of condemned cargoes and sweepings from ships, quays, 
&c. Through the courtesy of Mr. Lyster, the dock 
engineer, we were able recently to make an inspection 
of the installation while at work. 

The plant is shown in Figs. 1 to 4, opposite, and 
consists of five Horsfall patent cells fitted with the 
firm’s side boxes. The forced ~~ enters through 
these, and, in its e, gets heated up before 
being delivered to the underside of the grate bars. 
Fig. 1 is a longitudinal sectional elevation taken just 
in front of the furnaces, and through the tipping pits ; 
Fig. 2 is a sectional plan; Fig. 3 is a longitudinal 
section through the flue ; Fig. 4 a sectional elevation 
through the furnace ; and Fig. 5 a transverse section 
through the boiler-house. The furnace to a larger 
scale is shown in Figs. 6 and 7, the former being a 
front elevation, and the latter a sectional elevation. 
Fig. 1 shows five furnaces side by side. The side 
boxes, to which we have before alluded, and in passing 
through which the air gets heated on its way to the 
furnaces, may be seen in Fig. 7. These boxes have 
also the effect of preventing the fire irons from 
damaging the brickwork of the walls of the furnaces. 
The grate-bars are made separate and are provided 
with numerous small holes, through which the forced 
draught passes. The area of each cel) is 25 sq. ft. 
The general arrangement is shown very clear! in 
Figs. 1, 2, 4, and 5, which views will enable the follow- 
gy are ee to be understood :— 

he gases generated in each furnace enter from each 
cell into one continuous-combustion chamber, which 
runs the full length of the block of cells, as is clearly 
shown in the plan, Fig. 2. An enlarged longitudinal 
section of a portion of this combustion chamber may 
seen in Fig. 3. In this chamber the gases are thoroughly 
mixed and cremated at a very high temperature, and 
after being thoroughly amalgamated pass into a 
Babcock and Wilcox water-tube boiler, containing 
2370 sq. ft. of heating surface, and working at a 
pressure of 120 lb. per squareinch. Part of the steam 
zenerated is used for supplying steam jets, which are 
tted to the furnace cells as a stand-by, and also for 
driving engine, crane, crusher, and mortar-mill ; as 
well as engine and dynamo for lighting. 

As before stated, forced draught is employed, and 
is supplied to the furnaces by a belt-driven blower, 
the air being drawn from the upper part of the building 
and conveyed along the square ake shown in Figs. 
1, 2, and 4, an arrangement which enables a clear 
atmosphere to be maintained above the cells. The 
clinker doors of the furnaces have balance-weights 
and gearing, by which they can be raised and lowered 
as required for purposes of cleaning the cells. In each 
of these doors are also two small rake holes through 
which the fire can be managed, so that the doors need 
not be raised for a lengthy period. 

The chief feature of this destructor, as compared with 
nearly all those previously installed by the company, is 
the method by which the refuse is fed into the furnaces, 
the destructor being fitted with what is known as the 
‘**Horsfall patent tub-feed system.” The method of 
working is as follows :—Wooden tubs of 120 cub. ft. 
capacity are placed in a pit, a travelling hopper being 
provided over the tubs, as may be seen in the plan, 
Fig. 2; the tubs being shown at a, and the travellin 
hopper at 6. The rubbish to be burned is tipped 
directly into the hopper and passes into the tubs, 
When the latter are filled they are lifted by an over- 
head travelling-crane and placed on a storage platform 
as shown atc, Fig. 4, or else put directly on the top 
of the furnace for charging, as may also be seen in the 
same illustration. 

On the top of the furnace is provided a cast-iron 
hopper, connected to which by means of levers is 
the top door of the furnace, which fits into a water- 
tight trough, making a perfectly gas-tight joint whilst 
the cells are in operation. As this part of the 
plant is the chief feature, it will be well to give it a 
detailed description, which can be done with the aid 
of the illustrations, Figs. 6 and 7, opposite. When 
a furnace is to be charged, the crane attendant 
traverses the special lifting-bridge bar A of the 
crane, the bar ie hung from two barrels on the 
hoisting-gear of the crane, until the hooks, shown at 
the side in Fig. 6, engage with the large hooks B 
on the sides of one of the tubs. The tub may be 
either one of those in the pit ready to be lifted, or 
it may be one of those on the storage platform, in case 
there is no refuse being delive at the moment. 
This engagement of the hook takes place without 
guidance, and the man on the crane is able to perform 
the whole operation without any assistance. The 
tub is then lifted up and brought over the cell which 
has to be charged, and is lowered into a cradle C with 
sloping sides arranged to form a guide for the tub, as 
is shown in Figs. 6and 7. This cradle is balanced, or 
almost balanced, in its top position by means of a 
weight, mounted on a bell-crank lever D, which is 
also connected, by means of a connecting-rod E, with 
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the furnace-lid F, which in Fig. 7 is shown removed 
from the furnace mouth to allow the refuse to be 
drop on to the birs. The cradle is not entirely 
balanced by the weight D, but the lid F is allowed to 
have sufficient bias to keep the cradle normally in its 
top position (Fig. 6) when the lid F is shut. This lid is 
formed of a heavy cast-iron frame, with a firebrick arch 
built into it and well stayed in such a manner that only 
the lower side of the firebrick arch is exposed to the 
full heat of the furnace. The rim of the frame of this 
charging-lid dips into a water-seal G, which forms the 
mouth of the furnace, thus making a perfectly gas-tight 
joint. The great importance of having this joint per- 
fectly gas-tight has been proved by experience, for the 
least escape of gas or flame would immediately com- 
mence to distort the frame of the lid, and would lead 
to considerable leakage and escape of fumes and smoke. 
With the water-seal Tia, however, and a perfect closing 
of the opening, there is no tendency for the hot gases 
to travel in the direction of the lid when the latter is 
closed, and, as a matter of fact, the gases bank up 
under the lid, and act to some extent as a non-con- 
ductor of heat, protecting it from the highest tempera- 
ture of the furnace. The water-seal is kept supplied 
with water by means of an ordinary ball-cock tank 
shown at H. 

Still referring to Figs. 6 and 7, the action of the 
appliance may described as follows:—As soon as 
the tub is lowered into the cradle C the weight of the 
tub and its contents immediately forces down the cradle, 
which slides between vertical supports, until it rests 
firmly upon the upper side of the water seal forming 
the ) ia mouth. At the same time the furnace-lid 
is lifted and slidden away sideways to expose the 
mouth of the furnace, the two actions taking place 
simultaneously. The descent of the cradle works the 
bell-crank lever and balance D, and, by means of 
the connecting rod E, begins to push the lid towards 
the back of the furnace, the parts finally attaining the 

sitions shown in Fig. 7. In order to do this the 
id has to be lifted out of the water seal, and this is 
effected by means of a campath I and an inverted 
rail J. The lid is carried by means of a frame mounted 
on four wheels which run on rails on the top of the 
furnace, but it is also supported by means of a lever K 
on a fulcrum fixed to the frame with a parallel motion 
arrangement controlled by a wheel running on the 
underside of the campath I and the inverted rail J. 
As soon as the one end of the lever is depressed by the 
cam I, the other end tilts up and lifts the lid out 
of the water-seal, and supports it in its higher position 
until the lid has run back the full length of its traverse. 
This lever is also provided with a balance-weight L, 
which almost, though not quite, counterpoises the 
weight of the lid. When this action is complete, 
the weight of the tub and the cradle is, of course, 
supported on the furnace mouth, but the crane goes 
on lowering until the flap-bottom doors of the tub 
have been opened, as shown in Fig. 7, by the travers- 
ing of the hooks on the sides of the tub. This 
is effected by making these hooks slide on parallel 
guide-rods at the side of the tub (instead of having 
them fixed on the sides of the tub). and connecting the 
hooks by means of connecting-bars M with the flap- 
bottom doors of the tub. The effect of this arrange- 
ment is that as long as the tub is hanging with its 
weight on the crane by means of the hooks the lids are 
held tight shut. When the tub is resting on the 
platform the lids are also held shut, for the tub then 
rests on the lids. When, however, the tub is placed 
in the cradle of the charging mechanism, and when 
the cradle is depressed and is resting on the furnace 
mouth, so as to take the weight of the tub, then the 
lowering of the crane opens the flap-bottom doors. 

As soon as the tub has discharged into the furnace 
itis lifted up again, but the tub cannot leave the cradle 
at once, because it has become connected to it by means 
of two automatic hooks N (Fig. 6), fixed in the side 
of the cradle. These hooks are so arranged that they 
fall into snugs at the sides of the tub when the latter 
is first placed in the cradle, thus binding it fast to the 
cradle during its descent, and also during the time 
when the cradle is being drawn up again into its 
normal position. The hooks only disengage from the 
tub when the cradle reaches to its top position, when 
pawls which are formed in connection with the hooks 
strike on pins fixed at the proper position, thus lifting 
the hooks out of the snugs in the tub and releasing 
it. All that has to be done by the crane-man, there- 
fore, is to hoist, the first effect being to lift the 
cradle back into its top position, and thereby move 
back the lid into its normal position, and drop it 
into the water seal, once again completely closing 
the furnace. As soon as the cradle reaches its top 
position the tub is automatically released and is taken 
away empty to be placed in the pit on the ground 
floor ready for charging by the next cart that comes 
in. The whole of this operation only occupies from 
one half-minute to one minute, from the commence- 
ment of the lowering of the tub above the furnace 


until the time when the tub is again released. 
It is claimed that this arrangement, besides effecting 
a great saving of labour, entails the advantage that 





the charging-door has to be opened for a very short 
time only, and offers no chance for cold air to 
get into the furnace and cool it down. With any 
system of hand-charging, it would take a couple of 
men twenty minutes to half-an-hour to put in the 
same quantity of refuse by means of shovels, with 
the furnace-door open the whole time. It should 
be remarked that, during the charging operation, 
the blast is invariably turned off, so as to prevent 
the escape of fumes and smoke. This, again, is 
another advantage in favour of the instantaneous 
charging, as it means that the blast is only turned off 
for one minute, instead of a possible half-hour, in each 
operation. The charge is burnt off in a period of from 
one to two hours, according to the amount of refuse 
put in, and practically the only time lost is that 
required for clinkering. The doors used for that 
urpose are very large and heavy and are opened only 
or clinkering the fire, any trimming that is required 
being done through two small round doors fixed in the 
large clinkering door, thus enabling the men to rake 
over the fire without being exposed to the heat of the 
furnace and without shutting off the blast. 

An objection which is commonly raised to charging 
in bulk is that, owing to a heavy charge being put on 
a new fire a certain amount of time must elapse 
before combustion in that particular, cell reaches per- 
fection. Against this it may be said, however, that 
the furnace, being charged so rapidly as is the case with 
this plant, has not been cooled down by the admission 
of cold air, and, therefore, more perfect combustion is 
reached at a much earlier stage than could possibly be 
the case with a hand-fired furnace. A more important 
consideration, however, is that at the back of each cell 
is a large main flue or combustion chamber common to 
all the cells, in which the whole of the gases are 
thoroughly mixed, so that even if unburnt smoke is 
given off from one furnace for a short time after 
charging, it is so thoroughly mixed with the gases from 
the other cells, and with a sufficient excess of air 
which has passed through them, as to suffer complete 
combustion in the chamber itself. The temperature of 
the combustion chamber varies from 1800 deg. to 
2100 deg. Fahr. The method is both sanitary and 
economical, the refuse not being touched by hand in 
any way from the time it is brought to the destructor, 
and there is no nuisance from the charging of the 
refuse, whilst any refuse which is not immediately 
required for the charging of the furnace is stored in 
enclosed tubs instead of being allowed to remain in 
heaps on the floor by the furnace. It is also unneces- 
sary to provide an inclined road for the carts to tip 
their contents, as in many of the older destructors. 

The chimney provided in connection with the 
destructor is 120 ft. high and 7 ft. in internal 
diameter, and is lined with firebrick. At its base 
it is provided with a dust-catcher, which we under- 
stand is very effective in its operation, and consists 
of an annular chamber, round which the gases laden 
with dust whirl by centrifugal force, the dust falling 
to the bottom and being caught in a pocket, from 
which it can easily be removed, the gases passing 
away up the chimney. The arrangement is shown on 
the left-hand side of the plan, Fig. 2, and also in 
Fig. 3. In connection with the destructor there is 
provided crushing and screening plant for dealing 
with the residue from the furnaces, which consists of 
hard innocuous clinker. The lumps of clinker are 
crushed, and by means of an elevator are conveyed 
to a screen having perforated plates, through which 
three sizes of clinker can be sifted. The clinker is 
used for various purposes: road-construction, brick- 
making, ea concrete, mortar, filter - beds 
for sewage works, &c. 

With regard to the output of this destructor a 
special trial was made after the completion of the 
installation, and it was then found that the rate of 
burning was 120 tons per twenty-four hours in the five 
cells, which is at the rate of 1 ton per cell per hour. In 


view of the miscellaneous nature of the refuse, which | 8 


consists largely of dock sweepings, dust, and dirt, and 
a large proportion of light material, which sometimes 
measures nearly 200 cub. ft. to the ton, this appears 
to be a very good result. In Figs. 8, 9, and.10, on 
page 667, we reproduce some photographic views of the 
works, which show clearly the general appearance of 
the installation. The first of these is a general outside 
view, the second shows the front of the furnaces, and 
the last the cradles above the furnaces. The plant was 
constructed and erected by the Horsfall Destructor 
Company, Limited, 17, Victoria-street, Westminster, 
8.W., and Pershore, of which Mr. George Watson and 
Mr. Thomas W. How are managing directors. 








Iranian NAVAL ARCHITECTS.—We read in the Rivista 
Marittima that the first Congress of Italian Naval Archi- 
tects and Mechanical Engineers was held at Rome, on the 
1lth, 12th, and 13th inst., in the hall of the Societa 
degli Ingegneri e Architetti Italiani, under the chair- 
manship of the Hon. Salvatore Orlando. Nineteen papers 
were read and discussed, dealing with warship construc- 
tion, ordnance, oil-engines for ship propulsion, and mer- 
chant ship construction, 





NOTES FROM THE NORTH. 
Gtascow, Wednesday, 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened with a firm tone, and Cleveland 
warrants were active. Business amounting to 8500 tons 
was done at 46s. 94d. and 46s. 10d. cash, and 47s. 04d. 
and 47s. 1d. one month, with sellers over at 46s. 10;d. 
cash, 47s. 2d. one month, and 47s. 8d. three months, 
Hematite was firm, and 1500 tons changed hands at 
62s. 3d. one month, with sellers over at that figure, and at 
61s. 3d. cash. The afternoon market was quieter, and 2000 
tons of Cleveland warrants were dealt in at 46s. 11d. 
cash and eight days; closing sellers quoted 46s. 104d. 
cash, 47s. 2d. one month, and 47s. 84d. three months, 
On Friday morning Cleveland warrants were again strong, 
and after 5500 tons had been done at 46s, 11d. cash, 47s. 
seven days, and 47s. 3d. one month, the closing quota- 
tions were called 47s. cash, 47s. 34d. one month, and 
47s. 10d. three months. In the afternoon the market 
was quiet but firm, and the transactions consisted of 
1500 tons of Cleveland warrants at 47s. 3d. and 47s. 34d. 
one month, and 47s. 10d. three months. Sellers’ closing 
quotations were 47s. 04d. cash, 47s. 34d. one month, 
and 47s. 103d. three months; On Monday morning 
the upward movement made further progress, and 
Cleveland warrants were dealt in at 47s. 1d. and 47s. 2d. 
cash, 47s. 2d. and 47s. 24d. four days, and at 47s. 54d. 
one month. The turnover was 7500 tons, and closing 
sellers quoted 47s. 2d. cash, 47s. 6d. one month, and 
48s.three months. One lot of hematite changed hands at 
62s, one month. The afternoon session was very active, 
and 9500 tons of Cleveland warrants were put through at 
47s. 2d. cash, 47s. 54d. one month, wed from 48s. to 
47s. 114d. three months. The closing quotations were 
47s. 2d. cash, 47s. 5d. one month, and 47s. 114d. three 
months sellers. One lot of hematite was also done at 
62s. 8d. three months. On Tuesday morning the 
market was just a shade easier, but a large business 
amounting to 11,000 tons of Cleveland warrants was 
done at 47s. and 47s. ld. cash, 47s. 3d. twenty-four 
days, 47s. 94d. February 10, and at 47s. 10d. three 
months. Closing sellers quoted 47s. 14d. cash, 47s. 5d. 
one month. and 47s. 114d. three months. In the 
afternoon Cleveland warrants were quiet and irregular, 
and the dealings only amounted to 1000 tons at 47s. 34d. 
one month, and 47s. 114d. three months, and the closing 
prices were called 47s. ond. cash, 47s. 4d. one month, 
and 47s. 11d. three months sellers. When the market 
opened to-day (Wednesday), the tone was good, and 
6500 tons of Cleveland warrants were done at 47s. 
and 47s. 14d. cash, 47s. 4d. and 47s. 54d. one month, 
and 47s. 114d. three months. At the close sellers quoted 

78. 24d. cash, 47s. 6d. one month, and 48s. three months. 
Hematite was firm, with sellers at 62s. cash, and buyers 
at Gls. 8d. cash and 62s. one month. In the afternoon 
Cleveland warrants were again firmer and chan hands 
at 47s. 6d. one month and 48s. three months. The turn- 
over was limited to 2500 tons, and the closing quotations 
were 47s. 34d. cash, 47s. 7d. one month, and 48s. 1d. three 
months. The following are the market quotations for 
makers’ (No. 1) iron:—Clyde and Calder, 62s. ; Gart- 
sherrie 62s. 6d. ; Summerlee, 63s. 6d.; Langloan, 63s. 6d. ; 
and Coltness, 82s. 6d. (all ee at G w); Glen- 
garnock (at Ardrossan), 64s. 6d. ; Shotts (at Leith), 63s. ; 
and Carron (at Grangemouth), 63s. 6d. 

Sulphate of Ammonia.—Firmness is the prevailing fea- 
ture in the sulphate of ammonia market this week, and 
with a strong demand the price has again advanced. The 
current quotation for prompt lots is now from 141. 7s. 6d. 
to 14/. 10s. per ton, Glasgow or Leith, and the amount 
shipped from Leith Harbour last week totalled 2394 tons. 


Scotch Steel Trade.—The state of the Scotch steel trade 
is not quite so a this week, and specifications for 
heavy material are not so numerous. All the same, 
the majority of the works are still fairly well employed 
on old contracts, although fresh business for the home 
market is practically at a standstill. The conditions 
embodied in the rebate scheme are not being looked 
upon with too much favour by buyers generally, with 
the result that the latter seem to holding off from 
entering into new engagements in the meantime, in 
the hope, no doubt, that the conditions or the current 
prices may bealtered. Producers, on the other hand, are 
standing firm by the agreement, and there is little sign 
of a break in prices at present. Export inquiries are 
ood and a satisfactory tonnage is going through. There 
is a little improvement in the inquiry for angles and sec- 
tional material generally, and the same may also be said 
of light stuff. Makers of black and galvanised sheets 
continue very busy, both on home and export account, 
and prices are very firm. 


Malleable-Iron Trade.—The condition of the malleable 
iron trade has not yon ye ow the fact that. Con- 
tinental competition has fallen off considerably, owing to 
advances at home. The current quotation here, however, 
for local delivery is still on the basis of from 6/. to 
62. 2s. 6d. per ton for crown bars, which is from 2s. to 3s. 
per ton under the export figure. 


Scotch Pig-Iron Trade.—There has been more doing in 
the Scotch pig-iron trade during the past week, and a 
large local business is reported. Inquiries on shipment 
account are satisfactory, and the orders received from the 
South amount to quite a considerable tonnage ; indeed, 
the business from that quarterseems to be on the increase. 
Deliveries are large and the output is being well taken 
up. The prices all round are firmer, and a small ad- 
vance is being asked. The demand for hematite has 
improved and consumers are buying more freely, which 
condition is perhaps due to the high price now quoted 
for scrap steel. ith this increase in demand producers 
quotations are now fully 1s. per ton firmer. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hull Coal Returns.—Some of the recent decreases in 
the quantity of coal sent through the port of Hull have 
been in part made up by the tonnage for October, which 
was 653,152 tons, an increase of over 50,000 tons upon the 
figure for October, 1910. Notwithstanding this contri- 
bution towards clearing off arrears, the grand total for the 
ten months of the present year—5,350,400 tons—is 350,000 
tons less than the amount dealt with during the same 
period last year. The foreign exports for October also show 
an increase over October last year, the respective figures 
being 375,231 tons and 355,057 tons. The comparative 
figures for the ten months’ exports are 2,857,503 tons this 
year, and 3,267,194 tons January to October, 1910. The 
home traffic during the past month absorbed 89,533 tons. 
The Denaby and Cadeby Main pits, at the head of the 
South Yorkshire collieries for production, had an output 
in October of 110,544 tons. 


Forty Years’ Service.—Mr. Thomas Milner, secretary to 
the Brightside Foundry and Engineering Company, 
Limited, was recently presented by the directors and 
staff with a purse of gold, upon his resignation of his 

josition aftera forty years’ connection with the company. 
He resigned on account of ill-health, and has gone to reside 
at Bournemouth. His successor is Mr. Frank Rodgers. 


South Yorkshire Coal Trade,—Steam coal remains in a 
pretty active state. Collieries report good inquiries both 
for home and export. The railway companies are increas- 
ing their stocks, and the general industrial demands are 
still heavy, as manufacturers are anxious to be prepared 
against emergencies. Collieries are asking advances on 
contract renewals. Gas coal, both for consumption at 
home and for shipment, is in good demand. The 
market for best slacks is strong, and contracts are 
being renewed at advanced prices. For cheaper lots 
buyers are able to obtain concessions. Inquiries for 
house coal come to hand very slowly, although the 
index afforded by the London demand points to a 
little improvement. Prices are practically unchanged. 
There are one or two slight reductions, but in the pre- 
sent state of affairs quotations are not likely to alter 
much for the next weekor so. The week-end quotations 
on the local Exchange were :—Best branch hand-picked, 
14s. 6d. to 15s. 6d. ; Barnsley best Silkstone, 12s. to 13s. ; 
Silkstone, 11s. 6d. to 12s. 6d. ; Derbyshire brights, 11s. 
to 12s.; Derbyshire house, 10s. to 1ls.; large nuts, 
9s. 6d. to 10s. 6d. ; small nuts, 6s. 6d. to 8s. ; Yorkshire 
hards, 9s. 3d.; Derbyshire hards, 9s. to 10s.; washed nuts, 
8s. to 9s.; rough slacks, 5s. 6d. to 7s. 6d.; seconds, 
4s. 6d. to 5s. 6d. ; smalls, 2s. to 3s. 


Iron and Steel.—There is a strong tone about the raw 
material market. Prices have a tendency to advance, 
although official quotations have not so far increased. 
No concessions can obtained from the makers. 
Hematite is in a particularly strong position, and in the 
common irons the demand is about equal to the output. 
As a consequence of the disappearance of a good deal 
of Continental material from the English market, users 
of billets are buying largely in Sheffield, and some of the 
furnaces are working continuously. There is a con- 
siderable amount of work in semi-steels. Scrap con- 
tinues to be in a weak position. Boom conditions are still 
ruling in the majority of Sheffield’s industries. Renewed 
fears of a railway strike have brought another rush of 
buyers into the market, and so great is the tonnage of goods 
now being sent out of the Sheffield district that the 
railway companies have at some of the busier centres 
had a considerable difficulty in meeting the pressure. 
The armament houses show no diminution in activity, 
and the railway steel manufacturers have a satisfactory 
weight of work in hand. Forges are working full time, 
and makers of all kinds of special steels and tools have 
a superabundance of orders. In a very large number of 
departments overtime is being. regularly worked. What 
may be regarded as an interesting ‘‘side line” in steel 
manufactures has been slowly coming into existence 
during the last year or two. This is the manufacture of 
steel _window-sashes in place of wood. One Sheffield 
firm has set up special machinery for this purpose. 





Tue Great CentraL Ratway.—Mr. J. B. Ball, 
M. Inst. C.E., has been appointed to succeed Mr. 
C. A. Rowlandson, M. Inst. C.E., as engineer-in-chief 
of the Great Central Railway. Mr. Ball, who was 
articled to Mr. Joseph Hall; M. Inst. O.E., joined 
the staff of the Great Northern Railway in 1890, and 
in 1895 was engaged under Mr. Elliott Cooper, Vice- 
President of the Institution of Civil Engineers, upon 
the construction—amongst other important works—of 
the Lancashire, Derbyshire, and East Coast Railway. 
In 1899 he was appointed engineer of that railway, 
and occupied that position until it was absorbed -on 
January 1, 1907, in the Great Central system. 
Karly in January, 1906, he was appointed, under Mr. 
Rowlandson, as_h of the new works department, 
and since that date has been — upon numerous 
works of construction, including the Ardwick and Hyde 
Junction widenings at Manchester, the new carriage 
and wagon works at Dukinfield, the gravity concentration 
yard at Wath, the Torside to Woodhead widening, the 
opening out of Bridgehouses Tunnel and re-arrangement 
of Sheffield station, the new avoiding line at Doncaster, 
and various other new railways and works, including the 
hydraulic equipment and the laying out of the permanent 
way—about 160 miles—the ferro-concrete bridges and 
gantries, granary, &c., of the new deep-water dock at 
immingham, which will shortly be opened. Mr. Ball, 
in 1906, was President of the Permanent-Way Institu- 
tion, and was largely instrumental in bringing about its 
incorporation, 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—A marked improvement 
has set in in all branches of pig iron, and traders now 
take a most cheerful view of the outlook. Orders are 
coming in apace both for early and forward delivery, and 
values are steadily advancing. The most satisfactory 
feature of the market is the desire shown to place orders 
on forward account. Quite a number of rather heavy 
contracts over the first half of next year have been made 
at higher rates than are named for early delivery. The 
general tone of the market is decidedly more cheerful 
than for some months past. No. 3 g.m.b. Cleveland 
ig is now readily reahsing 47s. 6d. for early f.o.b. 
elivery, and for delivery over the first quarter of next 
ear 48s. to 50s. have to paid. The latter figure has 
m realised for certain named brands. The long looked- 
for improvement in East Coast hematite pig has at 
length made its welcome appearance. Prices are now 
moving upward, and sales are on a large scale, so that 
the rather heavy stocks of makers are likely to be con- 
siderably reduced in the near future. Nos. 1, 2, and 3 
have advanced to 61s. for early delivery, and 61s. 6d. has 
been readily paid for delivery over the first half of next 
year for rather large quantities. Foreign ore is very 
firm. A very extensive business has been done recently, 
and there are still numerous inquiries in the market. 
Last week purchases were made amounting altogether 
to something like a million tons of Swedish ore. Quota- 
tions are on the basis of fully 20s. ex-ship Tees for best 
Rubio. Coke is steady and firm, and in good request for 
local use. Average blast-furnace qualities are quoted 15s. 
to 15s. 3d. delivered here. 


Pig-Iron Shipments and Stocks.—Shipments of pig iron 
anaes on a satisfactory scale. To date this month 
they average 3363 tons per working day, as compared with 
a daily average of 4026 tons to the same date last month, 
and 3868 tons for the corresponding part of November, 
last year. Stocks of Cleveland iron in the public war- 
rant stores are being steadily reduced far this 
month the withdrawals have averaged some 590 tons 
per working day, and the total stock to-night stands at 

70,336 tons. 


Manufactured Iron and Steel.—Great activity prevails 
in the manufactured iron and steel branches of the staple 
industry. The output is very heavy, and demand con- 
tinues Several firms have contracts made which 
will _ in full swing over the greater part of next 
year. alues of several descriptions show a decided 
upward tendency, but as yet no actual advances have 
been made. Common iron bars are 7/.; best bars, 
71. 7s. 6d. ; best best bars, 7/. 15s.; packing-iron, 5/. 15s. ; 
iron ship-plates, 6/. 5s. to 62. 10s.; iron ship-angles, 7/.; 
iron ship-rivets, 7/. 7s. 6d.; iron girder-plates, 6/. 15s.; 
iron boiler-plates, 7/. 7s. 6d.; steel bars, 67. 5s.; steel 
ship-plates, 6/. 15s.; steel ship-angles, 6/. 7s. 6d. ; steel 
boiler-plates, 7/. 10s.; steel strip, 6/. 10s.; steel hoops, 
6l. 12s. 6d.; steel joists, 6. 7s. 6d. to 6/. 10s. ; cast-iron 
railway chairs, 3/. 12s. 6d.; light iron rails, 6/. 10s, ; 
heavy steel rails, 5/. 12s. 6d. ; steel railway sleepers, 
61. 10s.; and iron and steel galvanised corrugated sheets, 
11/. 5s.—sheets less 4 per cent. f.o.b., railway material 
- at works, and all other descriptions less 24 per cent. 

iscount. 


Cleveland Institution of Engineers—On Monday the 
annual meeting of the Cleveland Institution of Engineers 
was held in the lecture hall of the Cleveland Literary and 
Philosophical Society, Middlesbrough. Mr. H. Stone- 
wall Jackson, of the firm of Messrs. Richardsons, West- 
garth, and Co., Middlesbrough, marine-engine builders, 
took the chair, and delivered an interesting presidential 
address, to which we refer in another column. 








Botinpers Direct REVERSIBLE CrupE-O1L ENGINE.— 
This engine is achieving a very high degree of success in 
small craft, as is proved by the fact that Messrs. James 
Pollock, Sons, and Co., Limited, of 3, Lloyd’s-avenue, 
London, who are the British representatives, have orders 
for upwards of fifty engines on hand. These are to be 
fitted to tugs, launches, yachts, sea-going and canal 
barges, and coasting vessels. e efficiency of the 
engine has just been proved once more by the results 
of the trials of a motor-barge and tag, the Ogarita, 
built for English Channel work. ‘This vessel is 
92 ft. 6 in. long, 19 ft. in the beam, and 7 ft. 8 in. 
deep, and she proved her seaworthiness by making the 
voyage from the Tyne to Portsmouth during the 
recent storms, when it was necessary to batten down the 
engine-room and to make other vision to save flooding. 
The engine in this boat is of 120 brake horse-power, and, 
on the trial, used Scotch shale oil, costing about 3d. per 
gallon, having a specific gravity of 0.863, and a flash 

int of 230 deg. Fahr. This fuel is intermediate between 
illuminating and lubricating oils. Cheap as this is, 
experiments are in progress by Messrs. Pollock which, it 
is hoped, will enable the Bolinders motor to work cn oil 
costing 24d. per gallon delivered in London. On the 


measured-mile trials at Stokes Bay the vessel maintained | H 


a speed of 10? miles per hour, as com with contract 
speed of 9 knots. The consumption of fuel proved approxi- 
mately 200 gallons for 24 hours when working at full 
load, and the estimate is that steam plant to do the same 
load would have required 33 tons of coal per 24 hours. 
As regards the initial cost of machinery, the saving is 
put at 20 per cent., while less space is occupied, and 
consequently more cargo can be taken. It may be 
added that Messrs. Pollock have a demonstration 
launch in the Thames, and they welcome visits of 
interested parties. 





NOTES FROM THE SOUTH-WEST. 


Cards ff.—Interest in the Cardiff steam-coal market has 
chiefly centred in inquiries for British naval requirements 
next year. Buyers for distant dates and on contract 
account show a disposition to defer further business until 
a conference of the Miners’ Federation of Great Britain 
has been held. The best large steam-coal has made 
16s. 9d. to 17s. 3d. per ton; ordinary qualities have 
ranged between 15s. and 16s. 6d.; best bunker smalls 
between 7s. 9d. and 8s. ; and cargo smalls between 6s. 
and 6s. 6d. per ton. House-coal has shown scarcely an 
change ; the best ordinary qualities have made 14s, éd, 
to 16s. 6d.; No. 3 Rhondda large, 17s. to 17s. 6d.; and 
smalls, 10s. 3d. to 10s. 6d. per ton. No. 2 Rhondda large 
has brought 12s. to 12s, 6d. ; smalls, 6s. 3d. to 6s. 9d. per 
ton. Foundry coke has realised 18s. to 20s. 6d.; and 
furnace ditto, 16s. to 17s. per ton. As regards iron cre, 
Rubio has made 19s. to 19s. 6d. per ton, upon a basis of 
50 per cent. of iron, and charges, including freight, in- 
surance, &c., to Cardiff or Newport. 

South Wales Coal.—The shipments of coal from the six 
eg Welsh ports—Cardiff, Newport, Swansea, Port 

albot, Neath, and Llanelly—in October were :—Carditff 
—foreign, 1,410,277 tons; coastwise, 233,216 tons; total, 
1,643,493 tons. Newport—foreign, 329,450 tons; coast- 
wise, 61,280 tons ; total, 390,730 tons. Swansea—foreign, 
103,881 tons ; coastwise, 16,771 tons; total, 120,652 tons. 
Neath—foreign, 15,834 tons ; coastwise, 12,050 tons; total, 
27,884 tons. Llanelly—forei 18,750 tons; coastwise, 
3522 tons; total, 22,272 tons. The ag ate shipments 
for the month were, accordingly, 2,469,547 tons. The 

gate shipments of coal from Cardiff to October 31 
this year were:—Foreign, 13,045,946 tons; coastwise, 
2,257,270 tons; total, 15,303,216 tons. From Newport— 
foreign, 3,596,389 tons; coastwise, 564,523 tons; total, 
4,162,912 tons. From Swansea—foreign, 2,375,637 tons ; 
coastwise, 223,259 tons ; total, 2,596, tons. From Port 
Talbot—foreign, 1,295,700 tons ; coastwise, 141,474 tons ; 
total, 1,437,174 tons. 


Welsh Coal-Mining.—A meeting of the South Wales 
and Monmouthshire branch of the National Association 
of Colliery Managers was held at Swansea on Saturday. 
Mr. J. Kane, secretary, referred to representations which 
had been made from South Wales as to the new Coal 
Mines Bill, especially with regard to Clause 42, Section 4, 
which enacts that when in any mine or seam the air 
current in the main return contains more than d per cent, 
of gas, the air-way shall not, except within a distance of 
300 yards from the shaft, be used for the haulage of coal 
from the face. This clause has been energetically objected 
to by South Wales managers. Their point was that if it 
became law, 60,000 men would be thrown out of employ- 
ment, and something like 12,000,000 tons of coal coll be 
lost in the annual output in South Wales alone. They 
suggested that, instead of the 4 per cent. of gas, there 
should be inserted the words, *‘ such a quantity of gas as 
shows a definite cap on the flame of the s:fety lamp.” 
The result of the representations made was that the 
clause objected to would probably be amended. 


Dowlais.—The production of crude iron has been in 
excess of current requirement. The Goat Mill has been 
engaged on urgent orders for steel rails, tin-bar, and steel 
sleepers. The Big Mill has been at work upon light 
steel rails of chest eaathe. 








THe Royat Socrety or Arts.—Lord Sanderson, 
G.C.B., K.C.M.G., I.8.0., Vice-President and Chairman 
of the Council of the Royal Society of Arts, delivered an 
address at the opening meeting of the 158th session, on 
Wednesday, the 15th inst. He dealt with the immen-e 
development of international intercourse which has taken 
place of recent years, and reviewed this in all its various 
aspects, including diplomatic intercourse, the increased 
facilities for travelling, for the exehange of postal and 
telegraphic communications, and for the exchange of 
commercial products. A result of the movement was a 
general tendency to resort to combination as a supple- 
ment to, and, in some cases, as a substitute for, compe- 
tition. International co-operation also obtained in science, 
and this had done much to extend our sphere of know- 
ledge. The Society had taken a not unimportant share 
in all the work which had been done, and Lord Sander- 
son suggested that its future work would lie less in the 
province of stimulation than in the exercise of discrimi- 
nation and —_——, in pointing out the soundest 
methods and in selecting the most promising subjects. 





Tuer LATE Proressor 8. Linprck.—It is with sincere 
regret that we announce the death of Professor Stanislaus 
Lindeck, since 1895 editor of our contemporary, the 
Zeitschrift fiir Instrumentenkunde. The excellence of 
that journal, which has no equivalent in this country, 
is in no small measure due to the capacity and conscien- 
tiousness of its late editor. Dr. Lindeck was, at Berlin, 
a pupil of Kundt, and has been a member of the Reichsan- 
stalt since its inauguration in 1887. He was head 
of the weak-current laboratory and was well known as a 
very able and careful worker, and an authority, 
especially on standard resistances and standard cells. 

e at the same time considerable business 
capacity, and he proved a most useful member of 
the two International Electric Conferences on Units 
held in Berlin and London. He was a member also of 
Lord Rayleigh’s committee appointed by the London 
Conference to carry on its work. The German Govern- 
ment sent him over to St. Louis and Paris to organise 
the German sections of the mechanical and optical 
exhibits at those international exhibitions. Dr. Lindeck 
died in Berlin in the last week of October after a short 
illness, and his death was and will be a great loss to his 
many warm friendsand to all who came in contact with him. 
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MIND AND MATTER. 


Ir is not many years since a distinguished 
admiral, in opposing the grant of executive rank to 
naval engineers, observed that he had known a 
mere Lascar run engines very adequately, the pre- 
sumption being that engineering was not a matter 
calling for the exercise of any intellectual faculties. 
We are rather inclined to the belief that the 
gallant admiral’s view is widely shared by the 
public at large. Both the glory and the weakness 
of the engineer lies in the fact that his mental 
exercises afford occupation for hosts of mere 
manual labourers, with the result that the public 
in general, and their literary guides in particular, 
unable to see the wood for the trees, are much 
disposed to deny that engineering is aught buta 

urely mechanical art. The extremists go even 
urther, and refuse to rank the labours of the 

hysicist and mathematician on the same intel- 
ectual plane as those of the poet and novelist. 
The argument, as we have heard it expressed by a 
distinguished Cambridge literary man, was to the 
effect that the work of each of the latter was unique 
of its kind, whilst if Dalton had not propounded 
the atomic theory, or Newton that of universal 
gravitation, it was probable that some other man 
of similar calibre would have done so sooner or 
later. If this contention were sound, the writer of 
the doggerel which occasionally disfigures a corner 
of some country newspaper, would rank intellectu- 
ally above Archimedes and Clerk Maxwell. 

The fact is, as pointed out by Mr. Campbell 
Swinton in his remarkably able and highly interest- 
ing address to the Réntgen Society on the 7th inst., 
literary men have the ear of the world, and con- 
stitute the best organised and most successful 
mutual admiration society on record. The pro- 
minent position taken by the literary guild, and their 
often prejudicial influence on = opinion, lies 
in part, no doubt, in the fact that relatively little 
labour or application is required to enable a man to 


| appreciate good literature. It is thus easy to under- 


stand the fact that utiiversity extension lectures, 
devoted to culture studies, are very much more 

pular than those dealing with science, and, so 
‘ar as we know, there are absolutely none in which 
mathematical studies are taken up. Everyone has 
views on literature, history, and sociology, and, 
with little or no training, can speak and argue on 
such subjects with absolute self-confidence. 

It is for this reason that the most popular 
section of the British Association is now that devoted 
to economics. As this is as yet not one of the exact 
sciences, each man’s opinion is, in his own view, 
as good as another, and statistics can always be 
found which, in their unanalysed state, appear to 
support the most contradictory of views. Now 


_|that a science of statistics is being gradually 


founded on the mathematical theory of probability, 
it will be of interest to learn whether the present 
enthusiasm of the inexpert for economics will be 
maintained. We fancy that when physical science 


was in its qualitative stage it excited rather 
more public interest than it does at present, when 
a somewhat prolonged and laborious course of 
study is a necessary preliminary to any adequate 
apprehension of points still at issue. A perusal of 
a recent paper in Nature, by Major Ronald Ross, 
in which the statistical relationship between malaria 
and mosquitoes is discussed by strict mathematical 
methods, would, we think, considerably surprise 
the leader-writers and politicians who glibly quote 
statistics in support of this or that particular ism. 

A famous t has declared that the noblest 
study of mankind is man ; but the culture studies 
advocated by the literary guild are purely devoted 
to the interesting side of human endeavour, the 
personal deeds of this warrior or that statesman, 
who, after all, merely had their day and ceased 
to be. Asa consequence the ‘‘ humanities’’ have 
proved to be less a preparation for life than a form 
of distraction for leisure hours. Akin, therefore, 
to chess and golf, and like the latter pursuits, 
followed both bya small body of hard-working pro- 
fessionals and a very much larger mass of amateurs. 
No one, of course, advocates the abandonment of 
culture studies. Most of us sympathise with 
Herodotus when he avows as a reason for under- 
taking his history a reluctance to let fade into 
oblivion the great and admirable deeds of either 
the Greeks or the Barbarians. Nevertheless, the 
duties of life should take precedence of its dis- 
tractions and general educationshould have a broader 
basis than that to which the literary guild would 
confine it. 

The really effective force in moulding humanity 
has been the scientific imagination. As Mr. 
Campbell Swinton pointed out, no _ historical 
character has affected the destinies of the race 
to more than an infinitesimal extent when his 
influence is compared with that of the unnamed 
savage who first had the intelligence to see the 
uses of fire, and the courage to attempt to 
control it. Some other unknown engineer first 
saw the possibilities of flint weapons, and once his 
individual intellect opened the path, the whole 
tribe of men were able to follow it. The extra- 
ordinary influence of scientific thought on the 
destiny of nations has of late years received a 
remarkable illustration by the excavations made 
at Crete. Here a whole civilisation, in many 
respects of a very advanced type, appears to have 
been wi out by invaders whose sole superiority 
lay in a better knowledge of the metallurgy of iron. 
It is the stupendous ignorance of the importance 
of mind, in what are commonly considered questions 
of mere matter, which is responsible for the pro- 
nouncements of certain speakers and writers, who, 
as Mr. Campbell Swinton says, appear to think 
that railways were invented by the rank and file of 
railway workers. 

It will be a matter of surprise if this mental 
attitude does not receive a fresh illustration in the 
final transfer of the telephones to the Post Office. 
In this transfer all the ‘‘ ~ ” are to be retained, 
but, if long-established precedent is to be followed, 
the controlling ‘‘minds” are to be largely reduced 
in number. A large proportion of those who by 
initiative and ability have raised themselves into 
important posts must expect to be retired. The 
fact that in the Post Office a second-class clerk can 
rise to a salary of 5001. per year, whilst the maxi- 
mum allowed to a first-class engineer is 350l., shows 
that our administrators share to a large extent the 
views of the gallant admiral already quoted. ‘‘The 
Republic has no need of chemists” was the reply 
to Lavoisier’s plea for a respite from the guillo- 
tine, and the spirit which dictated it is still active. 
The same contempt for intellect as applied to 
the practical ends of life is also apparent in the 
Commonwealth of Australia. Were public works 
there permitted to be executed by private associa- 
tions, there would at this time be some scores of 
engineers with minds worth 20001. a year or more 
engaged in developing the country. 

The existing veto on private enterprise is, in short, 
an attempt to economise in brains, and many of the 
advocates of Government railroads in this country 
are under a similar delusion as to the profitable- 
ness of such misguided attempts at thrift. Third- 
rate literary men, if they only write with sufficient 
political bias, may find themselves provided with a 
civil service pension, whilst the services of a doctor 
who has disabled himself by researches on X-ray 
work receives scant recognition from the Treasury. 
Truly, in its own generation the pen is mightier not 








only than the sword but than the implements of 
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the engineer and the apparatus of the physicist. 
These, however, get their revenge in that their 
work endures though their names may vanish. 
Our present minor sub-divisions of time, for ex- 
ample, are said to have originated with the Baby- 
lonian astronomers and remained when almost every 
record of contemporary kings and statesmen had 
been buried under the débris of centuries. 

This underrating of intellect in its practical appli- 
cations is no doubt partly due to the defective state 
of secondary education in this country. Germany, 
for instance, is proud of its science, and possesses in 
proportion to its population a greater number of 
trained engineers and physicists than any other 
country. If less original than England and France, 
the international character of modern science and 
engineering makes it easy for the nation to import 
new ideas, on which it afterwards works with 
unexampled industry and with a very high degree of 
success. As Professor Unwin pointed out in his 
address, delivered as President of the Institution of 
Civil Engineers last week, we owe to Germany the 
large gas-engine and the Diesel engine, and both are 
characteristic products of the country. They repre- 
sent the triumph of patient and intelligent per- 
severance over inherent difficulties so great that it 
is hard to believe that either type of prime mover 
will be retained permanently. Some sim “see solution 
of the problem of producing power by the explosion 
of cculentiie gases will erebehiy ultimately super- 
sede both, though whether this makes its appear- 
ance in five or in twenty-five years hence, time alone 
can prove. The German people understand and 
appreciate what science has done for Germany, but 
here the man in the street is a very Gallio in the 
matter of caring for none of these things. 

In another part of his address Mr. Campbell 
Swinton raised again the old question as to whether 
or no living beings can evade the second law of 
thermodynamics, which fixes the proportion of the 
total energy of the universe which is capable of 
being converted into mechanical work. From a 
metaphysical standpoint no bar is to be found to 
such an evasion ; mind may well have the faculty of 
selection, which, as Maxwell pointed out, was all 
that was necessary to separate out a mass of gas 
into two groups of molecules, one of which is 
hotter than the other, and could this suggested 
power of selection be developed, our stores of avail- 
able energy would be, as the president of the 
Faraday Society pointed out, indefinitely increased. 
In fact, we should get what in practice would prove 
to be perpetual motion. The doctrine of the con- 
servation of energy would not be violated, since it 
is only the availability of the energy, and not its 
total amount, which would be affected. It is, how- 
ever, by no means clear that the other great doctrine 
of mechanics—viz., the conservation of momentum 
—might not come into conflict with this attractive 
dream. A pointsman, by a small muscular effort, 
can alter the availability of a train for doing the 
work involved in a collision ; but though his own 
muscular effort is small, a very heavy pressure has 
been exerted at the points to change the direction 
of motion, and it seems probable that an ultimate 
analysis might show that the suggested selective 
action of mind would involve the exertion of a 
physical pressure by a non-material agent. 





THE THAMES IRON WORKS AND 
INDUSTRIAL ECONOMICS. 

THE appointment by the Chancery Division of 
the High Court of a chartered accountant as official 
receiver and manager of the Thames [ron Works 
Shipbuilding and Engineering Company is an 
event of considerable significance, not only from 
the point of view of the industzial history of London, 
but also from the wider standpoint of economics. 
Regret must be entertained widely at the fate of 
one of our oldest naval a establishments, 
and there will be general sympathy also with the 
head of the firm, Mr. Arnold F. Hills, who has 
long laboured with continuous courage to main- 
tain the establishment against great pone es 
Hope will also be entertained that even after 
existing contracts are worked off some arrangement 
may be possible to reconstruct the company. But 
the fateful facts of the case cannot be ignored. 
The economic conditions were so antagonistic 
that the practical impossibility of maintaining the 
industry might have n recognised long ago by 
those interested but for the desire to continue 
cherished traditions. The distance separating 


London from the sources of supply of raw material, 





the greater cost of living within the Metropolitan 
area, and the consequent higher wage exacted 
and necessarily paid under Admiralty and muni- 
cipal contracts, apart altogether from peculiar cir- 
cumstances applicable to this particular establish- 
ment, made it impossible to compete on anything 
like equal terms with naval construction works in 
the North, where the economic disadvantages indi- 
cated do not obtain. These northern establish- 
ments, through a long period of activity and 
relative prosperity, have also been able to improve 
their plant according to modern developments, 
and thus the mechanical conditions, combined with 
the less cost of labour, result in higher efficiency 
per unit of the wage. To those conversant with 
the conditions, it was indeed a great surprise when 
it was found that the Thames company had sub- 
mitted a lower price for the building of the battle- 
ship which was later ordered from the firm—the 
Thunderer—because it was realised that not only 
would considerable additions require to be made to 
plant, involving augmented capital outlay, but that 
the cost of labour would seriously handicap the 
management in completing the ship at a less price 
than was considered necessary by northern firms. 
At the time doubt was even expressed as to the 
ethics of the Admiralty action, because they must 
have been conscious that the price paid would be 
inadequate for the work. The appointment now 
of an official receiver and manager, on the applica- 
tion of some debenture holders, is a proof of the 
accuracy of this view, and of the authenticity of 
some of the rumours of financial difficulties which 
have been current for some time. We do not 
propose to enter into these, and have only reviewed 
the general difficulties of the situation to demon- 
strate further the great courage which Mr. Hills has 
—. and to indicate why genuine sympathy 
will be entertained for the failure of his strenuous 
efforts. 

His altruism has never been disputed. One of 
his strongest motives was undoubtedly to assist 
the working classes in the East End of London. 
It was a noble motive, as was also his ambition to 
carry on the traditions of the factory, but the 
laws of industrial economics are as unavoidable 
and as forceful as the elements of Nature. The 
civil engineer sets himself the task of sub- 
jecting the latter, but only within rigidly pre- 
scribed conditions, the neglect of which involves 
disaster. The limits within which the industrial 
financier works are as inexorably fixed, and it is the 
failure to recognise this truism that is at the root 
of much, if not all, of the industrial trouble now 
being experienced in increasing volume. The con- 
ditions obtaining in great cities militate against 
economy. All industries not directly maintained 
by the district should be located where the condi- 
tions are conducive to economy. There has thus been 
in recent years a great migration of factories and 
workers from London. In the naval industry alone 
we have had within a short period the cessation of 
Maudslay’s engineering works and of Humphrey’s 
establishment. Messrs. Yarrow have gone to the 
Clyde, Messrs. Thornycroft to Woolston, and of 
large establishments the Thames Iron Works 
alone were left after they had absorbed Penn’s 
engineering shops. Those who aim at reconstruct- 
ing the last-named company must consider the lesson 
which this migration teaches. We have it from the 
firms named, and from other general engineering 
and manufacturing concerns that have moved from 
London, that the reduction in cost and the im- 
proved efficiency of labour have made a vast differ- 
ence in their ability to compete for work against 
other British establishments and against foreign 
rivals. This is only natural ; conditions must 
become increasingly more unfavourable for metro- 
politan works as compared with those in provincial 
districts. The local rates have increased greatly in 
London, partly due to such avoidable causes as 
extended municipal trading and to the extension of 
the pursuit of those practices which aim at what 
Lord Rosebery has called the ‘‘ spoon-fed.” nation. 
Increased taxation affects everyone, notably the 
shopkeeper, without bringing much, if any, com- 
pensating advantage. The increase in the rate of 
wage of transport workers and others involves an 
addition to the cost of all the necessaries of life, 
so that the effect of the collective demands of 
labour directly in respect of wages, and indirectly 
in the form of social legislation, is, like a snow- 
ball, gathering volume as it progresses. Again 
the migration of workers decreases the population 
in some districts—notably in the Metropolis—and 





therefore diminishes the number of people by 
whom the burden of municipal government must 
be borne. Thus the ultimate cessation of the 
Thames Iron Works, which, when existing con- 
tracts are completed, threatens to throw out of 
work about 3000 men, will intensify the economic 
situation in the East End of London. If these 
workers migrate, their needs will no longer have 
to be met in the district, and thus the numbers 
unemployed will increase, further public relief 
will have to be found, while the depletion of 
population will still further add to the burden of 
others. 

These are truisms—they are perhaps even com- 
mon-place—but it is necessary that, however obvious, 
they should be stated often and clearly. The cry of 
the labour agitator and of the zealous social re- 
former is that capital is unduly rewarded, and should 
bear an increasing burden. The fate of the Thames 
Iron Works demonstrates beyond doubt that the 
burden thrown upon capital ultimately falls on to 
the shoulders of labour. The worker cannot dis- 
pense with capital. If capital fails to get a reason- 
able reward, the means of support of the workers 
will be withdrawn or cease to increase with the needs 
of each case. There is no necessity to enter into 
details to prove that this has been the case with the 
Thames Iron Works. Dr. Inglis has put the posi- 
tion very definitely in a letter which we quote on 
page 665 of this issue. In shipbuilding the capital 
involved amounts to about 180/. per man employed, 
the profits realised for capital equal about 5/. per 
employee, or 2? per cent. per annum on capital. 
The workmen secure in wages from 701. to 100I. 
per annum. The Workmen’s Compensation Act, 
the Insurance Bill, the Death Duties, and other 
recent impositions, made or proposed, involve a 
payment by pm of 2/. 14s. 24d. per aunum 
per man—equal to 1} per cent. of capital. This 
equals 9s. 10$d. per pound income tax, in addi- 
tion to the usual Is. 2d. To this extent is 
capital handicapped and the inducement to in- 
crease capital commitments lessened. Indeed, the 
absence of capital not only prevents development in 
manufacturing plant, and thus lessens efficiency, 
but checks the courage with which great contracts 
involving financial responsibilities are entered into. 
Our factory equipment becomes more obsolescent 
than would be the case if prosperity were main- 
tained and reasonable profits earned. In the 
absence of improvement in plant and of originality 
in design, due to hesitancy to embark on changes 
on account of the uncertainty of beneficial conse- 
quences, the handicap in foreign markets is in- 
creased, and right throughout the whole gamut 
labour suffers most. Social schemes tend to penalise 
the employer in large cities more than in small 
towns, because of the collateral disadvantages due 
to distance and aggregation of population, all of 
which increase disproportionately the cost of living. 

This raises again the subject on which the un- 
disciplined mind is most liable to go astray in 
considering economic problems. The ‘“‘cost of 
living” is a very definite term, but is most in- 
definitely interpreted. The Government are insti- 
tuting a departmental inquiry on the subject, but 
the present intention is to limit this to a conside- 
ration of the increase in the cost rather than to an 
elucidation of the cause of such increase. Every- 
one knows that there has been an increase, but the 
question as to proportion due to augmentation in 
the price of necessities, and that owing to the 
greater desire for superficialities which are only 
indirect necessities, ought to be investigated. 
As to the former, the increases may or may not 
be unavoidable, but it would be well to bring home 
alike to capitalist and to worker the direct influ- 
ence on the value of money, and therefore on the 
cost of living, of the higher wages demanded so 
incessantly. Augmented labour charges act and 
react on the cost of living, and unless they are accom- 
panied, as is not always the case, with higher effici- 
ency of labour, either in the form of superior work- 
manship or augmented output,the economiccondition 
of the community is not improved. Capitalists, on 
the other hand, are continually seeking to improve 
the value of the wage paid by introducing superior 
methods of production, mechanical and otherwise, 
in order to increase output for a given labour 
expenditure. The true interests of the State 
and the well-being of the working classes are 
to be promoted, the worker, for every addition 
to emolument, must seek to augment the volume 
of production either directly or through the 
medium of the superior mechanical appliances 





ete Na 


Mah ee NAD ade 
































Nov. 17, 1911.] 





ENGINEERING. 














placed in his hands by capitalists. It follows that 
capital must be encouraged towards perfection of 
appliances if the condition of the worker is to be 
improved by the payment of a higher rate of wage 
with the same or a greater purchasing power per 
unit of the wage. 

On the other hand, the cost of living has been 
increased owing to the greater facilities offered for 
recreation and amusement. These are good in their 
way, but the question must be faced as to whether 
full value is got by the workers for the money spent 
in this way. It is the duty of everyone to keep 
himself fit, not only on his own account, but in the 
interests of industry and the State. Recrea- 
tion and amusement are therefore essential to 
industry, but their nature, their.cost, and their 
effect on physical and mental fitness must be 
carefully weighed. The worker in cities has too 
many temptations to his time under conditions 
which must be regarded as artificial and profitless 
from the view point we have stated. In the pro- 
vincial towns, especially those of moderate size, 
there is less temptation, and fuller scope for outdoor 
health-giving recreation, and this is probably the 
reason why labour is more efficient in such districts. 
It would therefore be an advantage to have clear 
evidence as to the effect on the cost of living of the 
increased number of facilities afforded, because in- 
dustry, while it must bear the burden of higher 
charges in the household, due to the increased cost of 
necessaries—which includes rational recreation— 
ought not to be charged with the artificial and profit- 
less pursuits appertaining to recreation and to the 
conditions observed in connection with clothing and 
similar expenditure. There is, too, the question 
of the influence on the cost of living of inadequate 
education in household management in all its 
phases. If it can be brought home to the educa- 
tion authorities that there is remissness in their 
training of the housewives of the future, and that 
this entails consequent excess without physical 
advantage to the household, an improvement might 
accrue. 

In the Metropolis and in the provincial towns, 
again, and, indeed, throughout the whole labour 
world, there is too much impcrtance attached to the 
rate of wage, and too little to the value of labour, 
alike to the employer and to the worker. Were 
this difference recognised more fully, we should not 
have to-day the difficulty which threatens us with 
so many strikes. In the first place, a minimum 
wage is sought by many, because of the standard 
of living ; but, as we have pointed out, it is im- 
possible to determine such a standard, as the con- 
ditions not only vary in different communities, but 
are more or less consequent on the temperament 
of the members of the household and on the manage- 
ment of the housewife. The cost can never bea 
constant. Nor can the temperamental condition 
which makes a good, bad, or indifferent worker, so 
that the standard of wages, as of living, must be 
unjust to some and an undue reward to others. The 
wages paid ought to bear a definite relation to the 
honest effort put forth by the skilled worker, and 
without regard to conditions for which he is not 
responsible. An accident may result to render 
his effort nugatory, or, in the case of a miner, he 
may be working at an ‘‘ abnormal ” place and con- 
sequently may produce little coal. There are 
such risks common to all manufacturing and 
mining operations, and we have no doubt that 
employers will look with a liberal mind upon the 
question as affecting the miners if the Federation 
will continue to act in a conciliatory spirit. But 
the miners will gravely err if they insist on a 
general minimum wage irrespective of the value to 
commerce of the work which that wage represents. 
he same line of reasoning applies to the railway 
worker, and we are glad to recognise that there is 
increasing hope of a likelihood of the machinery 
evolved by the Commission being given a fair 
trial. This, we think, is all that is needed to 
ensure that railway labour will get a liberal reward 
according to its value. 








SUBMARINES AND WAR TACTICS. 

THE possibilities of the effective use of sub- 
iarines in war has been brought home most clearly 
11 connection with the uninterrupted invasion of 
‘ripoli by an Italian army, because it is fully recog- 
vised that had the Turkish authorities possessed 
‘ven & comparatively small fle&t of effective sub- 


‘further conducive to efficiency in speed. As regards 





cult to conceive how, with such a Turkish fleet 
based on Tripoli, or even at Constantinople, since 
the separating distance is so short, a satisfactory 
landing could have been effected. The success of 
the transport of the Italian troops to Tripoli, and 
their safe debarcation there, must be recognised as 
a triumph of organisation ; but it should not be 
forgotten that there was practically no opposition. 
In other words, it was magnificent, but it was not 
war. The interest thus awakened in the submarine- 
boat makes opportune our article on the develop- 
ment of the Holland submarine-boat in another 
part of this issue. It is true that in this we have 
confined ourselves to reviewing the development of 
one type, but it will he generally conceded that 
this type is the most widely adopted, a fact which, 
in itself, supports the view that it has achieved a 
high degree of efficiency. Thus, of over 300 sub- 
marine-boats now existent, or in course of construc- 
tion, 152 are of the Holland type, or of designs 
evolved therefrom. To many it will be surprising 
to note that such a large number of submarine 
boats are in existence, because it is such a short 
time since doubt was entertained as to their prac- 
ticability and efficacy in war operations. 

The idea entertained at one time was that subma- 
rine-boats would act only as a moral deterrent, 
because the existence of a submarine fleet ‘‘in being” 
would so interfere with the nerve of an officer of any 
opposing naval fleet. But we have long since passed 
beyond that view, owing to the reliability of sub- 
marine-boats proved in long cruises, and to the 
great development in the size, power, speed, and 
radius of action of these vessels. The vessels built 
ten years ago were comparatively small craft, few 
were over about 200 tons displacement when sub- 
merged ; but there has been a steady growth, con- 
servative, no doubt, in regard to each step, but as 
a consequence successful in its result, and of great 
significance in its aggregate. Thus we find that 
some of the Continental Powers are building ships, 
such as that illustrated, of close upon 1000 tons, 
while in the case of the British Navy the submerged 
displacement has reached about 800 tons. It is 
recognised, however, that mere size will not render 
these vessels suitable units of an ordinary squadron. 
The speed of a squadron is determined by the 
slowest ship, and for strategic reasons it may be 
desirable for a fleet to steam long distances at the 
highest possible rate, so that with a fleet, including 
battleships, having a speed of at least 21 knots, 
surrounded by a curtain formed of 24-knot and 25- 
knot scout cruisers, and of 28-knot heavier armoured 
cruisers to pierce the screen of the enemy, a distinct 
handicap would result from the inclusion of sub- 
marine vessels of slow s There is no doubt, 
however, that in this quality of design great 
advances have been made even within the past year 
or two, and if there is similar advance within the 
next three or four years, such vessels will, no 
doubt, win their place in the squadron by virtue of 
speed, as well as of fighting power. It will be 
noted that the 950-ton Holland special type subma- 
rine illustrated is to have a speed of 17 knots on the 
surface, and a correspondingly high rate is antici- 
pated in the latest British submarine ships. This, of 
course, demands great horse-power in the propelling 
internal - combustion engines — approaching 2000 
brake horse-power in the case of the Holland boat. 
Advances have been, and are being, made in the 
development of heavy-oil engines for such craft, 
and weights have consequently not gone up at the 
same rate as power and speed. It will be noted 
also from the sectional drawings reproduced that 
the form of ship is undergoing modification, which is 


offensive power, the submarine-boats are able to 





take advantage of the recent improvements in the 
size, speed, and therefore range, of the Whitehead | 
torpedo, as well as of the higher bursting charge. | 
It would seem also as if with development in size | 
there may come the emplacement of disappearing | 
guns for use when the vessels are on the surface. | 
Experiments are being tried, but it remains to be | 
seen whether such a departure from what has| 
hitherto been regarded as the exclusive function of 
the submarine-boat—the firing of torpedoes—will | 
be widely approved. As to reliability, there have | 
been many evidences afforded by performances in | 
the course of manoeuvres with squadrons, and also | 
by the long voyages taken by individual boats and 
fleets of boats. Several of these cruises are re- 
ferred to in our article, and it will be remembered 


submarines, one of which has traversed over 2200 
miles. It is thus accepted that not only for defen- 
sive, but also for offensive operations the submarine 
has established its practicability, and it is pertinent 
to inquire into the work in progress by the various 
Powers. 

France first recognised the possibilities of the 
submarine, and, with characteristic enthusiasm, 
entered vigorously on the building of such craft, 
but it is doubtful if there was at all times the 
requisite amount of prudence tempering this enthu- 
siasm. It would certainly seem that many of the 
boats now possessed are unsatisfactory and are 
obsolete because of the improvements since made. 
The United States, on the other hand, adopted a 
more conservative procedure, and not before the 
most searching trials was the Holland type 
accepted. Germany has been still more conserva- 
tive, but now rapid advance is being made. In this 
country theGovernment accepted, after comprehen- 
sive test, the Holland type, and very properly 
decided to confine the experimental design and con- 
structional work to one firm, and by this arrange- 
ment secrecy has been scrupulously maintained, 
experimental work has been stimulated, and high 
economy of manufacture and great success in result 
achieved. At the same time, the Government have 
ensured that no foreign Power would gain the benefit 
of the experience and the research work which the 
private firm undertook, as a condition of the contract 
was that no foreign work in connection with subma- 
rines should be undertaken. There was the great 
advantage, however, that as the firm were the sole 
licensees in this country for the Holland and other 
types, the Government secured such advantage as 
was obtainable from the extensive research work 
and large experience of the builders of those other 
types. The consequence has been, without entering 
into details, that the British boat is probably the 
most efticient type now built, and this eminently 
justifies the continuance of the policy pursued 
since the first boat was constructed. 

It remains open to question, however, whether 
the Admiralty have continued to ensure that pre- 
ponderance in submarine craft which is absolutely 
essential to our sea supremacy. The amount pro- 
vided in the Navy Estimates for the current year 
for the building of submarine-boats is 709,580/., 
twenty-one vessels being in various stages of con- 
struction. In the case of Germany, on the other 
hand, the expenditure this year is 734,214/., but no 
data are available as to the number of vessels in 
progress. In France the total is 448,2601., thirty- 
tive vessels being in hand in the various works. 
In the United States the money vote is about 
800,0001., there being twenty vessels in progress ; 
but this sum is larger than the average, owing to 
delay in placing the orders for the vessels autho- 
rised in the previous year. In view of the extent 
of our coast-line, the volume of our ship-borne 
traffic, and our vulnerability generally, it is obvious 
that we are not devoting a suflicient amount of 
money to the building of the latest types of sub- 
marine craft. Nearly every Power is adding rapidly 
to the number of submarine-boats; and, as has 
been pointed out in connection with the Turco- 
Italian war, the whole face of operations might have 
been materially affected by the possession of a few 
submarine-boats at the port of invasion. The 
tactics which might have profited Turkey may be 
used by the weakest as well as the strongest 
Powers against Britain, and the only safeguard is 
to be able to meet the opponent with the same 
type of weapon, but stronger in power and greater 
in numbers. 








ACHESON CARBORUNDUM AND 
GRAPHITE. 

In the course of a lecture, delivered before the 
Faraday Society on Wednesday, November 8, Dr. 
Edward G. Acheson, of Niagara Falls, communi- 
cated. many interesting facts. He discoursed on 
his researches in general, but spoke mainly on 
carborundum and of graphite. The discovery of car- 
borundum (carbon silicide) was made in 1891, when 
Mr. Acheson was heating mixtures of clay or sand 
and coke in a crucible, into which a lamp-carbon 
was lowered as electrode, for the purpose of pre- 
paring some abrading material. A crystal was 
obtained which cut glass and spoilt the diamond in 
his ring. The new abrading material had proved of 
extraordinary utility; it would polish diamonds, 


warine boats, the transport operations would have | that in a recent issue (page 226 ante) we recorded |and carborundum wheels had replaced the old 


been very seriously hampered. Indeed, it is diffi-' the successful results with some of the French grinding-stones and emery wheels which twenty 
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years ago were mounted in sume dark corner, 
while the carborundum wheel was now given the 
place of honour in the workshops. Ten million 
pounds of carborundum were now made in America 

r year. The pure crystals were colourless and 
more brilliant even than diamonds; most car- 
borundum crystals, however, contained iron, and 
had a greenish metallic lustre for this reason, and 
were apt to tarnish by oxidation. When the 
carborundum furnace had become too hot, some 
silicide would be decomposed with formation of 
soft graphite; such carborundum would smudge 
white paper like black lead. The furnace walls 
were protected from the heat by the mixture of 
materials ; but 10 lb. more or less in the charge of 
a furnace with a 7-ft. core, 74 in. in thickness, 
might make a furnace efticient or inefficient. 

Passing to graphite and other products, Dr. 
Acheson pointed out that lumps of overheated 
carborundum would retain their shape, but be con- 
verted into a very soft graphite. That observation 
had induced him in 1898 to take up the manu- 
facture of graphite, of which they had made thirteen 
million pounds last year; their new works at 
Niagara had an annual capacity of twenty-five million 
pounds. The raw material was amorphous carbon, 
anthracite ; objects, rods, tubes, &c., were made of 
the desired shape of finely-ground carbon and pitch 
or tar and baked, and mixed with sufficient ash or 
metallic salt to form some carbide which would be 
decomposed afterwards in the electric furnace. 
If 20 to 40 per cent. of ash were used, the resulting 
graphite was very loose in texture and of low 
density. 

Dr. Acheson showed one block of graphite which 
had seven times the volume of another block of 
graphite of the same weight. On the other hand, 
he stated, very dense graphite and graphite of 
any grade could be produced up to pure non- 
unctuous carbon which would still yield graphitic 
acid when oxidised. By drawing carbon monoxide 
through the hot graphite, almost perfect purity 
could be secured ; graphite of 99.98 per cent. of 
carbon had been prepared, and a purity of 99.7 per 
cent. was turned out as a commercial product. 
This purity and homogeneity of a furnace product 
is most remarkable, as Dr. Harker subsequently 
vointed out during the discussion ; he had found 
Ceshs 6 in. square, 4 ft. long, quite uniform. 

Having briefly touched upon the use of car- 
borundum as a reducing agent, for the reduction 
of silicon and also of aluminium, Dr. Acheson 
turned to the finest subdivision of graphite in the 
unctuous graphite. His ordinary graphite could 
be ground up to yield 40,000 grains to the square 
inch. But the subdivision could be carried much 
further, down to molecular dimensions probably. The 
history of the discovery of the unctuous graphite is 
instructive, and characteristic of the real inventor. 
Dr. Acheson told his audience how he had, in 1901, 
in his endeavours to produce crucibles of artificial 
graphite, been led to a study of clays, and that he 
had found the German clays much more plastic 
and of higher tensile strength than the American 
clays of the same composition. It had struck him, 
moreover, that the residual clays—i.e., those found 
near the spots at which the parent feldspathic 
rock was being decomposed—-were poorer than 
the same clays occurring in sediments at some 
distance from their origin. The greater plas- 
ticity and strength seemed to have been developed 
during the period of transportation of the clay 
from its origin to its final bed, and he had 
ascribed the change to the presence of extracts from 
vegetable matter. Experimenting, he observed that 
weak clays were very much improved by being 
treated with extracts of gallotannic acid or of straw; 
their strength increased two and three-fold, they 
required less water to acquire a certain fluidity, 
remained longer in suspension, and passed turbid 
through the filter. 

These facts recurred to him in 1906, when he 
tried to make lubricants ‘y stirring his finest 
graphite into oil; it would settle quickly. He 
treated the graphite-pseudomorphs of carborundum 
with a tannin solution, about 5 per cent. of the 
weight of graphite, and he made similar, less satis- 
factory experiments with graphite from Ceylon and 
Ticonderoga. After masticating the best graphite 


with the organic solution continuously for a month, 
he obtained his deflocculated graphite, known as 
dag (the initials of deflocculated Acheson graphite). 
This graphite, the lecturer demonstrated, formed 
an emulsion when mixed with water ; the emulsion 
would not settle, looked like a dense pure black ink, 





though it contained only 0.3 per cent. of carbun, 
and passed black through the filter. When some 
hydrochloric acid (salts would have the same effect) 
was added to the emulsion, and the emulsion heated 
to hasten the process, a clear, colourless filtrate was 
obtained. Alumina and silica could be detlocculated 
in a similar way, but magnesia and calcium oxide 


could not be deflocculated. Among the best| 


agents for the kneading or mastication process 
were tannin, extracts of straw (straw boiled 
in water), tea infusion, and cow dung. When 
carbon dioxide was bubbled through an emulsion 
or solution of graphite, the carbon particles 
settled in a few hours. This fact, Dr. Acheson 
thought, might be important in the household of 
Nature. The sap rose in trees before the leaves 
developed, through which the tree would absorb 
carbon dioxide from the air ; the extract from decay- 
ing leaves, still present in spring, might favour the 
rising of the sap. The graphite appeared to fix the 
organic compounds with which it was being treated 
and to cause the water to wet the particles ; when 
the graphite had flocculated and settled, it dried toa 
hard mass, reminding one of sun-dried clots of clay. 
That the subdivision of the carbon particles in the 
unctuous graphite was carried to its extreme limits, 
Dr. Acheson demonstrated in the following experi- 
ment :—He let one drop of the emulsion or solu- 
tion, containing 0.3 per cent. of carbon, fall into 
a test-tube filled with pure water. No change 
could be seen in the water, even after two and 
three drops had been added. After the addition of 
more drops, a slight darkening could be noticed in 
the colour of the water. It would be interesting 
to make electro-osmotic experiments with these 
solutions of what may be regarded as colloidal 
carbon. 

Passing to the uses of the deflocculated graphite, 
Dr. Acheson mentioned lead-pencils, which ordi- 
narily contained up to 60 per cent. of clay, and 
which could be very much improved by using the 
softest graphite. That applied also to electro- 
typing processes, which, by the use of the finest 
imaginable grains of graphite, would bring out the 
finest lines. This had not been practically tried 
yet, however; another use was for filtering bacteria. 
Of direct and high importance was the use of the 
unctuous graphite as a lubricant. The reduction of 
friction was perhaps the most important problem the 
engineer had to face. But the natural oil stores 
were being exhausted, and the formation of a film of 
most minutely subdivided carbon on the surfaces in 
contact would best reduce friction. When half a per 
cent. of detlocculated graphite or dag was mixed with 
oil, the lubrication was much improved ; 1 cub. in. 
of graphite was equivalent to 5 gallons of oil. The 
New York Rapid ‘Transit Company had reduced the 
oil consumption in its power-houses to one-third by 
using dag. The dag was applied in two preparations, 
aqua-dag, graphite prepared with and mixed with 
water ; and oil-dag, water-dag subsequently em- 
bodied in oil. Both the preparations formed bright 
black, smeary masses very much like Indian ink. 
Aqua-dag, for some not understood reason, pre- 
vented the rusting of iron, and it had been employed 
with remarkable success for lubricating the tools in 
cutting pieces of shafting, the work turned out 
being thereby increased several times. 

As regards the preparation of his dags, Dr. 
Acheson merely stated that aqua-dag was made in 
barrels ; the emulsion was decanted after standing 
for three weeks, and then sent through filter- 
presses ; the filters had been made of canvas im- 
pregnated with rubber or gasoline ; but recently 
a special cloth had been introduced. The aqua-dag 
would not mix with oil, and any oil-dag prepared 
would not mix with water. The original product 
was always aqua-dag, however. To convert this 
into oil-dag, oil was poured over the filtered dag, 
and the liquid, oil with some of the water, poured 
off again. The dag was then treated in a vacuum 
to remove the water, and the oil finally added. 
Different kinds of oils were used for different 
purposes. The oil-dag had the advantage over 
aqua-dag that the oil did not evaporate. Yet 
at present the two lubricants were used in about 
equal quantities, and the consumption had enor- 
mously increased during last year. 

The discussion of Dr. Acheson’s discourse was 
essentially of a complimentary character, but it 
brought out several of the points we have already 
alluded to. The introduction of Acheson graphite 
has certainly helped electric- furnace work and 
technical electrolysis on to a wonderful degree. 
The great advantage of Acheson graphite is that it 


' electrodes and electric furnaces. 





can be machined, cut on the lathe, drilled, pro- 
vided with a screw-thread, &c., and this with the 
greatest ease. What that means will be under- 
stood by any one who has to deal with furnace 
The lubrication of 
rifle and gun barrels with graphite, to which Mr. A. 
Hiorth, of Christiania, referred during the discussion, 
does not concern the deflocculated graphite. Mr. A. 
Hiorth mentioned that he placed the graphite in 
the cartridge, and that they had, in Norway, 
thereby decidedly improved the rapidity and accu- 
racy of shooting, and the range; the graphite 
lining in front of the powder-chamber prevented 
the escape of gases past the bullet or ball. Dr. 
Acheson spoke of similar trials and practice 
adopted by the United States Army; in these 
trials 4 grains of his finest graphite (not dag) had 
been placed in a cartridge—probably ordinary rifle 
cartridges. Dr. Harker, of the National Physical 
Laboratory, mentioned an interesting feature 
relating to the electric conductivity of carborundum. 
It was not a conductor of the second class, as the 
German scientists say, which only conduct when 
hot. For when ‘a crystal of carborundum, about 
an inch long, was placed between the rod electrodes 
of an arc, the crystal allowed the current to pass ; 
the carborundum would afterwards be dissociated 
in a few minutes. 





MANCHESTER AND SALFORD SMOKE. 
ABATEMENT EXHIBITION. 

THe efforts of the Coal -Smoke- Abatement 
Society to bring before the public some idea of the 
extent of our present knowledge of appliances by 
means of which the smoke nuisance in our large 
towns may be minimised, if not entirely abolished, 
are worthy of much praise and deserve success, for 
the matter is one of so much importance that we 
ought all to be grateful for any measure of advance 
that may be made. The society is not old, having 
been formed in 1898. Its sphere of action has been 
mainly confined to the Metropolitan area, though 
work has also been carried on in the provinces, 
where exhibitions of smoke-preventing appliances 
have from time to time been held, the latest of which 
is now open in the City Hall, Liverpool-road, Man- 
chester. It is on lines similar to those adopted in 
other centres, and forms an interesting and instruc- 
tive Show. In spite, however, of all the advances 
that have been made, as illustrated at this Exhibi- 
tion, there remains a feeling that they only take 
us a little way towards a great end. Not that the 
many means of reducing smoke that are on view 
fail to fulfil their object, but they only touch 
the fringe of the subject, leaving the great and 
difficult question of how to deal with domestic 
fires almost untouched, for, after all, the domestic 
fires are worse, on the whole, than factory fur- 
naces, on account of their relatively vast number. 
True, there are at the Show many stands at which 
gas-fires, gas-furnaces, &c., as well as anthracite 
stoves and the like, may be seen; but, after 
all, how much does the use of these (which is very 
limited) really affect the amount of smoke that 
issues in a day from the chimneys of ordinary 
dwelling- houses? It may be said that their 
use will grow. Doubtless it may, but we fear 
that the growth will be very slow, for there 
is in this country such an inbred love of the 
open coal fire that most people would rather suffer 
the inconvenience of a certain amount of dirt and 
an occasional fog than give it up. The feeling 
is to be deprecated, but the fact remains. In 
addition to this prejudice in favour of the open 
coal fire, there is also the fact that, as a rule, 
it costs less in fuel than the gas fire, although 
the latter is in many cases so convenient that 
economy is not allowed to weigh ; and, where gas 
fires are used only occasionally and intermittently, 
they are, of course, not costly. It must not, how- 
ever, be thought that we wish to discourage the 
efforts that are being made for the prevention of 
smoke, for they are admirable ; we only desire to 
point out that too much reliance must not be placed 
on them, for so long as the open coal fire retains 
its place in the affections of the ple, so long 
will the efforts of the reformers fail of full fruition. 
But we must turn to the business in hand—the 
Exhibition, for which a better place than the 
greatest centre of Lancashire industry could hardly 
have been chosen. 

The City Hall is not by any means filled, the 
galleries being empty, and the body of the hal! 
only about three-quarters full ; what there is on 
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view, however, is well worth a visit. To the engi- 
neer the striking feature of the Exhibition will no 
doubt be the mechanical stokers, and the means of 
consuming smoke on hand-fired furnace-grates. 
Among the former class—mechanical stokers—two 
types are shown by Messrs. Ed. Bennis and Co., 
Limited, Little Hulton, Bolton, which are both 
fed by means of bucket elevators, distributing 
shoots, and band-conveyors. One of these is what is 
termed by the makers ‘‘a high temperature smoke- 
less and gritless coking stoker,” and is one of 
their latest type. Itis arranged to burn from 10 lb. 
to 60 lb. of fuel per square foot of grate per 
hour without smoke or grit. The other furnace 
is a link-chain-grate stoker which embodies 
all the makers’ recent improvements. The links 
are halved together and rounded at the ends, 
and six variations of speed can be given to the 
drive to suit varying classes of coal and differences 
in the load. Forced draught can also be used. 
This link-chain-grate stoker is shown as fitted to 
a water-tube boiler, while the coking-stoker is 
adapted to an internally-flued boiler. The firm 
have also on view an automatic CO, recorder and a 
calorimeter. Messrs. Meldrums, of Temperley, 
Manchester, also show a mechanical stoker, with 
which is combined their system of forced draught. 
It is claimed that these stokers are quite smoke- 
less in operation, even when cheap kinds of coal 
are consumed. They also show a_ sprinkler 
stoker, which has moving bars similar to all 
mechanical stokers of this class, and delivers the 
clinker to the ashpit. The fuel is thrown over the 
grate by means of a mechanically-worked shovel 
actuated from the front of the boiler, and the system 
is claimed to be superior to any in attaining the 
maximum rate of evaporation with a minimum weight 
of fuel. Almost any kind of fuel can be used with 
it. Tests with one of these stokers, made with 
Yorkshire slack coal, gave an evaporation of 10.61 Ib. 
of water per pound of coal (from and at 212 deg. 
Fahr.), but the percentage of water in the steam is 
not given. The heating surface of the boiler was 
846.5 sq. ft., and the total grate area 30 sq. ft. <A 
Lancashire boiler was used for the tests, the length 
of the boiler being 27 ft. and the diameter 7 ft. 6 in. 
No economiser was used. 

Another stoker of the ‘‘ sprinkler ” type is shown 
by Triumph Stoker, Limited, 85, Kirkstall-road, 
Leeds. The principal features of this are that 
the main shaft which works the sprinkler-shovels 
and the feeder is fixed behind the coal-hoppers 
and raised above the feeder-box, of which it 
is quite clear, and is not exposed to the heat of 
the fire. The bearings are adjustable, are fitted 
with lubricators, and can be easily got at. The 
pusher or feeder is actuated by a train of steel 
wheels, and not by the usual cam and lever, and 
the amount of feed can be varied over wide limits. 
The shovel is very strong, the two arms that 
carry it being of forged steel. The steel trigger 
that releases the shovel has wide case-hardened 
surfaces. A chilled cam having four arms of 
different lengths enables the distance to which 
the coal is thrown to be varied, and the coal is 
distributed evenly over the surface of the grate. 
Small steam-jets are used, but chiefly for the 
purpose of keeping the bars cool. The strength of 
the parts appears to be one of the chief features of 
this sprinkler installation. It is claimed that a 
smokeless fire is obtained with a maximum efficient 
CO, record, and also that the cost of upkeep and 
repair is very small. The bars are moved in the 
usual way. Messrs. James Hodgkinson (Salford), 
Limited, Ford-lane Works, Pendleton, Manchester, 
also show a coking-stoker, which is arranged for 
natural draught without the use of blowers, and is 
guaranteed by them to be smokeless under all con- 
ditions. 

Opinions, of course, differ as to whether the 
coking type of stoker or the sprinkler type is the 
better, some makers maintaining that the latter is 
really the more satisfactory of the two, taking all 
things into consideration, because it approaches 
more nearly than any other to the best form of 
fring—namely, hand-firing (when properly carried 
out). With this consideration in view, Messrs. 
James Proctor, Limited, Hammerton-street Iron 
Works, Burnley, have designed a mechanical 
stoker which is now on view at the Exhibition. 
The result aimed at is obtained by throwing the 
coal mechanically in small quantities equally dis- 
tributed over the grate, with closed doors, and 
the throw can be adjusted to cover any length 
of grate-bar. The principal working parts are 





enclosed, and are self-lubricating. The makers 
state they have already fitted as many as 13,000 
furnaces with this type of stoker. In addition 
there is a coking stoker shown at this stand. 
In this the coal is laid well within the furnace. 
The coal is carried forward by the ram and falls 
off on the fire during the return stroke of the 
ram. When the next stroke occurs the par- 
tially coked fuel is pushed forward, and a bright 
fire is left underneath to receive the next 
charge. In addition to these stokers an elevating 
and conveying plant is on view in which the coal 
falls in front of a ram, which pushes it forward 
into the ascending bucket, the usual trouble 
caused by jamming and wear in the old system 
of dragging the buckets through the coal being 
avoided. 

Leaving mechanical stokers, we come to smoke 
consumers and economisers adapted to hand-fired 
grates. One of these may be seen at the stand of 
the Victory Smoke-Consumer and Fuel-Economiser 
Company, Limited, Victory Works, Chamber-road, 
Oldham. Two ty of this are on view. The 
object of the appliance is to obtain perfect com- 
bustion of the gases by mixing them with air that 
has been heated to a high temperature before it 
is distributed at the bridge wall. No steam jets 
are required, and the apparatus is non-mechanical, 
in that no power is required to drive it. One of the 
types consists of a number of weldless steel tubes 
which are placed vertically in the flue at the back 
end of the boiler, the upper ends of the tubes being 
expanded into a box or header that is built into the 
brickwork, and is open to the atmosphere, while the 
lower ends of the tubes are, in a similar way, fixed in 
another header, from which two pipes are brought 
back through the internal flue of the boiler to 
the back of the bridge. At this point they enter 
a box with openings in its top communicating 
with the back of the bridge. The action of the 
apparatus is as follows :—The air, which is drawn 
through the tubes in the flue at the back end by 
the pull of the draught over the bridge, passes along 
the pipes in the internal fiue, and in doing so be- 
comes highly heated, up to about 1200 deg. Fahr. 
At this temperature, as it passes out at the back of 
the bridge, it ignites the unconsumed gases coming 
from the fire, causing intense combustion and pre- 
venting smoke. In the other type, which is smaller, 
a number of bent U-shaped steel tubes are placed 
horizontally behind the bridge in such a way that 
the two sides of the [J lie in the same vertical 
plane, the ends of the lower sides being built into 
the bridge and projecting through into the ash 
space below the fire-bars, while the ends of the 
upper arms enter an iron box at the back of the 
bridge, this box having openings at its upper side, 
similar to the box used in the first type described. 
The action of this simpler type is like that of the 
other. The air drawn by the draught through the 
tubes from below the fire-bars is highly heated, 
and meets the unconsumed gases passing from the 
tire, preventing smoke, and adding tothe econcmy 
of the furnace. The apparatus can be fixed to 
Lancashire, Cornish, or marine type of boilers in a 
very short time. 

Another smoke-consuming appliance that can be 
used with hand-fired furnaces is Tyler’s patent 
smoke-preventer and fuel-economiser, made and 
shown by the Epoch Syndicate, Limited, 34, Old 
Broad-street, London, E.C. It consists of a small 
cylinder containing a plunger working in oil— 
in other words, a dashpot—which is fixed on the 
front of the boiler, the piston being connected 
by a system of rods and levers to an air-grid 
in the fire-door, as well as to a gridded door 
below the bridge. The piston in the cylinder is 
drawn out by means of a spring, but its motion 
can be regulated by means of a by-pass cock on 
the cylinder, the cock controlling the passage of the 
oil from one side of the piston to the other, When 
the furnace door is closed after firing, the air-grids 
on the door are open, and allow free admission of air 
over the coal justthrown cn. The action of opening 
and closing the door has also opened the air-grid 
below the bridge, and air that has been slightly 
warmed by its ge below the fire-bars enters 
behind the bridge, and, after striking a deflecting 
wall built a short distance beyond the bridge, is 
turned upwards, and mingles with the gases from 
the fire, causing combustion of the smoke. As the 
piston in the cylinder is gradually drawn out by 
the spring, before mentioned, the grid on the fire- 
door and that under the bridge are slowly closed as 
the fresh coal burns bright, and less air is required, 











the time occupied till they are again closed being 
usually a few minutes. 

Messrs. Galloways, Limited, Manchester, exhibit 
one of their steam-superheaters, which are well 
known to steam-using engineers. It is fixed in the 
downtake at the end of the boiler. The chief points 
about this superheater are that all the parts are of 
wrought steel, and there is easy access to all the 
tubes. By removing one cap, five tube-ends at a 
time can be readily examined or expanded. The 
apparatus may also be lifted out of its position 
without disturbing any pi by simply disconnect- 
ing the steam-pipes at the ends. The firm also 
have a very fine specimen of a Galloway flue on 
view. Another steam-superheater may be seen at 
the stand of Messrs. James Gordon and Co., Ltd., 
81 to 83, Knightrider-street, London, E.C., which is 
also formed of U-shaped steel tubes, placed at the 
back end of the boiler. In these superheaters any 
group of tubes may be taken out and examined 
in about half-an-hour’s time. Each group of tubes 
is fixed to the boxes by flanges, and the tubes are 
not expanded into the boxes, so that they can be 
easily removed and a blank flange placed over the 
hole. One feature of this stand is, however, not con- 
nected directly with smoke consumption. This isa 
Pelton water-wheel, which is well worth examination 
on account of its excellent workmanship and design. 
It is fitted with ball-bearings, and is intended to 
develop 70 brake horse-power under a head of 400 ft. 
when running at 900 revolutions per minute. 
There is also a three-way valve of special design. 
This will act as a main boiler-stop or junction-valve, 
and can, by a slight movement of a hand-lever, 
divert the steam either through the superheater, or 
allow the steam to flow in the direction of the main 
steam range, or it will allow a portion to flow 
through the superheater and a portion to the main 
range, by which means any desired temperature 
can be obtained. We hope, however, to be able 
to describe and illustrate this valve more fully 
at a future date, so will not refer to it further 
now. 

Of gas-fires there are, of course, numerous 
examples, the best-known makers being well repre- 
sented, including Fletcher, Russel, and Co., Ltd., 
Palatine Works, Warrington ; the Davis Gas Com- 
pany, Limited, Diamond Foundry, Luton; the 
Parkinson Stove Company, Limited, Stour-street, 
Spring Hill, Birmingham ; the Richmond Gas-Stove 
and Meter Company, Limited, 132, Queen Victoria- 
street, London, E.C.; Messrs. Wilsons and Mathie- 
sons, Limited, Carlton Works, Armley, Leeds ; 
the John Wright and Eagle Range, Limited, Essex 
Works, Thimble Mill-lane, Birmingham ; Messrs. 
R. and A. Main, Limited, Gothic Works, Falkirk ; 
Mr. A. Bell-Lennox, Pear] Buildings, Northumber- 
land-street, Newcastle-on-Tyne ; and the Cannon 
Iron Foundries, Limited, Deepfields, near Bilston, 
Staffs. In addition to gas-stoves, Messrs. Fletcher 
and Co., of Warrington, have some excellent gas- 
furnaces and muffles on view, which we hope to 
illustrate at a future date. 

There are many good types of kitchen-ranges to 
be seen, among them being one by the eee. 
bridge Foundry Company, Limited, Ferrybridge. 
It has been named the ‘‘ Howmatash.”” There are 
several sizes, some of which are in operation. These 
cooking-ranges burn soft coke, and are said to be 
very economical in fuel. They are very well made, 
and are conveniently arranged. There are also 
many exhibits of anthracite-stoves by the Carron 
Company, Carron, Stirlingshire ; Messrs. J. 


Leigh and Sons, 22, King-street West, Man- 
chester; and Messrs. McDowall, Steven, and 
Co., Limited, Laurieston Iron Works, Falkirk, 


besides others. 

It is intended to hold a conference on the subject 
of smoke abatement in works and domestic fires 
on the 2ist and 22nd inst., probably in the 
Lord Mayor’s parlour in the Town Hall, Man- 
chester; and on the former of these dates Mr. 
A. Gordon C. Harvey, M.P., will deliver a presi- 
dential address. Mr. John W. Graham will ex- 
plain the Act of Parliament which is to be pro- 
moted by the League. Short lectures will also be 
delivered, and several papers read. All communi- 
cations in connection with the Exhibition are to be 
addressed to Mr. Walter Cawood, 196, Deansgate, 
Manchester. The Exhibition closes on the 25th inst. 








Tue Heattu Resorts AssociaTion.—This association 
has prepared an illustrated pamphlet describing Falmouth. 
A copy of this can be obtained free on application to the 
Town Clerk, Municipal Offices, Falmouthe 





676 


ENGINEERING. 


[Nov. 17, IQIT. 





INTERNATIONAL CONGRESS OF RAIL- 
WAY ENGINEERS IN ITALY. 
By Lawrorp H. Fry. 

In honour of the semi-centennial of the Kingdom 
of Italy, the Association of Italian Railway Engi- 
neers gave an international character to their 
annual meeting, held last month, by inviting the 
attendance of railway engineers from Hungary, 
France, England, Austria, and Belgium. Meetings 
were held in Rome and Turin, with excursions to 
points of interest in the neighbourhood of these 
cities. At Rome the inaugural meeting was —- 
by Signor Sacchi, the Italian Minister of Public 
Works, who pointed out the vast development 
which had taken place since a statesman opposed to 
Stephenson’s project the fear of the consequences of 
& cow straying on to the track. In Italy, by reason 
of her shape, her mountainous character, and her 
lack of coal and iron, railway building was diffi- 
cult. In spite of this, Italy had now 13,300 km. 
of railway lines, the passenger receipts had grown 
in the fifty years from 30 to 200 million lire, and 
the goods receipts from 24 to 300 millions. The 
train - mileage had increased from 10 to 111 
million km., or more than ten-fold, the number 
of passengers had increased from 15 to 110 millions, 
and the weight of goods from 5 to 40 million tons. 
From 500 locomotives the number had gone to 
5400, and the fuel consumption had risen from 
300 to 2000 million tons per year, costing over 
60 million lire (2,400,000/.). Commendatore 
Rinaldo Rinaldi, vice-director general of the 
Italian State Railways, and President of the 
Congress, who spoke next, a the im- 
portant part that the railways had played in the 
unification of Italy. The construction of the rail- 
ways had been begun before the opening of the 
War of Independence, the greatest pregress being 
made in Piedmont, and that largely due to the 
efforts of Cavour. In a French review, which 
appeared in 1846, Cavour traced a plan of develop- 
ment for the lines of the entire Peninsula, and this 
plan with slight modifications corresponded gene- 
rally to that adopted after the founding of the 
Kingdom. Commendatore Rinaldo Rinaldi re- 
counted the history of the building of the Italian 
railways, and described the difficulties which were 
found awaiting the State when the three main rail- 
ways were taken over by the State in 1905. 
Approximately 1250 million lire (50,000,000/.) were 
spent in renewals and improvements. 

Signor Lanino, President of the Association of 
Italian Railway Engineers, in an eloquent speech 
full of classical allusion, thanked the Minister of 
Public Works, the Mayor of Rome, and the foreign 
engineers for their presence at the meeting, which, 
he reminded them, was being held on the Capitoline 
Hill. Near the foot of that hill, he said, stood the 
gilded column of Augustus, the common focus in 
older days of all those long consular roads over 
which the legions carried the Roman civilisation 
to the world. Southwards, between its temples and 
its tombs, ran the sacred Appian Way, undeviating, 
in spite of obstacles, till it dropped by the easy 
southern slopes to populous oe and luxurious 
Pompeii. orthwards, on the other hand, went 
the Via Aurelia, past the rich colony of Etruria, 
up to Genoa, and thence by the Domitian Way to 
the colonies of Narbonne and Spain. 

The Cassian Way, piercing the dense Ciminian 
Forest, pushed by Bolsena and the Trasimeno to 
Arezzo, and-on to the rich valley of the Arno, 
where sprang later, from the Latin seed, the 
language of Dante, and the reborn Italian art. 

he Via Flaminia, crossing the Tiber by the 
first bridge to span the sacred river, climbed by 
works which still to-day command wonder and 
admiration, the Scheggia and the Furlo, to descend 
the wide Metauro valley to Fano and Rimini. 
Here the broad Emilian Way crossed the fatal 
Rubicon, and leading up to Italian Gaul, penetrated 
to the heart of the fertile plein of Lombardy ; while 
the Augustan Way led on te Turin, the first stage 
of the Roman legions in crossing the Alps. At 
the ends of all these great roads were others which 
traversed the rich continent of Asia or the burning 
plains of Africa, or which ran beside the great 
rivers of Europe, the Rhone, the Rhine, and the 
Danube, to the far countries of the Celts and 
of the Belgians, and to the extreme borders of 
Pannonia and Thracia. To-day these old roads 


still lived, but beside them others, and more 
numerous, had — up, armed with iron and 
steel, and binding in the 


ir meshes the entire world, 





to which their pulsating currents gave new life. 
These new iron roads carried their travellers, for 
the most part, not for war, but for peace and for 
the solidarity of civilisation ; and hence all those, 
whether high officials or humble workers, who 
devoted their best efforts to the development and 
operation of that greatest, and at the same time 
that most complicated and most delicate of the 
public services—the railways—laboured directly 
for the advancement and for the benefit of humanity. 

M. Cartaut, of the Paris, Lyons, and Medi- 
terranean Railway, spoke briefly on behalf of the 
visiting engineers. 

The technical session was opened by Signor 
Lanino with a paper on ‘‘ Private Railway Con- 
cessions,” in which he examined the existing Italian 
laws under which the construction and exploitation 
of railways are conceded to private individuals in 
Italy and other countries. He emphasised the 
need for an extension of the Italian railway system, 
and argued that the Government should encourage 
this by simplifying and rendering less onerous the 
laws governing the railway concessions. In general, 
he desired to see the concessionnaire given a freer 
hand, and to have the financial arrangements 
brought into better harmony with existing condi- 
tions of operation. The paper evoked considerable 
discussion, the conclusion of which was postponed. 

Signor Dore presented a paper on ‘‘ Ferro-Con- 
crete Sleepers,” in which he described various forms 
of sleepers, and gave information regarding the 
experiments being carried out on the Italian State 
Railways. The question was an important one for 
Italy, in view of the scarcity of wood, and the 
experiments were being pushed forward in the hope 
of developing a form of sleeper which would prove 
satisfactory and economical. The second session 
was almost entirely devoted to a discussion of the 
‘* Engineering Education for Railway Engineers.” 
The subject led, as it usually does, to an animated 
discussion, which was opened by M. Moutier, who 
referred to the proposal made by Commendatore 
Bianchi, the Director of the State Railways, to 
inaugurate a school for the training of railway engi- 
neers, and went on to define the theme for discus- 
sion, as whether it were better to leave each engineer 
to seek personally the means of perfecting himself 
in his profession, or whether detailed instruction 
should be provided, so that at the eonclusion of his 
training every student should be ready to take a re- 
sponsible position. Signor Ancona offered a resolu- 
tion to the effect that in the existing technical schools 
it was desirable that the teaching be of a general 
character, and that there should not be special 
courses for railway engineers, but that much was to 
be hoped from the institution as proposed by Com- 
mendatore Bianchi, which was to be founded and 
controlled by the railways. 

An animated discussion took place regarding the 
type of institution desirable. Signor Ancona thought 
that a formal school could be developed, which 
would be able to take young men with a general 
engineering training, and to render them rapidly 
capable of filling executive positions. Signor 
Lanoni objected that the most practical plan was 
to undergo an apprenticeship, and that it was un- 
desirable to attempt to replace this practical train- 
ing by a formal A hat was needed was a 
special educational institution developed by the 
railway itself, in close touch with the practical 
operation of the line, which could complete the 

ractical training of the apprenticeship. Signor 

alenziani emphasised the necessity of a practical 
apprenticeship, and Signor Pugno proposed that 
the resolution should state in more general terms 
that the engineers entering on probation should be 
given an opportunity of acquiring the practical 
knowledge necessary to enable them to fill an 
executive position. 

During the course of the meeting in Rome visits 
were paid to the new locomotive running sheds 
under construction at San Lorenzo, by the firm of 
Messrs. Chiocci, Baggi, and Co., and to the new 
Trastevere Station, constructed by Messrs. Vitali 
and Co. 

From Rome the members of the Congress went 
by special train to Genoa, being entertained to 
lunch during the journey by the International 
Sleeping-Car Company. At Genoa a visit was paid 
to the central power-station just completed by the 
Italian Westinghouse Company to operate the 
section of the State Railways between Porte 
Decimo and Busalla. This section, which has been 
operated electrically since March 1 of this year, is 
10.5 km. in length, with an average grade of 2.5 





per cent., and a maximum grade of 3.5 per cent., 
and curves of 400 metres radius. Three-phase 
current is employed, generated and transmitted at 
14,500 to 15,000 volts, and transformed at the sub- 
stations to 3300 volts. The locomotives have five 
coupled axles, and weigh in working order 60 metric 
tons ; each is capable of handling a train of 1%) 
metric tons up grade at 45km. an hour. In descend- 
ing the grade brakes are not used, the motors 
ae used for braking and energy returned to the 
ine. 

In the case of a train descending when current 
is not required for an ascending train, the energy 
is dissipated in a water rheostat formed by the 
overflow from the condenser, in which, while the 
length of water traversed by the current remains 
constant, the section is varied automatically in pro- 
portion to the amount of energy to be dissipated. 

From Genoa the members of the Congress went 
to Turin, where the Exhibition was visited, and 
whence an excursion was made to Bardonecchia to 
inspect the central station of the Frejus line. Here 
a most hospitable reception was offered by Messrs. 
Brown, Boveri, and Co. 

Throughout the duration of the Congress the 
foreign visitors found much to interest them in the 
developments which have been made in the equip- 
ment of the Italian railways since these were taken 
over by the State, but doubtless their most lasting 
memory will be of the hospitality extended by their 
Italian colleagues. The arrangements for the Con- 
gress were in the hands of a committee, of which 
Commendatore Rinaldi was the President, and 
Cavaliere Canonico the indefatigable and courteous 
secretary. 





NOTES. 
REcovERY OF DamaGEs FROM WoRKMEN. 

In these days, when legislation and litigation 
both appear to favour the worker as against the 
employer, it is seldom that the lawyer is able to 
unearth a statute which will assist the employer to 
recover some of the expenses of a strike. A case 
recently decided in the House of Lords, however, 
reminds one of a very safe and certain method of 
recovering damages for breach of contract of em- 
ployment. A colliery company summoned a collier 
under the Employers and Workmen Act, 1875, 
claiming damages for breach of contract by the 
appellant, and further claiming that wages due to 
the man from the company might be ascertained, 
and that the respective claims for damages and wages 
be adjusted and set off by the court. The collier 
was one of many who had broken their agree- 
ments by staying away from work for a day. 
Wages were due, hut had not been claimed by the 
collier at the time when the case was brought before 
the magistrate ; and the question in this case was 
whether the magistrate had power to make the set- 
off, although wages were not claimed by the man. 
The magistrate held (and his decision was even- 
tually affirmed by the House of Lords) that the 
claims with which he was entitled to deal were not 
limited to claims put forward to the exclusion of 
claims not put forward, and that he was entitled to 
make the set-off. In the result the whole dispute 
was settled by the employer paying the wages due 
less the amount of damages. Such a deduction, if 
made without proper sanction, might amount to a 
breach of the Irruck Acts. One passage from the 
judgment of Lord Atkinson is of interest as 
contrasting the different relations between em- 
eve and employed in 1875 and the present time. 

e pointed out that in those days claims by work- 
men against employer were almost as few as claims 
by employer against workmen. There was then 
no Employers’ Liability Act, and the doctrine of 
‘‘common employment” and volente non fit injuria 
were available for the protection of the employer 
against actions for negligence. Now, however, 
the time of the County Courts is largely taken up 
in settling disputes between employers and em- 
ployed. 


Bourton, Watt, aNp Murpock RELIcs 
PRESENTED TO BIRMINGHAM. 


Many engineers have had the privilege and plea- 
sure of inspecting the unique collection of relics 
of Boulton, Watt, and Murdock, collected with so 
much discrimination and enthusiasm by Mr. George 
Tangye, of Heathfield Hall, and they will conse- 
quently recognise the munificence of his gift of this 
collection to the Birmingham Corporation. By this 
means, too, the relics are placed practically at the 
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disposal of the nation. The presentation took place 
at Wednesday’s meeting of the Birmingham City 
Council, when the Lord Mayor read a letter from 
Mr. Tangye, in which he stated that the collection 
consisted of a large number of important mounted 
and unmounted drawings and business letters dating 
from 1775 from the engineers named, as well as 
from men of light and leading in the latter part of 
the eighteenth century. The models are numerous, 
and include Watt’s engine-indicator, roller copying- 
press of 1780, the copying-press and desk of the 
younger James Watt, Murdock’s rotary engine and 
pump, section of a Newcomen engine, with several 
cases of drawing - instruments, besides numerous 
letter-books containing copies of Boulton and Watt’s 
correspondence, one of Watt's letters to the Abbé 
de Calonne dated 1787, and ‘‘ as applicable to events 
transpiring to-day as when written 124 years ago.” 
The correspondence is most interesting and sugges- 
tive; it throws considerable light upon Watt’s 
and Boulton’s methods, and reflects on the prob- 
able solution of problems which are still exercising 
the minds of engineers. Mr. Tangye’s industry 
is also reflected in the excellent catalogue of the 
drawings and engines which accompanies these 
relics. His generosity to Birmingham is further 
shown in his gift being accompanied with a contri- 
bution of 250/. towards the cost of housing the 
collection in a suitable room in the —~_ library. 
The Lord Mayor, in proposing the resolution 
thanking Mr. Tangye for his generous offer, 
stated that about 16 years ago the then Free 
Libraries’ Committee inspected the relics and other 
objects, and endeavoured to purchase them, but 
Mr. Tangye outbid the Committee. It must be 
gratifying to the citizens of Birmingham, where 
Boulton and Watt's works were located, to have 
this unique collection presented to them by an 
engineer, who has also done much for the renown 
of the Midland city, in supplement to many other 
gifts from the same family. 


DEVELOPMENTS IN MARINE PROPULSION. 

In reviewing the progress of marine engineering 
in the course of his presidential address at the 
Cleveland Institute of Engineers on Monday even- 
ing, Mr. H. Stonewall Jackson had naturally 
something to say regarding the internal-combustion 
engine, particularly as his firm, Messrs. Richard- 
sons, Westgarth, and Co., Limited, are manu- 
facturing engines of the Diesel type of 1000 horse- 


power for a 3200-ton vessel. He stated that although | } 


the weight of fuel used will be 60 per cent. less, the 
cost will be about the same; but the saving in 
weight of fuel carried on a 30-day voyage will be 
about 270 tons, and to this extent the vessel, on 
the same draught and displacement, will have 
increased cargo capacity. In addition, there will be 
the saving in weight of the machinery, bunkers, 
&c., equal to about 70 tons, and a reduction in the 
engine-room staff equivalent to about 1501. per 
annum. These estimates naturally justify a wider 
consideration, if not a more liberal attitude, on 
the part of builders and owners as to the poten- 
tialities of the system. At the present time 
there are two sea-going vessels in service with 
crude-oil engines, One is the Vulcanus, with 
a cargo capacity of 1000 tons on a 10-ft. 2-in. 
draught, built at Amsterdam, and fitted with a 
six-cylinder, four-cycle, single-acting engine of 
500 brake horse-power when running at 180 
revolutions per minute. On a voyage from 
Rotterdam to Stockholm, a distance of 735 nautical 
miles, the time occupied, when fully laden with 
1000 tons of cargo, was 100 hours, the maximum 
speed being 8} knots, and the consumption 1 ton 
of crude oil per 100 miles. The estimated saving 
over coal and steam-engines is given as 50 per cent., 
without taking into consideration the reduction in 
personnel charges and the increase in cargo capa- 
city. The other vessel is the Toiler, built by 
Messrs. Swan, Hunter, and Wigham Richardson, 
Limited, of 2650 tons cargo capacity on a 14-ft. 
draught. She has two Diesel engines, each of 180 
brake horse-power, built by a Swedish firm. The 
results given by Mr. Jackson in this case apply to 
the first voyage from the Tyne to Calais, when the 
speed was 6} knots, and the consumption 1} tons of 
Texas oil per 24 hours, equal to a consumption of 
about 6d. per mile run with a full cargo of 2700 tons. 
There are also a large number of small vessels in 
use, all establishing the practicability of the 
system, while twelve sea-going vessels are now 
being built to be propelled with oil-engines. Some 
data were also given relating to the application of 


coal- engines—notably in the Holzapfel I., a 
vessel 120 ft. long, carrying 300 tons on a draught 
of 10 ft. This vessel, which has two producers, 
each of 100 horse-power capacity, and an engine 
with Foéttinger reversing-gear, attained a s of 
7} knots. e actual consumption of fuel in the 
first seven voyages varied from 25 cwt. to 33 cwt. of 
coal per twenty-four hours when the vessel was 
carrying cargo varying from 242 to 340 tons. The 
initial cost of the engines and plant is slightly in 
excess of that for steam-engines and boilers, 
but the saving in fuel—given as from 40 per 
cent. to 60 per cent. — compensates for the 
additional prime cost. The vessel uses anthracite 
coal in her producer, but many engineers ar 
working at the problem of designing a producer 
which will use ordinary bituminous coal without 
the necessity of a gas-scrubbing plant. It is under- 
stood that Mr. Holzapfel proposes to construct a 
new vessel of large size, utilising the experience 
already gained in practice. Mr. Jackson had much 
to say also in favour of the use of liquid fuel in 
marine boilers, and gave the increase in calorific 
value as 75 per cent. in weight over coal. Gene- 
rally, the address contained much information 
regarding recent developments, notably in connec- 
tion with the condenser problem. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, November 8. 

THE cut in ore freight rates made by the Steel Cor- 
poration has come into effect, reducing the rates 20 cents 
per ton. The uncertainty as to the ultimate cost of 
ore and freight have cut off all negotiations and have 
caused a withdrawal of negotiations started some time 
ago. This means that the 1912 ore contracts may 
not be placed for some time, as lake navigation soon 
closes and ore deliveries will not commence until next 
April. The effect of these developments has been to 
lower the quotations on Bessemer and basic to the 
extent of about 0.50dol. a ton. This outcome is some- 
thing of a surprise to the trade. Quotations in conse- 
quence have been reduced on material used by rail- 
roads, such as steel cars, axles, bolsters, trucks, and 
car-wheels. This action has been due in part to the 
competition of the independent concerns. Oil-well 
placings and oil supplies have also declined. Further 
activity, has developed in structural material. The 
Carnegie Steel Company has a contract for 8000 tons 
for elevated-track work in Cleveland. The American 
Bridge Company has taken contracts for 6000 tons for 
two western enterprises not mentioned. Information 
just received modifies a recent announcement concern- 
ing the Hell Gate Bridge at New York, in that the 
American Bridge Company has secured the contract 
for the 70,000 tons of material for that construction, on 
which work will begin in the Pittsburg mills before 
the close of this month. Eastern structural mills are 
confidently awaiting the letting of contracts for 
eastern enterprises, aggregating some 60,000 tons, ex- 
clusive of the pending contracts connected with the 
New York subways and adjoining railroad work. In 
one respect the situation has materially improved. 
The heavier demand is not so much due to the lower 
prices as to the fact that the enterprises calling for 
these immense requirements have reached a point 
where the material had to be purchased. 





Contracts.—Messrs. Fawcett, Preston, and Oo., 
Limited, Liverpool, have now in hand additional machi- 
nery for the Beira Rubber and Sugar Estates, Limited, 
which includes Babcock and Wilcox boilers, a 34-in. by 
72-in. cane-mill fitted with hydraulic attachments, driven 
through compound steel gearing by a horizontal steam- 
engine; also juice-heaters, clarifiers, crystallisers, ten 
centrifugal machines, filter-presses, and accessories. 





Tue Royat ARSENAL, WootwicH.—A new depart- 
ment, entitled the Mechanical Engineering Department, 
has been recently inaugurated by the Chief Superin- 
tendent of Ordnance Factories, Sir H. F. Donaldson, 
K.O.B. This department, in addition to discharging 
the functions hitherto allotted to the staff of the 
Chief Mechanical Engineer, has also under its care all 
work connected with electric power and illumination, 
hydraulic power, water and gas supply, locomotives 
and rolling-stock. Mr. Douglas T. Heap, who has been 
connected with Woolwich Arsenal since 1902, and who 
for the past six years has been the head of the Chief 
Mechanical Engineer’s Department, under Sir Frederick 
H. Donaldson, K.C.B., has been appointed the superin- 
tendent of the new department. Me Heap received his 
early training at the Swindon Works of the Great 
Western Railway Company, and was subsequently engaged 
with Messrs. Crompton and Co., Limited. Later he 
was resident engineer on the Croydon electric-lighting 
scheme, and the Waterloo and City (Electric) Railway 
under Sir Alex. Kennedy, and superintendent in charge 
of Cea poonpetadion, rolling-stock, oo. of the railway just 
named, under Sir Charles Owens. On resigning this 
appointment he joined the firm of Messrs. Dick, Kerr, 
and Co., Limited, as power engineer, and was chiefly 








engaged on railway, tramway, and power-house work. 








THE LATE MR. HOLT 8. HALLETT. 


WE ~— to record the death, in his seventy-first 
year, of Mr. Holt Samuel Hallett, on Saturday last, 
after a long illness. Though Mr. Hallett’s engineer- 
ing career, strictly speaking, was practically concluded 
—' years = on his retirement on sion from 
the Indian Public Works Department, he continued 
until quite lately to concern hin.self with developments 
in India, &c. 

Educated at Charterhouse, Mr. Hallett was trained 
under Mr. W. Baker, M. Inst. C.E., engineer-in-chief 
of the London and North-Western Railway, bein 
articled for three years. Subsequently he was engag 
on new railways in Lancashire and Cheshire, acting as 
resident engineer on the Sandbach-Middlewick branch 
and the Hartford branch. In 1868 he accepted an 
appointment as assistant engineer, first grade, in the 
Government of India Public Works Department, and 
before retiring in oe through several grades of 
executive engineer. ring that time he was con- 
nected principally with the development of railways 
in Burma, being connected with the construction of 
the line from Rangoon to Prome, 161 miles in length— 
in 1877. He was a keen advocate of connecting the 
Indian and Burma railway systems, and took an 
active part in pointing out the need of railway con- 
nections with China and Siam, in order to enable 
British commercial interests to expand. In the 
interests of this cause he undertook a large amount of 
travelling and exploration, adding thereby consider- 
ably to the available pow Ber ve | knowledge of the 
countries he traversed, and carrying out exploratory 
surveys for railways. He was consulted by the King 
of Siam as to railway projects in that country. 

In subsequent years Mr. Hallett occupied himself in 
the improvement of factory conditions in India, and a 
large share of the credit for reforms in this direction 
was due to him. He was very active in any cause 
in which he took a part, and through his writings and 
speeches had a considerable amount of influence. He 
was a Fellow of the Royal Geographical Society, before 
which body, in 1883, he gave an account of his explo- 
rations in Upper Burma and Siam. In 1885, at the 
request of the Foreign Office and the War Office, he 
made a report on affairs in Indo-China. He’ was 
admitted to the Institution of Civil Engineers as a 
member in 1880. 








THE LATE MR. WILLIAM SMITH. 

Tuer death occurred in Liverpool, on Sunday last, 
of Mr. William Smith, who was formerly connected 
with the London and North-Western Railway. Mr. 
Smith, who retired from active work twelve years ago, 
had reached the age of eighty-six. Born at Preston, 
he was articled in 1840 to Mr. J. J. Myres, of that 
town, and was engaged during that time in section 
work on the routes of the Liverpool, Ormskirk and 
Preston, and the Bolton, Wigan, and Liverpool Rail- 
ways. In 1845 he was engaged under Mr. C. E. 
Cawley, M.P., M. Inst. C.E., on surveys and the 
aa meme of Parliamentary plans, &c. Subsequently 

e was in business for four years on his own account. 
In 1850 he became connected with the Soho Foundry, 
Preston, his duties occupying him in the works and 
drawing-office. From 1851 to 1857 he was engaged in 
surveying work and in the preparation of Parliamen- 
tary plans, and in assisting in carrying out alterations 
at Buxton, under the supervision of Sir Joseph Paxton. 
In the latter year he was placed in charge of the 
Cromford and High Peak Railway as engineer and 
secretary, and retained that ition when the line 
was leased, in 1861, to the London and North-Western 
Railway. In 1867 he was appointed to the engineer- 
ing department, Crewe division, of the London and 
North-Western Railway, and in 1873 was given the 
Holyhead division. He was elected a member of the 
Institution of Civil Engineers in 1874. 








eTHE Mancoester Suir Canat.—Mr. H. A. Reed, 
M. Inst. C.E., has been appointed chief engineer of the 
Manchester Ship Canal Company as from January | next, 
in succession to the late Mr. Hubert Congreve. Mr. Reed 
was one of the contractors’ engineers engaged on the con- 
struction of the Manchester Ship Canal. Subsequently 
he had charge of several other important works. He was 
the contractors’ chief engineer on the harbour and dock- 
yard extension at Gibraltar for the Admiralty, a work 
which took ten years to construct. 


Tue INTERNATIONAL ENGINEERING AND MACHINERY 
EXHIBITION OF 1912.—The International Engineering and 
Machinery Exhibition, to be held next Satcken, has been 
recognised by the Board of Trade as an Industrial Exhi- 
bition under the provisions of the Patents and Designs 
Act for the protection of exhibitors showing inventions 
or designs which have not yet been patented. The 
members of the committee are taking steps not only to 
protect their exhibitors, but also to ensure a certain 
attendance of buyers in this country and abroad. With 
this end in view they are sending out many thousands 
of invitations to our colonies, and also to foreign 
countries, 
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OLYMPIA MOTOR EXHIBITION. : 
(Concluded from page 629.) 


Amona the accessories there were nut many novel- 
ties which were interesting from an engineering 
point of view. There were, of course, in the gallery 
innumerable accessories which contribute very 
largely to the comfort of those who travel in cars, 
but the principal items in this section which are 
really part of the motor-car are the carburettors 
and ignition apparatus. 

In the case of ignition we appear, for a time at 
all events, to have reached a stage when there is 
not likely to be very much advance except in the 
matter of pure detail. The high-tension magneto 
is nearly universal, and performs its work so satis- 
factorily that there is little apparent need of altera- 
tion. In fact, it appears likely that in the near 
future the manufacture of high-tension magnetos 
will be standardised, and bein the hands of a very 
small number of manufacturers. 

The general use of high-tension magneto-ignition 
for marine work and also for motor-cycles has 
drawn attention to the question of the insulation 
of these machines in the wet, and for some time 
makers have produced more or less special ma- 
chines which are water-tight. For car work this 
has not been considered necessary, as the engine is 
under a bonnet, but the Bosch Magneto Com- 

ny, Limited, 40-42, Newman-street, London, W., 
Loperen, showed examples of water-tight machines 
for car work, and we understand that they intend 
to make them their standard for all purposes. All 
the various parts are thoroughly cased in. In fact, 
one of these machines was shown on the stand 
working satisfactorily with water pouring over it. 
Although the ordinary magneto works extremely 
well, there can be little doubt that it will be a 
distinct improvement to make it more water-tight, 
for although the bonnet of a car keeps off rain, &c., 
it is by no means absolutely impervious to wet, 
besides which it is always possible for a car to have 
to stand for a time in a damp place. 

In the matter of carburation improvement was 
apparently mostly in detail. The majority of 
carburettors are still of two types : firstly, those in 
which the air opening is controlled by the throttle, 
and secondly, those in which the throttle is inde- 
pendent of the extra air opening, and the latter is 
automatic. 

The former type is very largely used, and un- 
doubtedly works very well on the whole. In its 
most primitive form it consists simply of a small 
jet and air nozzle through which all the air passes 
when the throttle is nearly shut, and a supplemen- 
tary air port which is opened as the throttle 
opens. This pattern is, however, passing out of 
use, and it is now more usual to open both the 
petrol jet and the air simultaneously. In many 
cases there is a separate jet and nozzle for running 
dead slow, the carburettor, in fact, consisting of two 
different sizes with one float chamber. Sometimes 
this principle is carried further, and there are 
several nozzles of different sizes which are opened 
successively. All these arrangements work well 
with good driving, but have the disadvantage that 
in order to make the engine pull well at slow 
speeds it is necessary partly to shut the throttle. 
The second-class is therefore theoretically the more 

rfect. In this, as the other, the simplest form 
is that in which there is simply an extra air-port 
opened by a spring-loaded valve. This is, however, 
giving way to the type in which the petrol and 
air are varied together by some automatic valve. 
Among this class comes the Stewart Precision Car- 
burettor, shown by the Motor Supply Company, 
Limited, 110-111, Piccadilly, London, W., which we 
illustrate in Fig. 13. 

In this carburettor the float-chamber K_ lies 
entirely below the rest of the carburettor, and can 
be easily detached for cleaning purposes. 
passes into it by the needle-valve H controlled by 
the cork float L. From the ce it passes past the 
tapered needle-valve P up the tube R and out of 
the nozzle 8. Air enters at the passage J and 
travels partly up the ge T and past the jet S, 
partly _ the air-valve E. 
is as follows :—When the engine is at rest the air- 
valve E rests on its seat, and the only passage is 
that past the petrol-jet S. In this position the 


lowest point. 


valve E rises, carrying with it the tube surrounding | 


the tapered pin P, and therefore ss the petrol 


passage. The height of the pin 


Petrol | 





The regulating action | 


adjusted while the engine is running, and, if 
desired, it can be changed for a pin of different 
taper. 

Among the accessories not forming essential parts 
of the car, perhaps the most interesting are the 
dynamos for electric light. There is no doubt that 
this form of light has very great advantages over 
acetylene, if it can be worked out in a practical form 
ata reasonable price. The usual plan is to have 
accumulators, and a dynamo to keep the accumu- 
lators ready charged. 

As a petrol motor is run at very various speeds, 
and is often stopped altogether, there are two 
cog in connection with this. The first is to 

ve some means of disconnecting the dynamo, to 

revent the accumulator from discharging through 
it; and the second, to have some means of regulating 
the voltage of the dynamo when working. For the 
former purpose there are three main alternatives : 
first, a mechanical cut-out, which disconnects the 
dynamo below a certain speed; second, an elec- 
tric cut-out, which disconnects it below a certain 
voltage ; the third is possibly the simplest, and 
consists of driving the dynamo with a free-wheel 
clutch so that it can overrun the engine. In this 
case, if the engine is stopped, the dynamo continues 
to run as a motor, but the current consumed by 
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it is very small. Of course, if it were left on for 
long, it would eventually discharge the accumulators, 
but this is not likely to be the case, as the noise it 
makes when running is enough to call attention to 
the fact that it has not been switched off. 

For the regulation of the voltage there are many 
alternatives. The simplest is to have a machine 
with permanent magnets in place of electromagnets, 
in which case the armature can be so arranged that 
the self-inductions in it prevents any excessive cur- 
rent being supplied at any speed. Possibly the 
next simplest is to have a centrifugal governor con- 
trolling the speed of the dynamo by a friction 
clutch. This system has been used for a long time 
in the States for the regulation of dynamos for the 
ignition of gac-engines, and can be made to work 
perfectly satisfactorily even under continuous daily 
running. Alternatively to this there are many 
arrangements for the short-circuiting of either 
armature or field-magnet coils, or for reducing the 
intensity of the field-magnets as the speed rises by 
forms of compound winding. 

While there is no doubt that the various machines 
in the market will do their work very well, there 
seems room for a simple outfit which could be sold 
at a moderate price. At present the electric light 
outfit for a car usually costs anything from about 


| 251. to 701. No doubt there are a fair number of | 
people who are willing to pay such prices, and if| 
tube surrounding the tapered needle P is at its| an elaborate outfit of ammeters, voltmeters, &c., 
As the throttle is opened the air-| is desired, the price is bound to be high. There 


should, however, be a good market for a much 
cheaper outfit capable of giving enough light for 





can easily be driving at moderate speeds, and in this case measur- | 


ing instruments might be dispensed with. As self- 
governing dynamos of small size are sold in America 
for 41. and under, and are in many cases well 
enough built to stand some years’ work running 
the usual shop hours, it seems that it should be 
possible to make something of the kind over here, 
which could be sold, with a suitable cut-out, accu- 
mulators, and a head-light, for some 101. to 15l. 

The question of carrying the very heavy cars, with 
large covered bodies, on pneumatic tyres is a serious 
one, and is now receiving special attention. There 
is a limit to the diameter of tyre which will answer 
satisfactorily with a given diameter of wheel, as the 
size of the tyre gets out of proportion to the dia- 
meter of the wheel. No doubt the proper way of 
carrying really heavy weights would be to increase 
the diameter of the wheels; 36 in. is the largest 
diameter in common use, and this is very small to 
carry weights of about 2 tons. There are, how- 
ever, some difficulties in the way, one of which is 
that it is convenient for the purposes of tyre 
replacement to have the front and back wheels the 
same diameter, and large front wheels entail difficul- 
ties in connection with the steering. In order 
to overcome these, twin tyres are being adopted 
in some cases. This has the advantage that 
the back wheels can be made with twin tyres, 
while the front are single, thus they are all inter- 
changeable, and yet the back tyres are suitable for 
carrying the extra weight. The two tyres can be 
mounted on detachable rims of special design carried 
on a broad felloe. In this case the same spare rim 
will serve for both the front or back wheels. 

An alternative plan was shown at the stand of 
Messrs. J. Sankey and Sons, Hadley, Salop, and 
consists in mounting two of their detachable wheels 
side by side on a long hub, with a distance-piece 
between them. The wheels themselves are of the 
ordinary Sankey pattern—i.e., of hollow stamped 
steel, and as their hubs are narrower than the rim, 
they can be placed as closely together as desired, 
which would not be the case with wire wheels. 
The wheels being the ordinary pattern, the back 
and front wheels are, of course, interchangeable. 

While this twin-tyre system appears to have 
great advantages, there is one point which occurs 
to us as a source of possible trouble. In the case 
of a puncture to one tyre, it seems possible that 
the other would carry the weight for some time well 
enough for the puncture not to be noticed, at all 
events by a careless driver. In this case the one 
tyre would be carrying the weight intended to be 
borne by two, and if the car was run for some time 
before this was remedied, it seems that serious 
damage might be done. Whether this will be a 
disadvantage in practice remains to be seen. 

In considering the progress of the year, as shown 
by the exhibits, it is, of course, to be expected that 
as each year goes by the change will be less, as 
there is less room for improvement. This is fairly 
evident from a consideration of the present Show. 
The changes in most makes were mainly in matters 
of detail, and in some there has been hardly any 
change at all for the last two or three years. On 
the whole, however, there is distinct improvement, 
especially among the smaller and cheaper cars. 
There are few examples of really bad design, and 
the majority are | thought out, though there is 
still plenty of room for further improvement. 

In the general design of the chassis the main 
feature is the tendency to combine the gear-box 
either with the engine or back axle. This is largely, 
no doubt, a matter of price, for there is no doubt 
that it is cheaper tw build the gear-box asa unit with 
either of these than to build it separate. In 
the latter case it has to be erected carefully in 
line with the engine, and even then must have 
flexible connections between it and the engine to 
make it run nicely, for the frame is always liable 
to slight distortion. Not only will the separate gear- 
box cost more to make, but it will also be liable to 
get out of line afterwards, and so the unit system 
should give the greater satisfaction if well designed. 
In summing up the relative advantages of the 
two systems, however, there are various points to 
consider. In the matter of cost there can be little 
doubt that a well-designed arrangement in which 
the gear-box forms a unit with the engine will be 
cheaper than one where it forms one with the back 
axle. The latter entails the change-speed connec- 
tions being taken half the length of the car, and 
some arrangement being made to allow of the 
motion of the axle on the springs without this affect- 
ing the gears. 

With regard to the actual merits of the two 
































Nov. 17, 1911.] ENGINEERING. 679 
positions of the gear-box there are considerable PARTICULARS OF CERTAIN AMERICAN AND British Cars. 
differences of opinion. For the gear-box on the odie eens ee Prcccnine eee ae . . hs 
back axle it is claimed that the noise of the gears is — 
heard less, and that the propeller shaft can be Weight | Cylinder | wheel. Number 5, 
made lighter, as the maximum ent on it is less. — | Maker. Complete. Capenity  ‘Bage, | Track. | of |complete. 
The gear-box on the axle considerably increases the | Diameter. 1 Stroke, | an o peed, 
unsprung weight on the back axle, however, as not | WOES es scte a rit! ae! 
only is the weight of the gears, &c., added to it, but h.-p. mm. in. mm. in. | cub. in. cwt. cub. in. ft. in. ft. in. £ 
it also entails both brakes being on the axle, and AMERICAN, UNDER 2002. 
the wheels, &e , have the extra shocks of this Ford .. | 20 9 33 | 102 4 176 13} —— ff 2 « 4 8 9 175 
unsprung weight to take. Most authorities appear | Flanders 15—20 | 92 5 9 33 | 154 16 96 | 8 6 4 8} 3 195 
to agree that the smaller the proportion of the Hupmobile . . 12—14 | 8 3 8s 3) 117 13* 9.0 8 2 4 6 2 180* 

° © 
weight unsprung the better, on account of the wear AMERICAN, 2002. To 3002. 
of the tyres. On the whole, therefore, it appears Retieed | 15-18 | 96 3 x. st 14 1a} 10.0 he. ‘ . ee 78 

. 1 s. BE rit .. | — | § 7 7 as 84 | “ 

that the gear-box in the usual place is likely to be | (veranda 15—20 | 90 3) | 14 4} 174 18 96 Hts «pe 25 
distinctly the better. Overland : .| 20-25 | 102 «4 1l¢ 4} 225 20} 1LU 8 10 4 8 | 3 | = (ho 

: i upmobile . . .| 12-14 83 3} 8 8 117 14 &8 9 6 4 6 S| 
Pag ee he egy og F ansaen. Ap ayn J eae Hupmobile. ||| 15-18 | 83 3} | 140 af 184 17 U8 . ai .4 éf | 3 225 

e . pea. i 
be such a good plan as the usual arrangement of P AMERICAN, 300/. TO 400/, 
one on the countershaft and the other on the hubs. | 5 -dford | hn ie — = =e Bed ho B : <4 
lt increases the unsprung weight. and, further, | Overland 30-35 10 48 | 114 { 270 | @ 12.0 9 10 . 6% 3 395 
using either brake heats up both of them. It also AMERICAN, 400’. To 500/. 
entails more complication and expense. It allows, | G.agitiac _. 3 | me a) me at 28 | ll] oe] 8 Bt elle 
however, of a very neat arrangement of torque-rod. B ’ ‘ 
- . RITISH, UNDER 300/. 

Front wheel brakes did not appear to be much in om - oo“ »-m me “ ah “og os . a 
° . 8' : ‘ 2 
evidence this year. : Belsize 1 «6©| «@ 6 | (130 54 118 14* 8.5 tite 3 210 

In the matter of the number of cylinders used | Standard 15 80 3h 120 43 147 22 6.6 9 6 i @ 3 300 
deal of ch 4 The f Star 0 «s 2 | 120 43 106 4 82 8 2 ae 3 250 
there was not a great deal of change. The four- | vir. 10 75 3 110 445 119 16 7 ee 4 225 
cylinder engine was in an enormous majority, but | yuican 15.9 | 80 gh | 120 44 147 18 sz | § 10 4 8 3 295 
there were still a — number of ree Buitisn, 300/. To 400 
two cylinder engines, while there was 4 slight Argyll 12 72 2 120 43 120 20 6.0 oo, 2 Ba 4 325 
increase in the number of small sized six-cylinder | Austin 1 «6| «680 8 127 5 173 214 81 9 3 46 4 390 
engines, and one example at least of an eight- | Star .. 15 9 3 120 43 186 20 9.3 9 10 4 3 4 345 
olindier Swift 10—12 68 2 110 4y% 9s 15} 6.3 8 0 4 0 4 316 
Cyan : : . . | Swift 15—18 85 3 120 43 165 21 7.9 9 0 - - + | 40 
With regard to the single-cylinder engine, this | Belsize 14—16 92 3% 120 43 192 22 8&7 8 9 4 3 4 3 5 
will probably survive, at all events for some con- | Vulcan 19.6 s9 3}; 120 43 181 20 9.0 .&! €-8 4 350 
siderable time, on account of its extreme simplicity BritisH, 400/. ro 5007. 
and cheapness. The case of the two-cylinder engine | Argyll 20 9 3 140 5 218 23 7.8 10 4 47 4 500 
is much more doubtful. If made as a diagonal | Arey .. 4 = 2 - & sf ~ os 2 : : = 
engine, with a built-up crank-shaft like a bicycle Straker-Squir 15 87 3 120 43 174 2% 6.3 9 3 4 5 3 448 
engine, it is no doubt cheap to construct, and there | Thornycroft 18 102 4 114 4h 225 23 9.8 10 0 4 6 3 495 


were several such engines shown. The ordinary two- 
cylinder engine, however, has the cylinders vertical, 
and a forged crank-shaft with split main bearings, 
&c. This is very nearly, if not quite, as expensive 
to construct as a four-cylinder engine of the same 
total cylinder capacity with a two-bearing crank- 
shaft, which would in every way be much superior 
in running. 

The four-cylinder engine, if well made, runs so 
smoothly that the necessity for six cylinders is very 
doubtful, save in such large sizes that the four 
cylinders would be of impracticable dimensions. 
At the same time there appears to be a market for 
small six-cylinder cars for those who want ultra- 
smooth running. Of these one of the neatest 
designs was that shown by Messrs. Delage et Cie., 
60, Boulevard Percire, Paris. The cylindersin th:s 
car are 65 by 126 mm. (2,% in. by 5 in.) and are all 
cast in one piece. This seems a great improvement 
on the plan of casting them in sets of three, as it 
stiffens the crank-case throughout its length. The 
crank-shaft has only three bearings, and the engine 
therefore is very compact. 

It is noticeable that Messrs. De Dion Bouton 
(1907), Limited, 10, Great Marlborough-street, 
London, W., showed an example of an eight- 
cylinder diagonal engine. If more than four 
cylinders are required, it seems very doubtful 
whether it is not best to go straight to the eight- 
cylinders. As the cylinders can in this case be put 
diagonally, the eight-cylinder engine is much shorter 
than the six, and therefore lighter, and is probably 
quite as cheap to make owing to the simpler form 
of crauk-shaft and crank-case, while the smoothness 
of running should be as superior to the six-cylinder 
as the latter is to the four-cylinder. 

The matter of the weight of the smaller cars is 
recelving more attention, though there is still room 
for improvement here. The weights of the 
American cars are far less than those of English 
cars of the same size, although they are very much 
cheaper. Considering the high prices they get, 
and therefore the fact that both better material 
and workmanship can be had, the European 
makers ought to be able to produce cars of the 
weight «f the American, and yet retain the 
required durability. The fact that such cars were 
actually pio luced here six: years ago or so, and are 
still running b page well, shows that it can be 
cone. It will be necessary, however, to make 
different chassis to carry open bodies from those 
used for the heavy closed bodies, and at present 
the tendency of European builders appears to be to 
make their chassis to carry any body that can be 





| 





* Two-seated body. 
American cars are those at which they are sold at here, 


put on it, with the result that it is far heavier 
than necessary for the ordinary open body. 

Much is to be said in favour of the practice, 
which is largely coming into use, of putting supple- 
mentary spiral springs between the parts of the 
main leaf-springs. These springs can be made of 
a different period to the main springs, and can, 
therefore, if desired, be made light enough to take 
up the small road shocks, while, as their range is 
limited, they will not let the car down on the axle. 

The most interesting feature of the Show was the 
number of new small cars. This was undoubtedly 
due to the introduction of the American light car, 
which in many cases is very much cheaper and 
lighter than any European cars which were avail- 
able a year or two ago. This makes a comparison 
between the American and European practice inte- 
resting. 

In considering the American cars, the first point 
which strikes one is that they are very rapidly 
approximating to European practice in their general 
design. The typical American car of a few years ago 
had a horizontal engine and an epicyclic change-speed 
gear, with a chain drive to the back axle. This has 
apparently been found inferior to the European 
om of the engine in front, with a bevel-geared 
axle, and all the American cars shown were of this 
pattern, the engines having the conventional four 
cylinders. In some few cases the epicyclic change- 
speed gear has been retained, but all the better 
quality American cars have the conventional sliding- 
gear, and there is a strong tendency to adopt it in 
thecheaper cars. There can be little doubt that in 
this matter the European practice is right. The 
advantage claimed for the epicyclic gear is simpli- 
city and cheapness. As a matter of fact, a study 
of the arrangement will show that there are usually 
as many wheels in the epicyclic two-speed gear 
and reverse as there are in the —e three-speed 
gear-box, while there are also several clutches or 
band-brakes to take the place of the ordinary single 
clutch. If the epicylic gear is made cheaper, there- 
fore, it must be by the use of inferior workmanship 
or materials, 

Pressed-steel frames, {-section front axles, &c., 
have all been taken from European practice. In 
matters of detail the gear-box in American cars is 
often placed on the back axle, though this is by no 





means always the case. We havealready discussed the 
merits of this arrangement and need not therefore 


Other weights and prices are with four-seated body. Weights are necessarily approximate only. Prices uf 


and generally include hood, screen, aud head-lights. 


go into the matter again beyond saying that one of 
the principal claims for it is that the gears are more 
silent, a4 this may be largely due to the slower 
speed at which the engines are run. The essential 
— in which the American practice really differs 
rom the European is the matter of the sizes of 
cylinders and engine speeds, and the weights of the 
lighter cars. 

If we compare an American with a European car 
of a given weight, size, and price, we find that the 
American engine is very much larger, and the speed 
at which it runs consequéntly slower. Thus if we 
take the ordinary side-entrance car, weighing about 
a ton and costing not more than 30Ul., we find 
that with these limits of weight and price the 
American car will have cylinders at least 4 in. by 
44 in., having a capacity of, say, 225 cub. in., while 
the Kuropean car will not have cylinders larger 
than 80 mm. by 120 mm, (3 in. by 4} in.), and a 
capacity, therefore, of about 150 cub. in. Possibly 
there will be very little difference in the power 
developed, for the European engine will be tuned 
up to run a great deal faster, and will be made 
heavy enough to do so. The smallness of the 
cylinders, however, means that for any given power 
the engine has to run 50 per cent. faster, and this 
means, firstly, that all the bearings, valves, valve- 
gear, &c., must be quite as heavy as those of the 
larger-cylindered engine to get the same dura- 
bility ; and, secondly, that the gears, &c., all have 
to run half as fast again, and therefore will make a 
great deal more noise. As the weight of an engine 
depends far more on the size of the shafts and 
bearings, &c., than on the size of the cylinders, 
there is nothing surprising in the American car 
being quite as light in spite of the larger-sized 
engine. 

What is true of this size car is also true of others. 
Thus there are American cars, weighing under 
15 cwt , having over 150 cub. in. of cylinder capa- 
city, while the ordi Euro car of that weight 
has cylinders from 70 by 100 mm. to 70 by 120 mm., 

iving a total capacity of from about 95 to 115 cub. in. 

he Kuropean makers claim that as they get the 
same power from smaller cylinders, their engines 
are more “‘ efficient.” Efficiency is, however, not 
usually considered to mean simply a reduction of 
cylinder dimensions for a given power, but economy 
either in weight or fuel consumption, and there is 
no evidence whatever that the very small cylinders 
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show any superiority in either one or other of these 
two points, 

e table on page 679 gives some particulars of a 
few representative American and British cars. 

Whether the buying public will prefer the fast- 
running engine or one of more moderate speed 
remains entirely to be seen, but there is no doubt 
whatever that there are very practical advantages 
in the latter from an engineering point of view. 

No doubt in the matter of both weight and price 
the American makers are very much helped by the 
fact that it is usual for the cars to be sold complete 
with their bodies and all their outfit. This means 
that the manufacturer knows the exact weight that 
the chassis has to carry, and need only build it 
strong enough for this; whereas the European 
maker has to provide for any body that it is pos- 
sible for the purchaser to put on. There is no 
doubt that the plan of supplying the car complete 
has very great advantages, as the weight of the 
body can be kept down as carefully as other parts, 
while there isa very { saving in cost by making 
bodies in large quantities. The same thing applies, 
perhaps, even more to the accessories. The Ameri- 
can maker supplies his car complete, with screen, 
hood, lamps, &c., and these can therefore be made 
and fitted to standard in quantities, and, further, 
the question of weight can be considered in their 
case also. The weight of accessories often adds up 
to far more than purchasers think, and it is quite 
easy to add 2 ewt. or 3 cwt. to the weight by piling 
these on, even in asmall car, for very few of them are 
made with a very great regard to what they weigh. 

It is noticeable that hardly any of the American 
cars have more than three speeds, and many of 
them only two. This is the natural result of having 
an engine well up to its work, and there can be 
little doubt that the principle is right. If four 
speeds are fitted, as is now common in European 
practice, it means that for the same weight and 
cost a smaller engine must be used. Possibly, if 
the small engine is always kept at full speed, and 
the gear constantly changed, the extra speed may 
largely compensate for the smaller engine, but it 
can only be so at the expense of more wear and 
tear and noise. 





STEAM ON THE On10.—The centenary has just been 
celebrated of the commencement of steam navigation on 
the Ohio. Just 100 years a small steamboat named 
the New Orleans, and built by Nicholas Roosevelt, 
started down the great stream. 

Tue InstiTruTION OF AUTOMOBILE ENGINEERS.—On 
the 8th inst. a meeting of this Institution was held 
at the Institution of Mechanical Engineers, to welcome 
the members of the American Society of Automobile 

Ungineers who are at present on a European visit of 
inspection. A paper read by Mr. H. E. Coffin, Past 
President of the American Society, on ‘‘ Chassis Design,” 
resulted in a lengthy discussion, in which many of the 
visitors took part, The paper dealt with American 
— and pointed out the effect of the bad road con- 

jitions on the general design. It would appear also that 
the American user is much harder on the car, objects 
to changing gears. The different climatic conditions, too, 
existing in various parts of the States have necessitated 
the production of engines capable of working satisfactorily 
without adjustments, and duplicate carsare regularly sent 
out which are suitable for either working at sea-level 
or in the mountainous country. The author mentioned a 
form of disc clutch which appears to be little known to 
car - builders here. In this the alternate discs are 
studded with cork having a projection of about A, in., 
and very satisfactory results are obtained, provided a 
sufficiently strong spring be employed to prevent slipping. 
Self-starters are ming more universal, also 
enclosed valve-gears, and the introduction of electric car- 
lighting has caused many important improvements in the 
gas-lighting equipment, the more important being the 
extended use of comp acetylene, which is now 
obtainable at even the smallest vabages at low cost. In 
the case of valve-gears the author expressed the opinion 
that the substitution of poppet-valves would be made in 
America only by an equivalent not having reciprocating 
motion. Gear-boxes were often placed on the rear axle, 
worm drives were not much used as yet. Stan- 
dardisation of the materials of construction was receiving 
much attention, and aes resulted in ames B &c., 
arranging to hold stocks for immediate delivery. ring 
the discussion it was mentioned that a very large number 
of electrically-propelled delivery-cars, carrying up to 
5 tons, were in use for parcel delivery, and that the 
number was continually i ing. On the 11th inst. a 
very enjoyable evening wongenelh when the American 
visitors were entertai at dinner at the Trocadero 
Restaurant, with Mr. L. H. Legros in the chair. Some 
130 members and guests were I ey amongst the latter 
being Mr. H. E. Coffin and Mr. H. F. Donal past- 
residents of the American Society, Sir George Gibb, and 

r. E. B. —s The American engineers expressed 
their great satisfaction with the unlimited hospitality and 


FURTHER NOTES ON THE NATURE OF 
SOLID SOLUTIONS.* 
By C. A. Epwarps, M.Sc. 


(Research Chemist, Messrs. Bolckow, Vaughan, and Co., 
Middlesbrough. ) 


In a paper read at the annual general meeting in 
January, 1911,+ the author briefly discussed the nature of 
a constituent which so frequently occurs in metallic 
alloys, and which is usually described as a solid solution. 
This gave rise to a most interesting discussion; and 
though some few points were alluded to which supported 
the conclusions embodied in the paper, for the most part 
these conclusions were received with little favour. The 
objections to the author’s views were numerous, and, if 
valid, indeed very serious. Owing to the magnitude of 
the criticism, the author considered it advisable to 
make his reply in the form of a short paper, because 
it would be easier to handle, and also because it 
would afford another opportunity for further criti- 
cism. Before again opening this interesting question, 
the author would like to make it perfectly clear that 
it is not one of nomenclature, for it is of little con- 
sequence whether we use the term ‘“‘solid solution” or 
‘* mixed crystal ;” but whichever term is used, it is most 
important for metallurgists to acquire a true and clear 
conception of the nature of that constituent, and thus 
remove the ambiguity which is now undoubtedly asso- 
ciated with the use of those terms. Solid solutions are 
probably of more frequent occurrence in industrial 
alloys than in any other constituent, and if their internal 
architecture rie | be conceived, it would be a step of some 
scientific value which may lead to an explanation of 
phenomena that have been hitherto inexplicable, In his 
previous paper the author’s main conclusion was that ‘‘a 
solid solution of two metals or intermetallic compounds 
is an intimate crystalline mixture, and whilst the crystals 
are so small that the mass appears quite homogeneous, 
they are nevertheless sufficiently large to retain their 
identity.” The most serious objection to this view was 
that it was opposed to the phase rule, and it is to this 
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objection that the present paper is chiefly directed. 
Therefore, in order to decide if this definition is correct, 
or even theoretically ible, depends upon the answer 
supplied to the following questions :— 

1. Are there any physico-chemical laws opposed to such 
a conception ? 

2. Is this definition in accordance with what is known 
of other types of solution? 

Since solid solutions are regarded as being analogous 
to ordinary aqueous solutions, it is necessary to define the 
condition in which a salt exists when in solution before 
the state of a metal in solid solution is definable. It will 
be advisable, therefore, carefully to consider each kind 
of solution, after which it may ible to fix the 
precise physical meaning of the term “solution.” That 
there is, indeed, some uncertainty as to the meaning of 
this term will be evident on ~ ge quotation from 
Findlay’s book on the phase rule. e says:—‘* With 
the conception of gaseous and liquid solutions everyone is 
familiar. Gases can dissolve in, or be absor' by, 
liquids ; and solids also, when brought into contact with 
liquids, ‘pass into solution,’ and yield a homogeneous 
— phase. On the other hand, the conception of a 
solid solution isone which, in many cases, is found more 
difficult to appreciate ; and the existence and behaviour 
of solid solutions, in spite of their not uncommon occur- 
rence and importance, are in general comparatively little 
known. The reason of this is to be found, to some extent, 
no doubt, in the fact that the term ‘solid solution’ was 
introduced at a comparatively recent date, but it is pro- 
bably also due in some measure to a somewhat com- 
prehension of the definition of the term ‘solution’ itself.” 

A solution is usually defined as a homogeneous phase 
the composition and a of which may be varied 
within certain limits. is is, however, only a general 
definition, which does not signify the condition of a sub- 
stance when in solution. 

Gaseous Solutions.—The first, and perhaps most per- 
fect, class of solution is that of gases in gases. In 
gaseous solutions the molecules of each gas move freely 
round each other without producing any change in their 
respective properties. If we take, for example, a solution 
of nitrogen and oxygen, we know that the individual 

ies of these two gases are absolutely the same when 

in solution as when separated. Moreover, gaseous solu- 

tions are capable of being separated into their constituents 

by diffusion. Hence we are quite justified in concluding 
¢ gaseous solutions are finely-divided mixtures. 

Solutions of Gases in Liquids.— With regard to solutions 
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coming under this class, it is well known that all gases are 
more or less soluble in liquids. The amount of gas actually 
taken up by any liquid, upon which that has no 
chemical action depends upon :—First, the nature of the 
gas ;second, the temperature of the liquid; and, third, 
the pressure of the gas. 

1. At 0 deg. Cent. water dissolves 2.1 volumes of hy- 
drogen and 1.9 volumes of oxygen, proving that the 
amount of gas dissolved is different for different gases. 

2. On raising the temperature it is found that the 
volume of gas dissolved by the liquid decreases. 

3. From Henry’s law; we know that the volume of 
gas which can be absorbed by a liquid varies directly with 
the pressure, but since the volume of a gas is inversely 
proportional to the pressure, it follows that at equal tem- 
peratures the volume of a gas dissolved by a liquid is the 
same at all pressures. 

Dalton considered that the particles of a gas dissolved 
in a liquid were held between the molecules of the liquid. 
While this explanation does not account for the fact 
that a liquid dissolves dissimilar gases to different degrees, 
nor <ne fact that the solubility decreases as the tempera- 
ture increases, yet it requires less assumption than any 


other ex tion so far advanced, and for this reason, 
and also use it falls into line with the other types of 
solution, the author is inclined to believe in Dalton’s 
opinion. 


_ Solutions of Solids in Liquids.—In his previous paper, 
in discussing the action of the separation of water from 
an aqueous solution by means of a ‘‘semi-permeable ” 
wall, the author said that solutions of salts in water are 
intimate mixtures which can be separated, to some extent, 
by mechanical means. This implies, and, indeed, the 
author said he was of the epinion, that salts preserve their 
identity when in solution. If this isnot the case, on what 
other assumption can the osmotic phenomena be ex- 
plained? If we now examine a few well-known examples, 
we will see that this statement is by no means without 
experimental proof. As a rule, the solubility of a solid in 
a liquid increases with rise of temperature ; certain sub- 
stances, however, such as slaked lime, decrease in solu- 
bility with rise of temperature ; and this has been shown 
to be due to the fact that as the temperature rises the 
dissolved substance—in this case the calcium hydrate, 
Ca(OH),—loses water, and is converted into a less 
soluble substance— namely, lime, CaO. This is an 
instance of the dissolved salt actually being dehydrated 
when in water in the same way as when in solid pieces. 
This kind of decomposition, if it does not actually prove 
that the salt retains its identity when in solution, can 
only be ay age with that assumption. If such chan 

are possible in aqueous solutions, with which metallic 
solid solutions are analogous, then it is quite reasonable 
to expect that similar changes may also occur in metallic 
alloys. Another interesting example is that of sodium 
sulphate; this salt exists as a solid in three forms— 
namely, the anhydrous salt Na,SO,, the heptahydrate 
Na,SO,.7H,U, and the decahydrate Na,SO,;. 10 H,O. 
The solubility curve of sodium sulphate in water is shown 
in Fig, 1. first portion of the curve represents the 
solubility of NagSO,.10H,O. It will be seen that the 
solubility of this salt rapidly rises with the temperature 
up to 34 deg. Cent , after which it ually diminishes 
with further rise of temperature. The decahydrated salt 
decomposes at temperatures above 34 deg. Cent. into the 
anhydrous salt, and water saturated with that salt ; there- 
fore the second portion of the curve ccrresponds to the 
solubility of theanhydrous salt in water. Now insuch cases 
of solution the c which occur in the solution seem 
quite inexplicable if it is assumed that the dissolved sub- 
stance is absorbed by the molecules of the solvent, or, as 
is frequently stated, that the solute actually liquefies. 

From these facts we learn that a dissolved hydrate can 
lose its water of hydration even when the particles of the 
hydrate are apparently in contact with water ; whether 
the particles oF solute and solvent are actually in contact 
is a matter that will be considered later. In any case it 
is evident that a dissolved body may undergo the same 
changes when in. solution as when in the pure solid 
condition. 

Van’t Hoff?'s Law.—When the temperature of a system 
in equilibrium is raised, that reaction takes place which 
is accompanied by an absorption of heat, and conversely, 
when the temperature is lowered, that reaction occurs 
which is accompanied by an evolution of heat. 7 

Le Chatelier’s lon—When the pressure on a system in 
equilibrium is increased, that reaction takes place which 
is accompanied by a diminution of volume; and when 
the pressure is diminished, a reaction ensues which is 
accompanied by an increase in volume. 

These two theories are embraced in Le Chatelier’s law, 
which may be stated as follows :—If a system in equili- 
brium is subjected to a constraint by which the equili- 
brium is shifted, a reaction takes place which opposes 
the constraint—+.e., one by which its effect is partially 
destroyed. a ; 

In accordance with this law, increase of solubility with 
the temperature must occur in those cases where the 

rocess of solution is accompanied by an absorption of 

eat ; and a decrease in the solubility with rise of tempe- 
rature will be found in cases where solution occurs with 
evolution of heat. In applying the theorem of Le Chate- 
lier to the course of the solubility curve, it should be 
noted that by heat of solution there is meant, not the 
heat effect produced on dissolving the salt in a large 
amount of solvent, but the heat which is absorbed or 
evolved when the salt is dissolved in the almost saturated 
solution. Not only does the heat effect have a different 
value, but it may even have a different sign. Despite its 
many forms, it = fer be noted that the solubility curve 
of any substance is continuous so long as the solid phase, 
or solid substance in contact with the solution, remains 
unchanged. If any ‘ break” or discontinuous change ip 
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the direction of the curve occurs, it is a sign that the 
solid phase has undergone a c Conversely, if it is 
known that an alteration of the constitution of the solid 
phase takes a break in the solubility curve can be 
predicted. From these facts it follows that a salt, even 
when in solution, may undergo the same cha on 
heating that solution as when the pure salt is heated 
alone, and as a logical consequence it follows that it is 
possible only if the salt retains its identity when in solu- 
tion. Therefore the author considers he is amply justified 
in concluding that in all cases solutions are not absolutely 
homogeneous—that is, though they may have the same 
composition in all their parts so far as is shown by ordi- 
nary analyses or physical tests, ony there is a region 
beyond which a solution cannot be regarded as homo- 
geneous, or, in other words, the particles of solute are not 
actually in union with the particles of solvent. 

In the discussion on the previous paper it was sug- 
gested that this conception as applied to solid solutions 
was incompatible with the phase rule. Needless to say, 
the author fully appreciates the value of this important 
rule, and applies it whenever possible; but he would 
point out that there are limits to its application, and one 
of these limits is reached when it is ee a to apply 
the rule to the molecular constitution of a phase. 

In deducing his law, now known as the phase rule, 
Gibbs regarded a system as possessing only three inde- 
pendent variables—viz., temperature, concentration, and 
external pressure ; among other less important items no 
account is taken of the internal jon of a phase, not 
even in the case of solutions. e rule defines the state 
of a system in equilibrium by the relation existing between 
the number of components and the number of phases 
present, quite independently of the amount of each phase 
and the internal constitution of the participating sub- 
stances. Therefore, in attempting to determine the 
internal nature of a solution the phase rule, as expres’ 
by the equation F = C + 2 — P, should not be applied, 
for with this equation it is presup that a solution is 
homogeneous. But use in the applieation of the 

hase rule it is er that a solution is homogeneous, 
it does not therefore follow that that is indeed the case ; 
and if it is decided that a solution is a physical mixture 
coming outside the region of the above equation, it will 
not detract from the value of the phase rule. For, as a 
matter of fact, while the author is convinced that the 
phase rule should be disregarded in trying to decide 
whether a solution is, or is not, homogeneous, in the 
strictest sense of the word, once this question is decided, 
and if in favour of the author’s conception, it becomes even 
more important to apply the phase rule in order to know 
exactly what substance is in solution. An example of 
the limitation of this rule is evident in the case of 
gaseous solutions, when, from the point of view of the 
phase rule, there is only one phase present—namely, 
vapour ; and yet there is not the slightest doubt that in 
gaseous solutions each present retains its own pro- 
perties, and is unaffected by the presence of others. 

Another interesting question was raised by Dr. Guertler. 
He said :—‘“‘ If it was assumed, with the author, that 
there existed a very fine mixture of separate crys in 
the one solid solution, there would have to be assumed a 
third thing between crystal and molecule. No evidence 
of such a thing was given, except by the osmotic phe- 
nomena.” The author readily acknowledges the validity 
of Dr. Guertler’s argument, and would say that the neces- 
sary evidence for the existence of such a third force is 
furnished by the osmotic phenomena of liquid and solid 
solutions, phenomena which are closely related to the 
laws of gaseous pressure. It is, of course, less easy to 
experimentally show the existence of osmotic pressure, 
by means of diffusion through a semi-permeable wall, as 
in the case of aqueous solutions; but magnitudes which 
are proportional to the osmotic pressure are furnished by 
the depression of transformation points brought about 
by the presence of foreign substances in solid solution. 

he author osmotic pressure as a pressure which 
exists between the particles of solute and solvent. It 
would appear that, in the case of aqueous solutions, 
osmotic phenomena are produced by the pressure exerted 
upon the water by the particles of solute, which results 
in an actual expulsion of part of the water. The author 
uses the word “particle” advisedly, because it conveys 
no definite idea as to size or molecular tion. From 
the foregoing reasoning, the conclusions at which the 
author arrives are— 

1. That gaseous, liquid, and solid solutions are members 
of the same family, the different states of these members 
being due to the differences in their molecular aggre- 
gation. 

2. In all cases of true solution the molecules of each 
component remain unchanged—1.e., there is no associa- 
tion of dissimilar molecules—e.g., there can be no associa- 
tion of the molecules of a salt with those of water, when 
in the form of an aqueous solution, unless it results in the 
formation of a new compound. Thusin the case of us 
solutions a uniform composition is maintained by the 
physical forces existing between what may be regarded 
as simple molecules ; in liquid solutions a constant com- 
position throughout the mass is maintained by the forces 
existing between dissimilar groups of molecules, but each 
individual group consists of only one kind of molecule. 
In the case of solid solutions, equilibria are maintained 
between the very small crystals of each component metal 
or intermetallic compounds. 


tion” is to be preferred to ‘‘ mixed tals,” but, which- 
ever termed is used, the author considers that such bodies 
consist of extremely small crystals of two or more metals 
or intermetallic compounds ; and whilst these crystals are 
ultra-microscopic, they retain their individual properties. 

With regard to the practical aspect of this interesting 
question, the author will only say that with this concep- 
tion, and, so far as he is aware, with this only, can the 
discontinuity in the mechanical properties of the a brasses 
(discovered by Bengough and Hudson) which occur at 
470 deg. Cent. be explained. Further, many other facts 
which are still not understood become quite reasonable 
after acvepting this theory. , 

It will be seen that this note deals more with the 
bearing of the phase rule upon the question ; other less 
vital objections have for the moment been left out of 
consideration, because the author believes they were 
made as a result of some slight misunderstanding, and 
also because it is first agen for members interested 
in the subject to deaide whether they will accept the 
author’s theory as being in agreement with weil-known 
physical laws. . 

ithout wishing to bind other people to the views 
expressed in this paper, the author feels compelled to say 
they are largely an outcome of "4 friendly discussions 
with the staff and students of the Metallurgical School of 
the Victoria University, Manchester. 





ON CASE-HARDENING BY MEANS OF 
COMPRESSED GASES.* 
By F. Grouitt (Turin) and F. Carnevati (Turin). 


In a paper, published about two years ago,} we com- 
municated the results of certain prelimmary experiments 
carried out with the view of establishing what influence, 
if any, variations in the pressure of carburising gas (in the 
special case considered, carbon monoxide) exert on the 
c teristics of cementation zones. : 

These preliminary experiments had already furnished 
proof.that the characteristics of cementation zones vary 
in notable fashion concurrently with the variation in pres- 
sure of the carburising gas, and more particularly in the 
case where carbon monoxide reacts on ordinary steel in 
the presence of free carbon, in the sense that an increase 
of pressure produces (all other conditions remaining un- 
changed) an increase in the depth of the cementation zone 
obtained within a given time, and an inc concentra- 
tion of carbon within the zone itself. 

Apart from the practical conclusions to be drawn from 
such results, the results in themselves constituted a fresh 
irrefragable proof of the direct and dominating interven- 
tion of carburising gases (and of carbon mon- 
oxide) in the process of cementation. In view, however, 
of the e of theoretical knowledge ong bog my 
concerning the chemical reactions which take p in the 
course of case- ening by means of case-hardening 
agents with a carbon monoxide base, and more particularly 
concerning the conditions of equilibrium of such reac- 
tions, it was only natural that we should not stop short at 
these first conclusions, but that we should endeavour to 
extend them by dint of more complete and more exact 
experiments. 

ith this object we thought it advisable, first of all, 
to modify some of the structural details of the apparatus 
utilised in the earlier experiments. Fig. 1, , gives 
a general view of the new apparatus, detailed drawings and 
a complete description of which are not given here, because 
it differs in no essential point from the former apparatus, 
which was minutely described in the paper al cited. 
The principal differences between the old and the new 
apparatus, apart from modification in the dimensions of 
various parts, so as to obtain a fuller utilisation of heat 
and more uniformity in the a ey are those de- 
vised in the methods of closure. @ new methods, the 
arrangement of which is clearly shown in Fig. 1, and in 
the di mmatic section (Fig. 2), while retaining the 
old facility of — setting up and dismantling the 
cppecatns, allow of maintaining the vessel perfectly gas- 
tight. This is an essential condition towards an exact 
knowledge of one of the variables which (as we have 
shown in previous papers) possesses preponderating in- 
fluence on the results of experiments of this kind—namely, 
the velocity of the current of carbon monoxide which 
flows into the case-hardening chamber. 
A and B (Fig. 2) are clamps attached to terminals (insu- 
lated electrically and gas-tight) which through the 
wall of the cast-iron receiver C, and conduct to the nickel- 
wire spiral D the current which is destined to produce 
the heating effect. This spiral is wound round the porce- 
lain tube E, which can be easily detached from the 
apparatus and put back again, as it is merely enclosed in 
a fire-clay tube F of diameter. The space between 
this tube F and the wall of the cast-iron vessel is packed 
with asbestos. The og oo dioxide, CO,) enters the 
apparatus by the tu , and leaves it by the tube H. 
y the tube of specially strong porcelain I is introduced 
the thermo-electric couple which is intended to measure 
the temperature one = entire length of the case- 
hardening chamber ; ide it are placed the blocks 
which are to undergo case-hardening, completely sur- 
rounded by granular carbon. 
The apparatus for regulating and indicating the pres- 
sure is identical with that described in the previous 





3. With the expression F = C + 2— P representing 
the phase rule, solutions come under the head of homo- 
geneous equilibria, but that equation should not be | 
applied to disprove the author’s conception of the internal 


nature of solutions, because, with it, the assumption is | 


tacitly made that a solution is homogeneous, and thereb: 
jetoues is passed before the evidence is considered. A 


rom a general point of view the term ‘‘solid solu- 
i 


paper, and is represented in Fig. 1. 
The 


experiments were carried out in the manner pre- 
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viously described, the case-hardening being accomplished 
by means of a mass of wood ¢ traversed by a slow 
current of carbon dioxide. We demonstrated on another 
occasion that this A ig supplies with great rapidity, and 
without any possible excess of carbon monoxide, a mix- 
ture of carbon dioxide and carbon monoxide of a concen- 
tration exactly corresponding to the equilibrium with free 
carbon, under the conditions of temperature and pressure 
yaa ary in the operation. We made use of steels of 
different composition in the form of tiny cylinders, 
measuring 10 mm. in diameter and from 70 mm. to 
100 mm. (2,8 in. to 4 in.) in length, which we were careful 
to bury completely in the customary granular carbon. 
We indicate farther on, in the case of experiment, 
the precise conditions of the operation, and, above all, the 
temperature, duration, pressure of gas, and velocity of 
the current of flowing through the apparatus. In 
regard to this last point, it must be noted that the 
numbers which we shall tabulate do not refer to the gas 
(dry carbon dioxide) which entered the apparatus, but to 
the gas which issued therefrom, measured under ordinary 
pressure. Now, since this latter gas—in equilibrium 
with the carbon at the temperatures at which we worked 
—was almost entirely made up of carbon monoxide (con- 
taining less than 2 or 3 per cent. of carbon dioxide), its 
volume was about double that of the carbon dioxide intro- 
duced into the apparatus, measured under the same con- 
ditions of a and pressure. 

With regard to the temperature, the difficulty of in- 
sulating thermally the heating apparatus, and more par- 
ticularly the necessity of water-cooling the cast-iron 
walls of the vessel, made it practically impossible to 
maintain the temperature rigorously constant during 
the entire process of cementation, As will be seen later 
on, we can only determine for each case-hardening opera- 
tion a sufficiently ample interval during which the tem- 
perature remained constant. 

The steels employed were of the following compositions : 


1. Ordinary soft carbon steel, which we shall subse- 
quently designate ‘‘carbon steel.” 


Per Cent. 
Carbon ... a | 
Manganese 0.54 
Silicon ... 0.05 
Sulphur ... 0.02 
Phosphorus 0.04 


2. Soft steel with 2 per cent. of nickel, which we shall 
subsequently designate ‘‘ nickel steel 2.” 


Per Cent. 
Nickel ... ~ ae 
Carbon ... 0.10 
Silicon ... sai sis - iiss 0.26 
Manganese... . 1.38 


3. Soft steel with 5 per cent. of nickel, which we shall 


subsequently designate ‘‘ nickel steel 5.’ 
Per Cent. 
Nickel 5.02 
Carbon ... 0.118 
Silicon ... 6 oa 0.20 
Manganese... ‘ 1.53 


4. Steel with 25 per cent. of nickel, which we shall sub- 
sequently designate ‘‘ nickel steel 25.” 


Per Cent. 
Nickel . 24.92 
Carbon ... 0.17 
Silicon ... 0.10 
Manganese - 3.46 


5. Steel with 2.3 per cent. of chromium, which we shall 
subsequently designate ‘‘ chromium steel.” 


Per Cent. 
Chromium . 233 
Carbon ... 0.41 
Silicon ... 0.15 
Manganese a 1.02 


6. Chromium-nickel steel, which we shall subsequently 
designate ‘‘ chromium-nickel steel.” 


Per Cent. 
Chromium 1.50 
Nickel ... 3.17 
Carbon ... 0.33 
Silicon 0.06 
Manganese 1.15 


In all these steels the 
phorus were less than 0. 

Table I., on the next page, embodies a synopsis of the 
conditions ey | the various case-hardenings, as well 
as some remarks (the value of which will be appreciated 
later) concerning the state of the surface of the various 
steels after case-hardening. 
In order to follow the process of concentration of the 
carbon in the carburised zones, we availed ourselves of 
the microscope in the case of the steels carbon, nickel 2, 
and chromium ; thanks to this microscopic investigation 
a ee data (especially in the case of the two first- 
named) were obtained and are set forth in the second table. 
For the other three steels—nickel 5, nickel 25, and 
chromium-nickel—in regard to which microscopic exami- 
nation, as is well known, could not yield reliable results, 
we carried out quantitative determinations of the carbon 
in the material obtamed by machining away successively, 
and collecting separately, “co-axial” layers of about 
+ mm. thick from the small case-hardened cylinders. * 


porvantnges of sulphur and phos- 


* In order to plane off the successive layers of the car- 
burised steels of Experiments IX., X., XIL, XX., 
XXL, XXII. and XXIII., it was found necessary to 
reheat them for five hours at a temperature of about 


550 deg. Cent. in a neutral atmosphere. We have alread 
shown (on another occasion) that reheating under am | 
conditions in no respect modifies the character of the 





carburised zone. 
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We carried out also in the same way quantitative 
analyses of carbon on the layers of the case-harden 
cylinders of chromium steel, because we wished to deter- 
mine exactly the extraordinary increase in the carbon 
content in the outermost thin Bove which had been re- 
vealed to us by the microscope. The results of these 
analyses are embodied in Table III. 

One primary fact which meets the eye from the experi- 
mental] data here tabulated is the influence which variations 
in the pressure of the carburising gas exert on the depth 





of the case-hardening and on the concentration of carbo 


in the carburised zones. This fact fully confirms: the i 


results to which our previous expériments* had led, and 
proves that they also apply wo the special steels o. 
different types on which we have now been working. 


TaBLe I,—Conditions of Case-Hardening. 























| |Sa\e8s B8e5 
PCan + eal ise 
< a q 
1S. go 4 S| .o8 Remarks on the 
m| io Ea? =& ,£|Condition of the 
-~ | be = => = 
NO) gE) CE SEE PS Be lateel atter Cane 
5 |3 5 & Ssst Desay Hardening. 
@18| 8S) S858 85.25 
$ |2| £2 | sexs SS kez 
n Re] & | wm - 
hrs. deg. C. 
Lj; © 3 | 15 | 900— 955 1.5 Surface un- 
| | altered. 
I.; © 3 15 |1020—1050 LA Ditto. 
i. | C 2 25 | 890— 960 1.5 Thick stratum of 


| compact oxide 
Iv.| © 3 25 | 980—1015 2.0 Considerable 
| oxidation. 
Surface un- 
altered. 


V.; Ni2/;s | 955— 975 1.5 


1035—1045 


Vi.| Ni2/ 8 15 1.5 Ditto 
VIL. | Ni2 | 23 24 | 905— 955 1.5 Slight oxidation 
VILL. | Ni2/| 3 25 |L030—1050 3.0 Surface un- 


| altered, 
IX. Ni5/| 8 15 | 850— 800 1.5 Ditto. 
X.| Ni6/| 3 15 | 945— 994 1.5 Ditto. 
XI. Ni5 | 24 | 25 | 840— 930 1.5 |Thick stratum of 
| compact oxide 
XU.) Ni6|3 | 25 | 875-915 30 | Ditto. 
XIII. | Ni 25) 3 15 | 870— 930 1 |Surface practi- 
cally unaltered 
|Surface  un- 
altered. 





5 
XIV. Ni25)3 | 16 |1000—1045 1.5 
5 





XV. Ni 25) 24 | 25 | 870— 950 1 Thin stratum of 
non - compact 
oxide. 

XVI. | Ni 25) 3 2h | 942— 98” 3.0 Slight oxidation 
XVIL Cr 3 15 935— 965 1.5 Ditto. 
XVII.| Cr /|8 15 |1035—1060 1.5 Thick stratum of 
| | compact oxide 
XIX, Cr | 24 25 900— 965 1.5 Ditto. 

XX.| Cr |3 | 26 /|1010- -1085 3.0 Ditto. 

XXI. | Cr Ni 3 15 810-— 850 1.5 Considerable 
oxidation. 


Thick stratum of 
compact oxide 

XXIII. Or Ni 3 25 | 810— 845 3.0 Ditto. 

XXIV. CrNi 2) 25 850— 900 1.5 Ditto. 


XXIL Or Ni) 3 15 875— 915 1.5 


Taste IT. 


Thickness of the 
Hypo-Eutectic Zone 
(up to about 0.4 
r Cent. of Carbon) 

in Millimetres. 


Thickness 
of the Hyper- 
Eutectic Zone 

in 

Millimetres. 


Thickness of 
the Eutectic 
Zone in 
Millimetres, |P® 


Heat No. 
(See Table I.). 








I. oe és 0.4 0.3 0.5 


II Pr os 1.8 0.8 0.4 
ms ee pe 0.7 0.6 0.4 
3 Ral 0.25 11 0.35 
VI. 0.9 0.8 0.7 
VIL. . 0.9 0.7 0.8 
XVIF.. 0.1 1.0 | ad 
XVIIL. 0.15 1.0 ? 
XX. 0.8 1.7 ? 


* For chromium steel having the composition of that adopted 
by us, the precise microscopic determination of the hypo-eutectic 
zone is extremely difficult. 


Tasie ITT. 
Concentration of Carbon. 


Heat No. | 
(Jee Tablel.) In the First 
Layer Luyer (Depth 


In the Fifth 


Inthe Third | 
Layer (Depth 








(0.25MM.). about0.7MM.). | about 1 MM.) 
per cent, per cent. per cent. 

ES. .. . 0.71 : 0.12 
XIE. . 0.57 0 54 

XXI. ov 0.45 ve 0 54 
XVIL. ° 2.22 : 1.03 
. TF ee 0.99 , 0.29 
XIV. ay 0.90 0.32 

XXII. “ 0.76 nae 0.49 
XVITL : 3.1 vs 1.39 
XIf. os 0.73 ° 0.36 
XVI. oe 0.61 0.37 

XXII ve 0.54 ‘ | 0.56 
XX. os 2.37 ee 1.40 


It is hardly necessary to examine in detail the nume- 
rical data set forth in the foregoing pages, in order to 
demonstrate the accuracy of this statement; for it will 
become perfectly evident on mere comparison of the data 
which we now publish, and on comparison with those 
previously published in sundry memoirs concerning the 
case-hardening of carbon steels and special steelst with 


* See footnote, page 681. 
+ See Gazetta Chimica Italiana (1908); Atti della Reale 





the same case-hardening mixture as that utilised in the 
——_ here recorded, but utilised at ordinary atmo- 
spheric pressure. The effects of greater pressure of the 
carburising gas—effects which are more particularly 
manifes' in the increased concentration in the carbu- 
rised zones—confirm the conclusions at which we arrived 
on former occasions concerning the direct intervention of 
carbon monoxide in case-hardening effected by means of 
the “‘ mixed ” case-hardening agent. 

Another fact is plainly to be deduced from a compari- 
son between the results of Experiment VI. and those of 
riment VIII.; between those of No. IX. and those 
o. XII.; between those of No. X VIII. and those of 
No XX.; and between those of No. XXI. and those 
of No. XXTII. Such comparisons, indeed, show how an 
increase in the velocity of the current of carbon dioxide 
tends to cause a diminution in the intensity of case- 
hardening to such an extent as to eliminate (in the four 





notable frequency and intensity in the course of case- 
hardening operations carried out under high-pressures 
by means of a case-hardening mixture based on carbon. 
monoxide, is the superficial oxidation of the case-hardened 
steel. Before examining in detail this phenomenon, it 
will be perhaps as well to set forth certain theoretical 
considerations. 

An oxidation of this character had already been ob- 
served by Charpy in 1909,* when he exposed to the action 
of pure carbon monoxide at 1000 deg. Cent. chromium, 
manganese, and various chromium steels (containing 
from 1.99 to7.71 per cent. of chromium) as also chromium. 
nickel steels (containing from 2.08 to 6.45 per cent. 
of nickel, and from 0.70 to 7.04 per cent. of chro- 
mium). This investigator had noted that when he 
used these special steels in the form of filings, the 
carbon monoxide was decomposed by the chromium, and 
there resulted ‘‘simultaneously the oxidation of the 
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series of experiments just enumerated) the effects of 
increase of pressure. We have seen, however, these 
latter effects manifested with noteworthy intensity in those 
cases where comparison is made between carburised zones 
obtained by working under varying r+ (ordinary 
pressure and pressure ranging from 15 kg. to 25 kg. per 

. em. (213 Ib. to 355 lb. per sq. in.)), but with currents 
of carbon dioxide of constant ve —- : 

The cause of this phenomenon is that in case-hardening 
accomplished by means of a cementing mixture based on 
the simultaneous action of carbon dioxide and free carbon, 
a state of complete chemical equilibrium is never really 
attained ; while the ultimate characteristics of the carbu- 
rised zones depend in great measure on the relations 
between the velocities of the various reactions which take 
place during the process of case-hardening. 

A third phenomenon of surpassing interest, both from 
the theoretical and from the practical point of view, a 
phenomenon which, according to the data tabulated in 
the foregoing pages (see especially Table I.), occurs with 


Accademia delle Scienze di Torino (April 17, 1910; Feb- 
ruary 19, 1911; and April 2, 1911); also Rassegna Mine- 
raria, Metallurgica e Chimica, June 21, 1911. 











APPARATUS FOR CASE-HARDENING BY GAS UNDER PRESSURE. 
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chromium and the carburising of the iron: the two 
elements behaved as if they were isolated” (page 513)). 
He adds, further (page 514), that ‘‘when, instead of 
working with metals reduced to filings, one utilises pieces 
of tolerable dimensions, the same phenomena do not 
recur; the oxidation of the chromium is restricted to the 
surface layer, beneath which case-hardening proceeds in 
the regular course by diffusion.” From his experiments 
generally, Charpy concludes that ‘‘the action of carbon- 
meneniie at 1000 deg., which is a case-hardening one 1n 
the case of iron, as also in the case of tungsten and, 
perhaps, of nickel, is therefore oxidising in the case of 
chromium and manganese. We have already pointed out 
on various occasionst how these conclusions, deduced by 
Charpy from his extremely interesting experiments, were 
too incomplete and too dogmatic in their simplicity,+ and 

* G. Charpy. ‘‘ Sur la Cémentation du Fer et de ses 
Alliages par I’Oxyde de Carbone.” Revue de Métallurgte, 
vol. vi., May, 1909, pages 505 to 518. 

+ See the former papers already quoted. 

+ We shall, in fact, see in subsequent pages how, even 
for iron alone, the action of carbon-monoxide may be 
simultaneously ‘* case-hardening” and ‘‘oxidising.” And 
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were especially faulty therein that no account had been 


ing the action of 


iron group, which had been published by Schenck some 


time before.* 


In point of fact, Schenck’s researches, of the results of | the axes of the ordinates the total pressures (P) of 


| notice five curves of equilibrium 
taken of the results of the important researches concern- | distinct reactions. Representing, as usual, along the | 
carbon-monoxide on the metals of the | axes of the abscisse the concentrations (X) of carbon 
| monoxide within the mixture consisting of carbon mon- 
| oxide and carbon dioxide (varying from 0 to 1), and as 
the | 


corresponding to five | 


2 
Curve 5. = P = Z (Z constant), corresponding to 


—- 
the conditions of equilibrium of the system (C, CO, CO,). 

If, on the other hand, we work at a temperature 
higher than 700 deg. Cent., carbide of iron may yield 


which we have availed ourselves largely in the course of | above-mentioned gaseous mixture, the five curves are | $0!) solutions with iron, and in the diagrams of equili- 


our technical investigations on the case-hardening of steel, 
had already led us to ran 


elucidate perfectly the theoretical treatment of the pro- 
gression of reactions which take place in systems consist- 
ing of single metals, of carbon monoxide, of carbon 
dioxide, of carbon, and of the products of oxidation and 
carburisation of various metals. 


summarised in the foregoing pages, allow us to give a 


sfig.9 123 
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Fic. 6. 


sufficiently concrete shape (though certainly not definite 
and far from complete) to the considerations which may 
be developed on the basis of Schenck’s results, in order 
to elucidate me laws which determine the process 
of the case-hardening of special steels, by means of those 
case-hardening mixtures activity of which is due to 
the specific carburising action of carbon monoxide. 

But, before examining from this standpoint our ex- 
perencntal results, it would ssem necessary to refer 
wriefly to certain physio-chemical laws connected with 
the action of carbon monoxide upon metals, in order to 
see how far these laws are applicable in the present 
instance. 

If we consider the very complete diagram of isothermal 
equilibrium drawn up by Schenck,+ in the case wherein 
the metal exposed to the action of carbon monoxide is 
iron alone, and at temperatures at which solid solutions 
(mixed crystals) of carbide of iron cannot be formed 
within the iron (that is, below 700 deg. Cent.), we 


So, too, in the case of chromium and manganese steels, for 
which it is neither necessary nor justifiable to admit that 
iron and manganese, or iron and chromium, behave as if 
they were iso ated. Moreover, we shall see later on that 
it must be admitted that the behaviour of each of these 
(iron and Manganese, or iron and chromium) is consider- 
ably modified by the presence of the other, with which it 
is united in the state of solid solution. 

See Berichte der Deutschen Chemischen Gesellschaft, 
1903-7 ; also Zeitschrift fiir Elektrochemic, 1904. 

+ In the French edition of his ‘‘ Physical Chemistry of 
the Metals” (translated by Lallement; Paris: Dunod 
and Pinat, 1911), Schenck has summarised with great 
lucidity the results of his most recent investigations con- 
cerning the matter with which we are now dealing. 





within a single category the 
action of carbon monoxide in the various metals of the 
iron group, and thereby to simplify enormously and 


| those represented in Fig. 3, and designated by the 


numerals 1, 2, 3, 4, and 5. 


Let us recall here briefly the meaning and the equation 


of each of these curves :— 


2 
Curve 1.—Cubic hyperbola ics P = uw (u constant), 


| curve, the equation of which (in cases where 


brium must appear, alongside the five curves already enu- 
merated, the curves of equilibrium of the systems result- 
ing from the foregoing by the addition of the mixed 
crystals of iron-carbon to the above - mentioned con- 
stituents. To each coefficient of the concentration of 
carbon in the mixed crystals corresponds an . oy 

the mixed 


corresponding to the conditions of equilibrium of the | crystals are present in sufficient quantity to prevent their 


| system (Fe,C, Fe, CO, CO,). 
Now, our experiments, the results of which have been : 


Po 
Curve 2— 7 —a4 


| concentration from varying appreciably with the variation 
P=0(0 di |—within certain limits—in the pressure of the gaseous 
. P = 6 (6 constant), corresponding mixture) is still that of a cubic hyperbola of the form 








Fie. 4, 


Fie. 7. Fie. 8. 





Fic. 10. 


to the conditions of equilibrium of the system (Fe,C, 
FeO, CO, CO,). 


Curve 3.—Straight line i * =n(n “constant of re- 
a 


duction ”), corresponding to the conditions of equilibrium 
of the system (Fe, FeO, CO, CO,). 


Curve 4.—Straight line | * =k (k constant), corre- 
-2 


sponding to the conditions of equilibrium of the system 





(FeO, Fe,04, CO, CO,). 











Fic. 5. 





Fig. 9. 


. . P = V; that is, analogous to the curve represent- 
—Z 

ing the eens (Fe, Fe,C, CO, CO,) and (C, CO, CO,). 
Among all these cubic hyperbolas, constituting a sheaf or 
bundle, and all passing through the point (c=1, P= 0),* 
there is one which presents especial interest from our point 
of view, Wherein the process of case-hardening having 
been accomplished with the ‘‘ mixed agent,” all thereactions 
are invariably completed in the presence of a notable 
excess of free carbon (‘‘ granular” wood charcoal). This 
curve is that which corresponds to the special concentra- 
tion of carbon in mixed crystals, whereby the constant V 
has (at equal temperatures) the same value as the constant 
Z of the equilibrium equation representing the system 
(C, CO, CO,). It is obvious from all that we have stated 
that this curve coincides in its entire length with the 
equilibrium-isotherm of the system (C, CO, CO,). If we 
assume that all the operations have been carried out 
with sufficient slowness to attain invariably the state 
of perfect equilibrium (this, as we know, never pre- 
pt happens in practice; but we may admit a sufficient 
approximation if we content ourselves with deducing 
from our argument conclusions of a qualitative nature), 
then the final concentration of carbon in mixed crystals 
will always be that which corresponds to a value of the 
constant V, equal to the perfectly well-defined value, 


| which, at similar temperatures, is assumed by the con- 


stant Z, corresponding to the equation 2 CC ZO Mo + OC. 
We denote by = those mixed crystals wherein carbon has 
that well-defined concentration. _ 

From what we have said above it may be inferred that, 





* Some of these curves, marked a, have been reproduced 


jin Fig. 3. 
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in the qualitative investigation of the reactions which take 
place during case-hard by means of a case-hardeni 
mixture based on the simultaneous action of carbon an 
the mixture of carbon dioxide and carbon monoxide in 
equilibrium therewith, we may eliminate all but one of 
the equilibrium curves corresponding to the various con- 
centrations of carbon in mixed crystals. 

In other words, in the instance of case-hardening carried 
out with our ‘‘ mixed agent,” the problem assumes the 
same simplicity as that which characterises it (as Schenck 
has demonstrated) when its investigation is limited to 
temperatures (lower than 700 deg. Cent.) at which true 
case-hardening does not take place, because the mixed 
crystals ofiron and carbide of iron cannot form. We may, 
then, in @ preliminary proximate study of the course fol- 
lowed by the phenomena in our experiments, confine our- 
selves to the consideration of the diagram built up of the 
first five curves. . } 

Since in these experiments we have always started from 
gaseous systems rich in carbonic anhydride, operating in 
the presence of wood charcoal (to which form of carbon 
curve 5 of our diagram just applies), therefore in the 
event of no variations of temperature occurring, and on 
the supposition that conditions Of metastability are ex- 
cluded, the only portions of the diagram that should be 
taken into account are those on the left and below curve 5. 
We will begin with the examination of such a case. From 
the diagram it is immediately evident how the succession 
of phenomena varies fundamentally with the variation of 
pressure, and in this wise :— 

(a) At oye higher than that which corresponds to 
the point O* (intersection of curves 4 and 5), the formation 
of mixed > crystals and of magnetic oxide of iron takes 
place simultaneously in the presence of wood charcoal. 

(6) At pressures ranging between that which corre- 
sponds to the aforesaid point O and that which corre- 
sponds to point Q (intersection of curves 3 and 5), there 
is simultaneous formation of protoxide of iron and of 
mixed > crystals, as before, in the presence of wood 
charcoal. ; 

(c) At pressures lower than that which corresponds to 
point Q, the mixed > crystals alone form, as always, in 
the presence of wood charcoal. 

Therefore, it is only at pressures lower than those 
which correspond to the point Q that the process of case- 
hardening with the “mixed agent” can take place in- 
dependently—that is, unaccompanied by oxidation of the 
metal, Therefore, reasoning from what has already been 
said, we may foresee that, if the pressure of the gas is 
sufficiently raised in the case-hardening with the ‘‘ mixed 
agent,” phenomena analogous to those observed by Charp 
in the case of chromium steels will also take p h 
pure iron or with the ordinary carbon steel. 

This is abundantly confirmed by our Experiments I., 
II., III., and IV. (Table I.). In the first two of these the 
pressure (213 Ib. nd sq. in.) is lower than the pressure 
corresponding to the ——— point Q (for the tempera- 
ture at which the case- ening is completed) ; while in 
the last two the pressure (355 Ib. per sq. in.) has a value 
higher than that which the ordinate of Q assumes at the 
temperature selected for the experiment (900 deg. to 
1000 deg. Cent.). In point of fact, in the first two ex- 
periments the mere process of case-hardening is all that 
takes place ; whereas in the last two the process of case- 
hardening (formation of the mixed = crystals) is accom- 
panied by considerable surface-oxidation of the metal. 

The condition of the small case-hardened and oxidised 
cylinders of steel demands a little closer investigation. 

e refer more apy to the cylinder that has under- 
gone case-hardening in Experiment ITT. 

That cylinder is coated with a compact layer of oxide 
about 0.7 mm. thick, wherein the fragments of nular 
carbon which were in contact with the surface of the metal 
have remained firmly encrusted. The metal below the 
oxide layer is intensely carbonised. 

This assemblage of. facts, which at the first glance may 
appear curiously contradictory, is nevertheless perfectly 
explicable if we take into account the considerations 
already developed in this paper. It is illustrated by the 
three photographs (Figs. 4, 5, and Fig. 6, page 683), the 
first-two of which show the external aspect of the two 
portions of the case-hardened and oxidised cylinder, In 
the first are seen the f ents of carbon embedded 
within the iron oxide; while in the second the thickness 
of the oxide layer can be clearly seen at the pat where 
it has been so split as to reveal the underlying metal. 
The third photograph represents, at a magnification of 
65 diameters, a section (perpendicular to the axis of the 
cylinder) of the steel which immediately underlies the 
oxide layer. In this section, which has been cl 
with a 5 per cent. alcoholic solution of picric acid, it is 
plainly seen that the steel has undergone case-hardening, 
and that the concentration of the carbon attains, near the 
external surface of the carburised zone, a percentage of 
about 0.85. 

Examination of. the material which constitutes the 
external layer, easily detachable from the cylinder, shows 
it to consist of magnetic oxide of iron (Fe; O,), with which 
small quantities of carbon are intermixed.+ It is, in 
fact, attracted energetically by a magnet. On analysis it 





* It should be noted that in our experiments the 
ressure is kept constant during the entire operation, 
rom the moment of the arrival of the fresh gas in the 
ap tus. For, if the quantity of gas were limited, it is 
known that the initial minimum pressure of the 
carbonic anhydride, at which the formation of the mag- 
netic oxide takes place, would be lower than the pressure 


co nding to point O. 
t While it is easy to separate the oxide from fairly 
large f ts of wood charcoal, it is impossible to 
arate it from the pulverulent carbon (or charcoal dust) 
which is invariably mixed therewith. 





is shown to contain 69.2 per cent. of iron; the smaller 
percentage of the metal, as compared with that occurring 
in the pure peroxide (72.41), is evidently attributable to 
the nce of the occluded carbon.* __ F a 
© position of the two points of invariant equili- 
brium, O and Q, whereof we may now appreciate the 
significance, varies concurrently with the variation in 
temperature and in composition of the steel which is 
subjected to cementation. Let us examine briefly the 
"aa of these variations.+ _ 

ith regard to the “ee in the two pressures of 
equilibrium that are assignable to variations in ae 5 ya 
ture, we may observe that the three curves 3, 4, and ood 
diagram, Fig. 3), deviate all three towards the right when 
the temperature rises, in such wise that the variations in 
the ordinates of points O and Q depend on the relations 
between these deviations. These relations vary according 
to the a of the steel, but generally they are 
such that the ordinates of points O and Q (minimum 
pressures of oxidation-cementation for each of the two 
degrees of oxidation) increase concurrently with rising 
temperature. Whence it follows that the higher the 
temperature of case-hardening the higher the pressure 
beyond which the oxidation which accompanies the case- 


ening process begins to take place (in its two di ). 
In other words, the — the temperature the wider the 
range of pressures within which the case-hardening may 


be accomplished with the firm assurance that no oxida- 
tion of the metal will take i. i 

A comparison of the results of several of these experi- 
ments, taken two by two from among those carried out 
on identical steels, confirms this assertion, and the same 
fact is again clearly demonstrated by the following experi- 
ment :—A small cylinder of ordinary soft steel, 60 cm. 
in length and 1 cm. in diameter, is subjec 
hardening for about three hours in the accustomed appa- 
ratus and with the customary “‘ case-hardening mixture,” 


at a pressure of 15 kg. per sq. cm. Care is taken to 
em it along its entire length in ee carbon. 
The temperature, maintained constant between 980 deg. 


and 1035 deg. Cent. over a belt of about 20 cm. near the 
median part of the cylinder, decreases gradually (in 
accordance with the structure of the ap tus which we 
have described) towards the two extremities, until it falls 
at the very ends to about 500 deg. Cent. The surface of 
the cylinder which is thus treated—case-hardening being 
unmistakable in all that portion where the temperature 
has exceeded 800 deg. Cent.—is absolutely unaltered in 
its central hottest part (which is also the most intensely 
case-hardened), while in those portions that have been 
subjected to a lower temperature the surface is coated 
with the characteristic layer of compact oxide in which 
are embedded the fragments of charcoal. Beneath the 
oxide layer the steel is still case-hardened, in all those 
portions, at least, where the temperature has exceeded 
750 deg. to 800 deg. Cent. 

The two pressures of equilibrium vary also, as we have 
already pointed out, concurrently with the variation in 
composition of the steel which is subjected to case- 
hardening. Since in this case curve 5 undergoes no 
deviation (for it must in every instance correspond to the 
conditions of equilibrium of the gaseous mixture and the 
wood charcoal), the displacement of points UO and Q will 
be exclusively determined by the displacement of the two 
straight lines 3 and 4 (see diagram, Fig. 3). Now it is 
well known that these two straight lines deviate the more 
towards the left, the nobler the metal which is bein 
subjected to the action of the gaseous mixture. An 
since the deviation of these lines carries with it the dis- 
placement of points O and Q, it follows that the nobler 
the metal the wider is the range of pressures (lower than 
those corresponding to point Q) within which we may 
conduct the cementation with the firm assurance that 
oxidation of the metal will not take place. iy 

Among the metals which frequently alloy with iron 
and are capable of forming mixed crystals with it are 
manganese, chromium, and nickel. The first two (man- 
ganese and chromium) are less noble than iron; therefore, 
as their concentration in special steels increases, the tem- 
perature remaining unaltered, the two pressures O and Q 
(above which cementation is —— accompanied by 
the two degrees of oxidation of the metal) become gradu- 
ally lower and lower. For chromium steels a compara- 
tively small proportion of chromium (from 2 to 3 per cent.) 
suffices to make the above-mentioned pressures, at tem- 
peratures which are not too high, decrease below ordinary 
atmospheric pressure. This explains the results recorded 
by Charpy, and demonstrates that they are by no means 
due to the fact that the gaseous mixture of carbon dioxide 
and carbon monoxide acts separately on the iron and on 
the chromium. : 


* It is not improbable that a little ferric oxide also has 
been formed, as a consequence of some oscillation of 
temperature which may have lowered for a time the pres- 
sure of oxidation to Fe,0, below the pressure at which 
the experiment was conducted. 

+ From the practical point of view the only one of 
these two points that presents real interest is the lower 
(Q). sinee to it corresponds the minimum pressure at 
which the oxidation of the metal to ferrous oxide (FeO) 
begins to take place. The second point O corresponds 
simply to a change in the “degree of oxidation” of the 
metal—in the sense that, at agp higher than that 
corresponding to it, the stable oxide is no longer the 
ferrous oxide (FeO), but the magnetic oxide (Fe,0,). It 
is plain how, from the practical standpoint (in the present 
state of our knowledge, at all events), this c ‘ails to 
present any particular interest. 

t Thus, for example, the results of Experiment VII. 
may be compared with those of Experiment VIII. (and 
let it be borne in mind that in the latter the velocity of 
the gaseous cnrrent is double what it is in the former). 


to case- | page 





Nickel, when alloyed with steel, has an effect precisely 
contrary to that due to chromium and ese, impart- 
ing to the solid solutions into which it enters with iron 
the character of a nobler metal than pureiron. There- 
fore, the higher the portion of nickel in the steel 
subjected to case-hardening, the higher are the pres- 
sures which may be in case- ening with the 
— agent” without any risk of oxidation of the 
metal. 

All these deductions are ampl 
of our experiments recorded in 

In special steels also the phenomena which we are con- 
sidering produce effects analogous to those which we have 
described in the case of ordinary carbon steels. Thus, 
for example, the na rpg to reproduced in Fig. 7, 
page 683, represents (at a magnification of 185 diameters) 
a strip of the external border of a plane section, perpen- 
dicular to the axis of the cylinder of chromium-nickel 
steel, case-hardened in Experiment XXIV.+ Here also 
the case-hardened metal is coated with a layer of oxide, 
in which particles of carbon are embedded. 

The photomicrographs reproduced in Figs. 8 and 9, 

taken under the same conditions as the fore- 
going, at magnifications of 65 diameters after elimination 
of the layer of oxide coating the cylinder, illustrate the 
intensity of case-hardening undergone by the chromium 
steels, which formed the object of Experiments X VIII, 
and XX., while at the same time these steels, as we 
already remarked in Table I., became considerably 
oxidised.} 

The same facts are noted in connection with nickel 
steels, when the operation is conducted at pressures suffi- 
ciently high to produce oxidation of the metal. This is 
well shown in the photomicrograph reproduced in Fig. 10, 
683 (Experiment VII.), taken under the customary 
conditions, and magnified 65 diameters. From all that 
we have said it is evident that the process of the case- 
hardening of special steels by means of the ‘ mixed 
agent” is subject to the same conditions as those which 
attend the case-hardening of carbon steels. The dif- 
ferences for the various steels are purely quantitative, 
whether in regard (in accordance with what we have 
already said) to the pressures of oxidation, or in regard 
to the concentration of the mixed crystals in equili- 
brium, along curve 5, with the gaseous mixture (CO + 
©O,) which in its turn is in equilibrium with the wood 
charcoal. 

All the considerations developed in the foregoing pages 
remain valid until , yo of metastable equilibrium 
cease to occur, and on condition that during each case- 
hardening operation the temperature is maintained con- 
stant. ow both the first condition (to which should be 
added the certainty that the low velocity of the various 
reactions shall not impede the-attainment of the status 
of equilibrium) and the second are extremely difficult to 
realise in practice; in fact, it may be said that they 
never are to be found in industrial practice. The conse- 

uence of the imperfect attainment of one of these con- 

itions (and above all of the second), or of both, is the 
possibility that, during one or more of the phases of 
case-hardening, the point representing the system in 
which the reactions take place will be situated in a quad- 
rant of the diagram, where it could not have arrived 
under the conditions of stable equilibrium. For in- 
stance, it is quite possible that, as a result of fall in tem- 
“syste the above-mentioned representative point will 

found in the right-hand quadrant and above curve 5 
see diagram, Fig. 3). In such a case reactions different 

m those which we have been so far considering may 
occur ; a8, for example, the decomposition of carbon 
monoxide, accompanied by the liberation of pulverulent 
carbon.§ Moreover, the representative point may meet 
one of the curves 1 and 2 (the significance of which has 
already been indicated), and these, in their turn, may 
undergo considerable deviations in consequence of changes 
in temperature. In this last case the reactions which 
“> e place are much more complex.|| 

fore concluding this note, we desire to draw attention 

to the fact that, from the considerations set forth in the 
foregoing many useful practical axioms may be 
deduced for the purpose of carrying out, on a well- 
reasoned basis, the case-hardening of special steels with 
the “mixed agent.” In proof of which we may merely 
cite one example: the case-hardening of steels with rather 
high percentages of chromium (more than 4 or 5 per 
cent.) with ‘“‘ mixed cement” at a temperature not higher 
than 1000 deg. Cent. (a limit which in many cases cannot 
be exceeded) is accompanied by considerable oxidation 
of the metal, even when the process is conducted at the 
ordinary atmospheric pressure. Now the results of our 
experiments, and the considerations developed in the 
foregoing , suggest immediately a method of avoid- 
ing this oxidation; it will suffice, indeed, to reduce the 
ressure of the carburising gaseous mixture (CO+CO,) 
Siow the minimum pressure of oxidation (Q) charac- 
teristic of the particular metal at the temperature at 
which it is being case-hardened. This can in many 
cases easily accomplished by “diluting” with air (ac- 
cording to the rules indicated by us in previous papers) 


confirmed by the results 
‘able I.* 





* Compare, for instance, Experiment VI. with X VIII., 
XI. with XV., XVI. with XXTV., &c. ee 

- Etched by an alcoholic 5 per cent. solution of picric 
acid. 

+t We shall have occasion ere long to deal in another 
paper with the causes of the special distribution of carbon 
within these case-hardened steels (in which, as we have 
seen, the carbon tends more particularly to accumulate 
towards the surface). 

§ The appearance of this new form of free carbon pro- 
duces a displacement of curve 5. ; 

|| We propose to deal with these reactions ere long, in 
connection with certain special cases. 
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the carbon dioxide which is circulating through the mass 
of granular carbon. In this way the carburising gaseous 
mixture acts under partly reduced pressure, since it is 


“ diluted ” by the nitrogen of the atmosphere. 
soe he has ahuntently ph nt the efficacy of 
this method. 





Hampurc. AND ANGLO-AMERICAN NILE .CoMPANY.— 
This company, whose London offices are 72, Regent- 
street, W., have issued their 
of pleasure trips on the Nile for the season 1911-1912. A 
large number of different tours heve been provided for, 
the fares for which are quoted in detail. 





ENGINEERING AND COMMERCIAL CONDITIONS AND 
PROBLEMS IN Latin AmeRica.—An address having the 
above title was recently delivered before the Thursday 
Morning Club, of Great Barrington, Mass., U.S.A., by 


Mr. Elmer L. Corthell, D.Sc., civil engineer. After 
referring briefly to the geological formation and to the 
history of Central and South America, Mr. Corthell gave 


interesting statistical data showing the development of 
the principal States—Mexico, Brazil, Argentina, Chili, 
&c. In to the Panama he said that this 
would no doubt be ready for operation at the time stated 
—January 1, 1915. The Panama al will revolutionise 
the steam commerce of the world in the same way as the 
Suez Canal did in its ark it — further be of immense 
advan by lowering the cost of transportation, espe- 
cially f the tolls were at the outset fixed at 1 dol. per 
registered ton. In all likelihood the steamship lines 
of Great Britain, Germany, and Japan would have secon- 
dary lines as feeders at both termini—Colon and Panama. 
The region reviewed by the lecturer was undoubtedly one 
of the richest parts of the earth’s surface ; it was capable 
of absorbing many millions of people and of becoming a 
very great field of production and industry. 





INTERNATIONAL Roap Concress, LonpoNn, 1913.—A 
meeting of the representative General Committee that 
has been formed to undertake the organisation of the 
International “Road Congress, to be held in London in 
1913, was recently held at the offices of the Road Board. 
Sir George S. Gibb presided. There was a large attend- 
ance of the members, of the General Committee repre- 
senting the various associations of local highway autho- 
rities, automobile, cycling and touring clubs, technical 
institutions, &c., interested in the improvement of the 
roads. Mahieu and M. le Gavrian, of Paris (the 
Secretary-General and Assistant-Secretary of the Inter- 
national Association of Road Co ) were also 
present. A memorandum wubmitted by the Chairman 
dealing with the general question of o isation was 
considered, and generally *p roved. An Executive Com- 

0. 


mittee was appointed as lows :—-Sir George S. Gibb, 
Chairman ; Lord Mon of Beaulieu, Mr. W. Joynson 
Hicks, M.P., Mr. F. H. Berryman (County Councils’ 


Association), Vice-Chairmen ; Sir Charles D. Bart., 
M.P., Treasurer; and Messrs. J. A. Brodie, M. Inst. 
C.E.; H. P. Boulnois, M. Inst. C.E.; = Clerk, 
F.R.S.; E. Manville, M. Inst. C.E.; M. Fitzmaurice, 
C.M.G.; E. Shrapnell Smith; John Kennedy, J.P., 
D.L.; S. Williams; H. P. Maybury, M. Inst. O.E.; 
and Colonel R. E. Crompton, C.B. r. W. Rees 
Jeffreys was elected Hon. General Secretary of the 
Congress, and Mr. G. Montagu Harris Hon. Deputy 
General Secretary. It was decided to prepare and: issue 
at an early date a circular to the bodies and persons 


interested in the forthcoming congress. 





Tur Lewisham TramcaR AccipEnt.—The report of 
the Board of Trade on the accident in which a tramcar 
overturned on a curve at Lewisham, on September 4, 
has been issued. The inquiry into this accident was 
conducted by Lieut.-Colonel P.G. von Donop. At the 
place where the derailment occurred, the line is on a 
falling patient of 1 in 22, this having been preceded by 
a stretch of 45 yards on a 1 in 49 e. Atthe centre 
of the stretch of the 30 yards of 1 in 22 grade, it is stated 
that on examination the line was found to be actually 
lin 16. The curve is one of 62} ft. radius, and j in. 
superelevation is given to the outer rail. “The car was 
in good condition, and the brakes{hand and Westinghouse 
magnetic) were found in working order after the acci- 
dent. Evidence given at the inquiry tended to show 
that sand filled the grooves of the rails before the car 
passed over the curve at about this spot, but, on the 
other hand, there was evidence to the effect that the 
quantity of sand was small, and that it was soft and not 
vard , 80 that the suggestion that the accident 
was due to this was dismissed by the inspector. The 
car does not eer to have been travelling at a speed 
of more than 7 or 8 miles an hour after leaving the pre- 
vious stopping 
before passing round the curve, and proceeding over it at 
not more than 4 miles an hour, the practice has appa- 
rently for the cars to be run rather further than the 
beginning of the curve before pulling up. On this occasion 
the mam in charge was a Jearner, the regular driver being 
of course, on the platform. The car did not sto 
at the accustomed place. The magnetic brake handle hat 
— Geoean = third notch, pw the putes did not go 

-. Subsequent ex: ents show that the speed at 
which the third notch would be effective was 7.6 miles 
per hour. en Se regular driver took charge, and 
not only put the le round to the fifth notch, but 
applied. the hand-brakes. This sudden application of 

th brakes appears to have jerked the car, so that the 
wheels left the rails, and the live load was thrown towards 
the outside of the car, which, after running on the off 
wheels for some distance, finally turned over. 


mme and time-table | Al 


ing-place, but instead of coming to a stop| d 





FOREIGN ENGINEERING PROJECTS. 


WE give below a number of forei neeri jects, 
; ora caren 


further particulars concerning which can be obtained from 
the Commercial Intelligence Branch, Board of Trade, 73, 
Basinghall-street, E.C. 


Spain: The Gaceta notifies that the Compaiiia de los 
Ferrocarriles Suburbanos de Malaga has applied to the 
Ministry of Fomento for a concession for the construction 
and working of a secondary railway from Periana to 


ma. 
Brazil: The Diario Official publishes a decree (No. 9031) 
rom om favour of the Ministry of Communications and 
ublic Works, a credit of 400, milreis (about 27,0002.) 
nses in connection with the surveying o “4 
razi 


to meet ex 
tions for the extension of the Central Railway of 
as far as Belém, State of Para. 

Argentina : The Boletin Ofici publishes a decree ap- 

ving the plans and specifications prepared by Messrs. 

Bocsaie Hermanos for the construction of a tramway 
from Buenos Aires to the Partido de Lujan. ; 

Uruguay : The Diario Oficial notifies that the Ministry 
of Public Works has approved the plans and specitica- 
tions prepared by Messrs. Félix Allard, Abel Couvreux, 
Julio Dollfus, Juan Sillard, and Luis Wiriot, for the carry- 
ing out of water and drainage works at Punta del Este. 


eru: H.M. Minister at Lima re that surveys 
have been made and plans drawn up for the ing out 
of irrigation works in the valley of Chicama. Owing to 


the insufficiency of private capital to carry out works on 
so large a it is pro to guarantee the interest 
on the invested capital to those undertaking the works. 
Plans are now to be. prepared for irrigation schemes on 
the coasts of the Republic. Hi Peruano contains a notice, 
issued by the Directorate of Irrigation and Agriculture, 
granting to Don Luis Luccione permission to carry out 
surveying operations with a view to irrigating the lands 
which form the ‘‘ Pampa de Camarones.” 





THe Corperk Market.—In their monthly report, 
Messrs. James Lewis and Son state that the variations 
in the price of Standard c »pper ag | the past montb 
have extended over a range of 1/. 16s. 3d. per ton. — 
ing at 55/. cash, Standard fell to 54/. 6s. 3d. on the 11th 
ult., influenced by unfavourable American statistics ; 
but the large reduction in the English and French 
stocks announced on the 16th ult., partly due to consider- 
able exports of standard to Italy, and extensive pu 
of three months prompt against sales of manufactured 
copper and sulphate of copper for forward delivery, 
advanced the market to 56/. Bs. 6d. cash and 56. 17s. 6d. 
three months on the 23rd ult. In sympathy with a serious 
fall in industrial securities on the New York Stock 
Exchange, aad the decision of the United States Govern- 
ment to prosecute the Steel Corporation, values declined 
to 55/. 5s. and 56/. respectively on the 27th ult, They 
had since recovered to 55. 12s. 6d. and 56/. 6s. 3d., on 
the further material reduction in European stocks and an 
expected improvement in the American statistical posi- 
tion at the end of the month. The total sales amounted 
to about 24,000 tons. An exceptionally large business 
took place in manufactured copper towards the end of 
October, English railway companies and other consumers 
making extensive purchases. Advantage was taken of the 
reduced price at which American electrolytic was obtain- 
able—down to 56/. 10s. c.i.f.—by manufacturers to 
replenish their stocks and to buy against their sales, and 
large quantities of refined and other copper were sold by 
American ucers, including the Amalgamated Com- 
pany, to lish and Continental, as well as American, 
consumers, the quotation for electrolytic being raised to 
58/. per ton c.i.f. and 124 cents per pound in New York. 





FIREPROOFING Burtpincs.—America has always been 
rega. as a country of great fires, and it is therefore 
not unnatural that of late years, at any rate, there should 
have been a distinct mov t towards the adoption of 
more efficient means of prevention than have for a long 
time existed. Vast sums have been spent in bringing to 
perfection fire-fighting appliances, while at the same 
time buildings of low fire-resisting properties have 
been erected, and correspondingly high rates of in- 
surance paid. That the country is awakening to the 
importance of the fact that more stringent efforts must 
be made in order to secure buildings that are as fire- 
resisting as it is possible, under our present knowledge, to 
make them, is supported by the fact that a paper on the 
subject was recently read before the Concrete Institute, 
in Westminster, by Mr. Richard L. Humphrey, of Phila- 
delphia, president of the National Association of Cement- 
Users. In this paper there is, however, little that 
was not already known in this country, although it is 
satisfactory to have methods that we ourselves have faith 
in confirmed, and in many cases these beliefs are con- 
firmed. Mr. Humphrey points out that stone is an un- 





esirable material on the whole to use as a fire-resisting 
material ; but he mentions an interesting point in connec- 
tion with granite, which stone can, he says, be quarried so 
as to offer almost 100 per cent. greater resistance to fire in 
one direction than it does in the other. If stone is used, 
it should, the author maintains, be fireproofed just in 
the same way as steel, which latter is, of course, in 
case of fire without a protection. Tiles as protec- 
tion are often unreliable, — liable to crack. Pilas- 
tered metal fabrics placed columns have proved in 
many cases of little good, and something more substantial 
is required, and terra cotta flakes off on account of expan- 
sion. An important point also is the efficient protection 
of roof trusses. The faith of Mr. Humphrey appears, 
however, on the whole, to rest on reinforced concrete, as 
the material that will play a most important part in the 
fire construction in the future, and in this he is 
probably right. 





CATALOGUES. 
Electric Telphers.—We have received from Messrs. 
Strachan and Henshaw, Limited, of Bristol, leaflets illus- 


trating and giving a few particulars of their electric 
phers. Several of the installations shown are in 
works, where the —\ are used for conveying hot 
coke from the retort-house to the quenching-tank, and 
thence to the storage yard. . 
Grinding Wheels and Machines.— An abridged catalogue 
of grinding wheels and machines has been issued by 
Messrs. B. R. Rowland and Co., Limited, Climax Works, 
Reddish, Manchester. The catalogue contains a price- 


list of grinding wheels, which are manufactured io a full 
range of grades and grits for all requirements. Particulars 
are also given of the more generally used types of grind- 


i ines, including h ers, unive floor 
sistem, tool grinders, Sos drill printer, &e. 

Hauling and Winding Plant.—Messrs. H. Mackay and 
Co., 4, Southampton-row, W.C., who have recently been 
appointed sole selling agents for the London district, for 
the Falcon Iron Works, Limited, of Oldham, have sent 
us two pamphlets illustrating some of the latter firm’s 
me ongooee which include steam and electrically-driven 

auling and winding gears of all sizes. Friction-clutches, 
an automatic device for greasing mine-tub axles, and a 
clip for wire-rope haulage are also illustrated. 


Small Tools.—We have received from Messrs. George 
W. Goodchild and Partner, 30 and 32, Farringdon-road, 
E.C., a catalogue of small tools manufactured by Messrs, 
Ludw. Loewe and Co., A.-G., of Berlin. The book, 


which is well printed and fully illustrated, contains 240 
pages, bound in limp cloth covers. It gives full parti- 
culars, with prices, of chucks, arbors, machine-vices, 
milling-cutters, reamers, taps and dies, threading-tools, 
chasers, limit-gauges, snap-gauges, screw-thread gauges, 
and standard machine parts, such as geared pumps, &c. 
An efficient index is provided to facilitate reference. 


Mortising-Machines.—The Carron Company, of Carron, 
Stirlingshire, N.B., have issued a catalogue which deals 
principally with hand-power mortising-machines. Several 
patterns are illustrated, and a specification of each is 
given. Some of these machines are fitted with a boring 
spindle parallel to the mortising chisel, so that, when 
working on hard wood, a hole can be bored before the 
chisel is used. One machine, fitted with a special vice 
and dividing-plate, is intended to be used for mortising 
wheel naves. This catalogue also illustrates a circular 
saw-bench, and gives some particulars of ‘‘ drunken ” 
saws for cutting slots. 


Steel Plates and Sections.—From the Consett Iron Com- 
pany, Limited, of Consett, Co. Durham, we have received 
a little booklet giving particulars of their productions. 
The maximum dimensions to which steel plates and 
chequered plates are rolled are given, and the sizes of 
angles, bulb-angles, zed-bars, channels, flats, rounds, and 
other sections are also stated. The booklet also contains 
particulars of various tests of material for shipbuilding 
and boiler-making, as well as numerous useful tables. 


company also supplies coal and coke, pig iron, steel 
scrap, firebri fi y, sulphate of ammonia, tar, and 
other by-products. 





STAYING THE END-PLATES OF 
LANCASHIRE BOILERS. 


By J. F. L. Crostanp, Chief Engineer of the Vulcan 
iler and General Insurance Company, Limited, 
Manchester. 


ALL ay ey after some years of service, tend 
to develop defects, the nature of which varies with the 
type of generator and the conditions under which it has 
worked, and in the case of the Lancashire type of boiler 
one of the commonest defects met with is that known as 
ae ving.” 

“Grooving” is primarily a mechanical defect caused by 
severe localised bending strains of such intensity that the 
surfaces of the aff are sti beyond the 
elastic limit of the material. The application 
of such strains tends to break down structure of the 
metal, opening out the outer fibres when in tension and 
crushing them when in compression, with the result that 
cracks appear on the surface of the plate, and in time 
extend into the metal until it fractures through. 

The ts of a boiler most liable to such action are 
those which, under working conditions, have a movement 
relative to each other, and in the case of Lancashire 
boilers the expansive movement of the furnaces relative 
to that of the shell is the principal cause of grooving at 
the front e and in the roots of the front end 
flanges or angles of the furnaces. 

From Faucings taken at the ends of a number of Lan- 
cashire boilers, it has been found that when steam is 
being raised from com ively cold water, the longi- 
tudinal expansion of the furnaces may as much as 
Yr in. greater than that of the shell, and the tabulated 
oy rs given herewith may be taken as 
showing the viour of a boiler when steam is being 
raised under average conditions after a week-end stop- 

for cleaning. Even after a boiler has been worki 
‘or some time under normal conditions, and the she 
bottom has attained its usual temperature, the difference 
in the furnace and shell expansive movement may remain 
at —- a z ms but _, aces — ot course, 
greatly de on stem o employed. 

If ‘the working aed 5 ne are pum. | that the furnace- 

tes are liable to be heated to abnormal temperatures, 
ue to a heavy deposit of scale or oily matter on the 
water side, orto the use of a system of firing by which a 
high furnace temperature is attained, or by a combination 
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of these conditions, the expansion of the furnaces must 
necessarily be greater than the amount given above ; and 
if no provision is made for the absorption of this extra 
movement, the front end-plate and its stays, and also the 
furnace flanges, will be subjected to aes | severe strains, 
and grooving will develop very rapidly _If in addition to 


Fig.2. 


VULCAN 
FLEXIBLE STAY 

















+- 


























(WS 


Wht. 


designers have from time to time modified the design of 
front end-plates, furnaces, and staying, and the general 
trend has in the direction of greater breathing space 
between the stays and the furnace crowns, or to the 
design of furnaces with a view to longitudinal elasticity. 
Many of these devices, however, have not been success- 
ful, and in some cases they have only transferred the 
trouble from one part of the boiler to another. 

For some considerable time the Vulcan Boiler and 
General Insurance Company, Limited, have had before 
them this problem of prevention of grooving, and a descrip- 
tion of an improved system of staying patented by them 
will of interest to steam-users. finte Vulcan patent 
flexible stay, as shown in Figs. 1 and 2, is a modification 
of the ordinary rigid gusset-stay, consisting of the usual 
double angles riveted to the shell and front end-plate. 
The gusset web-plate is rigidly riveted to the angles on 
the shell, but turned bolts are substituted for the rivets 
generally used for the attachment of this web-plate to the 
angles on the front end-plate. The bolt-holes in the 
gusset-plate are elongated, and permit a certain amount 
of end-plate movement before the stay takes any | 

It will be seen that by varying the elongation of the 
bolt-holes it is possible to design the staying so that the 
end-plate is free to move > ae any predetermined 
distance, and it is possible by this system to distribute the 
load 7 over all the bolts, instead of practically the 
entire | coming on the toe-rivets only, as is the case 
in the customary system of rigid staying. When thecon- 
ditions of working are severe, such an arrangement of 
staying is of great value in reducing the strains that tend 
to cause grooving action or leakage from the riveta and 
seams at the front end. 

When the Vulcan system of flexible staying is fitted, 
the shape assumed by the end-plate under working con- 
ditions is that shown by the fone ot area, Fig. 3; and 
it will be seen that the deflection due to the furnace ex- 

nsive movement and internal steam pressure is not 
ocalised, but is distributed over that portion of the end- 
plate situated between the furnace-crowns and the outer 
circumferential riveting * which the plate is attached to 
the shell, and the angle through which the plate is bent 
due to this movement is comparatively small, and severe 
local stresses are thereby poalied. 

With a rigid system of stayi 
will be seen that practically al 
furnace expansion &c., has to be taken up by the front 
end-flanges of the furnaces and a strip of plate, usually 
10 in. to 11 in. wide, situated between the crowns of 


, a8 shown in Fig. 4, it 
the movement due to 
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the foregoing the feed-water 1s of a corrosive nature, the | 
combination of mechanical and chemical actions wil 
result ineven more rapid development of grooving. 
en working pressures were low, and boiler diameters 
did not generally exceed 7 ft. 6 in., it was possible to use 
comparatively thin plates in boiler construction ; and as 
such plates were less rigid than the thicker plates now 
necessary in modern high-pressure boilers, bending 
stresses due to the expansive movement of the furnace 
were not so severe or localised, and consequently grooving 
did not develop so rapidly. aed 
It is necessary, if grooving action is to be minimised, 
that some portion or portions of the boiler should be 
made sufficiently flexible to absorb this ex ve move- 
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ment of the furnaces ; and with this object in view boiler 


the furnaces and the bottom or toe-rivets in the attach- 


Fig.6. 


DEFLECTIONS MEASURED ON 
FRONT END PLATE AT POINTS INDICATED 
ON SHETCH @ 
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ment of the gusset-angles to the end plates. It will be 


1| seen from the shaded area, Fig. 4, that the angles through 


which the furnace flanges and end-plate are bent are 
very much greater than is the case when the Vulcan 
flexible system of staying is fitted, and the stresses at 
these parts must necessarily be much more severe, result- 
ing in fracture of the end-plate, gusset-angles, or rivets, 
in some cases after only a comparatively short period of 
service. 
The Vulcan 

fitted to a num 


tem of staying has been 
ern high-pressure boilers, 


tent flexible s 


of large m 


some of which were originally fitted with the ordinary | tary 


rigid stays, and several of these boilers have been work- 
ing for a considerable time with satisfactory results. 
ith the boilers so fitted there has been an absence of 
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the troublesome leakages so often seen from 
furnace-mouth riveting at the front end, and thee in itenit 
would point to a reduction in the severe strains at these 
parts, and the internal condition of the boilers after a 
period of service confirms this. 

_ As the behaviour of this system of staying under vary- 
ing conditions of stress will be of interest to steam users 
a table is given showing deflections at different parts of 


Table of Deflections at Front End of Boiler 8 Ft. in Dia- 
meter. Working Pressure, 160 Lb. Front End-Platc 
3 In. Thick. Gusset-Angles 6 In. by 5 In. by }i In. Bolts 
12 In. in Diameter. 


Deflection Around Furnaces. 


(See Fig. 5.) 


) 
Deflection at Bottom of Gusset | 
Stays. (See Fig. 5.) 
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the front end-plate of a high-pressure boiler under 
hydraulic-pressure tests, and when raising steam from 
comparatively cold water. These results are also shown 
in diagram form in Figs. 6 and 7. 

The boiler is 8 ft. in diameter, and was made for a daily 
working pressure of 160 lb. per sq. in. The end-plate is 
# in, thick, and is fitted with ‘five flexible gusset-stays 
above the furnaces at the front end and two ordinary 
rigid gusset-stays below. The bottom bolt-hole of the 
centre stay is elongated ,?; in., those in the intermediate 
stays } in., and in the wing-stays ,; in. 

n analysis of the figures reveals several points of 
interest, and it will be noted that the deflections under 
steam pressure are much greater than those at a corre- 
sponding cold-water pressure, this being principally due 
to the expansive movement of the furnaces forcing out 
the end-plate. 

When steam at about 212deg. Fahr. is just issuing 
from the test-tap, it will be seen that the upper parts of 
the furnace have expanded through a distance equal to 
y's in. more than the shell of the boiler, while at 40 lb. 
steam pressure the difference at these parts is equal to 
that caused by a cold-water pressure of 160 Ib. per sq. in. 
—the pressure for which the boiler was constructed— 
and at 120 1b. steam pressure the deflection is just equal 
to that produced by the maximum cold-water test pres- 
sure of 260 lb. per sq. in. 

The deflections at the bottom ends of the three centre 
gusset-stays are of a similar amount, and it is interesting 
to note that at the full working steam pressure of 160 lb. 
the bolts are just in contact with the ends of the elon- 
gated holes in the gusset-plates, thus showing that the 


TIONS ABOUT FURNACES. 


sides 
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end-plate is practically free to move with the furnaces 
until the full working pressure is reached. The fore- 
oing figures are typical of a number of tests that have 


n made from time to time in connection with boilers 
fitted with the Vulcan flexible system of staying. 





Royat InstrruTion.—The eighty-sixth Christmas course 
of juvenile lectures, founded at the Royal Institution in 
1826, by Michael Faraday, will be delivered this year by 
Dr. P. Chalmers Mitchell, D.Se., LL.D., F.R.8., Secre- 

of the Zoological at, his subject being The 
Childhood of Animals.” The lectures will be delivered on 
the following dates, at 3 o’clock: Thursday, December 23, 
December 30, 1911, January 2, 4, 6, and 9, 1912. 
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‘“‘ ENGINEERING” ILLUSTRATED PATENT 
RECORD. 
ABSTRACTS OF REGENT PUBLISHED SPEUIFI 
OATIONS UNDER THE ACT OF 1907. 


number of views 
a pe yoke ond pomety § 


t 
ive notice at 
Patent on any of the 

ELECTRICAL APPARATUS. 
and C. C. Garrard, Bir- 
mingham. Electric Switches. [4 Figs.) November 9, 
1910.—This invention has reference to an electric switch which 
gives a quick break on opening the circuit, holds the contacts 
securely open whatever may be the mounted position of the 
switch, and retains the contacts firmly together when in the closed 
position. The invention is carried into effect by mounting on the 
spindle A a crank B, on which is pivoted a link C, to the free end 
of which is attached one end of a spring D the other end of the 
spring being anchored at E. The spindle A also carries blocks F, 
upon which are mounted the contact-blades G. The arrangement 
of the crank B, link C, and ng D is such that when the switch 
is closed, the pull of the spring acts along a line which joins the 
centres of the spindle, crank, and anchorage of the spring, or, 
rather, along a line which approximates thereto, so that the 
switch-blades, besides being held by the friction of the contact 
clips, are locked in the “on” position by reason of the crank being 


kig.1. 

















just beyond the dead centre, and consequently the force of the 
spring does not tend to pull the blades out of the contact clips. 
The crank B may, if preferred, be arranged to take the end of the 
spring D well over the dead centre when switching on, so as to 
emphasise the locking action. In opening the switch, the force of 
the spring D is made to act in the other direction, past the dead 
centre line, before the blades leave the contact clips, and is there- 
fore available to cause a rapid break. Lost motion is permitted 
between the operating handle and the spindle A, and this allows 
the break to be independent after the handle has moved suffi- 
ciently to put the pull line of the spring to the other side of the 
dead centre line, and just so that the moving contacts G are 
nearly leaving the fixed contacts. In the “‘ off” position of the 
switch, the blades are held by the spring D, and it is quite 
impossible that they could be shaken into contact with the fixed 
contacts, even if the switch be mounted upside down. (Accepted 
September 20, 1911.) 


10,056/11. Hartmann and Braun Aktiengesellschaft, 
ankfort-on- Germany. Hot-Wire Measuring 
Instruments, (2 Figs.) June 3, 1910.—In hot-wire electric 
measuring instruments, in accordance with this invention, wires 
or ribbons of relatively small length with respect to the diameter 
of the instrument-casing are employed, and are clamped between 
blocks of a material of good heat conductivity. Contrary to the 
usual custom, the wires or ribbons / are of very short length, but by 








reason, nevertheless, of the considerable heating produced in the 
wire, the elongation of this short piece can be used for the move- 
ment of the pointer with sufficient accuracy, The heat produced 
is, indeed, of such a character that clamping devices of compara- 
tively small metal masses have not proved suitable, since they 
were not able to radiate the excessive heat with sufficient rapidity. 
This inconvenience is obviated by using stout blocks k, composed 
of material of good heat conductivity, as, for instance, iron. 
These blocks may be either cubical, or, if asymmetrical arrangement 





| of the piston. 
j are formed in the cylinder walls at 


of the hot-wires or ribbons be preferred, cylindrical, the ribbons | 
being distributed at equal intervals over the cylinder surface. Such 
blocks offer the further advantage that the clamping device can be 
made extremely strong and irremovable. (Accepted Sept. 27, 1911.) 


21,943/10. A. F. Berry, Baling. Switches. [6 Figs.) 
September 21, 1910.—This invention relates to tumbler switches, 
in which the metal cover presents a hard and relatively thin edge 
to the base or body carrying the live parts of the switch, or to 
which the switch is applied, and it has for its object to combine 
with such cover and base or body, packing means of a metal softer 
than that of the cover which is thereby earthed. Fig. 1 is a view 
partly in elevation and partly in section of a tumbler switch, | 
where @ is the metal cover, » the switch base, and ¢ the packing 
means consisting of a flanged soft-metal sheath adapted to place 


| 





the cover in electrical connection with an earthed metal base d, 
the cover then becoming slightly embedded in the soft-metal 
sheath c, as shown in section in the upper part of the figure. 
Fig. 2 illustrates a dified arr in which the switch 
base is secured to the interior of the earthed metal base d, and 
the switch cover a placed on the exterior of the metal base, the 
latter being suitably cut away for the electrical contacts and 
lever or tumbler of the switch. In this arrangement a ring of 
soft metal is placed between the metal base d and the switch 
cover a. (Accepted September 27, 1911.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


Doxey. Gas-Producers. [2 Figs.) 

April 12, 1911.—In -producers fitted with central tuyeres or 
ates through which the blast is admitted to the fuel, and 
~s between the central grate or tuyere and the internal sur- 
face of the producer wall a space through which the ash has to 
descend on its way to the base of the producer, the lower portions 
of the producer walls, and more particularly those portions that 
surround the central grate or tuyere, are, according to this 
invention, composed of hollow segmental metal bodies through 
which liquid or air can be passed at a rate sufficiently rapid to 
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keep them cool enough to prevent clinker from adhering 
thereto. 1 is the central tuyere surrounded by an annular space 
2, bounded by the lower portion of the producer wall. is 
portion of the wall is com of vertical segmental cast- 
ings 4, having gas-tight connection with the base 5 and upper 
brickwork portion 6, and in each casting there is cored out a | 
cavity 7 provided with an inlet and outlet for cooling fluid. 
The external eurfaces of the segments 4 may be in contact with | 
a metal sheathing exposed to the atmosphere ; but the brickwork | 
6 may extend downwardly and enclose them, the segments then 
forming a lining within the brickwork. (dccepted Sept. 20, 1911.) 





23,993/10. B. S. Roberts and F. 8S. Roberts, 
Wolverhampton. Internal-Combustion Engines. 
(15 Figs.) October 17, 1910.—According to this invention, an | 
internal-combustion engine is provided with a piston comprising 
a reciprocating sleeve, a reciprocating inner member having 
passages for the inlet and exhaust gases leading into the combus- 
tion-chamber, co-operating inlet and exhaust-passages in the 
sleeve adapted also to co-operate with inlet and exhaust-ports in 
the lower part of the cylinder, a connecting-rod for coupling the 
sleeve to the crank-pin, a connecting-rod for coupling the inner 
piston member to an eccentric or cam upon the crank-pin, and 
epicyclic gearing for rotating the eccentric or cam in order to 
impart the necessary relative movement to the piston members 
for placing the inlet and exhaust-passages thereof in communica- 
tion with the inlet and exhaust-ports at the necessary times. 
The piston comprises two parts 1, 9, the former consisting of a 
closed crown portion or piston proper, which fits and works 
within the main bore ef the cylinder 3, whilst the second part 2 
consists of a sleeve member which also fits the main bore of the | 
cylinder, and which surrounds, and can slide over, a reduced inner 
end of the part 1. The latter is guided by an extension 4 of its | 
inner end working within an ennler recess 5 upon the inner face 
of the sleeve 2. This sleeve is coupled up with the engine crank- 
pin 6 by a connecting-rod 7, whilst the piston proper 1 
is coupled, by another connecting-rod 8, with the encircling 
strap of an eccentric 10 fixed upon the crank-pin, the 
rod 8 being rigid with the strap. The big end of the con- 





port. Formed in the outer walls of the sleeve 2, on the side 
adjacent to the inlet port, is a longitudinal channel 21, wkich, 


at its upper end, runs into a transverse 22 formed 
through the walls of the sleeve, the e ng situated a 
short distance from the upper end of the latter. When the piston 


| commences its suction stroke, or shortly after the commencement 


of the stroke. (Fig. 1), the lower end of the channel 21 in the 
sleeve comes opposite to the inlet port 19, and the passage 22 


| is opposite to a passage 23 directed through the walls of the 


main power piston 1 so as to lead into the combustion space. 
The latter is thus placed in direct communication with the 
inlet port. As the suction stroke takes place, the longitudinal 
channel 21 continues to move it the inlet port 19, and the two 
parts of the piston remain in fixed relationship to one another, so 
as to allow of the mixture being drawn into the cylinder until 


| the piston approaches the end of its stroke, when the main 


portion 1 commences to move at a faster rate than the sleeve, and 
soon the through communication between the —— 23 in the 
piston and the passage 22 in the sleeve is cut off, whilst also the 
sleeve moves past the inle tport. In order, however, 
to maintain a continuous suction right to the end of the stroke, 
another 24 is formed through the walls of the sleeve just 
above, but independent of, the passage 22. As soon as the prin- 
cipal passage 21, 22 has mov past the port 19, then the 
auxiliary passage 24 moves opposite the latter, and also registers 
with a second passage 25 through the power piston, thereby still 
maintaining the through communication between the combustion 
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space and the inlet port. By the time the stroke is completed 
the continued relative motion of the main piston member will 
have caused the auxiliary paseages 24, 25 of the two parte of the 
piston to have moved out of register with one another, thus 
cutting off the admission of the charge. During the compression 
stroke the ports and passages remain closed, as do also the exhaust 
ports and passages to be described. For the first portion of this 
return stroke the two members of the piston move upwards 
together, but for the remainder of the stroke the main piston rises 
quicker than the sleeve, On the exhaust side of this sleeve is 
a longitudinal passage 26 similar to that on the admission side and 
leading through the walls, but it does not extend so high as the 
inlet channel and is separated therefrom, in the circumferential 
direction, by longitudinal webs. Just above, but independent of, 
the upper end of this pm 26 is another short or port 
27 which passes directly through the walls, and, at the commence- 
ment of the power stroke, registers with a passage 28 in the main 
piston leading to the combustion space. During the power stroke 
the two parts of the piston move outwards until the passage 27 
in the sleeve comes opposite the exhaust port 20, and is also in 
register with the passage 28 in the piston, so that the exhaust 
gases commence to pass out by their own pressure. Owing, 
however, to the relative movement of the sleeve, the passage 27 
moves out of register with the e 28, but immediately 
another auxiliary passage 29, cut in the end of the sleeve, is 
brought into register with a passage 30 in the piston and with 
the exhaust port, thus maintaining the communication during the 
remainder of the stroke. (Accepted September 27, 1911.) 


27, 
HYDRAULIC MACHINERY. 


22,259/10. H. 8. Hele-Shaw and F. L. Martineau, 
London, Hydraulic Apparatus. [4 Figs.) September 26, 
1910.—This invention has reference to hydraulic relay systems 
wherein the application of a small force actuates a primary 
controlling device, and the movement of this primary con- 
trolling device results in the movement of the larger con- 
trolling mechanism of a main apparatus, and the movement of 
the controlling mechanism of the main apparatus results in the 
return of the primary controlling mechanism to the normal 
position. According to the invention, the primary hand operation 
merely serves to set in effective operation a sccondary apparatus 
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for ing the liquid pressure necessary to operate the control, 














necting-rod 7 is preferably forked, and embraces the opposit 

sides of the eccentric, the two branches running upon concentric 
hollow bearing-bosses which extend inwards from the crank- 
webs. The crank-pin 6 carries upon its end a spur-wheel 13 which 
meshes with a fixed central sun-pinion 14 carried by the stationary 
frame. The spur-wheel 13 is of double the diameter of the sun- 
pinion, so that the epicyclic gearing causes the eccentric to make 
one and a half revolutions for each revolution of the crank, thereby 
giving the necessary relative sliding movements to the two parts 
The inlet and exhaust ports 19, 20 respectively 
opposite sides, near the 


lower end. The exhaust port is a little higher than the inlet 





gear of the main apparatus, and the movement of the control-gear 
of the main apparatus serves to cause the secondary apparatus to 
cease effective operation. 1 designates the controlling-rod of the 
stroke-varying ring of the main pump 2. This rod is provided 
with a piston 3, which operates in a cylinder 4. The extremit; 

of the rod 1 is pivotally connected to one end of a floating-lin 

mechanism, which is connected to the stroke-controlling rod 8 of 
a smaller secondary pump 9, and this secondary pump 9 has its 
orifices connected by pipes 10 and 11 with the cylinder 4. It will 
be understood that the orifices of the pump 9 must communicate 
with this cylinder 4, one at either end, The operation of the device 
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is as follows :—The floating link is moved about its pivotal connec- 
tion with the rod 1 by means of the screw- 12, and this move- 
ment operates the rod 8 of the pump 9, which latter immediately 
commences to transmit liquid in a direction dependent upon the 
direction in which the floating link is mov The liquid dis- 
charged from the pump 9 is transmitted to one side of the piston 
3, and liquid on the other side of the piston 3 being withdrawn, 
the piston, and with it the rod 1, is moved, and thus stroke is 
given to the main pump 2. The movement of the piston 3 operat- 
ing through the floating link returns the rod 8 of the pee 9 to 
its middle, or zero position, and thus the main pump 2 will continue 
to have the same stroke until the stroke-controlling mechanism is 
azain operated. It will, of course, be understood that the initial 
movement of the floating link may be effected in many ways, such, 
for instance, as by connection with the controlling-rope of an 
hydraulic lift. (Accepted September 27, 1911.) 


MINING, METALLURGY, AND METAL- 
WORKING. 


29,307/10. O. She d, Bridgend. Coal-Washing 
Machinery. (3 Pion) December 16, 1910.—In coal-washing 
apparatus of the kind wherein a grating is supported in a water 
tank, and a reciprocating piston or plunger is employed to produce 
an intermittent upward current through the grating for the pur- 
pose of agitating the materials thereon, 30 that the heavier 
a thereof shall gravitate towards the surface of the grating, 
eaving the washed coal lying upon the refuse, means are provided, 
in accordance with this invention, whereby the refuse is discharged 
automatically from time to time, and to this end a hinged bottom 
to the grating is employed and is suitably counterbalanced and 
arranged in conjunction with a discharge opening in such a 
manner that the bottom intermittently, under the action of the 
weight of the material upon it, descends and uncovers an opening 
in the adjacent wall, and allows the material lying upon the 
grating to discharge through the opening. a is the tank of 
the washer, ) the fixed grating, and ¢ the plunger for produc- 
ing the intermittent current of water through the grating. d is 
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a channel having a movable bottom formed by the hinged gratin 
e, and f is the wall provided with the opening g through which 
the material is discharged into the tank. / isa balance-lever 
»ivoted on the wall of the tank and connected to the grating e. 

e operation is as follows :—The material to be washed being 
— the grating, and the pump being set in operation, the flow 
of water in alternately opposite directions will take place through 
the grating. It will be readily seen that as this operation con- 
tinues, the shale or heavy refuse will accumulate inst the 
grating, whilst the coal will lie upon the heavier material. en 
the weight of the accumulated material overcomes the weight on 
the balance-lever A, the perforated bottom d descends so as to un- 
cover the opening g in the wall /, thereby allowing the refuse to 
discharge into the tank a. When a sufficient quantity of refuse 
has been discharged so that the weight on the hin bottom is 
reduced, the balance-weight n returns the hinged bottom to 
its upper tion, thereby closing the opening g in the wall /. 
(Accepted September 27, 1911.) 


MOTOR ROAD VEHICLES. 


13,516/11. F. H. Royce and Rolls-Royce, Limited, 
Derby. Sp 8 ion. (2 Figs.) June 6, 1911.— 
This invention utilises inverted suspensory springs of the so-called 
cantilever type in a more simple manner than at present obtains, 
and consists in the combination with springs of the type men- 
tioned, of a transmission gear of well-known live-axle type in 
which the propeller shaft is enclosed in a tubular member rigidly 
attached to the axle-case, and operating as a torque member and 
a radius-rod, and connected to the frame at its forward end by a 
universal joint arran concentrically with the universal joint 
connecting the gear shaft with the propeller shaft. The inverted 
springs a are pivotally attached to the side members of the main 
frame 2 by means of blocks b. These blocks engage with pins 
attached to brackets d rigidly mounted on the side member. e 
front end of each of the springs @ is supported by a link e pivoted 
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to a bracket f attached to the side member. The rear end of 
each of the springs a rests on a roller carried by a hanging 
bracket m attached to the rear axle casing v. The tubular 
member w, which is rigidly attached to the axle casing v, and 
envelops and encloses the propeller.shaft, is attached at its for- 
ward end to the main frame by a iniversal joint. The action 
of this improved suspension is as fo!lows :—The axle casing and 
propeller-shaft casing form a rigid suspension unit which is 
attached at its front end to the main frame of the vehicle by a 
suitable form of universal joint. This arrangement, together with 
the lateral rigidity of the inverted springs, constrains the axle to 
move only in a vertical direction relatively to the frame, the said 
movement being controlled by the vertical resilience of the 
spring. It further allows either wheel to rise relatively to the 
other without straining the controlling mechanism in any way. 
(Accepted September 27, 1911.) 


1517/11. C. W. Bluemel, F. H Bluemel, and E. A. 
Bluemel, . - Wheels. [4 re. ] 
January 20, 1911.—In the manufacture, in accordance with this 
invention, of a celluloid-covered metal rim of a steering-wheel, a 
weldiess drawn-metal tube is first bent toa ring with the 
ends out of alignment, and a sheath of celluloid then drawn over 
the same, The exposed ends of the tube are then united to form 





a completed ring, and the ends of the sheath are stretched and 
united to cover the joints in the tube. a@ is the weldless drawn- 
metal tube, bent approximately to a ring shape, with the ends 
out of alignment, over which a tubular sheath b of celluloid is 
drawn. The ends of the sheath » are at first forced back to leave 
the ends of the tube a exposed. After a short sleeve or liner c 
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has been inserted in the tube a, the ends of the latter are 
brought into alignment, and are butted together around the 
liner, and ——— The ends of the celluloid sheath are then 
stretched to overlap one another, covering-the joint in the tubea, 
and are themselves united. By bending the metal tube so that 
the ends are out of alignment, the drawing on of a seamless cellu- 
loid sheath is facilitated. (Accepted September 27, 1911.) 


PUMPS. 
27,113/10. G.and J. Weir, Limited, and J. Peter- 
mo ? Cathcart. Ro Air-Pum [4 Figs.) 


ps. : 
November 22, 1910.—In a rotary air-pump in which the air to be 
discharged is drawn into es in a rotor which rotates in 
liquid, the air being swept from the exit ports of the passages by 
the difference in velocity between the periphery of the rotor and 
the adjacent portion of the liquid, there is employed, according 
to this invention, a conduit which passes through the liquid in 
which the rotor is immersed, the air being supplied to the rotor 
through this conduit. The pump is immersed in water contained 
inthe tank b. The pump rotor c is fixed on the rotatable shaft d 
and is arranged on the double-flow principle in order to have no 
unbalanced axial pressure. The air enters by the conduit j and 
is divided into two portions, one portion passing into the annular 
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chamber e in the left-hand part of the pump, while the other 
portion passes into a corresponding chamber in the right-hand 
part of the pump. /, f! are discharge ports through which the 
air passes into the water. The rotation of the rotor causes a 
relative velocity between the 7 of the rotor and the water; 
and this relative velocity sweeps the air from the ports /, f1. The 
air, when free from the rotor, then rises in the specifically heavier 
water. In this way a vacuum can be produced in the conduit j, 
and air drawn out of the condenser and discharged through the 
water into the atmosphere. The water is to a certain extent put 
into motion by the rotation of the rotor ; but the absolute velocity 
of the water is comparatively low and considerably lower than 
would require to be given to the auxiliary medium in pumps of 
the jet or ejector type. (Accepted September 20, 1911.) 


RAILWAYS AND TRAMWAYS. 





26,843/10. The Metropolitan Amalgamated Rail- 
e and Wagon Company, Limited, and 
Bf Wagons. 


W. 4H. Ps: op 

(3 Figs.) November 18, 1910.—In operating gear for doors of 
hopper wagons, according to this invention, there is provided a 
semicircular or quadrant toothed member driven from a rotatable 
shaft and jointed to thrust-rods and links, so connected to the 
doors and to the member that a lock is formed in the closed 
position. a@ is a transverse shaft beneath the ridge b, provided 
with suitable cperating means that are operable from either side 
of the wagon. Upon the shaft a is a pinion c which gears with a 
semicircular toothed member d mounted beneath the ridge b. 
The lower extremity of the member d is connected to two pairs 
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of thrust-bars e¢, f. The bars incline outwardly away from each 
other, and connect at their extremities with links g, h. The 
doors i are hinged to the walls of the ridge b, and when opening 
swing towards one another. The links are connected with the 
doors by slotted brackets n, and pins on the links work in the 
slots. In operation, as the shaft a is rotated, its pinion ¢ raises 
the member d and draws up the thrust-bars e, /, which pull the 
links g, A inwards toward the centre of the ridge }, and permit 
the doors i to turn upon their hinges. The reverse operation 
throws out the thrust-bars, ang oe the links and raising the 
doors into the closed position. e links and thrust-bars form 
a hinged parallelogram, and, owing to the dead centering of the 
top joint on the member d, a lock is obtained in the closed posi- 
tion of the doors. (Accepted September 20, 1911.) 

30,055/10. J. Bowring, Manchester. Tram-Car 
Life-Guards. [2 Figs.) December 28, 1910.—In life-guards or 
obstruction removers for tram-cars, means for holding and locking 





the tray when in its lowered position comprise, according to this 
invention, a lever or pawl mounted upon the pilot-board, and 
designed to engage teeth or notches on the arm connecting the 
tray to the connecting-rod of the re-setting means, and a further 
lever and link or rod for operating the lever or pawl. a is the 
tray with upstanding arm b, ¢ is the ting-rod extendi 

from the arm b to the re-setting means, and d is the pilot-board 
from which the tray is supported. According to the invention, a 
lever e is ted upon a bracket f carried by the pilot-board d, 
and is designed to engage teeth on the arm b. Mounted upon the 

















same fulcrum as the lever e isa lever g, to the free end of which is 
secured one end of a connecting-rod h. The other end of the rod 
h is secured to the end of the resetting connecting-rod c. With 
the tray in its normal position, the lever e lies clear of the teeth 
on the arm b, but immediately the tray a falls, the lever e is 
brought into en; ment with the teeth on the arm b, and locks 
the tray in its lowered ition, The connecting-rod c, where it 
engages with the arm 0, is provided with a slot, so that, on 
re-setting, the rod ¢ will raise the lever e clear of the teeth on the 
arm b before raising the tray. (4ccepted September 27, 1911.) 


TEXTILE MACHINERY. 


308/10. J. W. Taylor and Y. Yates, Hyde. Loom 

ers. [6 Figs.) October 8, 1910.—In loom pickers of the 
kind provided with a recess or chamber, and a renewable striking- 
block in such ber, the opening from such chamber is pro- 
vided with vertical flanges whereby the block is retained in the 
chamber, and the block is also provided with rebates at each 
edge whereby the end of the block, when in the chamber, may lie 
flush with the outer faces of the flanges. Fig. 3 illustrates the 
picker, b being the chamber and ¢ the filling-block placed therein, 
and comprising the lower part of the picker. The chamber » is 
made, as shown in Fig. 2, with an opening b! and flanges b2 on its 
working side. The block is made to the shape shown in Fig. 1, 
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c 
and when in position within the chamber b the shouldered or 
reduced part c! lies between the flanges b2, and its end face lies 
flush with the outer surface of the flanges. The upper part of the 
— is also preferably rebated to fit into the top of the chamber 

, and when the parts are assembled the upper part and chamber 
are secured together by screws and nuts. The opposite ends or faces 
of the block ¢ are similar in design (see Fig. 1), so that when the 
block becomes worn or dam: on one face, it may be reversed, 
and its other end form the striking face. The parts Laer secured 
together as shown, it will be understood that the block ¢ cannot 
be dislodged by the rough usage to which the picker, when in 
use, is subjected. (Accepted September 27, 1911.) 


MISCELLANEOUS. 
29,998/10. G. Kapp, Birmingham. Testing of 
[4 Figs.} December 24, 1910.—This invention 


relates to means for testing the durability of material exposed 
to repeatedly applied stresses. According to the invention, the 
stress is cau by the application of a magnetically produced 
force derived by an alternating electric current. The frequency 
of the eg of the stress can thus be raised to such a degree 
as to render the length of time occupied in the experiment only 
asmall fraction of that hitherto necessary. An alternating cur- 
rent sent through the winding of an electromagnet produces a 
maximum induction alterna‘ by zero induction twice in each 
period. The armature of such a magnet is therefore attracted 
with a maximum force twicejin each!complete period, and at inter- 
mediate times there is no attractive force. ferring to Figs. 1 


7. 





and 2, a is the yoke and b, b are the polar limbs of the magnet, of 
which c, ¢ are the exciting coils. The electro-magnet a, , b is 
secured to a crosshead d by means of plates e, e, which plates serve 
also as guides for the armature /, which armature is built up of 
laminated iron plates. The test-piece g, to which a tensile stress 
is to be applied, is secured at one end to the cross-head d, and at 
the other end it is secured to the armature / by a pair of cheek- 

lates h, The armature is thus connected to the test-piece as 
to cause the latter to be strained by the attractive force, and the 
test-piece is subjected to a stress varying between zero and a 
maximum twice in each period. With a current of 50 frequency, 
for example, the test-piece will be subjected to 100 stresses 4 
second, or over a million in three hours. (Accepted Sept. 27, 1911.) 
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INFLUENCE LINES. . 

By H. W. Mexior and A. M. Sms, B.Sc. Eng. 

THE application of influence lines to the design 
of structures on which loads travel is beginning to 
be recognised, but up to the present very little 
seems to have been published as to their use. The 
intention of this article is to show their application 
to the various members in structures connected 
with crane-making. 

Definition.—An influence line is a line drawn to 
show the influence or effect produced by a travelling 
load upon a particular section or a particular bar of 
a structure during the passage of a concentrated 
load. Influence lines may be drawn to show varia- 
tions of shear, or bending moment on any parti- 
cular section of the structure, or variation of stress 



































The shaded area then represents the shear influence 
line for section b due to the passage of a load of 
1 ton from end to end of span. The shear at b due 
to the load at any point ¢ is the vertical height of 
diagram at X Y. The influence line for bending 
moment is shown in Fig. 2, and the method of 
getting the three depths marked on diagram. As 
with the shear, the bending moment at b with load 
at any point c is the vertical height X Y. 

Coming now to braced girders, such as overhead 
traveller girders with the crab on the top boom, 


Fig.3. DIAGONAL BRACING 
bd be 
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grams the load is assumed to run on the top boom, 
and the effect of the vertical member is shown in 
+4 6, 7, and 8. 

n fish-bellied girders the construction is similar 
to that for parallel girders. In the ordinary con- 


struction the booms are produced till they meet (see 


Fig.5. gooms. 
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in a particular bar. It is usual always to draw the 
influence line for a rolling load of 1 ton, and then 
multiply the result by the actual load, and this rule 
will be adhered to in the following examples :— 
In Fig. 1, above, it is required to draw a shear 
diagram for section at b. Bet out, as shown, the 
unit load above at one end, and below at the other, 
of a straight line equal to the span, and join across. 
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the method of showing the variation of stress in 
the booms, vertical and diagonal bracing, is shown 
in the next diagrams, Figs. 3, 4, and 5. 

The variation in stress in diagonals of Linville-type 
girders (see Fig. 3), where the angle between boom 
and diagonal is represented by a, is shown by setting 


down at each end J and joining across; the 
sin a 


shaded area then represents the actual variation of 
stress in diagonal under consideration (shown by 
dark line). For example, suppose the wheel pres- 
sures are each 5 tons at band c, the stress in 
diagonal with crab in the position shown would be 
vertical height W X multiplied by 5 tons plus ver- 
tical height Y Z multiplied by 5 tons. 

The Warren type of girder is similar to the above, 
excepting for the vertical, which is usually intro- 
duced to reduce the local bending moment in the 
top boom as the load travels over it. 

















Fig. 9), in order to find the stress in the bracing ; 
but as that is frequently inconvenient, especially 
for the bracing near the centre of the span, where 
the booms are nearly parallel, another method is 
shown in Fig. 10, the construction for which does 
not go beyond the ends of the girder. 
(L+a)a. F R . 
a set up below point of intersection 
Pp 
of booms, and lines drawn to both reactions, and 
one produced as shown to form the diagram, Fig. 9. 
The object of this article is not to prove the 
accuracy of influence lines, but to show their prac- 
tical application; it can, however, easily be seen 
in the above that for unit load the reaction at R is 
L L ° , with load at W, which gives maximum ten- 
sion stress on diagonal, the stress being (L L b)a : 
1p 
and so we get the first formula 
(L—-b)a ‘ (L+a) _ (L+a)a 
is =a 


To keep within the limits of the girder the method 
is as in Fig. 10. 
AtRsetup . d, 
sina x d, 
reaction of top and bottom flanges ; d, being their 


distance at point where diagonal meets top boom. 
The top part of diagram can then be drawn. On 








rk d, being the distance at 


line d,, produced, set down 1 from its inter- 
8 


ina 
section with top diagram line, and complete as 
shown. The method of getting the influence line 


In the dia- | for the verticals without going beyond the reactions 
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is shown in Fig. 11, as also for both booms. 
Members for which the lines are drawn are shown 
black, the other members are dotted to show the 
type of girder. For girders with fish-bellied boom 
and Warren bracing the booms are similar to the 
above, except for the influence of the vertical 
member, as shown in Figs. 12and 13. Figs. 14and 
15 are the diagrams for diagonals. 

Influence lines apply equally well to cantilevers ; 
and for big work, such as giant cranes, they will 
probably be found the simplest and best method 
of determining the stresses, as the diagrams once 
made apply to any loading and any number and 
spacing of wheels. Fig. 16 shows an influence line 
for the bracing with the booms produced till they 
meet, to show the method; Figs. 17 to 20 show 
the diagram ending at the nose of the crane. If no 
vertical member is used, the diagram becomes as 
below, Fig. 16. 

Stress in a diagonal due to four wheels in positions 
shown is equal to vertical line W W multiplied by 
load on first wheel, plus vertical line X X multiplied 
by load on second wheel, plus vertical line YY 
multiplied by load on third wheel, plus vertical 
line Z Z multiplied by load on fourth wheel. Fig. 17 
shows the diagram when not produced to the inter- 
section of the booms. For cantilever cranes with 


the Linville type of bracing the construction is 
very similar; this form, shown in Fig. 19, is often 
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used for Titans. Another form of cantilever is 

used for transporters, in which the load runs on 

the bottom boom; the lines for this form are shown 

in Fig. 20. The boom stresses for Titans and trans- 

mg are found in a similar way to those in 
ig. 18. 








FEED-WATER HEATING AND SUPER- 
HEATING ON LOCOMOTIVES.—-No. VII. 


THe Economics or ComBineD FeEep - WaTER 
Heatinc aND Moprerate SUPERHEATING, AND 
or HieH-DeGREE SUPERHEATING, AND Com- 
POUNDING. 

Having, in the last article of this series,* arrived at 

a measure of the saving in fuel effected by the 

Trevithick system of feed-heating and moderate 


* See page 617 ante, 
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| superheating, and of high-degree superheating, the 
|commercial value of the arrangements has next to 
be considered. Before entering upon this in detail, 
it should be mentioned that the benefit derived will 
| be taken as being confined to the coal-saving alone. 
| The saving in water was not measured in the trials. 
It would be rather more in the high-degree super- 
heating, than in the Trevithick, system ; but since 
| the cost of the commodity to railways varies too 
| much for a typical figure to be taken, it has been 
| thought best to omit it altogether. Again, the 
question of oil has not been included. Opinions 
vary considerably as to what degree, if at all, high- 
degree superheat entails greater cost in lubrication. 
Where mechanical lubricators are in use there 
| appears to be little difference between heater and 
/non-heater engines. The engines fitted with the 
| Trevithick system involve no change whatever in 
| lubrication, and work equally well with or without 
mechanical lubricators. These lubricators have, 
| however, been adopted on the Egyptian State rail- 
ways, for reasons quite apart from anything con- 
nected with superheating, and are gradually being 
japplied to all passenger engines. Attention may 
also further be drawn to the fact that subsequent 
| conclusions are, perforce, based on figures relating 
to the experience on the Egyptian State Railways. 
The figures for costs, therefore, given below, include 
royalty in the case of the high-degree system, but 
| do not include it in the case of the Trevithick system. 
The cost of the Trevithick system will be taken 
first. The cost to these railways of the apparatus 
required by the Trevithick system is placed, in Mr. 
| H. W. Davis's report, previously referred to, at 180/. 
| This system necessitates no structural alterations to 
|any part of the standard Egyptian State Railways 
lengines. The apparatus required is shown in full 
lines in Figs. 29 to 31, page 692. The necessary 
| parts constitute additions or substitutions (as in the 
lease of the pump) which can be applied without 
difficulty. Large smoke-boxes are the rule on these 
railways, and the smoke-box heater can be accom- 
modated in existing smoke-boxes without the en- 
largement of the latter. The provision of additional 
length of smoke-box, if such should be necessary, 
is, of course, in no case a matter of great difficulty 
| or expense. 
As partly going to make up this figure of 180/., 
the following items, from tenders for material 
accepted in connection with the equipment of 
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engines of the ‘*612” class, are of interest. Smoke- 
box heaters, delivered Alexandria, 441. each; pump 
exhaust heaters, delivered Liverpool, 31. 12s. 6d. 
each ; main exhaust heaters, delivered Liverpool, 
211. 5s. the pair; pump, delivered London, 161. 16s. 
The cost of this part of the equipment is thus 
851. 13s. 6d., and, including a is well — 
1001. in Egypt. The piping, spark-arrester, blast- 
chamber ed, &e., 2 made at the Boulac 
works of the Egyptian State Railways, and the 
additional 801. allowed leaves ample to cover 
the cost of these and of fitting the appliances 
to the engine. The cost of application is really 
comparatively trifling, the work being all straight- 
forward and of a simple character. The figure of 
1801. is thus arrived at from actual work undertaken, 
and is not merely an estimate pared down to the 
smallest possible amount. A deduction must be 
made from this sum for the discarded injector, 
which, though removed, is still capable of being 
put to useful work, as a spare or otherwise. About 
101. may be allowed for this, and the net cost of 
material and fitting of this system will thus be 1701. 

The question of repairs and depreciation must, of 
course, be considered. There is every indication 
to show that the bulk of the material used in the 
Trevithick system has a reasonably long life. The 
deterioration of the smoke-box heater, the pump 
(subject to one or two small alterations from the stan- 
dard Worthington pattern), the pipes, cocks, &c., is 
found in no way to be abnormal, and all these 
parts wear well. The exhaust-steam-heater shells, 
&c., also stand well, and these heaters only show 
deterioration of the tubes. There is in some cases 
a tendency for the steel tubes which are used to pit, 
and instances have been known of odd tubes requir- 
ing replacing after about 40,000 miles. With the 
majority of the engines, however, tubes only 
ji; in. thick last for over 63,000 miles. One engine 
has done as much as 79,000 miles without needing any 
attention of this kind. It is clear that, by a slight 
increase in the thickness of the tubes, or by the 
adoption of some other material than steel, the 
mileage obtained could be increased. Experiments 
with galvanised tubes are about to be made. While 
the life of these exhaust-heater tubes must always 
depend to some extent upon the quality of the 
water, and will also be subject to the irregularities 
of pitting —acommon phenomenon in other branches 
of steam engineering—it may be taken that, with 
suitable arrangement, they will last on an average 
for the ordinary mileage between shoppings. 

As regards the life of the superheater, the shell 
itself keeps clean inside and out, and appears to be 
subjectito practically no deterioration, while the tubes 
last for the full period between shoppings, having 
exceeded in some cases 72,000 miles. In order to 
ensure being on the safe side the practice has now 
been adopted of renewing the heater tubes when 
the engines are in for general repairs. The main- 
tenance work so far necessitated on all the heaters, 
both steam and water, shows that an ample allow- 
ance per engine per annum for re-tubing, &c., would 
be 201., of which 101. would be for material, and 101. 
for labour. Another 101. easily covers the mainten- 
ance, in good order, of the pump, cocks, &c. Since the 
pump replaces one injector, its maintenance is not 
wholly a new expense, and some allowance should 
properly be made for this, though it is now omitted. 
The total for maintenance is thus, at the outside, 
301. per annum. It may be taken that the apparatus 
will average the same mileage life as a locomotive 
boiler, and so depreciation at the rate of about 
10 per cent. should be taken into account. 

_ In order to render the conclusions of wider 
interest than would be the case if consideration 
were restricted to Egyptian conditions, where the 
yearly engine-mileage is perforce comparatively 
moderate, and coal expensive, the balances below 
are worked out for a yearly engine performance of 
55,000 miles with coal at 15s. perton. This mileage 
for passenger engines, though higher than on some 
lines, is within the limits on others. On one of 
the principal lines of this country some passenger 
engines do 2200 miles per week, and, allowing for 
shopping, the above figure is therefore not an 
exaggeration. If the case were restricted to certain 
lines and types of engine, an even higher figure 
might safely be taken. In America 80,000 miles 
per annum is not uncommon for passenger engines. 
it will be remembered that economies of 29 to 
30 per cent. resulted in the trials alluded to in the 
previous article, for the heater engines, when the 
test conditions included the over-all service working, 
taking into account also the lighting-up coal. Since, 





however, the trial was concerned only with express 
working, which is favourable to the heater systems, 
it will be assumed that for average passenger ser- 
vice on the main line, the savings realised would 
amount to 23.5 per cent., a figure purposely taken 
for the sake of moderation, even below the service 
results on the Upper Egypt sections, on which there 
are more stops and slacks, obtained, too, it must be 
remembered, with an apparatus on which the later 
form shows improvement. Such a saving means & 
reduction in the average coal used per mile by the 
non-heater engines Nos. 697, 713, 717, 720, and 721, 
of practically 11} Ib. of coal per mile. The follow- 
ing profit and loss account may thus be drawn up :— 


TaBLE XII.—Profit and Loss Account for Engine Converted 
to the Trevithick System of Feed-Water Heating and 
Moderate Superheating. 





Dr. Cr. 

£ 8. £ ee 

To interest (5 p.c.) on 1701. 8 10} By saving in coal . 2007 2 
», depreciation (10 p.c.) .. 17 0 
+» Maintenance . 00 
Total annual charges .. 55 10 
Balance (Profit) .. .-. 16112 

£207 2 £207 2 


Under these conditions, even with the liberal 
allowance of 551. 10s., or 32.6 per cent. for in- 
terest, depreciation and maintenance, an annual 
saving per passenger engine of 151.5l. is shown. 
Evidently there is ample margin to meet other pos- 
sible combinations, of annual mileage, price of coal, 
&c. To give some idea of what such saving means, 
consider the case of a railway capitalised at 40,0001. 
per mile, and just meeting the claims on its prefer- 
ence and debenture wom ¥ In England there are 
1.2 locomotives per open mile. If as an approxi- 
mation it he taken that there would be one road 
locomotive per mile, and if the ordinary capital 
constituted, as it does here, about 37 per cent. of 
the total, the saving thus realised in locomotive 
operation would render available for distribution 
among the holders of ordinary stock an amount 
equal to additional dividend of 1.02 per cent. 

In the case of new engines the figures would 
naturally be slightly different. An examination 
of tenders, submitted by nineteen firms, shows 
that on the average the price quoted for engines 
on the Trevithick system is about 154/. above that 
asked for engines of the same type but without 
heaters. The position would then be as in 
Table XIII. hereunder :— 


TasLe XIII.—Profit and Loss Account for New Engine 











Fitted with Trevithick System of Feed-Water Heating 
and Moderate Superheating. 
Dr. Cr. 
£ 6 ba NS £ 6 
To interest (5 p.c.) on 1541. 7 14| Bysavingincoal .. 207 2 
» depreciation (10 p.c.).. 15 8 
», Maintenance .. - 0 0 4 
a 
Total additional charge ae 
r annum on — eS / 
Balance (Pro’it) -. 14 «20 ae oan 
£207 2 | £207 2 


The allowance in this case for interest, deprecia- 
tion, and maintenance works out to 34.6 per cent. 
of the cost of the additional equipment. It may 
be of interest to mention that the ‘‘695” class of 
engines with which these trials were made cost, on 
the average, delivered in Egypt, 25681. per engine. 
The engines have cost an average of 1701. each for 
running repairs between shoppings, and 2521. each 
for shop repairs, thus making 422]. against the 
account of the mileage between shoppings, or 1.56d. 

r mile. 

From the above balances it is clear that, in the 
case of either new, or converted, engines, the 
Trevithick system will practically pay for the cost 
of equipment in a year’s working, though the exact 
benefit must naturally vary with local conditions. 

The case of the high-degree superheating system 
is very different, and the difference between the cost 
of applying this system to new or existing engines 
is very great. Taking, again, first the question of 
conversion of existing engines, it will be found that 
in many circumstances the work involved renders 
the cost of adaptation to this system well nigh pro- 
hibitive. Contributing to this heavy cost are the 
various large items set out below, the new material 
required in the conversion to this system being 
shown in the full lines in Figs. 32 to 34, page 693. 
The figures here given were those quoted to, and 
accepted by, the Egyptian State Railways in con- 
nection with the conversion of engine No. 712 for 
material delivered at Gabbary. 


New copper and steel tube-plates, large £ 
smoke-tubes, superheater elements, 
superheater headers, steam-pipes, 
blast-pipe, damper and hand operat- 
ing gear ... hal We Ke ove 254 

New smoke-box .... a ais ra 52 

Set of cylinders with piston-valves, 
pistons, rods, valves, valve-rods, and 
rocking- == ana sib si 325 

Mechanical lubricator, pyrometer, 
valve-chest steam-gauge 2 aa 40 

Total ... £671 


This sum of 6711. does not include the new set of 
boiler-tubes necessary, neither does it include new 
fire-box stays, nor sundry other smaller items in 
the way of material. In addition there is the heavy 
cost of installation, which involves dismantling the 
whole engine, lifting and rebuilding a good part of 
the boiler, taking out the old and putting in new 
cylinders, &c., all of which operations require an 
expensive class of work. In Mr. Davis's report the 
total cost of installation is placed at 8551., so that 
the cost of the material not included in the above 
list, and of the work involved in converting the 
engine, appears to be no less than 184!., or as much 
as the combined system of feed-water heating and 
moderate superheating comes to altogether. 

From this total of 8551. may be taken the value 
of the scrap material discarded. The copper tube- 
plate, old slide-valves, glands, &c., still have a good 
value. The pistons, rods, and valve-spindles might 
come in as spares for other engines, where, as on 
the Egyptian State Railways, these parts are largely 
standardised. The remaining material is, however, 
of comparatively little value, and it will probably 
be a sufficiently close estimate if 801. be allowed 
for all the material displaced. Another 131. or so 
must be deducted for the mechanical lubricator, 
since these are used also by other engines. Thus the 
net cost of converting an engine to the high-degree 
superheater system is, under these conditions, 7621. 
approximately. 

ith regard to depreciation a reasonable allow- 
ance appears to be about 9 per cent. in this case. 
In the consideration of the Trevithick system the 
life of the boiler material was taken as ten years. 
Such material accounts for about half the total cost 
in the high-degree superheating system, while the 
rest is on account of material which has a rather 
longer life, and for which 8 per cent. depreciation 
would probably be sufficient. The net result is thus 
an over-all allowance of 9 per cent. 

The question of repairs is difficult to gauge 
accurately. The cylinders and tube-plates replace 
those formerly on the engine, and only additional 
cost of repairs due to the superheater, and the 
effect of superheating, have to be taken into 
account. The high-degree superheater itself appears 
to involve no abnormal expense in repairs, as 
far as can be ascertained, when saepute taniited. 
There is, however, evidence to show that valve- 
bushings, piston-rings, &c., are in need of more 
frequent renewal on these engines than is the case 
with saturated-steam engines. Some interesting 
figures bearing on this point have been published 
in a report presented at the Travelling Engineers’ 
Association Convention, held recently in America. 
These are reproduced in the accompanying Table 
XIV., and show several cases of shortened life for 
piston and valve-rings when working with highly 
superheated steam. These figures are of consider- 
-_ significance when it is remembered that lubri- 
cation in American practice errs on the lavish side, 


Taste XIV.—Life of Piston and Valve-Rings with 
Saturated and High-Degree Superheated Steam. 











| Piston-Rings. Valve-Rings. 
| Life in Months. | Life in Months. | 
Reilroad. i ce | Material. 
fatu- | Super- Satu- Super- | 
rated | heated! rated heated | 
Steam. Steam. Steam. Steam. 
L.8. and M.S... | th 2 3to4 8to4 Special cast 
| iron 
O.P.R...  ..|12t02%4| 1to18 .. | 12to 24 Cast iron* 
C. and N.W. .. 6 }tol - . |Cast iron 
O.R Land P. ..! 6 t 6to7 t (Cast iron 
St. L.and S.F.| 3to12| 2to9 | 6to18, 3to15 Hunt Spiller 
iron 
E.P. and s.w.| is | 7 24 12 ‘Cast iron 
(still in (still in 
service)| service) 





* No trouble experienced with valve-rings. For piston-rings 
special material is required. Dunbar packing gives good results. 

+ Life of grey cast-iron piston-rings is about 500 miles, and of 
valve-rings 600 to 800 miles. The life of Hunt Spiller iron piston- 
rings reaches as high as 150,000 miles. 





On the other hand, there is some ground for 
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the belief that the repairs to the boilers of super-| It is now a question merely of the depreciation | same economic value, as far as facts available enable 
heater engines are actually less than for saturated-| of the superheater, and not of the average of|an accurate estimate to be formed. Since the 


steam engines ; but opinion is divided on this 
It is held that the relief afforded to the boiler by 
the smaller demand for steam, or the lower pres- 
sure rendered possible, reduces the repairs neces- 
sary, there being no longer the n of forcing 
the boiler to its utmost capacity. This is a 







qe 


Fig. 23, 


ih, 
‘ 


- a 





2447.8. 

very reasonable theory, but it will equally apply 
to both the high-degree superheating, and the 
Trevithick system, which also relieves the boiler of 
work, and it can therefore be eliminated from the 
present discussion. As an approximation it will 
probably suffice to take 10 per cent. on the extra 
cost due to the superheater itself as covering 
repairs to it and all subsidiary gear, and including 
the increased repairs in the cylinders. The profit 
and loss account in these circumstances works out as 
in Table XV. 


TaBLE XV.—Profit and Loss Accownt for an Engine 
Converted to the High-Degree Superheating System. 


Dr. Cr. 
2 6 2 s. 
To interest (56 p.c) on 7621. 38 2| By savingincoal .. 207 2 
» depreciation (9 p.c) .. 68 11 
» Maintenance (10 p.c.) 
on 2002... pe ed A 
—_—_-— a 
Annual ch extra... 127 1 Pe 
Balance (Profit) .. Ss 2 a 
£207 | £207 2 


Though there thus remains a yearly saving even 
under these conditions, it must be admitted the 
combined system of feed-water heating and 
moderate superheating has a great advantage over 
high-degree superheating 1s regards conversion, 
owing principally to the cheapness of installation, 
due to which the combination system shows nearly 
double the annual gain. 

With regard to new engines, the systems more 
nearly approach one another, and the high-d 
system rises toa much more favourable position. 
A scrutiny of tenders for new engines of this type 
and ordinary sister engines shows, from prices 
quoted by nineteen firms, an average extra cost of 
2001. for the high-degree superheater engines. The 
items in the balance are 


en, of course, altered. 


int. | that and other 


|was arrived at above. 
is the same as before, and with the annual addi- | 


parts, so that the rate to be 
allowed increases to the 10 per cent., of which 
account was taken when the 9 per cent. average 
Maintenance, however, 


tional charges now amounting to about 50/., made 
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|gradual replacement of existing stock by new 
| engines on either system must take some 25 or 30 
_years to accomplish, there is evidently a large field 
for any cheaply-applied system which will enable 
such substantial annual savings to be shown with 
existing engines. It is not proposed to go into 
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up of 10l. interest, 201. depreciation, and 201. main- 
tenance, a yearly net saving of 1571. 2s. is shown, 
or, if allowance be made for the slight difference in 
economy indicated by the Egyptian State Railway 
trials (see Table XI., page 620 ante), practically the 
equivalent of the amount arrived at in the case of 
the new engines on the Trevithick system. For 





new work the two systems have therefore about the 


/ in this respect. 


calculations in support of this, but if figured out, the 
accumulated waste of, say, the 25 years which must 
elapse before the replacement of present stock by 
new engines would be complete, would probably 
| astonish anyone who troubled to make the investi- 
gation. There are about 23,000 locomotives in the 
United Kingdom alone, and over 180,000 in the 
world. 
We have considered the matter up till this point 
from the point of view of equal train-loads. Both 
heater systems, however, result in additional power, 


\ the Trevithick system, according to results on the 


| Egyptian State Railways, having some advantage 
The real saving to the railways 
is thus increased in the ratio of the train-loads 
taken by the heater and non-heater engines, since 
whether the additional load is revenue-earning or 
| not (as it is frequently not in passenger service), 
| the extra power enables the engine to handle pro- 
perly the greater load, which otherwise would involve 
one or other of three things: either excessive coal 
| consumption and lost time with one ordinary engine, 
or double heading, or the use of a heavier and 
| more powerful locomotive. 

To cope with the heavy loads the De Glehn 
| engines were introduced on to the Egyptian State 
| Railways some few years ago, before either heater 
'system had been fully developed. These engines 
|in service average loads of about 335 tons behind 
the tender, a figure almost identical with the 
loads taken by engine No. 706 in the trials. It 
is interesting therefore to compare the relative 
economic value of these engines. These De Glebn 
compounds cost the Egyptain State Railways 480'!. 
apiece, or 20781. each more than an engine of the 
‘* 695” class, plus the extra cost of the Trevithick 
system of heaters. In repairs the ‘‘695” class 
have cost 1.56d. per mile, to which must be added 
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the cost of repairs of the heaters—0.08d. per 
mile ; 
running repairs between sho 
overhauling, for a much sma. 
working out to 2.7d. per mile. 
ciation in 


giving t ; 
as a matter of fact, would be rather high under | 
<-> 
Ay 
9.82,\ | | 
ied 





while the De Glehn class cost 1931. for railways is actually rather less than the figure 
pings, and 3931. for | arrived at, owing to the smaller mileage run. 
er mileage, the figure {must also be noted that the limiting train-loads 
Supposing depre-| taken by these engines is well above the 335-ton 
both cases to be taken as 4 per cent., | average ; but, on the other hand, the limit of the 
he engines a life of twenty-five years, which, | Trevithick engines such as No. 706 is also much 


European countries, while the annual loss to the 
It 


over this figure. 
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406 tons tare behind tender. All these have been 
satisfactorily worked, in some cases time being 
actually made up. The coal consumption with 
these loads has kept very low indeed. A some- 
what similar advantage is shown by the high-degree 
superheater engine over the compounds, but of a 
slightly lower rate, as the superiority of this engine 
does not appear to be quite equal to that of the 
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2eerc, 
conditions identical with those taken above, the 
extra cost to be borne by each De Glehn engine, 


compared with an engine such as No. 706, is as 
follows :-— 


Se « & 

Extra interest (5 per cent. on 2078/.) 104 0 0 
Extra repairs (1,06d. per mile) 24218 0 
Extra depreciation (25 years life) ... 83 2 0 
430 0 0 


To this annual loss must be added the difference 
in coal consumption between the two types of 
engines. Reference to Table XI., on page 620 ante, 
shows that the saving with the De Glehn com- 
compounds is only, in approximate figures, }2ths of 
that realised by engine No. 706. The coal saving 
for engine No. 706 has been taken as 2071. per 
annum, and the loss by extra fuel used, due to the 
employment of De Glehn’s, instead of engines of 
the ‘* 695” class, fitted with the Trevithick heaters, 
is therefore 1211. 8s. The total loss per annum 
attending the introduction of these engines is thus 
on this basis no less than 551/. 8s. per engine. If 
this sum were capitalised at 5 per cent., it would 
amount to 11,0201 , or the price of four additional 
engines like ‘* 706,” fitted with heaters for every 
compound running. This is a striking illustration of 
the value of the heater systems, and of the advance 
made in the last few years in locomotive practice. It 
may be mentioned that the De Glehn compounds 
were manufactured throughout to designs and speci- 
ications of one of the best Continental firms, noted 
for this class of engine, so that it may be taken that 
they are fair examples of their kind. The very 
fact that they were so constructed would add, 
however, to some extent to the costs of repairs, 
which in any case are unavoidably rather high in 
Egypt, owing to various factors which do not affect 
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During the trials, for instance, the Trevithick 
engine took the heaviest train of all, one of 396.4 
tons tare behind tender, and on the day following 
the completion of these trials she handled one of 
380 tons tare. The heaviest load this engine has 
been called upon to take was one quite recently of 


engine fitted with the combined feed-heating and 
moderate superheating at the higher loads. 

We have now dealt with feed-water heating alone, 
superheating alone, and feed-heating and moderate 


superheating combined. There remains but to 
consider the further combinations of high feed 
temperatures and moderate superheat, and high- 
degree feed-heating and high-degree superheating 
combined. These will be taken up in the next 
article. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

An ordinary general meeting of the above Insti- 
tution was held on Friday last, the 17th inst., at 
Storey’s Gate, Westminster, the President, Mr. 
E. B. Ellington, occupying the chair. 


Tue Enpurance of METALS. 


After the formal business of the meeting had 
been transacted the adjourned discussion of the 
paper entitled ‘‘ The Endurance of Metals: Experi- 


ments on Rotating Beams at University College, 
London,” by Mr. E. M. Eden, of the Armstrong 
College, Newcastle-on-Tyne, Mr. W. N. Rose, and 
Mr. F. L. Cunningham, Graduate, of London, was 
roceeded with. This paper was read at the meet- 
ing of the Institution on ne October 20 last, 
and was then partly discussed. It was reprinted in 
our issues of the 27th ult. and the 3rd inst., and 
in the issue of the 27th ult. we also gave a full report 
of the discussion. 

Professor J. D. Cormack, who spoke first, stated 
that since the previous meeting Mr. Stromeyer had 
very kindly offered to analyse a number of the mild- 
steel specimens which were used in the tests 
covered by the authors’ paper, and he hoped the 
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results of the tests would be available later for the 
members of the Institution. Two of his students 
had also prepared a number of a 
of the various materials used in the tests, and these 
he exhibited at the meeting for subsequent inspec- 
tion by the members. It appeared to Professor 
Cormack that there were one or two points in regard 
to the construction and use of the machine which 
were of interest. One was the absence of shear 
between the points of application of the load in 
the neighbourhood of the spot where the bending 
moment was uniform ; that was a distinct advan- 
tage, although the sheat in most of the other cases 
was comparatively small. Another great advantage 
was the use of short specimens, which could be 
obtained from a limited supply of the material, 
and could be readily pase The power taken 
to drive the machine, also, was very small, amount- 
ing roughly to about a quarter of a horse-power, 
something like two amperes and 100 volts being 
sufficient to drive the motor. 

The authors had distinctly stated in the paper 
that they set out originally with the object of finding 
some material which would give consistent results, 
and they made no secret of the fact that they had 
failed to find such material. In the course of their 
tests, however, they had touched a very large 
number of interesting points, which, the speaker 
believed, would throw considerable light upon the 
behaviour of materials subjected to alternating 
stresses. He thought there was no doubt as to 
the manner in which such materials failed. In a 
paper 7 Messrs. Ewing and Humphrey, printed 
in the Transactions of the Royal Society for 1903, 
the whole process of gradual failure was fully illus- 
trated by fe vnc 4 At the end of that paper 
there was a suggestion that —_— if the material 
had some rest after it had been subjected to a 
number of reversals, it might retain, or return to, 
its original state—that was to say, it would be 
capable of sustaining a larger number of alternations 
of stress if it were frequently rested than if the test 
were continued straight away to destruction. The 
authors of the present paper had, he thought, fur- 
nished a reply to this, partly because they had noted 
on their curves the tests during which the specimen 
was subjected to rests, sometimes of considerable 
duration ; and, apparently from the curves, resting 
had no effect at all upon the total number of 
alternations that the material could stand. That 
was rather an important matter. It appeared 
that within the stresses employed in the tests there 
was no time factor occurring. It was known, of 
course, that as regards the plastic behaviour of 
material time was a very important element ; but 
from the authors’ paper the tests were all taken at 
stresses well within the plastic stress, and no time 
effect was found. 

Another suggestion put forward in the paper was 
that possibly a treatment at a low temperature 
might also affect the result in producing a larger 
number of total alternations before fracture. He 
would like to ask the authors whether they tried 
heating the metal up to a temperature of the order 
of 100 deg. Cent. Research work had shown that 
when a material was strained beyond its elastic 
limit it lost a certain amount of its elasticity, which 
was, however, restored by the application of a 
temperature of 100 deg. Cent. for a few hours or 
more.. It would be interesting to know whether the 
authors had investigated along those lines. As to 
the relation between the limiting stress which a 
material would bear with a varying number of 
repetitions, and the physical properties of the 
material, the speaker confessed he had no definite 
idea at present. The ratios that were shown in 
Table IT. of the paper, between the range of stress 
and tenacity, were extremely interesting, showing 
that, roughly, for a number of steels, the ratio of 
1ange of stress to tenacity was in the neighbourhood 
of 1. He believed he could supply a figure omitted 
from that table. In the case Hi copper trolley wire 
hard drawn, the range of stress was given as 22 tons 
per sq. in. The tenacity was not given. Other 
specimens of similar material tested in the labora- 
tory at the same time showed a tenacity of 25 tons 
per sq. in., giving a ratio of 1.14. It was an inter- 
esting fact that a number of materials gave a ratio of 
about 1, and that that ratio was more constant than 
any other ratio which the authors tried to obtain. 

A difticulty in the acceptance of the theory of the 
natural elastic limit, mentioned by Professor Unwin 
at the previous meeting, was that if there were 
one natural elastic limit for a given material, then 
it might be expected, whatever the previous history 





of the material, that the same limiting stress should 
be endured for an unlimited number of repeti- 
tions. But turning to the curves given by the 
authors it would be seen that the anneuling of a 
specimen greatly reduced that ultimate stress which 
the material could sustain with an unlimited number 
of repetitions, That was the difficulty which the 
speaker experienced in reconciling Bauschinger’s 
natural elastic limit theory with the results of the 
tests. A number of other interesting points were 
explainable from the work of Ewing and Hum- 
phrey, and others, in connection with the method 

y which the material failed. It was shown clearly 
by the paper that roughness effects had a consider- 
able influence on the endurance of a material. The 





polished specimens were stronger than the turned, 
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and the turned were stronger than the ground 
specimens, and that had a somewhat important 
practical bearing. All would know the effect of 
punching rivet-holes on the material in the imme- 
diate neighbourhood of the holes, and it was just 
possible that the heavy roughing cuts sometimes 
used in turning down shafts might have a very con- 
siderable effect upon the strength of the shafts 
afterwards; innumerable cracks might have formed, 
which might prove the starting-points from which 
a crack began leading finally to failure. 

Mr. Druitt Halpin thought that a good deal of 
alternating-stress work had been done a long time 
ago. He would draw attention to a little machine 
he had brought for the subsequent inspection of 
members. It had been made early in the ‘sixties 
by a Danish engineer, and, he believed, was shown 
in the Exhibition of 1862. It had been brought to 
this country by the late Mr. Olrick, a well-known 
member of the Institution, who died over thirty 
years ago. It was driven by clockwork, which, when! 
wound up, imparted an oscillating motion to a |:ori-' 
zontal bar. On this bar were five little vices in 
which the specimens were cramped, weights being 





attached at the lower end. The machine was set 
in motion until rupture took place, and a relative 
result was obtained. The machine included a little 
mill for cutting the specimens. They passed 
through that mill, and in that way a standard size 
was obtained. He wis not prepared to say what 
was the result of using such small spacimens, but 
he showed the machine as being old and historically 
interesting. , 

Mr. C. H. Wingtield, the next speaker, wished 
to draw comparisons between the work of the 
authors and that of other workers in the same 
direction. For this purpose he had prepared the 
diagrams, Figs. 1 to 6, herewith. In connection 
with Fig. 1, he would explain that in Dr. Stanton’s 
and Mr. Bairstow’s experiments the number of 
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reversals of stress had been given. When those 


authors spoke of a reversal they meant bending in 
one direction and then bending back, which corre- 
sponded to one revolution of the rotating beam 
described in the paper under discussion. In Fig. 1 
thousands of double bends were plotted along the 
horizontal. These, in the authors’ case, were 
thousands of revolutions, and bends to and fro in 
Dr. Stanton’s case. The two lower lines in 
Fig. 1 gave the results obtained with two steels by 
De. Stanton and Mr. Bairstow. This diagram was 
plotted logarithmically. The three lines above 
represented three of the authors’ steels, copied 


| to a different scale from Figs. 32, 34, and 35 of the 


paper. With the same number of alternations 
they had been able roughly to work with a stress 
nearly double that obtained by Dr. Stanton. This 
was not accounted for by the fact that the stecls 
were twice as good. He did not think they were. 
He found, however, that in Dr. Stanton’s tests 
the specimen was approximately equally stressed 
throughout. In the authors’ case the outer fibres 
were stressed most, and when they began to fail 
the inner fibres took their place. As the middle of 
the specimen was approached he thought there 
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would be plastic yielding ; the elastic limit had 
been cennolah: Assuming that the specimens were 
not cracked and were still elastic, the stresses 
would be as he had plotted. Actually, however, 
the stresses were lower, because of the plastic 
yielding and of the fibres beginning to help each 
other. When the authors’ steel began to break, a 
core of sound metal held in the centre, and the 
outermost edges of the specimen, resting on each 
other and forming a sort of lever, caused a pull to 
be exerted on the central fibres of approximately 
equal intensity for all, and not unequal, as in a beam. 
They were, therefore, in a better position to take 
the stress, and this possibly accounted for the 
large figure obtained com red with Dr. Stanton’s. 

He had also plotted in Fig. 1 a curve representing 
tests of a wire rope taken from a paper read by Mr. 
Biggart before the Institution of Civil Engineers.* 
These tests had been carried out in connection with 
the determination of the size of pulleys necessary 
for the wire ropes used in the construction of the 
Forth Bridge. The curve representing Mr. Biggart’s 
results went right up nearly to 100 tons range before 
the specimen broke. This wire had an elastic limit 
of 50 tons, and it would be seen that at this point 
there was a sudden kink in the curve, which sloped 
up more steeply after passing the elastic limit. 
That, again, was somewhat misleading, as plastic 
yielding again came in, and the real stress was 
probably lower than when figured on the assump- 
tion made in the diagram that the material was still 
elastic. He did not see how allowance was to be 
made for that, but he believed if such were possible 
the line would continue straight. Mr. Biggart’s 
tests were carried out by running the wire-ro 
over a pulley, as in Fig. 1, and exerting a definite 
pull on the rope, first in one direction and then in 
the other, continuing this process until the rope 
broke. The authors had pointed out that they had 
not obtained a horizontal ending to their curve. 
It would be seen in Fig. 1 that that wasso. The 
curve recording Dr. Stanton’s tests was more hori- 
zontal, 

The authors had omitted a series of Wohler’s ex- 
periments which Mr. Wingfield thought more impor- 
tant than any they had mentioned. He referred to 
that in which, instead of taking a range of stress of 
equal tension and compression, Wohler had taken 
unequal stresses. In this work he had begun with a 
certain maximum stress and had first tried a large 
range of stress. If his specimen broke, he tried a 
smaller range, always maintaining the same maxi- 
mum stress. The results Mr. Wingfield had plotted 
in Fig. 2. In one case the maximum stress was 
33.4 tons, and in another 47.7 tons per sq. in., and 
it would be seen that that with the lowest stress 
was able to stand the larger range. Wohler carried 
his tests up to 4 or 5 million revolutions without 
breaking, instead of stopping at 1 million. In 
every case he went on until he had satisfied him- 
self that he had reached a permanent condition, 
though Mr. Wingfield did not think that he had 
convinced himself of this by plotting his results. 
The horizontal portion thus reached, the authors 
had failed to obtain. 

Fig. 3 showed a method of plotting adopted by 
Professor Goodman. The assumption made in it 
was that, taking the diagonal as a base, and 
plotting the range from it, the upper limit of range 
would come halfway between the lower limit and 
the line of maximum stress. In that way, Pro- 
fessor Goodman had set down the line A B before 
he placed any spots upon it. Mr. Wingfield had 
put down Wohler’s results on this diagram, but, 
for convenience, had taken the line A B as a 
instead of the line BC. For instance, the point D 
represented the upper limit of stress of one of 
Wohler’s trials. all that the point E repre- 
sented a stress corresponding to a range which was 
far too big. The material broke. Wohler then tried 
In turn ranges represented by the points F, G, &c., 
until he obtained the point H, at which it did not 
break ; other points were obtained in the same way. 
From the datum line tension was measured upwards 
and compression downwards. Starting from zero 
stress, Wohler, in another series of experiments, 
obtained the point K. Another point the speaker 
had not troubled to put down, but it was shown in 
Professor Goodman’s book, and fell on the line A B 
at its lower end. The authors had not taken vary- 
ing ratios of stress, in their case tension and com- 
pression always being equal. They had tried many 
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ranges, but had never been able to get a result 
which gave the stress which they sought, corre- 
sponding to horizontality. The line LM repre- 
sented the authors’ experiments. If produced, it 
would cut the line CB at N, the only place where 
tension and compression were equal. Messrs. 
Stanton and Bairstow had done much the same 
thing, but had worked with a ratio of tension to 
compression of 1.4. There again, the ratio being 
constant, they could only get one point P in the 
Goodman line. Neither Dr. Stanton nor the authors 
had carried their work sufficiently far to arrive at 
these points. Wohler’s mode of experimenting was 
better adapted for the p engineers had in 
view—viz., of finding out the range which could be 
safely used with any given maximum or minimum 
stress. 

A set of experiments by Professors Reynolds and 
Smith were shown diagrammatically in Fig. 4. In 
these the same method had been adopted as in 
Dr. Stanton’s experiment, oe thata y romeo & 
rod took the material upwards and downwards 
instead of moving it horizontally. The test-piece was 
attached to a weight, the inertia of which ulti- 
mately broke it. Fig. 4 was the ordinary inertia 
diagram, which steam engineers would readily 
recognise. The weight applied had the effect 
of adding to the-tension and diminishing the 
compression. When going fast, in order to get 
the same range it was n to use a lighter 
weight, with the result that the compression was 
nearly equal to the tension. The experimenters 
had confined themselves to weights which gave 
nearly equal stresses, as far as these were obtain- 
able. It was clearly possible by this method to 
vary considerably the ratio of tension to com- 
pression. 

Mr. Wingfield next passed on to the subject of 
cast iron. He had read a paper some years ago 
before the British Association* on ‘‘ Piston Rings,” 
in which he showed that the stress-strain curve 
for cast iron followed a line such as the dotted 
line OE in the upper diagram, Fig. 5 ; but if when 
a certain point EK was reached the stress were re- 
lieved, the stress-strain curve would become a 
straight line Ee. If there were always a plus 
tension on it, it would behave as an exceedingly 

ood spring. This property had been utilised 

y Messrs. Willans and Robinson for — for 
their piston-rings, and, whether cold or hot, could 
always be relied on. He had found that by merely 
squeezing the ring by hand it would take a set indi- 
cated by the distance O e. He believed that this effect 
corresponded to the hysteresis diagram for steel, 
which Mr. Bairstow had described in his papert 
before the Royal Society. He had indicated that in 
the lower diagram, Fig. 5. He believed that cast 
iron would not stand indefinitely reversals of stress ; 
but stressed to a greater or less degree always in 
the same direction, he thought it an exellent ma- 
terial. Tests by Wohler, always in the same direc- 
tion—from zero to maximum loads—gave a fairly 
definite curve, as shown in Fig. 6. ‘The question 
had been raised as to why increased speed had the 
effect of reducing the stress at which materials 
broke in the case of the Reynolds-Smith tests, 
but not in the authors’ tests. The Reynolds 
and Smith tests were run at 1200 revolutions 
and upwards, while the authors’ did not go 
beyond that figure. The speaker had records of 
experiments made in America to find out why 
certain piston-rods broke. These experiments 
consisted in running model connecting- much in 
the same way as Dr. Stanton had done, but at a 
8 of 1200 revolutions. In nearly every case 
the rods became extremely hot before breaking, 
and that, the speaker thought, was the explana- 
tion of Professor Smith’s results. Doubtless these 
rods got very hot indeed, all the fibres being 
equally stressed; whereas in the authors’ tests 
the core would be available to conduct the heat 
away, as it was generated principally at the outer 
surface. 

Mr. L. Bairstow, continuing the discussion, said 
that the authors had drawn some conclusions from 
their experiments and from those of others. Amongst 
the latter were the experiments carried out at the 





* See ENGINEERING, vol. lxxvi., pose 401. f 

+ In the paper referred to Mr. Bairstow had given the 
results of tests with varying ratios of tension and com- 
pression. Mr. Wingfield had replotted the tests on axle- 
steel in the upper part of Fig. 3. It was remarkable that 
Mr. Bairstow had apparently succeeded in getting quite 


a wide elastic range with an upper limit of over 99 per 
cent. of the ultimate stress. 





National Physical Laboratory, and associated gene- 
rally with the name of Dr. Stanton. As Dr. Stanton 
was unable to attend, he wished to say a few words 
on the subject of those experiments, as being, 
after him, the person most nearly connected with 
them. Two of the authors’ main conclusions 
were, speaking generally, not entirely new to Dr. 
Stanton and himself, but they had not so far been 
eye in the reports of the Laboratory. The 

rst of these conclusions was that the steel with- 
stood alternations of stress—in other words, resisted 
fatigue—much better than wrought iron. The 
second conclusion was, that for rotating beams the 
effect of speed on the safe limit was negligible. So 
far he was entirely in agreement with the authors, 
but they had proceeded to make a rather important 
statement to the effect that there was not sufficient 
evidence for assuming that a limit of range of 
stress existed. This, the speaker thought, arose 
largely from the method, adopted in the paper, of 
plotting logarithmically. 

From the point of view of interpretation, a more 
convenient method than that followed by the 
authors was to plot the stress against the reciprocal 
of the number of revolutions. Suppose x y 
(Fig. 7) to represent one of the authors’ curves, 
then, if b represented a million reversals, and the 
reciprocal of ab were plotted, a point c would be 
obtained. A series of such points, c, d, e, &c., 
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were obtainable, and these, for a considerable dis- 
tance, lay in a straight line. If that straight line 
were produced back until it cut the axis of stress, 
the height f g would correspond to a stress which 
would be withstood by a specimen indefinitely ; and 
if the authors’ results were plotted in that way, 
the stress at one million reversals would not be 
very greatly higher than the limiting range of 
stress. If Bauschinger’s relationship or suggestion, 
that the point f also represented the elastic limit of 
the material, were accepted, then the physical inter- 
pretation of this form of plotting was that the 
amount of damage done to the specimen per revo- 
lution, was proportional to the amount of stress by 
which the elastic limit was exceeded, as, for 
instance, hk in the case represented by the point h. 

At the end of a million reversals the authors 
had not nearly reached the limit of stress. 
That was the experience of everybody else, and 
Bauschinger and Wohler both found that for 
rotating beams the limit of stress was not reached 
at one million reversals. The same result had 
been obtained at the National Physical Labora- 
tory in experiments not yet published. If, 
however, on the same diagram were plotted a 
fatigue curve for the same material with uniform 
distribution of stress, the curve would, on the 
whole, lie below the curve given by stressing under 
the conditions of a rotating beam, as, for instance, 
w 2, and would gradually approximate to the same 
limit towards z. The line f/ would then correspond 
to the reciprocal point line, being at a less angle, 
and the damage done would be represented by m k 
instead of hk. 

When at the National Physical Laboratory they 
had thought of starting experiments on rotating 
beams, the question arose as to the most suitable 
form of test-piece, and, bearing in mind the sort of 
effect to which he had referred, a specimen was 
tried which was solid, and which was expected to 
break at a range of stress of about 27 tons per 
sq. in. As a matter of fact it stood 1} million 
reversals without breaking, at 31 tons per sq. in. 
The test-piece was examined microscopically, and 
found to be cracked ; evidently it was in danger of 
breaking. A similar specimen was then made 
hollow, so that the stress was much more uniform 
than in the solid specimen, and the time of the 
experiment was thus reduced by rather more than 
one-half. The specimen broke before three-quarters 
of a million reversals, instead of remaining un- 
broken after 1} millions. It would seem, therefore, 
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that in order to get accuracy eer to that 
in the direct-tension test, it would be n to 
go to something in the order of 5 million or 6 million 
reversals to correspond to the one million reversals 
with the direct-tension test. 

In considering the effect of alternating stresses 
generally, it was now fairly evident, the speaker said, 
that the types of machine which produced alternating 
stresses in rotation, gave, on the whole, higher results 
than the machines in which the stress was uniformly 
distributed across the section. It was interesting 
to try and trace some cause for this difference of | 
result, The figures quoted for Wohler were appa- | 
rently somewhat too high; some uncertainty existed | 
as to the exact units_in which Woéhler worked, but | 
the figures quoted by Bauschinger, and by Pro- | 
fessor Ewing in the ‘‘ Encyclopedia Britannica,” 
gave results which were roughly two-thirds of those 
quoted in the paper, and that difference, if it really | 
existed, would appear to more due to the 
improved quality of modern material than the 
method of test. If the Wohler test were left out, 
and Bauschinger were taken as typical of the 
remainder, it would be found that in 1886 he pub- 
lished a paper on the effect of changing stresses 
from zero to the maximum tension, and from these 
results he had ventured to predict the results that he 
would get. later on on a rotating beam. As a matter 
of fact the results were not published until after he 
died, and the discrepancy was roughly 2 to 1, the 
rotating beam giving approximately twice as much 
range as the direct tension specimen. 

Mr. Bairstow thought there might be two 
explanations of the discrepancy between the two 
types of test. One was that fatigue was not yet 
thoroughly understood, and the other was that the 
difference was due to the testing machine. It was 
probable that the latter was the real cause of the dif- 
ference. In the connecting-rod experiments which 
had been referred to by the previous speaker, the 
original crank had a throw of 2 in.; the specimens 
broke, and the results are quoted in the paper. In 
order to find out whether the obliquity of the 
connecting-rod had any effect or not, the throw of 
the crank was changed to 4 in. ; that meant that in 
order to get the same stress and the same speed, 
either the speciinen had to be decreased in dia- 
meter or the reciprocating mass increased. The 
first experiment was to increase the mass, and the 
results were very decidedly lower than were ex- 
pected. As a consequence, the whole machine 
was thoroughly overhauled ; new slides were made, 
and still the results were discordant. The method 
of experimenting was then altered to a smaller 
specimen, and the tests were repeated and gave 
results identical with those previously obtained, 
showing no change due to obliquity. No doubt in 
this case the difference was due to the machine, and 
the speed effect found by Reynolds and Smith, 
and to a lesser degree at the National Physical 
Laboratory, was probably due t» the peculiarities 
of the machine. It, however, illustrated the great 
difficulity of the whole question, for both machines 
were designed particularly from the point of view 
of being able.to calculate the stress accurately, and 
yet, for no obvious reason, the machines did not give 
the stress expected of them. It was quite possible 
that a good many of the failures that occurred in 
actual practice were not due to faulty material, but 
to the fact that the stresses which occurred in 
machines were not correctly estimated. 

There was one other question to which, in conclu- 
sion, Mr. Bairstow wished to refer. The alternating 
stress test certainly would pass brittle materials. 
He had had experience of materials, which subse- 
quently fractured, passing the alternating tests 
quite easily. The proper test for brittle material 
was the impact test, or alternating stress test of 
Professor Arnold. The only thing that the impact 
test and the alternating stress tests did not do, 
was to detect material which was quite ductile and 
which had a very low resistance to alternating 
stress, It appeared that in order to ensure proper 
material both tests were quit necessary. 

Professor B. Hopkinson was the next speaker. 
The part of the paper which most interested him 
was that giving the graphical representations of 
the results, Figs. 29 to 31, which, in his opinion, 
showed fairly conclusively that the speed at which 
the machine worked did not make much dif- 
ference to the number of reversals of stress which 
a piece would stand before breaking. From Mr. 
Bairstow’s remarks he gathered that this con- 
clusion had been confirmed by the unpublished 


| at a lower speed. He would shortly be publishing 





work done at the National Physical Laboratory. 


The speaker had recently been interested in the 
same question, and he had constructed a machine 
which gave reversals of stress at a much higher 
speed—about 7000 a minute, or 120 per second. 

ith that machine, when the speed was pushed to 
the extent named, the resistance to stress, or 
endurance, reckoning the number of reversals, was 
not much increased beyond what it would have been 


elsewhere a full account of the machine, with the 
results obtained, and would now only briefly explain 
its principle and give a summary of results. 

he machine was constructed as in Fig. 8. The 
test-piece, which was a bar about } in. in diameter 
by 4 in. long, was fixed at its lower end to a heavy 
block of cast iron, which in turn was bolted to a 
concrete bed. It carried at its upper end a weight 
equal to about 180 1b., that weight being guided 





so that it could only move in a vertical direction. 
Above the weight was an electro-magnet made of 
laminated iron, with a laminated armature fixed | 
on the top of the weight, there being only quite a 
small air space between them. The magnet was | 
excited with alternating currents, and the weight 
carried on the top of the test-piece, which behaved | 
as a spring, was so adjusted as to be equal, or) 
nearly equal, to the period of the magnetic pull | 
exerted by that magnet, so that a swing was got up 
on it. In that way it was quite easy for a magnet of 
moderate size to produce stresses up to 40 tons per 
square inca, in tension and compression alter- 
nately, at the rate of 120 times asecond. That, 
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the speaker said, was the general principle of the 
machine, but, of course, a good many details had 
been necessary to make it a practical success. 

He had carried outa g many endurance tests 
with the particular mild steels examined, and, to 
give an instance, he had found in one case one 
which would stand a range of stress of 28 tons per 
sq. in., applied at the speed named, for well over 
10 million reversals. He gave those figures from 
memory. The same steel tested in a direct-stress 
machine working at 1000 revolutions per minute— 
according to tests which Dr. Stanton had carried 
out for the speaker at the National Physical 
Laboratory—would break on an average at about 
100,000 reversals at the same range of stress. | 
There was no question, without stating the figures, | 
that the endurance reckoned in number of reversals | 
was greatly increased at the higher speeds. Running 
at that speed meant, of course, a vibratory stress. 
As to the reason for expecting such a result, Mr. 
Bairstow had very well said that the endurance of 
stress should be measured by aid of the fact that at 
each reversal of stress a certain amount of damage 
was done to the test-piece ; roughly speaking, that 
would be qrepadionss > the amount by which the 
stress exceeded the elastic range. Consequently, | 
so long as the stress-strain cycle were the same at 
each reversal of stress, so long might the number 
of reversals of stress ontuselt be expected to be 
unaltered by the speed. At each reversal, what- 
ever the speed, the same amount of damage would | 
be done to the material. If, however, the speed | 
were such that the relation between stress and 
strain were materially altered, then, possibly, a con- 
siderable variation in endurance might be expected. | 

Referring to this question of very high speed, | 
he would say that Mr. Bairstow had, in a very 
interesting piece of work—buried, the speaker 





feared, in the ‘‘ Transactions” of the Royal Society | 
—examined exactly what happened to the stress- | 
strain relation of a piece undergoing alternating | 
He had found that the hysteresis curve | 


stresses. 
took, after a time, the form shown in Fig. 9, in 
which the portions A B and C D corresponded to 
perfect elasticity, while for the portions B C 


and D A, which were curved lines, the material | 
did not behave as ‘‘ elastic,” and during that 


” 


time must be regarded as ‘‘ flowing.” It was 
known, from the researches of Ewing and Hum- 
phrey, that the damage originated in the small 
slips produced in the material when the stress 
exceeded the elastic limit. He would therefore 
re-state Mr. Bairstow’s remark about damage done 
thus :—The damage done was proportional to the 
amount of the extra elastic strain, represented in 
Mr. Bairstow’s diagram by B D, which Mr. Bairstow 
had called ‘‘ the cycle of permanent set.” He con- 
ceived that when the stress cycles were sufficiently 
slowly performed, the form of the stress-strain 
diagram would not be materially altered by the 
speed, as the flow would not change in amount. 
But if the speed exceeded a certain limit, then the 
material had not time to flow to the amount repre- 
sented by BD. Instead of obtaining the diagram 
ABCD), therefore, one more like GEHF re. 
sulted, an area of the same general character, but 
smaller ; that was, with a smaller amount of cyclical 
permanent set EF. He had little doubt that with 


| frequencies of 2000a minute, something of that kind 


was obtained ; in other words, the steel became 
more elastic under a given range of stress, at a 
high frequency than at a low one. Since Professor 
Hopkinson had done the work referred to, he had, 
he said, learnt that Professor Kapp had designed a 


| machine similar to his own, so far as making use of 


the pull of an alternating-current electro-magnet 
to cause stresses was concerned. Professor Kapp, 
however, had not employed the principle of reson- 
ance, which, in the case of the speaker’s machine, 
was an important feature. 

Mr. L. Pendred spoke on the subject of the 
corrosion of test-pieces in the holders, mentioned 
by the authors. They had said ‘‘ there seems to 
be no doubt that this corrosion is due to the vary- 
ing stress between the test specimen and its 
holder.” Taken literally, that meant that corro- 
sion, which was a chemical action, was being pro- 
duced by an action which was purely mechanical. 
It would be wise, he had thought, in the present 
state of knowledge of the subject, to treat this 
statement with a good deal of scepticism. It was 
an elementary doctrine of science that of two pos- 
sible explanations the simpler should be accepted. 
In the case under notice the simpler explanation 
would be that by some means or other an electro- 
lyte has found its way between the jaws holding 
the specimen and the specimen itself. But there 
was difficulty in finding any means by which an 
electrolyte, or liquid of any kind, could get between 
the jaws. It was probable that, supposing the pro- 
duction of an oxide by mechanical means could really 
be substantiated, nearly all experimenters with this 
class of test would have found corrosion. 

He had attempted to gather together some 
information on this point, and had written to Dr. 
Stead, Dr. Arnold, Mr. Kirkaldy, Mr. Heathcote 
(Coventry), and Professor Harbord, none of whom 
had found anything of the kind. On the other 
hand, Dr. Stanton and Mr. Saniter (of Messrs. 
Steel, Peech, and Tozer) had found it. He 
had brought specimens which these gentlemen 
had sent him, and they were remarkable. One 
was a@ specimen of a tube, tested at the National 
Physical Laboratory, which showed the corrosion 
marks where the jaws-had held the specimen. The 
curious fact was that the patches of rust were sepa- 
rated by little bands on which there was no corro- 
sion at all. That suggested that the corrosion was 
in some way set up by the action of the jaw itself 
upon the mild steel. There was no corrosion 
whatever inside the tube, where the alternating 
stresses must have been nearly the same as on the 
outside. Plainly, therefore, it was not due to 
atmospheric effect upon the specimen alone, but to 
some interaction, probably between the jaws that 
held the specimen and the specimen itself. That 
would be supported by knowledge of the fact that 
a specimen of steel that had been stressed was more 
subject to corrosion than a steel that was unstressed. 
Mr. Saniter’s specimen was also interesting. In this 
case the specimen had been held in a hole drilled in 
a block of steel, which was rotated by an electro- 
motor, the hole being only ;}, in. bigger in diameter 
than the specimen, which was held in place by 
set-screws spaced equally around it. The speci- 
men was under test only for 150 minutes, and 
yet there was marked discoloration all round it. 
It had originally been polished, and was put in 
perfectly bright. There was no obvious reason 
why water should have got near it at all, or, if 
there had been water, why it should have acted 
with such extraordinary rapidity. Dr. Stanton's 
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test had made 1.9 million reversalsfof stress, and 
Mr. Saniter’s had made 600,000 revolutions at 
4000 revolutions per minute. 

It would be agreed that further investigation of 
so curious a fact was desirable. In many mecha- 
nical contrivances pieces of steel were pushed inside 
holes in steel and cast iron, and worked regu- 
larly under stress for long periods of time. One 
instance that might be taken was the case of 
crank-pins forced into cranks. These were under 
alternating stress frequently for many years. Cor- 
rosion was never found between shaft and boss, 
or between the pin and the boss, and the same 
might be said of wheel centres and axles, where 
there was a steel centre and a steel axle. He 
would suggest to the authors, in relation to this 
matter of corrosion, that they should try the effect 
of dipping the specimens in a 5 per cent. to 10 per 
cent. solution of bichromate of potash. That course 
had the effect of putting the iron into a passive 
state, and it then refused to corrode, even in a 
moist atmosphere. If that were not effective, 
dipping the specimens for five seconds in a fairly 
strong solution of sulphate of copper might be 
tried. That would deposit over it a very fine film 
of copper, which would probably have no effect on 
the strength of the material. 

Mr. E. F. Etchells said that while the paper was 
very interesting, it had not revealed the existence 
of the limit of stress, the authors being even in 
doubt whether this existed or not. He would sug- 
gest that if the number of repetitions required to 
produce fracture were plotted reciprocally, there 
would be a massing of points at the beginning of 
the curve obtained, which would give an indication 
of the actual existence of the limit of stress. He 
would suggest that this limiting stress should 
be taken as the stress upon which the working 
stress should be fixed. Mild steel would withstand 
a stress of about 30 tons, but the working stress was 
usually taken as a fourth or a fifth of that figure. If it 
were believed that the material would break at 
30 tons, itdid not seem a very wise thing to stress it 
only to5. Taking the limit of continued endurance 
as a base, the working stress might be taken as a 
somewhat higher fraction of that figure—perhaps 
half. That would cover the secondary stresses, 
which did not always appear in the calculations, 
hut almost always existed. If the authors had 
helped to shorten the gap between theory 
and practice, between the very high ' stress 
and the lower working stress, the paper had 
fulfilled a very good purpose. Whether the 
limiting stress existed or not, it did not disturb 
engineers in their daily work. It was well 
known that a 100-year life at s 4-ton stress would 
fulfil all reasonable requirements, although perhaps 
a 34-year life at 6-ton stresses would better please 
the vendors of machines. 





Mr. E. Segundo said that in working out, about 
three years ago, the practical design of a machine, 
he had a very interesting instance of the extreme 
molecular changes brought about by vibration. 
Having no precedent to work upon in designing 
such a machine, he arrived at a section of 18 mm. 
square as the size for a beating arm, which 
rotated round a vertical axis at 750 revolutions per 
minute, presumably hitting the fresh material fed 
in, once in every revolution. The arm was there- 
fore presumably subjected to bending action 750 
times a minute, or about one million times in 
twenty-four hours. The factor of safety, as the 
speaker understood it, was about 100. Notwith- 
standing that the beater was made of tool steel, it 
broke off short after about a week’s work. The 
fracture was exactly like that of very fine cast steel. 
He had then sought the help of Sir Robert Hadfield, 
and had had beaters madecontaining 15to18 percent. 
of nickel. But exactly the same thing happened, 
though they may have lasted a day or so longer. 
He had tested a fresh beater on an anvil and had 
ultimately broken it by blows from a 28-lb. sledge. 
The fracture in this case was like a bundle of fibres 
quite different in character to that of the beaters 
broken in the machine. The only solution he had 
been able to resort to was to have the sections con- 
siderably enlarged. Two of these beaters he 
exhibited, one being worn down without breaking, 
although kept on day and night for two years con- 
tinuously. The other beater showed the original 
form before wear. 

Mr. E. M. Eden, in replying to the discussion, 
said that no attempt had been made in the paper 
to establish any relation between the limit of 
stress and either the tenacity or the elastic limit. 
The tenacity had been adopted in the authors’ 
test as a better guide than the elastic limit as to 
whether the material would give a high limiting 
stress. In Table II. the steels were ranged in the 
order of their tenacity, and that was also the order of 
the range of stress causing fracture after a million 
revolutions ; if arranged in the order of the limit 
of elasticity, that sort of agreement would not be 
obtained; with the exception of the Reynolds- 
Smith tests, agreement of that kind had been 
shown by other experimenters. He wished it to be 
understood that he did not say that there was no such 
thing as a limit of stress; it was much more likely 
that it existed than that it did not. All he wished 
to emphasise icularly was the great uncertainty 
in the determination of the limiting stress. A new 
method of finding out that value had that evening 
been suggested—viz., plotting the stress against the 
reciprocal of the number of revolutions. Professor 
Unwin and Mr. Stromeyer, and another speaker, had 
objected to one method which the speaker had shown 
—namely, the logarithmic plotting. There were 
certainly objections, but the speaker thought that 
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the reciprocal method. was even worse. Plotting 
the logarithmic stress against the logarithm of the 
number of revolutions tended to give the impres- 
sion that there was no limiting stress. With the 
reciprocal method there was a tendency to get a 
definite value. He had himself used the reciprocal 
method of plotting, with the following result :— 
Plotting the stress against the reciprocal he had 
not been able to get a straight line, but a curve 
which went down like that shown in Fig. 10. It 
was easy enough to consider a short piece a b a 
straight line, and to say that a was the limiting 
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stress, but this could no more be rightfully done 
than to bring the curve down toc. The whole point 
of the matter was that there was a tendency to 
continue the curve on toofar. Mr. Eden proceeded 
to illustrate this by a lantern-slide, reproduced in 
Fig. 11. This was prepared to illustrate the objec- 
tion to the ordinary method of plotting. 
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If a logarithm of the stress were plotted, there 
was a likelihood of being fooled over it, and the 
same remark applied to reciprocal plotting. If the 
stress were merely plot against revolutions, 
there was a likelihood of going wrong as to the 
limiting value, at the point where it becomes hori- 
zontal. In Fig. 11 were four curves, the stresses 
being plotted vertically, and the revolutions horizon- 
tally. A guess might be hazarded as to what the point, 
where they became horizontal, was, and a different 
point found for each; as a matter of fact, they were all 
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the same curves plotted on different scales. The 
curve ab, Fig. 11, represented series No. 29, stress 
being plotted against revolutions up to 100,000 revo- 
lutions ; the curve ¢d represen the same curve 
carried on toa million revolutions. The experimental 
part was represented by the points on the black por- 
tion only, and not by the whole curve prolonged by 
the dotted line. The next curve, ef, showed the same 
thing, but carrying the curve up to 10 millions, and 
again the only experimental portion was shown ina 
full black line ; the rest was absolute guess-work. 
The last curve, g, h, showed the same curve carried 
up to 100 million revolutions, and it was the right- 
hand end of that curve that he believed the meeting 
to be interested in. The experimental part was 
again shown in the full line, and the form of the 
curve depended on this experimental It was 
possible to put the dotted part of this curve any- 
where. It was too vague to convey accurately what 
the limiting stress was by these means. The limit- 
ing stress, if, as he was inclined to believe, it 
existed, had not been very definitely determined. 
The experimental part of the test did not go up to 
a very high figure—only half a million. In attempt- 
ing to go further on that curve the points got very 
irregular, and itbecamemore difficult to get a definite 
curve. He would point out particularly that it was 
no use going by the individual points unless a number 
of other points on the same curve were considered. 
Tn the steel test of Wohler, where it was easier to get 
definite results, points were hopelessly irregular. 
The mere fact that two points happened to give 
different values for a number of revolutions with 
the same stresses did not prove that the curve had 
become horizontal. In looking at any of the curves 
he would warn those interested against being 
guided by the smooth straight line of the curves, 
and not by the observation points. In the diagram, 
Fig. 12, one of the series of tests (No. 22) was 
shown without any curve drawn in. To arrive at 
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the point where that curve became horizontal, it 
had to be continued on. To get the point of most 
interest—say 100 million revolutions, or something 
of that sort—it would be necessary to continue it on 
towards the right to about ten times the length 
of the diagram. 

Mr. Eden continued that, as faras he could make 
out, Professor Arnold had argued that the Woéhler 
tests were useless, The Arnold testing-machine 
was certainly an alternating-stress test machine, 
but the reason why no results from that machine 
had been included in the paper was that they could 
not be com with the Wohler tests, as they 
gave entirely different results or effect. The 
speaker understood that the machine was originally 
intended to give a reflection of the Wohler results 
in a short space of time. It was found that it did 
not do so, but gave quite different results. The 
arguments of Professor Arnold had been, to some 
extent, that the Wohler tests did not show up 
unsatisfactory and brittle material. The speaker 
did not think they did, nor did he see any 
reason why there should be any assumption that 
they did so ; brittle material was bound to be 
unsatisfactory for withstanding alternating stresses, 
and in the case of the machine referred to the 
brittle material could not possibly stand the test. 
It appeared that Professor Arnold’s machine gave 
rather a test of toughness, or some figure of the 
kind, than anything else, The other point men- 
tioned by Professor Arnold was that the Wohler 
test gave a more or less faithful reflection of the 
elastic limit ; the speaker did not consider that to 
be the case. In a test of a 25 per cent. nickel steel 
the authors had been thrown out by making that 
assumption. It was thought that because the 
material had a low elastic limit it would do badly 
in the endurance tests. In the first six tests the 
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load was much too small, so that no fractures 


resulted. The first six test-pieces were absolutely 
wasted because the authors been led away by 
the idea that the limit of elasticity might have been 
some sort of guide. 


Dovusie-Curring AND HicH-Sprep PLanina- 
MAcHINEs. 


A r entitled ‘‘Double-Cutting and High- 
Speed Planing- Machines,” by Mr. J. Hartley 

icksteed, of Leeds, Past-President, was next 
read by the author. This 
in the present issue. The 
was adjourned to the next ordinary 
ing, which will take place on Friday, 
at which meeting, if time permits, = r on 
‘*Oil-Burning Locomotives on the Natio ilway 
of Mexico,” will be read by Mr. R. Godfrey Aston, 
graduate, of Mexico University. 


per we print in full 
Sanson on this paper 


eneral meet- 
Goreobes 15, 





In connection with the above discussion on the 
‘* Endurance of Metals,” it may assist our readers 
to know that a very complete account of Wéhler’s 
work on the subject was given in 1871 in a series of 
nine articles in ENGINEERTNG, vol. xi. These 
articles described the methods of testing, and the 
apparatus, and gave the results in full. 








THE JUNKERS MARINE OIL-ENGINE. 

Or the several marine oil-engines now being con- 
structed in Germany for merchant ships, interest 
attaches to that designed by Professor Junkers, not 
only because it has been ovaved as the result of con- 
siderable experience, but because it involves differences 
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in important features from other engines. Although 
| fuller experience may modify the details, they are 
worthy of careful study in the present state of know- 
ledge of this type of prime mover. We therefore 
reproduce on our two-page plate, and.on this and the 





oe pages, illustrations which show the principle 
of the engine, the mechanical details, and the general 
arrangement of the machinery to be fitted in an ocean 
ship for the Hamburg-America Line, being built by the 
Weser Company, of Bremen, who are also construct. 
ing the engines illustrated and hope to have them ready 
for trials in their works before the end of the year. 
Several other German firms* have acquired the right 
under licence to build this type of engine for both 
stati and marine purposes. 

A 200-horse-power experimental engine, constructed 
at Professor Junkers’ testing laboratory at Aix-la- 
Chapelle, see the data for the construction of a 
horizontal land engine of 1000 horse-power, which isnow 
undergoing tests at Aix-la-Chapelle. The view, Fig. 1, 

697, shows this latter engine on the testing-bed. 
t has two tandem cylinders 450 mm. (17% in.) in 
diameter with a stroke of 450 mm. Two pistons 
work in each of the two cylinders, and these latter 
are placed one behind the other. As will be seen from 
details on the two-page plate of a vertical engine (Figs. 
8 and 9), two of the pistons act through a return cross- 
head on cranks on each side of the central crank, which 
is actuated by the other pistons. The outer cranks 
are set at 180 deg. with reference to the middle 
crank. The engine works on the two-cycle principle ; 
by the aid of the tandem arrangement of pistons there 
is double action. While the pair of pistons in the one 
cylinder is effecting an outward travel on the working 
stroke, the pistons of the other cylinder travel inwar 
on the compression stroke: The scavenging air enters 
through a row of ports at the one extreme end of the 
cylinder and expels the exhaust gases through ports 
at the other end of the cylinder or combustion space 
between the pistons. The working pistons themselves 
open and close the port openings ; complicated govern- 
ing gear and scavenging-valves are thus obviated. 
— and stuffing-boxes are also dispensed 
with. 

The action of the engine may be explained by aid of 
the diagrams, Figs. 2 to 7, in which, for sake of sim- 
piciey. a one-cylinder arrangement is reproduced. In 

ig. 3, showing the innermost position of the pistons, 
the combustion-chamber, after a preceding compres- 
sion stroke, is filled with highly compressed and highly 
heated air. The fuel is then injected during part 
of the ensuing outward stroke, and by means of com- 
pressed air and in a finely divided condition, ignites 
and burns under almost constant pressure during the 
first part, from A to B in the diagram, of the outward 
stroke (Fig. 2). During the outward stroke the 
expansion of the products of combustion from B to C 
is effective. At C the pistons have reached the 

ition shown in Fig. 4, in which the front piston V 
is about to lay bare the ports in the cylinder-wall 
through which the spent gases exhaust into the atmo- 
sphere. At the position of the pistons shown in 

ig. 5 (C to D in the diagram), the pressure of the 
gases in the cylinder is equalised approximately with 
that of the atmosphere ; in this position the rear 
piston H opens its ports and admits fresh air at low 
pressure to the cylinder, which, driving the remainder 
of the exhaust gases in front of it, expels them from 
the cylinder through the ports in the cylinder-wall. 
This scavenging takes place till the outer dead- 
centre position of the pistons (Fig. 6) has been passed 
tad ut the piston positions shown in Fig. 7, in 
which the pistons on the return to the inner dead- 
centre have closed their respective ports (distance 
D, E, F in thediagram). At the point F, the cylinder 
is filled with fresh air, and the contents of the cylinder 
are then compressed as the pistons approach one 
another up to the inner dead-centre in Fig. 3 (distance 
F to Ain the diagram). The compressed air becomes 
heated to such an extent that the fuel, which is injected 
at or shortly before the point A, ignites immediately, 
whereupon the process is repeated. 

The scavenging-pumps and compressors necessary 
for the supply of air for scavenging and for spraying 
the liquid fuel are arranged symmetrically with 
respect to the cylinder axis; they are driven by the 
return cossbead, as shown in Fig. 8, on the two-page 
plate, which, however, illustrates a marine vertical 
engine. 

‘ach cylinder is provided with two fuel-valves and 
one compressed-air starting-valve. The fuel injection 
is so designed as to spray the oil over a large surface 
of the combustion air, while the engine is on the dead- 
centre and during part of the working stroke. _ 

In the Junkers engine the cylinders consist of —_ 
castings ; the side-rods are of forged material. he 
cylinders rest on simple elastic supports made of 
I-shape bars. : 

The cylinders have no covers ; the latter, as is well 
known, frequently give much trouble in other types of 
oil-motors. The pistons are on one side always in 
contact with atmospheric air, and run during every 
outward stroke in cool portions of the cylinder, which 
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ARRANGEMENT OF THE JUNKERS 1600-H.-P. OIL-ENGINE ON SHIPBOARD. 















































































































































—— | |The 
ig 10. eae | a iate: , 
Fig.t. 

| | 

| 
| | OIL 

| TANK 

\ et cs 
| _——— Tamia 
_—— t i oy 
a4 VGH ES ee Se ee a ee ee ee Oe eee es) es Set Se = ae ae 
Fig. 2 
= SS ee 





























(2495.8) 


A. Main engines. F 
B. Compressor and Diesel engine 


—stand-by. F. Combined air and circulating 
C. Compressor and steam-engine 
—emergency. 


are not touched by the products of combustion. This 
facilitates efficient lubrication of the pistons. 

As in the Junkers engine the scavenging air does not 
enter by the aid of scavenging-valves. permanently 
fitted to the combustion-chamber, which at every 
stroke take up a large quantity of heat from the latter 
and communicate it to the scavenging air rushing 
through them at a high velocity, the charge, under 
normal conditions, is much colder than in the ordinary 
Diesel engine, and this is responsible for the higher 
mean effective pressure, and the higher specific output 
attained by the Junkers engine. 

The general design of the Junkers marine engine for 
mercantile marine work is shown in Figs. 8 and 9, on 
the two-page plate accompanying this issue. The 
tandem arrangement is followed, since the necessary 
height is a obtainable in the engine-room without 
ditficulty. Safety against swaying depends on a solid 
foundation, but on this point there will be some 
misgiving by marine engineers generally conversant 
with the influences of engine vibration, a beam sea, 
and pitching due to a following sea. As the illustra- 
tions show, the cylinders and power-transmitting gear 
are arranged in the same way as in the horizontal en- 
gine, but the general design has been made tosuit the 
vertical arrangement. This design is also followed in its 
more important features in the engines of twin 800 
shaft horse-power under construction for the freight 
vessel of the Hamburg-America Line. The longitu- 
dinal sectional view (Fig. 8) shows clearly the arrange- 
ment of the tandem cylinders, each with its pair of 
pistons, the design of the return crosshead with its 
rods to the side cranks, and, on the outer ends, the 
rods to the pumps for oil-spraying air and for scaveng- 
ing air. The arrangement of the return crosshead for 
the top piston of the upper cylinder with its rods to the 
lower or main crosshead is better seen on the cross- 
sectional view, Fig. 9. The elevation shows the fuel, 
exhaust, and air-supply mains. The general arrange- 
ment of the machinery in the ship is shown in Figs. 10 
to 12, above. 

For men-of-war the tandem arrangement will have 
to be dispensed with, and recourse had to the single- 
cylinder design, owing to limited headroom. 





‘Tue Sir Jonn Cass Tecunicat InstitvTe.—At the 
Sir John Cass Technical Institute, on Wednesday, Nov- 
ember 29, at 8 p.m., the prizes and certificates gained 
by students during the past session will be distributed by 
Mr. H. Livingstone Sulman, President of the Institution 
of Mining and Metallurgy. 


MERCHANT VENTURERS’ TECHNICAL COLLEGE, BRISTOL. 
—The annual distribution of prizes by Mr. Alexander 
mreremige pre a rg of the Institution of Civil Engi- 
neers, will take place in the great hall of the College on 


Friday, December 15, 1911; the Master of the Society of | k 


Merchant Venturers will occupy the chair. 


D. Dynamo and Diesel engine. 
E. Auxiliary condenser. 


pump. 
G. Tank with float. L. 
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TANK 


H. Steam feed-pump. 
I. Electrically - driven 
pump. 


ballast- 



































K. Steam-pump for boiler-feed tank. 
Steam-pump for oil-receiver. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

American Consul and Steel Progress.—Some interesting 
information and instructive comments are contained in 
the annual report, just issued, of Mr. C. N. Daniels, the 
American Consul in Sheffield, to his Government. He 
emphasises in the first place the value of Sheffield as a 
market for American produce. And then going on. to 
deal with the trade of the city (during 1910) Mr. Daniels 
says a distinct advance was made in the sales of best 
crucible steel and the special alloy steels for tools and auto- 
mobile construction, both the United States and Germany 
increasing their purchases. ‘‘ The work of the city’s 
metallurgists and experimenters on these specialities has,” 
states the report, ‘‘resulted in bringing more and more 
trade to the city.” This is particularly interesting, and 
goes to justify the outlay which Sheffield makes upon the 
Applied Science Department of the University. The 
report also states that although no new steels were intro- 
duced during the year under review, the varieties of steel 
were steadily increasing. At the same time electric melt- 
ing had not made much headway, although the advanci 
price of Swedish iron was giving the crucible makers muc 
concern. 


To Protect Shefield’s Name.—After years of agitation, 
and a fight waged on behalf of Sheffield against very 
great odds, the manufacturers of the city are now in a 
position to enforce their rights, such as they have never 
occupied before. The practice of ‘‘ false marking” foreign 

s, and palming them off upon the unsuspecting con- 
sumer as Sheffield products, has been not only a consider- 
able source of Joss to the city’s industries, but has had a 
damaging effect upon her reputation. Now an Adviso: 
Committee has been formed of twenty-four of Sheffield’s 
leading citizens, backed up by the Cutlers’ Company, and 
with a fund of 11,000/. at their disposal to use in efforts 
to check, by means of prosecutions, fraudulent practices 
poe tomy by unscrupulous foreign rivals. So far the 
Cutlers’ Company, who are not a wealthy corporation, 
have had to struggle alone against this evil, and their 
resources have been seriously weakened in the 
Within the last few years they have spent over . on 
cases in various parts of the world. The manufacturers 
have now come to the rescue, however, and 11,0007. has 
now been raised of the 15,000/. originally fixed to be the 
amount of the fund. 


South Yorkshire Coal Trade.—The steam-coal market is 
in a fairly firm position. There is not quite so much fuel 
going for shipment from Hull, on account of the imminent 
closing of the Baltic season, but inquiries from manu- 
facturers are rather on the increase than otherwise, and 
the railway companies are buying largely. Gas fuel, 
both for works at home and for export, is in steady 
demand. There is a good deal of slack on the market, 
due to large outputs at collieries, and plenty of coking 
smallsare to be had. Prices have kept firm in the house- 
coal market over the week, in spite of the fact that 
ordering has been on a very small scale, and that most of 
the merchants have considerable stocks on hand. Stocks 
have a tendency to accumulate at pits, but a brisker 
inquiry ought soon to be experienced, especially with the 








eener weather of the past few days. @ prices on the 


picked branch, 14s. 6d. to 15s. 6d.; Barnsley best Silk- 
stone, 12s. to 13s. ; Silkstone, 11s. 6d. to 12s. 6d. ; Derby- 
shire house, 10s. to 1ls.; Derbyshire best large nuts, 
9s. 6d. to 10s. 6d. ; small nuts, 6s. 6d. to 8s. ; Yorkshire 
hards, 9s. 3d. to 10s. 3d.; Derbyshire hards, 9s. to 10s. ; 
washed nuts, 8s. to 9s. ; rough slacks, 5s. 6d. to 7s. 6d. ; 
seconds, 4s. 6d. to 5s. 6d. ; smalls, 2s. to 3s. 


Iron and Steel.—A marked improvement has taken 
place in the iron market. Prices have strengthened, 
advances are being asked, and there is a likelihood of a 
further rise. A many buyers are stil] receivin 

deliveries at lower prices; but others, who have not book 
far forward, are hastening to fix up contracts before prices 
po further against them. In the common irons, particu- 
arly Derbyshire makes, a corresponding activity has been 
manifested. The Derbyshire quotations are now, in fact, 
above Lincolnshire figures, and it is expected that the 
Lincolnshire Association will make an advance to bring 
them into line. The improved demand is for both forge 
and foundry sorts, and with prospects of even better 
business in the near future, the makers are not at all 
anxious to book long-date contracts. Scrap is a little 
better, but the demand is not equal to the output. The 
recent revival in bar iron is being followed by steady pros- 
perity in this branch, and the production is ona larger scale 
than has been the case for several years. ‘‘ Boom” condi- 
tions have become the characteristics of the general trades of 
Sheffield. There are varying statements as to the weight 
of work in the armament houses, but it is that it 
is sufficient to provide employment for a long time to 
come. Even during the boom of 1907 there was not, in 
the opinion of competent authorities, so mech work turned 
out of Sheffield as is now the case. Most of the firms 
have, in the interval, extended their resources and pro- 
ductive capacity, so that the fact of their being fully 
en, means more to-day than it did four or five years 
ago. The great development of recent months in the 
home engineering trade is responsible for no small 7. 
Last 


ee of the large orders which have come to the 
d of Sheffield. Further, general export trade is 
excellent. Colonial business is showing increases almost 


month by month, and there has been an improvement in 
inquiries from United States. Forges and rolling- 
mills are working under extreme pressure. At a time 
when the tendency is to cut profits to the utmost margin, 
the present trade prosperity has a double value, It 
enables plant to be kept running and doing its maximum 
amount of work without appreciable increase in cost, as 


compared with the time when it can om be partially 
employed. This, of course, means redu expenses for 
bulk of steel produced. All the departments of the 


lighter industries are sharing in the general activity, 
ost of the file manufacturers are working overtime, and 
tools of all kinds are in very great demand. 





InsTITUTE OF CHEMISTRY OF GREAT BRITAIN AND 
IrELAND.—Mr. Bertram Blount will deliver his second 
lecture on ‘‘Cement” in the lecture theatre of King’s 
College, Strand, on Friday, December 1, at 8 p.m. 


Contracts. —The Mirrlees Watson Company, Limited, 
Scotland-street, Glasgow, have recently orders 
for a large number of their surface - condensing and 
jet-condensing plants for different works in this country, 





Sheffield Exchange at the week-end were :—Best hand- 





France, and the British Colonies, 
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DOUBLE-CUTTING AND HIGH-SPEED 
PLANING-MACHINES.* 


By Mr. J. Hartiey WicksTexD, Past-President, 
of Leeds. 


Tue planing-machine, with its idle return stroke, is 
necessarily inferior in principle, for the economical 
removal of material, toa lathe, with its continuous-cutting 
action. Nevertheless, plain surfaces are best done on 
planing-machines, and this being so, the problem of 
minimising the time spent on the idle return stroke has 


table on both the forward and backward cut, it followed 
that, when the work did not permit of the use of both 
tools for want of clearance at the end of the stroke, 
as, for instance, when planing in a steam-chest, and when 
therefore only one tool could be used, the absence of a 
quick return motion on the idle stroke discounted the 
advantages gained on other work where double-cutting 
could be employed. The variable-speed reversing motor 
removes this objection, because this drive can be set either 
to reverse at equal speeds for double cutting, or to drive 
slowly on one stroke, and quickly on the other, whenever 
it is convenient to plane only in one direction. Thus, in 


naturally received great attention, with the result that, | the machine illustrated in Figs. 1 and 2, which is a Buckton 
in some cases, it has been reduced to one-tenth of the! double-cutting planing-machine to plane 10 ft. square 





Fig. 7. 
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(2550,4) 





ins.12__0 § 
DOUBLE-CUTTING PLANING MACHINE, 30FTx1OFT«IOFT. (BUCKTON), DRIVEN BY 30H.P REVERSING MOTOR (VICKERS), 








where the work does not lend itself to double cutting. 
In planing cast-iron the advantages of double cutting 
are twofold ; for, besides having two feeds to the tool- 
box on each cycle of the table, the back-to-back tools 
mutually assist each other by chipping away the scale in 
front of them in either direction, so that each tool has 
clean metal to enter at all the edges of the casting with 
which it comes in contact. The tools are thus saved 
from so much wear that, instead of two tools requiring 
more fixing, they require, on the whole, less fixing than a 
single tool, for the reason that the back-to-back tools so 
save each other from wear that they do not need to be 
removed and re-fixed during the progress of the work, for 
the purpose of being reground. Also, the first roughing 





Fig. 2. 
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20keet. 

















Fie, 3. Constant-Sprep Dovusie-Curtine PLaner (Buckton) Driven 


whole time spent on the complete cycle of the table. 
But why do we not eliminate the idle stroke altogether, 
by making the machine cut equilly on both the forward 
and the backward strokes, and thus make its cutting 
action very nearly continuous ? 

It is hoped that, in the following paper, the conditions 
will be explained under which this is undoubtedly the most 
economical method, and also the conditions under which 
single-stroke cutting should be preferred. 

he recent development of change-speed reversing- 
motors has overcome the chief objection, previously exist- 
ing, to the extended use of the double-cutting principle. 
The previous objection to the use of a double-cutting tool- 
box was that, with an equal speed to the planing-machine 


* Paper read before the Institution of Mechanical 
Engineers, November 17, 1911, 





by 30 ft. long, driven by a 30-horse-power Vickers 
reversing motor with an auxiliary 3-horse-power motor 
for raising the cross-slide and side tool-boxes, and for 
feeding and traversing all the tool-boxes, the table 
is driven at speeds varying between 20 ft. and 60 ft. 

r minute, on either stroke. The motor is regulated 
y varying the field strength, and will stand heavier 
intermittent loading at the lower speeds than at the 
higher. Hence this motor will exert its full horse- 
power at all speeds, as the torque on the motor-shaft is 
approximately inversely proportional to the s The 
result of this is that the slower the speed the table is 
driven, the heavier is the cut that can be taken. In 
general, the machine cuts on both strokes, but the double- 
cutting tool-holder can be removed and a strong single 
tool-holder substituted, capable of carrying a long pro- 
jecting toolstock for heavy cuts on steel, in any case 








FROM A Line-SHAFT. 


cut is more uniform if made with two tools than with one 
tool, because they get so much less worn between the first 
cut and the last, partly because each tool only takes alter- 
nate cuts, thus reducing the wear to half what a single 
tool would be subjected to on one job and with one 
setting ; and further, because of the assistance which each 
tool has rendered to its companion in preparing clean 
metal at all the edges where the single tool would have 
had to face hard scale. It has accordingly been found 
that turbine casings, for example, could be planed true 
in less time by double than by single cutting, even if the 
time taken by the idle return stroke were eliminated alto- 
gether. The reverse position of the back tool also makes 
it particularly advantageous for taking broad finishing 
cuts ; it does not require cranking back to prevent making 
chatter marks, because it has no tendency to dig intothe 
work. » For the same reason it can be advantageousl) 
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DOUBLE-CUTTING AND HIGH-SPEED PLANING-MACHINES. 








Fic. 4. VARIABLE-SPEED PLANER witH TaNpDEM TasLes (Buckton), Driven sy 50-Brake-Horsz-Power Evectrricat Set. 
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PLANING MACHINE 16 FT «SFI-«SFT.(BUCKTON). 
“Constant Speed Motor DRIVEN BY 30 H.PMOTOR, 6OOREV$ PER MIN. 
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Fg:7. PLANING MAGHINE 16:0*5:0'«§ 0 (sucKTow). 
SHOWING REACTION SPRING FOR HIGH-SPEED 
RETURN STROKE. 
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used for cutting grooves with a parting tool. In these!as has been said, to convey the reverse motions to the 


cases, although the double-cutting tool-holders are not 
changed, the back tool only is inserted and the back 
stroke can be driven at 20 ft. per minute, with an idle 
stroke on the usual forward stroke, of 60 ft. per minute. 
There are also occasions where it saves turning the 
work round. end for end, to have a tool available for 
planing up to an obstruction in either direction. _ 

The feed of the tool-boxes is effected by a continuous 
running belt-puiley and a friction clutch, which is thrown 
in at each reversal of the machine, and permits the belt- 

ulley to take one, two, or four complete revolutions 
Solem itis thrown cut. Further changes of feed are 
provided ina gear-box. If one tool alone is in action, 
the tappet at one end of the table is turned back, so that 
the feed does not operate on that reversal. 

The manner of double-cutting is to fix both tools pre- 
cisely back to back ; in fact, the second tool is adjusted b 
simply dropping it into the furrow made by the first tool. 
The back tool fo owsin this furrow till the end of the stroke, 
when it receives a feed motion; it then cuts a further 
furrow, in which its companion follows free, and thus, on 
a single cycle of the table, two furrows have been cutof 
equal width and equal depth. Thus, assuming a feed of 
4 in. at each reversal, then at the completion of the cycle 
} in. would have been traversed. , 

Fig. 3, page 700, shows a constant-speed double-cutting 
planer driven from a line-shaft. It planes 36 ft. long by 
8 ft. square. ; 

It is astonishing to the author to see any machines put 
down for the express purpose of planing engine base- 
plates, machine-beds, table, or tank-plates, with an idle 
return stroke, even if provided wit ng tools, when 
two back-to-back tools would do all such work with much 
greater economy in the wear of the cutting-tools, the 
wear and tear of the machine, cost of driving power, the 
time of doing the work, and the quality of the work done. 

It must be conceded, however, that for work of great 
variety, and in some cases for special work, the bulk of 








cutting and return strokes. One belt, for the quick 
return, is driven from the countershaft or motor spindle, 
the other belt, for the variable cutting-stroke, is driven 
through a three-speed gear-box. The gear-wheels run in 
oil, and only one pair isin mesh at a time—namely, the 
pair giving the speed required for the cut in use. Oa 
cooetek of te drum of this belt being driven through 
single-purchase ing, it runs in a contrary direction to 
the quick-speed Lelt, and therefore it reverses the machine 
without being crossed, which enables it to drop plumb 
round its pulley. Each belt encloses ope: ulley. The 
pedestals for the jockey-pulleys are adjustable, so that a 
‘ood endless belt never requires taking up and joining. 
th jockey-pulleys are thrown from the same rocking- 
shaft, and when the reversing-gear rocks this shaft in one 
direction the driving-belt is tightened by its jockey- 
ulley, and when it rocks in the contrary direction the 
Ariving-belt is loosened and the quick-return belt is 
tightened. The belts are endless belts from the makers’ 
works, without any laced joints or metallic joints, and 
any stretch that ensues in a new belt is taken up by 
moving the position of the jockey-pulley. The grip of 
these open belts is so smooth upon their pulleys that 
there is not the slightest knocking on the gearing, at the 
reversals, of the hi They th lves form a most 
perfect friction brake drive, and no cushioning device 
or friction coupling is requi to prevent knock at 
reversal. The belts are 8 in. wide, and as they are not 
subject to weaennaps | flexure round the res Rare 
and encounter no edge friction from belt striking forks, 
they are exempt from the elements of self-destruction 
usually found in heavy planing-machine belts. 

It is perhaps needless to say that the chief inertia in 
stopping or starting a belt-driven planer resides in the 
rim of the Sang See During the quick return 
stroke the shaft of this pulley makes about 800 revolu- 
tions per minute, and it is obvious that if this shaft be 
driven by a pulley 24 in. in diameter with 8-in. face, 








feed-motion ier Ow, and thereby tightens the feed- 
belt, just at the end of the quick-return stroke; but as 
soon as this tightened belt has driven the first motion of the 
feed-gear one revolution. It has also turned a stripping- 
disc } of a revolution, strip the pawl out of engage. 
ment, and allowed the handle to drop, loosening the belt, 
and, at the same time, pressing a brake upon the feed- 

ulley to prevent over-run, and has given a feed of »\, in. 
The stripping-disc ine Sour wipers, which, when ail are 
in operation, strip the jockey-pulley after the first. 
motion feed-wheel has made one Jocalatien, ’ 

The wipers can be turned down, and, when only two 
are left in action, the feed-pulley receives two revolu- 
tions before the pawl is lifted and the feed becomes 
7s in. ; and when only one is left the feed-pulley receives 
tour revolutions before the pawl is lifted and the feed 

omes 4 in. But the first-motion feed-pulley drives 
through two change-gearings, and when the quicker gear 
is thrown in, the feeds obtained from the stripper-plate 
become } in., }in., and lin. By this sitaple automatic 
ear, therefore, six rates of feed are obtained, varying 
rom yz in. to 1 in. The tool-boxes can be traversed 
without altering any clutches. 

For example, assuming that a feed is operating upon 
one of the tool-boxes, and that to ~ over @ part that 
does not require planing it has to traversed 12 in. to 
come up toits fresh cut, then, without making any change 
in the feed-gear, but by simply holding the jockey-pulley 
into the belt by its hand-lever, the motion mes con- 
tinuous ins of intermittent ; but the moment the 
hand-lever is dropped the intermittent feed motion is 
resumed. The direction of traverse is reversible by a 
handle. All the feed motions and the traversing motions 
of the tool-boxes and the raising and lowering of the 
cross-slide are effected by power from this same con- 
ag eine | belt. The table is driven through a rack 
by Sellers spiral gearing. The guides of the table and 
bed are flat horizoutally and slightly undercut at the 
sides. The table cannot lift under any circumstances, 





SPECIMENS OF Work FROM SprRiING-BAaLAaNceD PLaNngErs (BucKTOoN). 


Fic. 10. Lenetu or Stroke, 12 Iln.; Between Lanp1nos, 


# In. anp 4 In. Wipk. 


it may only lend itself conveniently for cutting in one 
direction, and therefore the saving of as much time as 
possible on the idle stroke is very advantageous. For 
instance, in planing railway switches, with heavy cuts 
on very hard steel, it would be dangerous to enter a tool 
in the direction of facing the point, and consequently 
this special work is done cutting on one stroke, and the 
quickest ible idle return. Also, in miscellaneous 
work fixed to the table by cramps and bolts which often 

roject above the work, and would interfere with the 
-in. over-run of the back-to-back tools, there are advan- 
tages in cutting in one direction only. The consequence 
is that on machines of moderate size, where it is prac- 
ticable to get a quick return of about 8 to 1, it is hardly 
worth while to have a double equipment of tools and 
tool-holders, especially as on short jobs requiring right 
and left-hand tools for planing down vertical faces, or for 
undercutting, or for rounding the corners of the work, 
the single-cutting tool-box would be almost constantly 
In use, 

Fig. 4, page 701, shows a machine with tandem tables, 
each of which will separately plane 16 ft. long by 5 ft. 
wide by 5 ft. high. It will cut at any speed from 17 ft. 
per minute to 60 ft. per minute, ont return at 136 ft. 
per minute. Itis driven by a 50-brake-horse-power elec- 
trical set as made by the Lancashire Dynamo and Motor 
Company, Limited ; the motor generator is placed upon 
the top of the machine and runs at a constant speed. The 
motor is driven from the mains and can be either alter- 
nating or direct current. The generator supplies current 
to the planer motor, the voltage of which is varied, thus 
giving changes of speed on the machine over a total range 
of 8tol. The machine will take the same strength of 
cuts at any s from 17 ft. to 60 ft. per minute, the 
horse-power given out by the planer motor being directly 
proportional to the cutting speed. 

next machine to be described is of exactly the same 
strength as the fo: ing, and it gives the same weight 
of cut at slow 5 and the same ratio of quick 
return ; but, instead of being driven and reversed by a 
aes motor, it is driven either by a belt from the 
line-shaft or by a continuous-running motor. 

Figs. 5 to 7 show the machine to plane 16 ft. by 5 ft. by 
5 ft., driven by a 30-horse-power motor running at 600 revo- 
lutions per minute, whose power is delivered through belts 
to the machine. The belts do not shift on fast-and-loose 
pulleys, but are themselves tightened and loosened alter- 
natively, and when at half-stroke of the jockey-pulleys 
each runs loosely in a loop under its respective pulley 
without touching it. The cutting speeds are 17 ft., 85 ft., 
and 60 ft a minute, and the return speed 136 ft. per 
minute. e machine has a self-contained countershaft, 


which may be belt or motor-driven, and two open belts, 





Fig. 11. 40 Curtinc Cycites per Minute, witH TABLE 
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instead of a pulley 48 in. in diameter with 4-in. face, the 
weights of the pulley-rims would be about the same, but 
the peripheral speed of the one would be twice that of the 
other, and the inertia to contend with in the larger 
diameter pulley would be four times that in the smaller 
diameter paary, song the belt-driving power would 
be the same. erefore, by using broad belts of low 
velocity, instead of narrow belts of high velocity, to 
deliver the power of the motor on to the cut, the chief 
inertia has already been reduced enough to enable the 
return speed to be double, without increasing the inertia 
of the sexnad rim. Incidentally the broad slow belt is a 
better brake than the quick narrow belt, on account of 
its broad surface and low velocity. 

The author does not claim to have discovered the 
advantages of the broad slow belt for reversi ulleys. 
That principle was first introduced by Mr. W, C. Mitchell, 
and has been applied by him to many heavy planing- 
machines. His system is that of tightening and loosening 
belts by Fe ap ge acting upon the outside of the 
belts, and the chief difference in the author’s system is 
that the jockey-pulleys act upon the inside of the belts, 
and that the rocking-shaft which works them is rocked 
from a crank-pin semi-revolving, so as to reach opposite 
dead-centres at each reversal. The same system of a 
loose belt tightened from the inside is also applied to the 
feed motion. A machine so fitted is illustrated in Figs. 
8 and 9, page 704. When the handle (Fig. 8) of its jockey- 

lley frame is lifted, the feed motion runs continuously 
‘or traversing the tool-boxes and for raising the cross- 
slide. When the handle is dropped the continuous 
motion ceases, but when the machine is running a lever 
from the rocking-shaft, which throws the main jockey- 
pulleys, pulls a pawl-lever engaging into the frame of the 





The plan view of this machine, Fig. 7, shows the 
arrangement of a reaction spring placed in the bed of 
the planing-machine, which enables it to attain the ages 
named without distress upon the return-belt, or overload 
upon the prime mover. It will be seen from the drawing 
that there is a cast on the second cross-bar at the 
front end of the bed, and abutting against this boss is a 
spiral spring about 2 ft. long. Through this spring a 
screw-shaft is passed, carrying a collar to press against 
the outer end of the spring, and also carrying a heavy 
nut, against which a lug, cast solid under the table, 
impinges. 

y turning the screw-shaft, the nut can be traversed 
over a length of 16 ft. into any position desired for the 
reversal of stroke. When the lug under the table impinges 
— its nut, it moves the screw-shaft endways, and by 
the collar at one end compresses its spring. On one end 
of the screw-shaft a cam-plate is carried on a crosshead, 
and the end movement of the screw carrying the cam- 
plate with it, moves the lever of the belt-striking gear, 
and thus the same movement of the screw-shaft com- 
presses the reaction spring and reverses the drive. The 
synchronism of these two operations is not disturbed by 
turning the screw round and altering the position of the 
nut to adjust the length of stroke, and this can be done 
even while the machineis in motion. The place at which 
the table ends the cutting stroke always corresponds with 
the position of nut—namely, anywhere over the 16-ft. 
range of the screw-shaft. The screw is 1-in. pitch, which 
is convenient when the operator is setting the stroke for 
exact clearance, as each full revolution of the screw alters 
it a known inch. The screws can be turned by hand so 
rapidly that an adjustment over a range of 10 ft. can be 
effected in 1 minute. At the end of the screw-shaft, 
ae through the spring where the cam-plate is placed 
or reversing the table from the cutting to the idlestroke, 
it will be seen that there is a little space between the 
cam-plate and the belt-striking lever. This is to give a 
late cut-off to the belt-striking gear so as to prevent the 
driving-belt being loosened pe hn the spring is sufficiently 
compressed. While the cam-plate is passing through this 
space on the 60-ft. cutting-stroke it is compressing the 
spring, wholly by the residual energy of the moving 
masses, and when the space is covered and the lever 
kicked, the spring has made a dead beat of 4in. The 
scale of this spring is 1 ton per inch, giving a terminal 
pressure of 4 tons. ; 

Thus, at the end of each cutting stroke, the spring 
being com 4 in., there is, at the moment of the 
table reversing, such a thrust upon it as will help to start 
it on its quick-return journey. The quick-return belt is 
thereby greatly relieved, as it is not called upon first to 
take out the kinetic energy of the table and the revolving 

















Nov. 24, 1911.]} 


ENGINEERING, 


703 





pulleys in one direction, and then to supply a further 
amount of energy to accelerate them in a contrary direc- 
tion; but, instead of this, the whole of the residual 
energies of the revolving parts and of the moving table 
at the end of the cutting stroke are stored up in the 
spring and are immediately returned, by its reaction, to 
assist in starting up the quick-return stroke. é 

When the speed of cutting stroke is 60 ft. per minute, 
more than the necessary amount of work is supplied to 
compress the spring by the kinetic energy of the movin 
parts; but when the table is driven at its slowest sual 
of 17 ft. per minute, a little assistance is required from 
the drive at the end of the cutting stroke to complete 
the compression of the spring. Seeing, however, that the 
drive is from a constant-speed motor and acts through 
34 times the multiplying power of gear when the cutting- 
speed is at its slowest, it happens that at the very time 
when there is a deficiency of energy in the moving parts 
for the complete compression of this spring, there is a 
surplus of power in the drive, beyond what is required to 
complete the maximum cut, without putting any over- 
load upon the motor. By the reaction of the spring 
described the table has a good send-off at the beginning 
of the quick-return stroke, and no dwell is perceptible at 
the point of reversal; there is no shock on the gearing, 
and the curve of the power diagram does not rise above 
the full-load line. In starting up the quick-return 
motion the short spring delivers 0.66 foot-ton of energy 
in 0.26 second, which is at the rate of 150 foot-tons per 
minute, which is at the rate of 10 horse-power during the 
period of acceleration. — View ‘ ‘ 

The following detailed description will explain the 
action of the spring. Picture, then, the table ready for 
starting its return stroke under the influence of a spring 
compressed to a load of 4 tons, and stored with 8 in.-tons 
of potential energy, which, being regulated by the speed 
of the return-belt, it delivers to the table in 4 in. of 
travel. The 30 horse-power quick belt with this assist- 
ance is able to accelerate the table, and keep the — 
up throughout the stroke, without heating the pulley. 
The machine will at all times work dead-beat between 
two walls, and plane up to 4-in. landing. 

The reversal at the end of the quick-return stroke is 
dealt with quite satisfactorily by the broad belt on the 
24-in. driving-pulley, and this belt motion is struck from 
the usual form of knocker on the table. 

The machine will work with certainty at full speed and 
let the tool drop without marking the work between 
landings of % in. for the start and 4 in. for the finish, 
as will be seen from Fig. 10, on the opposite page. The 
reduction in idle clearance-spaces and the command of 
good feed-traverses, ranging from yy in. to 1in., contribute 
greatly to the large output of work which has been 
realised with this machine. By this system of drive with 
continuous running prime mover, the full power of the 
drive is available at all speeds, and the heaviest chips 
can be taken at the slewest speed. . 

The power of the machine, as described, is equal to a 
10-ton pull upon the table at the middle aa and a 
15-ton pull at the slow speed. e 8 S given are 
such as could be worked continuously without heating or 
irregularity down to 12 in. length of stroke, and, if made 
without a reaction spring, the return s . ins of 
being 136 ft. per minute, would be 110 ft. per minute ; 
but if it were driven by shifting belts and without reaction 
spring, 90 ft. per minute. 

It will be readily understood that in proportion as 
machines are made for lighter cuts, they can be returned 
at quicker speeds, because, as has been said before, the 
chief inertia lies in the rim of the driving pulley, and 
thisrim must needs be made in proportion to the weight 
of the out uired. Thus, in a 4-ft. square machine, 
with a 5-ton pull on the table, fitted with a reaction spring, 
the quick return of 160 ft. per minute can be given ; or in 
a quite simple machine for light cuts, with about 1-ton 
pull on the table, a return speed of 240 ft. per minute is 
attained without the assistance of any springs. On 
the other hand, it should be borne in mind that in a 
machine for extra heavy cuts requiring a 20-ton pull 
upon the table, the judicious return speed would be less 
than those quoted in proportion as the power might be 
greater. 

_ Reverting finally to the 4-ft. square machine just men- 
tioned as returning at 160 ft. per minute, Fig. 11 shows 
photographs of work done with this machine on a 6-in. 
stroke, making 80 reversals per minute, and Fig. 12 is 
the power diagram taken at the time. 

In this machine there were two reaction springs, one of 
which was compressed by the table at the end of the 
cutting stroke, and the other similarly compressed at the 
end of the return stroke, so the table ran in almost com- 
plete balance, as shown by the almost horizontal line on 
the power di . Each hump on that line shows a 
cycle of the table, 40 of these cycles being completed 
per minute, involving 80 rev: 





AUTOMATIC TELEPHONES.—A demonstration of their 
automatic bar system was given by the British 
Insulated and Helsby Cables, Limited, of Prescot, on 
the 22nd inst. The system is that known as the Strowger, 
which has been developed by the Automatic Electric Com- 
pany, of Chicago, and on which some 300,000 telephones 
“re now in commercial operation in the United States. 
lhe British Insulated and Helsby Cables have secured 
‘he patent rights for the apparatus in this country, and 
are now supplying trial installations to the Post Office 
a the saree eervine of mn ena) Sg Office _ 

igs, and for public service at Epsom. It isimpossible to 
describe the details of the system within the limits of 
this paragraph, but we may refer our readers to a very 
complete account of the apparatus on pages 166 and 203 
of our eighty-ninth volume. 


NOTES FROM THE NORTH. 
Gtascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened strongly, and a business of 4500 
tons of Cleveland warrants was put through at 47s. 44d. 
and 47s. 4d. cash, 47s. 5d. and 47s. 44d. four days, 47s. 8d. 
and 47s. 74d. one month, and 48s. 3d. three months. At 
the close sellers quoted 47s. 5d. cash, 47s. 84d. one month 
and 48s. 34d. three months. One lot of hematite cha 
hands at 62s. 9d. three months, and there were cash 
buyers at 61s. 9d. The market was quiet in the after- 
noon, but the tone was again firm. Deaiiens in Cleve- 
land warrants amounted to 2000 tons at 47s. 5d. cash, 
47s. 64d. eight days, and 48s. 4d. three months, with 
closing sellers at 47s. 6d. cash. 47s. 94d. one month, and 
48s. 4a. three months. On Friday morning Cleveland 
warrants were steady, and 3500 tons were done at 47s. 6d. 
and 47s. 64d. cash, 47s. 94d. and 47s. 10d. one month, and 
48s. January 11. The closing prices were 47s. 6d. cash, 
47s. 94d. one month, and 48s, 4d. three months sellers. 
Hematite was firm, with buyers at 62s. one month, and 
62s. 9d three months, and sellers at 63s. 3d. three months. 
There was little change in the afternoon, when 6000 tons 
of Cleveland warrants were dealt in at 47s. 54d. cash, 
47s. 8d. one month, and 48s. 24d. three months. At the 
close sellers quoted 47s. 6d. cash, 47s. 94d. one month, 
and 48s. 34d. three months. Buyers of hematite quoted 
63s. three months, and sellers 62s. cash. On Monday 
morning Cleveland warrants were again strong, and 
4500 tons were put through at 47s. 7d. and 47s. 74d. cash, 
47s. 10d. and 47s. 1ld. one month, and 48s. 6d. three 
months. Closing sellers quoted firm at 47s. 8d. cash, 
47s. 114d. one month, and 48s. 6d. three months. The 
market continued firm in the afternoon, and 8000 tons 
of Cleveland warrants changed hands at 47s. 84d. cash, 
47s. 10}d. twenty-one days, and 47. 1ld. and 48s. one 
month. The session closed with sellers quoting 47s. 9d. 
cash, 48s, one month, and 48s. 74d. three months, and 
there were sellers of hematite at 63s. 3d. three months. 
On Tuesday morning the buying element prevailed, and 
Cleveland warrants were done at from 47s. 9d. to 47s. 10d. 
cash, from 48s. 04d. to 48s. 1d. one month, and at 48s. 6d. 
January 30. The business amoun to 8000 tons, and 
closing sellers quoted 47s. 104d. cash, 48s. 2d. one month, 
and 48s. 9d. three months. Hematite was in demand, 
and 2000 tons changed hands at 62s. 3d. cash, and 63s. 3d. 
three months, with buyers over at 62s. 9d. one month, 
and 63s. 44d. three months. e afternoon session was 
quiet, and only one Cleveland warrant was dealt in at 
48s. Sid. three months. The closing quotations were :— 
47s. 11}d. cash, 48s. 24d. one month, and 48s. 9d. 
three months sellers. Hematite was quoted at 63s. 34d. 
buyers, and 638s. 6d. sellers, three months. When 
the market opened to-day (Wednesday) the tone was 
firm, and 6500 tons of Cleveland warrants were done at 
47s. 1ld. and 47s. 104d. cash, 48s. 2d. one month, 
48s. 2d. and 48s. 14d. twenty-one days, and 48s. 9d. 
three months. Prices were firm at the close, with sellers 
oa 47s. 114d. cash, 48s. 3d. one month, and 48s. 9d. 
three months. Hematite wasstrong, and 1500 tons changed 
hands at 63s. 64d. three months, with ers over, and 
buyers at 63s. 6d. for that position and at 62s. Gd.cash. In 
the afternoon business was not very active, and the deal- 
ings amounted to 3000 tons of Cleveland warrants at 48s. 
cash, and 48s. . one month. The closing quotations 
were up to 48s. 04d. cash, 48s. 4d. one month, and 48s. 104d. 
three months sellers. Hematite was dearer, and sellers 
quoted 63s. 9d. three months. The per. ogy market 
oe nog for makers’ (No. 1) iron: yde, 62s. 6d. ; 
der, 62s. 6d. ; ie, 63s. ; Summerlee, 63s. ; 
Langloan, 63s. 6d. ; and Coltness, 82s. 6d. (all shipped at 
Glasgow) ; re (at Ardrossan), 65s. ; Shotts (at 
Leith), 63s. ; and Carron (at Grangemouth), 64s. 


Sulphate of Ammonia.—The sulphate of ammonia 
market continues fairly active and a good amount of 
business is going through. The current price is quoted at 
from 141. 6s. 3d. to 14/. 7s. 6d. per ton for prompt delivery, 
Glasgow or Leith. Shipments have recently been very 
satisfactory from the different ports, and the total ex- 
ported last week from Leith Harbour amounted to 1861 
tons. 


Scotch Steel Trade.—There has been little change in 
steel trade affairsduring the past week, and employment 
generally is good. Wit to shipbuilding material 
there seems to be no lack of demand, and specifications 
are coming to hand freely, both for ship and _ boiler- 

lates. © position brought about by the rebate scheme 

as not changed much ; but while new business frum 
merchants is very limited, a fair amount of direct buy- 
ing on the of local consumers is re . The 
export trade is still very satisfactory, and a ls tonnage 
is going through each week, and inquiries are pre- 
sently in the market for a considerable amount of material. 


Scotch Pig-Iron Trade.—Scotch pig-iron makers fa ym 
a fair amount of buying during the it week, in 
some instances local requirements for several months 
ahead have been booked. Export business is also fairly 
good, and fresh inquiries are a Several lots 

ve just been fixed up for shipment to Japan. Dealing 
in hematite has improved, and the current quotation is 
round 65s. per ton. 


Institution of Engineers and Shipbuilders in Scotland.— 
At the meeting eke (Tuesday) of the Institution of 
i and Shipbuilders in Scotland, 
tution head-quarters in Glasgow, Mr. E. Hall-Brown, the 
President, occupied the chair. Mellan 
The Initial 


reid a = on ** i . 
Engine Cylinders,” and Professor F. P. Purvis also con- 





tributed a paper entitled ‘‘ Windlass and Steering-Gear 
Engines.” 


held in the Insti- | 44, 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH. Wednesday. 

The Cleveland Iron Trade.—Very satisfactory accounts 
are given of all branches of the pig-iron trade. The tone 
of the market is more cheerful re for several months 
past, and prospects are regarded as bright and encour- 
aging. Buyers are coming forward freely, and not onl 
are they quite nm rong iad nd the advanced rates asked, 
but they are keen on making forward contracts. The 
statistical situation is steadily improving. No. 3 g.m.h. 
Cleveland pig iron 4! ises 48s. 3. for early f.o,b. 
delivery, and there are buyers over at 49s. for the first 
aur of next year, whilst some named brands of No. 3 

elivered to the end of March are quoted 50s. and upward. 
Other kinds of Cleveland pig have risen in proportion to 
the ruling ey Thus No. 1 bar has become 52s. 3d.; 
No. 4 foundry 47s. 9d.; No. 4 forge 47s. 6d.; and mottled 
and white iron, each 47s. 3d —all for early delivery, 9d. 
above these rates being quoted on forward account. Kast 
Coast hematite is in very good request, and producers—all 
of whom have sold well recently—take a much firmer stand 
than they were able to a little while ago. Buyers endea- 
vour to put the price of Nos. 1, 2, and 3 at 6ls. 6d. for 
early delivery, but it is doubtful whether orders could 
now be placed at that figure. The general market 
quotation is 62s. for this year’s delivery. Prices range 
from 63s. to 65s. for delivery over the first half of 
next year, and for the second half 67s. 6d. is named. 
Foreign ore is very strong, and after heavy busines 
sales are not being > rket rates are based 
on 20s. 6d. to 21s. ex-ship Tees for Rubio of 50 per 
cent. quality. Coke is in request for local 
consumption, and average blastfurnace kinds delivered 
at Teesside works this year realise 15s. 3d., whilst businese 
over periods next year has been recorded at 16s. 


Stocks and Shipments of Pig Iron.—Makers have now 
very little stock of pig, but there is still 570,000 tc ns of 
Cleveland iron in the public warrant stores. This, kow- 
ever, is being reduced this month at the rate of some 
400 tons per working day. Shipments of pig iron to date 
this month average 3117 tons per working day, as com- 
erg with a daily average of 3964 tons to the same date 
ast month, and 3738 tons for the corresponding part of 
November last year. 


Manufactured Iron and Steel. —Excellent accounts con- 
tinue to be given of the manufactured iron and steel 
industries. 1] branches are kept busily émployed, and 
not only have producers heavy contracts booked, but 
there are still good inquiries in the market. Under such 
favourable conditions values tend upward, but they are 
not quotably advanced. Common iron bars are 7/. ; best 
bars, 7/. 7s. 6d. ; best best bars, 7/. 15s.; packing-iron, 
5J. 15s.; iron ship-plates, 6/. 5s. to 6/. 10s.; iron ship-angles, 
7l.; iron ship-rivets, 7/. 5s. to 7/. 7s. 6d.; iron girder- 

lates, 61. 17s. 6d.; iron boiler-plates, 7/. 7s. 6d.; steel 

61. 5s.; steel ship-plates, na 15s.; steel ship-angles, 
6l. 7s. 6d.; steel boiler-plates, 7/. 10s. ; steel strip, 
61. 10s.; steel hoops, 6. 12s. 6d.; and steel joists, 
6l. 10s.—all less the customary 24 per cent. discount. 
Cast -iron columns are 6/. 10s.; cast-iron railway 
chairs, 3/. 12s. 6d. ; light iron rails, 6/. 10s. ; heavy steel 
rails, 5. 12s. 6d.; steel railway sleepers, 6/. 10s.—all net 
cash at works. Iron and steel galvanised corrugated 
sheets, 24 gauge, in bundles, stand at 11/. 5s. f.o.b.—le 
the usual 4 per cent. discount. 


Shipbuilding Orders.—Messrs. Irvine’s Shipbuildin 
and Dry Dock Company, of the Hartlepools, have booke 
orders for two la: steamers of about 10,000 tons 
each, for the Holland. merica Line, and also for two 
large vessels for Messrs. Elder, Dempster, and Co. 





NOTES FROM THE SOUTH-WEST. 

Cardif.—The steam-coal trade has been quiet. Ton- 
nage arrivals have been disappointing in consequence of 
a renewal of the gales which have recently disorganised 
business. Strong hopes are entertained, however, of an 
improvement in the arrivals; and, in view of this, 
colliery owners have shown no disposition to modify 
quotations. For rather more distant dates colliery owners 
are looking forward to pressure up to Christmas, as they 
anticipate that_consumers—especially the Italian Govern- 
ment—will make efforts to meet current requirements. 
The best large steam-coal has made 16s. 9d. to 17s. 6d. 

r ton, while secondary qualities have ranged between 
Tbe. 6d. and 16s.; best ordinary bunker smalls between 
7s. 3d. and 7s. 6d.; and smalls between 5s. 3d. and 
6s. 64. ton. House-coal has been held with firmness ; 
the ordi qualities have made 14s, 6d. to 16s. 6d.; 
No. 3 ) eee vg Amy 17s. to 17s. 6d.; and smalls, 10s. 3d. 
to 10s. 6d. per ton. No. 2 Rhondda large has realised 
12s. to 12s, 6d.; and smalls, 6s. 3d. 
Foundry coke has been quoted a 
furnace ditto, at 15s. 6d. to 16s. 
iron ore, Rubi 


Welsh Railway Traffic.—The half-year now closing 
will not be a brilliant one for Welsh railway proprietors. 
The revenue of the Barry Railway, for instance, only 
comes out at 252,490/., as compared with 277,399/., and 
that of the Brecon and Merthyr at 41,383/., as against 
2961. The receipts of the Rhondda and Swansea Bay 
., a8 compared with 49,604/.; those 
of the Rh , to 9601., as com with 137,2761. ; 
and those of Taff V to ,2741., as compared 
with 378,408. It will be observed that the decline in 
receipts is general, Labour troubles and difficulties of 
all kinds furnish, of course, the explanation. 


have declined to 47, 
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| DOUBLE-CUTTING AND HIGH-SPEED PLANING-MACHINES. 
(For Description, see Page 700.) 
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PARLIAMENT AND THE RAILWAY 
AGREEMENT. 


Wepnespay’s debate in the House of Commons 
has a wider significance than is involved in the 
immediate issue raised. It accentuates the difficulty 
which has always been experienced in connection 
with collective bargaining, and once more estab- 
lishes the lack of authority of the trade-union 
leaders over the rank and file of their members. 
The railway strike in August last, and the negotia- 
tions in connection with it, afforded experienced 
leaders in the political arena and masters of 
administration in the Government departments 
an admirable opportunity of setting an example td 
labour organisers, not only in respect of precision 
in pooeaniane under arbitration, but in asserting 

wer as recognised masters in their organisations. 

is opportunity was missed, partly owing to haste 
and anxiety to bring about a state of peace at home, 
when, as now ~~ there were strained interna- 
tional relations. But even those responsible on behalf 
of the Government cannot escape criticism for the 
uncertainty which has since arisen as to agreement 
in the acceptance of the recommendations of the 
Ra‘lway Commission which was to be appointed as a 
result of the conference between the members of the 
Government, the railway companies, and their em- 
ployees. Apart from this, there is a salient lesson 
to be learned by all interested in industrial affairs, 
owing to the attempt of the workers’ representatives 
to establish now that there was no such agreement, 
although the railway companies formally ratified 
their intention to abide by the recommendations 
of the Commission. 

It is this practice of refusing to accept the result 
of arbitration proceedings or other negotiations 
between employer and worker which is the cause 
of most of the prevalent labour unrest. Collec- 


tive my Sg only succeed provided those 
representing both parties agree to accept the 
decision mutually come to or established by the 
arbiter, and to enforce with all their authority 
the acceptance of the decision or award on the 
part of the men they represent. No opportunity 
should be lost of enforcing this condition, even 
in the interests of the o Beees organisers ; and 
et, what is the attitude of such an exacting 
|leader as the Chanceller of the Exchequer? He 
stated :—‘‘I certainly understood both parties 
| were prepared to accept the recommendations of 
| the Royal Commission. . . . We (the Government) 
feel that we have been just as much a party 
|to that agreement as the railway directors and 
honourable gentlemen below the gangway (the 
Labour Party).” But notwithstanding this, Mr. 
Lloyd George objected to an official assertion 
|in the resolution by the House of Commons 
|that the parties to the agreement had agreed 
‘to accept the finding of the Commission, on the 
| ground that the House must not make it difficult 
for the Labour leaders, who have their constituents 
(the railwaymen) to consider in ensuring amity 
and the acceptance of the agreement. But recal- 
citrancy is never cured by indecision, weakness, or 
tergiversation. Such is an undoubted incentive 
not only to leaders to repudiate agreements come 
to under collective bargaining, but to the men to 
rebel against decisions come to, as the result of 
negotiations conducted on their part, in the event of 
the issue being in any way unsatisfactory to them. 
Moreover, there can be no longer any question 
that the workers agreed to stand by the agreement. 
It was pointed out in the course of the debate that 
Mr. J. H. Thomas, the Member for Derby, stated 
in evidence: ‘‘The railway companies are pre- 
pared to accept the finding of the Commission, 
even to the extent of recognition, and we on our 
part say the same.” The Member for Derby was 
one of the union representatives during the nego- 
tiations. Another unionist, Mr. Charles, was asked 
by the Commissioners : ‘‘ Is it a fact that whatever 
recommendation this Commission may make is to 
be accepted by both the companies and the men ?” 
and he replied: ‘‘ That is what our representatives 
tell us was the understanding on which they signed 
the agreement; if that was not the understand- 
ing, the strike would not have finished when it 
did.” It is true that Mr. Thomas claimed during 
the debate that, as reported in a Derby paper, he, 
in September, had contradicted the assertions made 
in the Press, that the men had agreed to abide by 
the decision; and he seemed to think that this 
contradiction in a provincial town, recorded only 
in a local paper, should have been accepted by 
the railway companies in refutation of all the other 
evidence brought in favour of trade-union accept- 
ance of the decision of the Commission. We 
have already indicated the view taken by the 
Chancellor of the Exchequer, who was one of the 
Ministers at the Conference. The Prime Minister, 
who was also present at most of the meetings, and 
was thoroughly conversant with all that took place, 
was perfectly clear in expressing the view that the 
men did agree to accept the finding of the Commis- 
sion. Mr. Asquith stated that “the official minute 
at the time by the Board of Trade shows recorded 
their understanding of what took place. That 
minute was published in the Press, and discussed 
and canvassed throughout the length and breadth of 
the country, and, so far as I am aware—nothing 
that Mr. Ramsay Macdonald has said alters 
what I am going to say on that point—when 
the Commission assembled and during the pro- 
gress of its proceedings, no protest, remonstrance, 
correction, or qualification of any kind was put 
forth to suggest that that was not the view taken.” 
Mr. Macdonald had said that, after the signing, 
the Board of Trade produced a document, which 
was read, and which undoubtedly committed 
the men to the acceptance of the report. But he 
pleaded that, owing to the prolonged negotiations, 
the men, who were scattered about the room and 
were tired with the negotiations, should not be 
bound by the document, because it was an addendum 
to the signed terms of agreement. We say nothing 
about the mismanagement which did not include 
such a vital clause in the main body of the agree- 
ment which was signed, but, in any case, prac- 
tically every Labour leader was forced, by the argu- 
ments adduced in the House, to accept at least 
moral obligation for the acceptance of the decision 
of the Commission. 
The Labour leaders fought against any recorJing 
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of this mutual agreement or acceptance of the 
findings of the Commission in the resolution pro- 
—_ and ing for Government interference to 

ring about a further meeting of the railway 
directors and the men’s representatives. This hesi- 
tancy in adopting a masterly declaration, whereby 
the authority of the leaders would be estab- 
lished, warrants the ere which we have 
attached to this part of the question, since it 
justified the railway companies in refusing to 
recognise trade unions, who do not represent the 
majority of the men, and do not loyally fulfil 
their agreements, by meeting them and open- 
ing out the whole subject of the recommenda- 
tions of the Royal Commission. Mr. Ramsay 
Macdonald’s motion was regarded as practically a 
vote of censure on the railway companies, and the 
Prime Minister said that it contained language 
‘*to which the Government cannot subscribe, and 
which must make any effort to bring the parties 
together almost impossible.” The motion asked 
the House to express regret that the directors 
of the railway companies had refused to meet the 
representatives of the men, and to declare that such 
refusal was ‘‘ contrary to the public interest, and 
to have no justification.”” The Government, after 
thus censuring the railway directors, were to ask 
them to meet the unions in conference without 
delay. Everyone in the House — everybody in 
the country—is anxious to find a via media for 
ending the present state of unrest. Mr. Asquith, 
after stating the fact that the men had agreed to 
abide by the report, and after paying well-merited 
recognition to the attitude of the railway directors, 
who had shown ‘‘a patriotic spirit, and a spirit 
which redounds to their credit, both as citizens and 
as men of business,” pleaded with them for further 
discussion and conference, not on the main prin- 
ciples laid down in the report, but rather on strictly 
limited details. He, however, made it perfectly 
clear that there was to be no question of recogni- 
tion other than the ‘‘ recognition as determined 
by the terms of the report itself.” Mr. Bonar 
Law was right in the view he expressed that 
the Government ought to have approached the 
railway directors in consultation before putting 
forward a proposal to the House in favour of a 
further conference, which, Lord Hugh Cecil pointed 
out, in view of the acceptance of the report, was 
only either ‘‘ mischievous or superfluous.” The 
pe, of the Opposition had been himself in confer- 
ence with the railway directors, and the view taken 
was that, as the Government had previously used 
strong pressure upon the railway directors to enter 
into a bargain, they had acceded because it was 
to be final, and would be accepted by both 
sides. They would therefore not now agree to 
further pressure to attend a conference upon the 
subject settled by the Commission. There was 
therefore a greater need for the Government 
insisting upon a definite declaration in the resolu- 
tion that both parties had decided to accept the 
findings of the Commission, as a preamble to any 
recommendation of further negotiations as to 
details. If, as the Chancellor of the Exchequer 
said, the Government were themselves parties to 
this agreement, it behoved them to make such a 
declaration of the findings. 

Sir Alfred Cripps moved as an amendment to Mr. 
Ramsay Macdonald that ‘‘ the report of the Royal 
Commission, being agreed to by Hoth parties, this 
House requests the Government to use its good 
offices with a view of arranging that the directors 
shall meet the representatives of the men in order 
to discuss questions of detail arising out of the 
report of the Royal Commission.” As 
the acceptance of the findings of the Commis- 
sion, Mr. Ramsay Macdonald considered the word 
**accept” to be so ambiguous that it might lead 
to unfortunate results. ut, as Mr. Bonar Law 
pointed out, the real objection to the word was 
**not because it was ambiguous, but because it 
was too clear.” Political expediency again won : 
ultimately the House, after two divisions, accepted 
the Chancellor of the Exchequer’s motion to the 
effect that ‘‘in the opinion of tais House a meeti 
should take place between the representatives o 
the parties on whose behalf the railway agreement 
of August, 1911, was signed, to discuss the best 
mode of giving effect to the Report of the Royal 
Commission, and asks the Government to b: 
both sides into conference without delay.” We 
quote the wording ; we disclaim responsibility for 
ite loose English. 

The question that now arises is as to whether 


ed | able. 


the railway companies will accept the invitation 
of the Government. The failure to make it clear 
beyond doubt whether the finding of the Com- 
mission was to be accepted by the unions, and 
their refusal to — completely the decision of 
a Commission established by themselves in face of 
recalcitrant workmen, naturally does not conduce 
to a large degree of confidence that the finding 
of this second conference will yield a lasting 
result, even although its purview is limited. 
The principal objection taken to the Commis- 
sion’s report is as to the degree of ‘* recog- 
nition ” granted to trade unions. Only 42 per 
cent. of the workers on the railways belong to 
unions, and the whole contention of the Labour 
Party is that the men should be met by the 
directors. The railway companies are willing 
to meet the men, but they must be their own 
men. They have acceded to the new recommenda- 
tion of the Commission that the secretary of the 
Boards appointed by the men should be an official 
of the trade unions. This new conference is 
obviously devised in order that the unions may 
meet the directors. This would create a prece- 
dent to recognition, especially in national negotia- 
tions devised for the main purpose of facilitating 
national strikes. No greater menace to the in- 
terests of the nation can be conceived than such 
national strikes. Mr. Asquith’s justification for 
the second conference is to obviate ‘‘the sus- 
pension of a service which is necessary to the 
prosperity, to the health, and even to the life 
of the community.” The avoidance of such a 
calamity cannot ensured by setting up and 
recognising an authority antagonistic to peace, dis- 
cipline, and the economical working of an indis- 
—— transport system, and representative of 
ess than half the workers, in order that the 
unionists’ demands in the case of a small section of 
the service may be enforced by a complete cessation 
of traffic throughout the country. Peace lies rather 
in the direction of carrying out the provisions 
evolved by the Royal Commission, which must be 
regarded as a reasonably liberal compromise in the 
interests of all the working men and of the railways. 





THE EFFICIENCY OF THE GAS- 
TURBINE. 

In a paper read this week at the Berlin meeting 
of the German Society of Naval Architects, Mr. 
H. Holzwarth, of Mannheim, describes a gas- 
turbine of 1000 horse-power, which has been con- 
structed to his designs. The paper in question is 
interesting as a record of what has been done in 
this matter, but in other respects it leaves much to 
be desired. It consists in the main of comments 
on the advantages of turbines, of explanations of 
certain details of construction, and of a slight and 
imperfect sketch of the theory to which the 
machine has been constructed. e all know that 
a gas-turbine can be built to run, and also that a 
good gas-turbine would have enormous advantages, 
and hence at this date long-drawn generalities on 
such texts constitute very unattractive fare. Plain 
statements as to the gas consumed per kilowatt-hour 
are entirely missing from Mr. Holzwarth’s paper ; 
an omission from which our readers will draw their 
own conclusions. 

On another e we reproduce a section show- 
ing the general arrangement of the 1000-horse- 

wer machine, built for the inventor by Messrs. 

rown, Boveri, and Co., at Mannheim. This 
machine has been under test for the best part of a 
year, and figures as to net results must be avail- 
As will be seen, the author does give sume 
so-called efficiency curves, but in the case of all 
heat-engines there are so many ways of estimating 
efficiencies that in the absence of a definite statement 
as to which is intended, the term has no meaning. 
For example, the thermal efficiency of one and the 
same steam-engine may be either 18 or 80 per cent., 
according to whether the estimate is based upon 
the proportion of the total heat turned into work, 
or on the proportion of the heat theoretically avail- 
able which is utilised. It is exceedingly difficult 
to determine with certainty, from Mr. Holzwarth’s 

per, what the basis is on which the efficiency has 
Soa calculated. As far as we can gather, his total 
over-all efficiency is the ratio of the useful work 
actually done to the area of the theoretical indi- 
cator di m, as calculated from the observed 
initial and final ures. We cannot be quite 
certain on this point, as the author’s statements in 








connection therewith seem to be wanting in lucidity, 








ite of our best efforts we may have misun- 
them. The actual over-all efficiency given 
is, however, in accord with what would be expected 
from the cycle chosen, and is, it will be seen, a very 
small fraction of the corresponding figure for a good 
gas-engine. 

Briefly stated, the cycle adopted by Mr. Holz- 
warth is essentially as follows:—A charge of gas 
and air is compressed through a non-return valve 
into an explosion-chamber, communicating through 
a valve with nozzles discharging on to a turbine 
wheel. The compressed charge is exploded, the 
nozzle-valve opened, and the burnt gases expanded 
through the nozzles on to the wheel, driving it round. 
A scavenging charge next clears out the explosion 
chamber, and the nozzle-valve is then closed, and a 
fresh charge compressed into the chamber as before. 
The cycle is, therefore, an old one, and some expe- 
riments were made here with it a few years back, 
the inventor’s idea being to build a turbine suitable 
for motor-car construction. The noteworthy feature 
in Mr. Holzwarth’s scheme is the low compression 
used, which, as will be seen from Fig. 2, page 714, 
is only some 22 lb. to 24 lb. absolute. Such a low 
compression would in the case of an ordinary gas- 
engine involve a very high expenditure of gas per 
indicated horse-power developed, but such engines 
only expand down to the initial volume of the 
charge, and the toe of the diagram, which is theo- 
retically capable of doing a considerable amount of 
work, is lost. Considerations of size and weight make 
it impracticable to utilise this toe in a gas-engine of 
the ordinary type, but a turbine is under no such 
disabilities. It can fully expand the gas down to 
its original pressure, and it is this fact that makes a 
high compression less essential than it is in the case 
of a reciprocating engine. There is, therefore, some- 
thing to be said for the plan of using a low compres- 
sion, as it reduces the negative work done in the 
cycle,and the weight and cost of the compressor. But 
though the compression may be low, the explosion 
pressure is always considerable, and it is therefore 
necessary to introduce a non-return valve between 
his explosion chamber and the compressor, which, 
of course, involves intermittent working. The 
velocity at which the products of combustion issue 
from the nozzle is thus a constantly varying one and 
the variation is through a wide range. The author 
remarks that the wheel in his turbine is working 
under the same conditions as a Parsons turbine 
operated with gust-governing ; but if so, his losses 
are likely to be considerable. Experience has 
shown that the efficiency with gust-governing is 
practically the same as with throttle-governing, in 
which case the admission pressure is the mean of 
the extreme values obtained with gust-governing, so 
that if the analogy he advances holds, Mr. Holz- 
warth’s turbine will have about the same efliciency 
as if supplied continuously with gases expanded 
from about half the explosion pressure. 

If the explosion pressure of a gaseous mixture is 
calculated from the specific heats of the products 
of combustion, and the heat units liberated by the 
reaction, this calculated pressure is always much 
greater than that actually recorded by the indi- 
cator, and it is now known that a very large fraction 
of the defect is due to radiation losses. A know- 
ledge of specific heats and of heats of reaction is 
therefore insufficient to afford a clue to the efficiency 
of the cycle under consideration. This, however, 
can be obtained from Mr. Dugald Clerk’s classical 
experiments on ‘‘The Explosion of Gaseous Mix- 
tures” (Minutes of the Proceedings of the Institution 
of Civil Engineers, vol. Ixxxv.). It will be seen 
from Fig. 2, page 714, that the temperature attained 
in the best of Mr. Holzwarth’s tests was about 
1560 deg. Cent. absolute, the initial temperature 
of the mixture being 15 deg. Cent. From Mr. 
Clerk’s experiments it appears that to attain this 
temperature the mixture must have had expended 
on it about 830 B.Th.U. per pound, which at an 
absolute pressure of 24 lb. per sq. in., and ata 
temperature of 15 deg. Cent., will occupy about 8.47 
cub. ft. If we assume, which is, perhaps, doubtful, 
that the waste heat will be sufficient to drive the 
compressor, the net expenditure of energy will thus 
be 830 B.Th. U. per pound used. The pressure of ex- 
plosion is 126 Ib. per sq. in. absolute. If, in accord- 
ance with gas-engine experience, we assume that 
the pressure falls according to the law P V'*=con- 
stant, the final volume of 1 lb. after expansion to 
atmospheric pressure will be 44.22 cub. ft., and the 
mean effective pressure, if the gas were allowed to 
do work on a piston, would be about 24.1 lb. per 
sq.in. Hence the indicated work amounts to 24.1 x 
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(44.22 — 8.46) x 144 = 124,524 ft. -lb.,or 159.8 B.Th. U, 
T'o obtain this the expenditure of heat has amounted 
to 830 B.Th.U., so that the maximum possible over- 
all efficiency appertaining to the cycle ap to 
be 0.193 Actually it will be less, since the 159.8 
B.Th.U., above found, is the amount of energy which 
will, in the absence of nozzle friction, appear in 
the form of kinetic energy ; of this the turbine will 
convert only a fraction into work. Mr. Holzwarth 
claims for his turbine an efficiency of 58 per cent., 
which appears high, considering the conditions of 
working and the type of turbine used; but accepting 
this figure, the over-all efficiency, taken as the ratio 
of useful work done to heat expended, comes out 
as 0.112. With good gas-engines values as high as 
0.36 have been registered, so the future of the 
suggested cycle appears far from promising. 

Other capertenantene have been at work with 
the gas-turbine both in this country and in France. 
In one set of English experiments which we have in 
mind the nozzles were made of carborundum, as it 
was feared that ordinary cast iron or steel would 
melt. The compression used was fairly high, so that 
the temperatures were greater than in the Holzwarth 
machine. A regenerator was used to recover, as 
far as possible, the heat carried off by the waste 
gases. The experimental plant was well supported 
financially, but the size and relative inefficiency of 
the compressor needed led to the abandonment of 
further experiment. The most discouraging feature 
about the problem of the gas-turbine is, how- 
ever, to be found in certain experiments made 
in France. Here it was proposed to use the 
turbines to drive torpedoes. The compressor difti- 
culty in such cases does not exist, since the turbine 
has to compete with an engine which also has to 
have a supply of compressed air. In spite, how- 
over, of the fact that the turbine was without the 
handicap involved in driving a compressor, the 
best results obtained after prolonged experiment 
were markedly inferior to those easily secured 
with the reciprocating engines now fitted. 








CANTON TO KOWLOON RAILWAY. 

Tue latest papers from the Far East contain 
accounts of the official opening of the Chinese 
section of the Canton - Kowloon Railway on 
October 4, and the ceremony marks an important 
date in the development of communication between 
the East and the West. It may be a considerable 
time yet before it will be possible to take a railway- 
ticket at Kowloon (opposite Hong Kong) for Calais 
vid Canton, Hankow, Berlin, and Paris, but the 
completion of the Chinese section of the Canton- 
Kowloon Railway brings the time appreciably 
nearer, and, if internal troubles in China do not 
prevent the development of railway construction, 
it may not be a ee it is possible to make 
the journey from London to Hong Kong in four- 
teen days. The important line which has just 
been completed starts from Canton, the great com- 
mercial centre of South China, and after travers- 
ing nearly 90 miles of fertile country links up 
with the British section at the frontier of our 
leased territory, thus providing a continuous track 
of steel from Kowloon ferry to Canton itself. 
The results to South China following from the com- 
pletion of this line are expected to be very great, 
as a very large population is brought into direct 
communication with Hong Kong, a great distributing 
centre with goods from all parts of the world. The 
importance of Hong Kong should thus be greatly 
increased, and when the line is extended northwards, 
and brought into direct communication with the 
Trans-Siberian Railway and with the railways of 
Europe, it is im ible to form an estimate of the 
developments which may take place. We may be 
sure that they will be very great. China is awaken- 
ing rapidly, and when she is fully awake, and her 
resources are taken advantage of, she will become a 
factor in the world’s trade and industry which will 
greatly change the position of its centre of mag- 
nitude. 
__It may be convenient to recall the fact that the 
island of Hong Kong became a British Crown 
Colony in 1843. It, however, soon became evident 
that the acquisition of territory on the adjacent 
mainland was essential to the existence of the 
colony, as the island was too small to allow of much 
development. In 1858 an arrangement was come 


to with the Governor of Canton whereby a per- 
etual lease of an area of 4 square miles in the 
.owloon Peninsula was 
diction. 


laced under British juris- 


Forty years later a further area was 





granted on a lease of ninety-nine years, and at 
the same time the British and the Chinese 
Corporation obtained a concession for the con- 
struction of a railway between Canton and Kow- 
loon. Nothing, however, was done for some years 
beyond making a preliminary survey, but the 
changes which were taking place in other parts of 
China made it very evident that if Hong Kong was 
to remain the distributing port for South China, 
railway communication between the colony and 
Canton was essential. Accordingly, before the end 
of 1905 serious steps were taken to secure the early 
construction of this important line. The hand of 
the British authorities was forced when certain 
other countries suggested that a railway from 
Canton to the coast should be constructed outside 
British territory, a course which would have dealt 
a heavy blow to Hong Kong, and, what is more 
important, to British prestige in China generally. 
We need not enter into the financial arrangements 
which were made in connection with the construc- 
tion of the line ; it is sufficient to say that by April, 
1906, the loan was satisfactorily settled, the bonds 
being taken up at par, a circumstance which affords 
a sufficiently striking testimony to the value of the 
security presented by the undertaking. Work was 
at once commenced, and carried on under somewhat 
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serious difficulties. The line falls into two clearly 
defined sections for an estimated distance of about 
100 miles. Between Canton and the boundary of the 
Kowloon territory the line runs through a country 
which is subject to Chinese control. At the Kow- 
loon boundary, however, it falls within British 
jurisdiction. The British portion of the railway 
was built departmentally, under the auspices of the 
Crown Agents of the Colonies, by the Government 
of Hong Kong, and some of the work was excep- 
tionally heavy, as in a total length of 22 miles there 
are five tunnels and forty-nine bridges. The lengths 
of the tunnels are 150 ft., 212 ft., 329 ft., 170 ft., 
and 923 ft. The longest of the bridges is 200 ft. 
It is formed of concrete and brick masonry in two 
spans of 60 ft. and two of 40 ft. Most of the other 
bridges are comparatively short, but considerable 
trouble was experienced with some of them owing 
to the failure of the foundations, several of which 
had eventually to be strengthened, and in a few 
cases even rebuilt. 

The Imperial Government of China built the 
Chinese section of the line, 89 miles long. In May 
last about 35 miles were opened for traffic. The loca] 
administration of the railway is placed by the Loan 
agreement in the hands of a Chinese managing 
director associated with a British engineer-in-chief 
and a chief accountant, and these positions are at 
present filled by Mr. Chao Ching Hua, acting- 
managing director, Mr. Frank Grove, M. Inst. 
C.E., engineer-in-chief, and Mr. Ernest Hall, 
chief accountant. Mr. Grove was formerly 
connected with the Bengal- Assam Railway, previous 
to undertaking the position he has for some year 
occupied. Indeed, the Hong Kong-Canton line is 
also indebted to the Bengal-Assam Railway for 
Mr. E. 8. Lindsey, M. Inst. C.E., the chief resi- 
dent engineer of the British section, and both these 
gentlemen deserve t credit for the ability and 
energy which they yore displayed in ing out 
the work under great difficulties. Although the two 
sections of the line are distinctive in so far as they 
are under separate control and management, con- 
siderable uniformity exists in the wovks, and much 


of the plant is interchangeable. The Chinese sec- 








tion of the railway passes through a hilly and 
mountainous country involving heavy embankments. 
A feature calling for special note is a series of large 
bridges in the Fast River Valley, which is crossed 
between mile 32 and mile 41. In these 9 miles 
are the following bridges :— 


Sien Tsun River Bridge 5 spans, 60 ft., skew 


Shek Ha River Brid a 3 spans, 60 ft. 
Shek Tan River Bridge ... 3 spans, 100 ft.; 2, 60 ft. 
Pek Kong River Bridge... 4 spans, 60 ft. 

Kan Sui River Bridge 3 spans, 100 ft. 


Sheklung, East River Bridge 3 spans, 224 ft.; 2, 60 ft. 
Tung Kun River Bridge ... 4 spans, 244 ft.; 2, 60 ft. 
Steel rails, 85 lb. per yard, have been supplied by 
the Hangyang Iron and Steel Works, Hanyang, 
near Hankow, also fastenings with the exception of 
fish-bolts, and the quality, as proved by analysis 
and physical tests, is up to a high standard. The 
type of locomotive adopted is outside cylinders, 
19 in. by 24 in. stroke; double bogie tender for 
3500 gallons of water and 5} tons of coal ; weight of 
a and tender loaded, 101} tons; maximum 
axle load, 16} tons; diameter of driving wheels, 
5 ft.; manufacturers, the North British Locomotive 
Company, Limited, Glasgow. The first carriages 
in use were supplied, as to frames and bogies, by 
the Metropolitan Carriage and Wagon Company, 
Birmingham, the bodies being manufactured and 
erected by the Hong Kong and Whampoa Dock 
Company, Limited, of Hong Kong. Others have 
been built by the Tang Shan Works of the Imperial 
Railway Works of North China. They are all 
fitted with the most up-to-date appliances for the 
comfort and safety of the ngers. 

The completiou of the Canton-Kowloon Railway 
is a most important step in the development of the 
railway system in China, and when it is extended 
to Hankow it will open up great possibilities for 
trade not only with Hong fon. but also with a 
very large district with an immense population. 








THE CYCLE AND MOTOR-CYCLE 
EXHIBITION. 

Tue popularity of cycling is amply evidenced by 
the display of machines exhibited at Olympia 
during the present week, where some hundred or 
so firms engaged in their manufacture are repre- 
sented. The pedal cycle is well in evidence, but a 
noticeable feature is the large proportion of cycle 
firms now constructing motor-cycles. Several firms 
are exhibiting these for the first time at this Show, 
and few of the more well-known cycle-makers are 
unrepresented in this section. Pedal cycles would 
appear to have settled down to a more or less stan- 
dard design, and though certain details are varied 
in the different makes, there would not appear to 
be any noticeable alterations. 

In the motor-cycle, however, several new features 
are to be found ; but, in spite of the years of prac- 
tical experience, errors in design—or, rather, errors 
due to lack of design—are still perpetuated in some 
of the more npn makes. The construction of 
machines would appear to be largely controlled by 
fashion, and the average motor-cyclist takes up the 
sport with the idea that the troubles he will expe- 
rience are not to be avoided, or even mitigated. 
In spite, however, of the difficulties that must arise 
in the attempt to provide so much power with strict 
limitations as to weight, no possible excuse can be 
offered for driving-belts which foul magneto covers 
and such like evils. Tyre troubles the motorist is 
more or less bound to have, and punctures must 
occur with the best of tyres. The repairs, however, 
might be considerably simplified by taking them 
into account in designing a machine and allowing 
for easier access to the t Very few firms 
— to have given much thought to this matter, 
and to have provided an easily detachable portion 
to the back mud-guard and carrier. 

The lack of intelligent design is particularly 
noticeable in connection with the brake gear, which, 
considering the hill-climbing capacity and the high 
speeds attained, is one of the most important items 
in the machine. The impression gained see a survey 
of the exhibits is that a certain number of com- 
ponent parts have been assembled together in order 
to produce a motor-cycle. Having got to a certain 
stage, it has occurred to the builder that brakes are 
essential, but, on coming to add these, various 
other parts already in position prevent a direct 
connection being made from the operating lever 
to the brake. According to the made on 
the machine previously to the brake idea maturing, 
a greater or less number of hends are necessary in 
the brake-rod. An interesting example can be seen 
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MOTOR-CYCLE PETROL-ENGINE AT OLYMPIA. 


CONSTRUCTED BY MESSRS. VELOCE, LIMITED, BIRMINGHAM. 
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in which no less than six bends are made to clear |instance a lug is brazed on the lower back-stay to 
existing obstacles, leading one to suppose that this | carry the brake-block link, the brake in this case 
machine was completed originally without brakes. | operating on the inside of the driving-pulley. The 
Many systems of bent rods are to be seen, an/| brake rigging has a substantial appearance, adjust- 
attempt in one case being made to stiffen the bend | ing-screws, <&c., are eliminated, and mechanical 
by using a twisted rod of rectangular section, whilst | strength is thus improved. The back wheel, how- 
many more or less satisfactory applications of the | ever, is provided with adjustment for chain-tighten- 
well-known Bowden wire are used. The practice | ing purposes, and thus, if the chain is tightened by 
of clamping brake-gear on to the frame still sur- | this means, the brake gear is thrown out of adjust- 
vives, but an improvement is gradually making | ment, unless providentially the wear of the brake- 
headway in that lugs are brazed on to the frame. | block is in the right proportion to the stretch of 
The want of competent design is exemplified in | the chain. 
one exhibit, however, in this connection. In this} Comparatively few attempts are made to provide 











Fie, 4. 


any adjustment for belts, in spite of the well-known 
troubles that occur with this type of driving, which 
still appears to be the popular method. Chain- 
drives are, however, offered by several leading 
makers, some of whom have, as yet, failed to realise 
the necessity of providing a friction drive on the 
pinion with this type of gear. This is more neces- 
sary when the engine is slowed down, as when 
riding in traflic. e variation of the cyclic speed 
then causes an undue shock on the chain at each 
impulse, unless some form of slip is provided. 
If this point be realised, very little trouble is found 
in chain-driving, and certainly less than is the case 
with belt-driving. 

Although many machines are shown with change- 
— hubs, their substitution by gear-boxes with 
chain drive from the engine is becoming popular. 
In spite of the successful operation of the geared 
hub, the new arrangement lends itself more readily 
to a mechanical job being made. On some machine~ 
a combined drive is provided, a chain being used 
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from the engine to a gear-box, and a belt to the 
driving-wheel, a selective clutch being used to 
operate the gears with a ‘‘free engine” position 
midway. As regards clutches, the designs shown 
include expanding, toothed and disc types, one of 
the latter being of the cork-studded variety. 

In spite of the popularity of belt-driven machines, 
the more or less general absence of any belt- 
tightening arrangements would lead one to the 
impression that the average motor-cyclist is a long- 
suffering mortal. However, sone makers have 
awakened to the desirability of such adjustments, 
and their designs may be considered among the 
novelties of the coming year. Several makes of 
variable-speed belt-driving are also exhibited which 
are new to this season’s designs. In these an ex- 
panding pulley is fitted on the engine, having 
axially-moved sides to the V groove. The bottom of 
the groove is generally a ball-bearing sleeve, and 
thus the belt in its lowest position gives a ‘‘ free 
engine” ; on closing the sides of the pulley together 
the belt mounts up the groove and gives the varying 
gear ratios required in a very flexible manner. In 
order to maintain a uniform tension on the belt, 
when the gear is changed, several methods are 
shown. In one case a linked belt is employed with 
a jockey-pulley, but in a more popular design the 
back wheel is shifted by means of gearing inter- 
locked with the pulley-expanding gear ; in another 
instance, both pulleys are of the expanding type. 
In these gears the troubles due to belt-slip should 
be considerably mitigated. 

As regards frame-design improvement may be 
found in some cases, and a more general intro- 
duction of an extra back-stay, to take the engine 
pull, is to be seen. An entirely new design 
of frame is shown by one firm, who exhibit a 
machine with a drop-frame built up of metal plates, 
having angle-iron stiffeners. The back wheel is 
carried in an independent tubular frame, which is 
hinged, about its forward end, to the countershaft, 
and supported on laminated springs fixed to the 
main framework. The machine is chain-driven 
from a chain-driven countershaft, and appears to 
be of very substantial design, though possibly a 
too bold departure from conventional ideas to 
meet with the universal favour of riders. 

Spring-frame construction has afforded free play 
to the imagination of designers, and ladies’ machines 
are to be found on the stands of some dozen or so 
of the leading makers. 

In engine design a few new features are to be 
seen. In one case a compact skew-geared counter- 
shaft serves to drive the valves, magneto, and oil- 
pump. Another engine, constructed by Messrs. 
Veloce, Limited, of Birmingham, combines in its 
case a two-gear countershaft for the belt drive, and 
is to be particularly noticed on account of its 
compact and mechanical design. The construction 
of this engine will be readily seen from the engrav- 
ings, Figs. 1 and 2, on the opposite page, which 
are respectively a sectional elevation and plan. 
The crank and fly-wheel are overhung at opposite 
ends of the engine-shaft, which has two fixed 
pinions, between its bearings, for the high and low 
gear drives to the countershaft. (Two spur-wheels, 
free to revolve on the countershaft, run in mesh 
with these pinions, either of which wheels is 
made to drive by means of a double conical clutch 
sliding on feather-keys. The sliding action of 
the clutch is obtained by a screwed bush, work- 
ing in a fixed nut, which is rotated by Bowden 
wires from a pedal. Engaging with the bush 
is a sliding-sleeve with double ball thrusts, and 
the motion of this sleeve is transmitted to the 
clutch by means of a spindle working in the 
hollow countershaft, to which both sleeve and 
clutch are fixed. The valves are operated by cams 
on the boss of the high-speed gear-wheel, as 
shown in Fig. 2, which figure also shows the 
arrangement of magneto drive. A complete and 
eflicient system of lubrication is fitted, the oil 
being circulated from a sump in the gear-case by 
ineans of a rotary pump mounted on the magneto 
driving-spindle. From the pump the oil is led to 
the fly-wheel end of the hollow countershaft, along 
which it travels to the gear-wheel bearings, clutch, 
Ke, by means of oil-holes drilled in the shaft ; 
lubrication of the crank-pin is effected by a jet of oil 
from @ hole drilled in the valve-cam. Two outside 
views of this engine are given in Figs. 3. and 4, oppo- 
site, which clearly show the compactness of design. 


Automatic lubrication, either by pumps or by | 7 
utilising the variation of pressure in the crank- 
chamber, is a feature of the most recent machines, 








adding to the comfort of the rider. Foot-starting 
mechanisms, by means of which the rider can start 
the engine without leaving the saddle, are also 
fitted by many makers, although a large number of 
machines still retain the pedal-drive. 

Most makers follow the senseless fashion of 
fitting cut-outs on the exhaust silencers, and several 
elaborate designs are shown. Provided a suitable 
silencer is fitted, cut-outs are quite useless, and 
only provide means for ignorant riders to make 
themselves more objectionable than usual. In 
some cases, however, the makers have wisely 
omitted cut-outs, and have devoted their energies 
to the production of effective silencers. 

It is satisfactory to find that more attention is 
given to protecting the magneto by placing it above 
or behind the engine, though many makers still 
place it in full range of the mud thrown up by the 
front wheel. The pedal control for ignition, fitted 
on several makes of machine, is another example 
of misplaced ingenuity, as also is the design of 
many of the crank-cases, which ap to be 
specially designed to retain dirt. A move in the 
right direction, however, is to be seen in the 
enclosing of valve spindles and springs, whilst 
the fitting of half-compression gear for starting 
the engine is an improvement fitted by several 
makers. Attention has also been given to the 
filling-caps of the oil and petrol-tanks, and many 
machines are provided with reasonably large open- 
ings ; in some instances, however, strainers are 
omitted. 

Among the other items of interest will be found 
a railway inspection car of very light construction, 
fitted with a 2}-horse-power engine ; whilst an 
example of a very well-designed three-wheeled 
‘‘runabout” is also shown, the details of which 
have been well thought out. 





NOTE. 

Or-Enetnes ror Torrpepo-Boat DEsTRovERs. 

THE application of the oil-engine to warships is 
pretty certain to be initiated in torpedo-boat 
destroyers, not only because these lend themselves 
easily to such experiments from the practical point 
of view, but because the financial and strategical 
risk involved is not so great as with larger craft. 
It is therefore interesting to have information as 
to the possible results from such application, even 
although they may be more or less hypothetical. 
Such data are given in a paper read at the meeting 
of the Society of Naval Architects and Marine Engi- 
neers, held in New York last week. Some measure of 
reliance may be placed on the comparison, as the 
author, Mr. G. C. Davison, states that the internal- 
combustion engine pro corresponds exactly 
to that now being built for a foreign naval Power, 
and that complete plans and data were available. 
There is taken for the comparison an existing 
torpedo-boat destroyer, completed in 1900—the 
Paul Jones—250 ft. long, and 23 ft. 6 in. beam, 
with a coefficient of fineness of 0.41. Ona mean 
draught of 7 ft. the displacement in sea-going trim 
is 470 tons. The reciprocating engines are of the 
four-cylinder vertical triple-expansion type, each of 
which develops about 4000 horse-power, supplied 
with steam from four Thornycroft water-tube 
boilers. The only variant is the type of propelling 
machinery. The ship has now four machinery 
compartments ; a forward room has two Thorny- 
croft boilers fired from a central stokehold ; 
the second the starboard engine, with the con- 
denser on the port side; the third compart- 
ment, the port engine, with the condenser on the 
starboard side ; and the after compartment with 


alone may be used for cruising at speeds up to 
16 knots; it is contended that there is tactical 
advantage in being able to increase from any 
fraction of full speed to the highest rate without 
delay. The comparison is tabulated as follows :— 


Item. Steam. Oil. 
Indicated horse-power ... 7,700 8,300 
Shaft horse-power... 7,000 7,200 


Weight of main motive power machi- 


wad ni i ten Ib. 449,522 317,000 
Weight per shaft horse-power... i: 64 44 
Cruising radius at 16 knots, 180 tons of 
fuel ma =i 7 ... miles 1,700 10,000 
Fuel per horse-power-hour at 16 knots 
lb, 3.0 0.60 
Cruising radius at 28 knots with 180 
tons of fuel oe a ... miles 630 2,950 
Fuel per horse-power-hour at 28 knots 
lb. 2.34 0.50 
Number of engineer's staff noe ire 54 21 
Fuel consumed per annum, 20,000 miles 
cruising... a te .. tons 2,100 360 
Fuel consumed in port ... ne. oi 300 300 
Annual total fuel consumption » 2,400 660 
Cost of fuel on Pacific Coest ... £ 3,840 924 
Pay of engineer’s staff per year » 4,500 1,920 
Repairs, average annual... - »» 2,000 400 


The only auxiliaries separate from the main 
engines, according to Mr. Davison, are for such 
duties as coaling, heating, lighting, anchor-gear, 
steering-engines, &c., and these may either be 
driven by steam from a small donkey boiler using 
liquid fuel, or by electric motors provided with 
current from two auxiliary oil engines of 100 horse- 
power, connected direct to electrical generators. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, November 15. 
Durinc the past week orders were placed for 
100,000 tons of steel rails. This is the season when 
estimates are made and when the placing of contracts 
begins. During the past two weeks the total place- 
ment by six railroads amounts to 180,000 tons, which 
does not include many pending estimates. The Pennsy!- 
vania and the New York Central Railroad are figuring 
on their requirements for 1912, and the most extrava- 
gant guessers place their requirements at a half million 
tons, but this may be considerably in excess of the actual 
figures. The standard price of 28 dols. for Bessemer 
prevails. To what extent the railway systems 
in general will place their orders is a matter of un- 
certainty. Nothing is to be gained by delay, and as 
far as can be seen no advantage in placing orders 
at this time. As regards pig iron there is a general 
delay until the prospective adjustment of the ore 
situation. It is a matterof uncertainty as to the ore 
rices for the coming P iy A difficulty in the way 
~ in the fact that the over-production of ore for 
a long time, particularly in merchant ore, leaves 
immense stocks to be disposed of at the high prices 
heretofore prevailing. The excess of ore shipments for 
the current year over consumption is put at 8,000,000 
tons. This is an important factor in the situation. 
The disturbing influences were not anticipated or 
dreamed of as possible. On the other hand, as regards 
finished products, the situation is more encouraging. 
Stocks of iron and steel all over the country are at a 
lower ebb than they have been for years. Jobbers 
have been extremely conservative. They and con- 
sumers generally feel perfectly safe because of the large 
percentage of unemployed capacity. It would require 
something unusual to precipitate ademand that would 
absorb the total capacity, but even such a possibility 
is not entirely lost sight of. 





Tue German Navy.—The Kaiserin, ironclad, has just 
been launched at Kiel. She will form one of a division, 
the other members of which are the Kaiser, the Frederick 
the Great, and the King Albert. The launch for the 
German Navy of a small cruiser, named the Stralsund, 
may also be noted. 





Tue Sream-TursIne : Errata.—On 551 ante, 





two boilers, as in the forward boiler-room. In the 
new arrangement two Nurnberg two-cycle eight- | 
cylinder engines driving wing-shafts are proposed | 
for the forward engine-room, with a longitudinal 
bulkhead, while in the after room is a third engine 
driving a central shaft, with the auxiliaries in the | 
wings. Thus the vessel becomes a triple-screw | 
ship. The fuel-tanks are placed alongside the two | 
engine-rooms. This oil machinery occupies about 
40 ft. less of the length of the ship than does the 
steam plant. Each of the cylinders of the oil-engine 
has a diameter of 18.9 in., a stroke of 19.7 in., and the 
engine is designed to give 2500 brake horse-power at 
350 revolutions. The length over all of each engine 
is 34 ft., the breadth 5 ft., the height 10 ft., and 
the weight 47 tons. The total horse-power is thus 
500, as compared with the 8000 in the recipro- 
cating steam-engines. The three-engine arrange- | 
ment has been adopted so that the middle engine | 





col. 3, line 15 from top, the value of o for semi-wing blades 


should be 1.6, in es of 1.1, as ——. On page 661, 
X.. Mae 08, Or ——< » oe eee 0 en 
mepenimaduel og htoo’ 322°" 


Ssme page, column 3, line. 2 from top, for 10.102 read 
1.0102; and on line 8 from top, for 10.03 read 1.003. 





THE PRESENTATION OF THE Fritz Mrpat To SiR 
WiuiaM H. Waite, K.C.B.—The naval architects of this 
country will appreciate the compliment paid to the pro- 
fession in the presentation of the Fritz Medal to 
Sir William White at the dinner of the Society of Naval 
Architects and Marine Engineers in New York, on 
Friday evening last, the 17th inst. The presentation 
was made in acknowled nt of notable achievements 
in naval architecture. ir William, who was present, 
having earlier in the course of the proceedings of the 
society a paper which is reproduced in this week’s 
issue, acknowledged the presentation, and gave ex- 
pression to the respect which is entertained in this 
country for Mr. Fritz, who was present at the dinner, 
notwithstanding his advanced age, 
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INDUSTRIAL NOTES. 

AccoRDING to the monthly report of the United 
Society of Boiler-Makers and Iron and Steel Ship- 
builders for November, the Society appears to have 
done well during the quarter which ended with 
September, having added nearly 15,000/. to the reserve 


funds, in addition to which there was a reduction of | 


almost 5000/. in members’ arrears. From the monthly 
returns for October it appears that at the end of that 
month there were 2404 members signing the book, 
against 2854 at the end of September. At the end of 
October there were 1170 members on the sick fund, 
against 1202 in September, while on the same dates 
there were respectively 2466 members and 2448 
members on superannuation. There was a great 
decrease in the expenses in October as compared with 
September, the figures being 5948/. 16s. 3d. and 
10, 136/. 17s. 7d. respectively. There were, however, 
five weeks’ expenses in September. 





The monthly report of the Associated Blacksmiths’ 
and Ironworkers’ Society for the four weeks ended 
November 4 shows an income of 717/. 19s. 54d., and an 
expenditure of 556/. 17s. 3d., or a net gain to the funds 
of 161/, 2s. 24d. The total number of members was 
3254, against 3250 in the previous month. The outlay 

r member on trade benefit, superannuation, sick, 
uneral, management expenses and grants was 3s. 8d. 
for the four weeks. The total income for the quarter 
ended September was 2232/. 5s. 104d., which was a 
record for the Association. The total amount now 
standing to the credit of the Association is 19,929/. 
15s. 2d. Attention is called to the large bill of arrears, 
amounting to 831/. 15s. 2d., and an appeal is made 
to all the well-wishers of the society to put an end to 
this as soon as possible. 





The quarterly report of the Ship Construction and 
Shipwrights’ Association for the three months ended 
September last, states that the income of the society 
for the quarter was 17,309/. 6s. 10}d., and the outlay 
13,438/. 16s, 1d., showing a net surplus of 3825/. 10s. 94d., 
which was 3086/. less gain than that showed for the 
June quarter. This was, however, accounted for by 
the fact that 2332/. 8s. 84d. was spent on dispute 
benefit, and 1390/. on accident bonus claims. At the 
end of September the reserve funds had reached 
95,280/. 16s. 94d. There was a net gain in member- 
ship during the quarter of 431, bringing the total up to 
22,711. Referring to the National Insurance Bill, it 
is pointed out that although it will have an important 
bearing on the trade-union and friendly society move- 
ment, yet, if these two great movements take hold of 
its tr ype and utilise them, there is no reason why 
it should not be to their advantage, as well as to the 
strengthening of their respective organisations. The 
quarter referred to was one of full employment for the 
members of the society, both in new construction and 
in repair work, while the demands for labour were 
almost unprecedented. It is pointed out, however, 
that the picture will not always be so bright, and a 
reaction must sooner or later come. Men should, as 
far as they can, prepare for this. 


A meeting of the executive committee of the Miners’ 
Federation of Great Britain was held in London on 
Thursday in last week, at which Mr. Ashton, the 
secretary, was instructed to ask the employers to fix 
a date before December 20 on which the proposals for 
a minimum wage may be further discussed. Mr. 
Ashton stated after the meeting that the committee 
had put before Mr. Masterman at the Home Office 
certain proposed amendments to the Mines Bill, and 
on the whole they were very well satisfied with his 
promises. 





The cotton-weavers at Accrington held a mass 
meeting last night, when it was stated by their secre- 
tary that the cotton manufacturers were making profits 
galore, and the weavers of the northern counties 
thought they could get an advance of wages. Before 


| they would, he said, be asking for an advance, | 
an 


if the non-unionists did not join the union, they 
would miss getting an advance in wages of ls. 6d. or 
2s. a week. 





The Bradford and District Machine Wool-Combers’ 
Association and the Gas- Workers and General 
Labourers’ Union have entered into an agreement 
which will, it is ong tend 1o make employment in 
Bradford more regular. Insummer employment at the 
gas works is very slack, and the wool-combing industry 
suffers similarly in winter. Hitherto no gas-worker 
has been allowed to work as a wool-comber, nor have 
the wool-combers been allowed to do the work of the 
gas-workers, Under the new ar! ment, however, 
the two unions will recognise each other’s members, so 
that the gas-workers may obtain employment as wool- 
combers in the summer, and the wool-combers as gas- 
workers in winter. 





The Standing Committee of the House of Commons, 





| 








a over by Sir D. Brynmor Jones, met again on 
ursday in last week in order to finish their con- 
sideration of the unemployment provisions of the 
National Insurance Bill. Part Il. of the Bill as 
amended was then ordered to be reported to the House. 
The following new clause was moved by the Solicitor- 
General ate a workman is employed in a 
district the principal industry of which is agriculture, 
and the workman usually follows in that district some 
occupation in an insured trade occasionally only, 
contributions under this part of the Act shall not 
payable in respect of the workman except in cases 
where the employer and the workman agree that 
contributions shall be payable notwithstanding this 
provision.” It was proposed to leave out the words 
‘**is employed in a district the principal industry of 
which is agriculture, and the workman,” so as to 
extend the operation of the clause to districts in which 
agriculture, though not the principal, was a large and 
important industry, and where men usually employed 
on the land found occasional employment in one or other 
of the insured trades. This amendment was, however, 
opposed by the Solicitor-General, and after a lengthy 
discussion was vetoed, the clause being added to the Bill. 
It was moved by Mr. Buxton to insert after Clause 77 
‘“‘The Board may, if in any case they consider it 
desirable, by special order exclude from the occupa- 
tions which are to be deemed employment in an insured 
trade for the purpose of this part of the Act—(a) Any 
occupation which appears to them to be common to 
insured and uninsured trades alike, and ancillary only 
to the purposes of an insured trade. (b) Any occupa- 
tion which appears to them to be an occupation in a 
business which, though concerned with the making of 
parts or the preparation of materials for use in con- 
nection with an insured trade, is mainly carried on as 
separate businesses, or in connection with trades other 
than insured trades; and on any such order bein 
made, the occupation to which the order relates shal 
not be treated as employment in an insured trade for 
the purpose of this part of the Act. Any special order 
made under this section may be made so as to cover 
one or more occupations.” Mr. Buxton said that when 
the report stage was reached he would ask that the 
special orders to which this new clause had reference 
might be exempted from the general condition imposed 
by Clause 88, that special orders made by the Board of 

rade under the Bill should lie on the tables of both 
Houses of Parliament for thirty days before they 
should become operative. The clause was added to 
the Bill. 

The sixth schedule was then considered. It contains 
a list of the insured trades for the purposes of Part IT. 
of the Bill relating to unemployment insurance, and 
these as agreed to now stand :—(1) Building ; that is 
to say, the construction, alteration, repair, decoration, 
or demolition of any buildings, including the manu- 
facture and structural fitting of wood, of the kind 
usually made in a builders’ workshop or yard. (2) 
Construction of works: thatis to say, the construction, 
reconstruction, or alteration of railroads, docks, 
harbours, canals, embankments, bridges, piers, or other 
works of construction. (3) Shipbuilding ; that is to 
say, the construction, alteration, repair, or decora- 
tion of ships, boats, or other craft, or any part 
thereof, and of the tackle thereof, by persons not 
being members of a ship’s crew. (4) Mechanical 
engineering, including the manufacture of ordnance 
a firearms ; ironfounding, whether included under 
the foregoing heading or not. (5) The construction 
of vehicles ; that is to say, the construction and deco- 
ration of vehicles, orany part thereof. On a motion of 
Mr. Buxton, an amendment was agreed to to bring in 
saw-milling, including machine wood-work, within the 
category of insured trades. In accordance with the 
intimation which he gave on the previous Wednesday, 
Mr. Buxton moved to amend the seventh schedule 
(rates and periods of unemployment benefit) so as to 
make the rate of unemployment benefit 7s. in all the 
insured trades, with the following proviso :—‘‘ Pro- 
vided that, in the case of a workman under the age of 
——- no unemployment benefit shall be paid 
while the workman is below the age of seventeen, 
and while the workman is of the age of 17 or 
upwards, but below the age of 18, unemployment 
benefit shall only be paid at half the rate at which it 
would be payable if the workman was above the age 
of 18. The amendments were agreed to and the 
schedule was The eighth schedule, which 
fixes the contribution relating to unemployment insur- 
ance at 24d. for both workmen and employers, was 
amended in consequence of the proviso added to the 
preceding schedule, and 1d. was substituted for 24d. in 
the case of workmen below the age of 18. The schedule 
also lays it down that employment of less than a week 
shall be treated as if it were employment for a whole 
week.” On a motion of Mr. Buxton the following 
words were added : ‘‘except that where the period of 
employment is two days or less, the contributions both 
of the employer and of the workman shal] be reduced to 
ld. if the period does not exceed one day, and to 2d. if 


it exceeds one day; and in such case in reckoning the | 


number of contributions under Part II. of the Act and 


the schedules therein referred to, contributions at 
such reduced rates shall be treated as two-fifths or 
four-fifths of acontribution, as the case may require.” 
Part II. of the schedule (rates of reduced contributions 
by the employer) was struck out. This schedule and 
also the ninth were , and with the formal motion 
that Part II. of the Bill as amended be reported to 
House. This brought the Committee stage to a 
close. 





After negotiations extending over months, and in 
their latter phase conducted under the auspices of 
the official mediator, some 2500 to 3000 concrete and 
earthwork hands in Denmark have gone out on strike, 
it being found impossible to bring about any fresh 
agreement. The hands in question are employed by 
several masters’ unions, whereas those working und+r 
the Copenhagen and an adjoining municipality have 
continued work. 





Unfortunately the negotiations between the iron- 
founders of Wexford and their employees, who have 
been locked out, came to an unsatisfactory conclusion 
on Saturday last, owing to the refusal of the employers 
to recognise the Irish Transport Workers’ Union. 
For three months now as many as 600 men have been 
locked out, and the masters intend to import fresh 
workers immediately, and reopen the workshops. 
There were at the beginning of this week 300 police- 
men in the town. 

It has been announced that the Lancashire and 
Yorkshire Railway Company, who recently granted 
advances in wages to clerks and porters, has now 
ong ls. per week to cleaners, gas men, and greasers. 

his brings the wages of men of all grades over 
twenty-one years of age to a minimum of 1/. per week. 





The question of the Railway Commission is dealt 
with in another column, but we may here note that 
at a meeting of railwaymen at Crewe last Sunday, 
Mr. Albert Fox, general secretary of the Associated 
Society of Locomotive Engineers and Firemen, told the 
men that their representatives (of whom he was one) 
in the August strike negotiations, while accepting the 
Royal Commission, did not say they would accept its 
findings. Asa business man, however, he said it was 
understood that, having undertaken to allow the Com- 
mission to sit, they were morally bound to accept its 
findings. He was quite hopeful there would be no need 
to go to extreme measures. As to the Commission, 
he thought that no five men could have made a better 
attempt to meet the situation. They were not alto- 
gether satisfied with the Commission scheme, but the 
only thing missing was that it did not say to the 
companies in so many words, ‘“‘ You must recognise 
the trade unions.” He pointed out opportunities in 
the scheme of getting recognition by electing trade- 
union secretaries to conciliation boards. He thought 
the scheme would bring a great a if the 
men would make the Best of it. Those people who 
straight away condemned the scheme, he thought, 
were wrong. 

At Manchester, however, there was on the same day 
a mass meeting of railwaymen, and a resolution was 
adopted strongly urging the men to vote solidly 
against accepting the report, and in favour of with- 
drawing their labour in order to secure recognition 
of the unions. At Bradford, also, about 600 men 
attended a mass meeting, and a resolution to the same 
effect was A similar feeling among the men 
also exists at Nottingham. 





It has been announced that the directors of the 
London and South-Western Railway, who are still 
considering the pay of their staff, generally decided at 
their last meeting to introduce, as from December 
next, a revised and improved scale of salaries for the 
clerical staff. Other grades will be dealt with in due 
course. This railway company is the eighth impor- 
tant company that has announced the ee of 
important advances of wages to the men. It is under- 
stood that this action on the part of the London and 
South-Western Railway Company is not the result of 
representations made by the men, but has followed a 
careful examination of the position of the clerical stat. 
On this railway, during the strike in August last, the 
men, with only two exceptions on the whole system, 
remained at work, and the whole of the ordinary 
service of trains was maintained without interruption. 
‘the Port Talbot Railway Company have also announced 
a number of concessions to their employees, the fol- 
lowing advances having been made :—Permanent-way 
men, 2s. weekly ; signalmen, Is. to 33s.; and hours 
reduced from 12 to 10 per day: guards, 1s. to 3s.; 
porters, 2s.; gangers, 2s. 6d.; shunters, Is. to 4s. ; and 
boys, 2s. to 3s. Concessions to the men have also been 
made by the Liverpool Overhead Railway. 





On Monday the men and women employed by the 





eer ag mall-Arms Company accepted the terms 


offered by the company, and have resumed work, 





elk AED RIA T 














Retest 











Nov. 24; 1911.] 


ENGINEERING. 





711 





THE ‘“HAWKE”-‘“*OLYMPIC” COLLISION. 
To THE EprTor OF ENGINEERING. 

Sir,—It is possible that the following suggestion has a 
bearing on the recent collision between H.M.S. Hawke 
and the liner Olympic, and may be of public interest, as 
the effect descri is undoubtedly, in certain circum- 
stances, a risk in navigation. It is recognised that when a 
small vessel (8, in sketch below) overtakes a larger vessel L, 
say to port, the smaller vessel is to a certain extent liable 
to swing to port on account of the wake of the larger vessel 
impinging on the port propeller of the smaller, while 
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the starboard propeller rotates in comparatively still 
water ; but it does not appear to be realised that if the 
speed of the engines of the larger vessel is increased, this 
effect is greatly in during the interval that elaps 
before the larger vessel attains the 5 correspondin 
to the change of power. So long as the engine speed o 
the larger vessel remains constant, the speed of the wake 
is unchanged, and the unbalanced thrust of the propellers 
on the smaller can be counteracted on the smaller vessel 
by a small angle of port helm. But as the larger 
vessel, on account of her mass, does not immediately 
respond to an increase of engine power, the rearward 
velocity of the wake is temporarily increased by an 
amount corresponding to the increase in power of her 
engines. 

n other words, the total “slip” is equal to the initial 
slip plus the increase in speed of the propellers. The 
aealaneall thrust of the propellers of the smaller vessel 
depends on the velocity of this wake relatively to the 
comparatively still water on her starboard side, and it is 
clear that the stronger the current in the wake, the 
greater the tendency to swing to port. The spreading 
action of the wake, as well as its velocity, is increased 
when the propeller s of the larger vessel is raised 
above that corresponding to her speed in knots, and the 
effect may be still further increased when the smaller 
vessel swings to the position $1, which favours the 
spreading of the wake. The above suggests that the 
smaller vessel would tend to swing to port strongly when 
overtaken by a larger vessel which had oe gy been 
running alongside at the same — as herself. So lo 
as the smaller vessel is abeam of the larger (position S 2 
this action of the propellers is not felt, although a certain 
suction, which may be counterac by a small angle of 
helm, may be experienced. It is only when the smaller 
vessel reaches the wake of the larger vessel that she is 
subject to this tendency, which cannot properly be termed 
suction. 

Without definite information as to the lateral distance 
between the two vessels it is not possible to say whether 
this effect was in reality the cause of the collision; but 
when the lateral distance is small, there can be no doubt 
of the danger incurred when any large vessel increases 
speed to pass a smaller vessel under way. The risk is 
minimised when the smaller vessel slackens speed to allow 
the a vessel to pass, as the unbalanced thrust depends 
on the backward velocity of the wake of the larger vessel, 
and would then be a minimum. 

I am, Sir, yours faithfully, 
B. P. Hateu. 

James Watt Engineering Laboratories, 

The University, Glasgow, November 22, 1911. 








‘*“NEO-PHILISTINISM.” 
To THE Eprror oF ENGINEERING. 

Srr,—You will, no doubt, remember Thoreau’s admir- 
able assertion that “‘ all fables, indeed, have their morals, 
but the innocent enjoy the story.” ether I can be 
included in the <r of the innocent it is not my 
province (and certainly not your privilege) to decide, but 
in the fable that usurps the position of ‘‘leader” in 
your issue of November 17, the little joy that the sto 
gave me was more than eliminated by the pain that 
received from its moral. That it is a fable in the proper 
acceptance of that term I have little doubt; ‘‘Mind and 
Matter” is its title, and it takes the form of a highly 
fictitious tale about something which is called ‘‘ Matter” 
or “Mind,” as the mood sways the teller, tagged with a 
“‘moral” that is as mediocre as it is meretricious. 

When Matthew Arnold saddled Ignorance and Irre- 
sponsibility with the title-réle of ‘ Philistinism” it was 
hoped that a certain silence might have been assured. 
Vain expectation! To-day the Unwise have discovered 
a new shibboleth, and Mr. Campbell Swinton (I do not 
remember having read any of those masterpieces of imagi- 
native literature for which he is so justly famous; but, 
no doubt, he is fully qualified to be didactic upon the 
artistic and the intellectual) pillories the “Hiterary 
rhe and prohibits the “‘ humanities” as a preparation 
or “‘ life.” 

._ It is unfortunate (for the Neo-Philistines) that the 
initial portion of the fable is com of two very preg- 


nant tales (of the Admiral and of the Cambridge Pro- 

fessor) both fundamentally true, that give the direct lie 

to the immoral moral that Mr. Campbell Swinton so in- 

sistently (and indecently) preaches—namely, that: ‘‘ The 

really effective force in moulding humanity has been the 
,;” 


scientific & ination ! 
Does Mr. Campbell Swinton (and the fableist) honestly 
believe that “scientific imagination” (Heaven save the 


mark !) has advanced the human race by one iota? Does he 
conscientiously imagine that we havegrown morecharitable 
since 245 ag ago anapple fell on the head of a scientific 
crank? Or that, because “‘science” has evolved machi- 
nery whereby modern warfare has become a veritable 
shambles, man will therefore be less likely to break the 
Sixth Commandment. Perhaps he has forgotten the 
rebuke of the Japanese Ambassador :—‘‘ For a hundred 
years we have flooded your markets with ‘objets d’art,’ 
and you called us ‘barbarians ;’ to-day we have slain 
ten thousand men, and you say we are ctrilised /” 

Let him look to Tripoli. 

To quote the words of a great modernist :— 

‘*Does any man seriously believe that the chauffeur 
who drives a motor-car from Paris to Berlin is a more 
highly developed man than the charioteer of Achilles, or 
that a modern Prime Minister isa more enlightened ruler 
than Cesar because he rides a tricycle, writes his dis- 
patches by electric light, and instructs his stockbroker 
through the telephone ?” 

Does Mr. Swinton ? 

“Enough, then, of this goose-cackle about 

But the fableist is not content with salutations to 
science ; he must needs play gutter-boy to the Arts, 

rticularly the art of writing. His pitiful ignorance of 

iterature, however, is prejudicial to his mission. It is 
certainly somewhat of a shock to hear Pope (excellent 
journalist though he was) described as a ‘‘ poet,” let alone 
a “‘famous” one, and it is a little alarming to have so 
very hackneyed a quotation as ‘‘the proper study of 
mankind is man” changed into “‘the noblest study of man- 
kind ie man.” But our fableist is even weaker (if it be 
possible) in logic than he is in the Arts. He points out 
that ‘‘economics is not one of the exact sciences,” the 
inference being. presumably, that the ‘‘natural sciences” 
are. It would seem probable from this fundamental 
a oe the fableist has not yet the differ- 
ence between ‘‘deduction” and ‘‘induction,” and the 
essential incompleteness of the latter form of reasoning. 
Surely it should hardly be necessary to point out that 
philosophy and metaphysics are deductive and ‘‘ exact,” 
while the natural sciences are inductive and insecure. 

Does sayene now — Boyle’s Law to te gyn 
true? ow long a life, even, are you to give 
to Van der Waals’ uation? It wold seem that as 
great an ignorance is displayed upon Descartes and Mill 
as upon Pope and Platonism. I see that the reply of the 
French Republic to Lavoisier’s famous (or infamous) 
defence against decapitation has been quoted. Let it be 
remembered that that reply was whally commendable. 
The world has no need for chemists ; or engineers! It has 
need of three classes of mankind only: Philosophers to 
make it think ; Artists to make it happy; men to do its 
work! If Lavoisier had been more of a man and less of 
a chemist he might have made the reply that Fouquier 
Tinville made: ‘‘ Will your bread be any cheaper when 
my head is off?” 

Lastly, it is complained that the poet and the novelist 
are placed by the mob upon a higher intellectual plane 
than the physicist and mathematician. Then the mob 
have more common-sense than the Philistines. Does any 
ordinarily sane man pretend, for one moment, that even 
the greatest of the scientists could dare to aspire to 
pinnacle of wisdom oo by the humblest of the 
poets? Does Mr. Campbell Swinton propose that Huy- 
gens or Van’t Hoff are the intellectual equals of even 

*B. V.,” Thompson, or James Clarence ? Let 

alone Goethe, Chateaubriand and Keats? Finally, I ask, 
in all humility, does the writer of this leader think that 
Carnot or Wohler have benefited the human race in the 
remotest degree? And that Giotto and Guercino, Grieg, 
and Vogler, Gautier, Ibsen, and Zola, Molinos, ‘‘ Father 
Ange” and St. Francis of Assisi have not done more to 
aivance man than a legion of so-called “scientists?” I 
do not wish to dwell upon the evils that are the direct 
outcome of science. I do not know if Mr. Campbell 
Swinton is familiar with Chicago, but he could hardly 
dare to hold such a brief for science were he once to see 
what Messrs. Swift, Armour, and: others have achieved 
with its aid. 
If either “the fableist” or Mr. Swinton fully believe 
that the researches of Werner, for example, into the 
cobalt-ammonium a is going to raise the common 
conscience of mankind above its present level, I should 
suggest that he seek immediate relief at the hands of the 
Lunacy Commissioners. 

1 challenge Mr. Campbell Swinton to reply. 

Yours faithfully, 
Norman Davey. 
Conaways, Ewell, November 19, 1911. 


{Invective, misrepresentation, and assertion appear to 
constitute the bulk of our correspondent’s letter. The 
first named we shall ignore, since it is a mere re-echo of 
what we have heard periodically ever since Matthew 
Arnold enriched, by the addition of the word Philistine, 
the verbal missiles of the literary clique. Be rr settle 
nothing, being commonly mere counters used to avoid the 
trouble of thought. The misrepresentation is another 
matter. Neither Mr. Campbell Swinton nor ourselves 
advocated the ‘‘prohibition” of culture studies. To 
quote from our own article: ‘‘No one, of course, advo- 
cates the abandonment of culture studies.” Our plea 
has been solely for the establishment of a wider basis of 
education. Again, our critic’s quotation concerning the 
chauffeur and the charioteer of Achilles can have no 
other object than to imply that we claimed an intellectual 
superiority for the first- , & misrepresentation which 
it is difficult to justify in view of the “oy | quota- 
tion from our article :—‘‘ Both the glory and the weak- 
ness of the engineer lie in the fact that his mental 
exercises afford occupation for hosts of mere manual 
labourers.” We thus distinguished between the ‘‘ mind” 


” 


taught to use tools and processes they are quite incapable 
of originating. 

In asserting that we had made a misquotation from 
Pope, our critic uas walked incontinently into a care- 
fully set trap. Knowing the importance attached by the 
literary clique to ‘‘words” rather than ‘‘ ideas,” we felt 
certain that some one of them would once again illustrate 
this by calling attention to the substitution of the word 
‘“‘noblest” for ‘‘ proper.” If our correspondent will refer 
to our leader, he will see that quotation marks were of 
set purpose omitted. The supreme importance attached 
by him to “ words” is again illustra by his objection 
to our use of the term ‘“‘ exact sciences.” Ae Be be must 
have come across W. K. Clifford’s ‘‘ Common-Sense of 
the Exact Sciences.” This is concerned solely with a dis- 
cussion of such conceptions as number, space, motion, 
and the like, which are involved in the application of 
mathematics, to those branches of science which can 
conveniently be treated in this way. The term was used 
in our article in its ordinary accepted sense, with the 
object of conveying our meaning in the simplest and 
most directfashion. In fact, our critic clearly understood 
it himself. As to Philosophy being the pe one of the 
exact sciences, this is true only in a very limited sense. 
No one nowadays disputes that our own thoughts are the 
only things of which we have direct cognisance ; but so 
long as each generation of philosophers differs from its 
predecessor on almost every other point, the term ‘‘ exact 
science” in the ordinary acceptation of the term is 
inapplicable, however mically defensible. Had our 
critic been in less of a hurry, he would hardly have 
asserted that ‘‘modern warfare has become a veritable 
shambles.” Surely he has read of Canne and other 
ancient fights, at which the slaughter was out of all pro- 
portion ter it ever is to-day. 

Whether the poetic or the scientific imagination is the 
more important to the race could be easily settled by direct 
experiment. Let our critic imagine that he is to be 
marooned on a desert island, and is offered his choice of the 
works of the poets and philosophers he so highly appre- 
ciates, or alternatively the products of the scientific imagi- 
nation of thinkers, for the most part dead for generations. 
These would comprise every implement for making fire, 
every weapon and every tool. It is easy, in the comforts of an 
outer suburban home, to affect to despise the mental labours 
of those dead and gone investigators, which alone give our 
critic the leisure for his favourite studies ; but left naked 
face to face with Nature, we have absolutely no doubt as 
to what his choice would be, if the above alternatives 
were offered him. Further, history itself upholds the 
claim that the scientific imagination has had an enormous 
influence in advancing civilisation, in whatever sense the 
latter term be » 

Itis not so long since the scientific worker ran the risk 
of being burnt or tortured by his literary brether. Bad 
old times they were and long they lasted, before the 
scientific man established his right to freedom of thought. 
Slavery was almost an unavoidable necessity. A belief in 
witchcraft was universal because the scientific mind had 
not yet established a belief in the orderliness of Nature. 
Inhuman punishments were the rule, since science had 
not produced modern facilities for tracking offenders. 


the | Wholesale massacres and barbarities of every kind excited 


little reprobation, mainly because scientific thinkers had 
not then established the t close intercourse between 
man and man. It would probably be not going too far 
to say that the only important thing in the world is 
thought, and the first essential for the race is that 
this thought shall be applied to the ey ee of Nature. 
Art, literature, and philosophy will then be added in due 
course, but are inherently secondary. The only logical 
alternative to this conclusion is that life is a bad thing, 
a conclusion arrived at independently by certain Oriental 
sages, as well as European philosophers. With this view 
we have no quarrel, though we do not share it, but we 
admit that logically it is quite as defensible as the 
contrary opinion. 

Of course, we do not expect to convince our critic, as 
from the impassioned note which characterises his letter he 
would appear to be one of that numerous class whose beliefs 
owe more to the warmth of their feelings than to the 
cold light of reason.—Ed. E.] 





CASE-HARDENING. 

To Tae Eprror or ENGINEERING. 
Sir,—I have read with interest the article by Dr. 
Giolitti in your issue of November 10. He is, however, 
rather late in the field, for during the last ten years many 
firms have used my system of case-hardening with hot 
producer-gas in combination with a solid carburising 
material, under my patent of 1901. The operation is 
carried out with an inexpensive furnace, and the method 
is largely used by steel manufacturers and motor.car 
builders. 
I should be obliged if you would insert this in your 
next issue. 

Tam, Sir, yours truly, 
F J. CLIncH-JonEs. 

152, Stretford-road, Urmston, Lancs, 

November 20, 1911 








Tae “MecuanicaL Worip” Pocket-Diary.—This 


interesting ket-diary and year-book for 1912 has just 
been issued. It is published at 6d. net by Messrs. 
Emmott and Co., Limited, 20, Bedford-street, W.C., the 


1912 edition being the” twenty-fifth. It contains, like 
the former editions, a very large amount of useful informa- 
tion, data and formule for the use of mechanical and 
civil engineers. The turbine section has been extended, 
and new sections deal with roller-bearings, helical springs, 
and other mechanical details. The usefulness of the book 





which thinks and initiates and the *‘ hands” which can be 








is enhanced by a very complete index. 





712 


ENGINEERING. 





[Nov. 24, rorr. 





THE KJELLBERG ELECTRIC-WELDING 
PROCESS. 


In joining two pieces of metal together by means of 
so-called autogenous or fusion processes, their junc- 
tion is produced by actually melting the points of 
contact, and at the same time adding molten metal 
to bring the ‘‘ weld” up to full section. Provided 
such @ process is carried out under certain conditions, 
there is no reason whatever why this method of 
welding should not give reasonably satisfactory results ; 
in fact, it has been clearly shown that under proper 
circumstances actual welding will result at tempera- 
tures considerably below melting-point, and without 
the application of pressure to the pieces joined. 
In order to obtain a satisfactory result, however, 
in any form of weld, means must be adopted to prevent 


the inclusion of any impurities, such as slag, oxide of ! 





Fia. 4. 


iron, or other foreign substance ; and in this respect 
many of the blow-pipe and electric-arc systems have 
been found wanting. In the Kjellberg system, which 
has had mii cate success in Sweden, an electric 
arc is employed, but metallic electrodes of a specia 
character are substituted for the more usual carbon. 
These electrodes consist of a metal core encased in 
a surrounding coating, the constituents of which serve 
to prevent the inclusion of toreign matter in the 
st It further contains a practically non-fusible 
substance which forms, at the end of the electrode, 
a crater, in which the metal is fused out of contact 
with air, whilst an atmosphere of a reducing nature is 
produced, which surrounds the arc and prevents oxida- 
tion of the weld taking place. The success of the 
process in large measure would appear to depend upon 
the composition of this coating, though, by varyin 

the nature of the metal core, different classes of wel 

are produced. In this country the system has recentl 

been introduced by the Kjellberg Syndicate, Limited, 
of the Stowage, Deptford, who recently enabled us to 
see the process in operation For its successful 
operation continuous current is necessary, the are 
taking about 120 amperes with a voltage of about 100. 
The negative pole is connected to the work operated 
upon, and the positive to the electrode which is 
clamped in an insulated holder. The arc is started in 
the usual manner, by making contact between the work 
and electrode, and work proceeds as in other similar 
processes. During the process of the work the weld 
is hammered in order to squeeze out the slag which 
is formed, but this is stated not to be essential to 
successful results. As already mentioned, the coating 
of the electrode is the essential feature of the system ; 


but, in addition to the points referred to, it enables the 
arc to be directed axially with the electrodes as re- 
quired ; thus welding can be done at the bottom of a 
groove without fear of the arcstriking its sides. Another | 
interesting feature is that the weld can be made from 
below the work, the molten metal apparently being pro- | 
jected upwards and adhering to the work. In preparin 
work for welding, the edges to be joined are bevel) 
off to forma V-shaped groove, and the weld is built up | 
with fused metal in the usual way. In dealing with 
rusty or corroded plates it is not found necessary to | 
resort to cleaning, though it is, of course, an advantage 
to remove as much rust as is possible by scraping. 
Although the results of tests on this form of weld, | 
made by the Swedish company, have been published, 
some data relating to tests actually done in this 
country will not be without interest. An interesting 
experimental weld, made on behalf of the General 




















Fig. 5. 


| Stonm Navigation Company, is shown in Fig. 4, 




















above. A wrought-iron tip was made, and then 
TABLE I.—Results of Tests on Welds by Kjellberg System 
All Specimens of Rectangular Section. 
| | .: | Elongation. | 
z| 8 
& : | On | 
é 2 oe | 2-1n. | Remarks. 
A d o ig on j} at | 
B ry 3s $ -*D. | Frac- 
ev - = & | 
Pa - be s | ture. | 
sq. in. t. pert. per per per 
3q. in. sq. in. cent. | cent. 
33,986 0 732 16.01 18.25 6.4 7.7 Broke at weld: flaw at 
one side; fracture 
| granular; some crys- 
| talline spots 
33,987 0.714 | 16.22 17.06 3.9 | 7.7 Tore apart slowly at 
| weld : asomewhat large 
| flaw; fracture granu- 
| lar; some finely crys- 
} talline spots 
33,995 0.5128; 16.71 18.43 2.8*| 6.5* Broke through weld; 
} fracture irregular, 
| granular 
33,996 0.5116 17.28 21.74 5 9* | 12.5" Tore across weld ; frac- 
ture irregular; granu- 
| | lar; some specks of 
| ! | crystal 
Original Material. 
33,988 |0.710 | 17.20 | 25.37 | 24.1 | 34.3 ere silky; some- 
33,989 0.719 | 17.83 | 25.14 | 281 | 44.3 what irregular 
| | | 
* Owing to the irregular fractures, the extensions given above 





| are in excess of the real value, the broken halves not fitting 


accurately. 


welded on to a broken cast-iron propeller as shown. 
An attempt was then made to detach this wrought- 
iron tip by blows from a heavy hammer,. the 
result being that, although the tip was bent 
somewhat, fracture finally occurred in the cast- 
ing clear of the weld. In order further to de- 
monstrate the soundness of the weld, we reproduce, 
in Figs. 1, 2, and 3, micro-photographs prepared by 
Mr. A. P. Strohmenger, which clearly show the struc- 
ture at various points of the welded area. In Fig.‘1 
the complete junction of the cast iron to the fused 
metal is to be seen, together with the decarburising 


| effect of the fusion on the a cast iron; Fig. 2 is 


taken from the centre of the fused metal, whilst Fig. 3 
is taken at the junction of the fused metal with the 
wrought-iron tip. Two further photographs, Figs. 5 
and 6, clearly show the perfect union which takes 


place in the case of wrought iron and steel, and the 


























Fig. 6. 


freedom from impurities of the added metal. The 
micro-photographs reproduced were taken with ver- 
tical i!lumination, with a magnification of 100 dia- 
meters (reduced to 80 in reproduction). 

Mechanical tests carried out on welds made by the 
Kjellberg process have given very good results. We 
hope to give a fuller account in more detail at a later 
date, but meanwhile we give in Table I. the results of 
some tests made by Messrs. Burstall and Monkhouse 
on welded steel boiler-plates, together with corre- 
sponding tests on the original material. 

In the case of the first two tests given, the welds 
are stated to have been made with alternating 
current, which is quite unsuited for the process, 
and the lower results obtained are attributed to this 
fact. In the other welded specimens it will be seen 
that the breaking load exceeded that corresponding 
to the yield-point of the original material. The 
apparently low extension given by the welded speci- 
mens is accounted for by the fact that the extension 
of the metal in the actual weld, which is only 
about # in. in length, is really a large proportion 
of the total extension measured, since the specimens 
broke at a load before extension of the original metal 
occurred. 

It must further be mentioned that in this, as in any 
other method of welding, a considerable amount of 
practical experience is essential for the production of 
satisfactory work. In this particular system, too, 
it would appear that a considerable knowledge otf 
the possibilities of the various types of electrodes is 
necessary, since it is claimed that metal of differing 
character can be introduced into the weld at will by 4 
suitable selection. 





























Nov. 24, 1911.] 





ENGINEERING. 713 





AN EXPERIENCE WITH A LATHE. 
By Henry Lea, M. Inst. C.E. 

Tue lathe is a 5}-in. screw-cutting one, with a lead 
screw of 1} in. diameter and four threads per inch. 
The bed is 5 in. deep, and has a double flat top 53 in 
wide over all. It is a strong, stiff bed, as 54-in. lathe- 
beds go, and has recently been re-planed all over and 
scraped true. The saddle is substantial and about 
11 in. long. The slide-rest has ample surfaces carefully 
fitted together. Some time ago it was noticed that 
when a light finishing cut had been taken off, say, a 
gun-metal plug 4 in. long by 1 in. in diameter, the tool 
having been carefully and keenly sharpened, there were 
marks on the work } in. apart—that is, of the same 
pitch as the screw. They were not helical, but con- 


as they could, and took a light cut over it. The same from the fast headstock was that the marks, now 
marks were, however, produced on the work as before. | very faint indeed, were only just visible after being 
A new lead screw was then obtained from another | rubbed with the straight-edge. Here was clear 
well-known firm of makers, under a stringent con-/| proof that the screw, flexible as it was, was capable 
dition that if it were not quite straight it would be of | of influencing the tool and causing the hollows 
nouse. The new screw produced the marks as before. | and ridges. Sut, upon skimming up a plug chucked 
Upon testing the screw resting in Y blocks on a/as near to the fast headstock as it all be got, 
bench, it was found to be eccentric to the extent of the marks were more distinct than at 12 in. from the 
about the ;};th part of an inch, but the pressure | fast headstock, though not nearly so pronounced 
of one finger on the screw was sufficient to bend the | as originally. Evidently, then, the bearing bracket 
screw, and to cause as much movement in the testing | near the fast headstock was holding the screw too 
spline or lever as was caused by the eccentricity of the firmly, just as the tail bearing-bracket did before 
screw. The testing arrangement was as shown in| it was removed. Both these brackets were then bored 
Fig. 2. out ,; in. larger than the screw, but the boss of the 

When the screw was rotated slowly, the end A of | change-wheel quadrant, which also fitted the screw 





the spline moved up and down jin. jin. x yin. + 2! closely, but which only had a bearing on the screw 








Sight Spline wsighing 54. 











| for a length of § in., was not bored out. It was left 
|unbored out in order to steady the change-wheel on 
; | the screw. It was thought that if the length of the 
bearing were only § in., instead of, as originally, about 
4 in., sufficient freedom would be obtained. Another 
trial on the last-named plug showed that the marks 
were still there, though now still more faint. The 
quadrant was then eased out with a smooth file so as 
to allow the screw to wobble a little in the boss, with- 
out materially affecting the steadiness of the change- 


ee Oe ea 


on ey 








Fig, 1. 


wheel. Another trial on the last-named plug showed 
that at last the defect had been removed, for there 
were no marks of the kind whatever, and the surface 








was clouded uniformly by the straight-edge (see Fig. 3). 
Another trial was then made at 12 in. bon the fast 
headstock, the result being equally good (see Fig. 4). 
Another test in the earlier stages was made by 
placing a very sensitive spirit-level across the top of 
the slide-rest. The lathe being set into slow motion, 
the bubble of the spirit-level moved to and fro about 
fy in. at every revolution of the screw, showing that, 
rigid as the saddle appeared to be, and flexible as the 
screw had been proved to be, the top of the slide-rest 
was really rocked at every turn of the lead screw. 
Two lessons were learned from the foregoing experi- 
ments :—(1)Theextremeand quite unexpected flexibility 
of the parts of an ordinary and fairly strong 54-in. lathe ; 
and (2) the necessity of so fitting lead screws that they 
shall not be able to affect the saddle transversely. It 
is generally considered that it is impossible to make a 
lead screw absolutely straight. The removal of metal 
in cutting the screw relieves stresses within the struc- 








ture of the metal bar, whereby the straightness of 
the screw is affected, and it can never be perfectly 
straightened if from any cause it has once become 














crooked. 

A friend who was present remarked : ‘* The search 
for perfect accuracy is almost as futile as the search 
ior perpetual motion.” It was also agreed that the 
lead screw of this lathe was being used for parallel turn- 
ing, whereas there ought to have been a rack-and-pinion 
motion for that purpose. That may be true, but when 
the lathe is used for cutting screws, the lead screw must 
be used, and then the same defect will occur in the 
screw which is being cut as occurred in the plain 
cylinder, the only difference being that in one case 
the defect is visible, and in the other case it is not. In 
modern machine-shops the lathe is not much used for 
producing cylindrical work of extreme accuracy. For 
that purpose the grinding-machine has taken its place. 
In the latter we find an extremely massive construc- 
tion, a grinding-wheel revolving at about 6000 lineal 
feet per minute, with a breadth of face several times the 

itch of the lead screw, and a comparatively slender 








Fic. 


sisted of very shallow hollows and ridges in alternate 
circles normal to the axis of the work. When a short, 
stiff straight-edge was rubbed longitudinally on the 
revolving work, the tops of the - wane were thereby 
slightly egg and were rendered more easily 
visible, Fig. 1 is a photograph of the appearance. 
When a bush was bored to fit the turned plug, it was 
found to have similar hollows and ridges inside it, and 
when the plug was pushed into the bush, it was a tight 
fit when the ridges of the plug coincided with the 
ridges of the bush, and was a loose fit when the 
hollows of the plug coincided with the ridges of 
the bush, or vice versd. Screws cut in this lathe 
inust have had the same defect, though the hollows 
and ridges were not visible, as in the case of 
plain cylinders. It was concluded that the lead screw 
was not straight, and that its eccentric motion caused 
a very slight rocking motion of the saddle, whereby 
the tool was advanced towards and withdrawn from 
the work every } in. Upon testing the lead screw, it 
was found to be not quite straight. A leading firm of 
engineers’ tool makers straightened the screw as nearly 








4 eadscrew. The broad grinding-wheel, the high velocity, 
F the light pressure on the work, and an abundant lubri- 
, i i cation maintained by a pump, all combine to produce 
= 1} in. = the eccentricity of the lead screw. It/ an accuracy unattainable with cutting tools in a lathe, 
seemed impossible that the substantial saddle could | and to finish the surface in much less time. The lathe 
= rocked ee to ar marks hi 2 work | superseded the grindstone ; now the grindstone has 
y an eccentricity ® screw waich was 60 seded the lathe, a curious alternation in machine- 
flexible that the pressure of the finger would bend tent history. 
the lead screw to an extent equal to the eccen- 
tricity, but such evidently was the case, unless the ie its ial k ’ ee ad ee. 
marks could be traced to some other cause. No other e ... _ oe ~ pa a magne —. 
cause could, however, be thought of, and the subse- | (,-ictiania with electricity has recently issued its report, 
La santa wTh Vetrine. 2 ‘ m 48D | and “ay | een of mj age sng be ong: 
assumed screw error. e V strips of the e were | ing to the town, and the acceptance of an offer from the 
tightened up so that the saddle moved stiffly upon the ed Power Company to supply, at a price agreed 
bed, and the tightness so obtained was uniform from | upon, 25,000 aoe Parag 5 The ae ape gy aoe 
end to end of the bed, showing a good close fit | lations proposed are to have a capacity of 56,000 horse- 
wherever the saddle might be situst on the bed. | power, and at the expiration of the contract time they 
The next thing that was done was to remove the | Will pass into the possession of the town, in the year 1948, 
i 4 ; : : for a sum of 4,800,000 kr., which sum the town will hand 
bearing bracket which carried the tail end of : il 191¢ 
h : . over to the Vamma Company free of interest until 1919, 
the screw, the tail end being thus left free to | and after that time subject to an interest of 44 per cent. 
— ge Bg May Me oe. Se of | Tt is estimated that the town’s waterfalls in the River 
wi was clam to the receive e end- | G) n will yield 28,000 horse-power, an e ate 
thrust of the screw, while leaving the latter free cos of te par a installations will amount to wed 
to wobble. The result upon a plug at about 12 in. | 14,000,000 kr. 
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place, oil under pressure enters beneath the valve-piston, 
and holds it agg the valve open until scavengi 

is completed. Fig. 1 illustrates the first gas-turbine of the 
type built on a working scale. It works usually with 
suction producer-gas of 1100 to 1200 calories per cubic 
metre (123 to 134 B.Th.U. per cubic ft.), and has been 
designed for a maximum output of 1000 horse-power at 
3000 revolutions. It drives a dynamo marked D. The 
turbine-shaft, as will be seen, is supported from above. 
On it is fitted the turbine-wheel and the dynamo rotor. 
From the very commencement smooth running was ob- 
tained at all speeds, although the temperature of the 
turbine casing rose to 500 deg. Cent. This was due tothe 
fact that the system expands oggeeely and centrally with 
an increase in temperature. The base of the machine 
contains all the mechanism for the inlet and outlet 
of the gases and for their ignition. The material used 


Ki 


THE GAS-TURBINE.* 
By H. Hotzwartn, Mannheim. 


THe turbine described is an explosion turbine. The 
combustion-chamber, marked A in Fig. 1, is intermittently 
filled with the gas and air mixture ; then follow ignition, 
explosion, and increase in pressure of the burnt gases and 
their expansion through the nozzle, after which they act on 
the turbine-wheel marked B. The explosion-chamber is 
next effectively scavenged and cooled by fresh air. A 
number of similar explosion-chambers are arra in a 
circle at the base of the turbine, and act one after the 
other. Any kind of compressor may be used in order to 
maintain the separate chambers, which surround the 
explosion-chambers on the outside, supplied with gas and 
with air at a low pressure, and a vacuum is maintained at 
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the condition of the mixture becomes p,, v%, Tj, and it is 
resumed that when this reaction has taken place regu- 
arly, not violently, the total available heat becomes free 
during the explosion, and this addition of heat is made at 
constant volume. On reaching the p,, 7, T, condition 
communication with the turbine is suddenly established. 
The gases are then expanded down through the nozzle to 
the condition py, v2, Ts, and the available work they con- 
tain is transformed into kinetic energy, which in its 
turn is turned into work by the turbine. The variations 
in pressure, temperature, and in the heat contained in 
the mixture during the process, can be clearly followed in 
the entropy diagram, as set forth by Stodola in 1898 
shortly after the Hg a of the Diesel engine. The 
conditions in which this turbine works are, the author 
claims, the same as with the system of gust-governing 
used with the Parsons turbine. At the moment of com- 


AL INDICATOR DIAGRAM. 
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the exhaust C. Inlet valves allow the air and gas to enter | is almost exclusively cast iron. The pressures are much 
the combustion-chamber one after the other. After the | less than in reciprocating engines—10, as against 30, 
combustion - chamber has been filled with air, gas is | atmospheres (147; 441 lb. per sq. in.) ; and there is no 
driven in, the mixture of both being complete. While | possibility of pre-ignition; the shape given the ex- 
this is taking place the nozzle-valve remains closed; | plosion-chamber is a more suitable one for withstand- 
immediately — ignition it i: forced open by the pres- | ing. the force of the explosions than that of ordinary 
sure of the explosion, and the available energy in the gases cylinders, all which conditions combine to lead to a 
is transformed into kinetic ener: As the pressure falls, | decrease in the thickness of the walls of the engine base 
due to the escape of the gases, the nozzle-valve is forced | (see Fig. 1). The air and gas-valves are of the mush- 
slowly down upon its seat, its action being regulated by | room type ; they are operated by oil relays, the oil under 
an oil relay, so that the air for scavengingfhas sufficient | pressure being supplied by a rotating oil-distributor. The 
time to clear out the combustion-chamber, and to effect a | turbine is provided with a horizontal governor shaft 
The | driven by screw gearing (see E, Fig. 1). On the shaft are 
the main governor, an emergency governor for pre- 
ignition, a tacheometer, the gear for operating the 
oil-distributor, and the ignition mechanism. 


certain amount of bes on the turbine wheel. 
= drives the valve hard upon its seat in the explosion- | keyed 
c r, so that during the a of a new charge | venti 
into the latter no gas can escape. When ignition has taken | verti 





~——— — - —~—| The action is the following :— fis 

* Abbreviated translation of a paper read inGerman| Directly before ignition takes place there is in the 
before the meeting of the Schiffbautechnische Gesell- | explosion-chamber a mixture of gas and air in the condi- 
schaft, held in Berlin, November 23 to 25. tion represented by pp, v, Tp. On ignition taking place, 








of Gas per 


, plete combustion the explosion-chamber is filled with 


gases, which flow out with decreasing velocity until the 
pressure is that on the discharge side of the nozzle. 
Taking the turbine efficiency to be 7, the total efficiency, 
he states, is 
Ntot. = ) X Nexp 

where exp. denotes the efficiency of the explosion. __ 

The experiments made with regard: to scavenging, 
charging, compression, and regeneration may be sum- 
marised as follows :— : 

Air-scavenging is absolutely required in order to main- 
tain the temperature of the mixture in the turbine space 
within reasonable limits (below 400 deg. Cent.). With 
a view to secure good economical scavenging and low 
heat radiation from the walls of the combustion-chamber 
ib is necessary to have the nozzle opening as large as 
possible. In order to save fuel this opening must_be 
closed when charging by means of a nozzle-valve. The 
work for air compression is obtained by utilising the 
waste heat; this has no influence upon the heat balance 
of the gas-turbine. The area of the regenerator necessary 
for regeneration is not ter than that of the surface- 
condenser of a steam-turbine of equal power. ay 

The temperature of the mixture before ignition 15 
important. On this depends the method of reaction, 
whether ordinary combustion or detonation; also the 
regularity of the process, and, above all, the explosive eth- 
ciency ; 1t determines whether a pure mechanical process 
takes place, or undesirable heating. The paper includes 
a diagram illustrating what occurs when using carbon- 
monoxide gas, and states that should the temperature of 
the gas before ignition be 100 deg. Cent., then the com- 
bustion pressure will be 7.7 times the initial pressure. 
This will be reached in probably ;}; to y$, second by 
regular development of the flame. Thus the pressure of 
detonation will not be reached, since, starting at 100 dey 
Cent., its ratio to the initial pressure is 9.1. But should 
the initial temperature be, for example, 400 deg. Cent., 
detonation will occur after quiet combustion of one-half 
of the charge; the remaining half will detonate spon- 
taneously, and thereby generate a shock having 5.7 times 
the initial pressure, whilst the pressure corresponding to 
quiet burning is only 4.3 times. At 200 deg., 14 times the 
value is reached as against the normal 6 times. This 
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unexpected and not always welcome increase in pressure 
does not result in an increase of power, as it merely gives an 
unsustained shock. The paper gives a gas-turbine diagram 
illustrating partial ignition * explosion wave, also a dia- 
gram with normal ignition. We reproduce the latter in 


‘ig. 2. 
: The author lays stress upon the small space occupied by 
the turbine as compared with that of a reciprocating gas- 
engine of equal power. The areas occupied are as 1 to 
3.98: the total weight as 1 to 4.2. The gas-turbine, like the 
steam-turbine, works without shocks or vibrations, and 
saves the expense of cylinder lubrication. Lubrication, as 
in the case of the steam-turbine, is more complete and more 
reliable than in that of the reciprocating steam-engine, 
since all movable parts are in oil-baths. On these grounds, 
the wear of the movable parts need not be expected to 
exceed that which obtains in steam-turbines. Notwith. 
standing the numerous experiments made, no wear in the 
nozzles and blades could be found. There being absence of 
water particles, the causes which make for wear in the 
steam-turbine are non-existent in the gas-turbine. Starting 
does not require an air-compressor plant, as in recipro- 
cating gas-engines, but only a supply of steam for starting 
the air-compressors until the regenerator supplies the 
necessary steam for the latter. E ; 

A first, experimental, gas-turbine was built for tests in 
1908. Then the one we illustrate was put in hand, and 
experiments with this were carried on during this present 
year,using producer gas from coke—i.¢., the gas which 
turned out poorest in hydrogen and in heat. The 
turbine, with its electric -generator, ran light, excited, 
as early as February last, at 3000 revolutions, 4000 
volts, with only 250 cub. m. to 300 cub. m. (8830 cub. ft. 
to 10,595 cub. ft.) of gas per hour, corresponding to an 
indicated efficiency of over 20 per cent., ‘‘a certainly 
very satisfactory commencement for the efficiency curve, 
though only a transitory one.” Then the temperature 
of the mixture rose largely above the value which, 
calculation showed, should have been the maximum 
reached. The total contents of the chamber soon de- 
tonated, next only a part of the o> burnt in the 
chamber, the other burning probably in the turbine space, 
not designed for that purpose. This showed how the 
degree of temperature before ignition influenced the 
ignition itself, and determined whether it occurred as 
combustion, or developed into an explosion wave ; steps 
were therefore taken towards maintaining the walls of 
the explosion-chambers as cool as possible by water, and 
provision was made to take the air direct through the air- 
valves from outside. The conditions were thus improved. 
At the same time the method of ignition was im- 
proved, and the ignitions and combustions took place 
as perfectly as could be expected, allowing for the 
variations in the specific heat, and without explosive 
waves, not orly for small, but also for the maximum gas 
charges. It is necessary, however, still to develop the 
engine in order actually to obtain the effect which may 
be expected from the calculations. With a small charge 
and low detonation pressure the efficiency reached was 
very close to that calculated. With higher charges and 
higher pressures, however, the increase in efficiency was 
not in the ratio which had been expected. The end to be 
aimed at in working the turbine is to obtain the curves 
which are shown in Fig. 3. With comparatively small 
charges, the end in view is already attained ; further tests 
will lead to an equally satisfactory result, using larger 
charges. The curves in question, in their highest values, 
apply more especially to the first experimental gas-turbine, 
and therefore not generally to the turbine we illustrate. 
The efficiencies given in the curves may be improved— 
for example, by fitting much larger nozzle exhausts, by 
increasing the chai pressure, the highest explosion 
—— replacing the nozzle-valve by a flap, with un- 

indered direct through-flow of the gases, &c. 

The first experimental gas turbine was built to the 
author’s designs by Messrs. Gebr. Kérting, A.-G., Han- 
nover. The one we illustrate was built also to the author’s 
— by Messrs. Brown Boveri at their Mannheim 

Orgs. 





Etecrric Rartway In Moscow.—A concession has 
been granted for the construction of an electric railway, 
without State guarantee, from Moscow to Sergijew- 
Posssad, in the Government of Moscow, with branch 
lines to the stations Puschkino, Mitischtschi, and Lossi- 
noostrowskaja, on the North Railway. The aggregate 
length is 69.5 versts. 





RaDIOTELEGRAPHY FOR FisHING FLEETS.—Referring to 
a paragraph on this subject in one of our former issues 
(see ENGINEERING, vol. xci., page 735), Dr. Erich F. Huth, 
Berlin, informs us that the cost of the radiotelegraphic 
apparatus had hitherto delayed their use on board the 
fishing smacks. He adds that the price of a wireless 
station, even of the smallest type, amounts approximately 
to half the cost of the whole fishing-boat, and is therefore 
quite beyond the means of the fishermen. It is true that 
the Deutsche Seefischerei Verein, which is under the 
German Emperor’s care, assists the fishermen out of this 
lifficulty ; but the means at the disposal of this body are 
limited. To overcome this difficulty, Dr. Huth pra 
to supply the fishermen, in the first place, witha receiving 
station only, and he manufactures this of a comparatively 
cheap and handy type, so that familiarity with its working 
may easily procured. Dr. Huth’s receiving station 
takes up no more room than a pho phic camera, 
and does not cost any more; its use does not require 
any special knowledge of radiotelegraphy. Thanks to 
the enterprise of the Deutsche Seefischerei Verein, two 
fishing-boats have been equipped with this receiving 
apparatus ; these are the fishing-boats Maria Klausine, of 

lankenese, and Meta Ma: ta, of Finkenwerda. The 


antenne do not interfere with the sails. 








ELECTRIC TORSION DYNAMOMETER.* 
By Fritz Lux, of Ludwigshafen-on-the-Rhine. 

APPaRATus for measuring and recording the torsion of 
propeller-shafts, by mechanical, optical, een a 
and electrical methods, have been devised, notably by 
Bauer, Thaemer, Giimbel, Amsler-Laffon, Féttinger, 
Rambal, Frahm, and abroad = Denny and Hopkinson. 
In his endeavours to perfect these apparatus the author 
has particularly aimed at constructing a meter to record 
horse-power hours. } 

The principle of his instruments will be understood 
from the diagram, Fig. 1, which represents a torsion- 
indicator. An electric circuit is made and broken, once 
during every revolution, at one point of the shaft, and a 
spark is thereby produced at another point of the shaft— 
for instance, at its end ; the position of the spark with 
regard to an arc encircling the shaft will indicate the 
angle of torsion. This angle may directly be r off, or 
graphically be recorded. In a third class of instrument 
the product of the factors, number of revolutions, coeffi- 


Fig. 1. 
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cient of elasticity of the shaft, and angle of torsion is 
recorded, and the energy transmitted by the shaft can 
thus be read off directly. 

Fig. 1 illustrates the first instrument, the torsion-indi- 
cator, which marks the angle of torsion between the two 
points a, and a, of the shaft a. When contact is momen- 
tarily established between }, and the knife b, the primary 
circuit p of the battery is closed through the slip-ring c 
and the shaft a. A secondary current is then induced in 
the circuit, which comprises the graduated arc d, and a 
spark will pass from the pointer ¢, attached to the shaft, 
over to the arc. As long as the shaft is not strained, this 
spark will strike the arc at the zero of the angular scale ; 
when the shaft is under torsion the spark will strike 
another spot, and the arc between the zero and this spot 
will measure the torsion. In order to facilitate the 
reading, especially at slow propeller s 8, several 
contacts 6, 6b, and pointers ¢ are provided, all at equal 
distances from one another ; the angular distance 
tween two successive contacts should be smaller than the 
maximum torsion, of course, not to complicate the read- 
ings. The provision of multiple contacts offers the further 
advantage that the observer can see whether the move- 
ment is uniform or torsional vibrations are set up. In 
order to increase the accuracy of the reading, especially 
for small torsions, the pointer e is replaced by a knife- 
edge, mounted parallel to the axis of the shaft, and the 
circular arc by a helix ; the spark will pass on the plane 
where the knife crosses the helix, and the rate of magnifi- 
cation can be varied by altering the pitch of the helix. 

Fig. 2 shows the recording electric torsion dynamo- 
meter. Contact is made between }, and 6, and a 
spark produced as before, but the primary battery is 
split into f, and f,, and the circular arc d is also split 

* Abbreviated translation of a paper read in German 
before the meeting of the Schiffbautechnische Gesellschaft, 
held at Berlin, November 23 to 25, 1911. 











into two halves, d, and d,, which are insulated from one 
another. The primary current will ccme from /f, or 
from fo, according as the pointer ¢ slides over d, 
or dy, the two currents flowing in opposite direc- 
tions through the primary coil p. The currents in 
the secondary coil s and its circuit will hence also 
be either in the one or in the other direction, and the 
relay A will close the circuit of one of the two batteries 
{or f, The spark-gap g in the secondary circuit has 

nm inserted with the object of making the relay h 
respond only to the stronger current induced by the 
breaking of the primary circuit, not to the weaker current 
induced by its ane. The batteries f, and f, send 
currents through the electric motor k, turning the arma- 
ture and its worm-shaft / in the one or the other direction. 
The shaft engages with the toothed segment, which is 
coupled with the split circular arc d,, dz. One of the two 
semicircles d, or dy will be turned—namely, that one on 
which the pointer ¢ is resting at the moment. That is to 
say, when, owing to the torsion of the propeller shaft a, 
the pointer e—which normally rests on the upper one of 
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the two insulating blocks, separating d, from d,—has 
been displaced with regard to the contact b,, the toothed 
segment m will be rotated until the pointer e comes to 
rest again on its insulator. The angle through which the 
shaft hes been twisted is read off on a pointer, directly or 
indirectly attached to the worm J. This pointer is not 
marked on the diagram. The diagram shows, however, 
how the rotational movement is registered by a style on 
the drum o, through the intermediation of the worm- 
wheel n and several pulleys. 

The special devices, by the aid of which the recording 
torsion dynamometer is converted into a power meter, 
are indicated in Fig. 3. Two toothed at r, and ro, 
slide up and down the standard ¢; r, is carried up or 
down by its wheel in accurdance with the amount of the 
shaft torsion; the gearing for r, comprises the electric 
motor #4, from the armature of which a chain extends 
over to the toothed wheel of the rack. When re moves 
up or down, it carries the wheel w, with it. This wheel 
w, rides loosely on its axle, while the wheel w.,.which is 
set with fine teeth, is fixed on the axle; w, and its pawl 
belong to the wheel train of the counter mechanism wy,. 
The movement of the rack r, is limited, above by the flat 
contact spring v,, which is attached to the bottom of r, 
and below by the spring v2. 

The main leads from the contacts of the propeller-shaft 
whose torsion is to be determined are x, and 2, (at the 
bottom of Fig. 3). The circuit is closed once during every 
revolution, orseries of revolutions, of the shaft. The circuits 
comprise three batteries f;, fs, f;, a split relay coil y; yo, 
and its armature z, which makes contacts z,; or z. on the 
right or left. When the cireuit is closed by the propeller- 
shaft contacts, current passes through the battery /;, and 
through one of the two coils, say yg; the armature z will 
then make contact at z. Thus the battery f; is put in 
circuit, the current flows to the motor 4, and the rack r, 
travels upwards until it touches the flat spring +,. The 
current is then diverted through the other coil y,, 
the armature zis deflected, and the battery circuit f, is 
closed. The motor u is therefore turned in the opposite 
direction, and the rack r, descends i The motion 


downward will continue until rz strikes the contact spring 
here, so that the motor u 

lay will be repeated each time 
-shaft contacts is closed. The 


vg, and breaks the connection t 
comes to rest. This 
the circuit of the pro 
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counter mechanism will therefore each time register a 
movement corresponding to the angle of torsion, and 
thus record the product of torsion and number of revolu- 
tions. When, further, the modulus of elasticity of the 
shaft is taken into consideration in fixing the gear ratio 
of the wheel train, the meter will directly indicate the 
torsional moments transmitted by the shaft, and hence 
register the horse-power hours. 

A demonstration instrument of this kind is on the 
table, and it is possible to see how it works. The 
Imperial navy has promised to fix a torsion dynamo- 
meter, now under construction, on the cruiser 
Ersatz Kondor. It is confidently anticipated that it will 
come up to expectations. 





ROYAL METEOROLOGICAL SOCIETY. 

THE opening meeting of this Society for the present 
session was held on Wednesday evening, the 15th inst., 
at the Institution of Civil Engineers, Dr. H. N. Dickson, 
President, occupying the chair. 

Mr. C. Harding read a paper on the abnormal weather 
of the past summer. He presented statistics showing the 
distribution of temperature, rainfall, and sunshine, week 
by week, in the various districts of the British Isles, and 
also made a comparison of the results with the Greenwich 
Records back to 1841. From the facts thus brought 
together, Mr. Harding showed that, as far as temperature 
is concerned, the summer of 1911 was unique. The maxi- 
mum temperature of 100 deg. at Greenwich on August 9 is 
the highest recorded in the British Isles since the estab- 
lishment of comparable observations. The mean tempera- 
ture for the summer was also higher than for any similar 
period during the last 70 years. The maximum temperature 
of 96 deg. in July has only been slightly exceeded on 
two previous occasions, and the September temperature 
of 94 deg. has not previously been equalled during that 
month. So many hot days during the summer have 
never before been recorded. Mr. Harding further showed 
that the rainfall for the three summer months has only 
been smaller in three previous years during the period of 
seventy years, and also that the duration of bright sun- 
shine was greater than in any previous summer since the 
introduction of sunshine-recorders in 1881. As a conse- 
quence of the exceptional weather, the harvest was 
everywhere commenced at an earlier date than usual, and 
was aged concluded under the most favourable con- 
ditions. Theeffects of the drought, other than in relation 
to the water supply and vegetation, were very far-reach- 
ing. Sports of ali description were but little interfered 
with, and the summer will long be remembered as having 
been exceptionally fine for holiday-makers. 

A paper by Mr. W. Larden, describing some observa- 
tions which he has made on solar halos, was also read. 








INTERNATIONAL TABLE OF Atomic WetcuTs. — The 
new table of atomic weights for 1912, published by the 
International Committee, consisting of F. W. Clarke, 
W. Ostwald, T. E. Thorpe, and G. Urbain, suggests 
alterations in the atomic weights of calcium (Ca = 40.07, 
instead of 40.09, formerly accepted) ; erbium (Er = 167.7, 
instead of 167.4); iron (Fe = 55.84, instead of 55.85) ; 
mercury (Hg = 200.6, instead of 200); tantalum (Ta = 
181.5, instead of 181); vanadium (V = 51, instead of 
51.06); and admits niton (Nt = 222.4) as a new element. 
Niton is the gaseous emanation from radium, and is 
now recognised as an element of the nitrogen group, on 
the researches of J. W. Gray and W. Ramsay and of 
A. Debierne. The corrections made in the atomic weights 
of mercury and tantalum are large, and it is rather striking 
that half a unit should be added to so well-known an 
element as mercury ; there was doubt about tantalum, as 
it is very difficult to purify. The recognition of niton is 
still more striking; we described the determination of 
its atomic weight by Gray and Ramsay (with the aid of 
the micro-balance) in our account of the Sheffield meeting 
of the British Association, 1910. 





Earty Matcuers. —Some interesting information about 
the history of the match industry was given in the first 
meeting of the Chemical Society of this season by Mr. E. 
G. Clayton in a paper on ‘‘ The Characteristics and 
Chemical Composition of Some Early Matches.” Chemical 
matches, compounds like sulphuric acid and chlorates, 
which would ignite on being mixed, were used more 
than a hund years ago; a phosphorus compound, 
ignited by friction, is sup to have been intro- 

uced by Derosne, of Paris, in 1816. Mr. Clayton spoke 
of matches which he had been able to analyse, and 
he considered many generally accredited statements 
to be inaccurate. Samuel Jones introduced his ‘‘ Prome- 
thean” matches in 1828. They were chemical matches 
containing chlorate, sulphur, and lycopodium, and in the 
small glass tube sulphuric acid. He also made “friction 
lights” in 1832, containing sulphur, antimony sulphide, 
chlorate, iron oxide and gum, and called them ‘‘lucifers.” 
But friction lights were previously made in 1826 by John 
Walker; these were coated with sulphur, and ignited 
by being drawn through sand-paper. Phosphorus 
matches, ignited by being struck on the box, so-called 
** congreves,” were probably introduced by Sir W. 
Congreve, the inventor of the war rocket, early in 
the "thirties. They were chiefly taken up under that 
name in Germany and in Austria, and contained, in addi- 


tion toi ients already mentioned, frequently nitrates, 
powde glass, chalk, starch, and a blue dye. Phos- | 
phoric cigar-lighters came from Vienna early in the | 
fifties. The chlorate, we may add, was, about 1835, 


replaced by lead oxide, which Preshel (Vienna) mixed 
with nitric acid and dried ; stripsof red phosphorus paper 
were manufactured by Béttger in 1848 ; but they did not 
find favour until reintroduced from Sweden. 





WORKMEN’S COMPENSATION CASES. 
County Court. 


For many weeks the ng vacation was a season 
of complete suspension of all legal business in the High 
Court. It is true that ordinary litigation, especially 
cases under the Workmen’s Compensation Act, has 
occupied the county courts, but since our last notes it 
may be said that none of the reported applications pre- 
sented any points of interest to workmen or employers, 
and rarely any of legal interest to the public. 

The question ‘‘Is sunstroke an accident?” was a novel 
point which occupied the arbitrator at Preston, when the 
claim was heard on behalf of Margaret Wignal, the widow 
of J. R. Wignal, acarman in the mp | of R. Watson, 
a hay and straw dealer. The deceased died as the result 
of sunstroke sustained while at work. It was contended 
that the cause of death was not an accident for which the 
employer was responsible. On the other hand, it was 
argued on behalf of the widow that sunstroke was common 
to all employments, and that danger was more or less 
present if a man worked hard or if he did not. Such 
cases are governed by the same principle as that which 
has been made clear in cases of frost-bite or heat apoplexy 
to which a man is peculiarly ex by the nature of 
his employment. every such case the particular 
circumstances must determine whether sunstroke is to be 
deemed an accident arising out of the man’s work, and 
for which the employer is liable under the Workmen’s 
Compensation Act. If in the employment there is 
nothmg peculiar and different from that to which all 
workers are alike exposed, then there is no accident ; 
but if the workman was doing something in the course 
of his employment which by reason of his employment 
exposed him to peculiar danger, then the injury, as by 
frost-bite or heat apoplexy, is an accident. In the case 
before the Court, the » wee oe was shown to have suffered 
by extreme heat, involving more than the ordinary risk 
to which carters are exposed. The deceased’s death was 
incurred in the course of his employment, and as sun- 
stroke is known to be brought on by undue exposure to 
the sun’s rays, it did not arise in the ordinary course of 
natural causes, to which all men working in the sun are 
ex . The judge, following the decisions, awarded 
the applicant 171l. 12s., being the aggregate of three 
years wages. The fact that the deceased had carried 
seventy-two heavy trusses of hay in an hour and twenty 
minutes from the haystack to the lorry, on a hot summer 
day, exposed him to a danger that was not common, but 
peculiar to his particular employment at the moment. It 
a in justice an accident for which the employer was 
liable. 

Employee's Disobedience of Instructions.—It is a well- 
known rule under the Workmen’s Compensation Act that 
an applicant has no claim when it is proved he disobeyed 
orders. Some subtle differences were considered in the 
case at Rawtenstall County Court, when the mother of a 
carter on a farm claimed 150/. compensation for the death 
of her son, on whom she was dependent. The man met 
his death by drowning while watering his horses in a pond 
on the farm of his employers. The work was done in the 
course of the man’semployment. The employer stated that 
in this particular case the carter was instructed to avoid 
the pond, which was often polluted, and to get the water 
from a well. Had the man obeyed instructions, the acci- 
dent could not have happened. The man, for his own 
convenience, went to the pond, and in watering the horses 
he slipped into deep water and lost his life. In giving 
instructions the master made no mention of danger. The 
pond was the general watering-place for the horses, and, 
of course, there was no danger to the horses, who always 
refuse to drink polluted water. This, perhaps, was the 
carter’s reason for disobedience of orders, as going for the 
well-water was more troublesome, and the pond-water on 
this occasion not so objectionable as to be the subject of 
special orders. 

The arbitrator held the act of disobedience was proved. 
But it did not apply to the man’s course of employment. 
He watered the horses, as was his duty. That he did 
not obey the strict orders to avoid the pond-water did not 
mean disobedience of general orders arising out of the 
man’s employment. The fact that another carman had 
watered at the pond excused the deceased for not troubling 
about watering at the well. The carelessness of farmers 
and their employees is so frequent in respect of using 
polluted water instead of pure well-water, that it might, 
therefore, be unfair to assume that such carelessness of a 
farmer’s ignorant carman is tantamount to gross dis- 
obedience of orders to water horses only at well-water. It 
is hard, however, in the case of a farmer giving distinct 
and reasonable instructions to avoid polluted water, 
because of the’ danger, that he should “ penalised b 
payment of compensation to the careless workman’s 
dependants. A High Court judgment making the law 
on such points more definite would be of great advantage 
to county court judges and to employers. 

Court or APPEAL. 

Old and New Accidents not Contributory Causes of a 
Single Disablement.—The Workmen’s Compensation Act, 
since it became law, has been the subject of conflicting 
public opinion. and employers and men of business, who 
are largely influenced by party bias, incline to follow 
their political leaders in their views as to whether the 
results of the working of the Act are beneficent and just 
to the interests of industry, or whether the Act has been 
on the whole extravagant and unfair—requiring drastic 
amendment. The Court of Appeal alone gives a guid- 
ing opinion which is free from party bias and 1s of 
real permanent value. An — which raised a ques- 
tion of importance has been decided. The applicant met 
with an accident while at work as a riveter in 1902; he 
was in receipt of weekly payments, and did not resume 


Y | ordnance datum. 





his employment until the County Court held he cou 
do light work. The injured man carried on his “7 
as a caulker without feeling any ill effects from his acci- 
dent from 1903 to 1910, when a new foreman su ted 
he should use a heavy pneumatic hammer, which had 
the bad effect of inflaming the hand injured in 1902 
and in 1910 he claimed compensation for the former 
injury. 

This raised the question whether the accident was a 

contributory cause arising at different times. If the 
accident in 1910 was itself enough to cause the disable. 
ment, and the employer thus knew of the injury in 1902 
being =a to contribute to the cause of the injury in 
1910, would this enable the injured man to go against the 
employer of 1902, and leave the employer of 1910 un- 
touched ? The Master of the Rolls was of opinion that the 
employer of 1910 alone was liable, and that the accident 
of 1902 was not a contributory cause. The County Court 
Judge had misdirected himself, and the Court of Appeal 
reversed his judgment. It is not to be supposed that it 
may take two accidents at different times to make one 
disablement. The circumstances of the two accidents are, 
of course, independent, and have no relation to one 
another. 
_ If the first employer be made responsible for a certain 
injury at a certain time, and his liability ends when the 
disablement is ended, then it is absurd to say that a 
predisposition to a similar injury arises out of a con- 
tinuing incapacity, and that a similar accident years ago 
under an old employer is to be counted as part of the 
contributory cause of the second accident. 

Sunstroke may be an Accident.—This question has now 
been settled in the Appeal Court. It has been held, as 
set forth in the previous case, that if, in the course of 
his employment, a workman is exceptionally exposed to 
the rays of the sun, the sunstroke is an accident within 
the meaning of the Act, and the employers are liable. 
Thus, where a man in his work is exposed to risk to 
which all workers in the sun are not equally liable, then 
the sunstroke is an accident arising out of the work- 
man’s employment. The case of Davies v. Gillespie, in 
which there was an appeal by the respondents from an 
award of the Salford County Court, raised the question 
whether an attack of sunstroke from which the applicant 
suffered was an accident within the meaning of the Act, 
and arose in the course of hisemployment. The appli- 
cant was a ship’s officer on boar the appellants’ ship, 
who, while superintending the loading of cargo in the 
heat of a West Indian sun, suffered after five hours 
exposure one day an attack of sunstroke, which caused 
partial blindness. 

It was argued that his duties did not expose him to an 
exceptional risk at his work. But the Court of Appeal 
held that any peculiar and exceptional exposure arising 
out of the man’s work was an accident for which his em- 
ployers were liable. Europeans would not be exposed 
to an Indian sun for hours on the steel deck of a ship 
without suffering an exceptional risk, and it was this 
which produced the attack of sunstroke, which, though 
not unusual in the tropics, was an accident to which a 
European is only exposed in the course of his peculiar 
employment, and is an accident in the course of his 
pe ing ng for which the shipowners were responsible 
under the Workmen’s Compensation Act. 








WarRRINGTON Brincr.—After having been under con- 
sideration for a long time, the reconstruction of the 
above bridge is to be be carried out, Royal assent having 

m obtained, the contract let, and a commencement 
made. The existing bridge is in good condition, and is 
a fine stone structure, but is much too narrow for the 
rae traffic, especially as two tram-lines cross it. 
Videning of the existing bridge was considered, but 
rebuilding in reinfor concrete was decided on. The 
new bridge will be the fourth to be built over the Mersey 
at this point, the first of them being constructed in 1496 
by the first Earl of Derby. The new bridge has been 
designed by Mr. John J. Webster, M. Inst. C.E., of 
Westminster, who adopted the Considére system of 
reinforcement. The bridge will consist of one arch span, 
134 ft. clear between the abutments, with a width 
between the parapets of 80 ft. There will be a 60-ft. road- 
The arch will consist of 


way and two 10-ft. footways. _ 
eight main ribs and two outer ribs, vertical ts on the 
ribs supporting the main longitudinal and transverse 


beams of the roadway deck or flooring, upon which will 
be laid Jarrah wood blocks for the roadway and grano- 
lithic slabs for the footway. The ribs will be parabolic 
in form, their underside at the centre of the span being 
17.42 ft. above low-water level, which is 9 ft. above 
The centre line of the rib at the spring- 
ing will be 5 ft. 6 in. above low-water level. The depth 
of the main ribs normal to the centre line at a point 5 ft. 
from the abutment is 3 ft., the width being 3 ft. 9 in., 
and the section at the centre 2 ft. 9 in. deep a ts ft. 9 in. 
wide, the ribs having cross ribs at intervals. The whole 
of the structure will be monolithic, the reinforcement 
consisting throughout of steel rods of varying diameter. 
The abutments are built on Considére concrete piles, 
spiral -reinforcement being adopted. The vertical steel 
reinforcing-rods of the piles are carried into the abutments. 
The top and bottom reinforcement of the main ribs con 
sists of steel bars running longitudinally the whole length 
of the ribs, the diameter and number varying according 
to the stresses. The floor under the footpaths will be of 
special construction so as to receive three water-pipes, 


|} each 1 ft. 6in. in diameter, three gas-pipes 1 ft. 6 im. in 
a 


diameter, compressed-air pipes, telegraph and telephone 
cable ducts, &c. The cost of the bridge is estimated to 
be about 20,000/., and it is to be completed within two 
years. The contractors for the work are Messrs. Alfred 
Thorne and Sons, Westminster. 
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WATER-POWER WORKS. 


Ar the meeting of the Institution of Civil Engineers, 
held on Tuesday, November 14, the President, Dr. W. C. 
Unwin, occupying the chair, two papers on water-power 
works were read. Of these papers we subjoin abstracts : 

The Loch Leven Water - Power Works. 
By A. H. Roperts, M. Inst. C.E. 

The Loch Leven Water-Power Acts were obtained in 
1901 and 1904, authorising the construction of works to 
utilise the rainfall of the western slope of Rannoch Moor 
for power for industrial purposes. The scheme possesses 
a number of advantages, including large catchment area, 
heavy rainfall, and high head, all in proximity to the 
seaboard. The author refers to the usual water-works 
practice of reckoning only upon the mean rainfall of the 
driest three consecutive years, and suggests that in 
power schemes of this character it might often be possible 
to obtain a greater ro ing of power with the same ex 
penditure. This could be effected by installing extra 
units of power plant (turbines, &c.), making a uction 
in the height (and theréfore in the cost) of the storage 
dam, and arranging to work the extra power in wet 
seasons, ° 

The catchment area for the Loch Leven Works is the 
basin of the River Blackwater, and is 55 square miles in 
extent, lying between Lochs Treig, Ossian and Rannoch 
and Glen Coe. Rain-gauges established in 1905 and 1906 
have given average readings of over 70 in. for the Black- 
water basin and 80 in. for Kinlochleven. No compensa- 
tion water had to besupplied, this feature greatly increas- 
ing the available power. The site of the reservoir is 
favourably contoured for storage pu: , and the full 
reservoir 1s about 74 miles in length and 4 mile in breadth. 
Its greatest depth is 75 ft., and it impounds over 20,000 
million gallons of water. The Blackwater dam is 3112 ft. 
in length, with a maximum height of 86 ft., its top surface 
being 1068 ft. above Ordnance datum. About half its 
length is formed as a waste weir in six horizontal 
steps of 6 in. each. The foundation is of an excep- 
tionally sound character; only a few feet of the sur- 
face beds had to be removed to obtain a satisfac- 
tory foundation. The plant and materials required 
for the construction were brought by sea to the wharf 
and carried thence to the dam, &., by an overhead 
cableway and a overland railway of 3-ft. gauge, which 
latter included two rope inclines. The cableway was 
driven by a Pelton wheel at the foot of the Falls of 
Leven. The dam is built of large blocks of stone em- 
bedded in a matrix of ordinary concrete, with fine con- 
crete facework. The bulk of the cement was of rotary- 
kiln manufacture, and exhibited certain characteristics, 
which are described. Cracks due to the contraction of 
the concrete appeared after the dam was built, traversing 
it vertically from top to bottom. Reference is made to 
the question of inserting contracting-joints in large dams. 
The valve-tower contains six valves of the three draw-off 
pipes, the spindles being carried up to the valve-house 

above top-water level. The draw-off pipes lead to the 
upper penstock-chamber, whence the water is delivered 
over a measuring-weir into the conduit. 

Water is conveyed to the pipe-track by this conduit, 
which is 34 miles in length ; it is of square section, 8 ft. 
by 8 ft., and is laid to a general gradient of 1 in 1000. 
The construction consists for the lower part of a channel 
excavated in the rock and lined with concrete, while the 
work above rock level is of concrete reinforced with 
expanded metal and round bars. Expansion joints are 
inserted in the walls at intervals of 64 ft. Contraction 
cracks, however, appeared midway between these joints, 
until the conduit was brought into use, after which they 
closed up entirely. The arrangements for the main- 
tenance of the natural surface drainage are described, 
and also the methods of shuttering and concreting the 
work. Along the route of the conduit, and above 
the same, lies a catchment area of 34 square miles, with 
a rainfall of about 75 in., the greater part of which 
is drained by three streams. These have been laid 
under contribution by collecting their water and turning 
it into the conduit. A description is given of their 
intake works and of the automatic valves for throwing off 
superfluous water. Electrical transmitters and recorders 
indicate to the valve keepers at the lower penstock 
chamber the changes taking place in the contribution of 
the side-streams, enabling them to take advantage of the 
extra water and reduce the draw-off from the reservoir, 
thus storing an equivalent quantity of water in the reser- 
voir. The conduit discharges its water into the lower 
penstock-chamber of about 300,000 gallons capacity, where 
it 1s measured and delivered to the pipes as required. 

From the penstock-chamber water is conveyed to the 
pwer-house in six welded-steel pipes, of 39 in. diameter. 
he track is 1} mile in length, and the fall of 935 ft. 
yields a normal static pressure of 406 Ib. per sq. in. The 
pipes are laid upon concrete pedestals, and at the bends 
there are heavy concrete anchorages to resist the thrusts 
of the water and pipes. The pipes are made from one 
plate welded longitudinally, and vary in thickness from 
1) mm. (0.394 in.) at the top of the hill to 22 mm. (0.866 in.) 
at the foot. With the exception of flange-joints in special 
positions, the whole line is jointed with a special ‘‘ muff” 
joint, a form of spigot and sockets with joint-rings for 
securing the packing material. Expansion is thus accom- 
modated at every joint. The pipes were brought to the site 
by an overland railway laid up the hill alongside the track, 
and were lifted into position by specially-adapted derrick- 
cranes. Water is distributed from the six main pipes to 
the various turbines by a system of pipes, comprising two 
omnibus pipes and six feeders, all of 39 in. diameter. 
Each ‘‘ bus” pipe, with its three feeders, forms one 


com 


= c= system, the two systems being at different 
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bus-pipe feeds each turbine. The main valves which 
control the supply of water to the distributing pipes are 
of ordinary sluice-valve type, but specially designed to 
meet the combination of large diameter and high pres- 
sure. They are hydraulically worked, and are fitted with 
operating gear and automatic closing appliances, together 
with a mechanical device for controlling the speed of 
closing. At the top of the pipe-track, immediately below 
the penstock chamber, automatic cut-off valves have been 
installed, of the usual ‘‘ butterfly” pattern, to stop the 
flow of water in the event of a burst occurring on the main 
pipe-lines. At the summit of a slight elevation in the 
main-line air-valves have been fixed of a special design 
to allow large quantities of air to in or out, as 
required, when filling or emptying pipes. The tail-race 
is of concrete, the channel leading to an outfall in the 
River Leven. 
The Company have constructed a wharf and a jetty, 
both of timber, in Loch Leven; and have dredged a 
channel through the Loch Leven narrows. A domestic 
water supply has been installed for the village and 
factories of Kinlochleven. It comprises a storage reser- 
voir with concrete dam in a neighbouring valley, pipe 
line, a service reservoir of reinforced concrete, and dis- 
tributing mains. The dam at present is only carried u 
to half its ultimate height; this, when completed, will 
be 55 ft., and itslength will be 440ft. Contraction joints 
are provided, and have proved efficient in preventing the 
occurrence of cracks. 
The works described in the paper have cost about 
600,0007., and are now the property of the British 
Aluminium Company. The electrical plant in the power- 
house forms the subject of another paper (see below). 
The construction was begun in August, 1905, and the 
factory commenced working in February, 1909. The 
engineers were Messrs. Thomas Meik and Sons, and 
Messrs. Kennedy and Jenkin, in collaboration with 
Mr. W. Murray Morrison, the manager and technical 
adviser of the company. The principal contractors were 
Sir John Jackson, Limited, and there were other sub- 
sidiary contracts. The author was resident engineer. 





The Hydro-Electric Plant in the British Aluminium 
Company’s Factory at Kinlochleven. 


By F. B. Sonnenscnein, Assoc. M. Inst. C.F. 


This paper deals briefly with the plant erected in the 
power-house at Kinlochleven, other than that which is of 
standard design in England, and a detailed description 
of the tests made on the turbines and generators is given. 
The aggregate power installed is 30,660 horse-power at 
the generator couplings, the generators being capable of 
a@ maximum output of 21,088 kw. Nine main units and 
two exciter units are erected, each unit consisting of a 
turbine and two generators. The main turbines are of 
the Pelton-wheel type, with two water jets, and are de- 
signed to give 3200 brake horse-power as a maximum; each 
drives two generators coupled in parallel, and having an 
output up to 2200 kw. together. The two small exciter units 
are also of the Pelton-wheel type, each driving a pair of 
generators on one shaft. These consist of an ex¢iter and 
lighting machine, capable of giving an output up to 
550 kw., and a traction machine up to 94 kw. capacity. 
All the connections between the generators, furnaces, &c., 
are made of bare aluminium strip. The feeders and dis- 
tributors for lighting and power in the village and on the 
railway and wharves are also made of bare stranded alu- 
minium cables erected on poles, and this metal has been 
found to be perfectly satisfactory under all conditions, 
Efficiency and governor tests were carried out on the 
main units, and governor tests on the exciter units, as 
follow :—An iron wire resistance was used for absorbing 
the electric energy, and was placed in the tail-race, heing 
kept cool by the discharge water. Below the resistance 
a hook-gauge was suspended for measuring the head over 
a weir. A gate constructed in the tail-race could be 
closed at will, thus forming a reservoir to measure the 
quantity of water passing over the weir at varying 
heads. After the weir curve was known, measurements 
were taken of the output of the generators at varyin 
loads, and from these figures the efficiencies were cal- 
culated. The results obtained showed that the tur- 
bines did not quite reach their anticipated output, and that 
their efficiency was slightly below that guaranteed by the 
makers. Further tests are described, in which the areas 
of the jets were increased in size. It is shown that the 
efficiency was improved about 2 per cent. by increasing 
the area of the lower jet, but keeping the top jet of the 
original size, and by this alteration the turbines were 
enabled to give the specified output at the guaranteed 
efficiency. 

The governing tests are then described. The specified 
limits for the variations in water-pressure and speed are 
enumerated, and the natural conditions are given under 
which these results had to be obtained. It was found 
during the tests that the generators were liable to flash 
over if the voltage increased excessively, and that they 
were also liable to flash over if & circulating current flowed 
round the two armatures of the dynamos on the same 
shaft running in parallel, when load was thrown off. An 
electrical protective device was therefore designed and 
fitted to each pair of generators, which automatically 
breaks the field circuit when either of these two condi- 
tions arises. 

Messrs. Escher Wyss and Co. supplied the turbines, and 
Messrs. Dick, Kerr, and Co. the dynamos. The author 
acted as resident engineer for Messrs. Kennedy and Jenkin. 





A Canapian Canat Bripcr.—The Canadian Pacific 
Railway Company has adopted a design of the Strauss 
Bascule Bridge Company, of Chicago, for a 336-ft. double- 
leaf single-track bascule for the United States ship canal 


THE BOOTH PASSENGER LINER “ AIDAN.” 


THE steamer Aidan, built by the Tyne Iron Shipbuild- 
ing Company, Limited, Willington Quay, and engined by 
the Wallsend Slipway and Engineering Company, for the 
Booth Steamship Company, Limited, Live l, com- 
pleted her trials on Tuesday, the 14th inst., off the Tyne, 
and p ed to the Mersey to take up her station on the 
owners’ passenger and cargo service from Live 1 to the 
Amazon, and thence to New York and back to Liverpool, 
a round voyage of approximately 15,000 miles. The vessel 
is of the shelter-deck type, with long bridge, and embodies 
the best present-day practice. The dimensions are :— 
Length over all, 390 ft.; length between perpendiculars, 
376 ft. ; breadth (moulded), 50 ft. ; depth (moulded) to upper 
deck, 26 ft.; depth (moulded) to shelter deck, 33 ft. 9 in.; 
load draught, 23 ft. 6 in.; dead-weight capacity, 6300 
tons ; gross tonnage, 4550 tons ; net tonnage, . 

There are two decks, a cellular double bottom right fore 
and aft, eight bulkheads, and five large holds, indepen- 
dent of refrigerating space of 2200 cub. ft. capacity. On 
the upper deck amidships are cabins for forty-six first-class 
seen, and extensive public rooms, and aft accommo- 

ation for one hundred third-class passengers. The holds 
are designed for large and heavy units of cargo, and in- 
cluded in the handling plant is a 45-ton derrick. The 
water-ballast tanks have a capacity for 1500 tons, and the 
bunkers hold 2200 tons of coal, so that the vessel can carry 
fuel for the complete round voyage. 

The propelling machinery consists of a set of triple- 
sm ey engines of very substantial design. he 
cylinders are respectively 24 in., 40 in., and 67 in. in 
diameter, with a common stroke of 48 in. Piston-valves 
are fitted to the high-pressure and the intermediate 
cylinders, and a slide-valve to the low-pressure —_-. 
The large forgings throughout have nm supplied by 
Messrs. John Spencer and Sons, of Newburn-on-Tyne, 
and are of their hydraulic forged ingot steel. The pro- 
peller, which is of the built type, is fitted with four 
manganese-bronze blades. The condenser, constructed 
entirely independently of the framing of the engines, but 
secu thereto largely as a matter of convenience in 
erecting the machinery in the shops, is of Weir's 
**Uniflux” type, built of steel plates. The condensing 
plant is capable of maintaining a vacuum of 27 in. when 
the machinery is working at full power. 

There is a complete installation of auxiliary machinery. 
Steam is supplied by two main boilers, 16 ft. inside 
diameter by i ft 8 in. long, the working pressure being 
180 lb. per sq. in. Each boiler is fitted with three fur- 
naces of the Deighton type. The boilers are arranged to 
work under Howden’s forced-draught system. The 
necessary air under pressure is provided by a double-inlet 
fan driven by two single-cylinder engines, one of which 
is capable of doing the whole of the work. The funnel 
is 90 ft. in height from the base of the vessel. 

On the measured mile off Whitley a s of over 12 
knots was attained running light. his result was 
assumed to be amply sufficient to ensure a speed of 104 
to 11 knots loaded in service. During the trial the owners 
were represented by Mr. J. A. Fisher, and the engineer- 
ing superintendent, Mr. W. Beckett; the shipbuilders 
by Mr. G. F. Mulherton, general manager and secretary, 
and Mr. J. Bourn; and the engine-builders by r. 
Andrew Laing, director and general manager of the 
Wallsend Slipway and Engineering Company, Limited. 








ENGLISH PuRCHASES OF SweEpIsH Prat Drposits.— 
An English syndicate has recently bought the lar 

Dumme peat deposits, near Jiénképing, Sweden, for the 
purpose of utilising the peat for the manufacture of spirit, 
and since then the extensive Stora peat deposits and the 
Tynge pone deposits, both near Vernamo, have also been 
sold, likewise, it is understood, to an English syndicate. 





TELEPHONES AND THE Post Orrick.—The question of 
introducing a cheaper form of telephone service in sparse] 

populated rural districts has been under consideration by 
the Postmaster-General, and it is thought by this means, 
and with the aid of agricultural associations, to assist the 
agricultural classes without burden to other tax-payers. 
Arrangements have been made whereby telephone sub- 
scribers may have the advantage of redu rates for 
trunk calls outside busy hours. The concession is made 
for half-hourly periods when the traffic is light, generally 
before 9 a.m., between 1 p.m. and 2 p.m., and between 
5 p.m. and 6 p.m. on weekdays, excepting Saturdays. 
Provision is being made for the transfer of the staff of the 
National Telephone eng to the Post Office service, 
and the whole staff, except those in receipt of as much 
as 7001. a year, will be taken over on January 1, 1912, 
subject to certain conditions as to physical] fitness, and in 
the case of those with less than two years’ service, as 
to efficiency and conduct. During the year ending 
March 31 last the number of suggestions from Post 
Office servants brought to the notice of the Awards 
Committee increased by 60 per cent., and about one 
hundred of these suggestions have been adopted. Awards 
were given in 120 cases for suggestions made, The 
only telephone systems now existing which belong to 
local authorities and maintain an independent existence 
are those of Hull and Portsmouth, which belong to the 
Corporations of these towns, and the Guernsey telephone 
system. The licenses of Hull and Guernsey expire on 
December 31 next, bnt in the case of Portsmouth not until 
1926. The Corporation of Portsmouth is said to be 
unwilling to sell its system to the Post Office, or to pur- 
chase from the Post Office the plant belonging to the 
National Telephone Company, and it may therefore be 
necessary for the Post Office to become a competitor of 
the Corporation, as the National Telephone Company 
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COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


We give below s number of colonial and foreign en- 
gineering projects, further data concerning which can 
obtained from the Commercial Intelligence Branch, Board 
of Trade, 73, Basinghall-street, London, E.C. 

Canada: According to the Monetary Times, Toronto, a 
scheme is on foot for the utilisation of a large portion of 
Lulu Island (Vancouver) for railway terminal facilities. 
The proposal is to reclaim some of the tide flats and con- 
struct a tunnel 5 miles long into the town of Vancouver. 
The Monetary Times also states that a charter has been 
granted to Mr. J. D. McArthur, behseay on - for the con- 
struction of a railway from Edmonton through the Pine 
River Pass to Port George. 

South Africa: An extraordinary issue of the Union 
Gazette, contains the text of the Irrigation and Conserva- 
tion of Waters Bill. This Bill provides for the establish- 
ment of an Irrigation Department for the Union, with 
powers to supervise, construct, and control irrigation 
works ; and lays down regulations for the organisation 
and control of the use of water for irrigation and indus- 
trial purposes. It also provides for loans to be made by 
the State to individual owners of land, and to Irrigation 
Boards for the purpose of carrying out irrigation works. 
No such loan is to be made in respect of works to cost 
more than 30,000/. without the previous consent of the 
South African Parliament. 

Australia: According to the Age, Melbourne, a Bill 
was in the Victorian Legislative Assembly on 
October 3 authorising the Government to raise a loan of 
2,000,000/., to be expended as follows :—Construction of 
railways and tramways, works on existing lines, and 
rolling-stock, 1,650,000/.; country water works, 300,000/. ; 
other public works, 50,0002. H.M. Trade Commissioner 
also reports that a Victorian Royal Commission, 
appointed to consider the proposal to construct new 
railways on the western border of Victoria so as to make 
connections with the South Australian railway system, 
recommends in its report the construction of a line 59 miles 
long from Heywood (Victoria) to Mount Gambier (South 
Australia), at a cost of 204,600/., and of a line 17 miles 
long from Murrayville (Victoria) to Pinnaroo (South 
Australia), at a cost of 45,7001. Similar recommen- 
dations have been made by a South Australian Royal 
Commission working in conjunction with the Victorian 
Commission. The recommendations will be brought 
before the Parliaments of the two States in due 
course, and it is anticipated that they will be adopted. 
The second reading was moved of the Water Supply 
Loans Bill, providing for the expenditure of 431,233/., of 
which a Jarge part is a re-vote from last year. Advances 
amounting to 79,931/. are to be made to thirty-six water 
trusts in different parts of the State, 15,005/. is provided 
for the irrigation trust at Mildura, 107,000/. for main 
channels leading from Goulburn Weir, &c., 210,0001. for 
various water supply and irrigation works, &c. (The 
second reading was also moved of the Railway Loan 
Application Bill, providing for an expenditure of 
3,358,145. (of which 1,373,222/. is a re-vote from last 
year), including 1,220,166/. for additions and improve- 
ments to ways and works, 1,107,046l. for additional 
rolling-stock, and 865,237/. for railway construction. 

Netherlands: The Niewwe Rotterdamsche Cowrant 
notifies that the Stoomtrammaatschappij Breskens- 
Maldeghem has applied for powers to construct and 
work a section of light railway, 44 miles long, from Oost- 
burg to Cadzand. The Bill which has been submitted 
for the above purpose provides for various communal 
subsidies and a State subsidy of 60,000 gulden (5000/.), 
which represents one-third of the cost of construction. 

Luxemburg: The Reichsgesetzblatt, Berlin, contains 
the text of an agreement between the respective legisla- 
tive authorities of Germany and Luxemburg, under the 
terms of which a railway is to be constructed from 
Vollingen to Riimelingen via Oettingen. 

Spain ; The October number of the report of the British 
Chamber of Commerce for Spain states that, with the 
support of the Spanish Government, several Spanish 
y= gene are considering the construction of a large 
fishing port on the North-East Coast, with commercial 
entrepots for the supply of provisions to the fishing-craft, 
repair-docks, and ice factories. 

Brazil; The Diario publishes the following decrees :— 
No. 9046, opening, in favour of the Ministry of Commu- 
nications and Public Works, a credit of 1,300,000 milreis 
(about 87,000/.) to meet the expenses in connection with 
the construction of a section of the Central Railway of 
Brazil—viz., from Sabard to Ferros. No. 9049, approving 
the plans submitted by Messrs. Florisbello Leivas, André 
Virissimo Rebougio, and Jo&io Baptista Garcez, for the 
construction of a section of railway, 334 miles long, from 
Basilio, forming part of the railway from Jaguario to 
Basilio. The cost of this section is estimated at 4,705,000 
milreis (about 314, 000Z. ). 





JOURNAL OF THE BRITISH FimE-PREVENTION CommIT- 
TEE.—In the sixth number oi this journal may be found 
tabulated results of fire-tests on floors carried out by the 
British Fire-Prevention Committee. They are given in 
such a way as to record the principal facts of each investi- 

tion in a concise form. Twenty-eight floor tests are 

ealt with, and are classified in accordance with the 
‘Universal Standards” of fire resistance. The tables 
given, in the first place, are intended for the committee 
members and subscribers, but the information is, no 
doubt, of service to public authorities and professional 
societies outside the committee ; and a limited number of 
copies will therefore be available for the public. They 
may be obtained from the British Fire-Prevention Com- 
mittee, 8, Waterloo-place, Pall Mall. 
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CATALOGUES. 


Moulding-Machines.—We have received from Messrs: 
J. W. Jackman and Co., Limited, of Caxton-House, 
mphlet illustrating and giving 
some particulars of moulding-machines, with and without 
turnover pattern-plates, for hydraulic or hand-power. 
The pamphlet deals with gear-wheel moulding- 
machines, jolt-ram, and vibrator moulding - machines, 
hydraulic and hand-power core-presses, and other foundry 
plant. Dimensions, weights, and capacities of the various 
machines are given in tabular form. 

Engine Governors.—A catalogue of their well-known 
vernor-gear has come to hand 


engine governors and om« 
from Messrs. Wilson Hartnell & Co., Limited, Volt 
Works, Leeds. These governors are suitable for con- 


trolling trip gears, expansion valves, or equilibrium 
throttle valves, on all kinds of steam engines, turbines, 
and internal-combustion engines ; they can be constructed 
with any degree of sensitiveness. Particulars are given 
of the various patterns made, prices being stated in each 
case. Some notes on governing are also included in the 
catalogue. 


Smiths’ Tools, Forges, Blowers, Furnaces, &c.—We have 
received from the Alldays and Onions Pneumatic Engi- 
neering Company, Limited, Great Western Works, Bir- 
mingham, a copy of an illustrated catalogue of their 
manufactures for use in the motor-car and cycle trades. 
These include vices, portable forges and smiths’ hearths, 
brazing hearths, blow-pipes, fans and blowers, smiths’ 
tools, stocks and dies, &c. Particulars of case-hardening, 
annealing and tempering furnaces, fired with coal, coke, 
gas, or oil, are also given in this catalogue. Prices are 
stated for all the articles dealt with. 


Revolving Shutters and Shop-Fronts.—Messrs. S. W. 
Francis and Co., Limited, 64, &c., Gray’s Inn-road, W.C., 
have sent usa copy of their catalogue and price-list of 
steel, iron, and wood revolving shutters, and all kinds of 
fittings for shop-fronts. Several designs for complete 
shop-fronts are illustrated, and sections of brass-covered 
sash-bar mouldings, and brass stall-plates, are shown, as 
well as designs for metal caps and bases for pilasters and 
columns, letters for fascias, &c. [Illustrations of port- 
able grills for protecting shop windows, collapsible steel 
gates, — wrought iron fire-proof doors, are also included 
in this list. 


Cranes.—Sir William Arrol and Co., Limited, Dalmar- 
nock Iron Works, Glasgow, have issued a book illustrating 
examples of cranes, &c., constructed by them. The 
illustrations, which are reproduced from photographs, 
show large hammer-head cranes, tower-cranes, floating- 
cranes, shipyard derricks, gantry - cranes, locomotive- 
cranes, railway breakdown cranes, overhead travellers, 
traversers, capstans, &c. The book also shows examples 
of complete crane equipments for ae berths, 
Temperley grabs and transporters, overhead trolley-hoist 
en, and other plant for handling materials of 
all kinds. 


Friction-Clutch.—A pamphlet illustrating and describ- 
ing the Benn friction-clutch has m forwarded to us 
from the Unbreakable Pulley and Mill-Gearing Com- 
pany, Limited, of West Gorton, Manchester. This 
clutch consists of a cylindrical chamber keyed on the 
driven shaft, enclosing a to which two annular 
friction-plates are secured by feathers. The boss is 
keyed on the driving-shaft, and the friction-plates can 
be moved axially in opposite directions by means of a 
toggle mechanism, so that they come into frictional con- 
tact with the ends of the chamber, and thus transmit the 
drive. Among the advantages claimed for this form of 
clutch, it is mentioned that its action is independent of 
centrifugal force, it has no projecting parts, is self-locking 
both in and out of gear, and is very easily adjusted for 
wear. This latter operation is effected by screwing in 
the plate which forms one end of the cylindrical chamber. 
The pamphlet gives full particulars, including dimen- 
sions, prices, and capacities of these clutches, and also 
deals with alternative arrangements of actuating gears. 


Power-Transmitting Appliances.—We have received 
from Messrs. Croft and Perkins, Limited, of Thornbury, 
Bradford, a copy of their latest catalogue and price-list 
of appliances for power transmission. The book contains 
over 650 measuring 5 in. by 7 in., and is bound 
in limp cloth covers. It is divided into fifteen sections 
and is provided with a thumb index, so that any of the 
sections can be very easily found; a complete index is 
also included. The first few sections deal with shafting, 
collars, couplings, universal joints, plummer blocks, 
hangers, brackets, wall-boxes, &c.; while those following 
give particulars of all kinds of pulleys and other appli- 
ances for belt and rope-driving. Later sections relate to 
fearing, friction gears, head-gear pulleys for mines, fric- 
tion clutches and operating mechanism, speed-varying 
gears, right-angle drives for shafting, &c., and the book 
concludes with a number of useful tables and a glossary 
of foreign technical terms. Altogether this catalogue 
forms a very complete compilation of modern practice in 
mill-gearing, and the information it contains should render 
it of great assistance to all designers and users of plant 
for the transmission of power by mechanical means. 





Rattway EMPLOYMENT (PREVENTION OF ACCIDENTS) 
Act, 1900.—The Board of Trade have made a rule in pur- 
suance of the above-named Act with respect to the sub- 
ject of brake levers on both sides of railway wagons, being 
the first of the matters specified in the schedule to the 
Act. Copies of the rule will be placed on sale at an early 
date. In the meantime a limited number of copies may 
be obtained at the Offices of the Board of Trade, 7, White- 
hall-gardens, London, 8. W. 





ON THE MAXIMUM DIMENSIONS OF 
SHIPS.* 


By Sir Witu1am_H. Warr, K.O.B., F.R.S., D.Sc., 
LL.D., D.Eng., Honorary Member. 

It has been thought desirable, during the present 
meetings, to initiate a discussion on probable growth 
in dimensions of ships, and I have been requested to 
introduce the subject. Having given close attention 
thereto for many years, I have acceded to this request, 
and have prepared the following notes, which may serve 
as a basis for discussion, although they do not profess to 
cover the whole ground which may be discussed. The 
subject is undoubtedly important ; it has an interest for 
naval architects, shipowners, dock and harbour autho. 
rities, travellers, and all classes of engineers. What seem 
to be chiefly needed are reasoned replies to certain 
questions :—1. Is it probable that the dimensions of ships 
will continue to grow at the rapid rate which has pre- 
vailed in recent years? 2. Will an upper limit to the 
sizes of ships be reached? 3. What considerations, if 
any, are likely to determine such a limit, for either mer- 
chant shipsor warships? _~ 

In view of the greatly accelerated rate of increase in 
dimensions which has occurred during the present cen- 
tury, and is indicated by Tables I. and II., one may well 
ask, Whereunto will this thing grow? Probably the 
most useful procedure will be to make a detailed state- 
ment of facts and principles, which will, for the most 
part. command general assent ; and in doing so it may 
not be out of place for me to state my own conclusions on 
points of controversy. 

I. It will be agreed that the law of growth in dimen- 
sions has operated hitherto on all classes of ships, and 
that its action has, on the whole, been beneficial. Members 
of this Society treat as axiomatic the statement that 
economy in propulsion and over-sea transport has been, 
and always will be, promoted by increased dimensions. 
The actual influence of such an increase has, in many 
cases, been masked or made less obvious by concurrent 
changes in other factors and features of ship construction, 
but it has been none the less felt. Stronger materials of 
construction have been made available; more efficient 
types of machinery and propellers have been devised, 
higher steam-pressures have led to greater fuel economy, 
and higher rates of revolution have favoured relatively 
lighter propelling apparatus. But after each such im- 
provement has been introduced and utilised, the law of 
growth in dimensions has inevitably reasserted its claims 
on naval architects, and been again brought into opera- 
tion in order to secure still further advantage in respect 
of speed, carrying power, or other features of ship design. 
Successive vessels belonging to each and every class have 
been made larger than their predecessors. Excellent 
illustrations of this general law may be found in the 
development of the smaller classes of war-vessels during 
the last twenty years. Submarines also furnish illustra- 
tions of the working of that law.+ The same general law 
has been at work in the mercantile marine. Many small 
ships continue to be built, but there is a universal up- 
ward tendency in size. 

II. It must be noted, however, that, notwithstanding 
the remarkable developments of the last ten years, the 
number of ships of extremely large dimensions is rela- 
tively few. hese great ships naturally attract most 
attention ; they are admittedly essential to the perform- 
ance of special services; but the carrying trade of the 
world is mainly done by vessels of moderate dimensions. 
The British mercantile marine in 1910 owned 11,495 steel 
ships of 100 tons (gross) and upwards. Of these only 328 
ships individually exceeded 7000 tons (gross), 107 exceeded 
10,000 tons, and 20 exceeded 15,000 tons. The enormous 
preponderance in numbers of ships of moderate dimen- 
sions has resul from the operation of purely com- 
mercial considerations, which have similarly influenced 
all mercantile marines. Whatever may be the future 

wth in size of the largest ships built for special services, 
the bulk of the maritime business of the world will always 
be done by ships of relatively moderate dimensions, and 
they will continue to the largest contributors to the 
revenues of port and harbour authorities. This fact, as 
will be shown hereafter, may have an important influence 
upon the upper limit of dimensions of merchant ships. 

III. Naval architects will agree that, provided the 
money is forthcoming for building still larger ships, their 
construction will be possible; and that considerably in- 
creased dimensions will present no serious difficulty, even 
if the materials for shipbuilding already available were 
not improved upon. 

IV. Existing physical conditions in the seaports, 
harbours, and docks of the world necessarily impose 
limits on the draught of water of ships. Much has been 
done, at great cost, to improve accommodation and to 
provide increased depths of water; but it is well recog- 
nised that the increase in dimensions of ships above 
descri has been chiefly in lengths, breadths, and 
moulded depths ; the increase in draughts of water when 
fully laden has been relatively small. Since 1899 the 
lengths and depths of trans-Atlantic steamships have 
been increased about 30 per cent., breadths have been 
increased nearly 40 per cent., but deep load-draughts by 
only 10 per cent. This disproportionate increase In 
draught of water has imposed difficulties and disadvan- 
tages on the work of ship design which need not be dwelt 
upon. Shipowners find themselves debarred from loading 
many existing vessels to the full draughts to which they 
might be safely laden were there sufficient depths of 
water at terminal ports and were cargoes available. The 
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rnin wers of ships are thus lessened, and in these 
circumetances it is natural that a demand should have 
arisen, and should still continue, for B cep depths of 
water and better accommodation for ships of the largest 

Ze. - 
e While shipowners and shipbuilders urge upon authori- 
ties and proprietors of harbours and docks the necessity 
for prompt and liberal action, the latter may well be 
pardoned if they do not immediately respond to the 


which would be needed to carry out these great engineer- 


the moment 40 ft. of water at low tide seems to be 
the maximum contemplated ; and most ports are content 
with less, especi 
Keen rivalry between great seaports has hitherto greatly 
influenced both policy and ormance on the part of 
authorities, and “ iven shipowners and shipbuilders 
practically what they 





‘community, and not the profit of a particular section, 


ing works will be followed by a corresponding and adequate | ought and will determine what is done eventuall, 


increase of revenue. The difference in point of view is 
natural and inevitable. It is idle for those who are 
interested in ship development to ignore or treat as un- 


II. The ee ee summary of facts saating to 
the dimensions of locks and dock entrances recently con- 
| structed, or now in process of construction, may be of 


reasonable this attitude of dock and harbour authorities | interest as indicating the outcome of inquiries set afoot 


who are responsible for a return to investors on the | by responsible authorities in regard to the 
enormous capital sums administered by them. Of course, | suitable accommodation for the | 
there are some great works which may be and are| built. On the Panama 


rovision of 
t ships likely to be 
the locks are 1000 ft. long, 


properly treated as national rather than Wats or local | 110 ft. wide, with 40 ft. of water over the sills. On the 


enterprises. The Ambrose Channel at 


navigation of the St. Lawrence and the Kiel Canal | 147 ft. wide, 
furnish examples; but such enterprises are exceptional | vision has 
mefit | to 46 ft. if required hereafter. The new Gladstone 


in character, and are avowedly undertaken for the 


ew York, the | reconstructed Kiel Canal the locks are to be 1080 ft. long, 


with 36 ft. of water over the sills, but pro- 
m made in the structures for increasin = 


of the community as a whole, or for strategical reasons at Liverpool is to be capable of receiving the Cunard 


which lie outside the present discussion. 


| steamship Aquitania when she is completed, and still 


TABLE I.—Trans-ATiantic STEAMSHIPS. 









































{ | | 
, | | | Gross | Horse- | Sea 
Line. Name. Date. (Length. Breadth. | Depth. | Tonnage. Draught. | placement. | Power. is 1 
ft. ft. in. | ft. in.| | ft. in. | tons 4,000 | knots 
Cunard .. ..| Persia 1856 | 360 | 45 O 31 6 | 3,300 | 23 °0 6,000 | 5,500 | 13.0 
ee ee 
Cunard .. ..| Oregon « | x , t 
Giieke <i | BES 23) Ses | Boe | Sislas 
nard .. os + | 2,6 Y . Yy 
White Star om ..| Oceanic os --| 1899 685 68 5 , 49 0 17,274 30 6 26,400 88,000 | 20.75 
North German Lloyd. . ee Wilhelm II. . .| Leng 678 bs 4 = ° ~~ = : | ogo ey | =. 
ee RM eae: — ** *) q908 es1 | 75 3 | 44 1| 21,000 | 82 0 | $2,000 16,000 | 165 
White Star ~ ..| Adriatic . 1906 709 7 6 52 6 24,540 34 0 | 36,000 46,000 | 17.0 
White Star “. ..| Olympic , Ee 1911 850 92 «20 64 3 45,000 34 0) |) 50,000 | 21.0 
Hamburg-America ..| Imperator .. . Building | 880 6% +O 64 0 on 84 O07 | to |. Not | 22.0 
Cunard .. “ ..| Aquitania .. .| Building; 885 | 9 6 ; 50,000 | 34 0 | 55,000 | ‘stated, 23.0 
Tasre II.—Armoured Warships. larger vessels; it is really part of a great scheme of dock 
$$ extension. This dry dock will be 1020 ft. long, 120 ft. 
» soe = is _ | broad, with 44 ft. of water on the sills at high water of 
: Se € 5 oh A $e : $ .% | ordinary spring tides. On the Clyde a dock of nearly the 
Navy. Name. SE e/|$ rf 33 2 £6 ‘2 |same dimensions as the Gladstone Dock is now under 
JAP; Aj} ae] ae js aE =* £= | construction with 36 ft. of water on the sills at high 
as “TT la inital ee water ; but the rise and fall of - is less than at Liver- 
= <<a SU. | 30. |G. tn. | pool. The Port of London Authority contemplates the 
= = be ena “ — on | Si ease Ra = construction of a dock 1000 ft. long, 120 ft. wide, with 
ape bY weenie ese al ts fon ‘ F 40 ft. of water over the sills. At the new naval base 
/ni . . “* . - . 

States... Maine _.. |1898 388) 72}, 25 613,500 .16,000 18.9 | which the British Admiralty are constructing at Rosyth 
German ..|Wittelsbach |1899, 394) 6x4) 25 0)11,900 15,000 18.0 | (Firth of Forth) the plans originally provided for a lock 
French ..|Suffren ..|1899, 410) 70 | 27 6/12,700 16,500 18.0 | 850 ft. long, 110 ft. wide, with 36 ft. of water at low 
oot. a. Lion --|1910 sey 28 6 saciid nae °8.0 | tide, and for a dry dock of similar dimensions, except 

States..|Wyoming ..|1909| 554, 93} 28 6/26,000'28,000 20.5 | that it was to be 750 ft. long. It is amegetees that some 
German .. Moltke — ..|1908| 610 96% 27 0/23,000 50,000, 26.5 | increase in length and breadth is probable. ; 

French .,|Jean Bart ..|1910 541) 884) 29 6/23,100 29,000 20.0 Approach channels have been deepened considerably. 
Argentine Rivadavia ../1910 585/96 | 27 627,500 39,000, 22.5 | A depth of 40 ft. at low water is to secu through- 





¥. a to the present time the response made to the 
appeal from shipowners for increased accommodation 
for larger ships by authorities of the great seaports of 
the world has been neither niggardly nor unsatisfactory. 
At the present moment extensive and costly works are in 
progress which will provide accommodation for the |, t 
ships now building, and leave some margin for further 
developments. The Ambrose Channel to New York, 
and the new docks provided at that port for the great 
trans-Atlantic liners, furnish illustrations of the fore- 
going statement. At Liverpool and Southampton corre- 
sponding works are in course of performance, while still 
larger schemes are ptrwaanes tl From reports issued 
by the new Port of London Authority, it appears that 
the estimated outlay for making the dock and channel 
accommodation of the Port of London suitable for the 
existing trade, and for providing a proper margin to meet 
future developments, will be about 144 millions sterling 
(over 72 million dols.). 

I. The marvellous growth of the world’s commerce in 
modern times has enabled these great engineering works 
to be undertaken hitherto under conditions which have, 
in most cases, either yielded fair returns to investors in 
dock and harbour securities, or which have been con- 
sidered by governments to be beneficial to the whole 
nation and worthy of adoption irrespective of the return 
upon capital expenditure. In many cases this question of 
dock accommodation has been treated by great corpora- 
tions, such as railway companies, as parts of their 
schemes of operations rather than as independent under- 
takings. Modest returns have been accepted on large 
sums expended upon docks, because the existence of that 
accommodation has led to such an increase of earnings on 
the system considered as a whole as justified the expendi- 
ture on docks. The growth of traffic in most of the great 
seaports has also enabled earlier docks to be fully utilised 
by vessels of smaller dimensions than those for which the 
latest docks have been constructed. But while this has 
hitherto happened, it seems not improbable that a point 
may be reached beyond which dock and harbour authori- 
ties will not care to go in expenditure in order to meet 
further increase in dimensions and draughtsin a relatively 
small number of the largest ships ; and it is well understood 
that this consideration particularly applies to increase in 
draught of water, since the cost of dredging grows rapidly 
with increase of depth. 

It is not m 
what the limit of 


y purpose to attempt any prediction of 
depth of water will be in future. For 





out the Ambrose Channel ; at Southampton access is to 


| be secured at all times for ships drawing 34 ft. to 35 ft. 


| 


At Liverpool the minimum depth of water at low tide in 
the ‘‘cut” through the bar of the Mersey is maintained 
at 30 ft. On the St. Lawrence works in hand are intended 
to give a minimum depth of 35 ft. from Montreal to the 
sea—a marvellous change from the minimum of 10 ft. to 
12 ft. formerly existing on that river during the greater 
ag of the navigation season. On all sides there is and 

as been recognition of the need for ample depth of 
water. 

VIII. When the foregoing particulars for locks, docks, 
and approach channels are considered in the light of 
dimensions of ships, the margins provided in most of the 
recent engineering works are not very great in regard to 
length and breadth, although they are expected to prove 
sufficient for many years to come, because of the com- 
mercial considerations above mentioned. 

IX. It is a fact worth noting that ships of the maxi- 
mum dimensions now built or building are not easily 
accommodated or moved in the largest docks and har- 
bours. The vessels are wonderfully handy, as all who 
have seen the Lusitania or Mauretania approach or leave 


the docks at New York, or the landing-s at Liverpool, 
will agree; but they necessarily require large spaces for 


their manceuvres, use they are so long and heavy, and 
in the busy waters of their terminal ports caution is re- 
quired. It has been stated recently that the provision 
of suitable docks at New York for the latest trans- 
Atlantic liners will involve an encroachment on the 
fair - way of the Hudson River, which may prove dis- 
advan us to the general traffic of the port. Whether 
or not this statement is well founded, the general truth 
of the foregoing remark will be admitted. Ships of 900 ft. 
to 1000 ft. in length, weighing 40,000 to 50,000 tons when 
deep-laden, are not easily dealt with, especially when 
moving on restricted spaces and in tide-ways, wherein 
other vessels are under-way, and they themselves must 
necessarily move at low s s. In many ports also the 
great draughts of water of the ships impose considerable 
restrictions on the water area which they can utilise with 
safety to themselves. Even in the terminal ports of the 
trans-Atlantic steamers difficulties are necessarily + “4 
rienced, and although they have been overcome so far, 
they must be accentuated by any further increase in size. 

_X. For cargo steamers and warships no such fixed condi- 
tions of terminal ports exist. The former class are built 
to seek ca everywhere and to deliver them wherever 
desired. sequently, experience has led to the adop- 








tion of relatively moderate dimensions and draught of 


y when there is a good rise of tide. | 


ve demanded. In the end, how- | 
ever, commercial considerations must prevail, and divi- | 
dends must be earned by docks and harbours as well as | 
demand, but require evidence that the large expenditure | by ships. The advantages to be obtained by the whole 


water in order that their ible field of operations ma: 
be aa a _— _ 7 
arships are designed to operate from special bases, 
but they must find on advantage from being able to 
enter and utilise other harbours or shel waters 
where the depth of water is moderate. It is desirable 
also that they should be capable of ing to any 
place where an enemy can be found, and thus enlarge to 
the utmost their field of operations. Moderate draught 
of water is therefore an important feature of warship 
design ; and the tendency in recent years to a considerable 
increase in the deep load-draughts of warships is, from 
this point of view, objectionable. The “‘ sinkage ” of 
modern warships (from normal to deep load-draught) is 
frequently 4 ft. to 5 ft. ; and although this fact may be 
ignored in statistical returns, it must seriously affect the 
practical working range of action of the vessels in war- 
time. In respect of draught of water, the United States 
Navy formerly favoured shallowness—indeed, insisted upon 
it—although naval architects did not fail to point out the 
penalising influence of that restriction. It will be inte- 
resting to be told why this remarkable change of attitude 
has been made, It is notorious that some of the most 
recent capital ships added to war fleets cannot, when 
fully laden, find shelter in harbours which have been 
built primarily, and at great cost, to serve as naval bases, 
and they cannot be placed in many existing dry docks, in 
case of injury in action, because of their considerable 
load-draughts. It will not be disputed that one essential 
factor in framing a shipbuilding programme for any war 
fleet should be the consideration a the harbour and dock- 
ing accommodation which will be available, in case of 
war, for the reception and repair of the largest vessels. 
For warships, as well as for merchant ships, expenditure 
on ships and armaments must be considered concurrent! 
with that on harbours and docks, and in every i 
devi programme the two things must be dealt with 
concurrently. This is a truism, no doubt; but t 
events prove that it may none the less be neglec in 
the excitement of a race to produce the ‘‘ biggest war- 
ships,” each carrying the greatest number of the heaviest 


guns. 

XI. Enlarged dimensions, of course, enable certain 
advantages to be obtained, outside the fundamental gains 
of economy in sea-transport or increased speed. Amongst 
these advantages are: (a) Maintenance of speed at sea 
in rough weather, and increased uniformity of service 
between terminal ports. (4+) Greater steadiness and 
good behaviour in rough water and increased comfort 
for passengers, if naval architects are left free to utilise 
fully the greater size of ships. Not infrequently they do 
not enjoy such freedom, because the conditions laid 
down impose limitations on their choice of dimensions 
and proportions. (c) Better and more spacious accom- 
modation for larger numbers of passengers. (d) The 
attraction which many sengers have toward the 
** biggest ships afloat.” aintenance of speed in rough 
seas and storms is obviously affected by the relative 
dimensions of ships and waves. The Mauretania 
has averaged for a whole year, on thirty consecutive 
ee (fifteen voyages), westward and eastward 
in all weathers and under varying and uncontrollable 
conditions of service, a mean an of 25.5 knots. The 
highest mean speed going west was 26.06 knots; comin 
east it was 25.89 knots ; the lowest mean speed was 24.§ 
knots in both directions. This regularity of performance 
has been repeated ne oer in two following years, 
the ave mean 8 ing 25.25 knots and 25.1 knots 
respectively. In the series of made between 
February and August this year the total number of revo- 
lutions of the screws during each e varied only 
2 per cent. above or below the number of revolutions per 
passage deduced from an ave for all the passages. 
closer approach to regularity of performance on the trans- 
Atlantic service can hardly be realised whatever may be 
the sizes of the ships employed. Experience proves also 
that in the Cunarders the limit of speed at which they 
can be safely driven in heavy seas is not fixed by their 
size, engine power, or general structural strength, but by 
considerations of the serious damage which might be done 
to fittings and navigational appliances, as well as to the 
officers and crew employed in navigating the ships, and 
of the safety of passengers if the ships were driven at 
high s 8 against heavy seas. This will always remain 
true whatever the sizes of ships may be. 

In regard to steadiness in a seaway, long experience 
has shown that ships of less size may be more free from 
heavy rolling in a seaway than much larger ships, if the 
latter are endowed with greater stiffness, and consequently 
move more quickly when rolling. In recent years increase 
in the proportion of breadth to draught of water has 
tended to shorten periods of oscillation. No doubt in 
modern —— steamers the lofty superstructures tend 
to raise the centre of gravity, and so to diminish stiffness 
and lengthen periods of oscillation. The increased breadth 
of ships has also tended to lessen the “effective wave- 
slope,” and so to diminish rolling. Apart from detailed 
calculation, no exact knowledge can be reached respecting 
the probable behaviour and period of oscillation for a new 
ship; but that fact in no way contradicts the general 
statement made above, that la dimensions are not 
necessary to secure moderate rolling and easy motion. 
In modern warships of the ae types, as I pointed out 
in the paper read last year to this Society, the periods of 
rolling oscillation are actually less than the correspond- 
ing periods for smaller ships which preceded them ; and 
it is certain that, as a result, the larger ships must prove 
less steady gun-platforms than their ecessors under 
the influence of ocean storm-waves, such as are frequently 
encountered. 

XII. In view of the foregoing statements, it becomes 
a nm that larger dimensions are not essential to good 

a 








viour at sea, and that increase in length and weight 
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beyond the Mauretania is not necessary in order to 
secure maintenance of speed on long ocean passages. It 
would appear, therefore that the main determining factor 
in regard to maximum dimensions for future mercantile 
vessels must be found on the commercial side, and not 
on the technical. If ships cannot be made to pay divi- 
dends on the capital sums invested in them—after meeting 
working expenses and cost of upkeep, and making due 
allowance for insurance and depreciation—they are not 
likely to be built. 

The first cost of trané-Atlantic passenger-steamers has 
been increased enormously during the last forty years. 
In 1874 a 15-knot steamer cost 200,000/.; in 1889 a 20-knot 
steamer cost 375,0001.; in 1893 a 22-knot steamer cost 
about 550,000/.; in 1899 the Oceanic, of 20.75 knots, with 
relatively good cargo capacity, cost 700,000/.; four years 
later a 23-knot steamer, of about the same dimensions as 
the Oceanic, cost 800,000/. For later ships authoritative 
figures have not been published, but certain statements 
indicate approximately the sums which have been spent 
upon them. The British Government granted to the 
Cunard Company a loan of 2,600,000/. towards the con- 
struction of the Lusitania and Mauretania, and it is 


understood that the actual cost of the two vessels} sh 


exceeded that amount. The outlay on the Olympic has 
been put at about 14 million pounds sterling by men who 
had exact knowledge of what she hascost. The Hamburg- 
America and Cunard steamships now building would, 
on this basis, represent an expenditure of about 1} million 
pounds sterling per ship. There can be no doubt that 
experienced men who guide the policy of these three 
steamship companies have reached the conclusion that 
even such huge expenditure as these figures indicate will, 
on the whole, prove advantageous to the owners, and 
lead to inc revenue. 

It is not my purpose to attempt even the roughest 
estimate of earnings or working expenses for the new 
vessels. On the other hand, it may be well to call atten- 
tion to certain facts and opinions which are already public 
property, and which bear on the subject. In 1902 a com- 
mittee appointed by the British Government to consider 
and report on the employment of mercantile cruisers, and 
the subsidies proper to be paid for the services of such 
ships, expressed the opinion that commercial companies 
would require to be paid annual subsidies for swift steam- 
ships, in order to make good ‘‘the loss which would be 
sustained in peace time for running such vessels.” For 
ships having a sea speed of 25 knots the Committee con- 
sidered that the annual subsidy ought to be 15 per cent. 
of the first cost; for 23-knot vessels, 8.6 per cent.; for 
20-knot vessels, 2.6 per cent. The essential point in this 
recommendation was that extremely fast vessels could 
not be worked without loss, and that if they were to be 
made available for use as auxiliary cruisers in war, 
annual subsidies should be paid. National sentiment was 
strongly in favour of recovering ownership of the swiftest 
ocean steamships for Great Britain ; Parliament approved 
that action; an agreement was made with the Cunard 
Company to build the Lusitania and Mauretania; an 
annual subsidy of 150,000/. was arranged; and the loan 
above-mentioned was granted at 2? per cent., to be 
repaid in twenty years. Only the owners of these two 
vessels can know whether or not they have earned divi- 
dends, and it is their concern alone. It is noteworthy, 
however, that no attempt has yet been made to surpass 
these vessels in speed, and that the five ships of ter 
size, for which particulars are given in Table I., are 
intended to be slower than their predecessors. They may, 
in fact, be regarded as the latest developments of the 
‘* intermediate ” type of trans-Atlantic steamships, rather 
than as additions to the series of ‘‘ express ” mger 
steamers, in which very little cargo is carried, of which the 
Cunarders are the latest examples. 

The essential characteristics of the “intermediate ” type 
of steamships are moderate speed in proportion to length 
and displacement, and the association of large passenger 
accommodation with a considerable cargo capacity. 
Moderate speed, of course, permits of relatively moderate 
engine-power, lessens the coal bill and engine-room ex- 
penses, makes less demands for space for engines, boilers, 
and fuel, and leaves free for other uses a larger proportion 
of the internal capacity than in express steamers. All 
these differences obviously tend to increase net earnings 
in vessels of the intermediate type relatively to express 
steamers of equal size, but much higher speed ; provided 
that passengers and cargo can be obtained. On the other 
hand, if cargoes are obtained which utilise the full dead- 
weight capacity of a very large steamer of the interme- 
diate type, it may happen that the period of detention in 
port may be considera ly in excess of that required for 
the passenger service and for re-coaling. As a consequence 
there may be so considerable an increase in the time spent 
in port—during which the capital is unproductive—as 
will seriously diminish the net earnings. Every one 
agrees that for large and costly ships a quick *‘ turn 
round ” is of vital importance to commercial success, and 
the shipment and discharge of large cargoes must inter- 
fere with that procedure. 

Let it be assumed that the Mauretania and Olympic 
start at the same deep load-draught—-34 ft. Allowing for 
differences in speed and engine power, the coal burnt for 

ropulsion on a trans-Atlantic passage by the Olympic at 

1 knots would be about 70 per vent. of that required for 
propulsion by the Mauretania at 25 knots. For other 
pur; the daily coal consumption of the Olympic 
would rather exceed that of the Mauretania, because of 
her larger size and greater number of passengers. The 
duration of the would be about 20 per cent. 
longer for the Olympic, and on this basis the deadweight 
cargo capacity of the Olympic at the load draught 
assumed for both shi ew, exceed that of the 
Mauretania (roughly) by 10,000 tons. This is obviously a 


potential source of larger earnings, provided cargoes can 





be secured and dealt with in port without objectionabl 

long detention. It may be doubted whether this fu 

cargo capacity would be frequently utilised, even coming 
east’ , and going westward there would be no prospect 
of its utilisation under the conditions of actual trans- 
Atlantic service. If not so utilised, the vessel could, of 
course, be worked at lighter draught, or could carry co 
from England for the voyage out and home, or be otherwise 
dealt with. On the an hand, the under-water form 
would always remain that which was selected as appro- 
priate to the carriage of a large dead-weight ; and if the 
provision made for cargo had less, it would have been 
poune to produce a vessel of smaller displacement and 
ess cost having the same speed, with uced working 
expenses and equal passenger accommodation. These 
remarks are made in no spirit of criticism. Those who 
were responsible for the construction of the Olympic are 
undoubtedly masters of all detaile of shipping and ship 
management, while I am only an outsider in mercantile 
affairs, and necessarily regard the problem from the point 
of view of a naval architect. Even that point of view 
should not be ignored, however, and it will have an 
influence on the future developments of mercantile steam- 


ips. 
XIII. For warships other considerations than those of 
first cost and cost of maintenance must determine the 
maximum dimensions which should be adopted. Their 
case is, therefore, distinct from that of merchant ships 
and must be considered on its merits. Warships are 
intended to seek out and find an enemy wherever he may 
be. In order to secure success, therefore, each navy needs 
a considerable number of ships, and the draught of water 
of individual vessels ought to be moderate in order that 
their field of possible operation should be large. War- 
ships are also exposed to special risks, and as a conse- 
quence it is essential to provide for considerable numbers 
as well as for individual power in the constitution of each 
fleet. It is admittedly a correct definition of the problems 
involved in the arrangement of an “establishment” for 
any navy to say that it must rest on a definite plan of 
campaign, the fulfilment of which requires the construc- 
tion of acertain number of ships of various types suitable 
for various services, and ranging from capital ships— 
forming units in squadrons and fleets—down to the 
smaller classes of armed vessels and the fleet auxiliaries. 
For each fleet of capital ships it is necessary to arrive at 
a decision as to the best distribution of the total sums to 
be expended on construction and subsequent maintenance; 
and in reaching such a decision regard must be had to the 
special risks incidental to modern naval war, as well as 
to the necessities of naval operations which must demand 
the capability of either concentrating or distributing the 
force as the varying conditions of a campaign may require. 
Problems such as these naturally, indeed necessarily, give 
rise to differont solutions, and there is room for various 
opinions as to the best possible arrangements in propor- 
tion to total expenditure. My personal opinions on the 
subject were exp in the paper on ‘‘ Armaments of 
Battleships,” which appears in the transactions of this 
society for last year. Tt may assist the present discussion 
if they are briefly summarised. 

(a) Multiplication of the heavy-gun positions in capital 
ships, and of the number of such guns carried by indi- 
vidual ships, has necessarily involved increase of lengths 
and displacements. 

(6) Concurrently with this alteration of armament there 
has been an increase in speed and fuel supply: this has 
involved further increase of size. 

(c) Modern capital ships—with heavy-gun armaments 
and great weights of armour placed high above water— 


-| must be endowed with considerable initial stability in 


order to possess a reasonable range of stability under 
ordinary peace conditions. Hence they have been made 
very broad in relation to their draughts of water, even 
after allowance is made for the increase in draught (deep 
laden), as compared with their predecessors. 

(d) Their moderate range of stability (when nt 
gives to these ships a less margin of safety when inju 
in action by gun-fire ; and, in many instances, the dis- 
tribution of the armour is of a character that adds to this 
risk, because it leaves without protection large areas of 
the sides which are reckoned as water-excluding in calcu- 
lations of stability, although they can be rapidly riddled 
and destroyed by shell-fire with high explosives. In 
later designs the areas which are armour-protected have 
been considerably increased; but the addition to the 
weight of armour placed high above the water-line has 
necessarily been accompanied by a rise in the position of 
the centre of gravity of the ships. The breadths have 
been still further increased in proportion to the draughts, 
and even then the range of stability in the intact con- 
dition is very moderate. 

(e) Modern warships, notwithstanding their greater 
size, are not, and cannot be, as steady gun-platforms as 
their predecessors, because their great initial stability 
causes them to have relatively short periods of oscilla- 
tion. As a consequence, they are more likely to be set 
rolling by ordinary conditions at sea. Experience has 
shown them to be less steady in a seaway than ships of 
earlier date and smaller size. Some of these ships are so 
large in relation to the available dry-docks that their bilge 
keels are either very shallow or non-existent at the mid- 
ship portions of the length; and as a consequence the 
check upon rolling is greatly reduced. 

(Sf) The development of under-water attack proceeds 
rapidly. Torpedoes are now larger, have greater charges, 
are much faster and can be used at much longer ranges. 
Submarine mines have been used with great effect in 
actual warfare, and will be used in future with greater 
effect. Submarines have been developed, and are now 
being made of dimensions, speed, and radius of action 
which probably enable them to act as auxiliaries to fleets 
over considerable areas of operation. Advocates of very 





la dimensions in warships admit that one successful 
under- water attack will probably put the largest warship 
out of action. It cannot be questioned that the increase 
in length and speed of recent ships will necessitate an 
increase in the intervals between successive ships in the 
line of battle, and the danger of successful re soya 


coal | attack will be increased because both individual ships and 


the line of battle formed by a certain number of shi 
mat be At longer. y ships 

g) In view of the foregoing considerations it a s 
to be desirable to put a limit upon the size and a at 
individual warships, and the concentration of so many 
guns ina single ship; because a single successful blow 
may bring about a serious proportionate loss to a fleet by 
one ship being put out of action. Moreover, the with- 
drawal of a single ship from a fleet, for temporary 
employment on detached service, would involve a serious 
loss of | ha which with more numerous vessels would 
be avoided. 

(h) Special dangers must be incurred by the multipli- 
cation of heavy guns and of magazines placed below them. 
Some of these magazines are necessarily in the neigh- 
bourhood of pean or bunkers, where high tempe- 
ratures are unavoidable. No doubt the dangers are 
lessened by fitting appliances for keeping magazines cool 
and by other devices ; but although lessened, they are not 
absolutely overcome, and the risk of explosion—as sad 
experience proves—remains. The loss of the Liberté, 
which is universally deplored, following upon a previous 
accident to the Jena, demonstrate the possibility of 
— and sudden destruction in this fashion of the 
argest ships, and furnishes a fresh argument against 
“ age too many eggs in one basket.” 

y personal conviction, based upon long-continued 
study of the problem, is that the wiser course in warship 
building would be found in a return to more moderate 
dimensions and a redu unit cost for capital ships. 
Experience has established the fact that, without having 
resort to the extreme dimensions which have recently 
found favour, it is ible to produce capital shi 
which shall be powerfully armed, well protected, stents 
gun-platforms, capable of fighting their guns in ail 
weathers when actions could take place, and able to 
maintain their speed in cy agen The value of high 
speed in capital ships has m much discussed, but it 
really opens up a separate field into which it would be 
undesirable to enter now. Suffice it to say that with 
equal speed a reduction in the number of heavy guns 
carried in a single ship, such as I advocated last year, 
would enable considerable reductions to be made in size 
and cost ; and that, for a given total expenditure on the 
first cost of a fleet or squadron, a more formidable and 
flexible force could, in my judgment, be obtained, with 
greatly reduced risks from either gun-fire, under-water 
attacks, or magazine explosions. It would probably be 
true that the more numerous fleet would cost more for 
manning and maintenance ; but the price which would 
have to be paid in this direction weal’ be well earned by 
advantages in other respects, and, above all, by a 
greater prospect of success in the day of battle. 








Carco Firrt Iron Company, Limrrep.—In their report 
to be submitted to the annual general meeting of the 
shareholders, to be held at the works on Wednesday next, 
the 29th inst., the directors announce that the result of 
the year’s operations has wiped out the debit balance of 
8647/. 5s. 8d., brought forward from last year, and, after 
paying all preference charges, has left a credit balance of 

2,572/. 10s. 7d. Of this amount, they recommend that 
30,0007. should be placed to depreciation, and the balance 
of 25721. 10s. 7d. carried forward. 





Beieran Coat-Mininc.—The production of coal in 
Belgium last year was 23,916,560 tons, showing an in- 
crease of 399,010 tons as compared with the output of 
1909. The number of pits working last year in Belgium 
was 273 out of 329. The total of 23,916,560 tons repre- 
senting the coal production of Belgium last year was 
made up as follows :—Hainaut, 16,950,470 tons ; Namur, 
825,430 tons; and Liége, 6,140,660 tons. The value of the 
coal raised in Belgium in 1910 was 13,955,074/., giving an 
average oflls. 7d. per ton. Of the Belgian coal output of 
last year, 21,615,840 tons were available for sale; the 
balance of the —— was consumed by the collieries them- 
selves. The number of persons engaged below ground in 
Belgian coal-mining last year was 103,443; of these, 13 
were women. The number employed above ground was 
8148 ; of these, 1548 were women and girls over twenty-one 
years of age, 3396 girls of from sixteen to twenty-one years’ 
and 3204 girls of from twelve to sixteen. 


InpIAN Briper-Burtpinc.—New works upon the 
Bengal and North-Western Railway have made good 
ag during 1910-11. A bridge 6000 ft. long over the 

anges at Allahabad—forty spans of 150 ft. each—is ex- 
— to be completed in the course of 1912. The 

jhi Ghat bridge, over the Gogra, which is also in 
hand, comprises eighteen spans of 200 ft. each. All the 
iers of the bridge and fourteen spans of girders have 
nm practically = and they stood the test of the 
monsoon of 1911 without being materially affected ; the 
bridge should be opened early in 1912. The Bagaha 
bridge, over the Gundak, comprises fifteen spans of 150 ft. 
each ; eleven piers have been completed, g progress 
has been made with the remaining four, and one span of 
girders has been erected. The Dhang bridge, over the 
Bagmatti, comprises fifteen spans of 100 ft. each ; all the 
iers have been completed, and seven spans of girders 
ave been erected, while works for guiding and control- 
ling the river have been put in hand; the bridge is 
— to be available for traffic in the course of 
1912. 
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(HEWEBICUE SYSTEM), ROME, OVER THE RIVER TIBER. 
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THE RISORGIMENTO BRIDGE, ROME. 
By W. NosLe TWELVETREES, M.S. Ing. Civ., France. 


Wrrutn the last few years a remarkable develop- 
ment has taken place in the construction of long- 
span ferro-concrete arches. In this country the 
most notable example is New John’s Bridge, Kil- 
kenny, with the clear span of 140 ft.; in the United 
States several bridges have been constructed with 
arches of from 200 ft. to nearly 300 ft., and on the 
Continent the progressive increase of arch-spans is 
shown by the following list, given in a recent paper 
read to the Canadian Cement and Concrete Associa- 
tion :— 


Date. Designation. Engineer. | Span.! Rise. | Width. 

















| ft. 


> 
= 


1907 |Pyrimont, France .. Hennebique | 176.2 | 25.0 12.5 
1904 |Decize, France ne Do. 183.5 15.3 | 34.9 
1908 ‘Kronstadt, Hungary..| Zielinsky | 196.5 71.8 ~ 
1904 |Griinwald,Germany ..| Mdérsch 229.0 41.9 30.1 
1908 ‘Sitter, Switzerland Do. | 258.0 86.7 22.0 


Rome, Italy ie ‘Hennebique 328.0 
| 


1911 


The last structure mentioned is that forming the 
subject of the present article. A view of it is 


the work to be completed within the period of 
sixteen months. The project was definitely 
approved by the City Council on July 31, 1909, 
and finally settled by the Ministry of Public 
Works on October 9, 1909, and work was com- 
menced on November 11, 1909. 

The data furnished by trial borings on the site 
proved to be by no means reassuring. Under the 
bed of sand and clay at the bottom of the river, 
soil of varied character was encountered, becoming 
less and less stable as depth increased, until at last 
the material was simply mud. Consequently, it 
was necessary to modify the nature of the founda- 
tions provided for in the original designs. This 
presented no difficulty, the necessary modification 
being left in the hands of Signor Porcheddu, whose 
company was to be responsible for the perfect 
stability and safety of the completed work. In 
these circumstances M. Hennebique recommended 
the adoption of the ‘‘ Compressol” system of 
foundations, a method which has already been 
fully described and illustrated in ENGINEERING. 
Over an area of about 5520 sq. ft., M. Hennebique 
proposed to compress the subsoil by means of 
seventy-two concrete piers formed by ramming 





deep holes by the aid of specially designed falling 





so that, measured from the angle at the intersection 
of the chamfer with the spandrels, the rise is only 
26 ft. 3 in., instead of 32.8 ft. There are seven 
Yaa oot in the width of the bridge, all of 
them being 8 in. thick, but prolonged into the 
abutments with the thickness of 12 in. (see Fig. 4), 
and there constituting the longitudinal counterforts 
previously mentioned. 

The grillage formed by the counterforts and 
transverse partitions is not supported upon a 
foundation-raft, as usual in ferro-concrete practice, 
but only the counterforts, at the points of inter- 
section with the transverse divisions, are connected 
with the ‘‘ Compressol” piers. Consequently, the 
earth filling in the interior of the abutment caissons, 
which is carried up to road-level, rests on the 
natural soil. The filling is well rammed, and 
intimately connected with the earth below by 
means of twenty-four additional ‘‘ Compressol” piers 
in each abutment, some of these being represented 
in Fig. 12, page 722, which gives a half plan of the 
abutments and piers. Thus the complete abutment, 
comprising counterforts, transverse divisions, piers, 
and compressed soil, form an exceptionally solid 
structure, capable of enormous resistance to vertical 
and horizontal forces. Behind the front wall of 








Fie. 1. 


given in Fig. 1 herewith, while it is further illus- 
trated in Figs. 2 to 11, on Plate LVIII., with this 
issue, and on pages 722 and 736. It crosses the River 
Tiber in a single span of 328 ft., the arch has a rise of 
32.8 ft., equal to one-tenth the span, and a total 
width of 65 ft. 6 in., including a roadway 42 ft. 6 in. 
wide, and two footwalks, each 10 ft. 3 in. wide. 

The work was projected by the Executive Com- 
mittee of the Rome Exhibition, 1911, who decided 
that it was desirable to construct a bridge across the 
Tiber, to connect the Artistic and Ethnographic 
portions of the Exhibition, the former situated on 
the right bank of the river at the Piazza d’Armi, 
and the latter on the left bank in Vial Famina, near 
the picturesque Valley of Vigna Cartoni. 

It was at first thought that the bridge would 
necessarily comprise three arches, as in most of 
the Roman bridges, and all the designs submitted 
in competition were in that form with the exception 
of the project by Signor G. A. Porcheddu, the 
a representative of Messrs. Hennebique, of 

aris. 

Signor Porcheddu proposed a single arch of 
100 metres span and a rise of 10 metres, and 
after consideration by a Technical Commission, 
composed of Commander Engineer Cesare Ceradini, 
Commander Engineer Rinaldo Rinaldi, Signor 
Bentivegna, and Professor Parvopassu, the scheme 
was accepted at the contract price of about 50,0001., 





weights, and filling the holes with concrete 
thoroughly rammed in a similar manner. The 
piers being symmetrically distributed over the 
foundation area, and having enlarged bases, literally 
constitute immovable roots for the foundations of 
the bridge abutments. Fig. 2, Plate LVIII., pub- 
lished with this issue, shows the arrangement of 
the piers, and the weight used for ramming them. 
After the piers had been constructed, the abut- 
ments were moulded upon them in the form of 
ferro-concrete caissons of several compartments, 
constituted by partition-walls longitudinally and 
transversely to the axis of the bridge. Figs. 2, 3, 
and 4 indicate the general form and disposition of 
the abutments. The longitudinal partitions act as 
counterforts, to which are connected monolithically 
the vault of the arch, and the spandrel walls 
which are continued up to the decking. This type 
of arch bridge has already been adopted very 
largely, notably for the Via Cigna Bridge in Turin, 
built in 1908, and the Saint-Claude Viaduct, 
France, with a clear span of 205 ft. over the River 
Bienne. In the case of the Risorgimento Bridge, 
the calculations of the different parts demonstrated 
the practicability of adopting relatively small thick- 
nesses for the various members and structural 
elements, as may be seen by the drawings now 
reproduced. The two exterior spandrel walls are 
chamfered at the bottom, as shown in Figs. 3 and 4, 














Tue RisorGimento BRIDGE OVER THE TIBER. 


the abutments a passage has been left, 16 in. wide, 
as shown in Fig. 2. This permits examination of 
the interior of the bridge, and at the same time 
reduces the load on the front of the abutments. 

The seven spandrel walls of the arch are stiffened 
at intervals by wind-bracing formed by transverse 
partitions, 4 in. thick, pierced by openings to 
facilitate inspection. In the middle part of the 
arch the seven longitudinal ribs are 8 in. thick, and 
they are provided with secondary ribs, 4 in. thick, 
longitudinal and transverse to the bridge axis, and 
connected by the decking and the arch wall at the 
top and bottom respectively. At the crown of the 
arch the total thickness is 2 ft. 9} in., made up as 
follows :— 


Decking 8 in. thick 
Arch vault és = we 8 fs 
Space between decking andarch... 174 ,, 


Under the footwalks the total thickness at the 
crown of the arch is 3 ft. 9 in. The small thick- 
ness of the arch gives remarkable suppleness to the 
work, while at the same time the proportions are 
more than adequate for the necessary resistance, 
and the calculations would have permitted further 
reduction of dimensions had it not been requisite 
to provide spaces for the accommodation of con- 
duits under the footwalks. While the decking at 
the crown is 8 in. thick, it is only 6 in. thick in 
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other parts, with 7-in. by 10-in. secondary beams 
carried by the longitudinal ribs. 

Work was very much simplified by the adoption, 
for purposes of reinforcement, of only two sizes of 
steel bars, approximately of 0.2 and 0.6 sq. in. 
sectional area respectively. The vertical partitions 
and walls were reinforced by vertical and hori- 
zontal bars, the arch proper being reinforced by 
large-diameter bars longitudinally, and small bars 
transversely. The arrangement of the reinforcement 
is plainly shown in Figs. 5 to 11, on Plate LVIIL., 
and Figs. 12 and 13, subjoined. Fig. 8 shows the 
reinforcement of the spandrel walls, and Figs. 5, 9, 
10, and 11 similarly show the reinforcement for the 
wind bracing, &c., at various points indicated in 
Fig. 2. Figs. 6 and 7 show the juncture of cross- 
members with the longitudinals. Fig. 12 shows in 


plan the reinforcement of the abutments and coun- 
terforts, and Fig. 13 gives a section at the line M N 
(Fig. 12). 

The "paving consists of small blocks of cement 
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and asphalt moulded under heavy pressure, this 
form of block being a speciality of the Societa 
Porcheddu. The decoration is shown by our view 
of the completed structure (Fig. 1), the surface 
finish of the concrete being very fine, so that in the 
abutments, parapets, and mouldings generally it 
can hardly be distinguished from cut stone. The 
roadway, with two lines of tramway track, has a 
gradient of about 1 in 55, and to facilitate traftic 
the roadway has been made 87 ft. wide at the 
approaches. All calculations for the resistance 
and stability of the work were made in accordance 








with the Hennebique method. 

In order to protect the foundations against | 
erosion on the left bank of the river, where the soil | 
is of friable character, a curtain of ferro-concrete 
sheet piles 14 in. square has been formed along the 
face of the abutment, as represented in Fig. 2. These | 
piles were moulded with a central hole to enable | 
them to be sunk by water-jet, the subsoil being | 
particularly suitable for this method. For the| 
operation of sinking, pumping plant was installed, | 
fi —_ a reservoir placed 50 ft. above water-level. | 
By the aid of large-diameter pipes, each with con- 
trol valve, fixed at the head of the piles, water was | 
forced to descend to the hottom of the latter with 
sufficient pressure to displace gravel and sand, | 


thereby enabling the piles to sink gently and 
steadily. In this manner 130 sheet piles were sunk, 
forming a protecting curtain 10 ft. in front of the 
abutment, and 165 ft. long. 


The level of the Tiber is very variable, and, as | da 


is well known, floods assume a serious character 
in spring time, while they are almost equally 
troublesome in autumn. Every year the water 
level rises rapidly to from 18 ft. to 24 ft. above 
the normal mark. Consequently it was most 
necessary for the contractors to make provision 
against damage to the works by water. ith this 
object, Signor Porcheddu devised an original and 
novel form of staging in ferro-concrete, instead 
of employing timber, as customary, for support 
of the centering. As illustrated in Figs. 14 and 
15, page 736, the staging comprises ten spans, 
each founded on sixteen ferro-concrete piles, driven 
by a steam pile-driver mounted on a barge. The 
pile-heads were connected by sills carrying bases 





for ferro-concrete columns, braced horizontally, 
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ferro-concrete staging piers, owing to the sudden 
breakage of a rudder-chain. So violent was the 
shock that three of the foundation piles were cut 
away and the bow of the vessel was seriously 
. As half of the arch vault had been 
moulded only a few days before, the mishap might 
have had most serious results. But the staging 
was not disturbed as a whole, although part of it 
was thus unexpectedly converted into a cantilever 
with the projection of 10 ft. beyond the uninjured 
piles, which were thereby suddenly called upon to 
perform a double duty. This accident demonstrates 
once more the great strength of monolithic ferro- 
concrete structures. 

For the vertical sarfaces two kinds of shuttering 
were employed, designed to give satisfactory results 
both structurally and economically. In laying the 
centering for the deck-slab, a method was adopted 
which facilitated the rapid execution of work and 
diminished the number of props required. ll 
the 7-in. by 10-in. secondary beams were moulded 
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the whole forming a very light and strong type 
of pier. A navigation opening 49 ft. 3 in. wide was 
left in the middle of the river. The main girders of 
the centering above the piers were of the bowstring 
type, conforming to the profile of the permanent 
arch, and very light relatively to their span. The 
other spans were provided with tie-beams, facili- 
tating the construction of a light and economical 
form of scaffolding. Upon the ferro-concrete false- 
works were erected the moulds and centering neces- 
sary for execution of the ferro-concrete permanent 
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arch, all the timbering having been carefully 
levelled and aligned by means of wedges. | 

This type of staging obviated the employment | 
of carpenters skilled in the erection of falseworks, 
and made it possible for the concrete workers to 
erect their own timbering as the work progressed. 
Thus there was a considerable saving in cost, | 
while the time saved enabled the contractors to 
complete their work within the period specified. | 
The solidity of the staging was practically demon- 
strated during the execution of the works by an 
accident which would have caused a serious disaster 
if the staging had been of the ordinary kind. On 
December 29, 1910, when the river was in flood, a 
steamship of the Societd oe are Fluviale, 
descending the river, ran violently into one of the’ 








in advance, and fixed in place when the span- 
drels had reached the level where the beams 
had to be inserted. These beams were propor- 
tioned so as to be capable of carrying the timbering 
for the decking without other support. All con- 
crete was mixed wet enough to flow readily into 
the moulds, and was prepared in the proportions 
of 5 cwt. of Portland cement per cubic yard of 
gravel and sand. 

A view showing the counterforts during con- 
struction is given in Fig. 16, on page 736, while 
Fig. 17, on the same page, is a view showing an 


| early stage of the construction of the arch. 


The following is a brief account of the order in 
which the works were executed :— 

The foundation and pile works, commenced in 
January, 1910, were finished in the succeeding 
August. The ferro-concrete staging was com- 
pleted at the end of August, 1910, and the 
timbering and moulds for concrete were com- 
pleted at the end of September in the same 
year. The abutments were commenced on J uly 27, 
1910, and the arch on October 9, 1910. Work 
continued thenceforward regularly until Feb- 
ruary 27, 1911, when the decking, including that 
for the footwalks, was completed. At that date 
there remained nothing for execution but decora- 
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tive work, the paving of the roadway and foot- 
walks, and the erection of the parapets. It was 
intended that the bridge should be completed 
before April 21, 1911, for the opening of the 
Ethnographic Section of the International Exhibi- 
tion. From the early days of that month the con- 
tractors commenced to strike the centering, and 
completed the operation by the 11th of the month, 
when a steam roller of 19 tons passed over the 
bridge. A few days later, a very large tree trunk 
had to be taken across to the Exhibition, and 
advantage was taken of this to make a preliminary 
test of the bridge. A procession consisting of seven 
steam rollers moved across it, followed by the tree 
trunk on a special wagon drawn by sixteen horses. 
The maximum deflection at the crown of the arch 
under the rolling load of 150 tons, constituted as 
above, was only 3.5 mm. (less than 4’; in.). After 
this conclusive test, the contractors notified the 
authorities that the bridge was ready for the open- 
ing of the Exhibition on April 21, 1911, the view, 
Fig. 1, page 721, having been taken on that day. 

The official tests conducted before the work was 
taken over from the contractors were held on May 8, 
9, 10, and 11, under the supervision of a special 
Commission, consisting of Commander Engineer 
Ceradini, Director of the School of Engineers, 
Rome; Cavalier Guidi, Professor of the Course of 
Construction of the Polytechnic School, Turin ; 
and Commander Engineer Rinaldi, Assistant- 
Director of the Italian State Railways. The 
specification clause relative to the tests is to the 
following effect :—‘‘ The tests shall be made accord- 
ing to the requirements of the Commission, and 
shall comprise static and dynamic tests, the former 
including the imposition of uniformly distributed 
loading on the bridge equal to 500 kg. per sq. m. 
(about 1 cwt. per sq. ft.), first over half of the 
bridge and afterwards over the whole length and 
width of the bridge. During the second of these 
tests three 15-ton steam-rollers shall be driven 
across the bridge simultaneously in both directions, 
while the footwalks remain under the load of 500 kg. 
per square metre. The maximum deflection permis- 
sible under the different loads shall be not more 
than ;:59th of the span of the bridge (67 mm.), 
and the permanent deformation shall be less than 
that allowed ‘ by the Ministerial Regulations.’” 

On Monday, May 6, the roadway was levelled, 
and deflectometers of the Richard type were placed 
in position, three under the crown of the arch, 
one beneath the centre line of the roadway, and 
one under each footwalk, and two others under 
the centre line of the roadway, and at the dis. 
tance of 75 ft. on either side of the arch crown. 
At 2.45 p.m., the same day, the work of loading 
was started between the crown and the left-hand 
abutment, the material employed being sand in a 
layer 3 in. thick, and gravel in a layer 10 in. thick. 
Owing to persistent rain during the operation, the 
sand and gravel were saturated with water, so that 
the actual static load was equal to 620 kg. per 
square metre. The loading was completed on the 
following morning at 11.30 a.m., when the deflecto- 
meters gave the undermentioned readings :— 


Deflection. 
Crown of arch (mean of three instru- Mm. 
ments) <= oan ab oe oy 13.1 
Right-hand haunch ... 1.00 
Left-hand haunch 13.7 


At 11.45 a.m. a theodolite of high precision was 
employed for the examination of a vertical line 
traced before commencement of the tests upon the 
left-hand spandrel, with the result that no variation 
could be detected in the direction of the line. 

Next commenced the loading of the other half of 
the bridge between the crown and the right-hand 
abutment, an operation finished on Wednesday, 
May 10, at 6 a.m., the total load on the structure 
being 1240 metric tons. At 11.15 the same morning 
the deflectometers gave the following readings :— 


Deflection. 
Crown of arch (mean of three instru. Mm. 
ments) agg ied bs ss 32.2 
Right-hand haunch ... 16.2 
Left-hand haunch 19.1 


Then all the loading was removed from the road- 
way—a task completed by 6.30 a.m. on Thursday, 
May 11. Deflectometers of the Rabut type, as used 
in testing the cantilever extension of the Rue de 
Rome, outside the St. Lazare Station, Paris, and 
employed largely on the French State Railways, 
were placed one under the middle of the crown, and 
another under the axis of the left-hand haunch at 





76 ft. from the crown. Six deflectometers of the 
Grist type were placed against the intrados of the 
arch under the footwalk curbs—two instruments at 
the crown, and the other four at 76 ft. on either 
side of the crown. 

At 8.15 a.m. on the same day the dynamic tests 
were commenced with the aid of three steam-rollers 
—one of 13 tons, one of 16 tons, and one of 17 tons. 
These rollers were driven abreast four times across 
the bridge from one abutment to the other. After 
the first trip of the rolling load from the left to the 
right abutment, the deflectometer readings were :— 


Deflection. 
Mm. 
Crown (mean of two instruments) 1.95 
Right-hand haunch ... 0.65 
Left-hand haunch 0.80 


For the four trips of the rollers the Rabut instru- 
ment gave consistent diagrams, demonstrating the 
perfect elasticity of the construction, and showing 
clearly the absence of permanent deformation. The 
maximum deflections registered were as follow :— 


Deflection. 
m. 
Crown ... 2.0 
Haunches 0.9 


Afterwards the unloading of the footwalks was 
undertaken and completed at 11.30 the next 
morning. At 3.10 p.m. the same day the readings 
were :— 


Deflection. 
Mm. 
Crown (mean of three instruments) 16.7 
Right-hand haunch ... sie’ ae 9.9 
Left-hand haunch ses 7.6 


At 7 p.m. on the same day the readings on the 
instruments were :— 


Deflection. 
m. 
Crown (mean of three instruments 16.0 
Right-hand haunch e ee 9.5 
Left-hand haunch 7.4 


The foregoing records are taken from the official 
proces-verbal, signed on behalf of the Commission 
by Professor Ceradini, Commander Engineer 
Rinaldi, and Professor Cavalier Guidi. 

Briefly summed up, the tests demonstrated that, 
instead of being equal to spoth of the span, or 
67 mm., under the static load of 500 kg. per 
sq. m., the deflection was actually only equal to 
1/3125 of the span, or 32 mm. under the static 
load of 620 kg. persq. m. In other words, the 
maximum deflection was less than half the amount 
permitted by the terms of the specitication, although 
the load had been increased by 25 per cent. 

Vibration tests were conducted on July 14, 1911, 
with the double object of demonstrating the be- 
haviour of the bridge under the influence of vibratory 
and temperature stresses. A regiment of 1100 men 
were caused to march across the bridge, changing 
—— **quick march” to ‘*the double” during 
each passage of the bridge, the tests being con- 
ducted at times when the temperature presents the 
widest differences, one period being from 4 a.m. to 
7 a.M., and the other from 4 p.m. to 7 p.m. They 
were conducted under the direction of Signors 
Ceradini, Guidi, and Rinaldi. Instruments for 
recording vibration were disposed at the crown 
and haunches as for the previous tests. 

Companies of soldiers were marched across, the 
pace being increased until the maximum vibrations 
were obtained. With 1100 men marching at ‘‘ quick 
step” the maximum deflection registered was 2 mm., 
and for the same number crossing the bridge at ‘‘the 
double” the maximum deflection was 2.5 mm. 
These figures are so striking that no comment is 
necessary. 

It may be remarked, however, that in consequence 
of the resonance established throughout a structure 
of this class under the action of rhythmic shocks, 
the amplitude of the depressions and elevations 
constituting the phenomenon of vibration increase 
until the resistance opposed by the material to 
molecular deformation occasioned by flexure absorb 
the forces produced by each new shock. Hence 
to each augmentation of shock intensity corresponds 
a greater amplitude of vibration. Moreover, the 
vibratory displacements are materially affected by 
the nature of the design and construction, and it 
will be seen from the drawings reproduced as illus- 
trations to this article that the elements of the 
Risorgimento Bridge are disposed so as to diminish 
the masses susceptible to resonance, and also to 
conduce to rapid dissipation of vibratory move- 





ments. In this respect the resistance of the work 


was shown by the tests to be as satistactory as its 
rigidity under static loading. 

In conclusion, we may record the fact that His 
Majesty the King of Italy, who throughout evinced 
a great interest in the construction of this bridge, 
created Signor Porcheddu a Kuight Commander of 
the Order of the Cross of Italy, an honour which 
is rarely accorded in such connections. 





FOUNDRY PLANT AND MACHINERY. 
No. XXXV. 
By Joseph Horner. 

Fics. 565 and 566, on page 724, illustrate a rather 
special design of heavy machine, using a non-turn- 
over table. The pressing is done by the main central 
ram. Pressure is transmitted to the table through a 
heavy crosshead A working in guides, and the mass 
is counterbalanced by two weights B, B suspended 
from ropes which pass over{pulleys to the crosshead. 
The extraction of the pattern is accomplished by 
turning the lever C from left to right, which, working 
on a cam attached to the crosshead A, operates the 
four lifting-pins a, a, a, a. The operation of extrac- 
tion is assisted by the counterweights B, B, attached 
to the crosshead, so that with the largest machine 
no undue exertion is necessary to draw the pattern. 
The presser-head has horizontal movement by means 
of trolley-wheels. This machine is an example 
from the practice of the London Emery Works 
Company, of Tottenham, London, N. 

As the non-turnover table machines constitute 
so large a proportion in all dimensions, in the 
smallest, largest, and medium sizes alike, the 
methods of moulding adopted on them are often 
different from those which are available on ma- 
chines with turn-over tables, as follow :—Two 
courses are open in the case of patterns which are 
jointed, leaving one half or portion in the bottom, 
and the other in the top. In one case two separate 
machines are used, one ramming bottoms, the other 
tops ; or a certain number of tops are rammed, and 
then the plates are changed, and an equal number 
of bottoms are then done. The other way is to 
arrange both tops and bottoms on one board or 
plate exactly to right and left of a centre line, and 
ram top and bottom at once thus (or separate plates 
can be used, one carrying tops, the other bottoms). 
The pattern parts must be mounted absolutely 
accurate, otherwise the halves of the moulds will 
not match exactly. Many machines are built of 
extra length for this purpose. 

When patterns are mounted on odd sides, in 
which the patterns are fitted in recesses in a plate, 
these are moulded by pressing top and bottom 
simultaneously. When they are plated—i.e., fitted 
on both sides of a plate—one side—the drag—is 
pressed first, and the box is turned over and the 
top put on, filled and pressed. 

An example of an hydraulic machine for dee 
work, drawn through a stripping-plate, and with 
non-turnover table, is shown ~ Fig. 567. It is by 
the Maschinenfabrik Gritzner A.-G., of Durlach, 
Baden. Being deep, the machine is partly sunk 
into a pit, and its base A rests on a concrete foun- 
dation. The base receives two pillars B, B, on which 
slides the table C, to which the stripping-plate D is 
attached, through the supporting stools E, E. On 
the stripping-plate the moulding-box F lies, sur- 
mounted by its sand-frame. G is the presser-head, 
of wood, attached to a cylindrical body above. The 
height of the head is capable of adjustment for 
patterns of different depths, and it is locked by 
the lever H. The pressing apparatus is connected 
by cords that pass over callie above at J toa 
frame K below, which embraces the cylinder of the 
ram, and fits over ribs on the outside of the 
cylinder. When the ram moves upwards to bring 
the patterns to the proper height for ramming, 
the mass is counterweighted by the weight of the 
presser-head. The table slides up on the stools 
K,E. Then the pressure is put on, compressing 
the sand of the mould. The sand-frame is removed, 
and the sand in the box strickled. The pressure 
being released and the lever H unlocked, the table 
C descends by gravity, bringing the patterns away 
from the mould through the stripping-plate. The 
presser-head G ascends, leaving the mould on the 
stripping-plate. The lever H is then thrown in 
again, and the box with its contained mould re. 
moved, 

A good many hydraulic machines are made to 
ram top and bottom boxes simultaneously. In one 








of these, shown by Fig. 568, the movements of 
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Fies. 565 anp 566. Heavy Macuine with Non-Turnover Taste; THe Lonpon Emery Works Company, Torrennam, Lonpon, N, 
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the boxes occur in unison, the operating mechan-| box B is supported directly on the hydraulic ram. | movement of the ram through a stem E below, : 
isms being connected by cords passing over pulleys. The top box C is carried on a frame which slides | which is a prolongation of the ram. The upward 


The table A is of the non-turnover Fpe and is vertically on the pillars D, D. The cords which | motion of the ram thus causes the lower box B to 
e bottom | pass over the pulleys connect this frame with the | rise, and the upper box C to descend. The descent 


carried on a trolley at a fixed height. T 
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Fias. 571 anp 572. Macurine ror Moutpine Deep Patterns; THe L 


























































































Yt fi, Ws sss 
U YW} 


\ 





Soils: sorties ae «> Siehe 








of the ram moves the boxes away from each other. 
At the first the upward movement of the ram lifts 
the lower box B into contact with the lower side of 
the pattern-plate A. The top box C is then filled 
with sand, and the presser-head F brought along 
on its trolley-wheels over the mould, and the pres- 
sure put on, compressing the sand in both boxes. 
On the release of the pressure the ram descends, 
and both boxes deliver from the pattern-plate. 
The latter is then ran away, and the ram is again 
brought up to close the boxes, which are then 
: taken away for pouring. This machine is manu- 
factured by Messrs. Bopp and Reuther, of Mann- 


heim, 











Fic. 573. Macuine ror Moutpinc Axte-Boxes, 








An hydraulic machine for making moulds without 
flasks is illustrated in Figs. 569 and 570. Several 
types of these machines are built, and the design is 
many years old, having been introduced before the 
snap-flask methods were introduced. It is suitable 
for the same class of work as the snap-flasks—that 
which does not exceed from 16 in. to 20 in. square. 
In rapid repetitive work the saving in flasks is very 
great. Any type of pattern-plate can be used, with 
pattern parts mounted on yey sides. It does 
not turn over for moulding, though it can be swung 
over for cleaning, but the mould parts are made in 
frames above and below. 
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In moulding, the pattern-plate A is first ran along 
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out of the way, and the lower moulding-frame B 
filled with sand and the pattern-plate ran back. By 
the movement of the lever C the upper moulding- 
frame D is lowered and also filled with sand. The 
hydraulic pressure is then applied, forcing the 
moulding-frames with the pattern-plate between 
them against the presser-head, squeezing the sand. 
Then the pressure is taken off, leaving the frames 
free to rise and fall away from the pattern-plate. 
As the two frames are connected by the chains 
which pass over the pulleys E, E, they counter- 
balance each other without the employment of 
counterweights. The pattern-frame is now run out, 
and the top frame is lowered until its mould rests 
upon that in the bottom frame. The two mould 
parts are then thrust out of the frames upwards by 
slight hydraulic pressure, and removed from the 
top of the upper frame ready for casting. The 
Badische Maschinenfabrik und Eisengiesserei, of 
Durlach, build this machine. 

Figs. 571 and 572 illustrate a machine by the 
London Emery Works Company, of Tottenham, N., 
which is built especially to take high patterns, 
though it is also adaptable for shallow ones. Two 
standards are carried on a base-plate. The stan- 
dards enclose racks actuated by pinions, through 
which the pattern-table A is weed and lowered by 
means of the lever B. Two adjustable rail-brackets 
are bolted to the standards to carry the trolley D on 
rails Q. Eis the hydraulic ram, located between the 
standards, and F is the movable rammer-head, the 
tracks for which are supported by four columns at 
the rear of the machine—a position which leaves 
the machine free for the manipulation of moulding- 
boxes. 

In operation, both box parts are put on the 
pattern-plate, the bottom part G being upper- 
most, surmounted by a sand-frame H. The facing 
being thrown in next the pattern, the remainder 
of the box and frame is filled with floor sand. 
The presser-head is then ran along over the box, 
and the valve J opened, putting on the pressure 
and squeezing the sand. e valve is then closed, 
the presser-head ran back, the frame removed, 
and the excess of sand strickled off level with the 
edge of the box. The pattern-plate is then turned 
over, and the top box part treated in the same 
way asthe bottom one. Then the bottom box is 
released from its fastenings, the plate rapped, and 
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the pattern lifted out of the box upwards by pull- 
ing the lever B. Twenty-eight sizes of this 
machine are made. The photograph, reproduced 
in Fig. 573, shows the machine operating on axle 
boxes, which come under the head of deep work, 
while Fig. 574, page 728, shows it in use on gears, 
work of average depth requiring a stripping-plate. 
Fig. 575 shows a stripping-plate and pattern-plates. 

In several of the German designs the pressing 
apparatus is situated centrally on a track along which 
two carriages run, yee y by two men, forming a 
duplex machine. One of these, by the Badische 
Maschinenfabrik und Hisengiesserei, of Durlach, is 
shown in Figs. 576 and 577, page 728. The pattern- 
tables are of the non-turnover type, delivery taking 
place in a downward direction, so that these machines 
are better adapted for shallow thanfor deep work. 
Being duplex, the pattern halves for cope and drag 
are located on separate travelling tables on the 
tracks, on each side of the central presser-head, 
under which the flasks are, when filled with sand, 
brought one after the other. The intention is that 
two workmen can be engaged on one machine, 
using one presser-head and one ram alternately. 
Each box part A and B is dealt with on its own 
pattern-plate, each on its separate carriage. These 
are seen in Fig. 577, each surmounted by its own 
sand-frame. They are brought along on the track 
to the presser-head C, the height of which is adjust- 
able. The pattern-plate with its flask is raised by 
the central ram D and squeezed ; when the pressure 
is released, the flask is held by two side-rails a, a, 
while the pattern- late descends and delivers its 
pattern. The flask is then removed, for which 
purpose a swing crane is provided in the heavier 
machines (see Fig. 576), operated by the waste water 
used for compression. 

This general design is amplified in various ways. 
The principal variation is in making the presser- 
head to travel to right and left instead of the 
pattern-plates and moulding-boxes. The latter 
then are each located over a separate pressing-ram. 
In another design with a travelling presser-head, 
the tables are made of double the usual length, the 
‘*length” being that taken transversely to the 
travelling movement of the presser-head. The 
advantage is that each oblong table will take two 
square flasks adjacent or one long one. When two 
are being used, the top and bottom of a mould can 
be pressed on each table, so that two men can be 
handling four box parts simultaneously. Each 
long table is operated by one central ram. 








RECENT RESEARCH WORK ON THE 
PROPERTIES OF STEAM. 


By C. A. M. Smirn, M.Sc., and A. G. Warren, 
B.Sc. (East London College, University of London). 
Ir sometimes happens that work which is done 
by the physicist or mathematician is published in 
such a manner that it is not easily accessible to the 
engineer. Further, there is such a vast amount of 
research work now being carried out in physical 
and chemical laboratories that the practical man 
may be pardoned for failing to keep closely in touch 
with all that is done in scientific circles. Thus it 
comes about that research, which is of interest to 
the man of applied science, and is often of conse- 
quence in engineering design, remains buried among 
the mass of other papers which appeal to the 
readers of transactions of scientific societies. Such 
a case was that of the contribution, by Mr. J. J. 
Guest, concerning the elastic breakdown of mild 
steel. This was published (in the Proceedings of 
the Physical Society) some ten years before it was 
discussed by engineers in the technical periodicals. 
During the last decade physicists have given 
attention to certain problems connected with the 
properties of steam. Of practical importance is 
the result that engineers may now calculate and 
obtain accurate values of total heats and specific 
heats of saturated and superheated steam. Every 
confidence may be placed on the numerical results 
obtained by the aid. of the research of the physicist 
and mathematician. The matter has _ been 
approached in a thoroughly scientific manner. 

The authors propose to trace out the development 
of this new work onthermodynamics. In order to 
illustrate the contrast between the old and the 
new values, they will compare numbers taken 
from the well-known steam-tables of Peabody with 
those which they have themselves obtained by 
numerical substitution in formuiz developed from 


the equations provided by Professor H. L. Callendar 





in his paper read before the Royal Society in 1900. 
In order to arrive at these numerical results it has 
been necessary to make some thousands of calcu- 
lations, which space renders impossible to set forth, 
and which would, indeed, probably be considered 
irksome by the reader. It is, however, hoped at 
some later date to fully publish in some fashion 
the mathematical work, which will enable engineers 
to followclosely the reasoning of Professor Callendar. 
Some of it is given later in this article, and doubt- 
less many readers will be able to bridge over any 
gape which appear by the aid of Professor Perry’s 
**Calculus for Engineers,” or some similar work. 

The Old and the New Methods.—The story of the 
old and the new steam-tables is one that is well 
worthy of notice, for it illustrates in a striking 
fashion the difference between the research work 
of to-day and that of half-a-century ago. In the 
past various industrious individuals, including engi- 
neers so well known as Peabody, Thurston, and 
Macfarlane Gray, have compiled certain tables 
which give numerical values for latent, sensible and 
total heats of steam, entropies, &c. All of these 
men have worked from the fundamental assump- 
tion that a number of purely empirical formulz, 
based entirely upon experimental data, formed a 
sufficiently accurate basis for their calculations. At 
that time no other method of procedure had been 
pointed out ; formule were then built up entirely 
from the results of experiment, and there appeared 
to be no means of checking the accuracy of the 
latter, except, of course, by taking many observa- 
tions. 

The difficulty of determining exact values by 
experiment was greater in the days when these for- 
mule were built up than is now the case. One of 
the most critical measurements was that of tempera- 
ture, and most engineers are aware of the advances 
which have been made in the last few years in the 
science of pyrometry. Many of theimprovements have 
been entirely due to the brilliant work of Callendar 
in that field of research. During the last few years 
the platinum thermometer has been applied, with 
notable results, to various engineering experiments. 
In the days when Regnault did his classical work, 
which formed the basis upon which the compilers 
of the old steam-tables built, the methods of tem- 
perature measurement were less accurate. Indeed, 
it is remarkable, when we remember the disadvan- 
tages under which the exponents of the science of 
thermodynamics worked in those days of fifty years 
ago, that their results should approximate as closely 
as is the case to the latest figures obtainable. It 
speaks well for the extreme care and patience of 
the experimenters. 

The Fundamental Relations.—The way in which 
Callendar approached the subject was entirely 
different to the method of Regnault. The latter 
tixed his attention upon experimental measure- 
ments only, and built up the formule upon those 
results. Callendar first attempted to establish, by 
the aid of the science of thermodynamics (and a 
full knowledge of advanced mathematics) definite 
relations between the various quantities. In this 
attempt he succeeded. He showed certain funda- 
mental relations which exist between the various 
quantities. He took hold of existing evidence, 
and he argued with the skill of the natural philoso- 
pher that if this or that well-known phenomenon 
actually existed, then either A must equal to 
B, or A must equal C. But he could prove that it 
was quite impossible for A to equal C, because of 
the existence of another well-known phenomenon. 
Whence it was clear that A must be equal to B. 
And so he established the fundamental relations of 
which we shall speak later. These were unrecog- 
nised by the ake: investigators. They had no 
check upon their experiments, and thus any errors 
which were due to their apparatus or observation 
were introduced, and the tables contained certain 
inconsistencies. 

The great advantage of Callendar’s method is that, 
provided the reasoning, the mathematics, and the 
calculations of the people who use them are all 
accurate, there can be no such inconsistencies. He 
worked out, very completely, the theory of the 
subject ; he built up upon that basis a few funda- 
mental formul:e connecting the various quantities ; 
then he made his experiments in order to find 
the numerical value of certain constants which 
appear in the formule. Such a method of attack 
renders results, obtained by the aid of the imple- 
ments provided, consistent. 

The Science of Heat-Engines.—There are those 
who maintain, in spite of the evidence to the 





contrary, that all of the advances of the last half- 
century have been due to the unerring instinct of 
the engineers. They will tell you that a pound of 
practice is worth a ton of theory, and they will ride 
to death other time-worn idioms. But the develop- 
ment in heat-engines as prime movers may be 
traced back to the philosophy and the experiments 
of the physicist and the mathematician. It is 
perfectly true that their efforts would have been 
quite useless but for the practical men who took 
up their results and translated them into internal- 
combustion engines and steam-turbines. Let us 
have these things in their true perspective, and 
pause, for a moment, to see how the triumphs of 
to-day are founded upon the pioneers of the nine- 
teenth century. 

It was in 1843 that Joule made his classical 
experiments which established the doctrine of the 
conservation of energy and determined the 
mechanical equivalent of heat. These gave a 
tremendous impetus to, if they did not actually 
commence, the science of the theory of heat-engines. 
From that day men turned their thoughts to other 
working fluids, than steam, and in the Stirling, 
Ericsson, Buckett, and the other hot-air engines, 
we may trace the commencement of the experi- 
mental work which has produced the modern gas- 
engine. Although the doctrines established by 
Joule made some of the pioneers turn their atten- 
tion to utilising air as a working fluid, others applied 
the new knowledge to determine the properties of 
steam. Regnault made his experiments in 1847. 
Clausius, Rankine and Thomson—better known to 
this generation as Lord Kelvin—worked on at the 
theory of subject. (The two latter worked in the 
University of Glasgow.) Can any other centre of 
learning show the record of three such menas Watt, 
Rankine, and Kelvin within a century? And the 
work on steam of Rankine remains immortalised 
by his suggestion of the well-known Rankine cycle, 
now the standard of efficiency for all steam-engine 
work. It almost appears that a period of stagna- 
tion ensued after this date, but Osborne Reynolds 
and others were turning their thoughts to thermo- 
dynamics as applied to the steam-turbine, and 
scientific men were evolving the theoretical cycles, 
and their practical application to external and 
internal-combustion engines. 

Callendar’s Work and the Specific Heat of Super- 
heated Steam.—We must now pass on to the latest 
development of the thermodynamics of steam. In 
1900 Callendar published his first paper on the 
subject. It is included in the Proceedings of the 
Royal Society for that year, and is entitled ‘“‘On 
the Thermodynamical Properties of Gases and 
Vapours as Deduced from a Modified Form of the 
Joule-Thomson Equation, with Special Reference 
to the Properties of Steam.” In that paper he 
developed the Joule-Thomison equation, and gave 
it such a form as to represent, accurately, the pro- 
pone of steam, whether superheated or saturated. 

e made certain deductions, expressed in a con- 
venient fashion by formule, some of which, it must 
be confessed, appear somewhat complicated to the 
practical engineer. 

Perhaps the most important result of Callendar’s 
researches is the determination of the properties of 
superheated steam. Hitherto it has been usual 
to assume that-the value of the specific heat of 
superheated steam is, ‘for* all practical purposes, 
constant and equal-to’0.48.° This value is, accord- 
ing to results obtained by means of Callendar’s 
equations, the lower extreme, and only occurs at 
very low pressures. The value of the specific heat 
of superheated steam rises rapidly with the pres- 
sure, and is a maximum near the saturation point. 

Thus at 20 lb. per sq. in. pressure the specific 
heat at saturation is 0.508 ; at the same pressure 
and at 600 deg. Fahr. the specific heat is 0.482— 
i.e., when there is 372 deg. Fahr. superheat. The 
average value over the range is 0.490. 

For steam at 300 lb. per sq. in,, the specific heat 
at saturation is 0.637; at 600 deg. Fahr. (i.¢., 
183 deg. Fahr. superheat) the specific heat is 0.547. 
The average value over the range is 0.585. This 
is about 20 per cent. higher than the usually 
accepted value. A full table of these values 1s 
given later. 

Saturated a Particular Case of Suwperheated 
Steam.—Callendar’s equations apply directly to the 
case of superheated steam, for which his form of 
the Joule-Thomson equation holds. The case of 
saturated steam, which is of great importance, may 
be treated as a particular case of superheated steam, 
the amount of superheat being zero. The degree 
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of superheat, or the condition of saturation, may 
be defined by the relation between temperature 
and pressure. It will be shown later that the laws 
of thermodynamics require a definite relation 
between these two quantities. 

The importance of this work was not fully realised 
by English engineers at the time of its publication. 
It is, indeed, very probable that it appeared to be 
almost incomplete, and it is certainly not an easy 
matter to follow the eminent physicist and mathe- 
matician through the maze when he gives such 
few sign-posts to guide us. Moreover, there were 
practically no numerical results published, and as 
the work involved in obtaining these values is far 
greater than appears at first sight, it is just ible 
that those English engineers who studied Cullendar’s 
work at the time of its publication waited in the 
hope of obtaining further rumerical data from the 
same source. On the Continent, however, they 
were less patient. 

The work of Callendar was taken up by Mollier 
(of Munich), who redetermined some of the con- 
stants, and published a set of steam-tables in 
metric units. Sir James Ewing, K.C.B., has 
included part of these tables of Mollier in the last 
edition (1910) of his well-known treatise on heat 
engines. (He has definitely adopted the pound- 
calorie, instead of the British thermal unit, as the 
unit of heat in this new edition of his book.) In 
an appendix he draws attention to the importance 
of the work of Callendar and Mollier. 

The authors take this eo pereny to gratefully 
acknowledge that the — of this appendix was 
their inspiration to look more deeply into the 
subject which is here discussed. 

The numerical values in the tables of Mollier are 
on bases of temperature and metric pressures. 
It was considered that English engineers would find 
more useful tables having as bases temperature and 
pressure, the temperature being given both in 
Fahrenheit and aes yw units, the pressures in 
pounds per square inch, and the quantities in both 
pound - calories and British thermal units. The 
authors have therefore calculated tables, some of 
which are given later, making use of Callendar’s 
work and Mollier’s constants. It is now proposed 
to give a brief account of Callendar’s work, and 
then to illustrate its importance by comparing 
values calculated by his method with those to be 
found in existing steam-tables. 

The Basis of the Old Tables.—Purely empirical 
formule, based entirely upon experimental results, 
were used for calculating the values given.in the 
tables published previous to those of Mollier, and 
these are given below. They were founded on the 
work of Regnault and Rankine which has been 
already mentioned. 

The total heat of saturated steam at T deg. Cent. 
is, in existing English tables, reckoned from 
Regnault’s formula :— 

H = 606.5 + 0.305 T (1) 

The pressure (p) is calculated from the formula :— 

Log p = a + b BT + c CT (2) 

The empirical constants were fitted in to the 
experimental results. 

In the paper above referred to Professor Cal- 
lendar says: —‘‘It was proved by Rankine* that 
the rate of change of the total heat of steam at low 
temperatures, at which it very nearly follows the 
laws of an ideal gas on account of its low pressure 
and large specific volume, must be very nearly equal 
to the specific heat of the vapour at constant pres- 
sure. Therefore, either the specific heat of steam 
at low temperatures must 0.305, increasing 
considerably with the temperature, so as to reach 
the value 0.48 between 100 deg. Cent. and 200 deg. 
Cent., or else the observations of Regnault must 
be wrong. In any case it is clear that the varia- 
tion of the total heat should not be linear, unless 
we abandon the experimental evidence in favour of 
the constancy of specific heat of an ideal gas.” 

In the case of a perfect gas, the temperature, 
pressure, and volume are connected by the funda- 
mental equation pv = R 6. In practice all gases 
deviate from this. Joule and Thomson adopted a 
modification of this equation, which is 


a 
R @ ®) 
_ The final development of the equation, as given 
by Callendar, is 
v-b= RO/p — oy (22)" =V-ce 


v= RO/p- 


(4) 


* Royal Society of Edinburgh Proceedings, 1850. 


In such a form the 
accurately the properties 
heated or saturated. 

In addition to evolving this equation, Callendar 
demonstrated the thermodynamic relations which 
exist between the various properties, and he 
deduced accurate formule for the calculation of 
quantities which had previously been represented 
empirically. 

Advantages of the New Method.—This method of 
attacking the problem has the great advantage that 
all of the quantities so obtained must be consistent. 
With quite a few experimentally determined con- 
stants the whole of the properties can be deduced 
from the application of pure thermo-dynamics. 

The importance of such tables has been accentu- 
ated by the development of the steam-turbine. In 
nearly all work in which they are used small differ- 
ences of large quantities are dealt with. It is 
therefore more important that the tables should be 
consistent than that the absolute values of the quan- 
tities should be exact. 

It will be necessary, in order to explain the final 
form of the Joule-Thomson equation, to refer to 
the arguments used by Callendar when he suggested 
it 


uation may represent 
of steam whether super- 


If we take b as the minimum volume, or ‘‘co- 
volume ” of Hirn and Van der Waals, the equation 
of a pluperfect gas becomes p(v — b) = R #6. The 
quantity b is relatively small at ordinary pressures. 
It may probably be taken as the volume of the 
liquid at low pressures. Further, it is usual, in 
the kinetic theory of gases, to assume that the 
average total kinetic energy of the molecules is pro- 
portional to pv. Then, since the specific heat is 
proportional to p v/6, it follows that the limiting 
value of the specific heat at very low pressures must 
be constant. We may assume that the kinetic 
energy of the vapour is proportional to p (v — b) at 
all stages. It then becomes necessary to assume 
that the index of the term a/R 6?, in the Joule- 
Thomson equation, is n = J Kyo/R, and not 2 
(where Kyo is the limiting value of the specific 
heat at constant volume). e hypothesis of Clerk- 
Maxwell, with regard to the distribution of energy 
between the various degrees of freedom of a mole- 
cule, would suggest the value 3.5 for a tri-atomic 
gas such as steam. This was the value used by 
Callendar in his first paper. His own experiments 
had suggested a somewhat lower figure, about 3.3, 
but in deference to Clerk-Maxwell, and as a result 
of communications with Lord Kelvin (as well as a 
value of 3.8 obtained by Grindley) at about that 
time, he felt compelled to adopt the higher number. 
His subsequent experiments, by three indepen- 
dent methods, confirmed his original figure 3.3 or 
10 
3° 
Mollier, who calculated his tables in the metric 
units. It is also the value which the authors have 
adopted in the calculations for their tables in 
English and pound-calorie units. The three 
methods employed by Callendar, in obtaining this 
value, were: (1) by means of throttling experi- 
ments ; (2) by adiabatic expansion, giving the ratio 
of the specific heats ; (3) by direct measurement 
of the specific heat. All of the latest evidence, 
which has 
been used. The constant b is taken as 0.016 cub. ft. 
The value of R is determined by reference to the 
molecular weight of water, and is assumed to be 
154.1. 


This was the value which he communicated to 


therefore, seems to confirm the figure 


(To be continued.) 








THE STEAM-TURBINE. 
(Continued from page 663.) 

Tue theory of the impulse steam-turbine, whether 
in the shape of the De Laval wheel, or compounded 
on the Rateau system, is simple and generally 
known to all interested in the question. There 
are, however, a few points which may be worth 
consideration here. 

Experiments on nozzle and guide-blade friction 
have not been wholly concordant owing mainly to the 
inadequate attention often given to the determina- 
tion of the initial quality of the steam, and to provid- 
ing it with an easy access {o the nozzle. In Rosen- 
hain’s experiments, forinstance, thereis evidencethat 
the steam contained at least 10 per cent. of moisture, 
but as this was not directly measured, the experi- 
ments give practically no indication as to absolute 





values of nozzle friction. If we assume, however, 





that the steam was of much the same quality in 
the different sets of experiments, some comparative 
results are deducible. Thus a nozzle with an 
entrance but slightly rounded appears from the 
experiments to have only some 94 per cent. of the 
efficiency of a nozzle with a thoroughly well-rounded 
entrance. This result is confirmed by comparing 
the results of Rateau and of Briling. The former 
found that with a convergent nozzle very fully 
rounded (see Fig. 23) the efficiency was unity at the 
critical velocity of discharge, whilst Briling, using 





a nozzle with but a slightly rounded entrance, 
found at the critical velocity an efficiency of 934 

r cent. only. Rateau’s result is confirmed by 

todola’s experiments with a convergent-divergent 
nozzle, the discharge from which was not measur- 
ably less than the theoretical value, thus showing 
that the convergent, portion of the nozzle worked 
with unit efficiency. Both Rateau and Stodola 
carefully measured the initial quality of the steam 
they used, and their results are worthy of great 
confidence. 

Briling, as well as Rateau, obtained evidence 
that the friction was relatively less the higher the 
steam speed, but in Rateau’s experiments the actual 
velocity of flow was unknown save at the critical 
speed, since it is practically certain that at the 
lower velocities the jet contracted after clearing 
the orifice, so that the observed coefficient of dis- 
charge would require correction for this contraction 
before the coefficient of velocity could be deduced. 
On the other hand, with Briling’s experiments a 
contraction of the jet after issue seems improbable 
in view of the slight taper of his nozzle, and hence 
his coefficients of velocity appear comparable 
inter se. These are plotted on the lower line, 
Fig. 24, whilst the upper shows the coefficients 


fig.24 
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which would probably have been reached with a 
nozzle of the best form. 

Many experimenters on convergent-divergent 
nozzles have attempted to measure the efficiency 
by means of the reaction or pressure developed. 
This process is legitimate only when due precaution 
is uine to make sure that the whole of the 

ressure head is converted into velocity head 
— the jet clears the nozzle. If, as in many 
experiments, the nozzle has a divergent cone in- 
suliciently long to fully expand the steam, part of 
the thrust measured is due to the excess of pres- 
sure still remaining at the point of discharge, and 
the velocity of flow calculated from this pressure is 
not a true velocity, and the efficiency of the nozzle 
as deduced from this calculated velocity is in- 
accurate, being too cn 

Stodola’s and Lewicki’s experiments seem those 
most worthy of confidence, and from these it 
appears that the percentage loss in a well-designed 
convergent-divergent nozzle is about 

6[%- 45 
[ 100 
where u denotes the available heat expended. 

Thus with w= 145 B.Th.U. the loss is 6 per cent., 
whilst with u = 45 it is zero, this being nearly the 
value which gives the critical velocity. 

The curve, Fig. 25, page 729, has been prepared 
from this formula. It applies only to nozzles having 
thoroughly wdhesueet entrances. In the case of 
nozzles only slightly rounded at the entrance the 
losses are materially higher. 

Rateau, by actually measuring the force exerted in 
a bucket by a jet issuing from a divergent-convergent 
nozzle, proved that there was little or no loss in- 
volved in using a nozzle which, at its discharge end, 





was a little too small; whilst if, on the other hand, 
it was a little too large, the loss was considerably 
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increased. It is thus a good plan to design nozzles | of an impulse wheel, it is best to draw the velocity of | in losses by hydraulic shock. Actual experiment 
a little smaller at the discharge end than theory | discharge from the bucket above instead of below the has, however, shown that considerable departures 
would indicate. ‘Two different nozzles were tested base line—that is to say, to represent it by the heavy from this condition are as likely as not to be 
by Rateau. Of these, the one corresponding to the line E C instead of by the dotted line CD. In this favourable to efficiency, and it is now common to 
curve A, Fig. 26, page 729, was so proportioned that diagram A B denotes, of course, the velocity v of make the bucket angle at entrance 3 deg. to 8 deg. 
the flow would exactly fill the mouth when the inlet the steam as it issues from the guide-blades, C B larger than ACF. 
pressure was 3.68 kg. per sq. cm. The correspond- the blade speed, and A C the relative velocity of the The relative velocity of the steam ondischarge from 
ing point on the curve is denoted by M. The other, steam to the bucket at entrance. At one time the bucket is represented by E C, and in impulse 
corresponding to the curve B, was designed for an | es importance was attached to — the turbines EC is always less than AC owing © 
inlet pressure of 6 kg. per sq. cm. ucket angle at entrance equal to the angle AC F. ayer ra aes ' 

ls doowing the velocity diagram, Fig. 27, page 729, A departure from this condition was said to result bucket friction, The ratio ac * known as the 
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velocity coefficient, and may be represented by y. 
Its value has been the subject of some direct ex- 
periments, but these have been mostly confined 
to cases in which AC did not exceed 1200 ft. to 
1600 ft. per second. Amongst the best of such 
experiments are those of Rateau and Briling. 
Within the range common to the two sets of 
experiments the values of the velocity coefficient 
found by Rateau and by Briling agree remark- 
ably well, both as to the absolute value of the 
coefficient and as to the fact that it increases 
with increasing velocities. It is this fact, it may 
be noted in passing, which alone makes it possible 
for impulse steam-turbines of large size to compete 
with similar units of the reaction type. If, as is 
usually assumed, friction losses increased directly 
as the square of the velocities, theory shows that 
the reaction turbine should considerable 
advantages over its rival. It can be shown that if 
the loss at each drop of pressure is k q (where q is 
the available heat corresponding to the change of 
pressure) then the over-all efficiency of the turbine 
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8 nearly directly proportional to(1—k). Now, in 
a reaction turbine there is only one friction-pro- 
ducing element for each drop of pressure, whilst in 
an impulse turbine there are at least two—viz., the 
guide-blades and the moving blades. Briling found, 
however, that the coefficient varied with the width of 
the bucket ; but in Rateau’s experiments there was 
not the slightest evidence of such an effect. Briling 
also investigated the interdependence of the velo- 
city coefficient and the angle through which the 
fluid is deviated. He obtained the result that if 
¥ denotes the coefficient of velocity, it can be 
expressed in the form 


v = v — 0.000432 83, 


where y, ranges from 0.95 to 0.99, and 6 denotes 
the angle of deviation. 

In practice with simple impulse turbines 6 com- 
monly lies between 120 deg. and 135 deg., and no 
correction for curvature is generally required. In 
Rateau’s experiments the highest velocity reached 
was about 1600 ft. per second. The writer is not 
acquainted with any direct measurements of » 
made with higher steam speeds than this. Stodola, 
deducing nozzle efficiencies from the results of his 
own experiments, found that in a test of a De Laval 
turbine, made by Delaporte, ¥ had the value 0.83, 
the relative speed of the steam to the bucket being 
about 2530 ft. pe second. It is also possible to 
deduce values of y from Rateau’s experiments on 
bucket, reaction, the results of which are recorded 
in Fig. 26. The bucket used was of the Pelton 
ype. having discharge angles of about 20 deg. 
he measured impulse in the first experiment, 








maximum theoreti ble. The nozzle effi- 
ciency, from the formula already given, was 97.2 
percent. Hence we may write 


0.972 (1 + ¥ cos 20) 
2 


using steam at te | per sq. cm., was 0.855 of the 
y 


= 0.855. 


Whence » = 0.809 for an actual velocity of outflow 
equal to 2116 ft. per second. 

Similarly, in the second experiment, the nozzle, 
when using steam at a pressure of 6 kg. per sy. cm., 
had a calculated efficiency of 95.1 per cent., whilst 
the combined efficiency of nozzle and bucket as 
measured from the curve was 0.83. Hence we get 

0.951 x ot v cos 20°) = 0.83, 
and thus y = 0.793 for an actual velocity of flow 
of 2460 ft. per second. These values have been 
lotted in Fig. 28, and, as will be seen, fit in quite 
airly with the earlier portion of the curve, and 
with Stodola’s value for a velocity of the same 
order. 

Using the values of the velocity coefticient taken 
from the curve in Fig. 28, the full-line curve in 
Fig. 29 has been drawn, the abscisse being the 
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relative velocity of the steam at entrance to the 
bucket, and the ordinate the corresponding velocity 
at discharge. The efficiency of a turbine of the 
Rateau or De Laval type calculated from these 
curves agrees well with what is actually realised 
in practice. 

Fig. 27 A B has a known value, as also has 
CB, the bucket speed, so that A C can be found 
graphically. The direction of E C is the same as 
that of the tangent to the bucket at discharge, and 
its length is given by the relation EC = y A C, 
where y is taken from Fig. 28, or the product 
w AC may be read direct from the curve in Fig. 29. 
The line E B represents the absolute velocity of 
the steam as finally discharged. 

he efficiency of the wheel is obtained very 
simply from this diagram by dropping the perpen- 
diculars EG and A F. td rg ; ile Pthe 
diagram efficiency of the wheel, we have 
2s.GF 

AB °* 

The proof is as follows :—Kach pound of steam 
enters the wheel with a velocity AC = v. This 
velocity can be resolved into two components: 
one, F B, is directed along the line of motion of 
the bucket, and the other, A F, perpendicular to the 
plane of the wheel. The former may be called 
the ‘‘ tangential component” of the velocity of the 
fluid on entrance, The line E B, as already stated, 
denotes the absolute velocity of the steam at dis- 
charge. Its *‘ tangential component ”’ is, it will be 
seen, equal to G B, which is oppositely directed to 
FB. Hence, in passing through the wheel, each 


7= 





pound of steam passed per second has had its 
tangential momentum altered by the amount repre- 
sented by GF. To effect such a change in one 


second, a force equal to GF must have acted, and 
since action and reaction are equal and opposite, 
this also ———_ the tangential component of 
the force which has acted on the buckets. The 


is commonly called the ‘‘ impulse ” 


on the wheel: The driving force on the bucket 
being thus known, the useful work done per pound 
of steam second is found by multiplying 
this force by s, the bucket speed. Hence we find 
that the useful work done per pound of steam 


passed per second 


quantity GF 


—#-FG 


g 
The kinetic energy entering the bucket per pound 
of steam passed per second is, of course, equal to 


35° and hence the efficiency of wheel is equal to 
g 





s.FG., #& _238.FG 

we —* 
For this quantity Mr. Jude has suggested the 
excellent term ‘‘diagram efficiency.” e stage 


efliciency is found by multiplying the diagram effi- 
ciency by the nozzle efficiency. 

With pressure-compounded turbines the energy 
expended in friction is returned to the steam as 
heat, and in consequence the steam, at every suc- 
cessive stage, is drier than it would have been were 
the turbine friction free. In a perfect turbine 
consisting of N stages the heat available in each 


compartment would be N , where u denotes the 


‘‘available heat” as measured in the ordinary 
way from the well-known Mollier diagram. If, 
however, the first compartment of an actual tur- 


units of heat, 


then more heat than this will be available in each 
of the succeeding compartments, since each de- 
livers, to the next, the steam in a drier condition 
than it should do were there no frictional losses. 
Hence, if the first compartment is designed to 


units of steam, it will deliver less 


bine is designed to account for x 


wu 
account for 


power to the shaft than each of its successors. To 
get an equal partition of energy between the com- 
partments the first should be designed to account 
U 
N 


for heat units, where U = ru, r being known 


as the re-heat factor. Where the number of com- 


partments is large r « , where « denotes the 


efficiency ratio and » the hydraulic efficiency of 
the turbine. Curves showing the relation between 
«and n havealready been given on page 374 ante. 

Thus, if the turbine is to operate with steam at 
170 lb. absolute, and at a temperature of 520 deg. 
Fahr., expanded down to 14 lb. absolute, the 
Mollier diagram shows the value of u to be 
331 B.Th.U., and a perfect turbine would, it also 
appears, deliver the steam 83.4 od cent. dry. 
If the efficiency ratio of the turbine is 70 per 
cent., 30 per cent. of u will be expended in drying 
the steam, instead of in effecting useful work. 
Hence the actual condition of the steam on dis- 
charge will be 92.9 per cent. dry, and its specific 
volume on final delivery will be therefore 92.9 x 
227.3 = 211.2 cub. ft. per pound, 

From the curve (Fig. 10, page 374 ante) the reheat 
factor 
70 
65.6 


r=s = 1,067 ; 
7 
so that 
U = 1.067 x 331 = 353.2 B.Th.U. 
If, then, there are twenty compartments, each 


may be designed to account for 
353.2 _ 17.66 B.Th.U., 
20 


and the velocity of issue from the guide-blades will 
be the same in each. The theoretical velocity is 
224 ,/17.66 = 940 ft. per second, and the actual 
from the curve in Fig. 29 will be about 921 ft. per 
second, 

The area required through the guide-blades in 
each compartment will then be proportional to the 
specific volume of the steam when it gets there. 

e initial value V,, corresponding to a pressure 
of 170 lb. absolute and a temperature of 520 deg. 





. 


to be presently explained. 
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Fahr., is 3.346 cub. ft. a pound. The final value 
has already been found to be 211.2 cub. ft. per 
pound. If one intermediate value can be deter- 
mined, all the others can be found with practical 
accuracy by logarithmic interpolation in a manner 


An exact method of finding the reheat factor, 
corresponding to any degree of expansion, was 
described in our issue of January 13, 1905; but 
the resulting equation is complicated. By com- 
paring the results of an application of this exact 
method, a a empirical rule was discovered 
giving practically the same results. 


Thus let U,=—! . w be the total amount of heat 


” 

which becomes available in a turbine, taking into 
account the fact that at each stage the steam is | 
drier than it should be. In this expression e¢, 
denotes the over-all efficiency ratio. Then for a 
heat expenditure equal to 4U, we have the em- 
pirical relation that «, = “1 . 3, 

Hence the first half of the turbine under dis- 
cussion has an efticiency ratio 

70 + 65.6 
= > 


€ ~ == 67.8 per cent. 


Hence 
65.6 | U; 
“*ge 
65.6 353.2 
= 673° 97 = 1709BTh.U. 


The pressure corresponding to the value u, = 170.9 
is found from the Mollier diagram to be 21 lb. 
absolute, and the dryness fraction for adiabatic ex- 
pansion is 95.0 per cent. Actually, 170.6 x 
(1 — 0.678) = 54.9 B.Th.U. have gone to dry the 
steam, so that its actual condition at 21 1b. pres- 
sure is 97.6 per cent. dry, and thus its specific 
volume is 19.03 x 0.976 = 18.57 cub. ft. per lb. 
We have thus got three values of V, viz.:— 


Vo = 3.346 its value at entrance, 
* = 18.57 its value in compartment 10, 
Vx = 211.2 its value on final discharge. 
If we take the logarithms of these values, viz. :— 
zo = log. Vo = 0.5245, 
bx = log. Vx = 1.2688, 
2 
yx = log. Vx = 2.3247, 


we can find all intermediate values with sufticient 
accuracy by interpolation. Thus 


bys + 3 yo Us 
<= = 0.8575. 
r) 8 
64 
Pos + Saye - yo 
Youn _ 2 =~ LST 
4 - 8 = 1.404 


By again applying the formula in similar fashion, 
we could ‘further interpolate between any three 
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2 ae 3 oe a + + 
| N° of Stages 
foc? a 6 = oe : 
consecutive values of the five values of y now 
known ; but it is handier to complete the inter- 
polation graphically, plotting down the five values 
of y against the corresponding stages, as in Fig. 30. 
The logarithms of the specific volume at each stage 
ean then be read from the curve, and we thus get 








finally the following values of the specific volume 
of the steam at each stage : -- 


Stage No. Specific Volume of Steam. 
0 
1 3.88 
2 4.49 
3 5.22 
4 6.12 
5 7.24 
6 8.61 
7 10.33 
8 12.47 
9 15.14 
10 18.6 
11 22.9 
12 28.5 
13 35.7 
14 45.0 
15 57.2 
16 73.1 
17 94.4 
18 122.5 
19 160.3 
20 211.2 


By effecting the final interpolation graphically 
the difficulty which might arise when . was frac- 


tional is avoided. Thus, if in the case just taken 
there had been nineteen stages instead of twenty, 


5 would be 9}, whilst “ = 4.75; whilst what 


is wanted is the value of V for integral values of N. 
By plotting down the calculated values of y against 
the corresponding fractional values of N, the values 
corresponding to each integral value of N can be 
read from the curve. 

An equal partition of energy between the diffe- 
rent compartments of a turbine is not always 
desirable, nor, indeed, always practicable, on 
account of the excessive volume of steam at high 
vacua. This often makes it difficult to provide the 
requisite area for flow without both increasing the 
velocity of the steam and the guide-blade angles. 
The difficulty is frequently minimised by propor- 
tioning the turbine on the basis of a moderate 
vacuum and then estimating its output with higher 
vacua from correction curves. At the high-pres- 
sure end again, where partial admission is used, 
the steam flow can be spread over a larger arc of 
the wheel by diminishing the guide-blade angle, 
which has in some cases been made as small as 
13 deg. in the case of the first compartment. On 
the other hand, the-guide-blade angle at the final 
stage is frequently 30 deg. Some builders, too, 
prefer to have a specially large pressure drop at 
the first guide-blades. This has the advantage 
that the maximum pressure and superheat intro- 
duced into the casing of the turbine proper is 
reduced, and the loss from the fact that the first 
wheel is then underspeeded is reduced by utilising 
as much as possible of the ‘‘carry over.” The 
moving blades are generally shrouded in order to 
avoid *‘ spilling ” over the tips of the blades. 

The method above set forth of determining the 
value of the specific volume of steam by logarithmic 
interpolation is based on the fact that in certain 
limiting conditions—viz., that of so-called ‘ iso- 
thermal” expansion—the value of log V_ plotted 
against N gives a straight line, and that in all con- 
ditions the curve obtained is a very flat one, which 
can consequently be treated as a parabola without 
any error of consequence. 

The device is, moreover, equally applicable to 
cases in which there is not equal partition of energy 
between the different compartments ; but in that 
case log V should be plotted against U in place of 
against N, where, as before, U denotes the “‘ avail- 
able’ heat multipled by the reheat factor. This 
total quantity of energy can be distributed amongst 
the different compartments in any fashion desired. 

We thus get values of U,, U,. U,, &., up to Ux, 
and the corresponding value of log V can be read 
from the curve. U),, of course, has the value zero, 
and U,—U, is the energy expended in the guide- 
blades of compartment No. 1. Similarly U,_; — 
U,, denotes the energy expenditure in the guide- 
blades of compartment No:'n. The velocities of 
inflow are, therefore, known, and log V,, being 
scaled from the curve, the requisite area needed 
through the blading can be deduced. 


(To be continued.) 








CrEMENT MANUFACTURE IN THE Urat.—The Ural dis- 
trict, where there is a considerable market for cement, 
has hitherto been compelled to draw its supply from 
St. Petersburg, Riga, and other distant parts, at com- 
paratively high prices.. A group of local consumers has 


now decided to erect a cement manufactory in the Ural, 
where the natural conditions are considered favourable. 
A large German machine firm is aiding the new venture. 





THE LATE MR. ALFRED HOLT. 


WE regret to have to record the death, which 
occurred suddenly on Monday night, the 27th ult., at 
his residence, Crofton, Sudley-road, Aigburth, Liver- 
pool, of Mr. Alfred Holt. Mr. Holt, who was in his 
eighty-third year, had been for a very long period one 
of the leading figures in the commercial life of Liver- 

l. He was a son of the late Mr. George Holt, the 
ounder of the well-known cotton firm bearing his 
name, and was brought up to the profession of a civil 
engineer. He invented a number of improvements in 
marine engines, and founded, in 1852, the Ocean Steam- 
ship Company, since known as the Blue Funnel Line, 
which is engaged in the Australian passenger service. 
Mr. Holt retired from active participation in business 
a few years ago, but he continued to take a keen 
interest in the welfare of the company. He served a 
few years ago on the Mersey Docks and Harbour 
Board, and acted as chairman from August, 1889, 
down to December, 1890. He actively advocated at 
various times a number of schemes which he believed 
would improve the trade of the port ; but finding that 
he failed to carry his colleagues with him in certain 
proposals for improvements he had put forward, he 
decided to give up his membership of the board. He 
had advocated, among other schemes, one for the 
laying of a road plate-way from Liverpool to Man- 
chester, with a view to facilitate transit between the 
two centres ; this, however, was not carried by the 
board, and a few years later the Manchester Ship 
Canal was decided upon and commenced. Mr. Holt 
was the first and most earnest advocate of the con- 
struction of the Liverpool Overhead Railway, and one 
of the founders of the Liverpool Crematorium, at 
Anfield. He contributed generously to a large number 
of charitable institutions. 





‘*MOTION STUDY.” 
To THE EDITOR OF ENGINEERING. 

Str,—I have read with interest your editorial on Mr. 
Gilbreth’s article on ‘‘ Motion Study,” and note that you 
consider his claims excessive, and feel that he has attri- 
buted to motion study many results which you claim are 
simply ‘‘concerned with the economy both in time and 
labour of production which may be brought about by the 
use of suitable tools and labour-saving appliances. There 
is nothing new in this latter point.” From an academic 
standpoint, I should be inclined to e with you in this 
statement, but from a practical standpoint there is much 
that is new in Mr. Gilbreth’s presentation of the subject. 

In the past detailed study of motions or operations has 
not been considered important, while that of designing 
machinery has heen given great attention. The conse- 
quence of this is that many well-designed and constructed 
machines are operated very inefficiently, the presump- 
tion on the part of the designer or constructor having 
been that if Fo tools were provided, anybody could use 
them satisfactorily. This has not proven to be the case, 
for in the past 24 years, during which time I have been 
engaged in the study of operations, I have seldom found 
that the same skill was exerted in industrial work which 
we found in cricket, tennis, golf, baseball, or football, 
nor is the usual skill in industrial operations comparable 
with that of a good marksman or fencer. 

Further, you state that the development of labour- 
saving appliances which Mr Gilbreth refers to as the 
result ef motion study is only the natural development 
which is taking place everywhere. 

I will grant you that there is a natural development of 
labour-saving appliances taking place everywhere, but in 
many cases these appliances are developed from theo- 
retical considerations, and when put to the test of proper 
motion study are many times found to be lacking. It is 
coming to be well recognised to-day that proper labour- 
saving appliances do not precede, but follow, motion study. 
In other words, they are designed by men who have a 
practical working knowledge of what requirements are 
instead of a superficial or academic knowledge, which has 
been so often the basis of development in the past. 

The great efficiency in naval gunnery to-day, and the 
changes which have come in the sights and gun-carriages, 
have not been devised so much in the engineer’s office as 
they have been by capable engineers studying the per- 
formance at the guns themselves. As a matter of fact, in 
the Navy of the United States, and I have no doubt in 
that of Great Britain, many devices which were designed 
to promote efficiency have been discarded since a thorough 
study has been made of the real elements of efficiency in 
this art. : 

Referring to your contention that such careful instruc- 
tions make machines of men, because they lose initiative 
and enthusiasm, does not stand the test of experience. 
It isan old argument, which you will not use a few years 
hence. As a matter of fact, it has just exactly the 
reverse effect, for skill invariably inspires confidence and 
stimulates initiative. This result has followed wherever 
the methods explained by Mr. Gilbreth have been 
inaugurated ; but the most convincing argument of all is 
that men who a few years ago wrote editorials breathing 
the same spirit that yours does, are now the most enthu- 
siastic supporters of the system. ; 

We believe that a study of these methods is of the 
one possible importance in Great Britain, where the 

abour conditions are so unsatisfactory, and where 
the methods in vogue in the past have seemed ohly to 
make the situation more and more hopeless. —- 

To illustrate the growth of the sentiment in the United 
States in favour of such methods, I have but to say that 




















ENGINEERING. 








Dec. 1; 1911.] 731 
= it was ni for everybody who | ments place you issettled upon somewhat thorny ground ?| sq. in., and nearly 33.per cent.;when the maximum 
= pay Fem my to defend hi f against the critics | You have drawn dangerously near discussing the utility | stress was 35,080 sq. in. 


who would rise in the audience, such is not the case to- 
day, for there are always present in such audiences people 
who have made at least a ial study of these methods, 
and have seen what benefits can be derived from them. 
Such men are quick to take up the cudgels in their behalf, 
and show how their studies have invariably benefited both 
the employer and employee. 
Yours “ae truly, 
November 7, 1911. . L. Gantt. 





To THe Eprror oF ENGINEERING. 

Sir,—We in America cannot ‘write a letter to the 
Times” when we are peeved, but we have a way of look- 
ing upon ENGINEERING as the Times of the profession, 
and it grieves us indeed when our grievance comes from 
the “‘ Thunderer ” itself. ae p 

In the last ph of your editorial review of Mr. 
Gilbreth’s ** Motion Study,” page 358, September 15, 
let me su t a few slight alterations. I e (never 
mind pra vod Drew that Mr. Watt has just introduced 
his steam-engine, and that this is the subject under dis- 
cussion. Then proceed : : F 

“Mr. John Ruskin, y wy y ~ the wine and cellerage 
trade, took the attitude that if the adoption of the new 
machine would increase the productivity of labour, the 
only result would be that the employers would be able to 
do their work with fewer men, and that labour would 
obtain no advantage from the arrangement. Mr. Thomas 
Carlyle, of Chelsea, thought that labour would not profit 
by the steam-engine, and that it was doubtful if the 
employer would either. Professor Matthew Arnold con- 
demned the whole of the proposal as rank Philistinism, 
and suggested that one might as well chain men to galleys 
at once. ... Those who believe in the steam-engine 
have years of work before them . . . those who have no 
faith in it need have little fear that we are on the eve of 
a revolution in our industrial methods.” 

The workmen of Great Britain had to accept the steam- 
engine in spite of their unwillingness to believe that 
increased output does not restrict employment. Your 
workmen and ours will have to accept (I venture to hope) 
the more business-like effort toward individual efficiency 
which preachers like Mr. Gilbreth are making. Perhaps 
we can convince them (the workmen) of their economic 
heresy first: that were a Lg thing todo, a highly neces- 
sary thing. But, after all, the big job for engineers of 
this generation is to quit puttering, and show what they 
can do when they vanity put their minds to it. . 

That is all that ‘‘Scientific Management” or ‘‘ Motion 
Study ” proposes—that we put our minds to our work. 

I am, yours very truly. 
Wriuiam D. Evnts. 
The Polytechnic Institute, Brooklyn, New York, 
November 13, 1911. 





‘*“NEO-PHILISTINISM.” 
To THE EprTor oF ENGINEERING. 

Sir,—After your Editorial Note it scarcely seems neces- 
sary for me to reply to Mr. Norman Davey ; but perha 
I may be pti to point out that had it not been for the 
invention of writing, itself a notable product of the scien- 
tific imagination, Mr. Davey would not have been able 
to put his remarkable ideas into permanent form. 
Further, had it not been for another important achieve- 
ment of the scientific imagination—namely, the invention 
of printing—Mr. Davey’s writings could not have been 
disseminated through your columns. Lastly, had it not 
been for the invention of weapons by man in the early stages 
of his existence, it is highly improbable that either Mr. 
Davey would be here to write, or anyone else to read his 
lucubrations : this for the reason that the human race 
would have perished ago, overborne by the beasts of 
prey, who are so much better equipped by Nature with 
means for survival than is man, except in regard to that 
scientific imagination which Mr. Davey affects to despise. 

Yours faithfully, 
A. A. CAMPBELL SwInTOoN. 
66, Victoria-street, London, 8.W.,- November 25, 1911. 





To THE Eprror oF ENGINEERING. 

Sir,—I have been much entertained by reading the 
articles which have appeared in the last two issues of 
pow journal, in reference to the respective values of the 
iterary and scientific minds; and, if you will grant me 
the courtesy of your columns, I should like to relate my 
impressions. 

My mind is still thrilling with the echo of a statement 
made in the first article of this interesting controversy, 
which said that anyone can talk generally upon literature 
and history. Now, Sir, have you ever heard two 
engineers involved in literary discussion, or endeavouring 
to express views on historical questions? Well, I have. 

Also, you yourself have written a paragraph which 
filled me with amazement. It starts thus :—‘‘ Whether 
the poetic or the scientific imagination is the more impor- 
tant tothe race could be easily settled by direct experi- 
ment.” Now, Sir, I ask you plainly, is it possilite t6 
experiment upon the value of the poetic imagination ? 
Surely you must see that experiments belong to the 
school of Science, and not to the Arts. 

You endeavour to bear out your statement by relating 
4 particular case of a person marooned upon a desert 
island, and infer that, because his desires would lie in the 
direction of those articles produced by the aid of science, 
the poetic imagination must for all time take a secondary 
place in com mn with the scientific mind. This 
arguing from particular to the general is surely not the 
method of procedure of the engineering mind. 

May I suggest that the position in which your argu. 





of Art, and there, Sir, I must beg to leave you. 
Yours — 
oun Cox. 


The Engineering Laboratories, Cambridge, 
November 25, 1911. 

(Our correspondent must have been singularly placed if 
his experience does not bear out our statement that every- 
one “‘ with little or no training can speak and argue on such 
subjects with absolute self-confidence.” His amazement 
at our suggested experiment is in itself amazing. A race 
could conceivably exist without poetic imagination (it 
might not be a nice race), but not without the scientific. 
Finally, is he absolutely certain that in the ultimate, the 
value of try, art, and J poy 4 is not really utili- 
tarian? If such pursuits do not, directly or indirectly, 
tend to preserve a race, it is hard to perceive their func- 
tion. In many cases, indeed, the utilitarian value is 
directly obvious: a common religion, a common history, 
and a common stock of poetry have tremendous unifying 
effects. This is not to ray, however, that the artist, the 
poet, or the  : eed is to aim consciously at utilitarian 
ends.—Ep. E.] 








‘“*THE ENDURANCE OF METALS.” 
To THE Epitor OF ENGINEERING. 

Sir,—I see that in your very accurate report of my 
remarks at the Institution of Mechanical Engineers last 
Friday, a slip has been recorded which I had intended to 
correct. There was no bending in the Stanton and 
Bairstow tests. In the last column on 694, line 25 from 
the bottom et seg. should read, therefore, as follows :— 

‘*When those authors spoke of ‘a reversal’ they meant 
a change from tensile to compressive stress and again 
from compressive to tensile stress (really two reversals), 
corresponding to the effect of one revolution of the rotat- 
ing beam described in the paper under discussion. In 
Fig. 1 thousands of double bends were plotted along the 
horizontal. These, in the authors’ case, were thousands 
of revolutions of the specimen, and thousands of pairs of 
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Varuus meanings of a Cycle 
tensile and compressive stresses in Dr. Stanton’s case.” 
In Mr. Biggart’s tests a cycle meant one passage of the 
rope over the agg, in which it was bent once and 
straightened again. Here there was no reversal of stress 
until the elastic limit was . A “cycle” may be 
defined diagrammatically as above, from which it will be 
seen that the rope fibres rested, both when bent and when 
straight, for a period which is not ied. 

In two experiments by Wéhler the stress was relaxed 
during three-fourths of the time which would be 
occupied by the rotation of a continuing revolving 
specimen, and applied during the remaining one-fourth. 
Xin the diagram indicates the period when the direction 
of bending on a given “fibre” was at right angles to that 
producing maximum tensile or compressive stress. 

As the results of Wéhler’s experiments, though not 
conclusive, are certainly interesting, I reproduce the 
figures from page 350, vol. xi., of ENGINEERING. (From 

244 it appears the ultimate tensile strength was 
= 47,080 to 48,1501b. per sq. in.) 


; Number of Complete Revolutions Made 
yoo before Fracture when the Motion was 
Inch) Applied to the | 
Outer Fibres. 











Intermittent. Continuous. 
29,960 170,000 183,145 
25,680 610,000 909,810 





Tt will be seen that. the effect of the rests was to reduce 


the number of cycles required to produce fracture by 64 | 
'per cent. when the maximum stress was 29,960 lb. per 
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am, Sir, yours faithfully, 
os t OC. H. WINGFIELD. 
28, Victoria-street, Westminster, November 24, 1911. 





WEAR OF RAILWAY TYRES. 
‘To THe Eprror oF ENGINEERING. 
Sir,—With regard to the above article, published in 
ENGINEERING of November 10, my experience is that 
sharp flanges are seldom to be found on both sides of 
a pair of wheels. The cutting action usually takes place 
on one wheel only; moreover, after replacing a worn 
pair of wheels, the sharp flange reappears on the-corre- 


sponding wheel of the new _. 
ife of leading wheels, which 


In order to prolong the 

commence to “run sharp,” it is customary to change 
them round right to left before the wear becomes serious. 
For the above reasons I am inclined to think that the 
cause of sharp flanges may be sought for in the engine 
itself rather than in the curvature of the road 


Yours faithfully, 
Tanta,- November 22, 1911. Ww. Risens. 





CANADIAN IRRIGATION.—The results attained by the 
Canadian Pacific Railway Company from its irrigation 
system in what is styled the “ tern Block,” have 
been gratifying. The great dam at the Horse-Shoe 
Bend of the Bow, south of Bassano, is completed ; and 
7 the close of the year upwards of 6,000,000 cubic yards 
of material will have been moved in making ditches. The 
whole work is expected to be completed within the next 
two years, and before the expiration of that period some of 
the land proposed to be treated can be served with water. 





A Recorp YEAR AT THE Royat Mint.—The annual 
report of the Royal Mint, 1910, which has just been 
published, gives an account of the enormous operations of 
this department during the past year. No less than 371 
tons of gold were melted during the twelve months, this 
amount being more than double the ave: of the ten 
years 1899-1 A quantity of nickel is melted at 
the Mint for coinage for East and West Africa. The 
quaty of gold, silver, bronze, and nickel melted during 
the year amounted to the prodigious total of 1251 tons, 
and even then the demand for coinage was so great that 
250 tons of bronze blanks had to be purchased from con- 
tractors. The total number of coins struck during the 
year was 158,204,241, the value of these rg ee | 
to 28,040,217/., which is the highest record for the Roya 

int. Some very important changes have been made in 
the methods of melting the various metals used for coin- 
age. Preliminary experiments on the use of gas and oil, 
instead of coke, have been in popes since early in 1909, 
and these experiments have involved the preparation of 
many designs for furnaces of various sizes, and the testing 
of a number of burners for obtaining high temperatures, 
some specially designed, and others of patterns already 
‘in use in various trades. Electric furnaces were 
experimented with. In connection with these experi- 
ments a number of visits were made to factories both 
in London and the provinces where oil or gas was u 
for melting purposes, and the superintendent was directed 
in January, 1910, to visit the United States and Canada, 
where oil is “4 used, in order to collect data which 
were likely to of assistance in arriving at a decision. 
Oil-furnaces burning both petroleum and creosote oils 
were tested under very varying conditions, and with air 
at pressures varying from 2 Ib. to 25 lb.; but it was 
finally decided that liquid fuel was unsuitable. In the 
experiments with ordinary town gas a variety of systems 
was tested, involving the use of at ordinary and 
high pressures, combined with variations in the pres- 
sure of the air, and the burner ultimately adopted 
was made by Mr. 8S. N. Brayshaw, of Manchester. For 
the Brayshaw burners in use at the Mint the gas is taken 
at the ordinary ry" in the main (about 3 in. of water), 
and mixed with air from a powerful blowing-engine at 
about 2 lb. pressure. With care the noise of these burners 
can be uced sufficiently to be a « sg the 
furnace linings compare very favourably with those 
hitherto used for coke in — to endurance, and the 
crucibles used for gold are found to last longer (each 
crucible serving for. an average of eighteen heats, as 
against twelve when coke is used). The adoption of gas 
as a fuel in place of coke has been accompanied by: several 
incidental economies, and jt is interesting to note that 
the present charge for fuel averages about 4}d. per owt. 
of standard gold bullion, as against 7d. when coke was 
used. It should be added that in this statement the fuel 
needed to warm up the furnace in the morning has been 
eliminated ; but, including this, the cost rarely exceeds 
5d. per cwt. on a day’s work. During 1910 the Mint 
installed sixteen gas-heated furnaces, each capable of 
taking a 400-lb. crucible, and fired with Brayshaw gas- 
burners. These sixteen furnaces have a maximum capacity 
of 2? tons of er silver, or 2} tons of bronze per melt, 
and four melts of silver, or three of bronze, can . made 
in an ordinary working-day (8 a.m. to6 p.m.). Also, five 
furnaces similarly gas-heated, but of a smaller size, are in 
use for melting gold. egg 4 the large quantity of 
metal melted at the Mint, it will. be seen that a very 
substantial saving in cost of fuel alone has been effected 
for the nation by the use of gas. The incidental economies 
are, however, still greater. e cost of carting and 
handling both coke and clinker is saved, and the room 
formerly required for the storage of them isset free. The 
es on crucibles, which is a large item, has been 

uced by 33 per cent. The work of melting is less 
laborious, the loss of metal is much reduced, and the bars 
cast are better and more uniform, 
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WARE CARBURETTOR. 


Amone the simplest of the carburettors shown at 
the recent Motor Show was that known as the Ware, 
now used on the Straker-Squire cars, and exhibited at 
Olympia by Messrs. Straker and Squire, Limited, 75, 
Shaftesbury-avenue, London, W. 

In this carburettor, which we illustrate herewith, 
the regulation of the mixture is obtained without any 
automatic valves or multiple jets. The throttle and 
choke-tube are concentric with the float-chamber, 
and are placed above it. The throttle consists 
of two discs, D and C, pierced with four holes, 
which are opened and closed by rotating the lower 
disc D. Combined with this is the choke-tube F. 
A is the sage for the incoming air, and B the 
outlet to the induction pipe of the engine. 

Petrol enters the float-chamber through the needle- 
valve H, and is maintained at a constant level L by 
the annular float G in the ordinary way. In the 
centre of the float-chamber is the well W, comniuni- 
cating with the float-chamber by the jet J... Inside 
the well is a tube K extending up into the choke F, 
and perforated with holes at the bottom. A tube M 








WYP 


Zac Lecadddedas 


U7; 
SS 





Y SII ; 
MMMM: WI 


Md 


Zi ~ So enrntee - — 
\ASEGEN I 
SSS ES 


a 


g ee ilgadiddd é 
WX 
SAW GC 


CK 


SS 





LOSS 


ZZ 


Hi 






A 
Za 


W3 
Yu 


extends from the space above the throttle to a little 
below the normal petrol level. The action is as 
follows :—For starting, the engine is turned with the 
throttle shut when enough petrol is sucked up the 
tube M to ensure starting without flooding. On the 
engine starting, the level of the petrol in the well 
falls below the end of the tube M, as the vacuum in 
the tube M is much greater than that in the well. 
Air as well as petrol are therefore drawn up the tube 
M, and this provides enough mixture to keep the 
engine just turning round. If the throttle is 
opened, a vacuum is created in the weil, and the 
flow of petrol through the jet J is therefore increased, 
and a larger amount of petrol is drawn up the tube M 
to mix with the air drawn through the throttle. 
When the throttle is full open, part of the petrol is 
drawn straight up the tube K into the choke. 

An annular s is provided between the well and 
the tube K. This space fills with petrol when the 
engine is at rest or runnin slowly, but on the throttle 
being opened the petrol 1s drawn into the tube K. 
It is stated that this gives rapid acceleration when the 
throttle is opened. 

Two means of adjustment are provided for this car- 
burettor. In order to adjust the supply of petrol when 
the engine is running at full power, the jet J is 


varied, jets with different sized holes being provided for 
the purpose. In order to vary the mixture when the 
a is running throttled, the nozzle at the end of the 
tube M is screwed up or down so as to vary its depth 
below the level of the petrol in the float-chamber. 





This carburettor is thus extremely simple. 


THE SANKEY WHEEL. 
CONSTRUCTED BY MESSRS. JOSEPH SANKEY AND SONS, HADLEY, SALOP. 


ASEtA, 

Two of the interesting features of the recent Motor 
Show at Olympia were the increasing use of detachable 
wheels and the use of twin tyres for the back wheels 
of very heavy cars. 

Among the most interesting of these is the Sankey 
wheel, made by Messrs. Joseph Sankey and Sons, 
Castle Works, Hadley, Salop. This can either be 
used as an ordinary detachable wheel, or can be 
mounted as a twin wheel for use on the back axle, 
and appears to have several advantages. We illus- 
trate the ordinary form in Figs. 1 and 2, and the 
special arrangement for twin wheels in Figs. 3 and 4. 

The peculiarity of the Sankey wheels is that 
while they have the same ap nce as the ordinary 
wood wheel, they are made throughout of thin steel, 
the spokes and rim being hollow. The wheel is made 
of two main pieces, eac somes out of a sheet of 
steel and welded down the middle, a suitable rim for 
the tyre being incorporated. They can, of course, 
be used as fixed wheels if desired, but are more usually 
made detachable. In the latter case the arrangement 
is as in Figs. 1 and 2, where A is the fixed part of the 
hub, B the nut which holds the wheel on, and C are studs 
fixed in the wheel and entering into holes in the flange 
on the fixed hub A. These studs take the driving stress. 
On the nut B being unscrewed the wheel slides off. A 
suitable locking pawl D is provided, so arranged that 
when the nut is screwed up the spanner cannot be 
removed unless the pawl is properly locked. As com- 

with the wire wheel it is claimed :— 

Firstly, that the appearance is much better and that 
it is much easier to clean. 

Secondly, that it is very much narrower over 
the hub. 

Thirdly, that the fixed part of the hub can be made 
lighter than for the wire wheels. 

These are all points of importance. The narrowness 
of the hub enables two wheels to be carried quite easily 
in the usual place without excessive space being taken 
up. The fact that the hubs are so narrow lends itself 
to a very convenient arrangement of twin wheel. We 
illustrate this in Figs. 3 and 4, where A, B, C are the 
fixed hub, nut, and driving-studs as before. D is a 
distance-piece which slides on to the hub and is kept 
from revolving on it by the feathers shown in Fig. 4, 
and which therefore drives the outside wheel through 
the studs C. On removing the nut B the outside wheel 
can be removed, then the distance-piece, and then the 
inside wheel, the whole operation taking a very short 
time to accomplish as compared with most arrange- 
ments, such as detachable rims. 

The distance-piece can, of course, be made of any 
length, and in this way suitable for any sized tyres. The 
wheels themselves are of the same pattern as the wheels 
for single tyres, and are therefore interchangeable. 
Thus the front wheels of a car may be single and the 
back wheels twin, and the same pattern spare wheel 
fits both. 





Harbour SuRVEYING.—At the meeting of the Liverpool 
Engineering Society, held on Wednesday, the 29th ult., 
Lieutenant F. W. Teen R.N.R., F.R.A.S., A.I.N.A., 
read an interesting paper having the above title, in which 
he reviewed the methods followed in marine surveying, 
dealing with the measurement, extension, direction, and 
bearing of the base, plotting, coastlining, and so forth, 
and laying stress upon the registering of tidal conditions. 

















Tue ‘ Orton.” —The super-Dreadnought Orion re- 
turned to Portsmouth on Saturday from her final accept- 
ance trials, which included a non-stop run of 24 hours. 





_ Tue Roya Society or Arts.—At the ordinary meet- 
ing of the Royal Society of Arts, held on Wolnesday 
last, Mr. A. E. Berriman read a paper on: “‘ Aeroplane 
Efficiency.” In this ye the author first considered the 
value of the thrust-lift ratio, or the coefficient of flight, 
and pointed out how deadweight affected this factor. He 
then — on to the consideration of the resistances 
offered by aeroplanes, by their surfaces, body forms, &c., 
finally deducing expressions for lift and resistance of the 
machine. The expression arrived at for the lift was 
V? tan B and for the total resistance V-(0-000018 + tan?) 

400 , 
the latter being based on Dr. A. F. Zahm’s formula for 
air resistance, and § being the angle of deflection, The 
ratio of these two gave the coefficient of flight, and was 


0000 2 

to (° eae tan? 6 ) which, with an angle of de- 
n 

flection of 5 deg., had a value of about 0.085. The co- 
efficient was independent of velocity, because the absolute 
resistance and the absolute lift were both proportional to 
V2. If the speed be doubled, the lift and resistance 
would be both quadrupled. 





equal 





PrERSONAL.—The ter part of Messrs. Siemens and 
Co.’s office staff at Caxton House has been removed to 
new offices at their Woolwich works. All future commu- 
nications relating to insulated wires and cables, telegraph 
and telephone gy ere line map gee 
testing apparatus, batteries, railway si ing, publica. 
tions, Bom accounts, should be prc the yoy the company 
at Woolwich.—The Submersible Motors, Limited (W. R. 
Macdonald’s Patents), 23, St. Swithin’s-lane, Lombard- 
street, E.C., have taken over the works and business of 
“The J—L Manufacturing Company, Limited,” of 
Johnson - street, Southall, as from August 11 last. 
Mr. T. L. Reed - Cooper, managing director of the 
J—L Manufacturing Company, Limited, has been ap- 
pointed m ing director of this company, and the 
whole of the a Manufacturing Company's staff has 
been retained. The name of the company will be altered 
at an early date to: “‘ Submersible and J—L Motors, 
Limited.”—Messrs. Alfred Herbert, Limited, of Coventry, 
announce that Messrs. Oscar Harmer, Joseph Pickin, 
John Milburn, W. H. Herbert, P. V. Vernon, and 
Thomas Woof, all of whom have for many years been 
actively associated with the management of the company, 
have been appointed departmental directors. Mr. Alfred 
Herbert continues aschairman and governing director. — 
Mr. H. R. Witting, of 9, Southampton-street, Holborn, 
W.C., will, on the 8th inst., remove his offices to more 
extensive premises at 41, Berners-street, Oxford-street, 
London, W.—Mr. K. Schall, scientific-instrument maker, 
opened on last Wednesday his enlarged new premises at 
75, New Cavendish-street, W., and gave some interesting 
demonstrations with new electro-therapeutical apparatus 
on this occasion. An instantaneous photograph of a heart 
in the human bedy was taken, the subject standing in 
front of the Réntgen bulb, and holding the encased photo- 
graphic plate before his chest.—Mr. A. Hoffmann informs 
us that from December 1 he resigns his position as 
managing director of United Motor Industries, Limited, 
for the purpose of devoting himself entirely to. the 
expanding business of Ivel Agricultural Motors, Limited, 
of which company he has acted as manager since the 
Ivel motor was first placed on the market—about nine 
years ago. After December 16 the head office Peres 
company will be at the works, Biggleswade, Beds, where 
all communications should be sent. 
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SHORT-STROKE WORK ON PLANING- 
MACHINES. 


During the last two years the driving of planing- 
machines by reversing motors has been vigorously 
advocated, and many planers are now running at 
speeds that were impossible with the belt-drive. The 
reversing motor alone, and the reversing motor in con- 
junction with a motor generator, have both been 
utilised, and planers equipped with these systems 
reverse fairly accurately at the end of the cuttin 
stroke, but often overrun considerably at the end a 


Co., Chester, on two planing-machines of identical con- 
struction, measuring 11 ft. 8 in. between the housings, 
each driven by a motor of 50 horse-power, one fitted 
with a reversing motor, and the other with a continuous- 
running motor, the reversals being done by a magnetic 
clutch. The machine fitted with this clutch r is 
illustrated in Fig. 1 on this page. This clutch is of the 
“Vulkan” pattern, fully described and illustrated in 
vol. xci. of ENGINEERING, e 722, and its operation 
will therefore be clear without further description. 





The method of application shown in Fig. 1 herewith 
is slightly different from that previously dealt with, 
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the return stroke. This excessive overrun is not so 
detrimental at the end of the return stroke as it would 
be at the end of the cutting stroke, because it does 
not affect the cut, which has often to be done up to a 
given line, but it occupies time and limits short-stroke 
work on the planer. 

The cause of this overrun is not due to excessive 
power required by the planer, because the maximum 
demand occurs directly after the reversal at the end 
of the cutting stroke, and in accelerating the table up 
to the return speed, It must therefore be due to the 
kinetic energy in the heavy armature of the motor. 
‘ests have been made by Messrs. Cecil E. Lugard and 
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Tlurve of Efficiengy on aPlaner with Valkare Clutch. 

Tourve of Efficiengy on a Planer with Reversing Motor: 
belt-drives to the clutch taking the place of gears. In 
Fig. 1 herewith the motor drives direct the ~ re 
shaft of the two in the foreground. This by belt to 
the clutch drives the planer on the reverse stroke. 
By gear the lower shaft shown in the foreground is 
driven at reduced speed, the drive being transmitted 
to the clutch by belt for the cutting stroke. 

The planing-machine fitted with the reversing 
motor has a cutting speed of 33 ft. 10in. per minute, 
and a return speed of 544 ft. per minute, the revolu- 
tions of the motor being 588 and 900 respectively. 
The machine fitted with the magnetic clutch has a 
cutting speed of 26 ft. 7 in. per minute, and a return 
8 of 67 ft. 4 in. per minute, the revolutions of the 
clutch being 164 and 415 respectively. 

The kinetic energy in the clutch armature from 164 
revolutions per minute (cutting speed) to rest is 
1041 ft. -ib., and from 415 revolutions per minute (return 


7 + 6 








speed) to rest is 6632 ft.-lb., whereas in the reversing 
motor from 588 revolutions per minute (cutting speed) 
to rest is 17,605 ft.-lb., ay 900 revolutions per 
minute (return speed) to rest is 41,445 ft.-Ib., or 16.9 
and 6.2 times greater than the clutch-drive. If it be 
assumed that the reversing motor is capable of running 
the planer at the same speed as the clutch-drive— 
26 ft. 7 in. pe minute and 67 ft. 4 in. per minute— 
the speed of the motor would be 438 revolutions per 


|minute and 1110 revolutions per minute, and the 
kinetic energy 9837 ft.-lb. and 62,917 ft.-lb., or 9.4 


and 9.5 times greater. 


As it is impossible to run the motor up to 1110°revo- 
lutions per minute, it is necessary to adjust the speed 
of the reversing motor so as to get a comparison under 
the same theoretical running time— namely, a stroke 
of 39.3 in. in 10.34 seconds, regardless ot the time 
needed for reversal. The s s of the motor will 
then be 558 revolutions per minute and 712 revolutions 
per minute, and the kinetic energy 15,985 ft.-lb. and 
25,930 ft.-lb., or 15.3 and 3.9 times greater. 

It will thus be seen that under any conditions the 
kinetic energy is an important consideration, and 
that it governs the overrun and time of reversal. 
It is further evident from this that short strokes with 
a reversing motor are undesirable, if not impossible. 
The loss of time for various lengths of strokes is clearly 
shown in Fig. 2, which gives the time required for 
reversal expressed in per cent. of the theoretical 
running time. The efficiency for various lengths of 
stroke is shown in Fig. 3. This gives the ratio between 
theoretical running time and actual running time. 

In addition to the kinetic energy produced in the 
clutch or motor-armature, there will be the power 
required to stop the table, gears, &c.; but this need 
not be taken into account, since is will be the same for 
both types of drive, but the clutch-drive is more 
able to deal with it, as it is not overloaded with its 
own energy. 

With the reversing motor, as it is necessary to break 
comparatively heavy currents repeatedly, the switch- 
gear requires very careful design if it is not to give 
trouble. The reversing motor in conjunction with a 
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motor-generator is easier on the switch-gear, but the 
électrical efficiency due to having to employ three 
machines in tandem will be very low, probably about 
40 per cent. 

he machine fitted with the magnetic-clutch drive, 
shown in Fig. 1, is one of six machines which have 
been running satisfactorily for eighteen months. Near] 
300 planers and slotting-machines have been fitted wit 
this ‘‘ Vulkan” clutch drive vee the past six years ; 
this is fair testimony to the reliability of the system. 





Reapinc-Room 1N Beruwn.—The Dean-Mayer Com- 
pony. advertising contractors, of 1, Schellingstrasse, 

rlin, W. 9,.have arranged conference, reading, an 
writing-rooms for the benefit of their friends: and for 
English engineers visiting Berlin. These rooms ean be 
used free of charge for appointments, interviews, &c. 

Tax LATE Mr. Grorce Bowsr.—We ret to have 
to record the death, which occurred on the 29th inst., of 
Mr. George Bower, the well-known gas and water engi- 
neer, of St. Neots, empowers Mr. George Bower 
put down water works and gas works in many countries, 
and invented also a number of improvements in gas- 
lighting apparatus. He was Cighty-five years of age. 





Contracts. —One of the largest contracts that of recent 
yous have been placed in connection with machinery 
or hydro-electric power installations has, after a very 
keen competition of English, Continental, and American 
manufacturers, been awarded by the Tata Hydro-Electric 
Power Supply Company, “Limited, through the medium 
of their consulting erigineérs, Messrs. Alfred Dickinson 
and Co., to the followmg successful tenderers :— Messrs. 
Escher, Wyss, and Co., for the hydraulic machinery, 
turbine, and _pipe-lines,; Messrs. Siemens Brothers 
Dynamo Works, ‘Limited, for. the rators’; thé 
General Electric  Geopeny (of New York), Schenec- 
tady, for the transformers’; and the Felten Guilleaume 
Cable Works for the transmision line. The equipment 
comprises four “9600-kw. generators direct-coupled to 
high-pressure ential water-wheels of the impulse 
type. The turbinés will-be designed for a head of 1740 ft., 
and will have a speed of 300 revolutions per minute. The 
regulation. is effected by automatic oil-pressure governors. 
Instead of making use of pressure lators, the tur- 
bines will be fitted with nozzles of the deflecting type 
(Escher, Wyss, and Co.’s patent). The pipe-line is one 
of the most important of its kind, both with to 
length and diameter, as well as to difficulties entailed 
in its construction. Over 6000 tons of steel pipes are 
required, not taking into account the weight of the anchor- 
and auxiliary apparatus. Thé‘capacity of the plant 

e hopole power-station) will be about 38,000 kw., but can 
e increased to 76,000 kw, at any time. For the excita- 
tion two separate aggregates are to be installed, each of 
600 kw. output, and driven by water-turbines of the same 
type as the main turbines.—The Worthington Pump 
ompany, Limited,- London and Newark-on-Trent, has 
recently booked-a large number of orders for pumping 
and condénsing plants complete, for collieries, railways, 
various Works and corporations, both in this country, the 
Continent, and distant lands. They have also secured a 
large numiber of orders. for their well-known duplex 


pumips, iricluding over 150 for marine service, also power- |. 


pumps, vacuuin:puimps, air-compressors, water-meters, &c. 


Tue French Navy.—The number of vessels now in 
course of construction, or in contemplation, for the 
French .Navy is 39, as sprees with 54 twelve months 
since. Thete is, accordingly, a falling off of 15, or rather 
more than one-fourth. e number of vessels now 
remaining to be completed is 18 ; the number to be con- 
tinued is.11; and the number still to be commenced is 10, 
The vessels to be completed in 1912 comprise eight 
torpedo-boat destroyers, nine submarines, and one mine- 
layer. The vessels to be continued in 1912 comprise four 
ironclads, five torpedo-boat destroyers, and two sub- 
marines. The vessels still to be commenced comprise nine 
submarines and one transport ship. Of the vessels to be 
continued next year, three torpedo-boat destroyers are 
being built in Government arsenals and five by private 
firms, while nine submarines remain to be completed in 
Government arsenals and one mine-layer by a private firm. 
Of the vessels to be completed next year, two ironclads 
are in hand in Government arsenals and two in private 
yards, three torpedo-boat destroyers are in hand in Govern- 
ment arsenals and two in private yards and two submarines 
are in hand in Government arsenals. Of the vessels still 
to be commenced, nine submarines are proposed to be 
taken in hand in Government arsenals, and one transport 
is to be built by a private firm. Among vessels which 
are to proceed with their trials in 1912 may be mentioned 
eight torpedo-boat destroyers—viz., the Henri, the Her- 
bert, the Bisson, the Capitaine Mehl, the Dehorter, the 
Francis Garnier, the Commandant Bory, the Commandant 
Riviére, and nine submarines—viz., the Foucault, the 
Euler, the Franklin, the Coalomb, the Arago, the Cuny, 
the Le Verrier, the Clorinde, and the Cornélie. Eight 
of the submarines in hand are numbered at present from 
Q 94, to Q 101. ey have a displacement of 410 tons 
each, and are 179} ft. long by 17 ft. beam. Their engines 
work up to 1300 horse-power, and their surface speed is 
to'be 15 knots. Another submarine, known at present as 
the Q 102, will have a displacement of 520 tons, and will 
be 200 ft. long by 18 ft. beam. Her engines are to work 
up to 2100 -power, and they are to give her a surface 
spend of 174 knots. ‘I'wo other submarines, the Gustave 

é and the Néréide, are to have the still larger dis- 

lacement of 797 tons; they are 246 ft. 4 in. long by 20 ft. 

i“ and their engines are to work up to horse- 
power, and give an estimated surface speed of 20 knots, 





d | iron is selling in a fair way, and iron-pipe makers are i 
aré’| by the makers, while the wages of melters vary in accord- 
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NOTES FROM THE UNITED STATES. 

; PHILADELPHIA, November 23. 
RaILRoaD buying has, become quite a feature in the 
market during the pest week. The railroad com- 
panies have been holding back for months and are now 
coming forward. Car orders made a larger total for 
the week than for many months, the figures being 
13,000 cars, besides several large inquiries which are 
being figured on. Orders for rails for the week figure 
up to something over 100,000 tons. Most of this busi- 
ness is, of course, for next year’s delivery. Some 
mills are almost bare of orders. Ina general way 
rices are about the same as they have been, Crude 


in the market for large blocks. Foundry irons 


under sone active inquiry, though the actual ordegn, 


are of not much consequence. 

In finished products there is also greater activity 
especially in those lines connec with railroad 
supplies. This applies particularly to plates and 
shapes, and the aggregate of orders for these products 
foot up about 100,000 tons; the most of these has 
been taken by Western mills. If the present rush 
should continue, a hardening of prices is regarded as 
quite probable. Eastern shape and plate-mills have 
not as yet shared very freely in this improvement. A 
moderate volume of business won ~ a, | tothem. Another 
reason is that Eastern plate-mills have not a 
their price to the low level prevailing in the West. 
Competition in steel billets is active, and is keeping 

rices at the low level. In bar and merchant iron 
urther activity is mentioned. Tin-plate mills have 
not recovered Sayoud a 50 per cent. output of total 
capacity. For two-weeks the total of car orders foots 
up 31,200. cars, as announced to-day. During three 
weeks more car orders were’ booked than for the four 
months preceding. 








NOTES FROM THE NORTH. 

- Gtiascow, Wednesday. 
Glasgow Pig-Iron Market,—Last Thursday morning the 
ig-iron market was quiétly steady, and 4000 tons of 
Cleveland warrants were done at 48s. cash, 48s. 4d. and 
48s. . one month. Closing sellers quoted 48s. 03d. 

cash, 4d. one month, and 48s. 104d. three mont 
Buyers of hematite offered 62s, 104d. one month. In the 
afternoon there was little doing, but Cleveland warrants 
remainécsteady. The turnover consisted of 1500 tons at 
48s. cash, 48s. 4d. one month, and 48s. 94d. three months, 
and at the close sellers quoted 483. cash, 48s. 34d. one 
month, and 48s. 10d. three months. Hematite was firmer, 
with cash sellers at 63s. 6d., and one month buyers at 63s. 
On Friday morning Cleveland warrants were easier, and 
3500 tons chan; hands at 47s. 10d. cash and 48s. 8d. 
The closing quotations became firmer, with 
sellers at 47s. 114d. cash, 48s. 24d. one month, and 48s, 94d. 
three months. The afternoon session was quiet, and 
2000 tos of Cleveland warrants were dealt in at 47s. 11d. 
cash and eight days, with cash sellers over at that figure. 
For the cher itions the quotations were 48s. > 
one month, and 48s. 94d. three months sellers. n 
Monday morning weakness prevailed, and only 1000 
tons of Cleveland. warrants were done at 47s. 114d. 
four days, and 48s. 3d. one month, and closing sellers 
uoted 47s. 10d. cash, 48s. 14d. one month, and 48s. 84d. 
three months. _ Hematite was steady and 500 tons changed 
hands at. 63s. cash, with buyers over at 63s. 4d. one 
month.’. In the afternoon with Cleveland warrants — 

offered the prices fell away, and the business amoun 
to 4500 tons at 47s. 84d. and 47s. 8d. cash, 47s. 84d. nine 
days, 47s. 8d. four days, and 47s. 114d. one month. 
Sellers’ closing quotations were 47s. 9d. cash, 48s. one 
month, and 7d. three months. Hematite was un- 
changed at 63s, 4d. one month buyers. The market 
was the turn firmer on Tuesday morning, when 10,000 
tons of Cleveland warrants were put through at from 
47s. Yd. to 47s. 9d. cash, from 48s. 1d. to 48s. one 
month, and from 48s. 74d. to 48s. 7d. three months. 
At the close there were sellers over at 47s. 9d. 
cash, 48s. 0}d. one month, and 48s. 74d. three months. 
In the afternoon the tone was easier, and the dealings 
consisted cf 3500 tons of Cleveland warrants at from 
47s. 8d. to 47s. 74d. cash, and at 47s. 114d. one month, 
and 48s, 6d. three months, with sellers over at the last 
two figures, and 47s. 8d. cash. When the market opened 
to-day (Wednesday) weakness prevailed, and Cleveland 
warrants fell off from 47s. 8d. to 47s. 54d. cash, and the 
turnover of 9000 tons included dealing at 47s. 9d. one 
month, and 48s. 44d. three months. Abt the close of 
the session sellers quoted 47s.. 54d. cash, 47s. 9d. 
one month, and 48s. . three months. In the after- 
noon there was little doing, and Cleveland war- 
rants were a shade firmer. he business consisted of 
1500 tons at 47s. 54d. and 47s. 6d. cash, and closing sellers 
—_— 47s.-64d. cash, 47s. 9}d. one month, and 48s. 44d. 
ree months. The angen Cw the market quotations 
for makers’ (No. 1). iron: yde and Calder, 62s. 6d. ; 
Gartsherrie and Summerlee, 63s. ; om, 63s. 6d. ; 

at ( 


and Coltness, 82s. 6d. (all ship lnagom) 5 Glen- 
garnock (at Ardrossan), 65s.; Shotts (at Leith), 63s. ; 

and Carron (at Grangemouth), 64s. 
Sulphate of Ammonia.—A quieter tone has ruled in the 
sulphate of ammonia market during the Baa few days, 
the demand is not quite so brisk. The price has 


eased off slightly, and is now quoted at 14/. 5s. per ton | S.W. 





for mpt shipments, Glasgow or Leith. The amount 
exported Troan teith Harbour last week was only 20 tons. 


Scotch Steel Trade.—The Scotch steelmakers report 
— healthy trade during the past week, and as speci. 

cations for plates and angles have been plentiful, the 
output of ‘these has been la New -business is stil] 
being fixed up very slowly, but, all the same, a fair 
amount of new orders have lately been booked. The 
demand for light sheets and thin plates and structura] 
sections generally is again very good, and these de- 
partments are fully employed. - The export trade is 
satisfactory, and a. lot of material is going through. 
Owing to the adoption of the rebate ~ nny the 
Scotch :steel-makers have made an application to the 
Board of Conciliation and Arbitration tor a reduction of 
24 per cent. in the wages of the mill-men and steam-men. 
At present the wages of the mill-men and steam-men are 
regulated by the minimum prices fixed from time to time 


eee with realised selling prices. The makers are anxious 
} bring about uniformity in the sliding scale, and propose 
to alter the basis for mill-men and steam-men to that by 
which the melters’ wages are arranged. 


Malleable-Iron Trade.—No change has taken place in 
the malleable-iron trade of the West of Scotland since 
last report, ——- rhaps, that makers are busier and 
the various establishments are running full. Specifica- 
tions are plentiful; but prices are no better than 6/. to 
61. 2s. 6d. per ton, less 5 per cent. for crown bars. Foreign 
competition is less active, but the local competition is 
still as keen as ever. 


Scotch Pig-Iron Trade,—A fairly good business con- 
tinues to be done in Scotch Pig iron, both locally and 
with consumers in the South. The shipping trade is also 
very fair. ers’ prices are firm, and the recent ad- 
vanced rates are being obtained. Hematite is still quoted 
firm at 65s. per ton ; and although buyers are only pur- 
chasing sparingly, a fair amount of material is going 
through. 


Shipbuilding.—The Greenock and Grangemouth Dock- 
ard Company, G emouth, have received orders from 
Messrs. Hendy, McCallum, and Co., Glasgow, to build 
a, pas r and cargo steamer for Australian owners. — 
Messrs. John Reid and Co., naval architects, Glasgow, 
have jest pins out orders for three tug-boats. They have 
placed orders for two of them with Messrs. George Brown 
and Co., Greenock, while Messrs. Alley and McLellan, 
Limited, Polmadie, have received the order for the third. 
The latter firm also report having contracted to build two 
steel lighters, each of 150 tons, for foreign owners. 








Srem.-Birape Hyprometer.—In a meeting of the 
Société Scientifique de Bruxelles, held last April, Felix 
Leconte described an ‘‘areometer without meniscus.” 
In the ordinary hydrometer for the determination of the 
densities of liquids the observations are disturbed by the 
adhesion of the liquid to the rod or tube of glass. Now, 
water does not adhere to steel, and, according to Leconte, 
no meniscus is formed in liquids in which water predomi- 
nates when a flat strip of steel is inserted into the liquid ; 
that is to say, the line of contact between liquid and steel 
is straight and in the plane of the surfaee level. The blade 
is made of blue steel, which is not likely to rust when it 
is wiped after each use. The calibration marks are 
chemically engraved in the steel. Leconte thought that 
the steel might galvanically be coated with copper and 
then with gold to avoid all chances of rusting. But he 
had not tried whether this galvanising might not lead to 
the formation of a small meniscus. 


Tue InstrTute or Metats.—The London meeting of 
the Institute of Metals will be held at the Institution 
of Mechanical Engineers, Storey’s Gate, Westminster, 
S.W., on Tuesday, January 16, and Wednesday, January 
17, 1912. The meeting will commence on Tuesday after- 
noon, when the President-designate (Professor W. 
Gowland, F.R.S.) will deliver his inaugural address on 
the subject of ‘‘ Copper and its Alloys in Early Times.” 
The whole of Wednesday, January 17, will, if necessary, 
be devoted to the reading and discussion of —— on 
extremely interesting subjects, amongst which may be 
mentioned the following :—‘‘ Properties of Certain Copper 
Alloys at High Temperatures.” by Mr. G. D. Bengough, 
M.A.; ‘‘Further Experiments on the Inversion, at 
470 deg. Cent., in Copper-Zinc Alloys,” d Professor 
H. C. H. Carpenter, MA. Ph.D. ; ‘The Influence of 
Oxygen on Copper containing Arsenic or Antimony,” by 
Mr. R. H. Greaves; ‘‘The Nomenclature of Alloys, 
by Dr. W. Rosenhain, B.A.; ‘‘ Poisoned Brass, and Its 
Behaviour when Heated in Vacuo,” by Professor T. 
Turner, M.Sc.; and a paper by Dr. Carl Benedicks, of 
the University of Stockholm, dealing with some novel 
experiments on a zinc-antimony alloy. The last-named 
paper, the second to be contributed by a foreign member 
of the Institute in the past three months, will be unique 
in the literature of British learned societies, as it will 
contain illustrations in colour reproduced by autochrome 
(natural colour) photography. From the above it would 
seem that a capital programme hasbeen arranged. 1n- 
cluding, as it does, rs of an essentially practical as 
well as of a theoretical character. There have recently 
been received so many applications for particulars of 
membership conditions of the Institute, that the Council 
has decided that there shall take place shortly a special 
ballot, so that new members can elected in time for 
them to be present as full members at the annual general 
meeting. The necessary membership application forms 
can be obtained from Mr. G. Shaw Scott, M.Sc., Secretary 
of the Institute of Metals, Caxton House, Westminster, 

4 The last date for the receipt of membership 





application forms in connection with this ballot 1s 
ber 6, 





Se ery acres 














See ie ar errs 








Dec. 1, 1911.] 


ENGINEERING. 





735 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Midland Iron.—The factors which have retarded 
prosperity in the iron trade during many months of the 

resent year were detailed at the annual meeting of the 

fidland Iron Company. For the first few months, up 
to May, the company did very well. Then the extreme 
heat of the summer reduced outputs, and ie was 
further unfavourably affected by the railway strike and 
the general labour unrest. Otherwise, the chairman said, 
he thought they would have had a better statement to 
present, as the figures on the balance-sheet were, on the 
whole, more satisfactory than last year. As tothe future 
it was difficult to speak with confidence on account of the 
situation in the labour world, but at present the iron 
trade was certainly in a very much better condition than 
it had been for a considerable time. 


South Yorkshire Coal Trade.—There is the inevitable 
falling-off in shipments of steam coal owing tothe closing of 
the Baltic ports, so that the hard-coal market is not now 
quite so strong. On the other hand, the industrial de- 
mand shows no decrease, and although lower prices are 
being taken in some instances, collieries which are well 
booked up are asking good figures for we for the 
open market. Railway companies are still buying in the 
open, but their contracts expire at Christmas, and there is 
considerable speculation as to what terms they will obtain. 
Previous quotations were 8s, 9d. a ton, and it is said that 
the colliery companies are asking a substantial advance 
on that figure. 1, both for shipment and inland 
works, is insteady demand. Slacks are better, and prices 
have strengthened along with the improving inquiry. 
Coke is steady. The house-coal position has not changed 
much, but colder weather has had an improving effect, 
and things are moving a little more freely. Of course, 
there are still considerable stocks both at pits and dépéts, 
but price reductions are being made very cautiously. 
Last week’s official prices, quoted on the local Exchange, 
were :—Best hand-picked branch, 14s. 6d. to 15s. 6d.; 
Barnsley best Silkstone, 12s. to 13s.; Silkstone, 11s. 6d. 
to 12s. 6d.; Derbyshire house, 10s. to 11s.; Derbyshire 
large nuts, 9s. to 10s.; small nuts, 6s. to 7s. 6d.; York- 
shire hards 9s. 3d. to 10s. 3d.; Derbyshire hards, 7s. 9d. 
to 8s. 9d.; washed nuts, 8s. to 9s.; rough slacks, 5s. 6d. to 
7s. 6d.; seconds, 4s. 6d. to 5s. 6d.; sm: 2s. to 3s. 


Iron and Steel.—Pig iron has made a big improvement 
during the last week or two. The exceptionally active 
condition of the steel trades has necessarily resulted in a 
very heavy consumption of iron, and the benefits of this 
are being appreciated. Prices have moved up all round. 
Hematites are stronger than they have been for a very 
long time. Sales of Derbyshire irons have been on a large 
scale, and Lincolnshire makers are quoting premiums on 
the Association’s figures. The following are the new 
official quotations :—Hematites, West t, 74s. to 
76s.; East Coast, 69s. to 70s.; Lincolnshire No. 3, 
50s. 6d.; forge, 49s. 6d.; Derbyshire No. 3, 53s.; forge, 
50s. Bars are selling at 7/., and sheets from 9. 
to 92. 10s. Very small stocks only are held of forge 
and foundry irons. Basic iron is being consumed in 
large quantities locally, and the furnaces are being ex- 
tended. Steel scrap has not improved. The march of 
prosperity in Sheffield trades goes forward without any 
check. Indeed, every week sees a greater volume of 
work in the hands of the manufacturers, and that not- 
withstanding the exceptionally heavy ordering which has 
been going on now for a couple of months. There is no 
cessation of activity in the armament departments, and 
the outputs in the various branches of the heavy trades 
form a phenome’ As illustration of the 
position of the armament houses, it may be pointed out 
that the collapse of the big scheme of naval construction 
in Canada, although it means considerable loss on pre- 
liminary work done by the three Sheffield houses, is not 
such as to interfere with the steady progress of these 
firms. Inquiries from — gy ee and engineers are 
on a big scale ; w fren yn y the foundries-and forges 
are fully occupied, and there is great activity amongst 
the file and engineers’ tool-makers. Some of these Guedes 
are busier than they have ever been before, and it is satis- 
factory to note that a fair weight of orders has been 
received from the Continent, showing that Sheffield-made 
tools and appliances more than hold their own against 
the cheaper foreign products. A good deal of inconveni- 
ence is still caused to manufacturers by railway delays, 
which have the effect not merely of delaying delivery of 
finished goods, but causing urgently needed raw materials to 
be held up, which is particularly aggravating when makers 
are working under extreme pressure. 





Our Ratt Exports.—The exports of rails from the 
United Kingdom do not show any advance during the 
ten years ending with 1910 inclusive. The movement 
and value of the shipments during each of the ten years 
were :—- 


Year. Tons. Value. 
£ 

1901 .. ~~ ae 7 466,607 2,736,264 
1902 .. ; : 583,543 3,173,208 
1908 .. if 604,076 8,212,700 
1904 . ; . 625,871 2,544,289 
1905 . ; d ¢ 2,731,854 
1906 .. . ms “ 460,328 2 591,363 
1907 .. . - i 429,161 2 806,096 
1908 . + oa sy 452,521 2,769,344 
1909 . io ai Se 580,215 3,357,010 
1910 . 482,327 2,825,504 


It will be observed that last year’s shipments were below 


those made in 1902, 1903, 1904, 1905, and 1909. The | well 
stagnation observable in the exports is, no doubt, attri- 
butable to the German and American competition which 
has now to be faced, 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mripp.iesBroucH, Wednesday. 

The Cleveland Iron Trade.—After the recent heavy 
buying in Cleveland pig iron there is a lull. Purchasers 
of Cleveland are once more indis' to operate, and 
values are easier. The downward movement, however, 
is not due to any adverse influences in the legitimate 
market, but is in consequence of a fall in warrants 
caused by holders having decided to.take their profits and 
selling out rather freely. This speculative movement is not 
expected to keep prices of makers’ iron down; nevertheless, 
for the time being it checks business, as genuine buyers of 
pig will not, in a falling market, place more orders than 
are necessary to meet early requirements, Producers as a 
rule quote 48s. for early f.o.b. delivery of No. 3 g.m.b. 
Cleveland pig, but buyers are not red to pay any 
such figure. Second hands have ‘accepted as low as 
47s. 9d. for small odd lots, and even that figure might 
now be shaded. No. 1 is 51s. 6d. to 51s, 9d.; No. 4 
foundry, 47s. 3d. ; No. 4 forge, 47s..; and mottled and 
white iron, each 46s, 9d.—all for early delivery. The 
hematite branch of the staple industry continues steadily to 
improve. There are no hematite warrants to hamper 
this branch, and so good has been the demand of late that 
makers’ stocks are said to have almost disappeared. Mixed 
numbers of East Coast hematite are up to 62s, 6d. for 
early delivery. Foreign ore.is firm, an mises to be 
dearer. Market rates are based on fully 21s. ex-ship Tees 
for best Rubio. Cokeis in good request, with a continued 
heavy local consumption. Average blast-furnace kinds 
stand at 15s. 3d. delivered here. 


Stocks and Shipments of Pig Iron.—It is understood 
that makers have now practically no stocks of pig iron. 
Those of hematite are said to have been cl id out, and 
the only stock of Cleveland is the 558,000 tons in the 

ublic warrant stores. During November Cleveland pig 

as been withdrawn from the public warrant stores at 
the rate of about 750 tons per working day. Shipments 
of pig for November come up to expectations, averaging 
4000 tons per working day. For the previous month the 
a7. average was 4420 tons, and for November last year 

10 tons. 


Manufactured Iron and Steel.—Very satisfactory and 
encouraging reports continue to be given of all branches 
of the manufactured iron and steel industries. Not 
only have firms made excellent contracts, but orders are 
still coming in. Values are not quotably changed, but 
advances are anticipated. ymmon iron are 71. ; 
best bars, 7/. 7s. 6d.; best best bars, 7/. 15s.; packing- 
iron, 5/. 15s.; iron ship-plates, 6. 7s. 6d. to 6, 10s.; iron 
ship-angles, 7/.; iron girder-plates, 6/. 15s. ; iron boiler- 
P tes, 71. 7s. 6d.; steel bars, 6/. 5s.; steel ship-plates, 

. 158.; steel ship-angles, 61. 7s. 6d. ; steel boiler-plates, 
71. 10s.; steel hoops, 61. 12s. 6d.; steel strip, 61. 10s. ; steel 
joists, 67. 7s. 6d. to 61. 10s. ; cast-iron railway chairs, 
3l. 12s, 6d.; light iron rails, 6/. 10s.; heavy steel rails, 
5l. 12s. 6d.; steel railway sleepers, 6/. 10s.; and iron and 
steel galvanised corrugated sheets, 24 gauge, in bundles, 
11/. 5s.—sheets less 24 per cent. f.o.b., railway material 
net, and all other descriptions less 24 per cent. discount. 


Ironworkers’ Wages.—According to the accountants to 
the Board of Conciliation and Arbitration for the Manu- 
factured Iron and Steel Trade of the North of England, 
the average net selling price of iron rails, plates, bars, 
and angles for the two months ending October 31 last 
was 6/. 5s. 3.25d. per ton, as compared with 6/. 6s. 5.63d. 
for the previous two months; and, in accordance with 
sliding-scale arrangements, finished-iron workers’ wages 
for December and January will be the same as prevailed 
during the preceding two months. 





Tin-PLates.—This year has witnessed a t falling 
off in the demand for British tin-plates in Canada. In 
the last nine months of 1910 the imports were 429,697 tons, 
or 47,744 tons per month. In the seven months ended 
J + Ay this year, they declined to 170,757 tons, or 
24,394 tons per month. While this decrease has been 
taking place in the imports of tin-plates from Great 
Britain, American deliveries have largely increased. 





Tue “ NationaL Review” or Cxina.—At this time, 
when public attention is being directed ‘towards develo 
ments in China, issue of a special number of the 
National Review of China, published at Shanghai, should 
prove particularly opportune. The present movement is 
mainly one for reform from the inside, with a view to 
greater ae along the lines of modern civilisation. 
The probable future developments, if this reform move- 
ment is successful, can to some extent be gauged by 
the wonderful changes that have taken place in recent 
yours, in spite of all hindrances. In 1896 China 

t 370 miles of railway. To-day she has nearly miles 
in operation, while schemes in prospect or under con- 
struction amount to 14,000 miles more. Thus, within a 
short space, China will probably have produced a railway 
system of a size similar to that which it occupied India 
no less than forty-three years to build up. © special 
October issue of this review is devoted to China’s rail- 
wee, and will well repay study by those interested in 
such development. In various articles the systems are 
surveyed, and articles are also devoted to the special 
undertakings. such as the Imperial Railways of North 
China, the Tientsin-Pukow ilway, the Shanghai- 
Nanking Railway, and others. An inset takes the form 
of a railway map of China, showing the existing sam 98 
ll as those under construction and p . The 
review is urable from the Far Eastern Advertising 
Agency, Limited, Craven House, Kingsway, W.C., at 
2s., post-free, 








NOTES FROM THE SOUTH-WEST. 


_ Cardiff.—The position of the steam-coal trade has been 
improved by substantial tonnage arrivals, but there are 
now complaints that loading facilities are not sufficient 
to provide forcurrent requirements. Cardiff tippers have 
decided not to proceed with a threatened strike, and this, 
of course, has given satisfaction to al¥ engaged in the coal 
trade ; some anxiety is still felt, however, as to the course 
likely to be taken by local railway men. The best 
Admiralty large steam-coal has made 17s. to 17s. 3d. per 
ton ; regen y as have ranged between 15s. and 
16s. 9d.; best bunker smalls between 8s. and &s. 6d.; and 
pres smalls between 6s. and 6s. 9d. per ton. The house- 
trade has shown scarcely any change ; the best ordi- 
ualities have made 14s. 6d. to 16s. 6d.; No. 3 
Rhondda large, 17s. to 17s. 6d.; and smalls, 9s. 9d. to 10s. 
per ton. No. 2 Rhondda large has been quoted at 12s. 3d. 
to 12s. 6d.; and smalls at 6s..3d. to 6s. 9d. per ton. 
Foundry coke has made 17s. 6d. to‘20s.; and furnace ditto 
15s. 6d. to 16s. 6d. per ton. As regards iron ore, Rubio 
has brought 19s. 6d. to 20s. per ton, upon a basis of 50 per 
cent. of iron, and charges, including freight, insurance, 
&c., to Cardiff or Newport. 

More Welsh Coal.—The ‘‘ black vein” seam of coal has 
been struck at the Bedwas Navigation Colliery, at a 
— of 780 yards. The seam is about 7 ft. in thicknéss, 
and of excellent quality. Mr. Ivor Williams, formerly_of 
Bargoed. had charge of the mechanical operations, and 
Mr. F. Piggott (Caerphilly) carried out the sinking con- 
tract. The new shafts are 21 ft. in diameter. The total 
area of the takings extends to over 2000 acres, and the 
ground taken up for an engine-house and other surface 
arrangements is about 36 acres. An important develop- 
ment is reported in the Llanelly coal-field. For the past 
three years Mr. Evan Jones, Penmount, has m carry- 
ing on sinking operations at the Crown Colliery, Pwil. 
Mr. Jones persevered, and a few days ago his efforts 
were rewarded by the finding of the Cwmmawr seam. 
Sinking operations carried on at the Trane pit, Gilfach 
Goch, recently acquired by Mr. D. A. Thomas and Mr. 
Leonard W. Llewelyn, have resulted in the discovery of 
the 6-ft. seam, at a depth of about 400 yards, in the same 
shaft where a few weeks ago the Foot-foot seam was won. 


Tredegar Iron and Coal Company.—The directors of the 

redegar Iron and Coal Somgeay Limited, have decided 
to pay an interim dividend of 2) per cent., or at the rate 
of 5 per cent. per annum, on the “ A ” and “‘ B” shares, 
The shareholders in the Tredegar Company are being 
offered at ~ 150,000/. 5 per cent. first mortgage deben- 
tures, which the company is issuing in connection with 
the development of the Oakd Navigation Col- 
lieries. The debentures will be secured on the uncalled 
balance of the ordinary. shares, amounting to 152,000/., 
and also upon the whole of the Oakdale property, com- 
prising 2900 acres of minerals, upon which the sinking of 
three pits has been completed. 


New Cruiser for Pembroke.—The keel-plates of a new 
unarmoured cruiser of the Boadicea class have been laid 
down at Pembroke Dockyard. The new ship will be the 
seventh ship of the Boadicea class built at Pembroke, the 
preceding vessels having been the Bellona, the Blanche, 
the Blonde, the Active, and the Amphion. The first 
vessels carried a main armament of six 4-in. breech- 
loading guns, which has been greatly augmented in later 
ships. The new ship will also have two 22-in. torpedo- 
tubes, while the earlier vessels had two 18-in. tubes. The 
turbine-propelling machinery of the new cruiser will be 
of 18,000 horse-power, and the estimated maximum = 
of the ship is 25 knots. The principal dimensions of the 
new cruiser will he:—Length between perpendiculars, 
385 ft. ; extreme breadth, 41 ft. 6 in.; displacement, 
3360 tons. 





ANKER Mitt, Nuneaton, Borer Expiosion.—The 
formal investigation ordered by the Board of Trade to be 
held in this matter is fixed for hearing in the Court-room, 
— Court, Nuneaton, on Tuesday, December 12, at 

a.m. 





Tue Air Resistance or Wires AND Ropsrs.—With 
reference to the article in our issue of October 20, 
548, entitled ‘‘ Communications from the Géttingen 
odel-Testing Institute,” the author, Dr.-Ing. Otto 
Féppl, asks us tu add that the results of experiments on 
the air resistance of wires and ropes, given in the Zeit- 
schrift fiir Flugtechnik, ere only to be considered in the 
light of a provisional abstract. The complete data con- 
cerning the results of tests with wires are published in 
the Jahrbuch der Motorluftschiff-Studien-Gesellschaft, 
ig aa Springer, Berlin), which appeared in 
y, . 





American Contracts.—Some important American 
contracts have been let for 1912. One of these relates to 
the main arch and two approach-spans of the New York 
Connecting Railroad Bridge, which will involve the use 
of 36,000 tons of steel. Other approach-work will also 
require 54,000 tons, The connecting-bridge will be a 
monumental work, it being in the nature of a gateway to 
Long Island Sound. The bridge is a connecting-link 
between the New York, New Haven, and Hartford Rail- 
road and the Pennsylvania Railroad. The link line will 
be 12 miles in length, and the steel viaduct forming the 
bridge part is to provide for four tracks of rails laid on 
stone ballast so as to diminish noise. A Pennsylvania 
mill will furnish plates for five American waiian 
steamers to be built at S w’s way Maryland. 
Heocent car orders have brought, busines t e plate and 
structural mills, and an jana car plant been 
started up. 
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at 8 p.m., at University College. Gower-street, W.C., when the 
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COMPROMISE IN ENGINEERING. 

Except in morals, ethics, and justice, compromise 
is always commendable, and even in these three 
departments of life it cannot often be neglected. 
For instance, justice without mercy may work more 
harm than it cures. In all problems of life and 
activity compromise is a factor which affords and 
yields the most beneficial and acceptable solution, 
while the rejection of it generally entails incomplete 
success in material matters and often discontent 
in personal affairs. So accurate and far-reaching is 
this statement that examples will crowd upon the 
reader’s mind. The multiplicity of cases which 
provide illustrations of the penalties which follow 
non-compliance with the condition proves that 
there is an ever-pressing need for enforcing the 
desirability of compromise. In life, as the philo- 
sopher has put it, ‘‘we have to deal with good 
rinciples that cannot be pushed to their full 
logical results—with varying standards which cannot 


is, for instance, of the Insurance Bill of the 
Government, and how illuminating the example 


lack of recognition of necessary limitations. The 
failure to practise compromise, even where ‘‘ good 


of a great and beneficent scheme. Then there are also 


where ‘“‘ different kinds of interests not only blend 
but also modify, and in some degree counterbalance, 
each other,” sothat there become necessary ‘‘ con- 
stant compromises in which the lines of definition 
are seldom very clearly marked. and in which even 


difficulties are only overcome eventually by com- 
promise, and it is matter for regret that in most 
cases this spirit is not fully awakened before time 
is lost, wages forfeited, capital laid idle, and rela- 
tionships embittered. 

In following engineering practice the same need 
exists for compromise. n this fact, indeed, 
one finds some justification for the appoint- 
ment of laymen as the respon~-ible authorities in 
the management of engineering and other works 
engaged in the production of highly specialised 
maaufactures. ‘‘Men of affairs,’ by reason of 
their detachment from purely scientific pursuits, 
are often able to take a broader view, and to em- 
brace commercial considerations more fully in their 
scheme of control. It is accepted that the t--m- 
perament which characterises an inventor, and his 
continuous search for improvements, may be inimical 
to business prosperity. Many men could be named 
whose material reward has been in inverse ratio to 
their great services to science. The cause is often 
to be found in this conflict in character. The striving 
after perfection or of the highest efficiency induces 
the pure scientist to delay commercial manufacture 
or repeatedly to alter designs or processes, and 
thereby indefinitely to postpone reward to capital 
and inventor. Moreover, he becomes engrossed in 
design to the disadvantage of workshop supervi- 
sion. We have known of a case of serious delay 
in an Admiralty contract due to the obsession of the 
manager in the design of a special machine-tool 
and the consequent neglect of the work in pro- 
gress in the shops. Where, however, the engineer 
combines the two important elements in manufac- 
turing success—originality in technique and design 
and commercial capacity—the result is better than 
where the experience is one-sided. The important 
point is that neither element must be cultivated to 
the exclusion of the other, in other words, there 
must be compromise. 

There is the greatest need for the necessity of 
compromise being constantly kept in view in the 
case of youth, when enthusiasms are most intense. 
Encouragement must not be withheld, because 
without it initiation can scarcely survive, but 
success is, nevertheless, dependent largely upon the 
subjection of enthusiasm to reason—in other words, 
to a broader, common-sense view than is possible 
where the motive is purely scientific. 

For this reason, Mr. J. R. Richmond, of the 
firm of Messrs. Weir, of Cathcart, did useful 
service in enforcing the importance of compro- 
mise when delivering the presidential address to 
one of those societies of young engineers which 
is doing useful work in stimulating enthusiasm 
and study. He himself combines in well-balanced 
measure technical and commercial knowledge, and 
was therefore able to enforce his argument from 
the standpoints cf both fields of activity, and many 
of h:s illustrations were most apt. At the present 
time much is being done in order to increase the 
thermal efficiency of engines by the use of feed- 
heaters, superheaters, and the like. We must not 
for a moment be considered as depreciating the 
efforts made in such direction when we agree with 
his enforcement of the. view that the gross result 
from the financial point of view must be considered 
along with, or, indeed, in preference to, the 
net result in thermal efficiency. ‘What must 
be considered is not alone the economy in fuel 
realised, but also the effect of the additional 
units of machinery, and the greater care and 
complication involved in manufacture, with their 
consequent additional prime cost and mainten- 
ance charges, and also the need for higher. paid 
supervision. He mentioned the case of a Conti- 
nental type of engine fitted with a tubular feed- 
heater, superheater and poppet-valves running on 
test at a consumption of steam per indicated 
horse-power per hour which looked most attrac- 
tive when compared with the British standard 
stationary-engine steam consumption, more than 
twice as great. But, as he pointed out, the simpler 
machine for ordinary work may in the end give the 
most satisfactory and commercially sound compro- 
mise, particularly as the Continental engine reaches 
its high efficiency only when all the contributory 
elements are respectively working at their most 
effective loads ; otherwise any inefticiency involves 
a rapid decrease in economy. Thus the high-grade 
combination must be pronounced as less elastic. 
Another instance is to be found in the present 
tendency towards exceptionally high vacua in 





the highest interest must not altogether absorb or 
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override the others.” As matter of fact, labour 


ordinary steam-engines. With the coming of the 
steam-turbine, it was recognised that high vacua 



















































































738 


ENGINEERING. 





[Dec. 1, 19rr. 





yielded a sound financial economy, and: there. arose 
a tendency to seek for the same result without the 
most important variant, the great range of expan- 
sion of the low-pressure turbine, and without 
considering whether the extra cost was balanced 
by, or gave a surplus in favour of, the over-all 
economy. Mr. Richmond points out that the usual 
proportions in the ges and valve ports of the 
ordinary commercial engine will not permit of any 
advantage being taken in the low-pressure cylinder 
from the higher vacuum ; but even assuming that 
the eduction path of the steam is increased as far 
as practicable, the additional condensation, due, 
firstly, to additional surface, and, secondly, to the 
greater temperature difference, introduces a quali- 
fying factor of a negative. kind. Consideration 
has also to be given to the increased volume 
of circulating water required, and to the larger 
circulating-pump and increased driving power. for 
the same. Moreover, increased vacua necessitates 
a low hot-well temperature. This, again, raises 
the question as to whether there is sufficient 
surplus of auxiliary exhaust steam to heat the 
feed-water of the hot-well to the temperature corre- 
sponding to the hot-well in the case of low vacuum. 
All these considerations, it will be seen, point to 
the importance of collateral questions being very 
carefully considered. 

Indeed, the marine steam-engine of to-day is 
what it is owing to the influence of compromise, 
guided, of course, by experience. For instance, 
purely theoretical considerations pointed to the 
gain in economy from very high boiler pressures 
and large ranges of expansion in successive stages 
in multiple cylinders, but the consideration of 
difficulties due to weight of material and cost in 
boiler construction, as opposed to the measure of 
financial gain realisable, has resulted in moderate 
pressures being adopted—more moderate even 
than those advocated ten or. fifteen years ago. 
Nor has the steam-turbine involved any depar- 
ture from the middle course already accepted. 
In connection with this latter, a compromise of 
another nature has had to be introduced—namely, 
in reference to revolutions. The highest efficiency 
with the turbine is only attained when the blade 
i approximates a definite and known ratio to 
the velocity of the steam. To reduce the rate of 
revolution of the propeller satisfactorily without 
affecting the blade speed of the turbine would have 
involved many objectionable features. For instance, 
the greatly increased diameter of the turbine to 
give efticient blade speed with a favourable rate of 
revolution would have added enormously to weight, 
space occupied, and prime cost. Thus a com- 
promise has been made, and the result is a good 
combined efticiency. Those responsible for the 
design of turbines and propellers are nevertheless 
tackling the problem from a new standpoint, and, 
as is known, Sir Charles Parsuns is working on 
experiments on a large scale in order still further 
to increase the combined efficiency of the turbine 
and propeller. 

In other departments of pee the same 
spirit of compromise is essential, and in none more 
than in organisation. Mr. Richmond devoted a 
Jarge part of his address to ‘‘ motion study” and 
oh the principles of scientific management.” Into 
this question we do not propose to enter specially 
in this connection, but he found support for his view 
as to the need of compromise in the extreme views 
of the advocates of these systems. Beyond a definite 
point, economic loss ensues through the multipli- 
cation of costly supervision and expert skill. The 
new system indeed ‘‘ represents pretty much what 
every wide-awake shop manager has been doin 
for years past, but the main ideas are carri 
beyond the limits of practical application, and hold 
out to the young engineer promises which cannot 
be fulfilled.” Similarly with the cost department, 
there is.a tendency to excess in forms and cards 
and multiplication of data. We have heard, for 
instance, of a case where a new system was devised, 
resulting in the destruction in the workshop boiler 
of 7 tons of printed material—cards, &c. The ques- 
tion which naturally arises has reference to the 
economic advantage from such change, particularly 
as it involves the education of a sasha as 
well as experts. As Mr. Richmond points out, the 
initial purpose of a costing system is to give the 
cost of the product, as a whole, and this may be 


developed into giving costs of component parts, 
and so indicating lines of investigation and of im- 
provement in shop methods. But even in the best 
system compromises are constantly made, and must 





continue to be made. To weigh, for ep the 
cuttings, — and turnings of individual pieces 
of a brass-finishing department, in order to credit 
each with the cost of such turnings and cuttings, 
would obviously occupy so much time, labour, and 
handling as would make the actual accuracy and 
utility of the data disproportionate to the cost of 
obtaining them. In reference, again, to the routeing 
and tracking of material through successive shops, 
elaboration may be reduced by taking account, 
not of the bulk of the work, but only of those 
particular items of contracts about which infor- 
mation is immediately required. Another case 
where compromise is introduced is in connection 
with the charging of draughtsmen’s wages against a 
job. There are classes of work in which the advan- 
tage of this is infinitcsimal compared with the 
labour necessary to attain it. In the same way, in 
the foundry, where the product is of a uniform 
character, it is of little value to know the cost of 
separate castings when there is available the cost 
of the total output per hundredweight. Indeed, 
there is practically no limit to the instances which 
might be given of the value of compromise, in 
methods of costing and of organisation, and par- 
ticularly of resisting the temptation to ride a 
hobby-horse to the neglect of other profitable 
pursuits. Enough, however, has been said to guide 
thought in a direction which is attractive because 
of the breadth of view which is presented, and of 
the efficacy of the result, reflective as well as 
direct. 





THE DIMINISHING ARTESIAN WATER 
SUPPLY OF AUSTRALIA. 


THE great artesian basin of Eastern Australia is 
said to be the largest at present known in the 
world. Its supply furnishes a considerable portion 
of the water required in the north-west of New 
South Wales and the west of Queensland for stock- 
raising in ordinary times, and is indispensable 
during the periodical droughts which occur owing 
to scanty direct rainfall. As tillage in the Eastern 
Australian States is gradually moving westwards 
to meet the increasing demands of the world’s 
wheat supply, and as irrigation from artesian sources 
in the comparatively dry west has been expected 
to supply the means, a decrease in the quantity of 
flow, which has lately been observed, has given rise 
to some anxiety. 

In order that the situation should be understood, 
it is necessary that an outline of the topographical 
conditions of the basin should be given. Its area, 
which covers about 570,000 square miles, is in form 
a very roughly shaped equilateral triangle, with 
its apex to the north, this apex being extended 
in a narrow tongue about 600 miles long, and 
50 to 100 miles wide right up to Cape York. The 
north-eastern side of the triangle is approximately 
parallel to the Pacific Coast and about 100 to 200 
miles from it, this rainy coastal belt forming the 
chief of the intake beds. The base of the triangle 
runs from Dubbo, in New South Wales, generally 
westerly to meridian 133 deg. west longitude in 
South Australia, while the north-west side runs in 
very zigzag fashion to near Cloncurry, in Queensland. 
There are 376,000 square miles in the latter state, 
90,000 in South Australia, 20,000 in the Northern 
Territory which is nowadministered by the Common- 
wealth Government, and 84,000 in New South Wales. 
It is in the latter, however, that the greatest amount 
of water is being drawn, and it is the Government 
and scientific authorities of the mother-state who 
have principally raised the question of diminishing 
supply, and have, so far, dealt with it. 

e first actual discovery of artesian water in the 
basin was in 1879, in the north-west of New South 
Wales, a supply being obtained at a depth of 140 ft., 
which rose in pipes to a height of 26 ft. above the 

und; but the Kerribee bore, in the Bourke 
istrict, 1073 ft. deep, yielding 350,000 gallons per 
day, was the first to demonstrate the success o 
artesian boring on an extensive scale. Since then 
a large amount of this sinking has been done with 
successful results in that State and in Queensland, 
both by Government and by private effort. In one 
bore at Boomi, in New South Wales, where the 
depth is over 4000 ft., the discharge amounts to 
1,428,640 gallons per day, the temperature of the 
water being 132 deg. Fahr. The deepest bore is 
in Queensland, at Bimerah, reaching 5045 ft. ; while 
the well yielding the greatest volume of water is at 
Charleville, in the same State, where over 3,000,000 
gallons flow per day. We have not heard whether, 





as to these particular wells, these figures, which are, 
we believe, the latest on record, have suffered 
diminution more recently, in harmony with the 
observed decrease elsewhere, which has given occa. 
sion to investigation. 

This decrease has been especially noted in the 
Coonamble district of New South Wales, while, 
some years ago, similar symptoms began to show 
themselves in parts of Queensland. As far back as 
October, 1906, a perceptible diminution was noted, 
and in a paper read before the Sydney University 
Engineering Society, Mr. Percy Allan, M. Inst. 
C.E., principal assistant engineer, Water Conserva- 
tion Department, N.S.W., accounted for the check 
in the flow as due ‘‘to the water-bearing strata 
before tapping being in a fully charged condition, 
with an impeded flow under high pressure, which, 
when released, gives off its maximum quantity with 
a gradually decreasing flow and pressure until the 
discharge becomes a question. of the velocity with 
which the water from the drathage area within the 
influence of the bore will travel through the 
interstices of the water-bearing strata.” Hence, 
Mr. Allan argued that the flow would soon become 
normal and continue so. 

Recent facts, however, do not appear to admit 
of this explanation. For example, in the Coonamble 
district 130 bores that had originally a flow of 
62,000,000 gallons daily now only have an output 
of 38,500,000 gallons. Professor David, Sydney 
University, and Mr. L. A. B. Wade, M. Inst. C.E , 
Chief Engineer for Irrigation, New South Wales, 
were accordingly deputed to investigate. Pending 
this action, an application to Government was 
made for permission to sink six new bores in 
the Coonamble district for the purpose of irri- 
gation. Hitherto, except on a very small scale, 
the bores in New South Wales have been used 
for watering stock only. The result of the pro- 
fessor’s evidence in the latter inquiry, as well 
as that of the one already started—and in both 
he is supported by the Government Geologist, 
Mr. E. F. Pittman—was that there was no need of 
serious apprehension that the artesian basin was 
other than permanent. Doubts had been expressed 
originally by Professor Gregory, formerly occupying 
the chair at Melbourne, but now in Glasgow, as 
to the character of the supply. He argued in his 
book, ‘* The Dead Heart of Australia,” from the 
nature and amount of minerals dissolved in artesian 
water, and from the water’s temperature, that it 
was derived, not from soakage, but from geyser 
springs which came up from great depths. Such 
water he termed ‘‘ plutonic,” to distinguish it from 
rain water. 

We might remark, passim, that some of the water 
of very high temperature met with in the piercing 
of the Simplon Tunnel was deemed to be Bester ny 
water that had never seen daylight. (See Minutes 
of the Proceedings of the Institution of Civil 
Engineers, vol. clxviii.) Professor Gregory argued 
that, as the result of the flow underground of 
such springs for hundreds of thousands, possibly 
millions, of years, the porous strata had become 
saturated with this plutonic water, which was 
forced to the surface by the expansion of com- 
— gas when the bores were put down. The 

iscovery of a remarkable tide affecting the water 
of a sub-artesian well at Urisino, in New South 
Wales, seemed to him to support his argument, as 
he considered that the tide was due to the alternate 
formation and condensation of steam at a depth in 
connection with the deep-seated geyser. Elsewhere 
in the same book Professor Gregory points out that 
as the basin has only a narrow shallow lip to the 
north, the deep central waters are old accumula- 
tions, which are not inexhaustible. Mr. Pittman, 
on the other hand, argues that any accumulation of 
water, whether underground or on the surface, must 
eventually become salt unless it has an outlet, 
since the water will continue to dissolve saline 
matter from the rocks or soil. It is reasonable 


f | to conclude, therefore, he says, that all artesian 


wells from which potable water is obtained must 
have leakage either direct to the ocean or through 
valleys of denudation which have cut through the 
overlying strata and exposed the porous beds. It 
follows, therefore, that such basins must be of 
the character called hydraulic, rather than hydro- 
static. 

As to the question of tides, Professor David 
showed that tidal phenomena in artesian basins 
were not unknown elsewhere in areas where it had 
never been su that the source of the 
water was other than that of local rainfall, It 
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was further shown that, as to the wells, there 
was a definite hydraulic grade in a south-westerly 
direction—that is to say, away from the chief 
intake. The height to which the water rises in 
the bores gradually decreases from about 1400 ft. 
above sea-level, in Queensland, to 700 ft. at points 
between Coonamble and Bourke, in New South 
Wales. Close to the shores of the Gulf of Carpen- 
taria, at Normanton, artesian bores yield plentiful 
supplies of perfectly fresh water. Inasmuch as 
these porous sandstones, which are there some 
2000 ft. below sea-level, continue out a great 
distance under the sea, they must sooner or later 
pass upwards into the sea floor; and were there 
not a continuous flow through these, strata of fresh 
water forced through them by the pressure of the 
head of water in the high-lying intake beds, the 
sea-water would flow back into these porous beds, 
and so saturate them for some distance inland with 
salt water. In evidence of this, Dr. R. L. Jack, 
former Government geologist of Queensland, had 
called attention to the fact that a marked dif- 
ference had been observed in the appearance of 
the sea many miles out from the shores of the 
Gulf of Carpentaria. A bucket was lowered into 
the sea, and the water brought up was found to be 
practically fresh. The conclusion was that this 
was due to the waters rising from openings coming 
from the outlet beds of the artesian basin in the 
floor of the gulf. 

The weight of geological fact and opinion seems, 
therefore, to be against the plutonic theory of the 
origin of the water, and as ordinary artesian condi- 
tions prevail, the decline in supply seems to point, as 
Messrs. David and Wade imply, to local obstruction 
at the outfalls. Some time ago it was found that the 
steel casings of many of the bores were becoming 
seriously corroded, a condition which would, no 
doubt, affect the discharge, and the Gevernment 
accordingly made inquiries as to the desirability, 
from this point of view, of substituting casings of 
other material, aspecially of what is called American 
ingot iron, which is more or less proof against cor- 
rosion. Buta more likely cause of obstruction has 
been suggested by Mr. Wade, who thinks that the 
pores in the artesian sandstone may have gradually 
become plugged up as the result of the flow of 
artesian water into the pipes at the bottom of the 
bore for a long period of time. Also, it is thought 
that the slots, by means of which the water is 
admitted into the pipes from the artesian beds, may 
have become choked with rock débris. 

As to the effect of corrosion, it has been made 
known that in the few instances where the casing 
has been renewed in bores in which a decline has 
been noted, the yield has not been increased as a 
result of re-lining. Professor David has suggested, 
as a test of the correctness of Mr. Wade’s theory, 
that a new bore should be sunk not far from one in 
which a falling off had been noticed, and a measure- 
ment taken to see if the flow from the new one was, 
or was not, equal to the original flow of the first 
bore, the latter being plugged during the trial. 

The question of gas pressure as an agency in the 
velocity and amount of the outflow has n 
raised and is being now specially investigated by 
Mr. Wade ; but in this regard the following quota- 
tion may be made from a paper read before the 
Royal Society of New South Wales on “ Irrigation 
Geologically Considered, with Special Reference to 
the Artesian Area of New South Wales,” by Messrs. 
E. F. Pittman, Assoc. R.S.M., and T. W. Edge- 
worth David, B.A., F.R.S., July 20, 1903 :— 

‘* A distinguishing feature of the artesian water 
obtained from bores in New South Wales is a strong 
odour of sulphuretted hydrogen, which is very 
noticeable in the water when it first issues from 
the bores, but which speedily passes off after ex- 
posure to the atmosphere. Mr. Hamlet, Govern- 
ment analyst, however, states that, after visiting a 
number of the bores and subjecting the water to 
careful tests, he was unable to obtain any reaction 
for that gas or for free sulphuric acid. With the 
exception of the Ballimore bore, near Dubbo, which 
yields a flow of carbonated water, none of the bores 
in this State are known to evolve free carbon 
oxide. We have, therefore, at present, no evidence 
to show that gas pressure plays a part in the rise 
of the artesian water of New South Wales.” 

Much information on the geological and other 
features of this great basin is to be obtained from 
this lengthy paper, which is to be found in 
vol. xxxvii. of the Society’s Transactions. 

_ Assuming artesian conditions, the enormous quan- 
tity of water available, with reasonable deductions, 
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from the intake, as com with the yield at its 
highest, precludes any idea of the multiplication of 
the bores affecting the supply to any appreciable | 
extent. There is, however, an undoubted dimi- 
nution of flow, and to account for it we have the 
two hypotheses of release of gas pressure, and 
local impediments to flow. Whether any of the 
causes suggested in this article for the decline in 
the flow prove to be correct or otherwise, engineers 
having to deal with artesian supply will look for- 
ward to the solution of the problem with consider- 
able interest, and this more especially as the 
increased utilisation of a large amount of highly 
fertile country in providing more food, from the 
British Empire, for us and other nations, is in 
question. 








MAGNETIC PROPERTIES OF HEUSLER 
ALLOYS. 

Tue accidental discovery by Dr. Heusler in 1901 
that certain manganese alloys, composed of copper, 
manganese, and aluminium were magnetic, led to a 
Some 
time after the original discovery, it was found 
by Dr. Heusler, W. Stark, and E. Haupt, that a 
copper-manganese alloy was not magnetic, but 
when zinc, arsenic, antimony, bismuth, or boron 
were added, it gained acertainamount of magnetism ; 
while the addition of aluminium produced a good 
ferro-magnetic alloy. It was also found that the 
most magnetic alloy was formed when the manga- 
nese and aluminium were in the proportion of their 
atomic weights—namely, manganese, 25 per cent. ; 
aluminium, 12.5 per cent.; and copper, 62.5 per 
cent. It was not till after 1904 that these alloys 
received much attention in this country, but since 
then several experimenters have been at work upon 
them, and up to the present time some specimens 
having especially good and uniform mechanical 
properties have been made. It was first made 
certain that the materials used were quite free 
from iron, cobalt, and nickel, although there was 
some carbon. In some tests carried out last year 
at the University of Illinois, Urbana, Illinois, 
U.S.A., an account of which is given by E. B. 
Stephenson in Bulletin No. 47 of the University, 
much care was taken in the casting and preparation 
of the specimens. The melting crucible was a new 
clay-graphite one, and the manganese and copper 
were put in first, the aluminium being added when 
they were thoroughly fused. The pouring of the 
metal into vertical moulds was quickly done, 
twelve specimens being prepared, each 35 cm. 
long and 1 cm. in diameter. These specimens 
were tested magnetically as cast and again after 
grinding, which latter process had no effect on 
their magnetic properties, A variety of tests were 
carried out, particulars of which we cannot here give 
in full. The results of these tests are, however, 
summed up as follow :—(1) The best specimen had 
the manganese and aluminium in the proportion of 
their atomic weights, and it gave a maximum value 
of B = 4000, and M = 57, for H = 70, but had 
not reached saturation. (2) Heating to various tem- 
peratures, cooling in air, and testing at room tem- 
perature, gave for H = 50 a practically constant 
value for the permeability from room temperature 
to 300 deg., a rapid drop between 300 deg. and 
600 deg. to about one-sixth its former value, and 
beyond 700 deg. a rapid rise to more than the 
original value at 900 deg. This series of changes 
was reversible for at least three times. (3) The 
largest values of B and M were obtained when the 
specimen. was quenched in water from near its 
melting-point. (4) A series of cooling curves gave 
melting-points between 910 deg. and 970 deg. 
Cent., and curves characteristic ot solid solutions. 
The curves for the two magnetic specimens showed 
transformation points, with evolution of heat at 
615 deg. Cent. Specimens quenched from this tem- 
perature are non-magnetic when tested at room tem- 
perature. (5) It seems evident that there is an allo- 
tropic form of the alloy, or at least of the magnetic 
constituent of the alloy, which has a non-magnetic 
molecular arrangement at about 600 deg. Cent. 
(6) A series of photo-micrographs showed differ- 
ences in the crystalline structure due to previous 
history, but no simple relation could be established 
between the magnetisation and the presence of 
certain crystals. 

Other important contributions to this investi- 
gation have recently been published. E. Take, 
of Marburg, communicated the first results of his 





schaft last December. He experimented with 
forged specimens of :an alloy containing copper, 
17 per cent. of manganese and 9 per cent. of alumi- 
nium ; other cast samples contained 18.1 per cent. 
of manganese and 9.7 per cent. of aluminium ; 
both alloys were almost free from iron. The 
magnetism of these alloys vanishes at a certain 
critical temperature, and Take found that this 
temperature went higher and higher with each 
heating if the specimen had not previously been 
aged. In his experiments he heated the specimens 
up to 600 deg. Cent. before quenching, or even to 

deg. Cent. when he wanted to cool slowly, and 
he baked at temperatures ranging from 80 deg. up 
to 350 deg. Cent. The complicated results show 
that the temperature influence upon the suscepti- 
bility, permeability, and critical temperature de- 
pends upon the strength of the field. When the 
specimen has been quenched at red heat, the 
magnetic susceptibility will go on increasing with 
continued ageing, provided that the magnetic test- 
field be strong; in weak fields a maximum is 
reached by baking for four hours at 209 deg. Cent., 
and the susceptibility then diminishes again asymp- 
totically if the ageing is continued. When a soft 
material is aimed at, the quenching should be sudden, 
and the ageing be effected at low temperatures. A 
certain amount of ageing takes place even at ordi- 
nary temperatures. In explanation of the pheno- 
mena Take suggests, y in accord with Heusler, 
that two structural changes take place in the alloy. 
In the first instance molecular magnets are formed, 
in the second instance these molecules unite to 
complexes of the type (Al M,), where M stands for 
manganese and partly also for copper. These com- 
plexes are less free to move than the molecular 
magnets, so that the coercitive force increases as 
their formation proceeds. When the cooling is 
very slow, the complexes have time to form during 
the cooling period, and the subsequent ageing has 
hardly any influence. 

Another research was published byA. A. Knowlton, 
of Utah University, in the Physical Review of last 
January. Knowlton prepared his alloys by adding 
aluminium (13 per cent. maximum) to fused copper 
and manganese (maximum 29 per cent.) re-melted 
several times without the use of a flux, which would 
cause the metals to eat into the graphite crucible. 
He kept the alloy in the molten condition, poured 
it into moulds, and allowed it to cool there 
to 250 deg. Cent., when he quenched it in hot 
water. The resulting specimens were of good 
mechanical quality and malleable. Prolonged and 
short annealing at different temperatures had 
different effects. Annealing should take place at 
the upper limit of transformation, not at the lower, 
and be followed by quenching; the transformation 
temperature ye A upon the composition. A 
metallographic examination of etched specimens 
showed white, dark grey, and black crystals, and 
Knowlton concludes that it is the molecular groups 
of the white crystals which become magnetic under 
suitable temperature conditions. 








ENGINEERING SCHEMES 
PARLIAMENT. 
Tue private Bills to be presented to Parliament 
during the ensuing session constitute a very hum- 
drum programme. This, no doubt, is in part due 
to the fact that promoters have at length realised 
that investors have resolutely closed their pockets 
in connection with home schemes until the present 
socialistic craze has expended itself, and until they 
can appraise the effect that social legislation is likely 
to have upon industrial profits. Recent legislation 
has already been responsible for much of the 
unemployment so generally deplored. It is inevit- 
able that a democracy should make mistakes, and 
we can only await the time when it will realise that 
the dearest thing in which to economise is brains. 


IN 


RalLways. 


The London and North-Western Railway propose 
to lay down in North Wales a new curve into 
Holywell Station from their Holywell branch now 
in course of construction. The real interest of 
their Bill centres, however, in their proposal to 
electrify the North London line and the North and 
South-West Junction Railway. In order to facilitate 
a junction between the electrified North London 
Railway and the new Watford local line at Chalk 
Farm, the plans of the latter have been modified, 
and the proposed deep tunnel from Kilburn to 
Euston replaced by shallower works. The railway 
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company obviously intend to have their own power- 
station, which will be of large size, having to supply 
current to some 80 miles of single track. The com- 
pany also seek powers to supply current to factories, 
subject to the consent of local electrical undertakers. 
In addition to a number of colliery connections and 
the like in South Wales, the Great Western Rail- 
way propose to undertake widenings at Paignton, 
Bourton, Solihull, Mynyddyslwyn, Ogmore, Ealing, 
Ruabon, Chursteon, Devonport, Banbury, Amman- 
ford, Lapworth, Shrewsbury, Birmingham, Old- 
bury, Crosskeys, Griffithstown, and Abersychan. 
In Cornwall, the existing Ponsandane Viaduct, on 
the West Cornwall railway, is to be replaced by an 
embankment. In connection with the Rhondda 
and Swansea Bay Railway it is proposed to con- 
struct new junctions with that line at Neath and 
Briton Ferry. 

Probably the most important of all the railway 
Bills is that in which the Midland Railway Com- 
pany seek powers to acquire the London, Tilbury, 
and Southend Railway. In a second Bill the 
Midland Railway Company propose the construc- 
tion of a number of short lengths of line in the 
neighbourhood of Brynamman and Pontardawe, with 
the object of improving their connections with Swan- 
sea. The North-Eastern Railway un are of 
very little interest, comprising merely junctions 
with the Great Northern and Great Central Rail- 
wiys at Thorpe (West Riding), and also at the 
sime place with the No. 1 Railway authorised by 
the Hull and Barnsley Act of 1909. The Great 
Central Railway Company seek powers to construct 
a branch from the Midland Railway’s Grimethorpe 
branch at Brierley to Shafton, and also to widen 
their existing lines round Doncaster, from Kilnhurst 
to Mexborough, from Swinton to Hexthorpe, and 
from Doncaster to Stanforth. Another widening 
proposed is that of their main line at Woodhouse 
station, near Rotherham. In Lincolnshire the 
company’s line between Wrawby and Brocklesby 
is to be widened. A considerable amount of work 
ix proposed by the Great Eastern Railway, though 
none of it involves extensions of the system, 
being for the most part intended to improve the 
existing means of access to popular resorts on the 
East Coast. Thus the Cromer line is to be 
widened from North Walsham to Northrepps, 
the Clacton branch from Thorpe-le-Soken to 
Clacton, and the Felixstowe branch from Ips- 
wich. The company’s main line to Cambridge is, 
moreover, to be widened: at Whittlesford. At 
Beccles and St. Olaves it is c— to construct 
new swing-bridges over the Waveney in substi- 
tution for the existing structures. These will 
improve the access to Yarmouth. At Lowestoft 
the company propose to construct new river-walls 
on Lake Lothing, and to extend the existing break- 
water. One clause of the Bill will empower the 
electrification of the East London line. 

The Metropolitan Railway Company seek powers 
to widen their line from Neasden to Finchley-road, 
and to establish at Hammersmith a junction with 
the No. 3 Railway of the Great Western Act of 
1905. At King’s Cross authority is sought for 
extending the existing subway into the London 
Electric fhaitwey Station. The company also seek 
power to construct a branch from Rickmansworth 
to Watford. 

In the Melton Mowbray district the Great 
Northern Railway Company propose to construct 
a new connection between their main line at Great 
Ponton and their Waltham branch. The company’s 
main line is also to be widened at Rossington in 
connection with a branch to Rossington Colliery. 

The London Electric Railways Company have a 
scheme for a junction at Willesden with the London 
and North-Western Railway electrified lines, 
towards which the company last named is to con- 
tribute 14 millions. The other work scheduled 
consists of some subways at the Elephant and 
Castle. 

The Metropolitan District Railway Company seek 
powers to widen the Wimbledon and Fulham line 
of the London and South-Western Railway Com- 

ny from Wimbledon Station to Craven Villas-road, 
Wandsworth. They are also taking powers to supply 
electricity from Lot’s-road to the North Metro- 
politan Electric Power Supply Company, and to 
the Richmond Electric Light and Power Company. 

The Taff Vale Railway Company’s proposals 
appear of little importance, They include a short 


branch line from Sully Station, and the construc- 
tion of a footbridge over the company’s Rhondda 
Fawr branch and adjoining lands. The Barry 





Railway Company propose an extension of their 
lines at by a new one to the eastern break- 
water of the company, which is in substitution of 
a line authorised in 1907. 

The only important proposal which appears in 
the Edinburgh Gazette is made by a company which 

roposes to construct a new line from Leith Har- 
atu tothe Preston Links Colliery, Prestonpans, 
and thence to Newcastle. Another branch is to 
commence in a junction with the Caledonian Rail- 
way at Leith and terminate in the city of Edin- 
burgh. 


Licut Rattways, TRAMWAYS, AND TRACKLESS 
TrRoLLEY Proposats. 

It is proposed to construct a light line, about 
10} miles long, along the Conway Valley, com- 
mencing in a junction with the London and North- 
Western Railway at Conway, and terminating in a 
junction with the same company’s Llandudno and 
Blaenaw Festiniog line. 

The North Staffordshire Railway Company apply 
for powers for a light railway commencing iu a 
junction at Trentham with their Trentham Park 
ine, and passing through Newcastle-under-Lyme 
to a junction at Silverdale with their Apedale 
branch line. 

In North Yorkshire a private promoter seeks 
powers to construct a light railway from Rich- 
mond Station to Reeth, a distance of probably 
some 10 miles. Another proposed line in the 
North Riding is one from Haxby, on the North- 
Eastern Company’s York and Scarborough branch, 
to Bransby. The Southwold Harbour Company 
have a proposal to construct about a mile of new 
light line to connect up the existing light railway 
with the Southwold Harbour. The East Kent 
Light Railways Company propose two extensions 
of their lines already authorised. Of these, one, 
34 miles long, will carry the rails from Wingham to 
Wickhambreux. Another 14 miles of line will 
extend the No. 11 line, of the company’s Order of 
1911, to Sutton. 

Coming to tramway work, the most notable fea- 
ture of the proposals is the absence of any grandiose 
scheme promoted by the London County Council. 
The latter is the only great local authority which 
has not the power to prohibit competition with its 
tram undertakings by other motor vehicles. Such 
cities as Glasgow, Manchester, and Birmingham 
are able to protect their tramways against the 
march of improvement, and their citizens must 
be content to put up with their existing systems 
of traction, whatever better alternatives may be 
offered in the future. The principal proposal of 
the London County Council is to extend the tram- 
way from its present termination at Catford to 
Southend, a distance of rather over a mile. The 
other important provision in the Bill is a clause 
demanding the right to run trailer-cars, in spite of 
the strongly adverse opinions expressed by the police 
authorities. The London United Tramways Company 
seek for an extension of time for the construction of 
their proposed lines in Richmond, and for powers 
to abandon their line along Kew-road, in case of 
failing to come to an agreement with the Corpora- 
tion of Richmond. Very little work is proposed 
by the Metropolitan Electric Tramways Company; 
merely some short junction lines at Hornsey and 
Stoke Newington. The West Ham Corporation 
are clearly not downhearted at the steady migration 
of manufacturing firms into less highly-rated areas. 
They seek powers to construct 14 miles of new line, 
and also to run a trackless trolley system to Leyton. 
A number of new junction lines are to be built by 
the Corporation of West Hartlepool, and a good 
deal of work of a similar character is proposed at 
Sheffield. Extensions to existing systems are pro- 

d at Burry, Dewsbury, and Swansea. he 
ingley Urban District Council ask for a Pro- 
visional Order for the construction of about 3 miles 
of line, to constitute an extension of the existing 
line at Shipley, which is leased to the Bradford 
Corporation. 
any proposals are made to adopt the trackless 
trolley system. Thus the Urban District Council of 
Ramsbottom propose to work such a system between 
Holcombe Brook railway station and Ramsbottom 
railway station. Inthe London district a company has 
been formed to establish a service of this character 
between Uxbridge-road and Twickenham, ing 
through Heston. The Brighton, Hove, and Pres- 





ton United Omnibus Company, Limited, propose 
to adopt this system over the route now worked | 
by their motor-omnibuses ; but the Corporations of 


Brighton and Hove are seeking powers of a similar 
kind. The Corporation of the latter borough trans- 
ferred their electric-light.station to a company ; but 
in connection with their trackless trolley proposal 
they propose to re-establish a generating-station 
and sell current both for light and power purposes 
at Shoreham and Portslade. In the Middlesbrough 
district a company has been formed to work a 
trackless trolley line between Ormesby, Normanby, 
and Eston. 

Other local authorities seeking powers for the 
establishment of trackless trolley services are 
Keighley, Barry, Stockport, and Sheffield. 

The Falkirk and District Tramways Company 
seek powers to construct a line, about 3 miles long, 
from Falkirk to Grangemouth. This will involve 
a considerable amount of road widenings. The 
County Council of Lanark propose about 8 miles of 
tramway extensions. The longest branch is to 
connect up the Glasgow Tramways and Holytoun, 
via Thorniewood, Muir Park Rows, Bellshill, and 
Mossend. Another line, nearly 2 miles long, is to 
be constructed in Bothwell, and will connect the 
above-mentioned line with the lines of the Lanark- 
shire Tramways Company. In addition to this it 
is proposed to construct in Bothwell another long 
branch. The Glasgow Corporation seek power to 
construct a large number of short junction lines 
and spursas improvements to their existing system. 


Ecectricity, Power, anp LIGHTING. 


The most significant feature of the applications 
to be made to Parliament this session is the number 
of cases in which local authorities are seeking 
authority to transfer their undertakings to more 
capable hands. In the enthusiasm prevalent a few 
years ago, many authorities, in applying for Pro- 
visional Orders, failed to include a clause authorising 
such transfers. Actual experience has, however, now 
shown even the most enthusiastic of municipalisers 
that small, isolated generating-stations cannot be 
profitably worked, and that it is far better to con- 
vert them into substations, either purchasing cur- 
rent from some power company, or preferably to 
transfer the whole to the latter, which can give to 
the economical operation of the system an atten- 
tion undistracted o a necessity of securing votes at 
November elections. A large consolidation of 
small electrical undertakings is, we observe, being 
effected in the West Riding by the Electrical Dis- 
tribution of Yorkshire Company. LEither new 
orders or transfers are sought. by or for this com- 
pany at Wath-on-Dearne, Rothwell, Burstall, 
Ardsley, Darton, Hoyland, Greetland, and Goole. 
The Pontefract Corporation is to transfer its order 
to the Yorkshire (West. Riding) Electric Tramways 
Company. 

The Urban District Council of Abercarn proposes 
to transfer its undertaking to the South Wales 
Electric Power-Distribution Company. Ou the 
other hand, the Doncaster Corporation ask powers 
to extend their limits of supply so as to include 
Wheatley, and the Burnley Corporation to extend 
theirs to Reedley Harrows, whilst that of Keighley 
are seeking powers to supply in bulk. In addition 
to the places already named, Provisional Orders 
are sought for Radcliffe, Bognor (two pro Is), 
Glastonbury, Aylesbury, Goole, Newton-in-Maker- 
field, Great Harwood, Abingdon, Dorchester, 
Wimborne, Sherborne, Holmforth, Burnham, and 
Bingley. Extensions of existing limits of supply 
are also sought at Altrincham and Llanelly. 

A company has been organised to construct a 
hydro-electric power plant, deriving its water from 
Loch Ericht, the River Ericht, the Allt Glas, and 
other lochs connected therewith. The level of the 
loch is to be raised by an embankment, which will 
submerge lands in the parishes of Laggan, Kin- 
gussie, and Insh in Inverness-shire, and in that of 
Fortingall, in Perthshire. Provisional Orders for 
Linlithgow, Rathgate, Armadale, and district, and 
for the Falkirk district are sought by a private 
promoter. 


Gas. 


It is long since gas projects have been of a 
character to excite interest. Almost the only 
notable feature in the proposals made is an amazing 

roposal by the Corporation of Salford. This 
ie it appears, has speculated on the supply of 
gas to outside areas, and is apparently now in 
some doubt as to whether this venture is going to 
be permanently profitable. They propose, there- 
fore, that should their works become unprofitable, 
through a cessation in the demand for gas, that 
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any deficit shall be made up by a pro rata assess- 
ment on their own rate-payers and on their outside 
customers. The other noteworthy feature in the 
gas-works proposals is the number of cases in which 
powers are sought to institute systems of co- 
partnership and to provide benefit funds. 

The York United Gas Company seek to extend 
their limits of supply to include the area within 
a 7-mile radius of the Quse Bridge. The other 
undertakers seeking similar extensions are those 
at Houghton-le-Spring, Cambridge, Cleethorpes, 
Tendring Hun , and Annfield Plain. Powers 
to extend works, with or without reconstruc- 
tion of the company, are sought at Conisbrough, 
Fleetwood, Welwyn, Ashern, Knottingley, Wok- 
ing, Swansea, and West Kent. At Bawtry the 
local company propose to take over the under- 
takings of the Gringley and District Company 
and the Tickhill Gas-Light, Coal, and Coke Com- 
pany. The Brodsworth Company similarly seek 
to acquire the undertaking of the Ashern Gas- 
Light Company. Purchase Bills are promoted at 
Ashbourne, Sidmouth, Bedwellty, and Bala. 


Water Supptigs. 

No large and important water scheme is fore- 
shadowed in the Gazettes received to date. The 
Derwent Valley Water Board seek powers, subject 
to maintaining a minimum flow over Yorkshire 
Bridge Weir, to divert water from the River Der- 
went into the Derwent and Howden reservoirs. 
At Egremont, Cumberland, the Urban District 
Council propese the construction of an impounding 
reservoir across the Wormgill Beck, together with 
a settling-tank and service reservoirs. A company 
has been formed to supply water to the districts of 
Sutton-on-Sea, Trusthorpe, Maltby, Theddlethorpe, 
and Bilsby, obtaining a supply in bulk from the 
North-East Lincolnshire Water Company. New 
wells and pumping-stations are proposed by the 
water authorities at Tendring Hundred and Scun- 
thorpe, and by the Staffordshire Potteries Water 
Company. The Mid-Kent Water Company pro- 
pose to erect a new pumping-station at Charing 
and at Pluckley, Wrotham, and Kastry, whilst new 
service reservoirs will be constructed at Halling, 
Mereworth, Wrotham, and Wootton. Purchase 
Bills are promoted by the Felixstowe and Walton 
Urban District Council, as well as by those of Tavi- 
stock and Bedwellty. 

Powers to extend their limits of supply are 
sought by the Henley-on-Thames Water Company, 
the East Surrey Water Company, and the Wim- 
borne Minster Water Works Company. 

The Corporation of Dunbar seek powers to con- 
struct a new reservoir in the parishes of Spott and 
Stenton, to impound the waters of the Rottenraw 
and the Cauld Burns, 


Harpours, Prers, anp Docks. 


A company has been formed to construct a deep- 
water dock at Canvey Island, in the Thames 
estuary, where it is proposed to build a wharf 
1500 ft. long, having rail connections with the 
London, Tilbury, and Southend Railway at Ben- 
fleet. Powers are taken to work the dock lines 
and connections electrically, and to supply current 
in bulk to other users. The Blyth Harbour Com- 
missioners seek powers to build a new pier and 
jetty, together with a tidal basin, at Bedlington, 
and to extend the existing breakwater and sea- 
wall. The construction of a new breakwater, 
1000 ft. long, is proposed by the Brixham Urban 
District Council. At Lowestoft, the Coast De- 
velopment Company are proposing to widen and 
extend the existing south pier. Private pro- 
moters are seeking authority to build a new pier 
at Hove, commencing about a quarter of a mile 
east of Hove-street. 


SEWERAGE AND DRAINAGE. 


The Halkyn District Mines Drainage Company 
have a Bill authorising new tunnels and cuttings at 
Coleshill Fawr and Northrop, Flintshire, tc drain 
into the Swinchiard Brook. It is further sought 
to sell water for power purposes. Application to 
constitute a Rhymney sewerage board is made by 
the Urban District Councils of Gelligaer, Bed- 
wellty, Rhymney, and Mynyddislwyn, together 
with the Rural District Council of St. Mellons. 
The Bill provides for the compulsory adhesion to 
the scheme of Caerphilly, so far as the Rhymney 
portion of that area is concerned. The works com- 
prise intercepting and outfall sewers discharging 
into the sea near Peterstone Wentlloog Church. 





The Swansea Corporation propose to construct two 
new intercepting, and three new outfall, sewers. 

The Town Council of Macduff, N.B., propose to 
improve their harbour by the construction of a 
pier, 450 ft. long, and to increase the length of 
their quays by about 500 ft. of new work. 

In Ireland private promoters seek power to 
construct a pier and quay at the mouth of the 
Glyde and Dee Rivers, Annagassan. 


MISCELLANEOUS. 


A reconstruction of the Lambeth Bridge is pro- 
by the London County Council. A new 
ridge over the Ribble, to accommodate tramways 
as well as other road traffic, is to be erected at 
Penwortham by the Lancaster County Council. At 
Hull the Corporation propose to construct a new 
opening bridge in substitution for the existing 
North Bridge. A curious Bill is that promoted by 
the Cheshire County Council, intended to prohibit 
the yongeng, <f brine to points outside the county 
boundary. e City Corporation seek powers to 
construct new subways at Cannon - street and 
Queen Victoria-street. 





NOTES. 
THe MerattureicaL Inpustry 1N Iraty. 

We have received from the Iron and Steel 
Institute a copy of an illustrated hand-book having 
the above title, which describes the metal- 
lurgical industries of Italy. This hand-book was 
kindly prepared by the Italian Association of 
Iron-Masters for presentation to the members of 
the Institute on the occasion of their proposed 
visit to Italy. The first fifty pages contain an 
illustrated description of the places of interest 
through which the members were to have passed 
on their tours through the country. The second 
part, covering 430 pages, gives illustrated descrip- 
tions of fifty-nine Italian metallurgical engineering 
and shipbuilding works. These descriptions state 
the extent of the various works dealt with, their 
situation, their equipment, the number of men they 
employ, their manufactures and specialities. The 
internal views of ships and of launches, the illustra- 
tions of work carried out, and so forth, are most 
excellent. The book gives a very complete insight 
into the activity displayed by the Italian industries 
in all their numerous branches. The various shops, 
including the foundries, which only too often have a 
very neglected appearance in many large works, 
are light and are admirably equipped with modern 
machine-tools and other plant. The establishments 
described include not only those which have 
acquired a world-wide reputation in iron and steel 
specialities of all kinds, such, for example, as the 

erni Works, the Orlando Yard and Engineering 
Works, the Vickers-Terni Ordnance Works, the 
Armstrong - Pozzuoli Company, the Fiat San 
Giorgio Company, the Savona Iron Works, and 
many others, but also a number dealing with the 
extraction and working up of antimony and other 
metals and chemical products, and works manufac- 
turing turbine and electrical plants. The book 
contains further a very clear map of that portion of 
Italy embracing the districts which the members 
were to visit. 


THe TRAINING OF ENGINEERS. 

The inaugural meeting for the present session 
of the Institution of Civil Engineers of Ireland, 
took place a week earlier than the corresponding 
meeting of the Institution of Civil Engineers in 
London. It was occupied by a very suggestive and 
interesting address of the President, Mr. P. C. 
Cowan, M. Inst. C.E., who expressed the opinion 
that too much value had been assigned to workshop 
training for engineers. Probably in giving this 
view Mr. Cowan had in mind the requirements 
of those engaged in the civil branch of the profes- 
sion, and though even there workshop knowledge 
is useful, it must be recognised that few men can 
—_ the time neceseary to give them at once work- 
shop experience, experience in the field, and a 
sound knowledge of theoretical principles. Some- 
thing must be sacrificed, and for those who do not 
intend to pursue mechanical engineering, it may 
well be that the shops can be omitted, with fewer 
drawbacks than would follow an attempt to 
crowd training in all three directions into an 
inadequate space of time. In such case Mr. Cowan 
contends that the college training should precede 
practical work, and here we have no doubt that he 
is right. In the case of those who intend to take 








up mechanical engineering, however, we believe 
that in general it will be found best to take at 
least three years in the shops before proceeding to 
college. A lad of 16 to 18 views with less repug- 
nance the soiling of his hands and clothes than the 
young man of 20or21. In discussing the qualities 
necessary for success as an engineer, Mr. Cowan 
quoted with approval the distinction drawn by the 
late Dr. Burdon Stoney between an engineer and a 
craftsman, the latter being defined as one who 
executes mechanically the designs of others without 
introducing any new application of scientific prin- 
ciples, whilst the engineer moulds matter into new 
forms suited to the special object to be attained. 
All our readers will thank him for emphasising this 
point. The claim of the engineer to be a profes- 
sional man ought to be made confidently. It is an 
important * of the training of the young that 
they should have a high opinion of the career 
before them, and should be prepared themselves 
to fulfil its obligations, both scientific and moral. 
A presidential address affords an excellent oppor- 
tunity for enforcing this point, and Mr. Cowan 
made good use of it. 


Tue Port or Lonpon. 

Karly in the present year, it will be remembered, 
the Port of London Authority issued particulars 
of a programme of port improvements recom- 
mended by its chief engineer, Mr. F. Palmer, 
M. Inst. C.E. These proposals were dealt with in 
our issue of February 3, when we gave maps show- 
ing the several projects, &c. It was proposed that 
the whole scheme, involving the expenditure of 
some 15 millions sterling, should be taken up as three 
different programmes, of which the first, considered 
to include work urgently necessary, would cost 
about 3,896,700. The largest individual pro- 
ject in this urgent programme was the construc- 
tion of a new dock, to be called the South Albert 
Dock, the estimate of cost for this being 2,339,000/. 
In the recently issued annual report of the Authority 
it is stated that the construction of this dock has 
been approved, the preliminary estimate of the 
sanctioned work coming to 2,156,0001. The dock 
will be 4600 ft. long by 600 ft. wide, with a 
depth of 38 ft. The entrance lock will be 800 ft. 
long by 100 ft. wide and 45 ft. deep on the sills. 
The work as sanctioned does not quite conform 
to the chief engineer’s scheme, which suggested a 
dock depth of 44 ft. 6 in., with the entrance 
850 ft. long by 110 ft. wide by 48 ft. deep 
on the sills. ‘The dock as proposed will prob- 
ably suffice for vessels of the size likely to come 
so far up the river as this, for some years to 
come, and as the chief engineer’s proposals em- 
bodied the suggestion for the construction later of 
a new North Albert Dock, with 1000-ft. entrance 
locks, the Authority is perhaps justified in not 
adopting the dimensions originally suggested for the 
present undertaking. The purchase of the land 
for the pro new North Albert Dock has also 
been sanctioned. That dock, it is suggested, 
should be 7400 ft. long by 700 ft. to 1000 ft. wide, 
and 45 ft. deep, with an entrance lock 1000 ft. by 
120 ft. by 52 ft. depth on sills. The engineer's 
estimate for this work was 4,350,0001. A large 
dry dock will be provided at the South Albert Dock. 
During the past year two other new works of some 
magnitude were commenced. One of these is a 
double-storey reinforced-concrete shed, with crane 
equipment, &c., as the North Quay of the London 
(Western) Dock, the estimated cost of which is 
placed at 54,000/. The other is a new pumping- 
station, estimated to cost 43,000I., at the entrance 
to the Royal Victoria and Albert Docks, for raising 
the water level of these docks 2} ft., in accordance 
with the chief engineer’s proposals. The plant will 
be electrically driven, and capable of dealing with 
17,000,000 gallons of water per hour. . During the 
year covered by the last report, some 24 million cubic 
yards of material were removed from the navigable 
channel of the river. It is stated that the original 
alignment selected for the Yantlet Channel has been 
abandoned owing to silting, and a new alignment 
chosen. This will involve the removal of about 
two million cubic yards of material from the new 
site. The Authority’s proposals as to deepening 
and widening the channel from London Bridge 
downwards was described in the article above 
referred to. The amount of material to be removed 
to give effect to this scheme (exclusive of the 
Yantlet Channel work) is 20,000,000 cubic yards, 
and for this purpose a quantity of dredging plant, 
costing 426,6501., and capable of removing five 
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million cubic yards per annum, has been ordered. 
This plant includes two 27-cub.-ft. bucket dredgers, 
each capable of removing 765 cubic i per 
hour when working at a depth of 55 ft. below water- 
level ; eight 1000-cubic-yard steam hopper- barges ; 
two 10-cub.-ft. bucket dredgers, each capable of 
removing 300 cubic yards of material per hour at a 
depth of 45 ft.; seven 500-cubic-yard steam hopper- 
barges ; and one steam tender. A new dredger 
capable of removing 430 cubic yards per hour is ae 
under construction, for dredging within the dock 
area, which, when completed, will bring the plant 
so engaged up to a capacity sufficient to handle 
1,200,000 cubic yards per annum. 








THE WORK OF THE REICHSANSTALT 
IN 1910. 

Tue brief account of the work of the Physikalisch- 
Technische Reichsanstalt in 1910, which we give 
in the following lines, in accordance with our 
custom, is based upon the official report presented 
by the President of the Reichsanstalt, Professor 
Wolleen, to the curatorium of that institution. An 
official abstract of the report is every year pub- 
lished in the Zeitschrift fiir Instrwmentenkunde. 
This abstract merely refers to some of the many 
researches, however, details of which have already 
appeared in scientific and technical journals, which 
we have consulted in preparing our account. Our 
diagrams are reproduced, by permission, from the 
just-mentioned journal, whose editor, Professor 
S. Lindeck, member of the Reichsanstalt, died 
a few weeks ago. The grants for the Reichsan- 
stalt for the year 1911 comprise a sum of 5575l. 
for erecting a new magnetic laboratory on Tele- 
graph Hill, near Potsdam, where disturbances 
by electric currents are not to be feared, and 
of 14,1701. for a new strong-current laboratory. 
We deal with the subjects under separate headings, 
without observing the distinction made in the 
report between work done in the Physical Depart- 
ment and in the Technical Department (the latter 
under Director Hagen), and we add the names of 
the respective investigators in brackets.* 

Thermal Expansion and Elastic Properties of 
Metals (E. Griineisen).—An analysis of the experi- 
ments of Holborn and Day, Henning, Scheel, and 
Heuse, and of new experiments made by Griineisen 
with many metals, shows that the thermal expan- 
sion of metals is in general in close agreement with 
the exponential formula of Thiesen, especially for 
low temperatures ; the range of experiments was 
— 190 deg. to +100 deg. Cent. Zinc, cadmium, and 
tin behave abnormally, and the abnormal behaviour 
may be ascribed to discontinuous changes in the 
structure of these metals. In general the total 
expansion from absolute zero to the melting-point 
seems to be a function of the atomic volume ; 
but the experimental data are not sufficient for 
extrapolations to temperatures in the neighbour- 
hood of absolute zero. It had previously been 
found that the ratio of the coefficient of linear 
expansion a to the specific heat Op is nearly indepen- 
dent of the temperature in the case of the metals 
Al, Fe, Ni, Cu, Pd, Ag, Ir, Pt ; in the case of Pb 
the a, and in the case of Sb and Bi, the Cp seems to 
increase more rapidly with rising temperature 
than it should according to this rule, which metals 
of large atomic volume do not follow so well as 
those of small atomic volume. The atomic volume 
is obtained by dividing the atomic weight of an 
element by its density; the alkali metals (not 
referred to in these researches) are characterised 
by very high atomic volumes. The ratio of the 
expansion coeflicient to the specific heat is also 
nearly independent of the temperature, and the 
variation of the specific heat of metals with tempera- 
ture could therefore also be expressed by Thiesen’s 
formula. 

The effect of temperature on the compressibility 
of metals has been investigated by experimenting 
on tubes of Fe, Cu, Ag, Pt, Al, 3n, Pb by the or 
cation of internal pressure, on Mallock’s method, 
as has been explained in ——- reports ; the 
temperature limits are —190 deg. and +165 deg. 
Cent. Hard metals and metals in the hard condi- 
tion (i.e., at temperatures much below the melting 
points) vary their volume and linear moduli very 
nearly as the temperature, so that Poisson's ratio 
approaches a constant, characteristic for each 
metal. Soft metals and metals in the soft condition 





* For our report of last year, see ENGINEERING, vol. xc., 
pages 672 and 727. 





show an increase of Poisson’s ratio with rising tem- 
perature. 

Gas Volumes. Gas Thermometers (K. Scheel and 
W. Heuse).—Since the volume of the mercury 
meniscus introduces an error, which must not be 
neglected, into the accurate measurement of gas 
volumes, the volume of this meniscus has been 
determined for tubes ranging in internal diameter 
from 13.9mm. up to 23.7 mm.; and T. Lohnstein 
has found that the table based on these observa- 
tions is in fair agreement with a theoretically 
deduced formula. 

The comparison between platinum thermometers 
and gas thermometers between 0 deg. Cent. and 
450 deg. Cent. has been resumed with Jena 59" 
glass tubes and quartz tubes, and with the aid of 
oil and nitrate baths. The quartz tubes are prefer- 
able to the glass tubes, among other reasons, 
because a gas occlusion and re-liberation by the 
glass became apparent during the repeated experi- 
ments. The gas used for charging the tubes was 
generally nitrogen, sometimes hydrogen, helium, or 
argon ; helium proved unsuitable, some of this gas 
being lost at higher temperatures. 

In the re-determination of the saturation pres- 
sure of aqueous vapour between 50 deg. and 100 deg. 
Cent. (L. Holborn and F. Henning), electric heating 
is applied, as in the experiments at higher tem- 
peratures. 

The apparatus for the investigation of argon 
(Holborn, H. Schulze) at temperatures ranging 
from — 80 to + 400 deg. Cent., and pressures of 
200atmospheres, isbuilt up of steel and glass vessels, 
steel capillaries, and seven steel valves. The 30 
litres of argon required were prepared after the 
method of Fischer and Ringe—by absorbing the 
oxygen and nitrogen of the air with the aid of a 
mixture of calcium carbide and 10 per cent. of cal- 
cium chloride, such as is used in the technical 
manufacture of cyanamide ; the last traces of nitro- 
gen are removed after the method of Maquenne, 
and the separation from neon and helium is effected 
by means of charcoal with the aid of the apparatus 
of S. Valentiner and K. Schmidt. 

Specific Heat of Gases (Holborn, A. Baumann, M. 
Jakob).—The apparatus for determining the specific 
heat of gases at pressures up to 400 atmospheres is 
nearly completed ; the compressor has not been 
installed yet, as the whole apparatus will have to 
be fixed in another room. Fig. 1 is a diagram of 
the calorimeter. The gas enters the heater H, 
which is made of nickel steel, from below, flows 
upward through the electrically-heated nickel tubes 
N, and leaves after having been circulated through 
the jackets A and B, which are separated by a thin 
partition. The platinum thermometers T, and T, 
at the entrance and exit cf the gases are mounted 
in tubes in which they can be shifted. The heater 
vessel H is wholly surrounded by an oil-tank 
divided by a partition into two compartments, C and 
D; a small centrifugal pump Z Soom the oil in 
circulation through these compartments, and the 
oil is heated, if necessary, by the constantan ribbon 
K. The whole apparatus is placed within the 
double steam-jacket E, which is built up of welded 
sheet-iron, and in which a temperature of 100 deg. 
Cent. is maintained. The electric energy sent to 
the resistances K and N is measured. In order to 
test the apparatus, the specific heat of air has first 
been determined at pressures of 1 and 13 atmos- 
pheres ; up to 10 kg. of air are passed through the 
calorimeter per hour. 

The simultaneous experiments on the specific 
heat of gases at low temperatures (Scheel and Heuse) 
are made with a different apparatus, a diagram of 
which is reproduced in Fig. 2. The method is also 
that of Callendar and Barnes. The gas passes in a 
continuous stream through an apparatus in the 
interior of which it receives a measured amount of 
electric energy. The apparatus is constructed of 
glass. The gas enters from below at a constant tem- 
perature, measured by the thermometer Pt,, through 
a glass spiral, which is only added toallow the appa- 
ratus to adapt itself to temperature changes, into 
two compartments B and C, forming jackets, and 
into the calorimeter A, in which it is heated by 
the resistance H ; Pt, is the second thermometer, 
which has a length of 5mm. only. D is a vacuum 
jacket of glass, and the whole apparatus is kept in 
a bath at constant temperature. The concentric 
jackets B and C, through which the gas flows in 
opposite directions, were added because it was 
found that, in spite of the vacuum outside, the 
calorimeter lost some heat by radiation ; this would 
not matter if it were possible to push the thermo- 





meter Pt, close up to the heater H, but some space 
must be left to allow the gas layers to mix well. 
On average, about 5 litres of gas pass through this 
calorimeter per minute at temperatures down to 
that of liquid air. In the first experiments with 
vo atmospheric air, free of carbon-dioxide, the 
velocity of the air current was varied within wide 
limits, and it resulted that the specific heat of air 
is, at —183 deg. Cent., 5 per cent. higher than at 
+ 15 deg. Cent. That the air hada higher specific 
heat when near its condensation point than at 
ordinary temperature had already been noticed by 
Witkowski, who experimented at - 183 deg., 
— 102 deg., and + 15 deg. Cent. ; air would thus 
behave as steam does according to the most recent 
determinations of Knoblauch, Jakob, and Mollier. 

Masonry Pillars (Scheel).—The masonry pillars 
for supporting scientific instruments have continued 
to increase in height during the sixth year (in two 
cases the fifth year) of observation. The increase 
amounted in most of the pillars to about 0.015 mm., 
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and the different mortars used, which at first dif- 
fered as to their expansion, now behave similarly ; 
the cement pillar, however, showed a larger increase, 
of 0.3mm. The. comparison was originally made 
against cast-iron columns; later, three rods of Atlas 
steel were added, and these iron and steel columns 
have not varied in their height, so that the altera- 
tions in the heights of the mortar and cement 
pillars would appear to be real. 

Radiation. Spectrum Analysis. Anode and 
Cathode Rays.—The examination of the structure 
of the very fine lines of the spectrum, with the aid 
of vacuum arcs. and Wehnelt. cathodes, has been 
continued (L. Janicki). Refractory metals cause 
considerable difficulties, because these metals fre- 
quently contain some carbon, so that the cathodes 
burn through under the high current intensities. 
The spectrum lines differ, moreover, in their in- 
tensity from these of ordinary arcs, and the impurities 
render the identification of the very numerous lines 
very difficult. Molybdenum, gee uranium, 
t nm, silicon, tellurium do not show many 
satellites, however. 
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The study of anode rays (E. Gehrcke and O. Reich- 
enheim) induces Gehrcke to support a suggestion 
thrown out by E. Pringsheim that the eruptive 
solar prominences are produced by positive ions. 
The sun is regarded as an incandescent body sur- 
rounded by gases at very high rarefaction. The 
sun should, therefore, like every substance glowing 
in a vacuum, emit cathode rays (negative electrons) 
and, becoming positively charged, should under suit- 
able conditions also emit positive rays which would 
be accelerated in the electric field and acquire the 
fluctuating, often enormous speeds of prominences. 
This, Gehrcke and Pringsheim consider, would be 
in accord with Hale’s observation that a sun-spot 
(negatively charged) is formed at the point of origin 
of a prominence. The rays of the corona, which 
extend much further out from the sun, would, on 
this view, be cathode rays. 

It has, so far, been assumed that incandescent 
bodies lower the discharge potential in tubes 
filled with es. O. Reichenheim has recently 
observed, however, that the resistance of the gases 
is increased by the presence of glowing platinum, 
which may be anode or cathode, or not connected 
with the poles, when moist vapours are also present. 

As regards the elements concerned in canal (posi- 
tive) rays, J. J. Thomson has found evidence of the 
presence of two kinds of positively-charged hydrogen 
ions—apparently hydrogen atoms and hydrogen 
molecules, since the e/m ratios were 10‘ and 0.5 x 10! 
(or 5 x 10°)—in all tubes, no matter what gas the tube 
had originally been charged with ; only in helium 
tubes some rays of e/m = 2.5 x 10° were observed in 
addition, apparently helium atoms carrying a unit 
charge. ‘This agreed with previous observations of 
W. Wien, who had, however, isolated oxygen-atom 
rays by magnetic deflection in oxygen tubes. 
Gehrcke and Reichenheim now also find, in oxygen 
tubes at high vacuum, rays ascribed to oxygen atoms, 
in addition to the hydrogen rays mentioned, and 
they have not succeeded in suppressing the hydrogen 
rays in helium tubes, in which, moreover, sometimes 
radiations corresponding to higher atomic weights 
have been observed. They are further inclined to 
ascribe the Doppler effect in hydrogen radiations, for 
which J. Stark had accounted on Planck’s theory of 
light entities (quanta), to diverse, originally present, 
particles of these kinds. For the determination of 
the e/m in cathode rays a very exact measurement 
of the intensity of the magnetic field and great 
constancy are required, and Gehrcke and M. von 
Wogau have wound a coil, 1.50 m. in length and 
10 cm. diameter, for this purpose, which gives a 
field of constant intensity over a length of 8 cm. 

Radiation of the Black Body.—The continued 
determinations of the constant ¢ of the Wien- 
Planck law, formerly in the hands of L. Holborn, 
has been taken up by E. Warburg and G. Leithiuser 
at temperatures of the melting point of gold and 
above, with the aid of prisms of quartz and of fluor- 
spar. The values for c, so far found in these re- 
determinations, lie between 14,200 and 14,600; 
the fluorspar prism gave the highest value, the 
Stefan-Boltzmann law the lowest. In order to 
avoid the effect of astigmatism in the mirrors 
of the spectrometer, in adjusting the slit for the 
bolometer, the reflection from the first mirror is 
made to take place in the horizontal plane, and that 
from the second mirror in the vertical plane. 

Metrology (A. Leman, Blaschke, and A. Werner). 
Steel Gauges.—The twenty sets of end-measures 
of hardened steels, 10, 25, 50, and 100 mm. in 
length, have shown no further alterations in length 
after four years of observations ; cnly in a few cases 
further alterations amounting to fractions of a micro- 
millimetre could be determined. The temper tests 
of 38 end-measures of 100 mm. lengths have also 
been completed. Comparative tests were made 
with other specimens of different shapes and dimen- 
sions, comprising discs up to 150 mm. in diameter 
and 27 mm. in thickness, made of hardened or non- 
hardened steel and copper. The results of these 
tests are to be published. Thecontinued examina- 
tion of three samples of test-rods, cut from the sur- 
face layers and the core of a boiler-plate, which 
seemed good in the cold, but which was very brittle 
at 400 deg. Cent., has led to the design of an appa- 
ratus for the convenient testing of metals against 
quartz glass ; the report speaks of temperatures up 
to 300 deg. Cent. only, however, while the brittle- 
ness In the case mentioned was observed particu- 
larly at 400 deg. Cent. 

Electrical Researches. Silver Voltameter and the 
Weston Normal Cell (W. Jaeger).—We have men- 
tioned on other occasions that on the basis of the 





common experiments made by the representatives 
of the national laboratories of the United States, 
England, France, Germany, in the Bureau of 
Standards at Washington, in April and May, 1910, 
the electromotive force of the Weston normal cell 
has been fixed at 1.0183 volt at 20 deg. Cent., and 
that this value has been adopted since January, 
1911. The calculations were based upon measure- 
ments with various silver voltameters, the mean of 
the British and German standard resistances, and 
upon the mean electromotive force of the Weston 
cells of the four nations. The four secondary 
manganin resistance standards of the Reichsan- 
stalt have kept almost constant for eighteen years ; 
three of them are now kept in rooms at a constant 
humidity of 50 per cent. The two mercury stan- 
dards of 1 ohm in quartz tubes have so far proved 
satisfactory. Fifteen Weston cells were taken over 
to Washington ; four were left there; the other 
eleven showed no change after their return to 


Fug. 2: 





KKK. 


SSS 


Lee 
VW 


vend 





SSS 


S559)» >>>} D}>»»> D>» Dy» py 


\Svg 


SUMTA 
MAIO 


SS 




















Ny 

NY 

V 
Y 
Y 
WY 
WY 
Y 
Y 
y 
> 

Y 
YY 


CK 
SSS 
SUG Niiy 











Charlottenburg. The twelve cells sent by Pro- 
fessor Haga, of Groningen, to Charlottenburg, are 
of the Reichsanstalt pattern and agree with those 
cells. When the silver anodes of the voltameters, 
the recent experiments confirm, are wrapped with 
filter paper, too much silver is deposited ; sheaths 
of silk may be used ; the — of organic com- 
pounds also favours the formation of too heavy 
deposits. 

he late F. Kohlrausch, formerly President of 
the Reichsanstalt, had continued his researches on 
the conductivity of aqueous solutions ; the data are 
being collected by E. Griineisen and H. von 
Steinwehr. 

New Switchboards and Rectifiers (Orlich, G. 
Schulze, and Schering).—The new switchboard for 
the alternating-current distribution consists of an 
iron grid frame into which panels of marble with 
bus-bars, all made to standards, are being fitted as 
required. The Westinghouse Company supplied in 
January, 1910, seven mercury-vapour rectifiers for 
charging 120-volt batteries from three-phase gene- 
rators. Each rectifier takes currents of 10 amperes, 
and to maintain this intensity, two iron resistances, 
so-called variators, of the Allgemeine Elektricitiats- 
Gesellschaft, are inserted in parallel into each 
rectifier circuit. Each variator can throttle from 
10 to 40 volts, and keep the current at 5 amperes. 
The rectifiers are divided into two groups, so that 
two batteries can be charged at the same time ; 
when the battery is fully charged, the rectifiers go 
out. The rectifiers waste current, of course, but 
the plant does not require any attendance, running 
day and night. 

Transformer Oils. Junction-Boxes.—In the insu- 
lation tests (Schering) of transformer oils, ball 
electrodes of 10 or 15 mm. diameter, and some- 
times point electrodes are used ; the points are apt 
to give discordant results, and, when a spark has 
passed, too high a breakdown voltage is observed 
the next time. The device used in testing the 





compounds of junction- boxes is illustrated in 








Fig. 3. Iron pipes are made, 15 mm. internal width, 
10 cm. in le » provided with thickened ends ; a 
cardboard tube (black in the di m) is. pushed 
over the pipe, and a brass rod inghend in the pipe 
and cen with the aid of two corks. The com- 
pound is then poured into the tube through a per- 
foration in the upper cork, so as to form a layer of 
uniform thickness, 3 mm., around the brass rod. 
Four tests are made as a rule, and the compound 
is then burnt out, so that the iron pipe can be used 
again. 

Capacity. Self-Induction. Dielectrics (E. Orlich, 
E. Giebe, H. Schultze).—In order to suppress the 
residual capacity in large resistances, the resistance 
is wound in opposite directions in two portions, with 
a gap between the inner and outer portion ; a certain 
amount of self-induction is thereby introduced, but 
the inner capacity can be suppressed for all fre- 
quencies. he effects of distributed capacity in 
standards of self-induction at high frequencies (up 
to 5000 per second) have been investigated by Giebe 
by comparing his bridge method (all the arms 
screened hy shields) with the resonance method as 
used by Lindemann and by A. Campbell; the 
bridge method gives results in agreement with M. 
Wien’s formula. In testing the energy losses in 
dielectrics (Schering, Schmidt) condensers are built 
up of ten plates of the dielectric alternating with 
copper foil and inserted in the one bridge arm. 
Low frequencies (nine and more periods) are pro- 
duced with the aid of Rubens vikention galvano- 
meters, the needle being replaced by thin sheet- 
iron. For high frequencies (up to 2000) a vibration 
galvanometer of Duddell was constructed ; another 
galvanometer of this type, with two chords, 1 m. 
in length, can be regulated for frequencies ranging 
from 25 up to 100. These determinations require 
high resistances devoid of capacity and induction, 
and on Nernst’s suggestion solutions containing 
121 grammes per litre of mannite and 41 grammes 
of boric acid, together with a very small amount 
of potassium chloride (0.06 gramme, added to com- 
pensate for the temperature coefficient), have been 
tried ; these solutions cannot be kept long, however, 
as they attack the glass vessels. 

The ene losses in stranded cables (R. Linde- 
mann), and the increase in the resistance observed in 
‘* ideally” wound cables, when under high-frequency 
currents,* have further been investigated. It results 
that there is, in addition to the skin effect, an 
energy loss in the insulation material of the strands, 
which is dependent upon the frequency, but can 
also be expressed by a formula. The resistance of 
relatively short wires (1 m. in length) under direct 
and under high-frequency currents is being tested 
with the help of an apparatus which permits of 
throwing the wire paar # into the one or the other 
circuit. A thermo-couple is soldered to the middle 
of the wire, and the current intensity is so regu- 
lated that an equal rise of temperature is observed 
in the two cases ; the resistance ratio is then calcu- 
lated from the current ratio. The wire should 
quickly assume a steady temperature, and is for 
this reason stretched in a glass tube, 3 cm. in dia- 
meter, which is filled with hydrogen. 


(To be continued.) 








Winter Tours To PortuGat, MApgrra, AND Souru 
America.—The Booth Steamship Company, Limited, 
have issued illustrated pamphlets stating the conditions 
for a number of tours to the above countries. The in- 
formation includes particulars of their ships, and general 
data on the main towns on the tours in question. 





Rats In Iraty.—The imports of rails into Italy in the 
six years ending with 1910 inclusive were as annexed :— 


Year. Tons. Year. Tons. 
1905 8,303 1908 31,262 
1906 21,063 1909 12,896 
1907 31,268 1910 16,575 
Practically no rails are exported from Italy. 
Tue “Oxp Srratrorpians’” Dinner.—The eighth 


annual reunion dinner of the past and present members 
of the Locomotive Department staff of the Great Eastern 
Railway was held at the Liverpool-street Hotel on 
Friday last, the 24th ult., and was largely attended. Mr. 
A. J. Hill, the works manager at Stratford, occupied the 
chair, and in addition to Mr. 8. D. Holden, the locomo- 
tive superintendent, and a numberof prominent members 
of his staff, there were present, amongst others, Mr. James 
Holden, the late locomotive superintendent, Mr. W. F. 
Pettigrew, the locomotive superintendent of the Furness 
Railway, and Mr. W. Pickersgill, locomotive superinten- 
dent of the Great North of Scotland Railway. The 
gathering was in every way most successful. 
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INDUSTRIAL NOTES. 

Ir we are to judge by what is reported in the daily 
papers, there appears to be a very general determina- 
tion among the univn railway men throughout the 
country to vote iu favour of a general strike, in 
order, if possible, to obtain recognition. This, how- 
ever, does not mean, even should the ballot show a 
majority, that there will be a general strike, because, 
after all, it would only be the expression of the 
majority of a minority of the railwaymen. It is 
only the union men who are giving trouble in order 
that they may be flattered by full recognition by 
the railway companies. We do not believe for one 
moment that the majority of the railwaymen wish for 
a general strike, even though a majority of the union 
men may decide that they do. There is also a wide 
difference between expressing an opiuivon that there 
ought to be a general strike and actually bringing 
one about. The union men are fond of being in evi- 
dence, and making themselves heard, but that is no 
reason why they should always be getting what they 
want. They are now demanding to be brought into 
conference with the railway companies, as they say, 
“to discuss the best mode of giving effect to the 
report of the Royal Commission.” And what if such 
a conference with the railway companies should be 
held? There is no guarantee whatever that these men 
will loyally keep to any agreement that may be come 
to if, later, it should suit them not to do so. Their 
methods are conducive of waste of time, and we cannot 
wonder if the companies decline to hold further con- 
ference with them. Had the companies behaved as 
the unionists are now doing, there would have been a 
most emphatic protest frum the unionist ranks. It 
certainly looks as though there might be another 
attempt by the Government to put pressure on the 
raiiway cumpanies, in which case there is great danger 
that the crisis will only be postponed unless the railway 
companies are willing to yiel themselves altogether 
to the trade unionists. The matter has to be settled 
on its merits. There will be no lasting peace until it is, 
aud nothing satisfactory will be accomplished until the 
men learn to keep their agreements. 

It is stated that a meeting of the Council of the 
Riilway Companies’ Association will be held at 
2.15 p.m. to-day at the offices of the London and 
North-Western Railway Company in Parliament- 
street, Westminster, to consider a communication 
from the Board of Trade with reference to the resolu- 
tion by Parliament after the recent debate on 
the report of the Royal Commission. The resolu- 
tion passed by the House was to the effect that in 
the opinion of the House a meeting should take 
pluce between the representatives of the parties 
on whose behalf the Railway Agreement of August, 
1911, was signed to discuss the best mode of 
giving effect to the report of the Royal Commis- 
sion, and the Government should be asked to use 
its best offices to bring both sides into conference 
without delay. It is, of course, quite impossible to 
forecast the result of this meeting, but there seems 
to be a feeling that the railway companies may be 
willing to accept an invitation from the Government 
to meet the representatives of the unions for the pur- 
p se stated in the resolution, — it is clearly 
uuderstood that the findings of the Commission are 
accepted in principle and in substance by all parties. 

At a mass meeting of railwaymen on Sunday last at 
York ao resolution was unanimously adop urging 
the North-Kastern men to abstain from voting on 
the first question on the ballot-paper (concerning 
the acceptance of the Commission’s report), on the 
ground that it does not affect them. Added to the 
resolutiun was the following :—** We are not in favour 
of withdrawing our labour except upon a programme 
which is drawn up by representatives of the North- 
Eastern Railway, and submitted to the company through 
the joint executive.” At Leeds also a resolution was 

assed declaring that the North-Eastern men did not 
intend to record their votes in the ballot; and at 
West Hartlepool the Amalgamated Society of Railway 
Servants decided on Sunday last not to take part in the 
ballot, on the ground that they already possess recog- 
nition on the ‘North-Eastern Railway. At Glasgow, 
on the other hand, the Buchanan-street branch of the 
Amalgamated.Society of Railway Servants, at a meet- 
ing held on Sunday last, appeared to possess a large 
majority who were not in favour of accepting the 
Commission’s report, and wer? in favour of a general 
strike. 





According to the 7imes, numerous inquiries have 
been received at Lloyd’s during the last few days for 
terms at which insurance could be effected against the 
risk of another strike among the workers on the home 
railways. The idea that a strike on Christmas Eve 
is a possibility has evidently gained a footing, though 
whether it is justified is doubtful. Inquiries have, 


however, come from persons who think that they 
would be especially affected by such an occurrence. 
The risk named has in some cases merely been ‘a rail- 
way strike,” and a proposiiion couched in such general 


terms has not been considered by the underwriters. 
It has been suggested that the risk should be narrowed 
down to ‘‘a railway strike of 75 per cent. of the 
workers,” though this was thought to involve serious 
difficulties, and was not regarded as an altogether 
satisfactory solution. The plan so far generally 
adopted has been to quote a rate indemnifying the 
proposer to the extent of the falling off in the traffic 
receipts of any railway for each week as against the 
previous or the corresponding week of last year, pro- 
vided there is a falling off uf 50 per cent. in the earn- 
ings. This plan might be regarded as satisfactory to 
@ proposer living in a town served by only one or two 
railways; but, if applied to L mdon, it would appear to 
mean that, to be really effective, the risk of a strike on 
several great lines would have to be covered separately. 
The amount that has been usually quoted for in- 
surance for six weeks is 5/. per cent., to take effect 
in the last week of the year. 





An agreement between the Warwickshire collier 
owners and the miners has been come to wi 
regard to the minimum wage question. This result 
has not been arrived at without much conside: ation. 
The arrangement is that stallmen shall receive 7s. per 
day ; daymen, 6s. Id. ; and loaders, 5s. 4d. per day. 
Tools, lights, and explosives will be found by the em- 
ployers. The question of boy labour was deciled 
upon a basis which has obtained generally for some 
years past. The arrangement appears to have given 
satisfaction to the miners. In the Cannock Chase and 
Pelsall district the coalowners and the men’s repre- 
sentatives resumed their conference at Birmingham on 
Friday last. Amended proposals on behalf of 30,000 
miners were submitted to the employers, counter pro- 
posals being put forward by the latter. The result 
was a further adjournement of the meeting, but the 
miners’ agent stated that he hoped a satisfactory 
settlement would be arrived at. 





It has now been definitely decided by the Associate. 
Coal-Owners that they meet the Miners’ Federation 
in conference to discuss, on national lines, the ques- 
tion of a minimum wage for all miners, and it is 
understood that the meeting will be held early in the 
week beginning December 11. It is stated that the 
miners of the Dean Forest Labour Association have 
decided by a large majority not to join the Independent 
Labour Party. 





On Thursday in last week the oil-millers’ strike at 
Hull came to an end. It was decided on the ballot, there 
being 803 votes in favour of a return to work on the 
conditions offered by the Seed-Crushers’ Association, 
and 180 against. There has been an increase of wages 
in the lower grades of as much as 2s. a week in some 
cases, and in others ls. a week, and the agreement is 
that union and non-union men are to work peaceably 
together. In order to deal with future grievances a 
joint board has been established. Work was resumed 
last Friday. 





Another instance of trade-union oppression is 
announced from Lancashire by a a: seo corre- 
spondent of the Times. It appears that the Weavers’ 
Association at Great Harwood, having reduced the 
number of non-unionists working there from several 
hundreds to eighteen, and increased the membership 
of the Association to 5000, decided to serve notices, 


Wednesday, unless three members of one family em- 
ployed there joined the union. Attempts to persuade 
the three seem to have failed. Should the notices 
become operative, several of the employers will, it is 
said, support a general closing policy. At Boxenden 
also a number a union weavers have decided to tender 
notices unless three operatives join their association. 


On Monday last the representatives of the National 
Conference of Friendly Societies and the General 
Federation of Trade Geions held a meeting after 
they had had a private conference with Mr. Lloyd 
George at the Treasury. They ed a resolution 
to the effect that the committee of the National 
Conference of Friendly Societies and the General 
Federation of Trade Unions unanimously agreed 
in requesting the Chancellor of the Exchequer to 
withdraw any pro alternative to the first three 
days’ sick-pay [which he is unable to grant] other 
than the payment of full pay for six months in lieu 
of thirteen weeks as provided by the Bill; and 
further recommended that the Bill should become 
operative on July 8, 1912, in order that the bene- 
fits of the Bill may be administered from the first 
Monday in January, 1913: They also passed a resolu- 


the House of Commons to the probable disastrous 
effects to the friendly societies and trade unions by 
the creation of separate funds and separate bodies of 
|Commissioners in the four parts of the United 
| Kingdom ; as it would appear, as a result of amend- 
| ment ‘of the Bill, that friendly societies and trade 





tion drawing the serious attention of Members of | 


on behalf of 200 weavers at Park View Mill, last | P& 





unions with members or branches in the four countries 
(as now obtains in aJl the affiliated societies and trade 
unions) are to be dismembered, and four separat: 
societies are to be created instead of one, with heavier 
cost of administration to the society and with a pro}. 
ability of the creation of irksome difficulties and the 
setting up of anomalies between one country and 
another. 





The Norwegian Employers’ Union have prepared a 
report on the results of the great lock-out. The con- 
flicts, which have been settled, comprised those with 
the mining industry, at the Christiania nail manufac. 
tory, and at the electrical installation firms, as well as 
the building conflict in Stavanger. As far as the law 
is concerned the result was practically the same as the 
terms offered by the employérs as early as May. 
The arrangement at the am manufactory was vir- 
tually on the basis of the employers’ last offer, but 
some of the reductions demanded by the employers 
will take place gradually, according to a sliding-scale, 
instead of all at once. The electrical fitters originally 
demanded a minimum pay of 50 dre (63d.) per hour for 
skilled hands ; the employers offered 37 ire (5d.), and 
the result of the mediation was 40 dre (54d.). The 
employers accepted the 40 ére. Other clauses in the 
agreement were drawn up in accordance with the 
masters’ offer. 

As regards the mining industry, there was no offer 
from the employers prior to the agreements about the 
shop hands at the Sulitjelma and Foldal mines. It is 
therefore impossible to ascertain whether the conflict 
resulted in advantages to the men which they could 
not have obtained by peaceful negotiations. The men, 
however, had to reduce their claims very considerably. 
They asked 52 ére (7d.) minimum pay per hour for 
skilled hands. The result of the mediation was 40 ire 
(54d.). For helpers above eighteen years they asked 
for a minimum pay of 37 dre (5d.) and 42 ire (58d.) 
after a year’s practice ; the result of the mediation 
was 33 dre (44d.). 

The joint agreements within the mining industry, 
in all essential ints, were in accordance with the 
masters’ offer. The provisional minimum rates at all 
mines except Salangen and Stordé were practically 
fixed according to the masters’ last offer. In a few cases 
the reduction has been divided, but it is a reduction 
allthe same. In spite of the special conditions exist- 
ing at Salangen and Stordé the separate agreements 
were negatived, and the two concerns were included 
in the joint agreement, except as to some minimum 
rates previously agreed to, which, however, were 
reduced. 





CANADIAN Prat Bocs.—Canada appears to possess peat 
bogs of considerable size among her natural possessions, 
to judge from figures given by the Canadian Engineer, 
for it is stated that they cover an area of approximately 
36,000 square miles, from which about 28,000,000, 000 tons 
of air-dried peat could be produced, said to be equal to 
some 14,000,000,000 tons of coal. In order to encourage 
the utilisation of these resources a peat bog of 300 acres, 
with an average depth of 8 ft., has been acquired by the 
Canadian Government at Alfred, near Caledonia Springs, 
Prescott County, Ontario. About five miles of ditches 
have been dug, and a storage shed to hold 300 tons of 
air-dried peat has been erected, as well as a blacksmith’s 
shop and an office. It is estimated that the erection of 
a peat plant capable of producing 30 tons of air-dried 
peat daily should not cost very much, and since workable 

t bogs are scattered throughout the farming regions 
of Ontario and Quebec, the most economical plan for 
utilisation of this fuel would be the erection of a number 
of plants at convenient points, to be operated in the 
interests of the neighbouring communities. 





RESPONSIBILITY FOR BripGES OVER RaILways.— 
Perthshire Highland District County Council Committee 
have had under consideration the question of responsi- 
bility for improving bridges on the public road crossing 
the Highland Railway at Pitlochry and Tighnageat, 
which aes been declared unsafe for traction-engine 
traffic. At a meeting of the Committee at Logierait on 
Saturday, November 25, the clerk (Mr. H. Mitchell, 
solicitor) reported that he had attended a meeting of County 
Council delegates in Edinburgh to discuss the matter 
with the managers of the Scottish railway companies. 
The position taken up by the railway companies was that 
they were only toon to make the bridges sufficient for 
traffic at the time they were built, and if traffic increased 
so as to make the bridges unsafe, that was a matter for the 
District Committee. On theother hand, it was admitted that 
the District Committee had no power to meddle with a rail- 
way bridge, and that therefore the responsibility of keep- 
ing up se and making it safe lay with the railway 
company, so that while the railway a were under 
no legal obligation to maintain a bridge for heavy traffic, 
nobody else the power to touch it. The suggestion was 
made that a non-contentious Bill should be introduced in 
Parliament to enable district committees to contribute 
towards the cost of putting over-line bridges in a proper 
state for the traffic of the district. Auditors have generally 
intimated that they were prepared to pass expenditure of 
this sort, as being absolutely necessary in connection with 
district wants, and it was agreed to contribute the sum of 


3002. towards the cost of the proposed improvements. 
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COMBINED STOP AND ISOLATING VALVE. 


CONSTRUCTED BY MESSRS. T. SUGDEN, LIMITED, ENGINEERS, LONDON. 
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We illustrate above a form of steam-valve which is 
manufactured by Messrs. T. Sugden, Limited, 180, 
Fleet-street, London, E.C., and which has been de- 
signed to act both as a stop-valve and as an isolating- 
valve. We described some years ago a similar type 
of valve made by the same firm, but the one we now 
illustrate is a modification of that, several alterations 
and additions having been introduced with a view of 
improved action. One of these alteratiuns consists in 
fixing the valve in a horizontal position. This may at 
first sight appear a very simple matter, but it is one 
on which the makers place much importance. Hitherto 
it has been found difficult to make any kind of 
isolating-valve which will meet varying conditions of 
work, for although the vertical type of valve is found 
to auswer exceedingly well under normal conditions 
where the supply of steam is constant, it is not so suit- 
able where there is a variable load, and where constant 
excessive Cemands are made for steam, such as obtain 
in counectivn with large colliery winding-engines and 
large rolling-mill engines. In these cases the arrange- 
meut of che valve should be less sensitive than where 
there is a steady demand for steam, although the valve 
still acts in a reliable manner when an accident occurs 
through the fracture of a steam-pipe. The new form 
of horizontal valve, which we illustrate, has now, we 
understand, been very thoroughly tested. and has been 
found satisfactorily to meet the duties required of it. 
It serves a three-fold purpuse. In the first place the 
upper valve serves as an ordinary stup-valve ; in the 
second place it closes immediat~ly in case of an acci- 
dent to the boiler, and will thus isolate the boiler to 
which the accident has occurred from the rest of the 
battery. In addition to this the valve will automatic- 
ally couple up the boiler, in which steam is being raised, 
to the other boilers at work as soon as the steam pres- 
sure on both sides of the valve is the same. In case 
of a steam-pipe fracture, the lower valve closes, due to 
the high velocity of the steam which arises when an 
accident occurs. 

The construction of the valve will be better under. 
stood on reference to our illustrations. These are 
respectively a side elevation, Fig. 1, and a longitudinal 
section, Fig. 2. The arrows indicate the direction in 
which the steam flows. The combined arrangement 
consists of two separate valves A and E, as will be 
seen by Fig. 2, both of which are loose on their 
spindles. When the former of these is screwed down 
it acts as an ordinary stop-valve and shuts off the 
‘oiler. When the spindle is raised the valve is opened 

y the flow of steam. As the valve is loose on its 
pindle, it acts as a non-return valve, and immediately 
closes in case an accident happens to the boiler, and 
so prevents the passage of steam from other boilers. 
The valve E, which is placed horizontally, is also free 
to move on its spindle, which, however, is a fixture, 
as shown in Fig. 2, Its action is the opposite to 


















C 





Fig.2. 


SSS 







\ ‘one 


“iy 
Z 











bs 
» (7 





L/ 


— gf" 








. \N 
p \\ § 
a i XS 
of : 
| , 
> S 4 
= Y 
y SSM \ 

é . 

(2557.8) < > AS 





that of the valve A, for it comes automatically into 
operation in case the —_—— fractures, or other 
mishap occurs on the outlet side of the valve, for it 
at once moves along its spindle, until it comes in 
contact with the seating H. Under working con- 
ditions this valve is open, in which position it can be 
placed from the outside by means of the lever F’, which 
is actuated by the hand-wheel G. Under ordinary 
conditions also there is a certain amount of pressure of 
steaia tending to keep the valve back from its seat, 
owing to a partial vacuum formed by the flow of 
steam past the valve, whereby a suctional action is 
caused wm the s between the valve and the spindle, 
and between the seating on the spindle and the back 
of the valve. When an accident takes place, and the 
automatic valve E is closed against its seat H, it is 
held there by the pressure of steam until the stop- 
valve A is closed. When this is done, the steam- 
pressure on both sides of the valve E is equalised by a 
small quantity of steam passing to the right-hand side 
of the valve through the space between the valve and 
spindle, and the valve can be returned to its normal 
position. ‘The valve can be set to close at any desired 
difference in pressure by the adjusting-screw shown in 
Fig. 1. When once adjusted by the hand-wheel C, a 

lock or seal may be applied to prevent anyone tam- 
pering with the valve. 

Hand-wheels for testing are connected by means of 
spindles to the levers B and F, and by means of these 
the valves can be kept in working order from the out- 
side. The valves can operate independently of the 
testing-gear until nearly closed, and at this point the 
force of the steam easily overcomes the friction of the 
testing-gear. The spindle for the valve A has formed 
on it a small facing D, which, when the stop-valve is 
full open, comes in contact with a seating in the cover 
above, immediately below the stuffing-box. This forms 
a joint and protects the packing, and also allows new 
packing to be put in while the valve is under full steam. 
The valve-casing is made entirely of steel, and the 
valves and seatings are arranged for superheated steam. 

The number z accidents (continually taking place) 
which are really preventable by the use of ——_ 
like that we have described should offer an inducement 
for the adoption of these valves; in fact, the makers 
state they know of more than 120 cases in which these 
valves have actually prevented serious damage, and 
probable loss of life. 





Pocket-DicTIONARY OF THE ENGLISH AND RussIAN 
Lancuaces.—We have received a copy of this dictionary, 
which forms part of Hossfeld’s educational series, is 
edited by Mr. S. W. Linden and Dr. Th. Kawraisky, 
and is published at the price of 7s. 6d. net by Messrs. 
Hirschfeld Brothers, Limited, 263, High Holborn, W.C. 
The English portion contains 460 and the Russian 
portion = 445 pages. This is a well-produced and very 
complete dictionary of words of general use. 





FOREIGN ENGINEERING PROJECTS. 


We give below a series of forei jects, for several 
of which tenders are asked. Further ia. concerning 
these projects can be obtained from the Commercial 
Intelligence Branch, Board of Trade, 73, Basinghall-street, 
London, E.C. 

Holland: HM. Consul at Rotterdam states that 
tenders are invited by the Colonial Office at The Hague, 
up to December 5, for the supply and delivery of the 
following :—Ironware with appurtenances for the roofing 
of the sheds at Madioen and at Sourabaya-Goebe: 
(Contract No. 555); vanised materials for telegra 
and telephone poles (Contract lit. M 17); 200,000 mild- 
steel hook-bolts (Contract lit. N17); sleepers, washers, 
and bolts with nuts (Contract lit. O 17); mild steel (Con- 
tract lit. P17). Specifications may be obtained from 
Mart. Nijhoff, Lange Voorhout 9, The Hague, on pay- 
ment of 7.50 fl. (12s. 6d.) for Contract 555; 2.50 fi. (4s. od.) 
for lit. M17 ; 1.50 fl. (2s. 6d.) for lit. O17; and 1 fi. (1s. 8d.) 
for lit. N 17 and lit. P 17. 

Denmark: The Danish Licitationen states that tenders 
will be opened on December 5 at the offices of the harbour 
authorities at Stubbekobing (‘‘ Havneudvalget, Stubbe- 
kobing”’) for the carrying out of various harbour works. 

Spain: The Gaceta de Madrid contains a decree issued 
by the Ministry of Fomento, authorising the authorities 
to proceed with the construction of the new dock at 
Tarragona. It appears that this work has been suspended 
for some time owing to the necessity for introducing 
certain alterations in the original plans. The Gaceta also 
notifies that Don Rafael Adell y Gonzalez has applied 
for a concession for the construction and working of a 
secondary railway from Calasparrva to Caravaca, and that 
the matter is being considered by the Ministerio de 
Fomento in Madrid. ; 

Mexico: H.M. Consul-General at Mexico City reports 
that, according to a published statement of the President 
of the National Railways of Mexico, new construction 
work is to be deferred till the spring of 1912, but proposals 
are being considered for the construction of two branch 
lines of considerable length from points on the main 
lines, the one to the Pacific Coast and the other to the 
Gulf of Mexico. 

Brazil.—The Diario Official notifies that tenders will 
be — on April 18, 1912, at the offices of the Ministerio 
da Viacio e Obras Publicas, Rio de Janeiro, for the carry- 
ing out of extensive harbour works at Paranagui, State 
of Parand. This work will include the construction of 
wharves, warehouses and administration buildings, dock 
railway lines, and a reinforced-concrete bridge, and also 
the carrying out of paving operations and kindred works. 
The cost of the work is estimated at 4,731,724 milreis 
(about 315,000/.). A deposit of 50,000 milreis (about 
3300/.) is required to qualify any tender, and this amount 
will have to be doubled by the successful tenderer on the 
award of the contract. ‘The work must be completed in 
four years after the signing of the contract. It would be 
necesssary for foreign contractors to havea duly qualified 
agent in Brazil possessing full powers for carrying on the 
enterprise. Local representation is necessary for tenderers. 

Peru.—El Peruano contains a decree authorising Dr. 
Anibal Maurtua to conduct surveying operations in con- 
nection with the proposed construction of a railway 
between Supe and Huallanca, with a branch to Recuay. 
Twelve months are allowed for drawing up the plans. 








Russian Raitways.—The aggregate revenue of the 
railways of Russia last year amounted to 961,984,636 
roubles, or 65,270,015 roubles more than the amount 
collected in 1909. The working expenses last year were 
629,608,267 roubles, or 10,172,521 roubles less than in 
1909. The net revenue last year was, accordingly, 
332,376,369 roubles, or 75,442,536 roubles more than in 
1909. The State Railways realised a profit last year of 
—— roubles, or 49,433,909 roubles more than in 





Tue Junior INstiTuTION or ENGINEERS.—A number 
of members of this Institution, with the kind permission 
of the chairman and directors, visited the works of the 
Tottenham and Edmonton Gas-Light and Coke Com- 
pany on Satutday afternoon, November 1s. Under the 
guidance of Mr. A. E. Broadberry, engineer, assisted by 
members of. the staff, they were shown No. 1 retort- 
house, containing eighteen beds of eights, 22 in. by 16 in, 
through fetorts, with regenerative heating—total, 144 
retorts— which are operated by a Fiddes-Aldridge 
machine, and the coke is removed by a De Breuwer hot- 
coke conveyor. A setting of verticals is now on order, 
and when complete the total capacity of the house will 
be 3,000,000 ft. per diem. No, 2 retort-house, containing 
at present twenty-four beds of tens, 22 in. by 16 in., 
through Q-retorts, with regenerative heating. The charg- 
ing and discharging is effected by De Brouwer’s projectors 
and pushers. The coke a ments are similar to 
No. 1 house. The total capacity of the house is 3,750,000 ft. 
per day. The water-gas plant was first put in opera- 
tion in 1894, when Beckton was the only other works 
in England win Bye om, The two original sets 
have b scrapped, and one larger set (14 millions) put 
in their place. The plant now consists 4, :—Two sien, 
500,000 ft. each—1,000,000 cub. ft. ; twosets, 1,000,000 ft. 
each—2,000,000 cub. ft. ; one set, 1,250,000 ft. each— 
1,250,000 cub. ft. The growth of the output since Mr. 
Broadberry received chief control in 1899 has been from 
575,658,000 cub. ft. to 1,687,811,000 cub. ft. in 1910, and 
clear indications show that this year’s output will be at 
least 1,770,000,000 ft. At the conclusion of the visit the 
members were entertained to tea, and the chairman, Mr. 
Walter T. Dunn, expressed their appreciation of all that 
had been done to render the occasion so interesting and 
enjoyable, Mr. Broadberry responding. 
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SOME HACK-SAW TESTS. 


Tue introduction of high-speed steels effected a 
wonderful revolution in the ease and rapidity with 
which metal could be cut in the lathe and in other 
machine-tools. The consequent remarkable reduction 
in the cost of roughing cuts has repeatedly been the 
theme of papers and articles dealing with the opera- 
tions of the workshop. Great as has been the increase 
thus rendered possible in cutting speeds, it is perhaps 
dovbtful whether it is not fully equalled by the intro- 
duction of the modern type of hack-saw, the enormous 


ingly small. A large round bar is an even worse 
proposition, since the principle of always cutting 
‘*on @ corner” is less easily applied, yet in demo- 
lishing the Great Wheel at Earl’s Court the 3}-in. 
bars forming the suspension-rods were commonly 
cut through in about two and a half hours, although 
the situation in which the men had to work made it 
impossible to tackle the job to the best advantage. 
The remarkable cutting properties of the modern hack- 
saw have, of course, been recognised for some years, 
and for long past the old t of saw has been used 
only for special jobs, such, for instance, as the cutting 
of electric-power cables, where the diversity of the 





advantages of which were not the result of metallur- 
gical improvements, but merely of a common-sense 


TABLE I.—TESTS OF HACK-SAW BLADES ON MILLER’S FALLS MACHINE. 





| Strokes 

















materials to be divided is likely to lead to numerous 


machine, and not hand, saws. In the first series of 
tests, the most noteworthy point is the way in which 
the saws in tests No. 357 and No. 261 maintained 
their sharpness. The time taken to make the twen- 
tieth cut of the 1}-in. bar was only about 12 per cent. 
more than on the first cut. When cutting tool-steel 
stock, of course, a more rapid deterioration of the 
cutting power is to be expected, as much injury being 
caused by some three or four cuts in such material as 
in fifteen or twenty made on ordinary mild steel. 

A machine test is, of course, a very fair one, since 
with hand-saws so much depends en the skill of the 
operative. The latter, if a good man, will generally 
beat most types of machine in the matter of time 






































TIME OCCUPIED IN MINUTES FOR THE FOLLOWING CUTS. 





tt ciniutotaret. REMARKS. 
gigididia4'ai4 
or) + 2 cS) ~ Dn a —} 
- -_ = - = - -_ N 
. Test discontinued. (Saw ceased 
cutting.) 
124) 123, tat) 124, 135 133, 14 14 | Test discontinued. 
bias . |Test discontinued. (Saw ceased 
| cutting.) 
14 | 14 | 15 | 15) 16 16 16 17 Test discontinued. 
14 | 14) 14/18) —| — = 
18 | 19} 19 | Qu — 
Saw ceased cutting. 
12 | 13 | 184) 15 | 15 . |Test discontinued. 
| 
de .e | ee | ee | ee | ee | ee [Dest discontinued. (Saw ceased 
| | cutting.) 
12}| 12h, 12}, 12} 124/ 124 13 | 13 (Test discontinued. 


+ | ee | ee ae | ee | ee | oe | Test discontinued. (Saw ceased 
cutting.) 








ey ee eee ee - |Test discontinued. 
| | 
on tee a . |Saw ceased cutting when about 
| halfway through 7th cut. 
- | se | ee | «. | .. [Saw ceased cutting when two- 
| thirds way through 2nd cut. 


. |Saw ceased cutting when about 
half-way through 2nd cut. 


Test discontinued 


«|. | we | we | ee | .. Saw ceased cutting when about 
| half-way through 7th cut. 
. Test discontinu 


toe 1 os saih «oe Ditto 
G-MACHINE. 


«+ | «+ es | «. | Test discontinued. 
| | 


. |Saw broke by accident when 
half-way through third cut. 


Ditto 
Ditto 


occupied ; but a less skilful one will soon destroy the 
sharpness of the teeth, and is, moreover, likely to prove 


% DESCRIPTION. per } 7" . " = 
> Minute. | , | . a : : ; . : : ;sigidia 
- | | ® & |e | $ Sis i8i8isisisiaé 
& |= a | 0 7 in ' S| | @ Siaialitea 
TT | | 
356 Brand ‘ Enox,” 12 in. long, 54 =| =‘ Tool-steel 7 8 9 13 | 175) 23 
| in. wide, 14 teeth per inch, | bar, 1% in. dia. | 
| 21 1.W.G. | | 
357 Ditto Ditto | 54 | Tough-steel | 12} 12h | 124) = 124 124) 174) 12}, 124) 124] 124, 124) 124 
| bar, 14 in. sq. | 
359| Brand 1, 12 in. long, § in. wide,| 54 Tool-steel | 10 1. =| 6b m7. 
14 teeth per inch, 21 1.W.G. bar, 1, in. dia. | | half way 
| | through 
358) Ditto Ditto 54 | Toughsteel | 12 | 12 12 | 12 | 12 | 12 | 12 | 13 | 134) 134) 134) 133 
| bar, lf in. sq. | | 
ss ° Nl | 
452|‘* Enox” saw, 12in. long, }i in. 55 Tough steel | 8 9 9 9 10} 11 | 11 | 11 | 13 | 13 | 13 | 14 
| wide, 16 teeth per inch, 22 bar, 14 in. sq. | | } | 
1. W.G. thick, packet labelled: | | 
‘““Enox saws, 12 in., 16 | 
teeth” | | | 
453\Brand 2, 12 in. long, jin.; 55 | Ditto 11 | ll 13 13 |} 13 | 13 | 18 | 14] 14| 15 | 17] 18 
| wide, 14 teeth per inch, 22 | | | | 
1. W.G. thick, packet labelled: 
Brand 2. | | 
452“ Enox” saw) same saws as 55 | Tool-steel 5 8 14 21 —j|— _ 
| above; test | bar, 17 in. dia. 
453/Brand2 ..) continued 55 | Ditto | 
| } | (only | 
| half-way | 
through) | 
TT 
259|Brand 3, 12 in. long, 3 in.| 54 Tough-steel | 12 12 | 12 12 12 | 32 | 12 | 12 12) 12/18 12 
wide, 15 teeth per inch, 21) | bar, ldin. sq. | 
LW.G, | | } | | | 
260| Ditto Ditto 4 Tool-steel | 7/ 16 | 26 - wees ee een ee Be ee 
| bar, 1), in. dia. | | | | 
261/Brand ‘ Enox,” 12in, long, 54 | Tough-steel | 12) 12} 12) 12} | 124] 12h] 12)) 12} 123] 124) 12} 123 
} in. wide, 14 teeth per inch, | bar, 14 in. sq. | | | 
|} 21 LW.G, | | 
262| Ditto Ditto 54 Tool-steel 7 9 19 20 21| 23/28 42 
bar, 1,,in. dia. | | 
2460| Brand **Enox,” 12 in. lon | 54 Tool-steel i | 8 10 | 13 | 18 | 24 | 32 | ‘ 
2 in. wide, 14 teeth per inch, | bar, ly in. dia. | | | 
21 L.W.G. |_| ne 
2461 Ditto Ditto 54 Ditto 5 6 9 13 18 | 24 | 28 ° 
| } | | 
2452|Brand 4, 12 in. long, jin.| 54 Ditto | 6 | 25 iss | ew 
wide, 14 teeth per inch, } | | | 
|} 22 L.W.G, | | | | | } | 
2453 Ditto Ditto 54 Ditto [ois Meg $ ve 
| 
j | 
2956|Brand ‘“ Enox,” 12 in. long, 54 Tool-steel bar, 6 9 ll 19 Be SS ere ee ee ee ee: 
| 9 in. wide (full), 14 teeth per 1y, in. dia. | | | 
| inch, 18 L.W.G. | | } | 
2957, Ditto, “ Enox” a Ditto f 8 ll} 15 gt i dl ee Rem Mea ence bees Bee 
| | 
2958\Brand 5, 12 in. long, j in.| 54 Ditto 8 | 13 44 | | ot a 
| wide (bare), 10teeth per inch, | } So 
| 18 L.W.G. | Re | 
2959} Ditto Ditto | 64 Ditto 8 10 /13{ 43 ole) Cece we eat Gere, pee Soe oe Oe 
TABLE II.—TESTS OF HACK-SAWS ON HERBERT’S ECCENTRIC SAWIN 
8s (Len; | | | | 
| (ot | | | | | | | | 
stroke, | 
54 in.) 
2571 17-in. long, lin. wide, 18 1.W.G. 64 Steel bar, | 43 | 45 54 A a} 62 | 65 67 67 72)! 75) 
| thick, 10 teeth per inch. | 4in. dia. } 
Brand 6 | | | 
2571 Ditto. Brand 5 64 CO Ditto 43 46 50 55 59 | 60 | 66 467 «68 | 73 | 
2572)17 in. long, lin. wide, 181.W.G. 64 Ditto 48 61 52 52 53 | 54 | 56 | 60 | 63 | 67 | 
(vight) thick, 10 teeth per | | 
inch. Brand ‘‘ Enox” | 
2572 Ditto. Brand ‘‘ Enox” 64 Ditto } 49) 52 J Lo Wetalved Lee eart 
| | 
application of well-known facts to materials already breakages, if really hard saws are used. So far as we 
existing. Those of us whose experience at the fitter’s | know, however, little accurate experimental work has 
bench dates back a quarter of a century or more well | been done on the cutting powers of modern blades. 


remember how formidable a job was the cutting in 
two of a l-in. or 14-in. bar by means of a hack-saw. 
The teeth of the latter were soft enough to file. The 
saw-blades were, moreover, relatively expensive, and 
it was usual, therefore, to repair a broken blade b 

hard soldering it and re-shaping by a file the teeth 
affected. Such saws, after a few strokes on iron, lost 
the whole of their keenness, and hence, as already 
stated, the cutting of even a 1l-in. bar meant the expen- 
diture of much time and elbow grease. The modern 


saws, for the introduction of which we are indebted 
to our American cousins, have revolutionised the 
sawing of metals in the cold. Armed with them a 
workman will not hesitate to cut by hand a 10 by 8 
I-beam of some 20 sq. in. of cross-section, and in 
the hands of a real expert the time taken is astonish- 





Our readers will therefore be interested in the follow- 
ing figures, giving the results of experiments on dif- 
ferent brands of saw, carried out by Messrs. David Kirk- 
caldy and Son on behalf of Messrs. F. M. Frye and Co., 
of 46, Upper Thames-street, E.C., to whom we are 
indebted for copies of the reports made. In all cases 
the saws were used in a machine, thus eliminating the 
human factor, which may well have a preponderating 
influence in any test of a hack-saw made by hand. 
Most of the tests were made with a “‘ Miller’s Falls ” 
machine, but in some a Herbert eccentric sawing- 
machine was employed. The tests showed that diffe- 
rent makes showed considerable differences in cutting 
wers. The ‘‘ Enox” saw is a production of Messrs. 
rye and Co., and the other saws were different well- 
known brands. It will be seen that the saws are all 


expensive in the matter of broken saws. The cuts 
made on 4-in. bars, which are grouped together in 
Table II., really show very good work. mpared 
with experiments Nos. 357 and 261, about 5} times 
the area was cut through in about 34 times the time. 
The brand numbers attached to all the saws, save the 
‘*Enox,” are, we should add, fictitious, since the 
makers of these had no direct share in the conduct of 
the experiments, the saws tested having been bought 
in the open market. 








Frre-PR&veNTion Concress in Rvussta.—An Inter- 
national Fire-Service and Fire-Prevention Congress will 
be held at St. Petersburg and Moscow from May 25 to 30, 
1912 (new era), to be organised by the Imperial Fire- 
Brigades’ Federation of Russia, and held under the 





| auspices of the Council. 
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COMBINED RECIPROCATING ENGINES 
AND TURBINES IN SHIPS.* 


The Best Arrangement for Combined Reciprocating and 
Turbine Engines on Steamships. 
By G. W. Dicktr, Member of Council. 

Ir is by invitation of the Committee on Papers that I 
am presenting to the Society what I think should be the 
best arrangement of combined reciprocating and turbine 
engines on steamships. In accepting this invitation I 
am well aware that the opinion I have reached, after 
much thought on the subject, is at variance not only with 
the opinion, but also with the practice, of some very 
eminent engineers, whose experience is much wider than 
mine. It is to be expected, therefore, that what I have 
to present will be challenged, and declared entirely un- 


Fig.1. 


(a5 


tenable. * If I thought the menrbers of this Society would 
agree with me in 
before them, I would not take the trouble to present this 
paper. ‘ 

t so ex ney that both types of steam-engine have,an 
economical and a wasteful end. I have just been trying 
to compare the data on a set of indicator-cards from a 
triple-expansion marine engine, the te horse- power 
being 5600, divided as follows :—High-pressure cylinder, 
1886 horse-power ; intermediate-pressure cylinder, 1874 
horse-power ; and low-pressure, 1840 horse-power—these 
are sufficiently close to say that the power is divided 
equally among the three cylinders—with data from a 
marine-turbine set, consisting of a central high-pressure 
and two wing low-pressure turbines givi 
horse-power, also practically divided evenly 
three shafts. No superheating in either case. 

In the a engine, the first stage, or one-third 
of the total horse-power, is obtained by a drop in the 
pressure from 180 1b. absolute to 70 lb. absolute, being a 
drop of 110 Ib., corresponding to a drop in temperature 
from 372.9 to 302.9, or 70 deg. 

In the turbine engine, the first stage, or one-third of 
the total horse-power, is obtained by a drop in the pres- 


tween the 














eral 


* Abstract of paper read at the eighteenth } 
arine 


meeting of the Society of Naval Architects and 





to anything I- might present | the total horse- 





5500 shaft | rotors, yet 1886 horse-power, slightly over one-thi 








sure from 175 lb. absolute to 35 Ib. absolute, being a drop 
of 140 lb., corresponding to a drop in temperature from 
370.8 to 259.3, or 111.5 deg. 

In the reciprocating engine, the second s or one- 
third of the total horse-power, is obtained by a drop in the 
pressure of 70 1b. absolute to 25 lb. absolute, being a drop 
of 45 lb., corresponding to a drop in temperature from 
302.9 to 240.1, or 62.8 deg. 

In the reciprocating engine the third, or last, stage is 
obtained by a drop in the pressure from 25 1b. absolute to 
2 Ib. absolute, being a drop of 23 lb., omens toa 
drop in temperature from 240.1 deg. to 126.26 deg., or 
113.84 deg. The aggregate drop in pressure for the 
second and third stages, or two-thirds of the total horse- 




















113.84 deg.; uently the mean temperature of the 
low-pressure glade would be 56.92 deg. below that of 
the entering steam, which, taken in connection with the 
larger surfaces, accounts for the t loss in the last 
stage. The intermediste cylinder, being steam-jacketed, 
would indicate that considerable re-evaporation took 
place in that cylinder. 

It is unfortunate that, if the exact point was known in 
the expansion of steam, where on the one side the economy 
would be with the reciprocating engine and on the other 
with the turbine, yet that poimt might not be the best 
place to make the division. There are other matters, 
such as manceuvring, with reciprocating engines, pro- 
peller design, and desirable arrangement in the available 











































































































power, is from 70 lb. absolute to 2 lb. absolute, a drop of | engine-room space, that may render the best arrangement 
68 Ib., yy ry! to a — in temperature from | for steam economy not the best for general economy. 
302.9 deg. to 126.26 deg., or 176.64 deg. I believe that the best result in steam consumption 
: 7 7 
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could be gained from having the terminal pressure for the 
reciprocating part of the engine power at or about 30 lb. 
absolute, or a little above the usual low-pressure receiver 
pu in triple-expansion engines. is is very far 
, rom that usually adopted as the best arrangement, 
REFERENCES. 


Main steam-pipe from boilers. 

Main throttle-valve for h.-p. cylinders. 

Steam-pipe connection to after h.-p. cylinder 

H.-P. steam-chests and cylinders. 

Steam-pipe connections from h.-p. steam- 
chests to |.-p. steam-chests. 

L.-P. steam-chests and cylinders. 

Exhaust-pipes from 1.-p. steam-chests 
change-valve. 

Change-valve. 

Exhaust-pipes from change-valve to con- 


to 
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jensers. 
. Exhaust-pipes from change-valve to 1.-p. 
turbines. 
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Reciprocating engine frames. 
2. Reciprocating engine bed-plate. 
Crank-shaft. 
Thrust’shaft. 
Low-pressure turbines. 
Low-press' 
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ure turbine-shafts. 
Main exhausts from turbines to condensers. 
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Main condensers. 

Main circulating-pumps. 

Circulating water-pipes. 

Main air-pumps. 

Suction-pipes from condensers to air-pumps. 

Discharge from air-pumps to hot-well and 

filter-tanks. 

. Hot-well and filter-tanks, 

Hot-well pumps, 

D e-pipes from hot-well pumps to 
heaters. 
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Main feed-tanks. 

Suction-pipes from main feed-tanks to main 
feed-pumps. 

Main feed-pumps. 

Auxiliary condensers—pum ps underneath. 

Bilge-pumps. 

33, Sanitary-pumps. 


In the turbine the second, or last, stage, or two-thirds of 
wer, is obtained by a drop in the pres- 
sure from 35 1b. absolute to 1 Ib. absolute, being a drop 
of 34 Ib., corresponding to a drop in temperature from 
259.3 deg. to 102 deg., or 157.3 deg. 4 

These pressures and temperatures are not se for the 
pur of making any comparison between the economic 
performance of the reciprocating engine and the turbine, 
or, as a whole, their economy was practically the same. 
The consumption of fuel of like quality was practically 
the same per horse-power, with the advantage in favour 
of the turbine, as between shaft and indicated horse- 
power, the volume of steam passing through the cylinders 
was practically the same as that passing th - Sa 
of the 
total, was developed with a drop of pressure of 110 Ib., 
corresponding to a drop in temperature of 70 deg. ; conse- 
quently the mean temperature of the high-pressure 
cylinder, with its small surfaces, would be about 35 deg. 
below that of the entering steam. In the second stage, 
1874 horse-power, slightly more than one-third, was 
developed with a drop of pressure of 45 Ib., corresponding 
toadrop in temperature of 62.8 deg., eens mae | the 
mean temperature of the intermediate-pressure cylinder 
would be about 31.4 deg. below that of the entering 
steam. In the third stage, however, 1840 horse-power, 
26 less than one-third, was developed with a drop of pres- 


Engineers, held in New York, November 16 and 17, 1911. | sure of 23 Ib., corresponding to a drop in temperature of 








everything considered. 

The arrangement that has found favour with those 
responsible for the most important installations of power 
on rd ship, where the two types of engine have been 
combined, has been that in which the steam has been ex- 
panded in the reciprocating engine down to a pressure of 
9 lb. or 101b. absolute. This would give a drop in tem- 
perature in the low-pressure cylinder of about 62 deg., 
say a mean of 31 deg. ow the temperature of the 
entering steam. This, I think, is far below the line where 
the economy of the turbine is superior to that of the 
reciprocating engine, and is undoubtedly the result of 
accepting as best the arrangement of two sets of recipro- 
cating engines and one exhaust turbine between, the new 
White Star liners being notable examples of this arrange- 
ment.* For very large installations of power there 
are several important advantages that attach to this 
arrangement. e size of the reciprocating engines is 
thus kept within reasonable limits. he manceuvring 
power is 80 per cent. of the total. A breakdown of the 
turbine engine leaves the whole mancuvring power 
intact, while a breakdown in one of the reciprocating 
engines still leaves 75 per cent. of the propelling power 
intact, and 40 per cent. of the manceuvring power avail- 
able. There would also be what advantage can be claimed 
for twin-screws for manceuvring. 

Notwithstanding these important advantages claimed 
for the Ey of two reciprocating engines and 
one turbine, I believe that better results, with installa- 
tions up to 20,000 horse-power, can be secured by having 
one reciprocating engine on the centre line delivering 
steam to a turbine on each side at about 30 lb. absolute. 
This is slightly below the pressure that, in the regular 
three-turbine set, the steam is usually delivered to the 
low-pressure turbine. This would admit of the centre- 
line engine developing about 40 per -ent. of the total 
power, and, when eT straigi.c to the condenser, 
at least 60 per cent. of the full power. The largest and 
most effective propeller would be on thecentre line, where 
its efficiency would have the best propelling effect. e 

ler side propellers would not require so wide projec- 
tions from the side of the ship, and would thus cause less 
 aameagnn Hh ~— water in iy 1 weal —. bp By 
large propeller in the centre, the side propellers cou 
run A a higher number of revolutions than would be 
advisable for the centre propeller were it turbine driven. 
This would permit of the turbine rotors and casings being 
of a moderate diameter. In a 20,000-horse-power set of 
engines, with the centre line-shaft making, say, 78 revo- 
lutions, I would have the side shafts running about 400 
revolutions, which would give a diameter of about 8 ft. 
to the rotor. This would enable the turbines to be placed 
alongside the reciprocating engine in any merchant ship 
having that amount of power. 

With the reciprocating engine closing its work with a 
terminal pressure of 30 Ib. absolute, a simple compound 
engine would give satisfactory results. Where the total 
power was to be above 8000, I would make the reciprocat- 
ing engine with two high and two low-pressure cylinders, 
the high-pressure cranks being 180 deg. apart, and the 
low-pressure cranks 180 deg. apart, each pair being 





* See ENGINEERING, vol. xc., pages 564, 620, and 693, 
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90 deg. apart; this would produce a well-balanced 
engine. Both pairs of cylinders would have piston- 
valves, the valves for each pair being arranged so that one 
would take steam on the outside of the valve, and the 
other on the inside. This would enable the valves for 
each set of cylinders to be operated by one valve-gear, 
making an exceedingly simple marine engine. By a 
proper arrangement of exhaust from the low-pressure 
cylinders, only one change-valve would be necessary. 

his would be operated by a direct steam cylinder, con- 
trolled by an hydraulic cylinder and piston, so that the 
movement might be as slow asrequired. No steam jackets 
would be needed on the cylinders. The exhaust-pipes, 
however, from the low-pressure cylinders to the turbines 
might be jacketed with advantage. 

n such an arrangement there need be no objection to 
ym | the air-pungps, of which there would two, 
through levers worked from the crossheads of the low- 
pressure cylinders. These pumps would be placed so 
that the-foot-valves would be as low down as possible, 
the channel-way being in line with the lower face of the 
bed-plate so as to be below the lowest part of the turbine- 
casings, it being important to have them thoroughly 
drained. The dry air-pumps should be operated in the 
sime manner as the wet air-pumps, being placed above 
the operating levers in a direct line with the wet pumps. 
The writer, however, would prefer to have the air-pumps 
independent, as shown on the sketch arrangement illus- 
trating this paper, which would simplify the main engine 
and enable the turbines to be run without the recipro- 
cating engine being in use. The feed-pumps would be 
operated independently and thus remove another source 
of trouble from the main engine. In nearly all cases 
there would be room to instal the main condensers on the 
outboard side of the turbines, so placed as to have the 
exhaust passage in the middle of the length of the con- 
denser. The channel ways or connections to the wet air- 

umps would pass through the lower part of the tur- 

ine casings, and connect direct to the lower chambers 
of the pum As the turbines would not be as long fore 
and aft as the reciprocating engine, there would be n boven 
of room for all engine-room auxiliaries. 

An outline of how such an arrangement would be installed 
for, say, 20,000 horse-power will accompany this paper. 
The dimensions of the various parts have not been worked 
out to meet any specific conditions, or to any refinement 
of accuracy, but are near enough to show how such an 
arrangement when perfected would luok in place, the ship 
having a moulded breadth of 66 ft. 

This arrangement admits of a cooler engine-room than 
can be obtained where the hottest parts of the machinery 
are in the wings, and, in most cases, under deck. In the 
arrangement proposed by the writer, the hottest parts of 
the machinery are directly under the casing that leads up 
through all the decks to the open air above. 

There are certain objections which will be brought 
against my arrangement, and some of these are important, 
and have been carefully considered. It may be asked, 
Why sacrifice the manceuvring power of two propellers on 
reversing engines for that of one? In reply to this it is 
claimed that the advantage of a simpler and cheaper 
arrangement with the most effective propeller on the 
centre line of the ship, and the promise of bebter economy, 
should outweigh any possible advantage for manceuvrin, 
that the twin-screw has over the single-screw ship. Tt 
is quite possible that this advantage may be over- 
rated. 

The writer, from his office window, has the opportunity 
to watch the docking of two steamships once a week. 
They are sister ships in every respect except that one is 
a single screw while the mh has twin screws. Each 
vessel is of 5000 horse-power and 400 ft. long on the 
water-line. The dock that these vessels land at is across 
the tide, which runs either one way or the other with the 
flood or ebb. The writer is interested in these vessels, 
both having been built under his supervision, and yet 
after careful observation, extending over three years, he 
has not been able to observe any marked advantage that 
the one has over the other in making a landing at the 
dock ; no assistance is ever required by either of them. 
Two days ago he timed the single-screw vessel and found 
that the time consumed from being abreast of the end of 
the dock to being moored alongside was just 6.5 minutes. 
In a larger ship, the turning effect of running the screws 
in opposite directions would be still less than in the ships 
mentioned above. The backing power of the single 
large propeller on the centre line when the engine 
exhausts to the condenser would be ample for all 
purposes, 

Another objection that might be raised to the arrange- 
ment advocated by the writer, is that a breakdown of the 
reciprocating engine would deprive the ship of any backing 
power. This objection must be odmiteed, yet from the 
simple construction of the proposed reciprocating engine, 
a breakdown involving the stopping of the engines for 

0d seems rather a remote possibility, and, if it should 
1appen, the turbines could keep the vessel going ahead 
until she could arrange by wireless for assistance in 
making port. 

These are the two principal objections that can be 
advanced against the arrangement that the writer pro- 
poses, while, if he is right in the claim that the turbine 
can show a higher efficiency than the reciprocating engine 
to a point much higher in the expansion curve than 9 Ib. 
or 10 1b. absolute, then the arrangement he proposes 
would give a better combined economical result and be 
simpler and less expensive. The chances for air-leaks, 
where the reciprocating engine delivers the steam to the 
turbines at 30 lb. absolute, is reduced to one stuffing-box 
at the condenser end of the low-pressure turbines, while, 
in the case of two sets of reciprocating engines exhausting 
to one turbine at 9 Ib. or 10 Ib. absolute, os are always 
possible air-leaks at both ends of the turbine and at the 





stuffing-boxes of both low-pressure cylinders of the recip- 


rocating engines. ? 7 

In one arrangement proposed by the writer the air- 
pumps, both wet and dry, are operated from the low- 
pressure cylinder crossheads. This might be objected to 
as not providing any means for maintaining a vacuum 
should the reciprocating engine be disabled. The object 
in making the air-pumps part of the main reciprocating 
engine is simply one of first cost, and some advantage in 
economy of steam and of work in caring for the pum 
The writer has forestalled this. objection, and prefers the 
independent pumps as an additional security against any 
failure of the reciprocating engine. Of course, indepen- 
dent air-pumps can be installed, in which case the 
should exhaust into the turbine steam-chests. Our sketc 
plan shows this arrangement. , 

In a paper read by Mr. A.C. E. Rateau at the Jubilee 
Meeting of the Institution of Naval Architects, July 5 
of this year, there seems to be something that would 
indicate that the arrangement proposed in this paper had 
been considered by Professor Rateau. He says that ‘In 
1906 we fitted the French destroyer Voltigeur with an 
improved arrangement of engines. The power is distri- 
buted on three shafts (centre-shaft reciprocating engine, 
with turbines on wing-shafts). Uptoas of 20 knots 
the reciprocating engine exhausts into the turbines, but 
above that speed the engines become independent. We 
could therefore have realised a perfect engine up to a 
speed of 20 knots if the reci mene | engine and the 
turbines had been designed solely with the view of obtain- 
ing better results by working by stages; but instead of 
this, they were designed more particularly with the object 
of obtaining the maximum efficiency at full power.” In 
other words, the Professor, by providing a third condenser 
for the reciprocating engine to exhaust into at full power, 
added to the power developed at the expense of the lost 
economy in the low-pressure end of the ee 
engine, and in the high-pressure end of the turbine, an 
even when exhausting from his reciprocating engine into 
the turbines, he lost in economy by using low-pressure 
steam in turbines designed to be operated by steam 
direct from the boilers, : ’ 

In utilising the expansion in reciprocating age down 
to a pressure of, say, 9 lb. absolute, we must have cylin- 
ders of large dimensions subject to marked changes in 
temperature every revolution, involving large losses due 
to condensation combined with large frictional losses, 
causing a great curtailment in the theoretical gain due to 
the expansion ; on the other hand, by turning the steam 
over to the turbines at a pressure and temperature that 
ensures a more economical continuation of efficiency in 
the power developed, we thereby succeed in obtaining the 
very best possible out of each type of engine. . 

All this, of course, has been considered by the able engi- 
neers who have designed the important installations of 
combined reciprocating and turbine engines that have 
been fitted to equally important additions made lately to 
the great steamships of the world. The writer thinks, 
however, that the desire to hold on to the advantage 
claimed for the twin-screw ship in manceuvring, and the 
ability to continue a voyage with one engine disabled, 
may have had much to do with determining the arrange- 
ment of these great combinations of reciprocating and 
turbine engines. ‘The installation on the Olympic, for 
instance, can hardly be called a combination of reciprocat- 
ing and turbine engines, but rather a splendid example 
of reciprocating engine practice, with a turbine in the 
exhaust to utilise the last stage of expansion which the 
low - pressure cylinder could not manage with any 
efficiency. ; ; 

In the arrangement proposed in this paper there is no 
sacrifice of go-ahead power with either the reciprocating 
engine or the turbines disabled, but only a sacrifice of 
backing power should the reciprocating engine be out of 
commission. The question is one that ought to form a 
good subject for discussion by this Society. 








MICROGRAPHIC EXAMINATION OF 
FAILURES.* 


By J. S. Gien Prirosz, A.G.T.S. 


Tue ‘‘Metallographic Examination of Engineering 
Materials” has been so enormously develo within 
recent years that it has given experts an extremely valu- 
able insight into the internal structure of most alloys, of 
whieh iron and steel are the most important, and shows 
that in many cases the proximate composition, as reveal 
by the microscope, is of more importance than the chemical 
composition. Metallography has emerged from the stage 
of doubt and uncertainty in which it for a time existed, 
and has now attained a position of practical importance 
in no way secondary to physical testing or chemical 
analysis, so that practically every steel works of note 
possesses a photo-micrographic equipment, and many 
engineering shops are following suit. The engineer him- 
self may not have the time available during his training 
to devote toa study of practical metallography, and, 
even in practice, be unable to perform a microscopical 
examination for himself; but he should at least have suffi- 
cient knowledge of the rudiments of the art, that he can 
comprehend the report and illustrations of an expert 
metallographist, and understand how it is possible to 
arrive at a fairly accurate idea of the life history of the 
materials with which he has to work, and also ascertain 
their fitness for any particular purpose. . 

The chief advantage of metallography over the ordi- 
nary methods of chemical analysis 1s that it is much more 
rapidly performed, and can deal with portions of metal 








* Abstract of opening lecture delivered to the Glasgow 
University Engineering Society on November 9, 1911. 





much too small for analysis, and, further, it reveals the 
mode of arrangement of the constituents, whose presence 
only is de by the analysis. Unlike the ordinary 
methods of mechanical testing, it can be carried out with- 
out ont or even injuring the test-piece, which for 
micrographical purposes need not be detached from the 
work. The microscopical examination cannot only be 
done before putting the material into service, but it can 
also be applied in the case of a failure, and the metal 
right up to the place of fracture can be inspected. 





Fig. 1.—Wrought-iron angle-bar, showing phosphide segre- 
gation in ferrite ground mass and black areas of slag. Mag- 
nification, 120 diameters 





Fie. 2.—Wrought iron, showing carbide inclusion as a dark 
band of pearlite in ferrite ground mass and black slag 
patches. Magnification, 60 diameters. 





Fic. 3.—Mild-steel plate, showing irregular arrangement of 
pearlite in the ferrite ground mass and two circular phos- 
phide segregations, Magnification, 120 diameters. 


After pointing out the limitations of the art, the author 
described the most modern methods of work applied in a 
systematic metallographic examination, as also the latest 
forms of microscopes and the influence of using different 
methods of illuminating the carefully - popenet and 
polished specimens or micro-sections. e chief micro- 

phical constituents of iron and steel were co iously 
flustrated by a series of original micrographs, showing 
the effect of increasing carbon content, also that of 
mechanical and heat treatment on the structure, as shown 





























Dec. 1, 1911.] 





ENGINEERING. 





749 





by the various magnifications obtained with the metal- 
lurgical microscope. 


INVESTIGATION OF FAILURES. 


The general method adopted in examining a case of 
failure was stated as first consisting in making a chemical 
analysis to determine faults due to incorrect composition 
or segregation of impurities. Static or dynamic tests follow 
to show up the defects arising from incorrect working of 





Fic. 4.—Medium carbon rail steel, showing white ‘‘ ghosts ” of 
ferrite with slag inclusions in them, and pearlite in irregular 
patches. Magnification, 120 diameters. 





Fic. 7.—Brittle nickel-steel plate showing martensitic struc- 
ture due to sudden cooling. Magnification, 60 diameters. 





Fic. 10,—Cross-section of case-hardened motor-car 
steering-rod. Low magnification. 


|from the bend, and parallel to it, exhibited quite a 
|large crystalline structure much whiter than the re- 
mainder. The micro-section was taken across this, and 
| shows in the figure quite a marked phosphide segrega- 
tion running through the ferrite ground mass, and 
surrounding the elongated slag enclosures. As _picric 
acid was employed in etching, the phosphide showed 
up highly coloured in the actual specimen, although 
it only appears as a half-tone area in the reproduc- 








Fia. 8.—Fractured locomotive axle, with large-grain structure 
showing elongated slag enclosures in ferrite ground mass 
(high power). 





Fie. 11,—Sample of cast iron in which the carbon had 
separated in large flakes. 


the material ; and, as a final word, sections are examined | tion. The quality of the metal was not inquired into 


microscopically to discover if wrong heat treatment or | at the subsequent inquiry, but the analysis 


ave an 


fatigue has been put upon the metal. Each method can | average value of 0.34 per cent. of phosphorus, which was 
afford independent evidence, but conclusions drawn from | much too high, even apart from the embrittling manner in 


the combined results usually give the true solution. 


| which it had 


ted as phosphide. Clearly such metal 


From the slides shown to illustrate some of the failures | should not have been employed in the position it was. 


investigated by the lecturer photo-micrographs are re- 
produced on 


angle-bar, the failure of which caused a serious boiler | 
explosion, attended with fatal results. The actual frac- 
ture, which happened to be carefully preserved, showed 
quite a silky appearance, but a streak about 4 in. in 


- Another example of brittle wrought iron on investiga- 


c pages 748, 749, and 750. Fig. 1 shows | tionshowed the fault to be due to the incomplete removal 
the micrograph made from a portion of s wrought-iron | of the carbon, which did not appear unduly high on 
i analysis, but the micro-section (Fig. 2) shows that the 
rolling had extended it into a flat plate, in which the 
carbon percentage would approximately be half of 1 per | 
cent., and thus the tubes rolled from this material split, 





with disastrous results. The micrograph shows the 
central dark band of pearlite, and on either side the white 
ground-mass of ferrite with the slag extended longitu- 
dinally through it. 

The micrograph reproduced in Fig. 3 was taken from a 
mild steel plate which fractured very badly on bending, 
although the test-piece had come up to specification tests. 
The structure shows a very elongated and irregular 
arrangement of the pearlite through the ferrite ground- 





Fie. 6.—Sample of mild steel which had been overheated 


and burned. Very low magnification, 





Fie. 9.—Fractured locomotive axle, with large-grain 


structure (low power). 





Fig, 12, 


“Shot corns” found in grey iron castings. 


mass, indicating that the metal had been finished at too 
high a temperature, and either not afterwards annealed, 
or annealed at too high a temperature. 
the brittle effect thus produced, there are two well-defined 
phosphide patches in the section, which, although coloured 
in the sample, only show as dark circular stains in the 
ferrite. The section was taken from a portion of the 
plate close to the fracture, and the chemical analysis 
showed 0.14 per cent. of carbon and 0.08 per cent. of 
phosphorus. 


In addition to 


A rail steel of medium-carbon content, which broke 


under the drop-test, showed the reason for [failure very 
distinctly under the microscope, the micrograph bei 


being 
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Fia. 13. —Motor-car axle before annealing. 


given in Fig. 4. This shows the much elongated bands 
of ferrite, free from carbon, and known as “ ghosts,” in 
which has been entangled quite a considerable amount of 
slag. This is seen to be grey in shade and quite distinct 
from the irregular pearlite areas, which under a higher 
power were seen to be well laminated (indicating that 
the metal had been left to cool slowly from an over- 
heated condition), and not sorbitic in character, as it 
would be in a properly-finished rail. The carbon-content 
was slightly low at 0.3 per cent., but the weakness was 
ter ter ovr A due to the structure being traversed by the 
weak ferrite bands, and also to the slag inclusions which 
pe oe the tendency for the metal to split along the 
** ghosts.” 
ailure is not commonly due to the presence of sulphur 
in the form of sulphide segregations, but when these 
occur the metal is found to be not only ‘‘ red short,” but 
also to develop brittleness when cold, and fail by fracture 
under even moderate stresses. Fig. 5 shows the micro- 
graph of a sulphide ‘‘pock-mark” noticed in a test-bar 
which failed to come up to standard. The chemical 
analysis did not indicate any marked segregation, but 
close to those parts of the bar at which the skin had 
puckered in testing the appearance was found to be very 
much altered, as seen in the lower part of the micrograph. 
In this portion both enguaes and iron sulphides were 
ised, and embedded with these in the ferrite were 
considerable masses of scoriaceous or slaggy matter. 

A very general fault in annealing is to raise the tem- 
perature too much, and this gives rise to too large a 
crystal growth, readily recognisable under the micro- 
scope, and even in extreme cases to what is called 
** burning.” 

Fig. 6 shows the appearance under a very low power of 
a piece of over-heated mild steel which has also been 
‘‘burned.” The ferrite ground mass not only shows the 
large crystal structure and irregular distribution of the 
pearlite, but heat cracks have made their way into the 
mass from the edge of the billet and left the characteristic 
track of oxide film, showing up as a black inclusion. 
Whilst for over-heating the remedy is page annealing 
and rolling or forging, for the defect of ‘ burning” pro- 
duced in this way there is no remedy, short of remelting 
the material, if the oxide films have penetrated to any 
considerable depth. 

A somewhat unusual type of brittleness was shown by 
a consignment of nickel-steel plates, which were unfortu- 
nately scrap before the micrographic examination 
was made. ong one edge the plates were almost glass- 
hard, and had considerably damaged the shears employed 
to cut them. The carbon content was only 0.33 per 
cent., so that the structure under normal conditions 
should have been pearlitic; but Fig. 7, under a high power, 
shows the appearance, which is a strongly martensitic 
or triangular structure. This brittleness could only have 
arisen by a drastic quenching, and inquiry elicited the 
fact that some of the plates, whilst on the cooling bank, 
had been ex to the action of a heavy snowfall, 
which sudden cooling was practically equivalent to 
quenching. This defect could therefore have easily been 
rectified by a suitable annealing. 

One of the most interesting cases of failure investigated 
by the author was that of a locomotive axle which frac- 
tured while the engine was travelling at express speed, 
but fortunately without serious result. In the summing 
up of the aoe blame was largely thrown upon the 
design of the built-up axle, ana yet the two micrographs 
reproduced in Figs. 8 and 9 clearly show that the metal 
was in itself distinctly faulty, even although it had passed 
specification tests. The chemical analysis gave the carbon 
content as 0.43 per cent., and the sulphur and phos- 
phorus were well within the limit ; but on testing the 
material for tensile strength it broke at an ultimate 
stress of 304 tons per sq. in., and gave an extension of 
only 6} per cent. on the 3-in. test-piece, which was the 
largest size available. The ae oe micrograph (Fig. 9) 
indicates from the large size of the grain structure that 


the metal had been left after manufacture in a brittle or 
overheated condition, possibly due to incomplete mecha- 
nical working, or the finishing of this at too high a tem- 





Fig. 14.—Motor-car axle after annealing and fairly rapid cooling. 


perature. The strongly marked lattice-work arrange- 
ment of the ferrite around and through the pearlite is 
characteristic of brittle and eauaubuestiog material. The 
higher aapeinention (Fig. 8) showsa further source of 
weakness by reason of the presence of elongated slag 
enclosures in the ferrite ground mass, and both of these 
defects had evidently given rise to the conditions favour- 
able to developing “fatigue” of the metal from which it 
finally fractured. 

Such metal could undoubtedly have been restored to 
a proper condition by a suitable annealing and fairly 
rapid cooling before being put into use, and instances 
were quo’ to show how motor-car axles which de- 
velo serious brittleness had been heated and oil- 
quenched to produce the necessary reduction in the 
grain size and uniform distribution of the rlite to give 
exceedingly durable material (Figs. 13 and 14). 

The failure of a motor-car steering-rod, due to fracture, 
was shown to be due to the imperfect case-hardening of 
the material. Fig. 10 shows the micrograph of a cross- 
section near the point of fracture, and shows, even at the 
low magnification, the very sharp line of demarcation 
between the martensitic structure of the outer edge (shown 
at the top) and the mild -steel centre containing the 
ferrite und-mass with small quantities of pearlite. 
Evidently a small heat or surfaze crack had penetrated 
the hardened skin, which, not being well cemented to the 
core, had yielded under the stress of a sudden twist. 

Cast iron is not usually called upon to withstand heavy 
stress put upon it, but hydraulic castings occasionally 
fail in a way which may appear mysterious without the 
aid of the microscope. One peculiar case of the failure 
of a heavy casting while in service was investigated, the 
test-bar having given entirely satisfactory results. It 
had cooled at a much quicker rate than the metal in the 
casting, which was rather high in silicon for the thickness 
pe pe. with the result, as shown in Fig. 11, that the 
carbon separated in very large flakes, which were without 
doubt the cause of fracture. The metal was also weak- 
ened by the considerable degree of segregation of the iron 
phosphide, which appears as the eutectic mass enclosed 
within the dark pearlite areas. 

Sometimes even grey iron castings fail on account of 
the separation within them, of minute ‘‘shot corns ” or 
bullets of a very hard material, often attributed to chilled 
metal. In nearly every instance of such defects investi- 
gated by the author these were shown to be due rather 
to eutectiferous > oy of iron phosphide. These 
bullets are often much too small for analysis, but the 
microscope reveals the characteristic eutectic structure, 
as shown in Fig. 12, which not only illustrates the peculiar 
manner in which the pearlite areas are affected, but indi- 
cates how the iron phosphide can separate out in lozenge- 
shaped crystallites when above the eutectic proportion. 
This makes the portion of metal extremely hard and 
brittle to shock. 

Blow-holes in castings are responsible for many failures, 
——_ in instances where the metal is desired as 

ard and closein the grain as possible. Fig. 15 illustrates 
the micro-structure of a water-pipe which failed badly 
under a owing to the defective manner of casting, 
which had evidently produced too sudden a cooling. The 
ground mass had been converted into the cementite 
characteristic of a white irun, and the large amount of 
contraction had led to the formation of unsound patches 
in the interior of the metal, indicated by the dark holes 
scattered throughout the pearlite areas. 

The lecturer claimed that there were many cases in 
which the microscopical examination of metal before use 
would prove of great service to the engineer, particularly 
in preventing the use of faulty material unsuited for the 
purpose to which it was to be put. 





Finssury TEcHNICAL CoLLEGE OLD StupEnts’ Asso- 
CIATION.—The sixth annual dinner will be held at the 
Trocadero Restaurant, Piccadilly-circus, on Saturday, 
December 9, at 7 for 7.30 p.m., when the chair will be 
taken y Mr. Reginald J. Wallis-Jones, M. Inst. C.F., 
M.1.E.E., President of the Association. 
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Fic. 15.—Section of cast-iron water-pipe, with blow-holes, 


ELECTRIC LIGHTING OF RAILWAY- 
TRAINS ;y THE BRAKE-VEHICLE METHOD.* 
By Roger T. Smitu, B.Sc., Assoc. M. Inst. C.E. 


Tue method of train-lighting considered is that in 
partial use on the Great Western Railway, where axle- 
driven dynamos and batteries controlled by an automatic 
regulator are installed on brake-vehicles only. The 
lamps throughout the train are supplied from these 
equipments, which work in parallel with each other, the 
brake-vehicle equipments and the lamp wiring in the 
coaches dependent on them being connected electrically 
by through wiring coupled between coaches. There is 
consequently an appreciable reduction in initial cost and 
upkeep of plant, and, what is of chief importance from 
the railway point of view, increased reliability. Mr. 
William ngdon’s paper, read before the Institu- 
tion in 1891, describes his, the first, attempt to light 
electrically passenger rolling-stock in general, in place 
of lighting set or block trains which were never 
broken up in traffic. Mr. Langden’s final method provided 
one axle-driven dynamo in the block part of a main-line 
train, and a battery on each of the other coaches. All 
coaches were electrically coupled, and when uncoupled 
the lighting of each coach was continued during its branch 
journey by means of the charged battery. For any 
method of electric train-lighting applicable to all pas- 
— rolling-stock the alternatives are either some such 
method as pro d by Mr. Langdon, or that every 
coach is ‘‘ self-lit ;” that is to say, provided with its own 
axle-driven generator and battery. Other methods are 
either not applicable to "nena stock as a whole, or 
unsuitable for English railways. 

The first aim of any method of train-lighting should be 
to light passenger rolling-stock adequately and with 
reliability. Measurement and experience lead to the 
provision of an illumination, measured on a horizontal 
plane at eye-level, of 2 foot-candles in third-class, and 
24 foot-candles in first-class compartments. Glare or 
dazzle can be minimised, if not entirely prevented, by 
keeping lamps out of the line of sight, by providing a 
white Lechavound behind the glowing filament, or by 
reducing the intrinsic brilliancy of the filament by en- 
closing the lamp in a diffusing globe or a globe, 
the latter at the same time improving distribution. The 
tungsten train-lighting glow-lamp now replaces the carbon 
glow-lamp, its most economical efficiency with present 
train-lighting lamps being 1.3 watts per candle. On the 
average, tungsten glow-lamps, with a useful life of 
850 hours, now have to be changed only once a year in the 
electrically-lit coaches on the Great Western Railway, 
where lamp-voltage is regulated within + 24 per cent. 

Any axle-driven system must, in the first place, pro- 
vide a lead cell or oleer accumulator, so that the lamps 
are lit whether the train is standing or moving throughout 
its range of speed. In order to draw proper attention to 
the importance of the accumulator in train-lighting, it 1s 
both convenient and useful to look upon the accumulator 
as the essential element, and on the dynamo as a device 
for making the output of the accumulator continuous 
throughout the hours of lighting. As ‘ypifying the 
accumulator the lead cell alone is considered. The two 
extremes among methods of charging lead cells are charg- 
ing at constant voltage and charging at constant current : 
but a method of charging which combines the advantages 
of both extremes, while avoiding their disadvantages, 
is recommended, the charge being completely under the 
control of an automatic regulator set to give the proper 
compromise. The arrangement consists in starting with 
a heavy charge and gradually reducing it until, after 
proper gassing has taken place so as to mix the electrolyte, 
the charge is stop when the cells are full, or the 
battery is left floating on the load while lights are on. 
Automatic regulation is necessary to secure a long and 
healthy life for the lead cell, and to reduce maintenance 
it is essential ; when properly arranged, 10 per cent. per 
annum of the initial cost of the whole cell will provide 


* Abstract of paper read before the Institution of Civil 
Engineers, Tuesday, November 28, 1911. 


























Dec. 1, 1911.] 





ENGINEERING. 


75! 





for both maintenance and renewals of the plates and 


es. 
»eThe train-lighting dynamo is of secondary interest as 
compared with the battery, the essential element being 
some means of keeping the voltage constant at all speeds 
while permitting of its automatic variation by the - 
lator when required. The suspension and driving of the 
dynamo and the reduction of belt losses and rene\ are 
among the chief factors in success. The automatic cut-in 
cut-out switch for connecting or disconnecting the dynamo 
from the battery should be actuated electrically, since 
the voltage of the latter may vary 25 per cent. from that 
of the former at any given speed. It is desirable that 
this switch should also act as an instantaneous automatic 
reverse-current circuit-breaker. The problem of auto- 
iaatic regulation has not attracted the British inventor 
as compared with other inventors on both sides of the 
Atlantic. The functions of an ideal regulator, combining 
in one or two instruments battery and lamp-voltage regu- 
lation, may be defined briefly as the following :—First, it 
must control the lamp-voltage within + 24 per cent. 
of the rated voltage of the lamps, and, within reasonable 
limits, must do so independently of lamp-load and entirely 
independently of battery voltage. Secondly, when lamps 
are off, the regulator must control the generator field so 
as to provide the full output of the dynamo for c' g 
an empty battery ; and when lamps are on, the balance 
of the full output must be available for chargi As 
charging proceeds the regulator must control the inherent 
pms on A of the dynamo so that its voltage only rises 
sufficiently to give a diminishing charging current. 
Thirdly, with a fully charged battery and lamps off, the 
regulator should reduce the charging current to zero. 
Fourthly, with a fully-charged battery and lamps on, the 
dynamo output must be adjusted to — the lamp load, 
leaving the battery in a floating condition with current 
neither entering nor leaving it. The foregoing require- 
ments can to-day be obtained combined in one piece of 
apparatus. ‘ yee aoe a 
‘o reduce the initial cost of electric train-lighting, it is 
of first importance to reduce the number of battery-cells, 
since within train-lighting limits it is the number of cells 
to be maintained, and not their size, which counts. The 
number of dynamos and ulators may be reduced in 
the same proportion. With the exception of through 
coaches transferred from main to branch lines, every 
train on the Great Western Railway has at least one 
brake-vehicle controlling it for traffic pur and all 
coaches which leave or join a main-line train en route are 
either brake-vehicles themselves, if detached or attached 
as single vehicles, or, if two or more coaches are detached 
or attached, they are controlled by a brake-vehicle. If 
every brake-vehicle is equipped with a generator and 
battery, the remaining coaches being wired only, while 
through wiring and couplers, designed to connect all 
vehicles canola electrically, are provided on every 
coach, a less costly method of lighting trains is 
assured, as com with the equipment of every 
coach as a self-lit vehicle. In addition, much greater 
reliability is secured by working two or more dynamos 
and batteries in parallel. This arrangement of equip- 
ment it is proposed to call the “brake - vehicle” 
method, because under ideal circumstances only brake- 
vehicles need be equipped. On the assumption that 
all Great Western passenger rolling-stock might be 
equipped for electric train-lighting, the percentage of 
brake-vehicles would be 27, of dependent coaches 40, 
and of self-lit coaches 33, for main-line working, while 
for local and suburban traffic the percentage of brake- 
vehicles would be 39, and of dependent coaches 61. 
If the ratio of brake-vehicles to dependent coaches 
were as 1 to 3, and there were no self-lit coaches, the 
initial cost of equipping an entire rolling-stock of some 
thousands of coaches would be reduced by about 35 per 


cent. as compared with self-lit ee and the | & 


working costs would be reduced about 40 per cent. The 
increased reliability due to a higher percentage of 
generator coaches is, however, of greater importance to 
the railway than reduction in cost. In addition to the 
electrical requirements already specified for the ideal 
equipment, others are specially needed for the brake- 
vehicle method. It is of primary importance that the 
dynamo should be capable of running with its brushes 
short-cireuited, while in addition its output must be 
capable of being quickly altered by a simple adjustment 
to suit altered traffic conditions. 

An experimental six-coach train lit on this method was 
run nearly continuously for two years in all sorts of traffic, 
varying from fast main-line services to slow, stopping, 
local services. Two brake - vehicles, equip wit 
45-ampere dynamos, regulators, and 180-ampere batteries, 
light themselves and three dependants. A self-lit detach- 
able coach completes the train. The Leitner system pro- 
vided the only available apparatus able to meet the special 
conditions. All the equipments are in parallel, coupled 
through cables throughout the train providing for this. 
For the lighting circuits the through wiring and method 
of coupling is arranged on the loop-positive system, one 
regulator controlling the apne on each side of the 
loop. Thesame looped-positive brake-vehicle method nas 
been applied to two trains running on South Wales ser- 
vices, to two new trains specially built for the Cunard 
boat service between Paddington and Fishguard, and 
to two new trains used for Birmingham local services, 
and it is being further applied. The bus-bar system of 
through wiring, a simplification of the looped-positive 
system, is now being adopted. By the bus-bar system 
greater simplicity and increased reliability are secured 
as compa with the looped system, but at greater cost. 
The total annual cost of lighting a six-coach train on 
the looped-positive brake-vehicle method is as follows :— 
The cost of the initia lequipment would be 761l., inclu- 
sive of all carriage-work charges; adding working costs, 








extra cost of locomotive power—determined experi- 
mentally—and capital charges, the total annual cost 
becomes :— 


£ 

Working costs ... as sii sie -. 4 
Power to drive dynamos, 14 per cent. on 
Haulage of extra weight, 1.7 per cent. on 

875... Wwe ie es Ri — 
Interest on 761/. at 4 per cent. ae ast 

production of capital in twenty years at 

3 per cent. Sua wh she = - 
Total annual cost of lighting a six-coach 

train... ‘ ‘ ¥ 126 


With regard to the safety of electric train-lighting, 
although at 22 volts an arc can be formed between any of 
the metals employed in train-lighting, this arc will not 
persist. Provited the ordinary precautions necessary 
with electric circuits are taken, and suitable fuses are 
used and properly maintained, it is believed that complete 
immunity from fire risks can be ensured. 





CATALOGUES. 
Diamond Tools for Dressing Abrasive Wheels.—We have 
received from the Carbon Tool Company, Albany-road, 


Coventry, a copy of a four- pamphlet containing some 
notes on the selection and use of oe, they 
supply for various industrial pu The pamphlet 


illustrates and states prices for various forms of diamond 
tools, for hand and machine use, suitable for dressing and 
truing abrasive wheels and other work. 


Machine-Tools.—We have received from Messrs. A. A. 
Jones, Pollard, and Shi , Limited, Church Gate, 
Leicester, a copy of their latest catalogue of machine- 
tools, including several new models ; many of the original 
types have also been improved. The catalogue deals with 
upright, radial, and sensitive re ee milling- 
madiintes centering-machines ; drill, tool, and cutter- 
grinders ; emery-grinders: hack sawing machines; and 
internal gear-cutters. Prices are stated and specifica- 
tions given for all the tools listed. 


Heating Boilers.—A pamphlet giving prices and par- 
ticulars of ‘‘ Eau-sho” heating boilers has reac’ us 
from Messrs. Robert Jenkins and Co., of Rotherham. 
These boilers are horse-shoe shaped in plan, and have 
flat horizontal water-spaces at the top and bottom. 
Another water-space, tri lar in cross-section, con- 
nects the legs of the horse-shoe about midway between 
the top and bottom. The grate is situated below this 
water-space, and fuel is fed in through an opening above 
it. The fire is thus almost completely surrounded by 
water-spaces, so that hen | little heat is lost by radiation. 
The boilers can be for supplying hot or boiling 
water as well as for heating buildings. They are made in 
thirteen sizes, the capacities of which range from 210 ft. 
to 720 ft. of 4-in. piping. Boilers without a water-s 
at the bottom, but otherwise similar to those above 
described, are also listed. 


Arc-Lamps.—A pamphlet relating to ‘‘ Multax” flame 
arc-lamps has recently been issued by the Globe Electric 
Company, Limited, 11, Farringdon-avenue, E.C. These 
lamps employ flat carbons, the cores of which are dumb- 
bell shaped in section. e makers claim that the burn- 
ing hours are increased 150 per cent. by the use of these 
carbons, and by the method of enclesure adopted. The 
pamphlet illustrates a new type of light distributor, con- 
sisting of a hollow glass ring, triangular in cross-section, 
and silvered inside. It is placed in the bottom of the 
outer globe, so that the light falling on the inclined 
surface is reflected at an angle of about 30 deg. with the 
ound. The arrangement is particularly useful for the 
illumination of streets and large open spaces. Prices are 
stated for lamps in two patterns, which burn for 25 and 
40 hours respectively ; both patterns are made for use on 
alternating-current and direct-current circuits. Prices 
for line resistances, auto-transformers, globes, &c., are 
also stated. 

Steel Pipes.—Messrs. Stewarts and Lloyds, Limited, of 
41, Oswald-street, Glasgow, have sent us a copy of their 
catalogue, Section W., giving standard dimensions and 
prices of steel pipes and accessories for gas, water, and 
air-mains. These pipes are made of Siemens-Martin steel 
plates, lap-welded, and can be supplied in lengths up to 
40 ft., and up to 48 in. in diameter. They were originally 
made for foreign and colonial use, tg pend in places 
were transport was difficult and costly, but are now being 
largely employed by engineers and municipal authorities 
in this country. The catalogue contains fully illustrated 
notes on joints and fittings, and also points out the 
superiority of these welded pipes over riveted-steel and 
cast-iron pipes. A method of nesting pipes of different 
diameters in order to economise space, and so effect a 
considerable reduction in shipping rates, is also illus- 
trated. Some useful tables showing the discharge of 
water from pipes of various diameters at different degrees 
of inclination, are included ; other tables given enable the 
capacity of gas and air-mains to be easily calculated. 

Commercial Motor Vehicles.—From Leyland Motors, 
Limited, of Leyland, near Preston, we have received a 
copy of their latest catalogue of steam-wagons and petrol- 
motor vehicles for commercial purposes. The steam 
wagons are made in two types with gear and chain drive 
for the road wheels respectively ; a specification of both 
types is included. The -driven wagons are made for 
loads of 3 and 6 tons, = the chain-driven type for loads 
of 5and 6 tons. The petrol-driven vehicles are made in 
eight sizes for loads ranging from 1} to 6tons. In the 
four smallest sizes a worm-gear drive is ew for the 
hack axles, while bevel gearing is used in 





A specification of each type cf chassis is given, 
and numerous illustrations are jncluded to show the 
varied nature of the work for which they have been 
employed. Both steam and petrol-wagons are largely 
used for collecting house-refuse, street-watering, and 
other municipal work, as well as for ordinary commercial 
pap, Some examples of motor fire-appliances, omni- 

uses and char-a-banes, and of petrol-driven tramcars are 
also illustrated. Prices are clearly stated in the catalogue, 
and some particulars of working costs for both steam 
and petrol-wagons are included. 


Forging and Planishing-Hammers.—From the Alldays 
and Onions Pneumatic Engineering Company, Limited, 
Great Western Works, Birmingham, we have received a 
catalogue of pneumatic - power pening Sennen, The 
catalogue first deals with hammers of the guided-tup 
ty or general forging work, arranged for Eicon by 
belt or by an_ electric-motor. The construction of 
these hammers is illustrated and described, and dimen- 
sions and capacities are given; six sizes, from 1 cwt. to 
10 cwt., are listed. Particulars are also given of the 
**Perfecta ” pneumatic-power hammers. These hammers 
are run continuously at high speeds, the force of the blow 
being varied as required by hand or by a foot-lever. 
Planishing-hammers for sheet-metal working are next 
dealt with, particulars being given of hammers operated 
by hand, foot, and ey wer. The catalogue also 
gives particulars of friction drop-stamps, a spring-type 
double oliver, and a spring-power hammer. Prices are 
ar and shipping particulars given of all the machines 
isted. 

Vibration-Indicator.—An interesting instrument for 
indicating and recording the vibrations caused by machi- 
nery in buildings, steamships, motor-cars, &c., is illus- 
trated and described in a a which has reached us 
from Messrs. Siemens Brothers and Co., Limited, Caxton 
House, Westminster, S.W. The instrument, which is 
called the “‘ Vibragraph,” consists of a light and easily 
portable box, containing a mercury cup in which floats a 
mirror. A beam of light from a small electric lamp falls 
on to this mirror, and is reflected on to a photographic 
plate or a ground-glass screen. If the mercury is at rest, 
the spot of light is stationary, but any vibrations will set 
up ripples on the surface of the mercury, so that the 
resulting movements of the mirror cause the spot of light 
to trace out a line or a closed figure on the plate. Phe 
dimensions of this figure used in conjunction with calibra- 
tion curves enable the actual movements of object on 
which the instrument is placed to be accurately deter- 
mined. A set of three mercury cups, with different 
degrees of sensitiveness, is usually provided with the 
instrument, which can thus be used in all cases where it is 
desired to measure vibrations. For instance, it would 
give valuable evidence in law-suits relating to alleged 
nuisance caused by vibrations to residents near power 
stations or underground railways. Several interesting 
records are reproduced in the pamphlet. 











British Trape Commissioner’s Orrice, Carr Town. 
—We are informed by H.M. Trade Commissioner in 
South Africa that a Commercial Information Bureau is 
now attached to the British Trade Commissioner’s office, 
Cape Town, for the purpose of supplying information, 
free of charge, to those interested in British trade. The 
object of the bureau is to assemble under one roof as much 
commercial information as possible dealing with the trade 
of the United Kingdom and South Africa. If at an 
time information is requi that is not on record, 
H.M. Trade Commissioner states that he will be very 
glad to take the necessary steps to obtain it, if possible, 
provided that such information is associated with British 
trade interests. 





m | ay ty gn yen, Hen Dasse 
ppeR Wire.—The fifty-fifth report o! Engineerin; 
Standards Committee, which has recently cupensele 
is devoted to experiments on hard-drawn copper and 
bronze wire. Certain funds were provided by the General 
Post Office and the National Telephone Company, the 
two largest users of ane and telephone wire, for 
the Engineering Stand mmit for the purpose 
of carrying ovt experiments at the National Physical 
Laboratory, the object being to obtain some indepen- 
dent data  Sagneding the breaking stress of -drawn 
wire of s diameter when used for telegraph and 
telephone purposes. uch ground has been covered 
by these experiments, which included an investigation 
into the variation of mechanical properties of these 
wires due to differences of make, diameter, length, and 
temperature, as well as variations of strength caused 
by the kinking of the wire, this kinking having 
sepeventy more influence on the strength than has 
hitherto been appreciated. The om | arrangements 
are described in the report, and sev very complete 
tables and curves are given which show total exten- 
sion and the breaking load for different wires. The 
influence of kinks on the moduli of elasticity of the 
material is clearly shown by the res given. A com- 
parison between the modulus of elasticity as calculated 
on 50-ft. lengths and as calculated on a short length is 
very distinct —— ¢ out. It is suggested that wire- 
makers would do well to study the report carefully, and 
it is pointed out that wire of this class would benefit by 
being wound in coils of diameter is usual, in 
order to minimise the weakening effect of sharp bends, 
as the matter is an important one where the erection of 
long lengths of wire is concerned. The report is published 
for the Committee by Messrs. Crosby Lockwood and 
Son, 7, Stationers’ Hall-court, Ludgate Hill, E.C., and 
1214, Victoria-street, 8.W., and may be purchased from 





e heavier ; 


any bookseller or direct from the offices of the Committee, 
28, Victoria-street, Westminster, S.W., price 10s. 6d. net. 
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‘* ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


ABSTRAOTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE AOT OF 1907. 


advertisement of the 
day poroen sam, 8 any Cine OOS ep a ene 


wertisement of the of a Complete Specification, 
notice the Patent © opposition to the grant 
ou natin a the Bato Ofte of eppotion tah nis 


ELECTRICAL APPARATUS. 


10,886/11. Korting and Mathiesen Aktiengesell- 
schaft, Leipzig. Germany. Arotampe. (2 Figs.) 
May 6, 1910.—The usual method of permitting the egress of the 


products of combustion in an arc-lamp consists in an annular 
sleeve surrounding the lamp-case, the fumes passing up between 
the case and sleeve. Surrounding this sleeve is a cover or hood 
so disposed that rain cannot directly enter the space between the 
sleeve and case. It has been found that, in stormy weather, 
rain is driven into the space between the sleeve and case, and 
that this defect is obviated if the cover or hood be formed with 
two or more downward pointing rings, of which, at least, the 
two outer rings terminate below the edge of the sleeve, the 
outer ring preferably projecting further down than the inner 


2 














-— (ones) 


ring. With this arrangement, the rain is driven into the air 
space between the two rings; the effect of the two on is to 
cause a stagnant air space or eddy, so that the rain-drops impinge 
on the inner ring and drop thence downwards without being 
driven into the ventilating space between the sleeve and case. 
Fig. 1 shows diagrammatically one form of lamp ventilator made 
in accordance with this invention, while Fig. 2 shows a modified 
form. Two concentric rings on the hood are shown; Fig. 1 
illustrates the method of bottom or side ventilation, Fig. 2 that 
of top or cap ventilation. The ventilating sleeve 1 is covered 
by a hood 2 fitted with two concentric rings 3 and 4 spaced a 
distance apart so that there is an oe between the two rings. 
Both rings cover roofwise and project below the mouth of the 
ventilating sleeve. (Accepted October 4, 1911.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


19,412/10. C. B. Redrup, Cardiff. Internal-Com- 
bustion Engines. (9 Figs.) August 18, 1910.—This invention 
relates to valve-gear of the type wherein for each valve there is 
provided a rocking-frame controlled by a pair of cams, whereof 
the portions at greatest distance from the centre of the cam-shaft 
on each are both on the same side of the shaft, and co-operate 
with s ered portions of the frame, or parts carried thereby, 
that lie on opposite sides of the cam-shaft. By making half, or 
more, of such a cam concentric with the axis of its shaft the long 





dwell desired, and then the rapid movement 
required for opening the valves, can be ont to 
this invention, as applied to an engine having three cylinders 
radially disposed around and tigre. partly into the crank- 
case, the rocking-frames and their double cams are provided in 
pairs, and disposed one pair between each two cylinders. The 
two pairs of cams are carried on a shaft common to both, and 
each shaft has on it a toothed wheel. These wheels mesh with 
other wheels arranged round the crank-shaft of the engine, and 
meshing in turn with a wheel thereon. All this mechanism 
is enclosed within the crank-chamber, and the rocking-frame 


of the rocking-frame 





of ove pair of cams is connected to a valve belonging to one 
cylinder, and the rocking-frame belonging to the other pair 
of cams on the cam-shaft is operatively connected to the 
valve of the cylinder on the other side of the gear. Prefer- 
ably half-sleeve valves are employed, each cylinder having 
two such valves for controlling the inlet and exhaust - 
tively. The engine has a crank-case A, radiating from which 
are three cylinders B. Within the walls of the cylinders are 
mounted half-sleeve valves C, which control ports B! near the 
head end of each cylinder. The valves are free to slide towards 
the head end and back towards the crank-chamber end first, to 
cover and then to uncover the ports. Each valve C has a lug 
©! that projects through an opening in the outer portion of the 
cylinder wall, and these lugs are connected by links O? to rocking- 
frames D. Each frame is pivoted at D! to the wall of the crank- 
chamber, and its opposite end is connected to the link 0? by a pin. 
On each rocking-frame are rollers D4, D5. These rollers are placed 
on opposite sides of a central space provided in the frame, and 
they are staggered relatively to each other, one being on one face 
of the frame and the other on the opposite face. Extending 
through the space in the frame is a cam-shaft E, whereon double 
cams E!, E? are moun The portions e!, e2 of the cams 
that are furthest from the centre of the cam-shaft are both 
on the same side of the shaft and are placed centrally in 
relation to each other; moreover, the part e2 of the cam E? 
and a part ¢3 of the cam E! extend more than half-way round 
the cam-shaft and are concentric therewith. The cam E! co- 
operates with the roller D4, and the cam E? with the roller D°. 
It will be observed that one cam is wide and the other narrow, 
and the relative proportions are such that as the two cams 
rotate both rollers are kept tantly in tact, or approxi- 
mately in contact, with their respective cams throughout the 
whole rotation of the cam-shaft. Only one pair of cams E!, E2 
has thus far been described, but the cam-shaft E carries a second 
ir E%, E4 that co-operate with rollers on a rocking-frame D7. 
hese cams and their frame are exact duplicates of those already 
described, but they are set at an angle to the other cams, so that 
when one pair of cams is moving its frame to the right the other 
pair will be moving its frame to the left. Each cam-shaft has 
ted on it a toothed wheel F which gears with one of a series 
of toothed wheels G that are mounted round the crank-shaft A! 
of the engine and mesh with a toothed wheel A2 thereon. Each 
=< double cams, with their rocking-frames, are mounted on a 
-plate providing bearings for the cam-shaft, and these plates 
are secured to the crank-case between each two cylinders. One 
rocking-frame thus serves one valve for one cylinder, and the 
other rocking-frame one valve for the adjacent cylinder. This 
arrangement enables the parts to be got conveniently into the 
crank-chamber. The operation of the gear is as follows :—The 
crank-case and shaft may both rotate in opposite directions, and 
the relative motion causes the intermediate year-wheels G to be 
rotated about their su as pins, which communicate motion 
to the cam-shafts E. , e two pairs of cams on each shaft will 
thus be carried round with the shaft, and one pair being set, as 
already explained, at an angle to the other, will cause the rock- 
ing-frames D and D7 to rock in opposite phase, thereby imparting 
movement to their respective valves. e long concentric por- 
tions ¢?, e3 of the cams allow the valves to be stationary during 
the compression and firing strokes, which is an important 
feature, as these valves being of the half-sleeve type, they are 
under pressure during these periods, so that any movement would 
result in considerable friction. As soon, however, as the valves 
are to be opened, these concentric portions of the cams pass from 
their ——- rollers, and the rocking-frames are almost 
instantly brought over to the limit of their movement for opening 
the valves, thus throwing them wide open at the commencement 
of the exhaust or inlet strokes. (Accepted September 27, 1911.) 


30,019/10. W. F. Rainforth and D. Napier and Son, 
Limited, London. Forced-Lubrication Apparatus. 
(2 Fiys.] December 24, 1910,—In forced-lubrication apparatus 
for internal-combustion engines, it is the practice to deliver 
lubricant under pressure to certain of the moving parts by a 
pump operated by one of them and drawing its supply from a 
sump. Other of the moving parts require, under certain circum- 
stances, what may be termed emergency lubrication. For 
instance, the pistons of an engine may be given more than the 
normal supply of lubricant—that is to say, may be given emer- 
gency lubrication, when the engine is started, and also at times 
when the speed may be exceptionally high. According to this 
invention, there is combined with the forced-lubrication main 
pipe a valve, which may be an indicating valve, and is loaded for 
more than the normal pressure of oil in the pipe ; from this pipe 
there leads what may be termed an emergency branch controlled 
by that valve and so situated at its entry into the valve-casing 
that it is opened to the main by the pressure of the lubricant, at 
such times only as the normal pressure is exceeded. A hollow 
piston A moves in the casing B and is provided with an extension 
Al projecting through the upper portion of the casing and 
serving as an indicator of the position or movement of the 
valve. The valve is loaded by a spring ©. The internal 
diameter of the upper portion of the casing B is enlarged, 
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and normally resting on the shoulder formed by this enlarge- 
ment is a movable abutment D. A heavier spring C! is dis- 
d between the abutment D and the underside of the upper 
portion of the casing. Communicating with the casing B is a 
pipe E, which is a portion of the main oil-pipe from the lubricating- 
pump. Above this pipe is a second pipe P cotnnntenting wit 
the portion of the apparatus requiring extra lubrication at such 
times when the pressure in the lubricating system is ca to 
rise above its normal value. The operation of the valve is as 
follows :—Oil from the pump is delivered along the pipe E, and 
through an orifice enters the interior of the piston. When the 
engine is not running the piston is in the position shown, but on 
starting the engine the normal oil pressure in the system will 
raise the piston against the action of the spring C until it engages 
with the movable abut t D, the posit of the extension A! 
indicating that oil is circulating in the system. A further in- 
creasing pressure of the oil moves the piston and the movable 
abutment D against the action of the heavier spring Cl. The 
orifice is then ~~ into alignment with the pipe F, and the oil 
is allowed to flow through this pipe F under pressure to the part 
— excess lubrication. After this point, if desired, the 
relief-valve may be allowed to come into operation to reduce too 
BIL) an excess of pressure in the system. (Accepted October 
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20,416/10. F. H. Tanner, Bristol. Pistons. (2 Fi.) 
March 1, 1911.—This invention consists in covering the surface of 
the piston of a Diesel engine over which the gases pass to the 
exhaust port or ports with a metal plate insulated from the 
piston, and provided with projections which are highly heated by 
the passage of the exhaust gases to said port or ports, one of the 
oe being preferably extended so as to project into the 
fuel spray at the moment of injection. The upper flat surface of 
the piston a, which is formed with an inclined exhaust face, has 
secured to it a covering plate c of metal. The plate ¢ is formed 
with shallow, and com tively wide, concentric channels, thus 
providing the plate c with a number of concentric ridge-like pro- 
jections adapted to abut against the face of the pistona. These 
channels conveniently provide the insulation between the piston « 
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and the plate c, but an insulating pad or sheet of asbestos, or 
other non-conducting material, may be employed in addition. 
The inclined exhaust face i is machined to form part of a frustum 
of a cone, and is ——— by means of two plates k, 1, accurately 
machined to fit this surface, and insulated therefrom. The plates 
k, lare provided with ridges or projections m sha‘ to guide the 
exhaust gases to the exhaust-ports, and past the exhaust-port 
bridges n, in order to prevent the latter from becoming over- 
heated. e exhaust cavity on the piston becomes extremely 
hot, and forms a very suitable combustion space, and, in order to 
facilitate ignition, one of the projections m is prolonged suffi- 
ciently so that it will just enter the fuel spray when the piston is 
on the inner dead centre, thereby ensuring prompt ignition. 
(Accepted October 4, 1911.) 


MINING, METALLURGY, AND METAL- 
WORKING. 


11,506/11. D. J. Davies and L. Roderick, Aber- 
crave. Colliery Corves. [4 Figs.) May 12, 1911.—This 
invention relates to couplings for corves provided with a safety- 
pin for preventing accidental disconnection by the displacement 
of such pin from any cause. 1 is the coupling secured to the 
vehicle by the link 20 in the ordinary way. The forward end of the 

pling bifurcated to receive the coupling-pin 3, which is 
capable of vertical movement in relation to the arms 2, 2a to permit 
of the insertion and withdrawal of the end of the draw-bar or the 
end one of the links 30 serving to t the plings of adja- 
cent corves, the opening in the lower arm 2a being large enough 
to permit of the slightly enlarged end of the pin 3 passing through 
the same, while the opening in the upper arm 2is, preferably, made 
smaller to prevent the passage of the said end therethrough and 
the consequent entire removal and possible loss or misplacement 
of the pin 3. The parts, as above set forth, are of similar construc- 














tion to that hitherto employed. The upper end of pin 3 is pro- 
vided with an enlargement constituting a head 6 of such size as to 
support the pin in its lowermost or operative position, as shown in 
Fig. 1. The head 6 is, at its upper end, provided with a projecting 
portion 8, constituting a stop or abutment for a catch 9, which is 
pivoted to said head. The arm 2 has a horn 11 projecting up- 
wards from its top surface. The free end of catch 9 extends across 
from side to side of arm 2, and is provided with an opening con- 
stituting a handle for raising pin 3 by an upward pull thereon, 
after having been turned to its raised position. The outer, or free, 
end of catch 9, when in its lowered position, rests on the upper 
face of the arm 2, and in such position any upward movement of 
pin 3 will bring such outer end into contact with the inner surface 
of the horn 11, and by jamming against same effectually prevents 
the continued upward movement of said pin to an extent requisite 
to permit of the end of the draw-bar or: the connecting-link 30 
clearing the lower end of the pin, and so disconnecting the corves 
to which the couplings are applied. (Accepted October 4, 1911.) 


RAILWAYS AND TRAMWAYE. 


1. F. J. Hadfield, Beccles. Rail- 
{1 Fig.] May 29, es gmp ae to this invention, a bull- 
headed rail is furnished with a shallow V-shaped foot designed to 
form an additional pair of fishing planes, the counterpart chair 
seating being formed to allow such rail-foot to bed firmly thereon. 
1 is the rail formed with a shallow V-shaped foot 2, slightly 











rounded off at the apex ; and 4 is the chair, the seating of which 
is grooved to correspond with, and form a seating for, the V 
shaped rail-foot. a, a,b, 6 indicate the usual fishing planes of 
the rail, and c, c the additional fishing planes formed by the V- 
shaped rail-foot ; the rail thus presents three fishing planes a, }, ¢ 
on each side, at equal angles to the rail-web, instead 
of only two—viz., a, b, as heretofore. (Accepted October 4, 1911.) 
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7, League Annual. Edited by ALan H. Burcorng, 
NAEP. on ie ane. Cin 0 on) 

Ts annual, which was founded by Mr. Burgoyne, 
now makes its fifth annual appearance, and it 
continues to deserve the high degree of popularity 
it has attained by reason of the great care with 
which its records of the development of all navies are 
prepared and the data tabulated. The progress of 
almost every ship in course of construction for each 
Power is set forth, and note is taken of the develop- 
ment in personnel and other matters. It is the fate of 
writers of annuals that events move quickly between 
the date of proofs going to press and the book 
reaching the reader, and events have been unkind 
to the editor of the book under notice in respect, for 
instance, to the appointment of Sir William Smith 
as asuccessor to Sir Philip Watts, since Mr. Burgoyne 
dismissed his chapter on the British Navy,; it is un- 
fortunate, moreover, that in the discussion of prob- 
able successors Sir William’s name is not mentioned. 

Following upon the review of the world’s fleets 
is an analysis of the comparative naval strength of 
different Powers. As to battleships of the Dread- 
nought era, it is stated that at the end of 
March next we shall have 20 out of a total of 46 
then in commission, of which Germany will only 
have 9. At the corresponding date in 1913 we 
shall have 27 out of a total of 71 in commission, of 
which Germany is credited with 17 and the United 
States with 8. At the same date in 1914 we shall 
have 32, while Germany is credited with 21, the 
United States with 10, and the total completed will 
be 101. Our preponderance in ships of the pre- 
Dreadnought era is equally marked now, but in two 
or three years our fleet will begin to fall below the 
combined fleets of Germany and the United States, 
the two next greatest Powers. In armoured 
cruisers our position is not quite so secure; we 
possess 34, while France has 21, the United States 
15, Italy 10, Germany 9, and Japan 9. Including 
armoured ships of high speed—namely, over 23 
knots—we have a still greater preponderance—26 
against 14 by the next five powerful nations. In 
protected cruisers and scouts possessing a war value, 
we have 96 as compared with 88 by the next five 
powerful nations. In light cruisers, destroyers, 
and submarines, we do not compare quite so favour- 
ably ; in view of the immense extent of our floating 
commerce, these vessels must be of great value in 
time of war, and we ought to make up our defi- 
ciencies. 

The second part of the annual has articles on a 
number of subjects of popular interest. This is as 
it should be, use the aim of the book is to 
educate the public. These subjects deal with the 
Declaration of London, the strategic importance of 
inter-imperial telegraphy, sensitive points in British 
sea power, the menace of armed merchantmen, the 
future of Russia as a naval Power, French naval 
progress, possible features of a North Sea campaign, 
the evolution of the capital ship—a somewhat specu- 
lative article, the permanent functions of the fleet, 
aeroplanes in naval warfare, and the development of 
the Dreadnought type, all by capable writers. 

The tables, which form the third part of the work, 
giving the fleets of the Powers, are this year 
arranged according to the alphabetical order of the 
nations, which is much better than the former 
arrangement of grouping the countries according 
to the alliances. Under each head the ships, again, 
are arranged according to their age and class, and 
not alphabetically. 


Tables of Physical and Chemical Constants and some 
Mathematical Functions. By G. W. C. Kaye and 
T. H. Lasy. London: Longmans, Green,. and Co. 
[Price 4s. 6d.] 

THE tables of physical constants compiled by 

Messrs. Kaye and Laby will cneationtibe fill a 

void in British scientific literature. Works of com- 

pilation have, however, somewhat unfortunately, 
little attraction for the generality of British phy- 
sicists, who will accordingly be all the more grateful 
to the authors for undertaking the ungrateful task. 

The volume consists of 153 pages in all, of which 

the first 43 are devoted to general physics and 

astronomy, in which is included a short discussion 
of the dimensions of the different units, the principal 
results being grouped into a couple of short tables. 

In the section on heat we observe no reference to 


shown to be a function of the pressure as well as 
of the temperature, and not of the latter only, as 
indicated. 

The values of the specific heat for nitrogen are 
iven on the authority of Holborn and Henning, 
ut, unless we are mistaken, serious doubts 

have been thrown on the accuracy of these results 
by the British Association Committee on Gaseous 


Explosions. The section on optics is, of course, 
mainly of interest to physicists, and the same 
remark applies to many of the tabulated data 


on radioactivity. Electrical engineers will, how- 
ever, find useful many of the electrical tables, as 
the information needed might otherwise involve a 
long and tiresome search through papers scattered 
over numerous scientific and technical journals. A 
collection of mathematical tables concludes the 
volume, which, we may add, is excellently printed. 
The work. we learn, was started in the Cavendish 
Laboratory, and the authors express in the preface 
their acknowledgments for help received to Dr. G. 
A. Carse and Mr. G. F. C. Searle. 


BOOKS RECEIVED. 

Industrial Drawing and Geometry: An Introduction to 
Various Branches of Technical Drawing. By HENRY 
J. Spoonsr, C.E. mdon, New York, Bombay, and 
Calcutta : Longmans, Green, and Co. [Price 2s. 6d.] 

Die Bedeutung der Kolloide fiir die Technik. By Pro- 
fessor Dr. Kurt AxnpT. Zweite Verbesserte Auflage. 
Dresden : Theodor Steinkopff. [Price 1.50 marks. ] 

** Hiitte” des Ingenieurs henb Herausgegeben 
vom AKADEMISCH VEREIN HUTTE, E.V. 21 Auflage. 
Bande I. and II. Berlin: Wilhelm Ernst and Sohn. 
[Price : Leinen, 13 marks ; Leder, 15 marks. ] 

“* Hiitte” des Bawingenicurs. Herausgegeben von AKADE- 
MISCHEN VEREIN HUtrTe, E.V. Sonderausgabe des 
III. Bandes der ‘‘ Hiitte ” des Ingenieurs Taschenbuch. 
21 Auflage. Berlin: Wilhelm Ernst and Sohn. [Price : 
Leinen, 9 marks ; Leder, 10 marks. Komplatte Ausgabe, 
Band I., II., III., Leinen, 18 marks; Leder, 21 marks. |} 

Handbuch der Militirischen Sprengtechnik fiir Offiziere 
aller Waffen. Von Bruno ZscHokkE. Leipzig: Veit 
and Comp. [Price 14 marks. ]} 

Motoren und Winden fur die See- und Kiistentischerci, 
nach dem Preisausschreiben des Deutschen Seefischeres- 
Vereins. Von Ditrmer, LigcKFELD, and RomBERG. 
Erster Teil. Herausgegeben von dem Deutschen 
Seefischerei-Verein zu Berlin. Munich and Berlin: 
R. Oldenbourg. [Price 5 marks. } 

Die Finanzielle rwachung der Gaswerksunternehmen. 
Von Dr.-Ing.“FRizpRICcH GREINEDER. Munich and 
Berlin: R. ldenbourg. [Price 3.60 marks. ] 

Neue Theorie und Berechnung der Kreiselrdder, Wasser- 
und Dampfturbinen, Schleuderpumpen und -Geblise 
Turbokompressoren, Schraubengebldise und Schiffspro- 
= on Dr. Hans Lorenz. Zweite, neubear- 

itete und vermehrte Auflage. Munich and Berlin : 
R. Oldenbourg. [Price 11 marks.] 

Practical Mathematics and Geometry: A Text-Book for 
Advanced Students in Technical and Trade Schools, 
Evening Classes, and for Engineers, Draughtsmen, 
Architects, Surveyors, dc. By Enwarp L. Batss and 
FREDERICK CHARLESWORTH. Part III.— Advanced 
Course. London: B. T. Batsford. [Price 3s. net.] 

Heat and Steam ; Notes and Examples on Steam-Engines 
and Turbines for Engineers and Engineering Students, 
By Engineer-Lieutenant 8S. G. Wuerxter. London: 

on ae Arnold. [Price 7 6d. net. 
é Electric Propulsion of Ships. 
London and New York: Harper an 
5s. net. } 

Die Dampfturbinen als Schiffsmotor. Von Dr.-Ing. Karu 
Brsic. Berlin: Julius Springer. [Price 3 marks. ] 

Die Grundlagen der Lahnradbearbeitung unter Beriick- 
sichtigung der Modernen Verfahren und Maschinen. 
Von Dr.-Ing. Curt Bart. rlin: Julius Springer. 
[Price 3.60 marks. ] 

The Steam-Turbine. The Rede Lecture, 1911. By Sir 
Cuaruxs A. Parsons, K.C.B. Cambridge: University 
Press. Mig 1s, 5 

Power. y Cuartes E. Lucker, Ph.D. New York: 
Lemcke and Buechner; London: Henry Frowde. 
[Price 8s. 6d. net. ] 

Marine Steam-Turbines. (Forming the te ye 4 
Volume to Marine Engines and Boilers.) By Dr. G. 
Baver and O. Lascuk, assisted by E. Lupwie and 
H. Vocr.. Translated from the German and edited 
by M. G. 8S. Swattow. London: Crosby Lockwood 
and Son. [Price 10s. 6d. net. ] 

Power-Plant Testing : A Manual of Testing Engines, Tur- 

bines, Boilers, Pumps, Refrigerating Machinery, Fans, 

Fuels, Materials of Construction, dc. By JAMES 

AmsBrosE Moyerr, 8.B., A.M. New York: The 

McGraw-Hill Book Company ; London: The Hill Pub- 

lishing Company, Limited. [Price 17s. net.] 

Practical Thermodynamics: A Treatise on the Theory and 

Design of Heat-Engines, Refrigeration Machinery, and 

other Power-Plant A tus. By Forrest E. Car- 

DULLO, M.E. New York: The McGraw-Hill Book 

Company; London: The Hill Publishing Company, 

Gabrid 14 Samne a Bibliographie Analyti 

| Lippmann ; Biographie, Bibliographie y 
des Korits. By Ernest Leson. Paris: Gauthier- 
Villars. [Price 7 francs.] 
Practice before the Comptroller of Patents. By CARROL 


Tas h 





y H. M. Hopart. 
Brothers. [Price 





the work of Messrs. Knoblauch and Jakob on the 
specific heat of superheated steam, which they have 





Taschenbuch fiir Bawingenieure. 
Forrster. Berlin: 
20 marks. } 


Herausgegeben von 
Julius Springer.. [Price 


The Second Irish Road Congress: Record of Proceedings 
Dublin, 1911. Dublin : Cahill and Co., Limited. 

Dénivellations de la Voie et Oscillations des Véhicules de 
Chemins de Fer. Par Grorces Marré. Paris: H. 
Dunod et E. Pinat. [Price 3 francs. ] 

Limites de Flexibilité des Ressorts et Limites de Vitesse du 
Matériel des Chemins de Fer. Par Georcrs Marit. 
Paris : H. Dunod et E. Pinat. [Price 2 francs.] 

A Course of Elementary Workshop Arithmetic. By HENRY 
A. Darutnc, A.M. Inst. C.E. London: Blackie and 
Son, Limited. [Price 1s. 6d.] 

Der Briickenbau Lehr- wnd Nachschlagebuch fiir Studier- 
ende und Praktsker. Von M. Srruxkt, I. Teil, 2 Heft, 

~-enthaljend : Hilzerive Brucken (tellweise) und Kiserne 
Briicken. Leipzig: A. Twietmeyer. [Price 18 marks. } 

Der Panamakanal, die Bedentung des Kanalbaues Seine 
Technik wnd Wirtschaft. Von Dip.-Ing. Max D. 
Frecet. Berlin: Dietrich Reimer (Ernst Vvhsen). 
[Price 4 marks. ] 

The Gas Works Directory and Statistics, 1911-12, London : 
i Watson, and Viney, Limited. [Price 10s. 6d. 
net. 

The Water- Works Direc and Statistics, 1911. London : 
7 Watson, and Viney, Limited. [Price 10s. 6d. 
net. 

Transactions of the Institution of Naval Architects. Vol. 
LIII. PartI. Edited by R. W. Dana, M.A., M. Inst. 
C.E., Secretary of the Institution. London: Offices 
of the Institution and Henry Sotheran and Co. 

The Law Relating to Engineering: A Course of Six 
Inctures Delivered before the Society of Engineers and 
the Junior Institution of Engineers. By L. W. J. 
CostELLo, M.A., LL.B. London: Published by the 
Societies. 

Oil-Fields of New Zealand, with Some Critical Notes on the 
Colonial Oil Situation of To-Day. By J. D. Henry. 
London: Published by the Author, 4, London Wall 
Buildings. [Price 15s. 








FEED-WATER HEATING AND SUPER- 
HEATING ON LOCOMOTIVES.—No. VIII. 


Hicu-Feep Temperatures CoMBINED WITH 
MoperatTE, AnD HuicH-Decrer, SuPERHEAT. 


WHATEVER process of superheating be adopted, 
owing to the comparatively high temperature of 
superheated steam and the inevitable difference of 
temperature between the steam and the heating 
agent, the waste gases, after passing over super- 
heating surface, will still contain a large amount of 
heat. In the case of the waste-gas heater superheat- 
ing to about 90 deg. Fahr., the final temperature of 
the gases, allowing for no temperature difference, 
cannot, with 180 lb. pressure, under any circum- 
stances be below about 470 deg. Fahr., while, if high- 
degree superheating on the smoke-tube system be 
adopted, as was shown in Article III., page 277 ante, 
the smoke-box temperatures will differ only slightly 
from those normally recorded for ordinary engines 
of the same class. Hence it is evident that in either 
case there still remains in the waste gases, after 
superheating, heat which is utilisable, provided that 
a sufficient temperature head will allow of it being 
abstracted and transferred to the working medium 
at some suitable stage of the process. Feed-water 
heating offers the opportunity of accomplishing 
this, and by this means high feed-water tempera- 
tures may be secured in conjunction with either 
moderate or high-degree superheating. We will 
consider first the combination of high feed tem- 
peratures and moderate superheating. 

Experiments in this direction have been con- 
ducted by Mr. F. H. Trevithick on the Egyptian 
State Railways, during the course of the work of 
which we have previously given account. These 
experiments consisted in an extension of the prin- 
ciple adopted by Mr. Trevithick in his system of 
feed-water heating by exhaust steam with moderate 
superheating, described in Articles IV. and VL., 
pages 445 and 617 ante. This system, it will be 
remembered, embodies, in the smoke-box, a drum- 
shaped tubular heater, through which the smoke- 
box gases are drawn by the induced action of the 
enclosed blast. At the same time the feed-water 
is heated to temperatures of between 206 deg. and 
210 deg. Fahr. by part of the exhaust steam from 
the cylinders. In order to carry the feed-heating 
into the second stage, and to abstract more heat 
from the waste gases than is possible by super- 
heating alone, a water-heater may be anal | in 
tandem with the steam-heater in the smoke-box. 
Obviously, in order to secure the greatest transfer 
of heat, the first heater must provide for the transfer 
of heat to the steam, since the temperature of the 
waste gases is then sufficiently high above that of 
the steam for the transfer to be effective, while the 
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temperature difference between the gases leaving 
this heater and that of the feed-water, even after 
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preliminary heating to 206 deg. to 210 deg. Fahr., 
is still sufficient to result in the transfer of a con- 
siderable amount of heat to the feed. If the process 
were reversed, and the waste first brought in 
contact with heating surface ked by the feed, 
though the transfer of heat would be efticient, so 
great would be the reduction of temperature that 
insufficient head would remain for any effective 
transfer subsequently to steam. The water-heater 
in the tandem arrangement therefore must be inter- 
posed between the steam-heater and the blast- 
chamber. 


over the simpler system of moderate feed tempe- 
ratures and moderate superheat, which, as far as 
experiments have gone, appears therefore to have 
some advantages over the tandem arrangement. 
Particulars of the four tandem combinations tried 
are given in Table XVI. herewith. 

The theoretical advantage of high degrees of feed- 
heating with moderate superheat was briefly touched 
upon in Article IV., page 445 ante, the diagram then 
given (Fig. 12) indicating by the line a’ b’ the 
calculated coal consumption per draw-bar horse- 

wer hour of an engine in which steam was super- 








Several arrangements of tandem smoke-box 
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Surplus Exhaust Steam Heater 


arrangement the final waste-gas temperature was no 
more than 432 deg. Fahr., and yet the coal consump- 
tion worked out at 0.0888 lb. per ton-mile for the 
single-heater system, and 0.1043 lb. per ton-mile for 
the tandem system. The chief cause to which this 
discrepancy can be traced is the lengthened cut- 
off necessary with the tandem system (31.8 per 
cent., against 28.5 per cent. with a rather heavier 
train). In order to maintain the same smoke-box 
vacuum (3 in. to 3.5 in.) in both systems, the 
vacuum in the blast-chamber had to be no less 
than 8 in. for the tandem arrangement, as against 






















eated by 65 deg. Fahr., and the feed heated to 269|5.7 in. for the single-drum steam-heater. To 
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heaters have been tried, giving various proportions | deg. Fahr. The calculated coal consumption for 
of steam and water-heating surface and different | such a combination works out at less than that for 


Taste X VI.—Particulars of Steam and Water Waste-Gas 
Heaters arranged in Tandem. 




















Engine .. -| 694. | 612 (A).| 612 (B).| 696. 
ee Ee oe EM | 
Internal diameter of heaters in.| 23y, | 258 258 304 
Number of tubes... _ --| 798; 1404 1404 | 1216 
Internal diameter of tubes ia./ 3 | g ie 
Flue area (aggregate) ..8q. in.} 157 | 155 155 239 
Length between tube - plates, 
steam-heater ss és in.| 243 | 17 17 18 
Length between tube - plates, 
water-heater os «ne Bi 10 | 18 
Heating surface, steam - heater | 
8q. ft.| 253 | 260 260 =| 208.4 
Heating surface, water - heater } | 
aq. ft.) 184 | 260 107 | 298.4 
Superheat obtained deg. F.| 65 62 62 | 59 
Feed temperature obtained __,, 251 | 260 250 =| 269 











degrees of superheat and feed-water temperatures. 
None, curiously enough, has shown superiority 


the system, giving feed temperatures of 206 deg. to 
210 deg. Fahr., and superheat in the neighbourhood 
of 90 deg. Fahr., with which we have been con- 
cerned until now. Nevertheless, so far, these theo- 
retical indications have not been substantiated in 
practical applications of the tandem system. 

The first engine on which this tandem arrange- 
ment was applied was No. 694. As recorded in the 


heating by part of the exhaust steam, the feed- 
water temperature was raised to 251 deg. Fahr. 


the chimney of 514 deg. Fahr. 








Fic. 38. 


obtain this higher vacuum either a longer cut-off 
had to be used or the blast-pipe top had to be 
reduced. The latter would have resulted in greater 
back-pressure, so that either of these expedients 
tends to uneconomical operation. The resistance 
offered by the greater length of tube in the tandem 
arrangement was thus clearly detrimental. 

The experiment was, therefore, repeated with 
engine No. 612. Two tandem arrangements were 
tried with this engine, denoted in the table by 





above table with this apparatus, after preliminary | 612 (A) and 612 (B). 


In both of these the total 
tube length was considerably reduced, while the 
same aggregate flue area was preserved. The tube 


before entering the boiler, and the steam tempera- | diameter was, however, reduced to @ in., instead 
ture obtained was equivalent to 65 deg. Fahr. super- of }in. In the arrangement denoted in Table bye 
heat. The single smoke-box heater system applied as 612 (A), both the steam-heater and the water- 
to this engine gave steam superheat of 76 deg. Fahr., | heater were 17 in. long between tube-plates. This 
and feed-water temperatures of 208 deg. Fahr., with apparatus gave superheat of 62 deg. Fahr. and 
a final temperature for the waste gases escaping to a feed temperature of 260 deg. Fahr., but again, 
In the tandem as regards coal consumption, the engine so fitted 
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was not quite so good as when the single steam- 
heater was installed in the smoke-box, as in the 


Upper Egypt tests, and illustrated on page 447 | 


ante. The same may be said for the second modi- 
fication, 612 (B), represented in Figs. 35 to 38, 
page 754. This apparatus was similar in all respects 
to the preceding, except that the water-heater 
was 10 in. in length instead of 17 in. The feed 
temperature obtained in the apparatus illustrated 
in Figs. 35 to 38 was 250 deg. Fahr. The illus- 
trations make the arrangement clear, arrows denot- 
ing the course of the water and steam through the 
heaters and connections. In both these cases 
the coal consumption was about 3 per cent. more 
than with the apparatus fitted to the same class of 
engine and we in the tests* on the Upper Egypt 
Division of the railways. It is noteworthy that, in 
both the 612 (A) and the 612 (B) experiments, the 
heating surface of the superheater of the tandem 
arrangement was practically the same as that of 
the superheater of the Upper Egypt engines. The 
superheat obtained, however, was rather lower. 
This loss, and that due to the increased resistance 
offered by the heaters in tandem, was not off-set by 
the much higher feed ae 

The most recent trial of the tandem system has 
been made on engine No. 696, the particulars of the 
apparatus fitted to this engine being also given in 
Table XVI., page 754. Superheat of 59 deg. Fahr. 
with feed temperatures averaging 269 deg. Fahr. 
were obtained in this instance. The temperature 
of the waste gases was reduced no less than 
340 deg. Fahr. in passing through these tandem 
smoke-box heaters, while the ordinary blast-pipe 
for engines of this class, 44 in. in diameter, was 
enlarged up to 44 in., which was } in. larger than 
that used on engine No. 706, &c., fitted with the 
single smoke-box heater. In spite of this the 
consumption still ran out slightly greater than that 
for the simpler arrangement fitted to engine No. 706, 
&c., though in this instance there was very little 
to choose between the two. This, it must be 
admitted, is rather difficult of explanation, for with 
the final temperature of the waste gases 60 deg. 
lower, and the blast-pipe } in. larger in the one 
case than the other, conditions would appear to be 
favourable for a reduction in coal consumption. As 
between the tandem system and the simple super- 
heating appliances in the smoke-box, in favour 
of the former are the following points :—(1) Final 
temperature of waste gases, 60 deg. Fahr. lower ; 
(2) blast-pipe 4 in. larger in diameter; (3) feed 
temperature 60 deg. Fahr. higher. In favour of 
the latter there are but (1) superheat 30 deg. 
Fahr. higher ; (2) lower resistance offered to pas- 
sage of gases. The last item cannot in this instance 
be of much moment, since in the tandem system 
a blast-pipe larger by 4 in. is suitable. Though 
this reduces the back pressure, it should be recog- 
nised that a still larger blast-pipe might be used 
with such high feed temperatures if the heaters in 
tandem offered a lower resistance to the flow of 
the gases than they do. The most important dif- 
ference between the two systems is that one has 
the advantage of feed 60 deg. Fahr. higher in 
temperature than the other, while the latter has 
the benefit of 30 deg. Fahr. higher superheat in the 
steam than the former. On the face of it, it 
would be expected that the former would prove the 
more economical, since the 60 deg. Fahr. higher 
feed temperature represents, per 1 Ib., 60 B.Th.U., 
while the 30 deg. Fahr. superheat represents, per 
1 lb., only about 16 B.Th.U. There is thus a 
balance in favour of the tandem-heater system of 
about 44 B.Th.U. more absorbed per pound from 
the waste products than in the other engine. This 
is the cause of the lower final waste-gas tempera- 
tures in this system, and the greater economy 
should apparently result from this. Contrary to 
expectation, however, very consistent running for 
some months with engine No. 696 does not confirm 
this, and the indirect advantage of reducing initial 
condensation to a greater extent with 30 deg. 
more superheat is apparently about equivalent at 
this stage to the additional thermal value of the 
higher feed temperature. The two systems are 
thus, as regards consumption, on about an equal 
footing. In view of the greater simplicity of the 
single steam smoke-box heater, and of the lower 
cost, both of the apparatus and of the labour of 
fitting, the balance is rather against the tandem 
apparatus than in favour of it, so far as experi- 
ments have proceeded at present. 





* See pages 447 and 517 ante, 





With regard to the combination of high-degree 
| superheat and high feed temperatures, it is very 
clear that nothing but practical considerations can 
be raised against the combination of high-degree 
superheaters of the smoke-tube type and waste-gas 
heaters used for feed heating, of which those 
embodying the principles utilised by Mr. Trevi- 
thick for smoke-box heaters prove suitable in this 
connection. Such heaters may be used either with 
or without preliminary feed heating by part of the 
exhaust steam from the cylinders. Svatien for 
the moment to the coal-consumption diagram, 
Fig. 12, page 445 ante, the line de represents, it 
will be remembered, consumptions for degrees of 
superheat ranging between 100 and 220 deg. Fahr., 
obtained with the smoke-tube system. Heating 
the feed to 206 to 212 deg. Fahr., the limit with 
exhaust steam unless the back pressure be con- 
siderable, reduces these consumptions by amounts 
represented by ordinates below the line k p, bring- 
ing the actual consumption line down to qr instead 
of de. If feed-heating be continued, reductions 
possible are represented by the height of points 
on the line st above the base, and the consumption 
line is then further lowered to v w, this repre- 
senting calculated consumptions based on 
temperatures of 260 deg. Fahr., with different 
degrees of superheat. igher feed temperatures 
than this are ible, for there is no reason why 
the water should not be raised in temperature in 
this system by an amount approximately equal to 
that in the arrangements previously described, 
except for the fact that the reduced steam consump- 
tion means a slightly lighter draught and lower 
temperature of the smoke-box gases. 

The manner in which high-degree superheating 
and high-temperature feed have been combined on 
the Egyptian State Railways is illustrated in Figs: 
39 to 43, on pages 756 and 757 herewith. Figs. 39 
and 40 give two reproductions of photographs of the 
smoke-box end of engine No. 712 converted in this 
way, while Figs. 41, 42, and 43 are respectively cross, 
longitudinal, and plan sections. The smoke-tube 
superheater calls for little comment. It is of the 
usual Schmidt type, and, as explained i. Article VI., 
was supplied by Messrs. Henschel and Sohn, Cassel. 
The form of damper necessitated keeping any other 
appliance placed in the smoke-box low down, so as 
to be out of the way of the superheater header and 
case. The feed is dealt with in the preliminary 
manner described on a former occasion, there being 
a small pump exhaust-heater and two main exhaust- 
heaters. The latter are 74 in. in internal diameter 
and 7 ft. long between tube-plates. Each contains 
eighty-two tubes of 2-in. bore, and together they 
provide 150 sq. ft. of heating surface. These 
heaters are supplied with part of the cylinder 
exhaust, and the feed passes through both in suc- 
cession. 

For the reason above mentioned the waste-gas 
feed-heating apparatus was placed low down in the 
smoke-box, and fairly far forward. It consists of 
two tubular heaters placed with their axis across 
the smoke-box, and arranged on either side of the 
centre line of the engine, as shown in Figs. 39, 41, 
and 43. Each heater is of 198 in. internal diameter, 
the shell being ;'; in. thick. The length between 
tube-plates is 25 in. Each contains 465 tubes of $-in. 
bore, the tube-plates being § in. in thickness. The 
total heating surface of the two heaters is 339 sq. ft., 
and the aggregate flue area 182.5 sq.m. The two 
heaters are joined together by the horizontal 
member of a large inverted T-shaped uptake con- 
tinuous with the chimney. Into this uptake the 
blast ejects, thus preserving the principle of the 
enclosed blast utilised in the Trevithick system 
previously described. In order to arrange for this, 
with the heaters so low down, the ordinary straight 
or curved blast-pipe usually standing on the top of 
the cylinder casting has been replaced by a pipe 
taking the form of a large elbow (Fig. 42), and 
fixed to the front of the cylinder casting between 
the piston-valve covers. The supply pipes for the 
main exhaust heaters branch out of this elbow 
exhaust-pipe. 

The heaters, as will be seen in the illustrations, 
project through the smoke-box sides, and they are 
enclosed in cylindrical extensions forming part of 
the smoke-box sides, the ends of the casings being 
fitted with doors fastened after the manner of smoke- 
box doors. One of these is shown open in Fig. 40. 
| These casings are considerably larger than the 
| heaters, and they contain, fixed to the doors, spark- 
| arresters taking the form of sieves of mesh which fit 
| on to the outer tube-plate of each heater, as shown 








in Fig. 40. These spark-arresters being fitted to the 
doors, are swung out when the latter are opened, as 
in Fig. 39, the heater then being left clear for work 
at the tube-plate, or for withdrawal through the 
door in the smoke-box side, should occasion necessi- 
tate this. Each heater contains five diaphragms to 
make the watercirculate thoroughly among the tubes. 
In the uptake a petticoat is fitted some few inches 
above the blast-pipe top, which only just protrudes 
into the blast-chamber. This ensures the draught 
being well distributed over the lower and upper 
tubes, and makes the interior absolutely self- 
clearing, which it would not be if the Blast-pipe 
projected further into the chamber, and no petti- 
coat were used. The two heater-drums are coupled, 
as regards water connections, in series, and also 
in series, of course, with the exhaust-steam heaters, 
which are also shown in the drawings and half-tone 
engravings herewith. 

e action of the blast is exactly the same as 
explained in former connections. It draws the 
gases away from the smoke-box tube-plate and 
through the heaters. In this case the gases are 
drawn equally to either side of the smoke-box, 
through the sieve-sha spark-arresters and into 


eed | the heaters. Contact with the spark-arresters causes 


the large cinders to fall, and, shoots being provided 
below, as shown in Figs. 40 and 41, instead of accu- 
mulating near the netting, the cinders are carried 
off to ash-hoppers outside the frames. Each hopper 
is fitted with a door at the back, one being shown 
open in Fig. 40. The hopper floor slants steeply 
from below the shoots down to the door, so that 
the hopper is easily cleared. To expedite the raising 
of steam a flue-door is provided in the uptake as in 
= arrangements. This door is opened during 
ighting up, and gives the heavy smoky gases direct 
access to the chimney. 

This apparatus gives feed temperatures of no 
less than 294 deg. Fahr., and its use concurrently 
with high-degree superheating results in very large 
savings in coal. The two heaters provide ample 
flue area, some 182.5 sq. in., and it has been again 
possible to enlarge the blast-pipe top above that 
necessary when superheated steam only is employed. 
The engine has been running under these condi- 
tions for some months very steadily on a consump- 
tion which works out at 0.0798 lb. per ton-mile, or 
27.7lb. per mile, for trains averaging 346.8 tons 
tare behind the tender. This figure includes 
lighting-up coal, &c. Engine No. 706, described in 
Article VI., page 617 ante, and fitted with the com- 
bination of moderate feed-heating and moderate 
superheat, has averaged during the same period, 
with trains of almost exactly the same weight, 
0.1005 lb. per ton-mile, so that engine No. 712, as 
now fitted, is 20.6 per cent. better as regards 
coal consumption than No, 706. 

These heater engines are now regularly worked 
in a link, in which the trains have become too 
heavy for the ordinary engines of the same class, 
and are run against large De Glehn compounds and 
six-coupled passenger engines. It has not been 
able to obtain a direct comparison, therefore, 
between engine No. 712, as now fitted, at its best 
loads, and the ordinary sister engines, because the 
time lost by the latter on these schedules rendered 
their use prohibitive. The attempt was made, but, 
for traffic reasons, had to be discontinued. An 
indirect comparison is possible, however, by means 
of the trials conducted last spring, when for a time 
non-heater engines were run on these heavier 
trains. In those trials engine No. 706 proved 
itself 30 per cent. more economical than the 
non-heater engines. Engine No. 712 in its present 
form would therefore appear to be about 44 per 
cent. more economical than the ordinary engines at 
these loads. While these heater engines are capable 
of handling the increased loads of recent years, 
the ordinary engines of the same class, not long 
since fully capable of handling the heaviest traffic 
on these railways, have been relegated to lighter 
schedules. 

With the object of securing a direct comparison 
engine No. 712 has recently been run for some time 
in the same link as these other engines, and has 
shown against them an economy of 37.7 per cent. 
(viz., 0.952 Ib. per ton-mile for No. 712, and 0.1528 lb. 

r ton-mile as the average for engines Nos. 715, 
23, and 716). This is for link working on trains 
giving average loads of 262 tons tare behind tender 
for No. 712, and 256 tons as the average for the other 
engines, The ee the railways is there- 
fore apparent. Not only has engine No. 712 with 
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proved itself far more economical than ordinary 
sister engines in their own schedules, but it is 
capable of handling very economically traftic of 
greater weight than they can touch. 

As with the previous smoke-box installations used 
on the Egyptian State Railways, the smoke-box 
cinders are greatly reduced in quantity in the case 
of engine No. 712. The cinders accumulating in 
the smoke-box proper and in the side hoppers 
have been collected and weighed for a number of 
trips, and it is found that about 43 per cent. of the 
total are deposited in the smoke-box proper, and 
about 29 per cent. in each of the hoppers. The 
total collected figured out to only 0.26 lb. per mile, | 
while the amount collected in the non-heater 
engine smoke-boxes on the same schedules worked 
out to no less than 2.4 1b. per mile, thus showing 
that a large part of the saving is directly due to a 
reduction in the waste of unburnt fuel. 

The figures for coal consumption given above | 
cover all coal used in ordinary service, including | 
lighting-up, &c. Supposing that no other benefit , 
accrued than that of coal-saving, and that the value | 
of this were no more than the 37.7 per cent. shown | 
above on the light lowds, on the basis of the caleu- | 
lations made in Article VII. the value of the coal | 
saved annually per engine would amount to about 
3321. If the more than ample rate of 28 per | 
cent. on cost be put on one side for depreciation 
and repairs, allowing interest at 5 per cent., 
the expenditure of over 10001. per engine would, 
under these circumstances, be warranted in the in- 
stallation of the superheater and feed-water heaters. 
If the installation cost anything below that figure, 
there would be a clear profit after setting aside a 
very liberal amount to cover interest, depreciation, 
and repairs. It is quite clear that in the case of new 
—— the expenditure involved would amount to 
only a portion of this sum, and a clear return on such 
an investment is practically assured under many con- 
ditions as regards yearly mileage, cost of coal, &c. 
In the case of existing engines there are, un- 
doubtedly, also circumstances in which such con- 
version would be warranted, but im such cases the 
ultimate financial saving realised would be greater 
with the simpler system described in Articles IV., 
V., and VI., of combining feed-heating by exhaust 
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RECENT RESEARCH WORK ON 
PROPERTIES OF STEAM. 
By C. A. M. Smrrn, M.Sc., and A.G. Warren, B.Sc. 
(East London College, University of London). 
(Concluded from page 727.) 
The Thermodynamics of Steam.—Since the state 
of a gas is completely defined by two of the three 
variables, we have, during any small addition of 


heat d H. 
Ad@+Bdv . ° - (5) 

Cd0+Ddp. . . (6) 
Edp+Fdv . : . GF 
where A, B, C, D, E, and F are functions of the 
state of the stuff. 

If I is the internal energy, ¢ the entropy, j the 
reciprocal of Joule’s equivalent, we have 





aH 


dIizdH-jpdv. . . . 8) 
and 
dg =aHle = * ao + Pav . . 
C D 
=Caqo4 Da . (10 
r) + zo? (10) 


Thermodynamics tells us that both dI andd 
are complete differentials. Making use of this fact 
we may readily obtain the two equations 


(eH) 
an 
(12), =-#¢(85), - «08 


From these two equations Callendar has derived 
the whole of the properties of steam. It will be 
noticed that, in a constant — change of state, 
A =dH/d 6. That is to say, A= K,. 

Similarly, 

= Kp. 


Applying equation (12) to equation (4) we obtain 


-j0 d2 :) _n(n tlj)ej = (3°) . (13) 
d @ P 6 dp 6 
Integrating, we have 
Kp =C =Kw+ 2+ Nesp, . (14) 


where K,, is the constant of integration, and is 
the limiting value of Kp when the pressure is zero. 

In a similar manner, applying equation (11) to 
equation (4), we obtain 


ee ee we) fs 'e . 

Kr =Ke {1+"%°} {1-2} (15) 
The value of ¢ may be calculated, for any 

temperature is known for one, since ¢ = ¢y 


6, n 
(,') 

Both c and n may be determined experimentally 
by observation of the fall in temperature and 
pressure when steam passes through a restricted 
orifice. Such a process is one of constant total 


heat, for which it may readily be deduced that 


_ (de _ {dv : ‘ 

Kp (i Ee = 03 (i ip Tee - (16) 
which, when applied to equation (4), becomes 

, {dé >> . ” 

Ky (7) He = = j(n+1)e- jb (17) 


whence n and ¢ can be found by experiment. 

As before stated, n is taken as 10/3; c, is taken 
as 1.2014 cub. ft. Since Ky = njR, it follows 
that K.o = 0.367, and Kyo = 0.477. 

Changes of Stale.—Any change of state may be 
considered as made up of an isothermal change, 
together with a constant pressure change. Any 
quantity which is a function of the state of the 
stuff can be determined by such a method. 

Isothermal Change from a Pressure p, to a Pres- 
sure p, al a Temperature 0).—We have 


to=(18)t0 


For an isothermal change 


D 
whence y 
d¢\ __. (dv 
(ap)e=-3(Ge)p 2. 08) 
This gives us 
dg= -i(%. "yt )ae (19) 
Whence 
 — % = R j loge ™ eg "(ny — P). (20) 


The heat added is 





THE| 
































ae 
PRESSURES IN PouNDS PER SQuARE INCH. | 
Temperature. | — . —— “easy — Temperature. 
20 | 40 | 60 | 80 | 100 120 | 140 | 160°| 189 | 200 | 220 240 | 260 | 280 300 | 
_ —— | — $ | |§ ——|§ —|§ | | — | | | | — | —_ | —_ | —_ F 
227.8 0.508 | - - - -|-— —|j|-— _ | —-|—| - 227.8 
230.0 0.507 _ - - - ~ - — 230.0 
240.0 0.506 - — _ _ - 240.0 
250.0 0.504 —j-— - a a 250.0 
260.0 0.503 - ~ - - 260.0 
267.1 0.525} — _ —-|/— - -}—| 267.1 
270.0 0.501 | 0.524 | — - - - _ | 270.0 
280.0 0.500 | 0.522 _ - - | - 280.0 
290.0 0.498 | 0.519} - — | — -|- _ 290.0 
292.5 0.539; — | — - —-|;-|- = 292.5 
300.0 0.497 | 0.517 | 0.636; — - -|=— _ 300. 
310.0 0.496 | 0.515 | 0.533 | - - } —}|—]|]-— - - 310.0 
311.8 0.551 - ~ — 3118 
320.0 0.495 | 0.513 | 0.530 | 0.548 | — -{/-—-|- - - 320.0 
327.6 0.562 | — _ - - - — 327.6 
330.0 0.494 | 0.511 | 0.527 | 0.544 | 0.561) — —|/|— —-}|/—-|-j- — - 330.0 
340.0 0.498 | 0.509 | 0.524 | 0.540} 0.556) — | — | — -}—-]}]—-;}/—-/]-/|;-]|- 340.0 
| } | | | 
340.9 =o, eat oe er ee ee ee et eh 340.9 
| 
350.0 0.492 | 0.507 | 0,522 | 0.537 | 0.552 | 0.567 es oe — — 350.0 
| | 
352.7 0.581; — 352.7 
360.0 | 0.491 | 0.506 | 0.520 | 0.534 | 0.548 | 0.563 | 0.577) — - - 360.0 
363.2 os - we vs sie a | r= ene _ . — 363.2 
370.0 0.491 | 0.504 | 0.518 | 0.531 | 0.545 | 0.559 | 0.572 | 0.586 | — | - - _ 370.0 
372.7 | | 0.597 - — — _ 372.7 
380.0 0.490 | 0.508 | 0.516 | 0.529 | 0.541 | 0.554 | 0.567 | 0 580 | 0.593 | | —-j}- 3380.0 
381.6 0.605; — | — | - — 381.6 
389.7 | 0.611) — - 389.7 
390.0 0.489 | 0.501 | 0.514 | 0.526 | 0.538 | 0.550 | 0.561 | 0.574 | 0.587 | 0.599 | 0.611 | 390.0 
397.2 | | | 0.618 397.2 
400.0 0.489 | 0.500 | 0.512 | 0.523 | 0.535 | 0.547 | 0.559 | 0.569 | 0.581 | 0.593 0.604 | 0.616 | 400.0 
ie 
404.2 } ». | 0.624 404.2 
410.0 0.488 | 0.499 0.510 | 0.521 | 0.532 pe ee 0.565 | 0.576 | 0.587 1s | 0.0 | 029 410.0 
410.9 | | 0.631 410.9 
417.0 = re ex ie fos | . -- | 0.687 | 417.0 
| 4 | 
420.0 0.483 | 0.498 | 0.508 | 0.519 | 0.530 | 0.540 | 0.55 1/0. 561 | 0.572 | 0.582 | 0.593 | 0.603 | 0.614 | 0.624 | 0 635 | 420.0 
440.0 0.487 | 0.496 | 0.505 | 0.515 | 0.525 | 0.534 0.544 | 0.568 0.568 | 0.572 | 0.582 | 0.591 | 0.601 | 0 610| 0.620 | 440.0 
460.0 | 0.486 | 0.494 | 0.503 | 0.512 | 0.520 | 0.529 | 0.588 | 0.546 | 0.555 | 0.564 | 0.574 | 0.581 | 0.589 | 0.598 | 0.607 | 460.0 
480.0 bened beats 0.501 | 0.509 | 0.516 | 0.524 | 0.532 | 0.540 | 0.548 | 0.556 nett | 0.57 0.579 | 0.587 | 0.595 | 480.0 
| | 
500.0 | 0.484 | 0.491 | 0.499 | 0.506 | 0 513 | 0.520 | 0.527 | 0.535 | 0.542 | 0.549 0.556 | 0.563 | 0.570 | 0.577 | 0.585} 500.0 
520.0 | 0.484 | 0.490 | 0,497 | 0.£03 | 0.510 | 0 517 | 0.523 | 0.530 | 0.536 | 0.543 | 0.550 | 0.556 | 0.562 | 0.569 | 0.576 | 520.0 
540.0 | 0.483 | 0.489 | 0.495 | 0.501 | 0.507 | 0.513 | 0.519 | 0.525 | 0.531 | 0.537 0.544 | 0.549 | 0.555 0.562 | 0.567 | 540.0 
560.0 | 0.483 0.488 | 0.494 | 0.499 | 0.55 | 0.510 | 0.516 | 0.521 | 0.527 | 0.532 | 0.538 | 0.543 | 0.549 | 0.555 | 0.560 | 569.0 
580.0 | 0.482 | 0.487 | 0.492 | 0.497 | 0.502 | 0.507 | 0.513 | 0.518 | 0.523 | 0.528 | 0.533 | 0.588 | 0.543 | 0.548 | 0.553 | 580.0 
600.0 0.482 | 0.486 | 0.491 | 0.496 | 0.500 | 0.505 | 0.510 | 0.515 | 0.519 | 0.524 | 0.529 | 0.533 | 0.538 | 0,542 | 0.547 600.0 
620.0 0.481 | 0.486 | 0.490 | 0.494 | 0.499 | 0.503 | 0.507 | 0.512 | 0.516 | 0.520 | 0.525 | 0 529 | 0.533 | 0.537/ 0.542} 620.0 
640.0 0.481 | 0.485 | 0.489 | 0.493 | 0.497 | 0.501 | 0.505 | 0.509 | 0.513 | 0.517 | 0.521 | 0.525 | 0.529 | 0.533 | 0.537 640.0 
| | 
| 
660:0 | 0.481 | 6.484 | 0.488 | 0.492 | 0.495 | 0.499 | 0.503 | 0.506 | 0.510 | 0.514 | 0.517 | 0.521 | 0.525 | 0 528 | 0.532 660.0 
680.0 | 0.480 | 0.484 | 0.487 | 0.491 | 0.494 | 0.497 | 0.501 | 0.504 | 0.508 | 0.511 | 0.514 | 0.518 | 0.521 | 0.524 | 0.528 | 680.0 
700.0 0.480 | 0.483 | 0 487 | 0.490 | 0.493 | 0.496 | 0 499 | 0.502 | 0.506 | 0.509 | 9.512 | 0.515 | 0.518 | 0.521 | 0.525 | 700.0 
720.0 | 0,480 | 0.483 | 0.486 | 0.489 | 0.492 0.496 | 0.498 0.501 | 0.504 | 0.506 spend bee 0.515 | 0.518 | 0.521 | 720.0 
740.0 ann |ecs 0.485 | 0.488 | 0.491 | 0.498 | 0.496 | 0.499 | 0.602 | 0.504 | 0.507 | 0.510 | 0.513 | 0.516 | 0.518 | 740.0 
760.0 0.480 | 0.482 | 0.485 0.487 | 0.490 | 0.492 | 0.495 | 0.497 | 0.500 | 0.602 0.505 | 0.508 0.510 | 0.513 | 0.515 | 760.0 
780.0 0.479 | 0.482 | 0.484 | 0.487 | 0.489 | 0.491 | 0.494 | 0.496 | 0.499 | 0.501 | 0.503 | 0.506 | 0.508 | 0.511 | 0.513 780.0 
800.0 0.479 | 0.482 | 0.484 | 0.486 | 0.48% | 0.490 | 0.493 | 0.495 | 0.497 | 0.500 | 0.502 | 0.504 | 0.506 | 0.509 | 0.511 800.0 
| | | } 
820.0 0.479 | 0.481 | 0.483 | 0.485 | 0.487 | 0 enn | cen 0.494 | 0.496 | 0.498 0.500 | 0.502 | 0.504 0.506 | 0.508 820.0 
840.0 0.479 | 0.481 | 0.483 | 0.485 | 0.487 | 0 489 | 0.491 | 0.492 | 0.494 | 0.496 | 0.498 | 0.500 | 0.502 | 0.504 | 0.506 | 840.0 
H, — Ho = 9% (¢i — $0) | Whence change of internal energy, 
=Rj% loge?” + N Cy J (Po — Pi) (21) T,—1, = Kup (02—6,) + nj py (1 —€2) (24) 
1 
The work done The change of entropy, 
vy 2 dé 
W= pdr ft.-lb. oo - (i= Kpo 6 
to 9; 
c Ca 
= m) Po os . ==, | on 
Rj 4 loge - ib. -calories, = Kpy log, i + np, (3 a> (25) 
The change of internal energy is therefore For a general change of state from py Vy 9p to ps vz 4. 
I, — Ip = neq j (po — ~) lb.-calories. we have 
Constant Pressure Change from a Temperature 6, T, — To = Koo (02-9) + 5 (Po co—P2 2) - (26) 
to a Temperature 6, at q Pressure p,.—'The heat | 04 
added . e =K l 9% Rl P2 
0 $2 — Go = Kyo log, 9, —) K10g, py 
H, = H, = {, Kp dé r. nj (2° 2 >) (27) 
= Kyo (0, ~ )) + (m+ 1)i pi (c, ~ ¢) « (22) See 
|p 7 Measuring both the internal energy and the 
| The work done j 
7 entropy from 0 deg. Cent., we may conveniently 
j We=l pdv=m(re— %) | write these expressions 
7 I= Kvry T —njpe + const. (28) 
= R (0, — 0:) + m, (c, — ca) ft-lb. . (23) and 



































TABLE I.—Sprciric Heats or SuPERHEATED STEAM AT VARIOUS TEMPERATURES (FAHRENHEIT) AND PRessvurzs. 
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TABLE II.—Averace Speciric Heats or SuPERHEATED STEAM FROM SATURATION TO THE TABULATED 
TEMPERATURES (FAHRENHEIT) AT VARIOUS PRESSURES. 





PRESSURES IN PounDs Per Sqvare Incu, 

















Temperature. me! Temperature. 
20 | 40 | 60 | 80 | 100 120 | 140 | 160 | 1890 20 , 220 240 | 260 | 250 | 300 
227.8 |0.508| — | - = lo fo = mh ma rar 227.8 
| 
240.0 | 0.507) - —-}/—-;j;-—-}]—-}]-]—-{- - - - - 240.0 
260.0 | 0.505; — _ - — _ _ _ — - al - _ ~ 260.0 
267.1 = | | 0.525 | — - —-/|- -i'-'|- - - - - — 267.1 
280.0 | 0.504 0.5%); — | — - —- —-};—-jJ-)/- -i'—|- - - 280.0 
| | 
292.5 - | -- |0580) — _ — _ — — _ — — |} - _ 292.5 
300.0 | 0.502 | 0.521/0.588) — — - - —;—-|'|-|{- _ 300.0 
311.8 a oe os 0.551 - — _ _ -_ _ ai a = 311.8 
320.0 | 0.501 | 0.519 | 0.535 | 0.549 - —ij—j|j—]}- - 320.0 
en en es ee ee he - —|- - - —|- 327.6 
340.0 0.500 0.517 | 0.588 | €.645 0.559 | — . “a a ioe . mag: 340.0 
| 
340.9 i = ro - (O83) — | — | — | —/| — . - - _ 340.9 
352.7 a re ‘a ne es -- | 0.581) — ; — - _ | - - - 352.7 
| 
360.0 a 0.542 | 0.555 | 0.567 |0.570| _ — | La 360.0 
363.2 oy Fe 2 ee Be ees es — -|—|- _ 363.2 
372.7 & os | se 8 Leal | 0.597 | ian -|—| 372.7 
380.0 | 0-498 | 0.518 | | 0.626 | 0.539 | | 0.552 0.568 | | 0.874 0.694 | 0.504 | - _ - - - — | 380.0 
381.6 0.605 - - _ — 381.6 
389.7 0.611 | lw | oh om 389.7 
397.2 aa isa “ “ = cae aes < A ae | 0.618; — -- 397.2 
| | | | | | | 
400.0 | 0,497 | 0.511 | 0.524 | 0.586 0.548 | 0.559 | 0.569 | 0.579 0.589 | 0.599 | 0.608 | 0.617 | — 400.0 
| | | 
404.2 0.624, — | — 404.2 
410.9 | 0.631) — | 410.9 
417.0 | 0.637 417.0 
440.0 | 0.495 | 0.508 | 0.520 9.531 | 0.542 | 0.552 | 0.561 | 0.570 | 0.579 | 0.588 0.596 0.604 | 0.613 0.621 | 0.629 | 440.0 
480.0 0.493 | 0.505 | 0.516 | 0.526 | 0.536 | 0.545 | 0.553 | 0.562 | 0.570 | 0.578 | 0.586 0.593 | 0.601 | 0.608 | 0.615 | 480.0 
520.0 | 0.492 | 0.503 | 0.513 | 0.522 | 0.531 | 0.539 | 0.547 | 0.555 | 0.563 | 0.570 | 0.577 | 0.584 | 0.591 | 0.597 | 0.604 | 520.0 
560.0 | Sa | Ce ee 0.519 vaeed ned buna 0.549 | 0.556 | 0.563 | 0.569 0.576 | 0.582 a 560.0 
600.0 0.490 0.500 | 0.508 | 0.516 | 0.523 | 0.530 | 0.537 | asss| 05000 0.562 | 0.568 | 0.574 | 0.579 | 0.585 | 600.0 
640.0 0.489 | 0.498 | 0.506 | 0.513 | 0.520 | 0.526 | 0.533 | 0.539 | 0.545 0.881 0.557 | 0.562 | 0.567 | 0.572 | 0.577 | 640.0 
680.0 0.489 | 0.497 | 0.504 | 0.511 | 0.517 7 | 0.528 | 0.680 | 0.535 | 0.540 | 0.546 | 0.551 | 0.556 | 0.561 0.566 | 0.570 | 680.0 
720.0 Keone hana banned bemed 0.515 ene eat pr trata Sees 0.546 | 0.551 | 0.556 | 0.560 | 0.564 720.0 
760.0 0.487 | 0.494 | 0.501 | 0.507 | 0.513 hed 0.524 | 0.529 | 0.583 | 0.588 | 0.542 | 0.546 | 0.551 0.555 | 0.559 760.0 
800.0 0.496 | 0.493 0.499 | 0.505 | 0.510 | 0.515 | 0.521 | 0.526 | 0.530 0.534 | 0.538 | 0 42 | 0.546 0.551 | 0.555 800.0 
0.508 | 0.51 523 | 0.527 | 0.531 0. 0.546 | 0.550 | 840.0 


| | 


840.0 0.486 | 0.492 | 0.498 | 0 503 3 | 0.518 0. 





njpe 
¢ = Kpo log, 0- jRlog, p—~ @ + const. (29) 
Similarly 
H.=1+jpv 
= Ky T-jp {(n + 1)e-d} + const. . . (30) 
For the expression j {(n 1)c—b} Mollier sub- 
stitutes Y, and for =~? he uses Z. 


The constants of integration can be found from 
a-few well-known values. For instance, when 
T= 100 deg. Cent., then H = 639.6 lb.-calories 
for saturated steam. 

Also 

ds = 1.759 Ranks. 

We then obtain 

6 


v = 154.1 ” —c + 0.0160 . (31) 
Pp 

H = 594.7 + 0.477 T-Y p (32) 

@ = 0.477 log, @-0.1101 Mee P- Z p- 0.217 . (33) 

I = 564.6 + 0.967 T - ‘Pc pj a”. ae 

Kp = 0.477 + 2 Mee .§ 2 . 3 ae 


The internal satin of water may be calculated 
sufficiently accurately from Regnault’s formula 
i= T + 0.00002T? + 0.0000003T? . . (36) 
The total heat of water h = i + jpb, where b is 
the volume of 1 1b. of water. 
The specific heat of water S = dI/dT. Also 


Sdé 


; 0 
¢” = | ; = 2.4319 logio m3 0.0002057 T 


+ 0.00000045 T? . A - (37) 
The latent heat L=H-h . ; ; - (88) 
=O0(s- pw). ° . (39) 


Equations (38) and (39) define the relations be- 
tween the pressure and temperature for saturated 
steam. The relation is, however, so involved that 
it cannot be practically applied, The method used 
is to assume the relation between the pressure and 
temperature, to calculate the quantities and make 





the necessary adjustments to bring these two 
relations (38) and (39) into line. 

The formule determined above apply to steam 
at any degree of superheat, the degree of super- 
heat being defined by the temperature and pres- 
sure. Thecase of saturated steam, with which we 
are more often concerned, may be looked upon 
as the particular case in which the superheat 
is zero. Applying this condition, values of 
the quantities can be calculated. Having once 
determined the relation between the tempera- 
ture and pressure at saturation, some modification 
in calculation becomes possible. For instance, the 


L * 
entropy gs may be taken as gw + a’ and, further, }-tind to do so very closely over practical ranges. 


the entropy of superheated steam may sufticiently 
accurately be taken as ds + ka loge, where ka is 


the average specific heat of superheated steam rs 
the given pressure over the temperature range 
to 6,, 6, being the temperature .of saturation, Ze 
6, the temperature of superheat. 

Tables derived by the method indicated exhibit 
striking contrasts with those generally employed 
previously. It has already been pointed out that 
previous tables have been calculated on the assump- 
tion of the existence of a linear relation between 
the total heat H andthe temperature. This neces- 
sitates a relation, practically linear, between the 
latent heat and the temperature. The actual rela- 
tions are far from such. The following values given 
exemplify this point :— 


Temperature | H H (Smith L L (Smith 
(Deg. Fahr.) | (Peabody). and Warren) (Peabody.) and Warren) 











380 1106.3 1093.0 1058.2 1045.0 
120 1118.5 1111.5 1030.4 1023.3 
220 1149.0 1154.6 960.1 965.5 
260 1161.2 1169.7 932.0 939.9 
360 1191.7 1200.5 859.9 867.6 


400 1203.9 1209.8 | 830.2 835.0 


An examination of this table reveals some essential 

| differences. Considering Peabody's figures, the 
| differences between the total betes at 80 deg. Fahr. 
| and 120 deg. Fahr., at 220 deg. Fahr. and 260 deg. 
Fahr., and at 360 deg. Fahr. and 400 deg. Fahr., are 


| equal to 12.2 and constant. That is to say, aH 


aT 
| 122 
|= j-— = 0.305, and is independent of the tem- 
pont. Referring now to the figures calculated 
the authors the differences over the same three 
ranges are respectively 18.5, 15.1, and 9.3. Thatis, 
the value of oe 
to 400 deg. Fahr. is only about one-half of the 
value over the range 80 deg. Fahr. to 120 deg. Fahr. 
For the values of L similar discrepancies exist. The 
two sets of values are thus contrasted below. 


| 


over the range 360 deg. Fahr. 


au | 
Temperature T ae d ” Aaverege dL ‘av (Smith 





Value ee | Peabody, and W 
| (Smit an (Peabody. 4m arren 
(Peabody). Warren). | 
Deg. Fahr. 
80-120 | 0,305 0.4625 | 0,695 |} 0,6425 
220 - 260 | 0.305 0.3775 | 0.7025 | 0.640 


360-400 | 0.305 | 0.2325 | 0.7425 | 0.816 


Approximate Formule.—The internal heat of 
water (i) has been calculated from Regnault’s 
equation :— 

¢ = T + 0.00002 T? + 0.0000003 T? . (40) 
To this the quantity j p v must be added to give h. 
The quantity j p v represents the work required to 
pump the water _ the boiler against the pres- 
sure p lb. per sq 

Above 100 yy “on. the following equations, 
evolved by the authors from the numerical data 
obtained by the use of Callendar’s fundamental 
equations :— 


h = T + 0.00001 T? + 0.0000004 T® . (41) 
H = 589 + 0.602 T — 0.00096 T2 . (42) 
L = 588 — 0.375 T — 0.00114 T? (43) 
p vi 0676 = 491 ~ é (44) 
lo p= A- - 
Bio P A r) e (45) 
where 
A = 6.10405 
log;) B = 3.1821693 


logy) C = 5.0772011 
In the above equations (41 to 45) H is the total 
heat of saturated steam, L its latent heat, p i 

ressure’in pounds per sq. in., V its specific volume 
in cubic feet, T the temperature in degrees Centi- 
grade, and @ the absolute temperature in degrees 
Centigrade. 

A modification of the constants of equation (45) 
allows of its use for temperatures below 100 deg. 
Cent. For such conditions 

A = 6.18123 
logy) B = 3.1977522 
logio C = 5.0392819 
— to equations 42 and 43— 
-L=1 + 0.977 T + 0.00018 T? . ° (46) 
site should equal h (equation 41), and will be 


Adiabatic Expansion of Steam.—The condition 
of adiabatic expansion of steam is often expressed 
by the equation PV, = C. Over a range of work- 
ing pressures (say 200 lb. per sq. in. to 40 lb. per 
sq. in.) the index n varies with the initial dryness 
of the steam, and may be taken as tabulated. 


Initial Dryness Fraction .. - 10 O8%F O8 | 0.7. 


Value of n in equation PV” = C -| L144 | 1.183 | 1.120 | 1,102 


The accompanying Table I. gives the values of 
the specific heat of superheated steam at various 
temperatures and pressures. Table II. gives the 
average specific heat from saturation to the tabu- 
lated temperatures at various pressures. From 
these it will be seen that the average value of the 
specific heat of superheated steam is very much 
greater than 0.48, the value generally accepted. 
The experimental values obtaine by various investi- 
gators are, of course, known to be nearer the 
above figures. But the experimental values are 
not very consistent. 








French GuNPOWDER FOR Export.—We read in Le 
Moniteur de la Flotte that a Bill has now been placed 
before the French Parliament with a view to aut orise 
private companies to manufacture gunpowder for export, 
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ELECTRIC WINDING GEAR AT THE WEST RAND CONSOLIDATED GOLD-MINES. 


THE BRITISH WESTINGHOUSE ELECTRIC AND MANUFACTURING COMPANY, 


MANCHESTER, CONTRACTORS. 











Fig. 1. 


Prt-Heap GEAR AND Enoine-Hovse. 





GoOLD-MINING on the Rand has long passed the 
a when mines, or, rather, vJlaims, were exploited 
under false pretences, with no chance of return to the 
unlucky shareholders, The position and quality of 
the gold-bearing reef are much better known than 
furmerly, and it has been recognised that, in order to 
make gold-mining pay under the conditions prevailing 
on the Rand, it is necessary to deal with large quanti- 
ties of ore. To this end ‘‘ consolidations ” have been 
formed, so that many claims could be worked as one 
mine. This naturally reduces capital outlay and work- | 
ing costs, and enables the use of the most modern equip- 
ments for winning the ore and recovering the gold. | 

One such concern is the West Rand Consolidated 





Fie. 2, 650-Kw. Motor Generator Set. 


Gold-Mines, Limited, who are at present working one 
shaft (the East shaft) and sinking a second on an estate 
of nearly 2000 claims, situated near Krugersdorp, 
about 20 miles from Johannesburg. The crushing 
capacity at the end of 1909 was about 30,000 tons per 
month, and in 1910 about 70,000 tons per month, and 
with the completion of the new aah this capacity 
will be again augmented. 

The West shaft of this mine, which is at present in 
course of sinking, is a seven-compartment shaft, and is 
being driven downwards at an angle of 50 deg. to the 
horizontal for an estimated distance of 3000 ft. Sink- 
ing was commenced by means of a temporary head-gear 
and two small steam sinking-engines, and at the same 





time an order was placed for two double-drum electric 
winding-engines—one suitable for a 6-ton useful load, 
and the other for a 3-ton useful load. 

By the time the electric winding-engines were 
installed the permanent head-gear was completed, and 
the shaft had been sunk toa sufficient depth to permit 
of economical hoisting with the electric hoists. The 
permanent head-gear, which is built entirely of steel, 
is shown, together with the winding-engine house, in 
Fig. 1, above. The engine-room is remarkable, as 
it is built of brick, and is very commodious, whereas 
the usual engine-room on the Rand is of corrugated 
iron construction. The interior of the engine-room is 
shown in Fig. 2, indicating the positions of the two 
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Fie, 3. 


Exectric WinpInG GEAR. 

















Fie. 4. Face-Piate ConTROLLER. 

hoists and one motor elevator. The large space to the 
left of the picture is reserved for a third electric 
winder, to be installed when the shaft is finished 
and the mine partly developed. Power for the 
winding motors is obtained from two motor-gene- 
rator sets, arranged so that either hoist may be 


driven by cither motor-generator, provision also being , 











THE WEST RAND CONSOLIDATED GOLD-MINES. 
MANUFACTURING COMPANY, 


MANCHESTER, CONTRACTORS. 





























Fic. 5. Emercency Gear. 


made for the third equipment in contemplation. Each 
motor-generator set comprises a 2000-volt three-phase 
50-period slip-ring induction motor, directly — 
to a direct-current generator and an exciter. The 
arrangement of the set for No. 1 hoist may be seen 
in Fig. 2. The alternating-current supply for — 
the motors of the motor-generator sets is purch 


Fic. 6. 


SwITCHBOARD, 


from the Victoria Falls and Transmission Power Com- 
pany, Limited. 

The winding-engines were supplied complete and 
their erection supervised by the British Westinghouse 
Electric and Manufacturing Company, Limited who 
| purchased such parts as drums, brakes, drum-shafts, 
and bearings, from the Dingler’sche Maschinenfabrik 
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A.-G., under the terms of the order. The mechanical 
equipments of both hoists are almost identical, in 
spite of the difference in the load. The services for 
which these hoists are designed are :— 
Hoist Hoist 
No. 2. 


50 
3000 
2000 
6000 


Inclination of shaft to horizon- 
1 . 


Length of shaft ft. 

Hoisting speed r min. 
Weight of rock 
Weight of skip a 5500 
Weight of rope ... a me 6000 

Each hoist is equipped with two drums, 10 ft. in 
diameter by 3 ft. 9 in. wide between flanges, runnin 
loose on the drum-shaft, and driven by multi-toot 
clutches sliding on hexagonal sections of the shaft. 
The clutches are operated by hand-wheels on the 
driver’s platform. Post brakes are provided on each 
drum, of the segmental type, supported in the centre, 
and applied by weights. Compressed-air engines, 
with ‘‘ Iversen” valve gear, are used for releasing the 
brakes. Interlocks are provided so that the brakes 
cannot be released on a drum that is not clutche1 to 
the main shaft. Compressed air for operating the 
brakes is obtained from a small compressor, driven 
through gearing by a 16-horse-power three-phase 50- 
period 500-volt squirrel-cageinduction motor, fitted with 
automatic se and stopping gear, controlled b: 
the air pressure. The position of each cage in the shaft 
is indicated by two dial depth-indicators, driven one 
from each drum through gearing. Each indicator has 
two points, one moving slowly during the entire travel 
of the skip, and the other moving very rapidly during 
the final part of the wind so as to increase the accu- 
racy of stopping. Automatic devices are provided 
which bring the skips to a dead slow speed at the tip, 
and stop the hoist dead should the oe pass the tip, 
irrespective of any action on the part of the driver. 

The electrical equipment is designed for operation 
on the now well-known Ward-Leonard system. The 
winding motors are directly coupled to the drum- 
shafts, and in each case operated at 60 revolutions 
per minute. On hoist No. 1 the motor is an 800-brake- 
horse-power 600-volt direct-current motor, provided 
with commutating poles. Fig. 3 shows this motor, 
together with some of the mechanical parts. Hoist 
No. 2 is provided with a 480. horse-power direct-current 
Westinghouse motor, together with the drum, driver’s 
platform, and other gear. 

In the Ward-Leonard system the speed and direction 
of rotation of the winding-engine are controlled entirely 
by altering the strength and direction of the current of 
the direct- current generator in the motor-generator set. 
This is carried out by means of a special face-plate con- 
troller, illustrated in Fig. 4. By means of this controller 
any desired speed may be obtained up to full speed in 
either direction, the speed corresponding closely to 
the position of the driver’s lever, irrespective of the 
load. These controllers are fitted with stops, con- 
trolled electrically from the bank, so that half-speed 
cannot be exceeded when men are being raised. 

An emergency device = oe or each hoist, 
illustrated in Fig. 5, arranged and connected so that 
the hoists are quickly stopped in case of :— 

1. Overwinding. 

2. Failure of power supply. 

3 Failure of exciting current. 

4. Overloads. 

5. Failure of air-supply. 

6. Operation of driver's emergency lever. 

There is thus a safeguard against practically any 
danger that may arise. 

A four-panel switchboard, illustrated in Fig 6, 
is used for controlling the supply of power to the two 
winding-engines, and is arranged to Fie aye exten- 
sion when required. The switchboard is equipped 
with one alternating-current and one direct-current 
panel for each hoist, the former for the alternating- 
current motor, and the other for the fields of the 
various direct-current machines. 

Although the Ward-Leonard system may be readily 
adapted for use with a fly-wheel, so that no peaks are 
reflected on to the mains, no attempt has been made to 
equalise the load of these winding-engines, since the 
stations of the Victoria Falls and Trausmission Power 
Company are large rey to be untroubled even by 
the heavy peaks of the large winding-engines in use 
on the Rand. 

In conclusion, thanks are «ue to the engineers of 
the General Mining and Finance Me pa who per- 
mitted the taking and reproduction of the photographs. 


me 
per win 








Arabic Seir-Taucut.— We have received from Messrs. 
F. Marlborough and Co., 51, Old Bailey, E.C., the pub- 
lishers, a copy of the method entitled *‘‘ Arabic Self- 
Taught (Syrian),” by Mr. A. Hassam, e and revised 
by the Rev. N. Odeh, late chaplain to the Right Rev. 
G. F. P. Blyth, D.D., Bishop of Jerusalem. 
is 2s. If this book is equal to those for European languages 

ublished in the Self-Taught Series, its study will 
oubtless result in a workable acquaintance with the 
language. 
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INDUSTRIAL NOTES. 


A RESOLUTION was proposed by some of the militant 
members at a meeting of the Bradford branch of the 
Amalgamated Society of Railway Servants, held on 
Sunday last, that, in the event of a strike, workers 
should be armed, so that they might be better able to 
meet the troops, if necessary, on equal terms. Such 
wild resolve is, of course, exceedingly pernicious, and 
only shows the kind of feeling that animates a section 
of the trade-union members. It is all foolishness. If 
anything of the kind were to be attempted, the very 
eternest measures would, of course, have to be taken 
with anyone following such a recommendation, and 
any culprit would find that he would meet with scant 
consideration from the public. 

Yesterday a conference between the representatives 
of the railway companies and of the railway unions 
opened at the Board of Trade, under the presidency of 
Sir George Askwith, the Chief Industrial Commissioner, 
who represents the department. This conference is 
the outcome of the recent resolution of the House of 
Commons, recommending a meeting between the parties 
to discuss the best mode of giving effect to the report of 
theCommission of Inquiry. The Boardof Trade, in their 
letter inviting the leaders of both sides to meet, made 
it quite clear that there was no intention to revise the 
recommendations of the Commission, because they stated 
that the invitation was issued ‘‘on the understandin 
that the findings of the Royal Commission were accep’ 
in principle and in substance.” It is true that while 
the directors of the railway companies also specified 
this proviso, the representatives of the men, when 
accepting the invitation, in their reply modified the 
clause, but not to any serious extent ; but even apart 
from this, their acceptance of the invitation is acknow- 
ledgment of the finding of the Commission. The 
railway companies are represented by Mr. G. H. 
Claughton, Sir Guy Granet, and Mr. Sam Fay, with 
Mr. Walker as secretary. The unions are represented 
by Mr. J. E. Williams, Mr. J. H. Thomas, M.P., 
Mr. A. Bellamy, Mr. A. Fox, Mr. T. Lowth, and 
Mr. 8. Chorlton, all of whom, like Mr. Claughton 
and Sir Guy Granet, signed the August agreement 
which ended the strike. 

Pending the issue of the conference it would be a 
mistake to enlarge either upon its significance or upon 
its possible result. All hope that some arrangement 
may be made to overcome any objection which the 
representatives of the men entertain regarding the 
details of the machinery whereby the findings of the 
Royal Commission are to be carried into effect. To this 
extent some measure of future peace may be ensured. 
At the same time the acceptance of the invitation to 
confer is indication of the desire of the directors to 
come to an amicable settlement, so that the result of 
the ballot of unionists throughout the country, which 
is likely to be announced next week, loses a large 

art of its significance, and there seems reason for 
oping that the desire for a general strike, if not 
also the general state of unrest prevailing, may give 
place to more amicable relationships in the immediate 
future. 


The companies are taking measures to protect them- 
selves as far as possible against the consequences of 
another strike. ‘These preparations have been made 
quietly and unostentatiously, the object being to main- 
tain a modified, but sufficient, passenger service, and 
to safeguard the transport of milk, meat, vegetables, 
fruit, and other articles of food, as well as coal. This 
will be done by united action, if not by an amalgama- 
tion of the various train services and competitive 
trains, and the interchange of traffic will be elimi- 
nated. Of course, it is anticipated that the autho- 
rities will afford ample protection for the loyal 
workers who may refuse to come out on strike when 
told to do so by the unions. Special constables will 
be sworn in locally, and will supplement the efforts of 
the military and the regular police. There will also be 
the volunteer police force. Food and lodging will be 
provided for the workers at the different railway 
stations. The places of those who have gone out on 
strike will be filled as far as possible. In addition 
to the above organisation, men from other railway 
occupations are being given some actual experience of 
the work of drivers, firemen, signalmen, and shunters, 
so that they may be allotted to those positions should 
necessity arise. The union leaders are well acquainted 
with these matters, but profess that the efforts of 
the companies as will make little difference when the 
strike occurs. Mr. Arthur Henderson, M.P., speak- 
ing at Toft Hill, near Bishop Auckland, last Tuesday 
night, referred to the situation as follows :—There 
were some ple who thought that matters would 
not be put right until there was a stand-up fight with 
capital. That was not his view, and he was not going 
to encourage it. When he undertook a stand-up fight 
with capital he was going to be satisfied that both 
teams were sufficiently developed in the art of fight- 
ing, and that they were somewhat equally matched. 
That was not the case with some of the industries 
, talking about fighting to-day. The strike last summer 








resulted in adding tens of thousands to the wages of 
the workers. 


The monthly report of the Associated Ironmoulders 
of Scotland for December contains a statement of the 
working transactions of the society from October 2] 
to November 18, 1911, and shows that a satisfactory 
state of things exists with regard to membership, &c. 
The net income for the time stated was 2838/. 12s. 4d. , 
outlay 1913/. 103. 64d., representing a gain on the 
funds of 925/. 1s. 94d., which when added to capital 
account brings the funds up to 50,213/. 17s. 34d. The 
total membership in November was 8080, against 
8041 in October. An appeal is made to members to 
be more active in exerting their persuasive powers on 
non-members in order to induce them to join the 
ranks of the union. 


At the end of October last the members of the 
Society of the Amalgamated Toolmakers had added to 
their numbers as many as 1379 members since the 
same time last year. The actual membership now 
stands at 5851. There has, however, been an in- 
crease in the number of the unemployed, for there were 
in this section, at the end of last October, 127, against 
91 at the end of October, 1910. In the same time tne 
reserve fund grew from 18,000/. to 23,700/., a very 
satisfactory result. The report calls attention to the 
considerable increase there has been in the price of 
provisions since 1898. It is shown that where, in 189s, 
an ‘‘average weekly family grocery order,” would 
have cost at wholesale prices about 5s. 4d., could only 
have been bought for a fraction over 6s. in 1910; and 
whereas 1/. sterling in 1898 would have purchased over 
80 Ib. weight of these groceries, in 1908 its command 
would have been limited to 734 lb., and in 1910 to 
71} lb. ‘The average order” first mentioned is 
supposed to consist of 11lb. bacon, 2lb. butter, 4 lb. 
cheese, 121b. flour, 41b. lard, 1 lb. meal, 41b. sugar, 
and 4lb. tea. Coal also has advanced in price, for 
whereas in 1898 the price of house coal at the pit- 
mouth was 9s. 114d. per ton, it was 13s. 3d. in 1910. 
Of course, these figures would vary in different locali- 
ties, but they are given as being derived from care- 
fully selected average prices. 


The monthly report of the National Union of Boot 
and Shoe Operatives for November announces a some- 
what improved state of trade in October. Returns 
from firms employing 66,597 workpeople in the week 
ending October 28 showed an increase of 0.6 per cent. 
in the number employed, and of 1.2 per cent. in the 
amount of wages paid compared with a month ago. 
Compared with a year ago there was an increase of 
2.2 per cent. in the number employed, and of 5.2 
per cent. in the amount of wages paid. 


On Thursday in last week, at a meeting of the 
Council of the Lenten Chamber of Commerce, a report 
from the Special Committee on Labour Unrest was 
adopted. Among the recommendations were the repeal 
or amendment of sections 2, 3, and 4 of the Trades 
Disputes Act, 1906 ; the enlargement of the powers of 
voluntary boards of conciliation and arbitration, under 
the Conciliation Act, so as to prevent lock-outs and 
strikes without due notice ; effective provision for the 
protection of persons willing to work ; and the securing 
of freedom of labour and commerce, as well as the pro- 
tection of life and property. It was also urged that 
the statutory monopoly now enjoyed by a privileged 
class of watermen af lightermen in regard to the 
re oy wy of barges and similar craft on the Thames 
should be repealed. 


The Swansea dock strike ended on Sunday last. 
The strike was the outcome of the visit of Messrs. 
Houlder Brothers’ steamship Valhalla to the port, and 
was organised by the men as an act of sympathy with 
their comrades at Newport in their dispute with 
Messrs. Houlder Brothers. Those who took part num- 
bered about 5000. The vessel left on Sunday for South 
American ports with a general cargo of 800 tons, 
which had been put on board by imported non-union 
labour. When these imported men began work on 
Friday, the whole of the Swansea dock-labourers 
ceased work, and for two days the trade of the port 
was paralysed. The men in charge of the dock-gates 
did not wait to close them properly, with the result 
that there was very nearly a disaster to the dock. In 
the terms of the settlement the men’s leaders under- 
took to instruct the men that, in the case of any 
similar dock strike those in charge of the electric and 
hydraulic power stations should not cease work with- 
out giving proper notice. 


At the eleventh annual ordinary E coong meeting of 


the shareholders in Messrs. Richardson, Westgarths, 
and Co., Limited, the effect of labour troubles on 
the affairs of the company was brought to light by the 
chairman, the Right Hon. Lord Furness, who sta’ 

that throughout the whole of this year labour troubles 
had been neither slight nor sectional. On a basis of 
52 working weeks of 53 hours per week, no less than 
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30 per cent. of that time was affected by the shipyard 
dispute, whilst holidays, sickness, and miscellaneous 
causes accounted for a further 10 per cent., which 
in itself is equal to closing the entire works for five 
weeks. Of the entire year, therefore, no less than 
40 per cent. was disturbed by strikes, or rendered 
ineftootive through stoppages of one kind and another. 





SPECIFICATIONS FOR STEAM PLANTS. 
To THE EpitToR OF ENGINEERING. 

Str,—I have noticed lately that the boiler insurance 
companies are endeavouring to compete with consulting 
engineers, and that where they have been asked to report 
on an insured plant they have in some cases persuad: 
the owner to permit them to specify and arrange for a 
new plant. i ; : 5 

Now, a consulting engineer is supposed to act entirely 
in the best interests of his client ; but, from the specifi- 
cations I have seen lately issued by the different insur- 
ance companies, this aspect of a consulting engineer's 
duty seems to have been entirely lost sight of. The speci- 
fications are issued to a limited number of manufacturing 
engineers, wewrecee J chosen on account of the reputation 
of their engines or boilers. On examining the specifications, 
however, it would seem that these manufacturers are not 
considered capable even of knowing what is good for their 
engine, but have to equip it with Mr. Smith’s stop-valve, 
which has to be fitted with Mr. X’sdrain-tap, Mr. Brown’s 
lubricator, Mr. Jones’s steam-traps, Mr. Robinson’s relief- 
valves, and that all the valves about the plant are to be 
Mr. X’s, and the catalogue numbers of these are given. 
Mr. Y’s piston-rings and Mr. Z’s patent packing are also 
to be fitted. Surely this is not in the best interests 
either of the customer or the insurance companies them- 
selves. By doing this they are impugning their own 
impartiality, and preventing competition ; further, in the 
case of accidents or dissatisfaction with any of these 
specified adjuncts, the contractor is asked to be respon- 
sible. Should the customer be dissatisfied with the 
plant, and it not prove suitable for its work, he could not 
call the insurance company in to report; and if he was 
insured with them, how could they make un unbiassed 
report on their own ey ey They endeavour to 
avoid this by inserting in the specification a clause that 
the contractor is to responsible for the plant being 
entirely suitable for the work it has to perform, and that 
everything is to be supplied to their satisfaction ; further, 
he is to make it complete in every respect, whether 
specified or not, and, in fact, they disclaim any responsi- 
bility. The contractor does not know the conditions 
under which the plant will be employed, has never 
seen the site or the purchaser, and has not obtained his 
requirements, while the insurance company, who have 
done this, and know all the particulars of environment and 
site, and who are paid for their advice, endeavour to 
escape responsibility in this fashion. 

The customer has to pay pretty stiffly for the enormous 
detailed specifications, which are supposed to set forth 
his requirements, but are in reality specifications of a lot 
of things for which the insurance company seek to make 
the contractor responsible. The customer has further to 
pay a very much higher sum for his complete work than 
if it were entrusted to a competent consulting engineer, 
or if he asked for tenders from several firms, and asked 
such an engineer to adjudicate on them. 

Yours faithfully, 
M.I. Mucu. E. 








CASE-HARDENING. 
To THE EpriToR oF ENGINEERING. 

Sir,—I have noticed the letter of Mr. Clinch-Jones 
published in your issue of November 24. 

I fully admit that a rapid perusal of my paper pub- 
lished in your issue of November 10 may leave the 
impression that there is some analogy between some 
parts of the furnace therein described and those of other 
furnaces already used for case-hardening. 

But my paper above referred to only contains a very 
short description (not sufficient to give a clear idea) of 
the new case-hardening processes based upon the use of 
carbon bioxide and carbon protoxide under well-deter- 
mined conditions of chemical equilibrium ; by which pro- 
cesses it is ible to obtain cemented zones in which 
the carbon has a determined concentration and a deter- 
mined distribution. 

I feel sure that if Mr. Clinch-Jones will read my pre- 
vious publications (some of which are mentioned in my 
paper above referred to) he will at once convince himself 
that the new processes (for which patents have been 
granted in the principal countries, including Germany) 
are substantially and totally different from all other case- 
hardening processes so far used in the industry, not only 
for the methods followed and substances used, but also 
and ry in the totally different and much superior 
results thereby obtained. 

I should be very obliged to you if you would publish 
this letter in your next issue. 

I am, Sir, yours faithfully, 


‘ Frperico GIo.iTTi. 
Genoa, November 28, 1911. 





** NEO-PHILISTINISM.” 
To THE EprTor oF ENGINEERING. 

Sir,—I have no wish (believe me) to burden Neo- 
Philistinism with more ridicule than it can bear. Were 
Ito make no further reply to the Corinthian casuistry of 
my critics, I would attain that dignity to which only the 
magnanimceus can aspire; but I should du so at too great 
& cost to the cause of truth. 





Dignity to the dogs, then! while I claim, of your 
courtesy, permit to reply: since my one letter has been 
faced with three Philippics from the Philistines ; while I 
= | out from the Elysian Halls of Wisdom into the dust 
and din of the market-place to chastise the Sophists 
sitting there. 

First, Sir,a word in reply to the elusive epilogue that 
succeeds my letter in your issue of November 24. 

You accuse me of “ invective,” and pillory me with 
Matthew Arnold ; you do me an honour for which I am 
duly grateful; perhaps we may eventually survive your 
censure. 

You charge me with ‘‘ misrepresentation ;” but I never 
asserted that either you or Mr. Campbell Swinton sug- 

ted the “* prohibition ” of so-called “* culture-studies. ” 
owever, if it makes you atall happy, I am quite ready 
to suggest it myself. 

Thirdly, you talk of “assertion.” Do you, then, 
seriously sup that it is possible to write a letter in 
which the writer is to assert nothing? An eventuality 
that would curtail the exchange of ideas sadly. 

I will pass over your kind-hearted proposal that I should 
be left naked upon a desert island, since the matter has 
been already dismissed by another pen than mine; though 
I might add, in passing, that what a ‘‘ Crusoe” feels the 
need of most, is not the comforts of a so-called civilisa- 
tion, but a *‘ Friday,” to ‘* tell him stories.” 

Now to answer Mr. Swinton. 

I wish that he had replied to my letter, instead of 
confining himself to a fallacious argument, which, in a 
few moments, I shall to annihilate. My letter 
consisted almost entirely of a series of questions, not one 
of which has been directly answered. My modesty forbids 
me providing an obvious explanation of this omission. 
The matter of Mr. Swinton’s all too brief reply is this:— 
Without the printing- press we can have no literature 
worthy of the name, and, he is naive enough to add, my 
letter would never have been written. Surely! But 
even a greater apotheosis than that would have been 
achieved : the leader of November 17 would never have 
been perpetrated, and no one would have been called upon 
to talk of the decadence of modern civilisation. 

Surely Mr. Campbell Swinton does not imagine that 
literature is de le for its existence on the printing- 
<r Or, perhaps, Mr. Swinton prefers the post-Caxton 

alf-penny daily to Plato’s Republic of a pre-Caxtonian 
era. Willany man dare to assert that we, asa nation, 
are more intellectual or more artistic than Greece in the 
4th century B.c. Let us have no more of this “‘ printing- 
press Pharisaism.” 

Finally, we are told that without the ‘‘scientific imagi- 
nation” the human race would long ago have perished. 
Is Mr. Swinton under the delusion that the transition 
from the Stone Age to the Bronze Age was in any way a 
self-conscious change on the part of humanity—that the 
discovery of the use of metallic arrow-heads was other 
than the fortuitous finding (probably) of some prehistoric 
colonel? For countless centuries the world has m run 
upon a system of ‘‘ trial and error ;” it is only within the 
last few generations that a conscieus “scientific imagi- 
nation” has footed the stage of human endeavour, and 
humanity, as a whole, is as yet by no means prodigal of 
applause. 

ere, Sir, is the end (absolute and unconditional) of 
what Mr. Campbell Swinton calls my ‘‘lucubrations ” 
(I like the word) ; in the grip of ‘‘the white passion for 
truth” I have given away my dignity with both hands. 
I hope that you will appreciate the sacrifice. 

One more gift (timeo Danaos... /) I have for you: 
a reiteration of the warning that my one comrade in arms 
has already given you. You have drawn dangerously near 
ee en oy of Art. — ' P 

will conclude by parodying a notorious epigram :— 
**You have endeavoured to alee a false position : 
that is your tragedy. It necessitated a reply: that is 
mine.” 
Yours faithfully, 
Norman Davey. 
Conaways, Ewell, Surrey, December 3, 1911. 





To THE EprTor oF ENGINEERING. 

Sir,—Will you be kind enough to allow me to say a 
few words on the subject of ‘* Neo-Philistinism,” in reply 
to your note at the end of my first letter on page 731 of 
your issue of mber 1. 

I should like, first, to point out that my name was mis- 

rinted as ‘‘ Cox,” instead of Case. Perhaps I write 


y: 
In my first letter I did not deny that people with little 
or no training can speak and argue upon literature and 
philosophy with absolute self-confidence ; my yr 
was that Thad heard engineers discussing such themes ; 
the tone of the voices raised in altercation was supremely 
self-confident, whilst the substance of their remarks was 
perfect nonsense. 
That some individuals can exist without poetic i ina- 
tion, or, rather, remain unmoved by the uties of art 
and poetry, common observation will prove ; yet I main- 
tain that no single race or nation, from the time it was 
worthy of that name, has ever through a period of 
which it could be said that t _- composing that 
nation were entirely uninfluen by art, and had not 
shown, perhaps only in some crude form, a desire and 
appreciation of the beautiful. 
o, Sir, I am far from certain that the ultimate value 
of art (whatever that may mean) is not utilitarian ; but I 
insist that the effect is so great and te ee | that it 
does not permit of estimation. For example :—Can you 
tell me the force that Chopin’s music has had in the 
world, or estimate for me the value and influence of 
Shakespeare’s plays? On the other hand, I have no 
doubt that you could write a big book on the benefits 
which have accrued to the human race from the invention 


of the steam-engine, and wax eloquent upon the soaring 
effects of the coming perfection of the aeroplane. 

_ Again, I should hike to quote a portion of your note, for 
it contains the germ of a grievous misapprehension :— 
‘This is not to say, however, that the artist, the poet, or 
the philosopher is to aim consciously at utilitarian ends.” 
Let me say, in conclusion, that if any one of these should 
consciously aim at utilitarian ends, he immediately ceases 
to be an artist, poet, or philosopher. The artist is not 
concerned about erating the world; he has ideals, 
but his work lies with the emotions. 

Yours faithfully, 
JOHN Case. 
The Engineering Laboratories, Cambridge, 
December 5, 1911. 

[We are unable to apprehend the exact position occu- 
pied by our critic—viz., whether he denies that the emo- 
tions, and what pertains thereto, have a utilitarian value, 
or whether he merely means, to quote that eminent 
littérateur Mr. Silas Wegs, that it is difficult ‘‘ to work 
it into money ” or its equivalent. With the latter view 
we agree, but that such an emotion as love of offspring, 
for example, has a high utilitarian value is, we consider, 
indisputable. We t the typographical error in the 
signature to Mr. Case’s former letter.—Ep. E.] 





THE INSTITUTION OF CIVIL ENGINEERS. 
To THE Epitor oF ENGINEERING. 

Srr,—May I crave a little of your space to raise a strong 
protest against the absurd manner in which the discussion 
at the Institution of Civil Engineers was brought to a 
close on Tuesday last. After devoting two nights to the 
discussion on Mr. R. T. Smith’s interesting paper on 
‘** Electric Train Lighting,” the author was compelled, by 
the ruling of the chair, to defer his reply to the next 
meeting. Such treatment, in my opinion, is grossly unfair 
to the author, who should have heen given the oppor- 
tunity of replying to his critics while the members inter- 
es' in railway work were present. Many such men 
had come up from the country to attend that meeting, 
and a number of these will, doubtless, not consider them- 
selves justified in coming 7 — on Tuesday next 
to listen to a short reply by Mr. Smith prefacing 
the lengthy consideration of a subject in which they 
may have little interest. Many town members will 
hesitate to attend for similar reasons. The Institu- 
tion is not a clockwork mechanism, and members have 
a right to expect something in the way of intelligent 
anticipation of their wishes, or steps to be taken to ascer- 
tain what these wishes may be. The 9.30 fetish is too 
blindly worshipped. As for the coffee and biscuits, their 
quality has by no means the same relish as a good reply 
from an author toa good discussion, and many members 
would willingly forego them for the latter. If the 
Institution must be closed so early, and coffee and a chat 
are essential, there are innumerable places outside to 
which members may adjourn subsequently, where both 
may be enjoyed in greater comfort than in Great George- 
street. 

Yours truly, 
RatLway MEMBER. 








Tue InstiTUTE oF CHEMISTRY.—We have received from 
the secretary a list of contributors to the Institute’s 
Buildings Fund. The lease of the feeeeet premises— 
30, Bloomsbury-square—expires at Michaelmas, 114, 
and this provides a suitable opportunity for the acquisi- 
tion of more commodious and permanent headquarters. 
It is estimated that the building and fittings will cost 
about 15,000/., and an appeal to Fellows and Associates 
of the Institute has already resulted in the receipt of 
contributions and promises amounting to over +) OF 
more than half the sum required. A further appeal is 
now made, which, it is faved. will result in completing 
the necessary amount. 





Tue InstiruTIoN or Orvit ENGINEERS: STUDENTS’ 
Merxtinc.—At the students’ meeting, held at the Institu- 
tion on Friday, December 1, at 8 p.m., Messrs. J. and W. 
Legg read a paper entitled ** Brake- Lining Coefficients of 
Friction.” The chair was taken by the President, Dr. W. 
C. Unwin, F.R.S. The paper gave detailed results of 
the authors’ experiments on the relative value of several 
brake-lining materials, and the variation of the cvefficient 
of friction between cast iron and the material, with the 
intensity of pressure and the relative velocity of the two 
substances. The results obtained were illustrated by 
numerous lantern-slides and diagrams. The discussion 
was opened by Mr. T. J. Taplin, and was continued by 
Messrs. R. W. Brim, C. T. B. Donkin, G. A. Clark, 
H. V. Hutt, and (at the President’s request) Professor 
E. Wilson. 


Tux “ Damty Mai.” Yxar-Book, 1912.—London: The 
Associated Newspapers, Limited, Carmelite House, E.C. 
[Price 6d.}—As usual, this year-book contains a very 

reat variety of information on home and foreign matters. 
The field covered is much too large to review in the space 
at our disposal. It includes comments on all the im- 
portant topics which have been to the fore in the past 
year, and, in addition, on many a subject on which it is 
difficult to get concise information without wading 
through long records and accounts or tables of statistics. 
More directly concerned with our own sphere, it has 
summaries on such subjects as railways, aeronautics, 
marine and naval matters, &c. Under the heading of 
‘‘ railways,” a slightly biased summary is given in one con- 
nection which would be as well avoided. A summar 
giving some objections to the nationalisation of the rail- 





ways of this country is contributed by Mr. E. A. Pratt, 
and one in favour thereof by Mr. G. J. Wardle. 
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THE CANADIAN PACIFIC RAILWAY’S OIL-FUEL-BURNING T.-S.S. “PRINCESS ALICE.” 


BUILT BY MESSRS. SWAN, HUNTER, AND WIGHAM RICHARDSON, LIMITED, WALLSEND-ON-TYNE. 
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Ws illustrate on this page and on pages 765 and 768; -~_, 
the twin-screw steamer ine Alice, which has just | P. 4 Wat See ay FRAME &2 


been completed for the Canadian Pacific Railway Com- 
pany, att the first of this fleet to be fitted with oil- 

yurning apparatus, The vessel has been built by Messrs. = es Fig 2 
Swan, Hunter, and Wigham Richardson, Wallsend- j | eae 
on-Tyne, and the steam installation and all the pro- 
pelling machinery have been constructed by the 
Wallsend Slipway and Engineering Company, Limited. 
The vessel is 290 ft. long, has a 46-ft. 2-in. beam, and 
has been designed to carry her passengers and cargo on 
a draught of 12 ft.6 in. As shown in the perspective 
view of the ship, which was taken on her trial, 
when oil fuel was being used, and when the absence 
of smoke was particularly noticeable, the vessel is 
typical of passenger steamers used in coasting and 
river traffic on the American Continent. Conse- 
quently there is a considerable range of superstruc- 
ture ; the half-section through the boiler-room (Fig. 2) 
will enable the reader to follow the general arrange- 
ment of the midship section and of the decks. On 
the promenade-deck there is an observation-room 
forward with a smoking-room aft, both fitted with 
plate-glass windows in order that an_ uninter- 
rupted view of the scenery passed may be had 
by the passengers. Mahogany is used in the 
observation-room, fumed oak in the smoke-room, 
and in both cases there are hammered copper panels 
depicting the ancient ‘‘totem” poles of the North 
American Indians and specimens of the agricultural 
and horticultural products of Canada. A wide 
corridor, also of polished mahogany, with inlaid 
panels, extends between the observation and smoke- 
rooms, and gives communication with the state- 
rooms on each side. The corridor is particularly 
spacious, and a fine effect is contributed by the roof 
being of the clerestory type. From this corridor 
companion-ways lead down to the upper deck, where 
also there is arranged a series of first-class state- 
rooms, with special suites of rooms, and two social 
halls or music-rooms. On the main deck aft there is 
the dining-saloon, which is panelled in Italian walnut, 
and has specially large plate-glass windows. The 
pantry is still further aft, and the galley is in the 
stern of the ship, a great advantage from the point 
of view of ventilation. Under the dining-room deck 
there is a first-class saloon where refreshments a la 
carte are served, 

The boilers are four in number, single-ended, of 
15 ft. 7 in. external diameter and 12 ft. long, and 
constructed for a working pressure of 180lb. They 
are arranged in one boiler-room, of which a half-section 
is given in Fig. 2. They are worked under forced 
draught on the closed -stokehold system, the air 
being supplied by two doub.e-inlet fans by Messrs. 
M. Paul and Co., Dumbarton. The feed draught and 
other features are shown in Fig. 2. The firing of 
these boilers is so arranged that either coal or oil may 
be used, and the oil-burning installation is illustrated 
by Figs. 3 and 4, on page 765. The method used in 
burniug the oil is the well-known Wallsend-Howden 
patent system, the manufacturer and licensee of which 
is the Wallsend Slipway and Engineering Company, 
Limited. This vessel is one of a large number fitted 
in recent years with this system, ranging from small ) 
tug-boats of 50 horse-power to large liners of over | of the fittings, such as heaters, filters, burners, &c., are | clearly indicated in Figs. 3 and 4, on page 765. The two 
14,000 horse- power. ‘ he liquid-fuel pumps are by | by the Wallsend Slipway and Engineering Company, liquid fuel pumps are of the vertical ‘‘ Simplex ” type. 
Messrs. G. and J. Weir, Limited, and the remainder | Limited. The disposition of the oil-fuel apparatus is | and each is of such a size as to be able to deal with al! 
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— being fitted with a guide face for the piston- 
rod shoe. The bed-plate is of cast-iron, of box form 
and specially strong design, and attached to and 
forming part of this bed-plate is the thrust-block. 

The condenser is entirely independent of the framing 
of the engines. It is of the Weir’s ‘‘ Uniflux” type, 
and is built up of steel plates. This condenser works 
in conjunction with an air-pump of the ‘‘ Dual” type, 
also supplied by Messrs. G. and J. Weir, Limited. The 
condensing plant is capable of maintaining a vacuum 
of 26 in. when the machinery is working at full power. 
No pumps whatever are worked from the main 
engines. 

he valve-gear is worked by means of the usual 
double eccentrics and link motion, the reversing bein 
accomplished by means of one of Brown’s combin 
steam and hydraulic engines. The starting and hand- 
ling gear is concentrated on one column. 

‘ach propeller is fitted with four manganese-bronze 
blades. 

A complete installation of auxiliary machinery 
is fitted on board to work in conjunction with the 
main machinery. One centrifugal circulating-pump 
is fitted for supplying the circulating water to the main 
condenser. is pump is driven by an enclosed 
engine, and is of Messrs. Matthew Paul and Co.’s make. 
The main feed-pumps consist of one pair of Messrs. G. 
and J. Weir’s independent duplex automatic pumps, 
with float-tank attached for regulating it. These 

umps work in conjunction with a surface heater, also 
. anes. Weir. One of Messrs. Railton and Camp- 
bell’s filters is fitted in the feed delivery-pipe to the 
boilers. There are two bilge and sanitary pumps, of 
Messrs. A. G. Mumford’s make. Besides the above 
auxiliaries there are also installed on board ballast, 
fresh-water, general service, and ash-ejector pumps 
(all of Mumford’s make), ash-ejector by Messrs. Trewent 
and Proctor, and one of Messrs. Alley and McLellan’s 
steam ash-hoists. 

On the trials, which were successfully carried 
through, a speed of 18 knots was easily realised. 

The vessel was constructed under the direction of 
Captain H. Mowatt, marine superintendent for the 
Canadian Pacific Railway Company. 








PersonaL.—The South Durham Steel and Iron Com- 
pany, Limited, Stockton-on-Tees, have appointed Mr. 
Geo Marrs, 20 and 21, Laurence Pountney Lane, E.C., 
their sole agent for London and district, for the sale of 
their manufactures. Mr. Marrs was for 35 years with 
Messrs. G. Bailey, Toms, and Co.—Mr. T. Murphy, Hon. 
Secretary of the British Foundrymen’s Association, 
London and District Branch, states that his address is 
now 54, Rosebery-avenue, E.C.—The Pullman Company, 
Limited, announce that on and from the 11th inst. their 
~~ will be Victoria Station (S. E. & C. R.), Pimlico, 


8. 


Lonpon County CounciL TRADE SCHOLARSHIPS FOR 
Boys, 1912.—By means of these scholarships boys may 
secure free education (with maintenance grant) at day 
technical schools, where they will receive such instruction 
as will prepare them on leaving school to take up either 
apprenticeships or employment in skilled trades. About 
106 scholarships will awarded in 1912. Full par- 
ticulars of the course of study followed by the scholar- 
ship-holders at the various schools are set out in the 
‘*Scholarships Hand - Book, 1911-12,” which may be 
obtained from Messrs. P. S. King and Son, 2 and 4, 
Great Smith-street, Westminster, 8.W., price 1d., or by 
post 3d. Forms of application (T2/258) may be obtained 
from the Education Officer, London County Council, 
and must be returned not later than Saturday, January 20, 
1912. 

Tur Copper Market.—In their monthly report, dated 
the Ist inst., Messrs. James Lewis and Son state that 
copper had advanced materially during the past month. 
From 55/. on the Ist ult. cash Standard rose to 59/. 5s. on 
the 27th, when 602. was paid for three months prompt. 
After receding to 58/. 17s. 6d. and 59/. 12s, 6d. respec- 
tively on the 29th, closing values were 59/. 1s. 3d. and 
597. 16s. 3d. This enhancement of prices was due to 
several causes. Consumers and speculators realised the 
steadily increasing strength of the statistical position. 
This again was followed by large purchases on the part of 
manufacturers in the United States and also in Europe, 
which had enabled American producers to market not 
only the chief part of their available stocks, but also to 
sell freely for forward delivery. Large quantities of elec- 
trolytic were disposed of at 13 cents per pound in New 
York, while the interest shown in the favourable pro- 
spects of this metal led to extensive purchases of Standard, 
the total aay of the latter which had changed hands 
during the month amounting tc about 45,000 tons. The 
more favourable outlook for the iron and steel market in 
the United States, and the | sales that had recently 
been made, induced a belief that the home consumption 
demand for copper would soon reduce the falling-off of 
30,000 tons shown for the first ten months of this year, 
as compared with the same period of last year. European 
consumption continued as — as ever, and it was 
evident that a further considerable reduction would take 
place in the stocks held on both sides of the Atlantic, 
showing the extent to which consumption geasy 
exceeded the production. The decrease in European 
stocks during November amounted to 6279 tons, 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, November 29. 

ANOTHER of those sudden turos in the United 
States iron and steel industry has just precipitated 
itself in an exceptionally active demand for several 
lines of material. Pig iron at last is sharing in the 
general improvement. Foundry iron is | 
Bessemer has developed at least temporary activity. 
Very large purchases have been made at Southern 
furnaces for iron for cast-iron pipe pu . Theactual 
figures are not mentioned, but were over 100,000 tons. 
Considerable tonnages for the first quarter are pending, 
and first-half contracts and demand for January ship- 
ments of both Bessemer and basic have given the 
market a distinctly improved tone, which, it is pre- 
dicted, will continue. Merchant furnaces are makin 
no effort to put up prices at this time, and are stil 
willing to contract into first quarter at about pre- 
sent prompt prices. The Republic Iron and Steel 
Company took a considerable tonnage of Bessemer iron 
from the Ohio merchant furnace, which proved to be 
a conversion deal, iron for ore, on the basis of 14.25 
dols. for the iron, and the official 1911 price for the 
ore. One of the recent large contracts for structural 
material calls for 20,000 tons for the Continental Bank 
building at Chicago, and another 12,000 tons for an 
insurance building in Cincinnati. A gas-holder is to 
be built near Pittsburg which will take 8000 tons of 
riveted plates. A mill in that city is working on a 
9500-ton order for an aqueduct to connect Los Angeles 
on the Pacific Coast with the nearest mountain range. 
The contemplated completion of the Panama Canal is 
stirring shipbuilding enterprise, and the ae gn 
along the Atlantic t are crowded with work, and 
are booking contracts for delivery all through the 
coming year. There are schemes for shipbuilding 
lines being worked up, and there is some sort of oppo- 
sition shown to them in financial circles. 





Contracts.—The Underfeed Stoker Company, Limited, 
have recently sold ninety-nine of their stokers of the 
various types, for use in different installations in this 
om the colonies, on the Continent, and in distant 
ands. 


Tuer Puysicat Society’s ANNUAL EXxHIBITION.—This 
Exhibition, which is to be held on Tuesday, the 19th inst., 
at the Imperial College of Science, South Kensington, 
will be open in both the afternoon (from 3 to 6 p.m.) 
and in the evening (from 7 to 10 p.m.). Professor the 
Hon. R. J. Strutt, F.R.S., will give a discourse at 4.30 
and again at 8 p.m. on “Electric Discharge and the 
Luminosity which Survives it.” Some thirty firms will 
be exhibiting. _We understand that invitations have been 

iven to the Institution of Electrical Engineers, the 
‘araday Society, the Optical Society, and the Réntgen 
Society. Admission in all cases will be by ticket only, 
and therefore members of the societies just mentioned 
(including also the Physical Society) desiring to attend 
the Exhibition should apply to the secretary of the 
society to which they belong. 


EXPLosiBILITy OF Gaskous MIxtTurEs.—Mixtures of 
an explosive gas, like methane, with air or with oxygen 
will not necessarily explode on ignition ; the oxygen con- 
tents must not be too small or too large. The limits of 
explosibility depend also upon the method of ignition. In 
recent experiments E. P. Perman, of University College, 
Cardiff (see Nature of September 28, 1911), ignited the 
mixtures by means of incandescent platinum wires, an 
observed wider limits of explosibility than are usually 
assumed. He found that mixtures of the following per- 
centages were explosive, the figures in brackets indicating 
the limits given by Clowes :—Methane, 2.5 to 24 per cent. 
(5 to 13); coal gas, 4 to “4 (6 to 29); hydrogen, 
3 to75 per cent. (5 to 72). he interest lies chiefly in the 
observed explosibility of 7 dilute mixtures. Perman 
also confirmed the explosibility of mixtures of coal-dust 
and air, free from other gases, which Garforth (British 
Coal-Dust Commission) and others have established. 


TREATING THE Forest as A Crop.—There are now 
said to be 16,000,000 acres of Dominion forest reserves in 
Canada, besides great areas of non-agricultural land that 
may in future be set aside for forest cultivation in Western 
Canada, and on the Forestry Branch of the Department of 
the Interior depends, more than upon any other organisa- 
tion, the future of the forests. Wis Forestry Branch, 
according to the Canadian Engineer, besides looking 
after Dominion lands, is now being asked by Eastern 
landowners to furnish advice as to the best means of 
securing at the earliest possible date a profitable crop of 
timber on waste land or wood lots. In order that the 
new Rocky Mountain Forest Reserve may be adminis- 
tered according to the latest scientific knowledge and 
best experience, the Forestry Branch is now making 
detailed studies of the habits of the merchantable 
species of trees on the eastern slope of the Rockies in 
Alberta. One of the men in charge of the work has 
been sent to study the systems of forest management 
pecans Sale the past few years by the highly-deve- 
oped United States Forest Service in the National eens 
of Montana. The Canadian Forestry Branch will in 
this way benefit greatly from the experience of a 
country that has spent large sums of money in developing 
~— of lumbering which do not inconvenience the 
uw 





mbermen, and which ensure the protection and repro- | Deal 


duction of the forests, 


ing, and | 49, 


qd | continues on a fairly large scale. 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
ig-iron market was fairly steady, but the business was 
Fimited to 1000 tons of Cleveland warrants at 47s. 64d. 
cash and 47s. 7d. eight days. At the close there were 
sellers at 47s. 73d. cash, 47s. 11d. one month, and 
6d. three months. Cash buyers of hematite quoted 
62s. 1ld., and sellers 1d. more, and sellers of copper 
quoted 60/. three months, with buyers at 5s. less. In the 
afternoon Cleveland warrants were firmer, and 6000 tons 
were done at 47s. 8d., 47s. 9d., and 47s. 84d. cash, 
47s. 11d. and 48s. one month, and 48s. 7d. three 
months, with sellers over for the latter position, and 
at 47s. 9d. cash and 48s. 04d. one month. Hematite 
was quoted 63s. 14d. cash sellers. On Friday morning 
the market was strong, and buyers were in evidence. 
The turnover amounted to 14,000 tons of Cleveland war- 
rants at 48s. and 47s. 114d. cash, 48s. 3d. and 48s. 34d. 
one month, and 48s. 9d. and 48s. 10d. three months, and 
closing sellers quoted 48s. cash, 48s. 34d. one month, and 
48s. 10}d. three months. Hematite—500 tons—changed 
hands at 63s. 14d. cash, with sellers over at 63s. 3d. 
The afternoon session was also active, when 11,000 
tons of Cleveland warrants were dealt in at 48s. 1d., 
48s, O}d., and 48s. 14d. cash, 48s. 4d. and 48s. 44d. 
one month, and 48s. 1ld. and 48s. 114d. three months. 
At the close sellers quoted 48s. 2d. cash, 48s. 5d. one 
month, and 48s. 114d. three months. Hematite was 
stronger, with sellers at 63s. 6d. cash and 63s. 9d. one 
month. On Monday morning activity again prevailed, 
but Cleveland warrants were easier. The turnover con- 
sisted of 11,000 tons at 48s. O4d., 48s. 14d., and 48s. 04d. 
cash, 48s. 5d., 48s. ., and 48s. 5d. one month, and from 
49s. to 48s. 114d. three months, and the closing prices 
were 48s. Od. cash, 48s. 4d. one month, and 48s. 114d. 
three months sellers. Hematite was quoted at 63s. 4}d. 
cash and 63s. 9d. one month sellers. In the afternoon the 
market was quiet, and easier, and 3000 tons of Cleve- 
land warrants were done at 48s. Ojd. cash, 48s. 10d. 
February 29, and from 48s. 114d. to 48s. 104d. three 
months. At the close sellers quoted 48s. cash, 48s, 34d. 
one month, and 48s. 10d. three months. On Tuesday 
morning Cleveland warrants continued on the downward 
grade, and the business totalled 6500 tons at from 47s. 10d. 
to 47s. 104d. to 47s. 10d. cash, 48s. 1d. one month, and 
48s. 9d. three months. Closing quotations were 47s. 10d. 
cash, 48s. 1d. one month, and 48s. 84d. three months 
sellers. In the afternoon the market was fractionally 
easier for Cleveland warrants, and 5500 tons were done 
at 47s. 9d. cash, 48s. and 48s. 04d. one month, and 
483. 8d. three months sellers; closing prices were called 
at 47s. 94d. cash, 48s. 04d. one month, and 48s. 8d. three 
months. One month hematite was quoted at 63s. 6d. 
sellers. When the market opened to-day (Wednesday) 
the tone was quiet, and the business did not exceed 3000 
tons of Cleveland warrants at 47s. 8d. and 47s. 74d. 
cash, 47s. 11d. one month, and 48s. 6d. three months. At 
the close sellers quoted 47s. 8d. cash, 47s. 11d. one month, 
and 48s. . three months. In the afternoon the market 
was quietly steady, and Cleveland warrants were put 
through at 47s. 8d. cash and 47s. 1ld. one month. The 
turnover was 3500 tons, and closing sellers’ quotations 
were 47s. 8d. cash, 47s. 114d. one month, and 48s. 64d. 
three months. The following are the market quotations 
for makers’ (No. 1) iron:—Clyde and Calder, 62s. 6d. ; 
herrie and Summerlee, 63s. ; — 63s. 6d. ; 
and Coltness, 82s. 6d. (all a at w); Glen- 
garnock (at Ardrossan), .; Shotts (at Leith), 63s. ; 
and Carron (at Grangemouth), 64s. 


Sulphate of Ammonia.—The demand for sulphate of 
ammonia is perhaps not quite so pressing at the present 
moment, but, nevertheless, the amount being shipped 
The current quotation 
is 14/. 5s. per ton for prompt lots, Glasgow or Leith, and 
the exports from Leith Harbour last week totalled 251 
tons. 


Scotch Steel Trade.—The Scotch steel works turning 
out heavy material continue very busy, and in most of 
the establishments the specifications are sufficient to keep 
the plant running full. New business, however, is rather 
slow, but order-books are at present so well filled that 
steady employment is assured for some months to come. 
With rd to new contracts it is said that buyers are 
holding back their orders, and also that material amount- 
ing to a considerable tonnage has recently been bought 
from firms in England outside the associations. Prices 
all round are very firm, and an official advance is pro- 
bable in the near future. The export trade is good, and 
a healthy demand exists for angles, plates, and general 
sections for Australia, Japan, and South America. For 
black sheets the demand is reported to be greater than 
ever, and early delivery of new orders is quite out of the 
question. 


Malleable-Iron Trade.—The malleable-iron makers in 
the West of Scotland continue te be well employed, and 
specifications are fairly plentiful. The main trouble at 
present is the low price going for crown bars, and although 
raw material has risen, the basis price is no better than 
from 6. to 6/. 2s. 6d. per ton, and the latter figure is only 
secured with difficulty. 


Scotch Pig-Iron Trade.—The Scotch pig-iron trade has 
been rather more active of late, and considerable buying 
has been done, both locally and on the part of consumers 
in the South. Another feature at the moment is the 
desire to book forward uirements, and even at the 
advanced prices demanded by sellers a fair business has 
been put through. The export inquiry is also good. 
Hematite is in better demand, and prices are firmer. 

ing has been reported at 66s. 6d. per ton, with 
sellers firm round that figure. 














Dec. 8, 1911.] 


ENGINEERING. 


767 








Scotch Shipbuilding.—With the announcement of the 
shipbuilding returns for November speculation as to what 
will be the ultimate figures for the full year always takes 
place, and on this occasion the position is indeed inter- 
esting. Since the commencement of this year consider- 
able activity has prevailed, and more especially on the 
Clyde, where order-books have been very full, and about 
the only trouble has been the scarcity of suitable labour. 
That trouble still exists in the lower reaches, with little 





prospect of improving. The output for the different 
districts for the month of November was as follows :— 
Vessels. Tons. 
The Clyde ~w i = 26 44,389 
The Forth .. os - és 1 450 
The Dee “ a : ie 4 750 
Total 31 45,589 


The Clyde total given above brings up the output for the 
year to date to 535,793 tons, which, although not a record, 
has only once been bettered, and that was for the corre- 
sponding eleven months of 1906, when the total amounted 
to 550,878 tons. The prospects of a new record tonnage 
being established this year are very good, as the total to 
date is only 84,126 tons behind the record year of 1907, 
when the figure was 619,919 tons. The difference may 
seem too large to make up in one month, but several 
launches have still to be reported, and the final total 
will include a number of vessels built here and then 
taken down and ship abroad. Several new contracts 
have recently been ked. Messrs. Caird and Co., 
Greenock, have contracted to build andengine a twin-screw 
steamer of 11,000 tons for the Peninsular and Oriental 
Steam Navigation Company —Messrs. Alex. Stephen 
and Sons, Linthouse, have secured the order to build two 
new steamers for the Royal Holland Lloyd yo 
These vessels will be 560 ft. in length, 66 ft. in breadth, 
49 ft. in depth, and of 14,000 tons gross. The builders 
will supply engines of 11,000 indicated horse-power, to 

ive a speed of 17 knots. They are for the company’s 
South American trade, and the style and get-up of the 
passenger accommodation will leave little to be desired. 
—Messrs. Dunlop, Bremner, and Co., Limited, Port 
Glasgow, have received an order from Messrs. Thos. 
Wilson, Sons, and Co., Limited, Hull, for a steamer of 
3800 tons for the Baltic trade. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

A Book on Steel.—A book which should prove of im- 
measurable value to manufacturers, and, in fact, all 
those engaged in the making of steel, and thus of par- 
ticular interest to Sheffield, is “*‘The Heat-Treatment of 
Tool Steel,” by Mr. Harry Brearley, just published. It 
deals scientifically, but without the excessive use of 
technical terms, with the structure and classification of 
steel, and processes in the production of tool steel, with 
special attention to the use of pyrometers. This scien- 
tific side of steel-making is one which has received a 
great impetus in Sheffield during the last few years, 
largely owing to the highly important work done by the 
Applied Science Department of the University. The 
knowledge and capability of the Sheffield workman 
gained in generations of practical experience, which 
were inclined to make him hostile to the introduction 
of scientific methods, have proved, once he has been 
converted, of the highest value. The co-ordination of 
the instinct for the right method, with scientific accuracy, 
is undoubtedly a very important factor in the pre- 
eminence enjoyed by Sheffield’s manufactured steel 
products. 


Universities and Industry.— At a com natery Sinner 
given to Professor McWilliam, of the Sheffield Univer- 
sity, who has just been appointed head metallurgical 
adviser to the fodien Government, Sir Robert Hadfield 
referred to the great part metallurgists had played in 
modern progress. Without such universities as 
Manchester, and Sheffield, which recognised a wider need 
with regard to technical science, he asked where England 
would be to-day. It was impossible for us to continue 
competing with other nations without such universities. 
Technical science was becoming more complex, which 
meant more aid from the universities. 


Professor F. W. Hardwick.—An honour has been paid 
to Sheffield and to Sheffield’s University by the appoint- 
ment of Mr. Francis William Hardwick, M.A., Professor 
of Mining in the Applied Science Department, as Presi- 
dent of the Midland Institute of Mining, Civil, and 
Mechanical Engineers. Mr. Hardwick, who came to 
Sheffield University in 1891, has had experience in Spain 
and Canada, and he has done much for the development 
of the scientific study of mining both in Yorkshire and 
Derbyshire. He is an Associate Member of the Institu- 
tion of Civil Engineers, and a member of the American 
Institute of Mining Engineers. 


South Yorkshire Coal Trade.—The position in the 
steam-coal market has been steady for the past few days. 
jr ap are of about the usual quantity for the time 
of the year, but there isa very good inquiry for industrial 
consumption, and cellieries hold ractically no stocks. 
Consequently official prices have m maintained. As 
regards railway contracts, it is believed that coal- 
owners will hold out for advances of over 1s. Con- 
sumers are still stocking gas-coal, and there is a ver 
big output of this class of fuel. Slacks are strongly held, 
and for contract renewals collieries are able to obtain 
small advances. Coke is in good request. Although 
house coal does not improve very quickly, there is a 
stirring in the market, and orders have more fre- 
quent of late. It is anticipated, however, that collieries 
will get rid of a good deal of their stock within the next 
week or so, as merchants will be preparing in the event of 








a sudden demand which may come with a declaration of 
the result of the railwaymen’s ballot. Wagons are still 
scarce. The quotations on the Sheffield Exchange last 
week-end were :—Best hand-picked branch, 14s. 61. to 
15s. 6d.; Barnsley best Silkstone, 12s. to 13s.; Silkstone, 
11s. 6d. to 12s. 6d.; Derbyshire house, 10s. to 11s. ; —- 
shire large nuts, 9s. to 10s.; small nuts, 6s. to 7s. 6d.; 
Yorkshire hards, 9s. 3d. to 10s. 3d ; Derbyshire hards, 
7s. 9d. to 8s. 9d. ; washed nuts, 8s. to 9s.; rough slacks, 
5s. 6d. to 7s. 6d.; seconds, 4s. 6d. to 5s. 6d.; and smalls, 
2s. to 3s. 


Tron and Steel.—The iron trade has shown further im- 
provement during the week. Both hematites and common 
irons have been bought in considerably larger quantities, 
and prices all round have an upward tendency. A quan- 
tity of West Coast hematite has been taken by German 
merchants. The Lincolnshire makers, whilst still retain- 
ing the official figures for forge and foundry sorts, are 
asking premiums varying between 1s. and 2s. There is a 

ood demand for the outputs of the Derbyshire producers. 

t their meeting on Monday the South Yorkshire Bar- 
Iron Association decided to advance prices a further 5s.. 
so that the official quotation is now 7/. 5s. Thisis eloquent 
testimony to the improvement in the bar trade, which has 
brought welcome activity at all the mills. Prosperity in 
armaments is being well maintained. Further home 
orders have been received for panne | machinery, and 
it is reported that orders have come to Sheffield for shells. 
In all the departments of the local trades there is a 
constant stream of orders, some of them, it is true, 
not of much individual importance, but ting an 
imposing total, and sufficing to keep all the steel firms 
pees well occupied. In this direction the brisk 
demand for special steels is noticeable, particularly the 
foreign and colonial inquiry for mining and drill steels. 
Further evidence of trade prosperity is afforded by the 
building of new Slemenahiaetin furnaces at some of the 
large East-End works. The file manufacturers, and tool- 
makers generally, are fully employed, and there are 
several instances of extensions to plant having to be 
made. The making of special parts for motor-cars is 
proving to be an important minor branch of local indus- 
trial activity, and the demand for these special steels and 
forgings is growing steadily. There are still indications 
of the strike fear in the extra precautions being taken by 
manufacturers to safeguard themselves. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—A downward movement in 
warrants, due, it is said, to holders sow and taking 
their profits, has caused values of Cleveland pig to ease, 
but the general tone of the market is still cheerful, and 
a fair amount of business is going on. Makers’ iron is 
not being pressed on the market. The statistical situa- 
tion is very satisfactory, and promises to improve, for 
present production does not fully meet requirements, 
with the result that, to satisfy needs, stocks have to be 
drawn upon. The quantity of Cleveland pig in the 
public warrant stores is now little over 550,000 tons, 
and it has so far this month been reduced at the 
rate of some 800 tons per working day. Several sales 
have this week been recorded at 48s. 3d. for early 
f.o.b. delivery of No. 3 g.m.b. Cleveland pig; but 
business has also been done at 48s., which is now 
the recognised market rate. No. 1 is 51s. 9d. to 52s. ; 
No. 4 foundry, 47s. 6d.; No. 4 forge, 47s. 3d. ; mottled 
and white iron, each 47s.; and mixed numbers of East 
Coast hematite pig, 62s. 6d., all for early delivery. There 
is very little hematite to be obtained for this year, and 
for forward delivery makers, all of whom are much 


better placed than they were a little while ago, are in- | w. 


clined to hold out for higher rates. Foreign ore is very 
stiff. Sellers, having made very large contracts, are not 
at all keen to make further sales at present. They ask 
21s. 6d. to 22s. ex-ship Tees for best Rubio, and other ores 
are in the usual proportion. Coke is in good demand 
for local use, a values are moving upward. Very 
little furnace coke is to be had for early delivery, and 
business over the first half of next year cannot well be 
done under 16s. 6d. for average sorts. 


Manufactwred Iron and Steel.— All departments of the 
manufactured iron and steel trades are fully employed, 
and producers generally have contracts made which will 
keep them very busy for many months. Principal 
market quotations stand : mmon iron bars 7/. ; best 
bars, 7/. 7s. 6d.; best best bars, 7/. 15s.; packing-iron, 
5l. 15s.; iron ship-plates, 6/. 10s.; iron ship-angles, 7/.; 
iron ship-rivets, 7/. 5s. ; steel ay 61. 15s.; steel 
ship-angles, 61. 7s. 6d. ; steel strip, 6/. 10s. ; steel hoops, 
61. 12s. 6d.; steel joists, 6/. 10s. ; cast-iron railway chairs, 
3/. 12s. 6d.; light iron rails, 6/. 10s.; heavy steel rails, 
5l. 12s. 6d.; steel aeety en, 62. 10s. ; and galvanised 
corrugated sheets, 11/. 5s.—sheets less 4 per cent. f.o.b., 
railway material net, and all other descriptions less 24 
per cent. 


Shipments of Iron and Steel.—Shipments for the eleventh 
month of the year came quite up to expectations. Those 
of pig iron averaged 4258 tons per working day, the 
total despatches reaching 110,717 tons, 101,159 tons of 
which went from Middlesbrough, and 9558 tons from 


Skinningrove. The total loadings of pig for the previous 
month reached 115,003 tons, or a daily ave of 4423 
tons, and the clearances during November, last year, 


were returned at 106,858 tons, or an average of 4110 tons 

r working day. Of the pig sent from Skinningrove 
uring last month, 9049 tons went to Scotland, and 
509 tons to Temeuzen. Of the pig loaded at Middles- 
brough during November, 70,485 tons went abroad, 





and 30,674 tons to coastwise customers. Scotland was, 
as usual, the largest receiver, taking 20,276 tons, 
whilst Japan imported 15,983 tons; France, 8390 tons; 
Italy, 7586 tons; Belgium, 7497 tons; Germany, at 
one time the largest customer, 6383 tons; Sweden, 6045 
tons; and Denmark, 4728 tons. Of the 11,693 tons 
of manufactured iron dispatched during November, 
4882 tons went to foreign ports, and 6811 tons coastwise ; 
India, with an import of 3385 tons, being the largest 
buyer. Steel shipped during the month reached 50,980 
tons, 44,094 tons of which went abroad and 6886 tons 
coastwise. India was also the largest receiver of steel, 
importing 11,155 tons. Other good customers of steel 
were the Argentine, 7040 tons; Victoria, 5594 tons; 
Canada, 4669 tons; and Japan, 3767 tons. 


Colossal Casting.—One of the largest castings ever 
manufactured on Tees-side was made this week at the 
works of Messrs. Richardsons, Westgarth, and Co, 
Limited, Middlesbrough — namely, the main frame 
and bed-plate in one piece for the largest set of gas- 
blowing engines which they are building for the Cargo 
Fleet lron Company, Limited. The casting weighs about 
42 tons. The operation was most successfully managed, 
and great credit is due to Mr. Buchanan, the foreman. 
There are already seven large gas-blowing engines built 
by Messrs. Richardsons, Westgarth, and Co., Limited, 
in operation at the Cargo Fleet Iron Works, but the 
engine now in course of construction is about twice the 
size of the existing engines, and is also of the very latest 
design, embodying all the most recent improvements. 








NOTES FROM THE SOUTH-WEST. 

Cardiff.—The steam-coal trade is considered to be grow- 
ing onto. consumers of coal pressing for supplies with 
rompt delivery. Statements have m current as to 
urther Italian Government purchases of steam coal, but 
these reports require confirmation. All descriptions of 
large steam-coal have been harder. Monmouthshire coal 
has also shown an upward tendency. The best Admiralty 
large steam-coal has made 17s 3d. to 17s. 6d. per ton; 
secondary qualities have ran between 15s. and 17s.; 
best ordinary bunker smalls between 7s. 9d. and 8s. 3d.; 
and cargo smalls between 6s. and 7s. per ton. House-coal 
has shown firmness, but prices have exhibited little 
change ; the best ordinary qualities have made 15s. 6d. 
to 16s. 6d.; No. 3 Rhondda large, 17s. to 17s. 6d.; and 
smalls, 9s. 9d. to 10s. per ton. No. 2 Rhondda large has 
brought 12s. 9d. to 13s.; and smalls 6s. 3d. to 6s. 9d. per 
ton. Foundry coke has been quoted at 17s. 6d. to abe. ; 
and Geseane Gite at 15s. 6d. to 16s. 6d. per ton. As 
regards iron ore, Rubio has made 20s. to 20s. 6d. per ton, 
upon a basis of 50 per cent. of iron, and charges, including 
freight, insurance, &c., to Cardiff or Newport. 


Coal-Seams Worked Out.—The Ely Rhondda Coal Com- 
pany, Limited, has reluctantly decided to close down its 

inas Isaf Colliery. The colliery, which is situated half 
way between Penygraig and Trebanog, gave employment 
to between 90 and 100 men; and although the seams are 
almost completely worked out, the output has been about 
100 tons per day. 


Great Western Rolling-Stock.—Orders for 3000 new 
wagons, with a stipulation for early delivery, have 
recently been placed by the Great Western Railway 
Company. There has also been an increased turn-out of 
new stock from the company’s own works at Swindon. 


Mr. H. J. Taplin.—Mr. H. J. Taplin, son of Mr. 
C. Taplin, Post Office telegraphs engineer, Newport, has 
died, at the age of forty-eight, in Johannesburg General 
Hospital. He joined the service of the Cape Telegraphs 
in 1882, and assisted in the construction of the Warrenton 
and Mafeking line, afterwards serving in Sir Charles 
arren’s expedition. He me chief constructional 
engineer to the late Transvaal Government, and under his 
supervision most of the main lines of telegraphs from 
Pretoria to Johannesburg were constructed. 


Dowlais.—The works have been fairly busy, and the 
production of the mills has been slightly above the 
average. The Goat Mill is still enga upon steel 
sleepers, tin-bar, and steel rails, while the Big Mill has 
had a good turn-out of light-weight colliery material, 
such as angles, curves, tram-rails, &c. ; some deliveries 
of fish-plates have also been made. It is reported that 
the Dowlais Works have obtained an order for 12,000 
tons of steel rails from the London and South-Western 
Railway Company. 








TratLine Suction-Cutrer Horprer DrepcEr.—Messrs. 
William Simons and Co., Limited, Renfrew, launched, 
on October 26, complete with all machinery on board, 
a Simons twin-screw trailing suction-cutter hopper 
dredger built to the order of the High Commissioner for 
New Zealand, for the Lyttelton Harbour Board is 
vessel is fitted with suction and self-discharging pumps 
capable of raising and discharging 2000 tons of material 
per hour. The main centrifugal pumps are connected to 
the suction frame fitted in the central well at stern, and 

werful water-jets are arranged on the nozzle at the 

ttom of the suction frame, for dealing with soft material. 
When it is proposed to deal with harder material the 
nozzle is substituted by a spiral rotary cutter driven 
through a line of shafting, fitted on the upper side of the 
suction frame, and machine-cut steel gearing actuated by 
a set of powerful independent compound engines. The 
vessel was designed under the direction of Mr. Cyrus J. 
Williams, engineer-in-chief to the Lyttelton Harbour 
rd, the construction being carried out under the 
direction of Messrs. Carruthers and Elliot, consulting 
engineers, London, 
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NOTICES OF MEETINGS. 


Tue Brirish FounpRYMEN’s ASSOCIATION : LONDON AND District 
Brancu.—Friday, December 8, at 8 p.m., at Cannon-street Hotel, 
when a lecture will be given by Professor Thomas Turner, M.Sc., 
A.R.S.M., F.1.C., of the University, Birmingham, entitled ‘* The 
Solidification of an Iron Casting in the Mould” (illustrated by 
lantern-slides). 

Tue British FouNDRYMEN’S ASSOCIATION : BIRMINGHAM BRANCH. — 
Saturday, the 9th inst., at 7 p.m., at the Technical School, 
Suffolk-street, Birmingham, the following foundry difficulties will 
be discussed :—(1) Cavities, shots, and blow-holes in iron castings. 
(Useful information on the above will be found in the Foundry 
Trades Journal, June, 1911, page 337.) (2) Drop-bottom versus 
solid-bottom cupolas. (3) The best metal and design for anneal- 
ing pans. Other questions may be introduced if time permits. 





a NortH or ENGLAND INSTITUTE OF MINING AND MBECHA- 
NICAL ENGINEERS.—S day, De ber 9, at 2 m., in the 
Wood Memorial Hall, Newcastle-upon-Tyne. e following 


be open for discussion:—‘‘ The Advantages of 
Freezing as a Method of Sinking through Heavily-Watered 
or Difficult Ground,” by Mr. William Brumwell Wilson. ‘“ Ex- 
periments on Liquid Mixtures for Laying Coal-Dust,” b 

Professor W. M. Thornton, D.Sc., D.Eng. ‘ The Holmes-Ralph 
Gas-Detecting Portable Electric Lamp,” by Mr. George J. Ralph. 
‘The Microscopical Examination of Coal, and its Use in Deter- 
mining the Inflammable Constituents Present Therein,” by Mr. 
James Lomax. 

Tus Royvat Socirry or Arts.—Monday, December 11, at 
8p.m. Cantor Lecture. ‘‘ The Carbonisation of Coal,” by Pro- 
fessor Vivian B. Lewes. Lecture III.—‘‘The Thermal Conditions 
Existing During the Carbonisation of Coal.” Wednesday, Dec- 
ember 13, at 8 p.m. ‘‘Continuous Service in Passenger Trans- 
portation,” by Mr. W. Yorath Lewis, M. Am. Soc. M.E., A.M.I. 
Mech. E., A.M.LLE.E. Thursday, December 14, at 4.30 p.m. 
Indian Section. ‘‘The Fisheries of Bengal,” by Mr. J. Travis 
Jenkins, D.Sc., Ph.D., Superintendent of the Lancashire and 
Western Sea Fisheries. Sir Steuart Colvin Bayley, G.C.8.1, 
C.L.E., Vice-President of the Society, will preside. 

Tue Surveyors’ Instirution.—Monday, December 11, at 5 p.m. 
A paper will be read by Mr. W. A. Haviland, entitled ‘‘ The Burden 
of Upkeep on Rural Estates, and its Relief under Section 69 of the 
Finance Act, 1910.” 

Tuk INstirvTion OF Post Orrick ELkcTRIcCAL ENGINEERS (MET W0- 
POLITAN CENTRE).—Monday, December 11, at 6 p.m., at the Insti- 
tution of Electrical Engineers. ‘‘ Distribution by Means of 
Parallel Cables,” by Mr. E. A. Pink. 

Tue INSTITUTION OF MECHANICAL ENGINEERS : GRADUATES’ ASSO- 
claTIon.—Monday, December 11, at 8 p.m. A paper entitled 
‘*The Printing Press and Kindred Machines” will be read by Mr. 
R. H. Briggs, Graduate, of London. Chairman: Mr. L. A. 
Legros, M.I. Mech. E. 

HE INsTITUTION OF CiviL ENoInveRs.—Tuesday, December 12, 
at8p.m. Paper to be read :—‘‘ Experiments on the Strength and 
Fatigue Properties of Welded Joints in Iron and Steel,” by Mr. 
Thomas Ernest Stanton, D.Sc., M. Inst. C.E., and Mr. John 
Robert Pannell. Students’ meeting, Friday, December 15, at 
8 p.m. Paper to be read :—‘‘ Tests on Reinforced Concrete,” by 
Mr. E. F. Hunt, B.E., Stud. Inst. C.E. Mr. John J. Webster, 
M. Inst. O.E., will occupy the chair. 

Tue ASSOCIATION OF ENGINRERS-IN-CHARGE.—Wednesday, De- 
cember 13, at 8 p.m., at St. Bride’s Institute. A paper will be 
read by Mr. George Wilkinson, M.I.E.E., M.I. Mech. E., and Mr. 
J. Rendell Wilkinson, B.Sc. (Lond.), on ‘‘ Methods of Dealin 
with Losses in Steam Plant Due to Condensation.” Mr. Fran 
Bailey, M. Inst. C.E., will occupy the chair. 

Tue InstirvTion oF EvecrricaL ENGINeSRS: BIRMINGHAM LOCAL 
Section. Wednesday, December 13, at 7.30 p.m., in Room 167, 
Technical School suffolk-street. Paper on “ Automatic Starting 
of Asynchronous Motors,” by Mr. N. Pensabene-Perez, Associate 
Member, and a paper entitled ‘‘Some Notes on the Circle Dia- 
gram,” by Mr. T. F. Wall, M.Se., Associate Member. To be followed 
by an oscillograph demonstration of above starting apparatus, and 
a demonstration by Dr. Kapp of a magnetic apparatus for testing 
the endurance of metals under often-repeated stresses. 

Tue Minine Institute oF Scorianp —Wednesday, December 13, 

at 5.30 p.m., at the Institute, 39, Elmbank-crescent, Glasgow. 
The following papers will be discussed :—*‘ An Outburst of Coal 
and Gas at Valleyfield,” by Mr. Henry Rowan. ‘“ Wire Ropes as 
Applied to Mining,” by Mr. Dugald Baird. ‘‘The Microscopical 
Examination of Coal, and its Use in Determining the Inflam- 
mable Constituents Present Therein,” by Mr. James Lomax. 
Paper to be read, illustrated by lantern views :—‘‘ Description of 
an Aerial Ropeway from the Shale Mines to the Oil Works at 
Oakbank, Mid-Calder,” by Mr. James B. Sneddon. Mr. John 
Paul will describe ‘‘Overwinding Prevention Gear for Colliery 
Winding-Engines, Fitted on the Mary Pit of the Lochgelly Iron 
and Coal Company, Limited.” 
Tue Junior InstiruTion oF ENGrvgeers.—Wednesday, Dec- 
ember 13 at 8 p.m., at the Institution of Electrical Engineers, 
Victoria Embankment. Lecture on ‘Steel Specifications Con- 
sidered Commercially,” by Major H. B. Strange, R.A. (ret.), of 
Sheffield. 

Tue Concrete Instiruts.—Thursday, December 14, at 8 P be 
at Denison House, 296, Vauxhall Bridge-road, Westminster, 5. W., 
Mr. G. C. Workman, M.S.E., will read a paper entitled “‘Some 
Recent Works in Reinforced Concrete.” 

Tue INSTITUTION OF ELEecrricaL Enoinerrs.—Thursday, Dec. 14, 
at8p.m. “ Residence Tariffs,” by Mr. A. E. Seabrook, member. 
Tur InstiruTION OF MECHANICAL ENGINEERS.—Friday, Dec- 
ember 15, at 8 p.m., in the meeting hall of the Institution, 
discussion upon ‘Double-Cutting and High-Speed Planing 
Machines,” by Mr. J. Hartley Wicksteed, Past-President, of Leeds. 
Paper to be read and discussed (if time permits): ‘‘ Oil-Burning 
Locomotives on the Tehuantepec National Railway, Mexico,” by 
Mr. R. Godfrey Aston, Graduate, of Mexico. 
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THE QUEBEC BRIDGE. 


In a series of articles recently contributed to the 
Engineering News, Mr. Gustav Lindenthal, the 
well-known bridge engineer, sets forth a highly 
interesting and detailed criticism of the design of 
the late Quebec Bridge, and of the scheme which 
has been accepted by the Canadian Government to 
replace the wrecked structure. Mr. Lindenthal is 


particularly well qualified for such a task, as he is 
thoroughly conversant with the whole of the cir- 


noting that on many points his judgment, written 
after a very careful and prolonged study of the 
subject, coincides with the views expressed in our 
columns immediately after the disaster, and before 
= of the particulars since published were avail- 
able. 

One point on which he rightly lays great emphasis 
is the absurdly small sum which the promoters of 
the original project were prepared to pay for engi- 
neering advice. The fee paid to Mr. Cooper was 
fixed at about 760/. per annum, a ridiculously 
inadequate amount. ad a reasonable fee been 
paid, a larger staff would have been employed, 
the weights, Mr. Lindenthal points out, would 
probably have been thoroughly checked in the 
consulting engineer's office, and the seriows under- 
estimate of the dead load detected before the work 
of construction had been begun. This view is 
probably correct, but since the consulting engineer 
passed the defective design of strut, it is at least 
possible, it seems to us, that the payment of an 
adequate fee might actually have led to a disaster 
still more serious than that which actually occurred. 
Had these weights been more closely estimated, it is 
conceivable that the bridge might have survived 
completion, to fail ultimately when crowded with 
traffic. Inadequate provision for engineering ex- 
penses is a fair excuse for the underestimate of 
weight, but little or none for the adoption of such 
an unmechanical design of compression members. 
Writing immediately after the accident, we drew 
attention to the utterly bad design of these, but 
some American bridge engineers objected to our 
criticisms. Nevertheless, Mr. Lindenthal holds 
quite as strong views on the subject as any ex- 
pressed by us, and he also supports the contention 
we made at the time—that the excuse made by 
some American engineers to the effect that sufficient 
data did not exist for the satisfactory design of 
large compression members, was ridiculous. This 
absurd plea received some countenance from the 
Commission of Inquiry. As Mr. Lindenthal points 
out, because two columns have the same ratio of 
length to radius of gyration, it by no means follows 
that they will carry the same stress. This ine 
frequent error with computers, and he quotes 
the case of the failure of the steel columns sup- 
porting a gas-holder at Hamburg (see ExGIngERING, 
vol. xci., page 858) as another instance of the ten- 
dency of computers to rely too exclusively on for- 
mule. He shows that by rearranging the metal of 
the Quebec Bridge chord members the strength, with 
the same area of cross-section and the same radius 
of gyration, could have been very nearly doubled. 

In one other point his views are again in accord 
with those expressed by us at the time of the acci- 
dent. We then pointed out that bridge failures were 
almost invariably due to weakness in the struts. Mr. 
Lindenthal confirms this by stating that no failure 
due to weakness of the eye-bars of a bridge is on 
record. A small eccentricity in the loading of com- 

ression members spells failure, whilst no particular 
arm results from the eccentric loading of a tie. 
Curiously enough, however, American text-books 
have in the past insisted strongly upon the neces- 
sity of avoiding eccentric loading in the case of 
tension members, but have hardly touched on the 
supreme importance of such considerations in the 
case of struts. Thus in one very well-known Ameri- 
can text-book the author works out (inaccurately, it 
may be said, but at great length) the increase of 
stress in an eye-bar } to its own weight. The 
result reached is wholly erroneous, but the matter is 
practically unimportant any way, while it is, as 
stated, enlarged on ‘at considerable length, whereas 
the really important effect of eccentricity on the 
safety of compression members is wholly neglected. 
The sole satisfactory feature in the whole of the 
business connected with the Quebec Bridge has 
been the report of the Commission of Inquiry into 
its failure. As Mr. Lindenthal remarks, this Com- 
mission would have been excellently qualified to 
have drawn up general regulations and specifica- 
tions for the new structure, but the Canadian 
Government appointed instead a committee of three 
engineers, who lived thousands of miles apart, and 
who had to work under such unsatisfactory condi- 
tions that the English member resigned. In the 
name of this Board an official design was issued 
which represented 24 years’ work, and is said to 
have cost about 100,000. The general specifica- 
tions when issued appeared to have been drawn up 
with a view to preventing the proposal of any 
satisfactory alternative design, although compe- 
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44 months was, however, allowed for the pre- 
paration of these, and apparently to make the 
acceptance of the official design doubly sure, the 
contract for its foundations was let forthwith. In 
spite of this apparent determination to secure the 
selection of the official design against all alterna- 
tives, those fathering it were not prepared to take 
the responsibility for its adequacy, since the 
contractor was required to assume ‘‘the entire 
responsibility not only for the materials and con- 
struction of the bridge, but also for the design, 
calculations, plans, specifications, and for the suffi- 
ciency of the bridge for the loads therein specified.” 
We commented on this extraordinary provision 
when the specifications were published, and, as Mr. 
Lindenthal well remarks, “One may wonder why, 
under such conditions, the Board should consist of 
engineers at all.” 

Rashes the most interesting part of Mr. Linden- 
thal’s paper is a remarkable comparison he makes 
between the Forth Bridge, the bridge which failed, 
and the new cantilever bridge now in course of 
construct‘on. 

He finds that if the bridge had been designed 
on the same lines as the Forth Bridge, but to 
take the floor load of 8000 lb. per lineal foot, 
which was that adopted for the design that failed, 
the average stress on the metal would have been 
about 18,700 lb. per sq. in., and the total weight 
34,000 lb. perfoot-run. Inthe design which collapsed 
the amount of steel used for the main members was 
the same as in the Forth Bridge design, as above 
modified, but the average stress on a weaker 
steel and on badly designed struts was 21,700 lb. 
Mr. Lindenthal concludes that had portions of the 
collapsed bridge been of nickel steel, correctly 
dimensioned, the compression members of rational 
form, and the bridge of somewhat gr :2tsr width, it 
would have been possible to have built a satisfactory 
bridge for the same total weight of metal as was 
actually employed. Coming to the Board's design, 
on which tenders were called for, Mr. Lindenthal’s 
analysis shows that a structure on the lines of the 
Forth Bridge, to carry the same loads as the official 
design, would have taken 24,000 lb. of nickel steel 
per lineal foot, and 14,000 1b. of ordinary mild 
steel. The corresponding figures for the official 
design were 35,700 1b. per lineal foot of nickel 
steel, and 14,600 lb. of ordinary carbon steel. The 
difference, which on the whole structure amounts to 
about 16,000 tons (all of high-priced nickel steel), is 
due, he states, in part to the low height of the 
towers, and in part to the inferior design of the web 
system. Noreason has so far been vouchsafed for 
the low towers adopted in the official design. In the 
cas2 of small-span structures a somewhat low ratio 
of height to span has some advantages, as the conse- 
quent increase in the quantity of metal needed may 
often be more than compensated for by the increased 
durability of the bridge under heavy rolling loads, 
but no such considerations could apply to a struc- 
ture of about 1800 ft. span. The specification of 
such low towers tended to bar out any effective 
competition from designs for stiffened suspension 
structures, since the greater the ratio of span to 
dip the greater the distortions due to temperature 
changes and to the live load. At the same time, 
of course, the weight of the cables is also increased 
when the dip is a small fraction of the span. 

Mr. Lindenthal gives in his articles pretty com- 
plete general particulars of a stiffened suspension 
design for Quebec which he worked out last year. 
The estimated weight and cost of this bridge proved 
to be considerably less than that of the official 
design. Since compression members are the weak 
points in all bridges, there is, he points out, an 
advantage in avoiding them as far as possible. Of 
course, their use cannot be dispensed with in the 
stiffening system, but a failure there merely means 
a temporary inconvenience, whilst in a truss or canti- 
lever bridge it commonly results in the collapse of 
the structure. Struts, he states, often broke in the 
stiffening girders of the old Niagara bridge, and were 
invariably easily repaired without stopping thetraftic. 
The bridge he proposed was designed to meet the 
conditions imposed by the Board’s specifications, 
and does not, therefore, represent the best that 
could have been done had designers been accorded 
a freer hand. The design is of the braced chain 
type, the links being composed of nickel-steel eye- 
bars which were proportioned for a working stress 
of 25,000 lb. per sq. in., or one of 27,500 1b. per 
sq. in., allowing for the bendi 
in the bar by its own weight. 
are ‘hinged ” at the centre and abutments, so that 





the stress is everywhere statically determinate, and 
the shape of the chains was chosen so that the 
bracing under the dead-load of the bridge is free 
from strain. This bracing is of the single dia- 
gonal type, each diagonal having, therefore, to 
take alternately both tension and compression, 
and this is perhaps the point of design most 
open to criticism. With riveted connections there 
is no objection to a reversal of stress, but pin 
connections necessarily mean loose fits, in which 
case alternate tension and compression spell hammer 
action. Onasmall bridge this might be serious, 
but the matter is, perhaps, of less importance 
when the individual member in question weighs 100 
tons or so. Moreover, in accordance with the require- 
ments of the specifications, the structure was de- 
signed to take impossibly high live loads. Engineers, 
like the rest of the world, are too often creatures of 
habit, and because certain train-loadings are speci- 
fied for spans of 300 ft. to 400 ft., which may be 
completely covered by a heavy train, apply too 
often the same specifications to very long spans, 
where there is no possibility of the bridge ever being 
loaded from end to end with heavy traffic. Com- 
paring his suspension design with the Board’s 
design, Mr. Lindenthal finds that the former 
would require 18,300 lb. of nickel steel per foot- 
run and 29,000 lb. of carbon steel, the corre- 
sponding figures for the official scheme being 
35,700 lb.- of nickel steel per lineal foot and 
14,600 1b. of carbon steel. e total weights per 
lineal foot are not vastly different, mainly because 
a heavier floor system was provided for in the 
suspension scheme, but the saving in the high- 
riced steel is very nearly 50 per cent. An arch 
Gates, Mr. Lindenthal remarks, would have been 
still more economical in metal, but the cost of erec- 
tion might more than offset any saving thus effected. 

As is well known, the Board’s scheme has been 
abandoned, the whole of the twenty-four tenders 
and eight alternative designs submitted having 
been rejected in favour of a plan proposed by a 
local company, who, by dispensing with the road- 
ways and footpaths originally proposed, have been 
abla to reduce the weight of the structure to a 
total of about 29,000 lb. per lineal foot, of which 
total 17,400 lb. are nickel steel. 








METROPOLITAN TRAFFIC. 

One of the most valuable of the publications 
issued by the Board of Trade is the report of the 
London Traffic Branch, which is drawn up under 
the direction of Sir Herbert Jekyll. No other city 
in the United Kingdom enjoys the advantage of 
an analysis of its traffic conditions prepared by 
officials at once competent and independent of the 
favour of local politicians. The report just issued 
is the fourth since the establishment of the depart- 
ment, the previous one having been published last 
February, and fully analysed in our columns at the 
time. That report contained the results of a census 
of London traffic, the results being, for the first time 
on record, treated on rational lines. But little 
real information as to the density of traffic is afforded 
by merely enumerating the number of vehicles 
passing certain points. The effective density 
depends reaily on two factors, of which the 
number of vehicles forms one, the other being 
the comparative degree of obstruction caused by 
each. As the result of careful observation and 
comparison, the conclusion arrived at by the Board 
of Trade was that taking the tram-car as 10 units 
of obstruction, then a motcr-omnibus was equiva- 
lent to 3 units, a horsed cab to 2, and a taxi tol. 
With this basis of comparison, the density of traffic 
is estimated by the number of units which pass 
per minute per 10-ft. width of available carriage- 
way. In the new report, just issued, the results 
are given of a census taken during the past 
summer. These show that the volume of road 
traflic is greater in 1911 than it was twelve months 
ago, the increase being most marked in the N.W., 
S.W., and S. divisions. Westminster Bridge 
carried the greatest number of vehicles—viz., 14,618 
in the 12 hours between 8 a.m. and 8 p.m.; but Black- 
friars Bridge was a close second with 14,067, and 
London Bridge third with 13,771. In each case the 
figures given should be increased by the barrows 
and cycles which passed, but the relative position 
of the three is unaltered by including these. In 
traffic units, however, the density was greatest 


stresses induced | at the Tower Bridge, where at the hour of maximum 
e braced chains | traffic the figure amounted to 27.9, as against 
| 27.4 for London Bridge, 22 5 for Waterloo Bridge, 





and 23.8 for Westminster Bridge. Nearly as high 
densities were recorded at Commercial-road, E., 
and at Bow Bridge; whilst at Brentford, on the Kew 
Bridge-road, and on Chiswick High-road values of 
30.9 and 31.2 have been recorded, though the total 
traffic is not much more than one-third of that 
over Westminster Bridge. 

As the requirements of the future must be 
largely dependent on the growth of population 
within the metropolitan area and the district 
immediately surrounding it, Sir Herbert Jekyll 
devotes considerable space to an analysis of the 
recent Census returns. These, for the first time 
on record, show a decrease of ——* in the 
Administrative County of London, wherethe number 
recorded was 4,522,961, a reduction of 13,306 on the 
returns of 1891. On the other hand, the popula- 
tion in the outer ring has increased during the same 
period by 685,000 ; and by comparing births and 
deaths within the county the report shows thot 
most of this appears to he attributable to a migra- 
tion from the more central districts rather than 
from the provinces. The total population of 
Greater London is put at 7,182,843, and the returns 
show that the habit of travelling is increasing 
faster than the increase in population. 

The journeys by rail, tram, or omnibus averaged 
218.5 per head per year, and, moreover, the average 
length of the trips is increasing. During the last 
decade, itis stated, the supply of transport facilities 
was in excess of the demand, and competition 
was carried to such lengths that commercial profits 
could not be made. e highest return on the 
share capital of any of the local railways is 3 per cent. 
only ; and one is unable to meet its fixed charges; 
‘*few of the tramways have so far made any real 
profit ;’ and the omnibuses are only just com- 
mencing to The opinion is expressed in the 
report that it is doubtful if tramway systems can 
be extended much further without imposing on 
them financial strains they are unable to bear. 
The receipts per car-mile show a tendency to 
diminish, whilst the cost of working is now just 
about 63d. per car-mile, as against earnings of 11d. 
The motor-omnibuses earn about 10$d. per mile 
run, and the cost of working has been reduced to 
8$d., and will, it is anticipated, be still further 
diminished. With respect to the complaint made 
hy the London County Council that their trams had 
to pay rates which the motor-omnibus escaped, the 
report remarks that the petrol tax paid by the omni- 
buses is equivalent to 0.009d. per seat-mile, whilst 
the contribution of the trams is 0.008d. per seat-mile, 
so that the latter are really in a favoured position. 

The astonishing growth of the motor-omnibus 
traffic is illustrated by the fact that a count 
made in 1910 showed that 162 omnibuses passed 
Lancaster Gate Station in four hours. In 1911 this 
figure had increased to 205, carrying 5200 pas- 
sengers. At certain hours of the day eight omni- 
buses going East pass Oxford Circus Station per 
minute. So far, the report remarks, the omnibus 
competition has hardly affected the tramway 
receipts, since the routes chosen are for the most 

rt free from trams; but as these become fully deve- 
oped it is probable that competition may become 
acute. In this the omnibus will have many advan- 
tages, because the number of vehicles can be adjusted 
to the traffic, in a way impossible with tramcars, since 
an increase in the numbers has little effect on the 
speed. With the tramway service, on the other 
hand, the service cannot be increased beyond 
certain limits without giving rise to delays at 
crossings and junctions, which are the more objec- 
tionable in that they occur at the very times at which 
it is most important to maintain a high average 
speed so as to diminish the congestion of traffic. 

The report remarks that the point-to-point speed 
of motor-omnibuses has of late been increased, 
although the maximum speed is the same as before. 
This is due to the fact that the frequency of the 
service provided diminishes the number and dura- 
tion of the stops, and the new omnibuses being 
lighter than the old, can, moreover, be more 
rapidly accelerated. , 

On some routes there is already competition 
between the trams and the omnibuses. On the 
run from Aldgate Station to Bow Bridge, a dis- 
tance of 2.7 miles, the motor-omnibuses average 
9.53 miles per hour, and the trams 8.74. From 
Whitechapel High-street to Poplar Station, a dis- 
tance of 2.6 miles, the trams average 8.35 miles per 
hour, and the omnibuses 8.83. On the run from 
Shoreditch Station to Ball’s Pond-road (1.3 miles) 
the omnibus speed is 10.05 miles per hour, and that 
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of the trams 9.74. From Walworth-road to Camber- 
well Green (1.4 miles) the omnibuses are run at 
10.13 miles per hour, and the trams at 8.16. 
Another interesting comparison of the relative effi- 
ciencies of the two services is afforded by the long- 
distance competition between Westminster Bridge 
and Rye-lane, Peckham, a journey of about 3} miles. 
The omnibuses in this case run a different route, 
and average 8.93 miles per hour over the whole 
distance, as against 7.87 miles per hour in the case 
of the trams. The London General Omnibus Com- 
pany, it is stated, consumes about 30,000 gallons of 
petrol per day. The tramways are, of course, 
handicapped by their workmen’s car services, every 
mile of which is run at a loss. 

Commenting on the trackless-trolley proposals, 
the opinion expressed in the report is that the 
system appears to be most applicable where the 
promoters are seeking an outlet for surplus electric 
energy, and where there is a prospect of sufficient 
traffic being ultimately developed to justify the 
laying of rails at some subsequent date. In other 
conditions it is doubtful whether the system offers 
any advantages over a service of self-propelled 
vehicles. 

Coming to the question of railways the report 
draws attention to the steady development of the 
outer suburban area. Some business men, it is 
stated, live as far out as Oxford. Many come in 
daily from Southend, a distance of 36 miles, and 
there is every prospect that this outer suburban 
area, which, speaking generally, may be taken to 
extend to a radius of 30 miles from St. Paul’s, will 
develop considerably during the next decade; a 
development which will be accentuated by a more 
general adoption of electric traction. 

Within the Metropolitan area the electric railways 
pretty uniformly show an increase of traflic and a 
diminution of the working ratio. For its length 
the Bakerloo line carried the heaviest traffic of any, 
the average traffic between each pair of stations for 
the second half of 1910 being 154,000 passengers. 
The Metropolitan and District lines are continuously 
increasing the facilities they offer to passengers, 
and the District Company is now engaged in arrang- 
ing its automatic signalling system, so as to allow 
of fifty trains per hour being run from Earl’s Court 
to the Mansion House, and this figure, the report 
states, may be exceeded in the future, though this 
may involve a widening at Victoria Station. 

Great as are the improvements effected and 
prospective in the railway service, the report 
expresses the view that road traffic must steadily 
develop in the future, and that every effort should 
be made now in the outer suburban areas to lay 
out new roads so as to accommodate this increase. 
Already the large retail houses are delivering goods 
by motor-van to points within a 30-mile radius of 
London. The Post Office goes further, and has 
motor services to Birmingham (109 miles), Bristol 
(120 miles), Ipswich (67 miles), Portsmouth (84 
miles), Dover (87 miles), and to Leicester, East- 
bourne, and other places. The roads, therefore, are 
certain to come into more general use for goods 
traffic. How little this has so far been touched by 
the commercial motor is proved by the census 
already referred to. Of the trade vehicles enume- 
rated, 94 per cent. were horse-drawn, whilst of the 
passenger vehicles all but 13 per cent. employed 
mechanical traction. In order that the system of 
road transport should be unobstructed in its deve- 
lopment, it is essential that early steps should be 
taken to lay down building lines in the outer ring. 
At present this could be done relatively cheaply, but 
the cost will increase with the lapse of every year. 
It is argued accordingly that such funds as may be, 
or become, available should, in the first instance, 
be applied thus, rather than in metropolitan im- 
provements, which, however badly needed, will 
cost little or any more in 10 or 20 years’ time than 
if effected at present. In discussing the last report 
we reproduced maps showing the location of the 
new roads and improvements considered desirable. 
Owing to the subsequent acquirement of fuller data 
some minor modifications in the scheme then set 
forth are now proposed, and the present report 
contains a revised map, showing the recom- 
mendations now made. 





CEMENT. 
Tue two lectures on ‘*‘Cement,” which Mr. 
Bertram Blount, F.1.C., delivered before the Insti- 
tute of Chemistry at King’s College, W.C., on 


ture of the Institute. Lectures on professional 
practice for the benefit of advanced students were 
specified as one of the objects of the Institute, 
which was founded in 1877, when it was incorpo- 
rated by Royal Charter in 1885. But the Institute 
had not discharged its duties as a teaching body 
before Dr. G. T. Beilby, F.R.S., in his presidential 
address of last year, reminded the members of the 
need of providing for a closer connection between 
the academical and the practical training. Mr. 
Blount was selected to inaugurate this new series 
of lectures. Owing to the illness of Dr. Beilby, 
Professor J. Millar Thomson, of King’s College, took 
the chair at the first lecture, and Professor R. 
Meldola, of Finsbury Technical College, at the 
second. 

Mr. Blount said, in opening his first lecture, 
that work abroad had left him little time to pre- 
pare for his discourses, which he would confine to 
calcareous cements, and more in particular to 
Portland cement. The Portland cement industry 
was essentially chemical and should, in the interests 
of the manufacturer and consumer, be controlled 
by the chemist. The world-production of Portland 
cement rose from 24 million tons in 1886 to 25 
million tons in 1910, valued at about 35 million 
pounds. England produced 1 million tons in 1890 
and 3 million tons in 1910, Germany 1} million tons 
in 1890 and 5 million tons in 1910. The earliest 
form of calcareous cement was probably calcium 
sulphate, sufficiently dehydrated to form plaster- 
of-paris, which was, however, liable to attack by 
water and which lacked plasticity. 

Calcareous cements proper resisted the action of 
water and hardened. Their discovery had probably 
been made by accident in almost prehistoric ages. 
Lime (calcium oxide), as Mr. Gillett, Mr. Blount’s 
assistant, demonstrated, formed a hardening paste 
when mixed with water and sand; the oxides of 
strontium and barium (metals closely related to 
calcium) gave harsh, unsuitable mixtures, which 
would not set. Leaving the further considera- 
tion of the chemistry of setting to the second 
lecture, Mr. Blount emphasised that it was a 
common fallacy to attribute the setting of a lime 
mortar to the action of the lime on the sand. 
There was no such direct union. Silicates found 
in mortars had originally been present in the 
limestone or in the aggregate, or had been 
formed by mutual reactions. Limestone was hardly 
ever free from silica and clay. That certain 
substances—notably the pozzolanas—made good 
aggregates for mortar was known to the Romans. 
A pozzolana was anything silicious that would 
combine with lime without the application of 
heat ; its usefulness was due to its containing hy- 
drated silica or attackable silicates ready to react 
with lime, and to form compounds more or less 
resistant to water. Similarly, it had been known 
that certain limestones offered special advantages 
for producing mortars. But there was no record of 
the deliberate selection of a limestone for its hy- 
draulic qualities before 1756, when Smeaton chose 
a blue lias limestone from Aberthaw for building 
the new Eddystone Lighthouse. Mr. Blount showed 
by lengthy quotations from Smeaton’s diary that 
Smeaton was endowed with the true spirit of the 
original scientist. Smeaton and his ‘‘ consult- 
ing” chemist, Cookworthy, ascertained not only 
that this stone was highly hydraulic, but also 
that it could further be improved by mixing it 
with trass, a pozzolanic material,* which reached 
England via the Rhine and Holland. 
ving referred to the compositions of various 
pozzolanas, and stated that analyses were not sufli- 
cient to decide upon their value, the lecturer passed 
to Roman cement, which, he said, was a crude form 
of Portland cement, made by burning nodules of a 
clayey limestone containing a good deal of alumina 
(about 7} per cent. was best) ; that industry dated 
from about 1796. Starting with the notion of 
imitating Roman cements, the originators of the 
Portland cements had arrived at the idea that 
when chalk and clay were mixed and burned, an 
hydraulic material was produced which, when 
ground, would form a sound cement. 

The lecturer then turned to the starting of new 
works, and the functions of the resident chemist 
(he preferred this term to works’ chemist) and the 
consulting chemist, on which he dwelt at length. 
The suitability of the site, the nature and quantity 


* A trachytetuffa found in the valley of the Brohl 
River, joining the Rhine from the Eifel Mountains on 


of the raw materials, supply of labour, transport 
facilities, and disposal of the products, and other 
features had to be considered. Samples of the 
material—chalk, clay, limestone, shale, marl— 
should be submitted, plentiful and of generous 
dimensions ; they should be analysed, made into 
slabs, burned, ground, and tried; Mr. Blount 
showed how this could be done with the aid of a 
very simple furnace built up of bricks. Far too 
little attention was paid to proper sample taking, 
and ridiculously small samples were not rarely 
offered. If the material proved patchy, commercial 
success might be impossible. The proportions of 
the ingredients were settled more by rough esti- 
mates than by algebraic equations. Mr. Blount 
concluded the first lecture by making a few remarks 
on the manufacture of Portland cement which he 
explained with the aid of a diagram, acknowledged 
to represent an obsolete type. The acids and bases 
in the material began to combine after the water of 
hydration and the carbon dioxide had been given 
off. The material in that state was a bad cement. 
It was further heated until it clinkered into a 
sticky mass, but it should not fuse nor attack the 
acid lining of the furnace. 

Passing in the second lecture to testing, Mr. 
Blount said that physical and mechanical tests were 
necessary, since, owing to our limited knowledge 
of the chemistry of cement, the almost obligatory 
chemical tests were not conclusive, while the other 
tests were, from their nature, more or less arbitrary. 
The history of testing showed many changes of 
opinion, but the British Standard Specifications 
were satisfactory, and had remained practically un- 
altered since 1904 ; some rules, however, had been 
made more stringent. Mr. Gillett demonstrated 
the making of briquettes for mechanical tests, by 
mixing a given es of cement with a given weight 
of water, working the mixture into a paste with 
the aid of two trowels, and filling the mould with 
the paste, while knocking the mould on an anvil so 
as to secure a solid pat free from voids. This 
gauging, Mr. Blount remarked, looked very simple, 

ut required great skill. He had in vain tried to 
abolish this neat cement test ; when the cement 
was tested mixed with sand, the question of the 
fineness of the sand arose, and it was a fact that 
the standard sand, which differed from the aggre- 
gate afterwards used, gave lower values than 
ordinary sand. Since cement was not deliberately 
used under tension, compression tests were alone 
held proper in Germany ; but all the tests were 
merely comparative, there were inherent errors in 
compression tests, and tension tests had given 
excellent results. 

The determination of soundness, or of constancy 
of volume and value, was of paramount importance. 
It was sought in two ways. In the first (the 
Bauschinger test) a bar of cement of known length 
was measured with the aid of special callipers, day 
by day, against a bar of wood; there might be 
some difficulty with the fiducial points at the ends 
of the bar, at which small brass plates were 
fixed, if the cement were unsound. To avoid this 
trouble it was advisable to fix the plates with 
a cement known to be sound. The other test of 
Le Chatelier, which was vigorously opposed in 
America and Germany, but accepted here, made 
use of a ring of sheet-brass (better of nickel) 
about 1 in. in diameter, forming a cylinder of 
about the same height, which was split in an 
axial line; on each side of this line was fixed a 
steel needle (knitting-needle, several inches in 
length), and the two needles were normally in con- 
tact at their farends. The cylinder was carefully 
filled with the cement, kept until fully set, and 
then placed in boiling water, to accelerate the 
soundness test. A sound cement would not expand 
much ; an unsound material would dilate, and 
would make the needles open out. For the demon- 
strations Mr. Blount had purposely prepared some 
unsound cements, remarking that most cements now 
supplied were sound, and the observed dilatations 
ranged from 2 mm. up to 28 mm. The abridged 
British specifications of 1886 and 1910, which the 
lecturer had put on the wall, but which he did not 
explain, allowed (1910) an expansion of 10 mm. 
after 24 hours, and of 5 mm. after 7 days’ aera- 


tion. The tensile strength demanded was, for neat 
cement, 1 in. by 1 in., 400 lb. after 7 days and 
500 lb. after 28 days ; for 3 parts of sand and 1 part 


of cement slabs of the same section, 150 lb. after 
7 days and 250 Ib. after 28 days. 
Turning to the future, Mr. Blount said that addi- 
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of the tests on totally different lines was required. 
Two things ought to be determined, the proximate 
composition and the time of setting. The composi- 
tion was so complex that chemists did not attempt 
to determine it, and the setting time was con- 
nected with the composition. An extraordinary 
ignorance prevailed as to these features. He did 
not himself know what was meant by ‘‘ free lime,” 
and how it was reliably to be determined. 

The introduction of the rotary kiln had so much 
reduced the cost of production of Portland cement 
that it was now largely used where hydraulic cements 
had formerly been demanded ; the chief thing was 
that the cement proved strong. The chemical 
reactions were slow, and the setting might re- 
quire a few minutes or hours. After the setting, a 
cement should not alter. But no cement could 
bear the action of water continually renewed. If 
water could get through, a cement or concrete 
structure was doomed. They had also to consider 
that it was not easy to make a concrete free from 
voids. Blocks of cement would contain 14 per 
cent. of voids filled with air. The specific gravity 
of the cement at works was to 3.15, after 
delivery 3.10, according to the British specification. 
But in bulk the average density was 2.6, and a 
dam was therefore deficient in weight, which was 
important, as the strength of a dam depended also 
on its weight. 

Theoretically, concrete should weigh about 1621b., 
in practice it rarely weighed more than 140 Ib. ; it 
would hence be possible to increase ventas 
construction by making the concrete denser. e 
denser material would also be less pervious to 
water. Where concrete was exposed to water, 
imperviousness could be secured by the use of 
cement; the employment of substances of the 
pozzolana class, which would combine with the 
hydrated lime set free during the setting of the 
cement, was notso common. In the selection of a 
suitable aggregate the texture, and also the possi- 
bility of chemical action that the aggregate might 
exert in the concrete, had to be taken into con- 
sideration. Débris containing sulphates or easily 
decomposible silicates was unsuitable. As regards 
magnesia, there had been confusion. The mag- 


nesium salts of sea-water acted on cement ; but the 
magnesia which had been found in cement struc- 


tures that had failed in sea-water had been 
liberated in the cement, and had not been originally 
present in it, as had sometimes been supposed. The 
British specification did not allow more than 3 per 
cent. of magnesia in a cement. 

Reverting to the training of the cement —_— 
the lecturer demanded a broad elementary educa- 
tion, a sound general knowledge of chemistry, 
supplemented by some mechanical and engineering 
training, before proceeding to a post-graduate train- 
ing in the chemistry of cement. This should be 
gained in a laboratory within easy reach of acces- 
sible works. ; 

Referring, in conclusion, to the chemistry of 
cement, Mr. Blount pointed out that the importance 
of the tricalcium silicate had, at different periods, 
been maintained and opposed, because it could not 
directly be prepared by fusing silica with lime, 
though it could be prepared by the fusion of lime 
with silicates. He paid a high tribute to the 
valuable researches of Le Chatelier of 1886. <A 
cement would contain this tricalcium silicate 
(3 CaO . Si O,) in addition to mono- and dicalcium 
silicate and further analogous aluminates (3 CaO . 
Al,O,, &c.), in addition to oxides of iron and 
magnesium, &c. He showed that, starting from 
about 25 per cent. of silica, 5 (or 2) per cent. of 
alumina and about 72 per cent. of lime (CaO), 
different combinations were possible in a hypo- 
thetical cement. 

The tricalcium silicates (not the mono- and di- 
silicates) set with water by passing into mono- 
silicate and free calcium hydrate Ca(OH), ; this free 
lime acted further on the aluminates. The three 
aluminates also reacted with water under liberation 
of lime, and the initial setting (during the gauging) 
was, according to Le Chate.ier, primarily due to 
this reaction. According to the recent view, the 
hydrating compounds formed gels, a kind of cements 
within the cement, not the saturated solutions of 
the older view ; but Mr. Blount said he had never 
seen anything in cement of the nature of a gel. 
The whole subject of the chemistry of cement still 
required the best power of the chemist, who would 
have to be able, among other things, to watch the 
effects of slight temperature changes at tempera- 
tures above 1500 deg. Cent. 





THE SMITHFIELD SHOW. 


THE annual exhibition of the Smithfield Club was 
opened at the Agricultural Hall, Islington, on 

onday last, and, as usual, there are on show some 
fine examples of agricultural machinery, though 
there is little, if anything, exhibited in the way of 
new departures of importance. 

Of steam-engines, however, there is always a fine 
display. Messrs. Marshall, Sons, and Co., amongst 
their engines show a highly finished compound 
steam-tractor fitted with a Belpaire fire-box and a 
tubular feed-heater. This we illustrate on the 
opposite page. Such tractors find a field where the 
standard types of heavy engines are quite imprac- 
ticable, and over the petrol and paraffin motors 
have the advantage that no special skill is required 
to discover the cause of a breakdown or to effect 
a repair. Special attention has been paid to the 
question of lubrication, so as at once to ensure 
efficiency and economise oil. The cylinder is steam- 
jacketed and fitted with mechanical lubrication. 
Wrought-iron guards are fitted to shield the work- 
ing parts from dust, and to preserve the drive from 
accident. A winding-drum is fitted, and carries 
50 yards of steel-wire rope. At the back end the 
tractor is mounted on laminated steel springs, 
while at the front the weight is also spring- 
mounted, thus rendering the engine very ‘‘ easy- 
riding.” The gears are of crucible cast steel, 
machine-cut, and two speeds of 24 miles per hour 
and 5 miles per hour respectively are provided 
for. In addition to the ordinary water-tank on 
the tender, the engine has an additional tank 
fitted under the boiler, thus enabling relatively 
long journeys to be made without stoppage for 
water. A similar tractor, fitted with roller-wheels, 
is constructed by the firm for direct traction 
ploughing. Another interesting exhibit at this 
stand is the firm’s new fire-box, having the crown 
corrugated so as to dispense with roof-stays. This 
type is gradually being made the standard for all 
sizes of Messrs. Marshall’s portable engines. 

The exhibit of Messrs. John Fowler and Co., 
Limited, of the Steam Plough and Locomotive 
Works, Leeds, consists entirely of steam-engines, 
the principal exhibit being a compound ploughing- 
engine rated at 10 horse-power nominal. This is 
fitted with road-wheels 6 ft. 6 in. in diameter by 
20 in. wide. The makers are now, when desired, 
fitting these engines with superheaters, experi- 
ments in this direction having been commenced 
some six years ago. The exhaustive trials since 
made enable the firm torecommend the system with 
confidence. The superheater is fixed in the smoke- 
box in such fashion as not to prevent easy access to 
the ordinary boiler-tubes. The steam is delivered 
from the superheater at a temperature of 608 deg. 
Fahr., and the consequent reduction in coal con- 
sumption is stated to amount to 20 to 25 per cent. 

The principal object of interest at the stand of 
Messrs. Richard Garrett and Sons, of Leiston, is 
one of the semi-fixed engines described by Mr. W. J. 
Marshall in a paper read at the last meeting of 
the British Association at Portsmouth. These are 
designed to work with highly superheated steam, 
and have showna remarkably low fuel consumption. 
Mr. Marshall’s paper was reprinted in our issue of 
September 15 last. 

A number of fine traction-engines and tractors 
are shown at the stand of Messrs. Clayton and 
Shuttleworth, Limited, of Lincoln, amongst them 
being a compound tractor fitted with a Belpaire 
fire-box similar to that for which the builders were 
awarded a Grand Prix at the recent Turin Exhibi- 
tion. Messrs. J. and H. Maclaren, of Leeds, 
show one of their standard 8-horse-power trac- 
tion-engines, but not the new type which they 
have recently introduced for direct traction plough- 
ing. The exhibit of Messrs. Ruston, Proctor, and 
Co., Lincoln, consists of a 7-horse-power traction- 
engine, a 4-ft. 6-in. thrashing-machine, and a 
7 - horse - power horizontal oil-engine. ll are 
notable for the high finish usual with the makers, 
but did not embody any new departures. A large 
stand is, as in past years, occupied by Messrs. Ran- 
somes, Sims, and Jefferies, Limited, of the Orwell 
Works, Ipswich. Amongst the exhibits is a light 
compound steam-tractor, built to comply with the 
Motor-Car Acts, and capable of hauling loads of 
from 5 to 8 tons, according to the character of the 
roads. Two full-sized traction-engines are also 
shown, of which one is of the compound type, with 
the back-axle spring mounted. 

A fine road locomotive is shown by Messrs. 





Aveling and Porter, of Rochester, of the type with 
which their name has long been identified. They 
also show a light steam-tractor, in which are em- 
bodied the results of their long experience with 
the heavier class of engine. Traction engines or 
tractors are also shown by Messrs. William Allchin, 
Limited, of Northampton ; Messrs. Charles Burrell 
and Sons, Limited, of Thetford ; Messrs. Brown 
and May, Limited, of Devizes ; Messrs. Wallis and 
Steevens, Limited, of Basingstoke; and Messrs. 
Wm. Foster and Co., of Lincoln. 

Mann’s Patent Steam Cart and Wagon Company, 
of Leeds, show a steam-tractor designed for 
direct-traction ploughing. This is fitted with a 
side-fired locomotive boiler, designed for a working 
pressure of 200 lb. per sq. in. The compound- 
engine is completely enclosed, and is capable of 
developing 21 horse-power on the brake. A large 
water-tank, carrying a four hours’ supply, is 
arranged over the hind wheels, the top of the tank 
being also intended to serve as a platform for 
carrying goods. 

The most notable feature, perhaps, of the Ex- 
hibition is the evidence afforded of the steady 
growth in  oygaa of the small petrol motor. 
Where a large power is required, or where 
the work is of a reasonably constant character, 
the oil-engine shows, of course, lower running 
costs ; but for intermittent work, requiring only 
a small power, the handiness of the petrol-engine 
much more than compensates for the relative 
costliness of its fuel. essrs. R. A. Lister and 
Co., of Dursley, show small engines of this class, 
similar to those exhibited at the Norwich Show. 
Other builders of the type are Messrs. E. H. Bentall 
and Co., of Malden, the Bristol Wagon and Car- 
riage Company, and the Eagle Engineering Com- 
pany, of Warwick ; whilst American-built engines 
of the same class are shown by the International 
Harvester Company, of 80, Finsbury Pavement, 
E.C., and by Messrs. Fairbanks, Morse, and Co., 
of 37, Southwark-street, S.E. The engines shown 
by the latter are noteworthy in having fan-cooled 
cylinders. Messrs. Rd. Hornsby and Sons, Limited, 
of Grantham, also show a small petrol-motor, though 
their principal exhibit consists of their well-known 
oil-engine. These are now made up to 270 brake 
horse-power, and are successfully running on every 
kind of oil fuel in every part of the world. 

A new pattern of gas-engine is exhibited by 
Messrs. Fielding and Platt, Limited, of Gloucester. 
This engine, which is rated at 194 to 23 brake 
horse-power, is fitted with throttle-governors. The 
governor valve is, however, entirely distinct from 
the admission valve. The latter has a fixed time 
for opening and closing, and the strength of mix- 
ture is regulated by a supplementary set of valves 
of the piston type, which work in a cylindrical 
chamber cast in one with the cylinder breech-piece. 
Of these governor valves there are two, both on the 
same spindle, one being for air and the other for 
gas. The supply of air and gas can further be regu- 
lated by hand cocks provided with indicators, which 
are fitted for this purpose on the openings into the 
mixing-chamber. A suction-producer is exhibited 
with this engine, and at the same stand are also to 
be found a 3-horse-power and 10-horse-power oil- 
engine of the firm’s standard pattern. 

The exhibit of the Campbell Gas Engine Com- 
pany, Limited, of Halifax, includes a suction-gas 
plant and engine rated at 114 brake horse-power, an 
oil-engine of about the same capacity, and a small 
1}-horse-power oil-engine and geared pump. These 
are all standard productions, but the gas-engine is 
now fitted with high-tension magneto-ignition. 

Portable and stationary oil-engines are exhibited 
by Messrs. Blackstone and Co., Limited, of Stamford, 
who have recently considerably enlarged their works 
in correspondence with the growing demand for 
their crude orresidual-oil engine. The latter has been 
described in detail in EnGineerrne, vol. lxxxvii., 
page 756. It will work with any kind of residual 
oil and requires no water injection. Larger sizes 
are now being made, as much as 150 to 200 brake 
horse-power being generated with two cylinders. 

Messrs. Davey, Paxman, and Co., Limited, of 
Colchester, show a suction-producer and gas-engine 
designed to develop 32 to 36 brake horse-power, 
similar to that which obtained a Grand Prix at the 
recent Franco-British Exhibition. These engines 
are now built to develop 500 horse-power in two 
cylinders. The firm, we learn, have now in use 
producers operating successfully on sawdust. As 
a marketable commodity, sawdust has for some 
time past been steadily diminishing in value, and 
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some means of utilising it for power production has 
long been a desideratum. One difficulty to be 
overcome lies in the facility with which the light 
dust can be drawn over with the gas, unless special 
means are taken to prevent it. On the other hand, 
the plants have the advantage that the tar collected 
is of considerable value. 

Messrs. Petters, Limited, of Yeovil, show a new 
type of oil-tractor. This is fitted with one of their 
standard enclosed oil-engines, rated at 30 brake 
horse-power. The radiator used consists of a coil 
of pipe fitted with radiating fins, past which air is 
drawn by a horizontal fan driven by the engine. The 
loss of water averages about 3 gallons on a 12 hours’ 
run, and the tank capacity provided is 20 gallons. The 
weight of the tractor is 5 tons, and when used for 
road haulage it will take an 8-ton load practically 
anywhere. The fuel consumption is stated to be 
1 gallon of oil per hour. The tractor is specially 
intended for direct haulage of ploughs—a method 
which is growing into increasing favour, particu- 
larly in certain foreign countries where the furrows 
are often 1 or 1} miles long. The machine has one 
speed forward and a reverse, the backward motion 
being obtained by an epicyclic gear. 

A 12-horse-power oil-engine is also shown by 
Messrs. Alexander Shanks and Son, Limited, of 
Arbroath, and a small combined oil-engine and 
pump is on view at the same stand. Here also 
the firm show samples of malleable castings, of 
which they claim to be the largest producers in 
Scotland, having ten annealing-ovens continually 
at work, largely for export. 

Messrs. E. R. and F. Turner, Limited, of 
Ipswich, who have only recently taken up the 
manufacture of oil-engines, show at their stand 
two sizes—one rated at 5 and the other at 8 brake 





horse-power. In the case of internal-combustion 
engines it is not uncommon to fix the horse-power 
rating at the maximum which can be maintained 
for 15 or 20 minutes, but Messrs. Turner have 
adopted the plan of rating their engines at the 
load which they can maintain on long continuous 
runs. 

Messrs. Saunderson and Gifkins, of the Elstow 
Works, Bedford, exhibit a 50-brake-horse power 
agricultural oil-tractor, with which a very complete 
series of tests were recently carried out by Mr. W. 
Worby Beaumont. Three acres of land were ploughed 
during the test to a depth of 5} in. to 64 in. at a 
fuel cost of 9?d. per acre, and a total cost (exclusive 
of depreciation) of 1s. 8d. per acre. The average 
time taken was 34 minutes per acre. A similar 
machine has recently made a trip from railhead in 
Zululand for a distance of 100 miles, over a district 
devoid of roads. The tractor is fitted with a four- 
cylinder engine, and operates with ordinary paraftin. 
A special form of carburettor is used, the fuel-tube 
being jacketed by the exhaust gases. For starting 
up, when this tube is cold, petrol is used. The tractor 
is provided with very wide tyres, which reduce the 
weight per inch width to that of an ordinary farm- 
cart unladen. This increase of width has proved a 
great advantage in Canada, where, after the prairie 
is once broken up, the soil is said to resemble in 
consistency a mass of black ashes. The tractor in 
question has also been used in Hungary and Russia, 
where the soil is very sandy, a fact which has led 
the makers to encase carefully all bearings. The 
radiator consists of a number of copper tubes first 
flattened and then corrugated. These expose a 
large surface, and the cooling is very effective. 

An agricultural tractor is also shown by Ivel 
Agricultural Motors, Limited, of Biggleswade. This 











is essentially the same as exhibited last year, but 
the two-cylinder engine is now fitted with high- 
tension magneto-ignition. 








Roya Instirution.—The following are the lecture 
arrangements at the Royal Institution, before Easter :— 
Dr. P. Chalmers Mitchell, a Christmas course of six 
illustrated lectures on ‘*‘ The Childhood of Animals,” 
adapted to a juvenile auditory :—1. ‘‘ Introductory.” 2. 
“The Duration of Youth.” 3. ‘*‘ Colours and Patterns 
of Young Animals.” 4. “‘ Young Animals at Home.” 
5. ** The Feeding of Young Animals,” 6. ‘‘ The Play 
of Young Animals.” Mr. . Bateson, Fullerian Pro- 
fessor of Physiology, R.I., six lectures on ‘** The Study 
of Genetics.” Soriceee E. G. Coker, two lectures on 
‘* Optical Determination of Stress and some Applications 
to Engineering Problems.” Dr. T. Rice Holmes, three 
lectures on “‘ Ancient Britain.” Professor A. W. Bicker- 
ton, two lectureson ‘‘ The New Astronomy.” Professor 
A. M. Worthington, two ex jerimentally illustrated 
lectures on ‘‘The Phenomena of Splashes.” Mr. M. H. 
Spielmann, two lectures on ‘‘ The Portraiture of Shake- 
speare.” Mr. F. A. Dixey, two lectures on “‘ Dimor- 
phism in Butterflies :”—1. ‘‘Seasonal Dimorphism.” 2. 
**Sexual Dimorphism.” The Rev. John Koscoe, two 
lectures on ‘“*The Banyoro: A Pastoral People of 
Uganda :”—1. “‘The Milk Customs.” 2 Birth and 
Death Customs.” Sir Alexander C. Mackenzie, three 
lectures on: 1. ‘‘ Russian Music of To-Day,” with the 
kind assistance of the Hans Wessely Quartet. 2 and 3. 
“Franz Liszt (Centenary)” (with musical illustrations). 
Professor Sir J. J. Thomson, Professor of Natural Philo- 
sophy, R.I., six lectures on “‘ Molecular Physics.” The 
Friday evening meetings will commence on January 19, 
when Drchemer Sir James Dewar will deliver a discourse 
on ** Heat Problems.” Succeeding discourses will prob- 
ably be given by Professor Bertram Hopkinson, Dr. J. 
Mackenzie Davidson, Dr. J. A. Harker, the Right Hon. 
Sir John H. A. MacDonald, Mr. G. K. B. Elphinstone, 
Dr. W. J. 8. Lockyer, Mr. F. pote Professor D’ Arcy 
W. Thompson, Professor Sir J. J. Thomson, and other 
gentlemen. 
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NOTES. 
Prat-Gas PLant IN IRELAND. 

A peaT-Gas plant has been working in Ireland 
since September last, with results which are re- 
ported to be quite satisfactory. The plant is 
installed at the factory of Mr. H. Robb, at Porta- 
down, and has replaced a Mond-gas plant by which 
power was formerly provided. The plant utilises 
peat which is simply air-dried, cut from the bog- 
lands at Maghery, and stacked for the summer. As 
cut the peat contains about 85 per cent. of mois- 
ture, and during an average season this can be 
reduced by air-drying to 26 per cent. In excep- 
tional years, such as that experienced this last 
summer, peat can be dried’in this district to about 
19 per cent. moisture. The plant is guaranteed 
to work with peat containing up to 45 per cent. 
moisture. It consists of two producers of 200 
brake horse-power capacity each, with coke- 
scrubber, tar-extractor, sawdust-scrubber, ex- 
hauster and expansion-box. The air-dried peat is 
fed in block-form, as cut, into a hopper above the 
producer, whence it falls into the producer itself 
as combustion proceeds. The gas is drawn off 
through the he - scrubber and washer to the 
tar-extractor, where the tar is extracted under 
centrifugal action. It then passes on to the saw- 
dust scrubber, and is delivered to the gas-holder 
by the high-speed fan which draws it through the 
plant. The gas produced has a value of about 
140 B.Th.U. It is similar to that produced from 
Welsh anthracite, but contains slightly less hydro- 
gen. The peat used has been found to have a 
proximate analysis of 18.98 per cent. water, 55.17 
per cent. volatile matter, 24.75 per cent. fixed 
carbon, and 1.10 per cent. ash. The ultimate 
analysis showed : carbon, 44.6 per cent.; hydrogen, 
5.42 per cent.; nitrogen, 0.97 per cent. ; ash, 1.10 
per cent.; moisture, 18.98 per cent. ; and oxygen 
(by difference), 28.93 per cent. The tar produced 
was found to contain the following :—Water, 49.7 
per ceat.; light oils distilling below 230 deg. Cent., 
5.8 per cent. ; middle oils distilling at 230 to 270 
deg. Cent., 8 per cent. ; heavy oils distilling above 
270 deg. Cent., 19.4 per cent.; coke left after dis- 
tillation, 10.3 per cent.; loss, 6.8 per cent. As 
originally designed, the coke-scrubber became 
clogged with tar, and it was therefore modified so 
that the greater part of the coke was removed, and 
a water-shower introduced, against which the gas 
passes upward. The cost of the peat delivered at 
the works is 6s. per ton, and with an average load 
of 275 brake horse-power on the plant the con- 
sumption is found to be slightly under 20 tons, 
costing thus 61. There is a ready market for 
the tar at 35s. per ton, and about 5 per cent. 
of this by-product is recovered from the plant, 
or about 1 ton per week. The net expense 
for fuel is 4/. 5s. per week. On the other 
hand, the anthracite used by the Mond-gas plant 
(84 tons per week) cost 131, 16s. 3d. The plant 
has not been running sufficiently long to ascertain 
definitely whether or not a slight increase in labour 
may be necessary ; but allowing 401. per annum 
for such a contingency under these conditions at a 
factory of 500 looms, employing from 500 to 600 
hands, a saving in the fuel bill of about 438/. would 
result. The operation of the plant is reported to 
be very simple, and after overcoming in the early 
stages one or two rather unexpected difficulties, of 
which one was due to sand becoming mixed with 
the peat during a long dry summer, no further 
trouble has been experienced. The plant was de- 
signed and constructed by Messrs Crossley Brothers, 
Limited, Openshaw, Manchester, to a specification 
by Mr. H. V. Pegg, of Messrs. T. L. Miller, Wilson, 
and Pegg, Belfast. 


Tue Derormation Due To Press-Toot Workinc. 


Mr. Henry Lea, M. Inst. C.E., has contributed the 
results of an interesting experiment in press-tool 
work to the discussion of the paper on ‘‘ Pressed 
Steel for Automobile Construction,” which was 
recently read by Mr. L. A. Legros, the President, 
before the Institution of Automobile Engineers 
Mr. Lea’s communication will duly appear in the 
Proceedings of the Institution, but in the meantime 
we are enabled to give an account of the matter 
with which it dealt. The experiment consisted in 
pressing a circular steel blank into the form of a 
shallow circular , the blank having been pre- 
viously marked, all over one side, with a series of 
4-in. squares, so that after the formation of the 
pan the distortion of the metal could be seen over 


the whole of its outer surface. The material used 
was tinned steel, and the dimensions of the blank 
and pan were as follow :— 


Diameter of blank 9.5 in. 
Thickness of blank 0.012 ,, 
Diameter of pan CB ss 
Depth of pan ... as we . Se 
Bottom corners of pan : 0.25 ,, radius 


It will be found from these figures that the dia- 
meter of the pan was 68.3 per cent. that of the 
blank, so that the rim of the pan must have been 
compressed 31.7 per cent. ; and that the perimeter 
of the pan was 9.78 in., measured up one side across 
the base and down the other side, as compared with 
the 9.5 in. diameter of the blank, so that the total 
metal was stretched 3 per cent. The sides of the 
pan, plus the corners, compared with the corre- 
sponding part of the blank, show a stretch of 8 per 
cent. e general distribution of the distortion of 


measurement of a ‘‘square” near the rim of the 
pan shows that its width has been reduced by 
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34 per cent., and its depth increased by 24 per 


cent. The squares on the bottom of the pan were 
found to be undistorted. Mr. Legros has developed 
the curved surface of the pan, and Fig. 2 herewith 
shows the forms of the curves on the development. 
A measurement of the areas of the squares, which 
are lettered in the figure, gives the following results, 
the figures referring to areas in square inches : — 


a = 0.230 f = 0.240 k = 0.250 
b = 0.217 g = 0.253 | ¢ = 0.245 
c = 0,250 h = 0.250 m = 0.225 
d = 0.247 « = 0.240 nm = 0.255 
e = 0.243 j =a o = 0,237 


It will be seen from the figures that these areas have 
been slightly increased, to the extent of 2 per cent. 
as a maximum, at the base of the vertical side of 
the pan, but that as the distortion increases the area 
diminishes. Area b is only 87 per cent. of the 
original size, and area j 83 per cent. Mr. Legros 
explains this diminution by the slight wrinkling 
which takes place owing to the pressure of the 
presser-plate not being quite sufficient to ensure 
perfect shearing of the metal plate in its own plane. 


PIONEERS IN SHIPBUILDING. 
The story of early shipbuilding is ever of en- 
grossing interest, and a further contribution is made 
in the brochure, published this week, on the early 
work of Messrs. lay, Curle, and Co., Limited, 
Glasgow. This book is issued & propos of Mr. 
James Gilchrist’s jubilee connection with the 
firm. This company had its origin about 1818 
—six years after the advent of the Comet. 
The founder, Mr. Robert Barclay, leased ground 
at Stobcross, now in the heart of the city, 


the metal is well shown in Fig. 1 herewith. A| poca 





but then a suburb, and there constructed two 
berths, with a slipway which proved of great ad- | 
vantage to the American clippers frequenting the | 
Clyde, as the firm were able to overhaul or renew | 
the copper sheathing. Repairing was, indeed, a 
lucrative part of the business. Many ships were 
built at this establishment, and by 1848 ships of 








transactions, of far-reaching effect, recalls the story 
of the indigent tramp cocking help by requesting 
thata shirt should be sewn ona button he had found. 
Barclay bought as a bargain a ground tackle outfit, 
and, finding no market, decided to build a ship for 
it, which ultimately became the first of a large fleet 
owned by the Curries of Leith, who, it is need- 
less to say, have exercised a great influence on 
shipping in many seas. The ’forties saw the busi- 
ness increasing rapidly, and Mr. Robert Curle, 
who had gained experience as a shipbuilder at Troon, 
joined the firm as manager, and a few years later, 
in 1845, he, with Mr. James Hamilton, of the 
commercial department, became partners. Twce 
agg later the firm took up iron-shipbuilding. 
. John Ferguson, who had been trained in 
iron shipbuilding by Smith and Rodger, the pre- 
decessors of the existing London and Glasgow 
Engineering and Iron - Shipbuilding Company, 
me manager, and an iron-shipbuilding berth 
was added to the others at Stobcross. The size of 
the ships steadily increased, and many American 
river steamers were built and shipped in sections to 
America. In 1855 the firm purchased the site of 
their existing yard at Whiteinch, and some time 
afterwards decided to add a marine engineering de- 
Ss. their machinery hitherto having been built 
y Messrs. A. and J. Inglis, another of the historical 
firms of the Clyde. Aboutthesametime Mr. John 
Ferguson became a ner as well as Mr. Maclean 
(afterwards Sir Andrew Maclean), of the com- 
mercial department, and also Mr. Arch. Gilchrist, 
who, at that time, was manager in the engineering 
department of Messrs. Todd and McGregor, a 
firm who had done much of the engineering work 
for the early Atlantic ships. The engine works 
erected in 1861 were at Finnieston, the site having 
been bought three years previously. Mr. Barclay, 
the neater of the firm, continued to exercise influ- 
ence in its operation, and saw it reach this stage 
of maturity before he died in 1863. In 1874 the 
development of the Clyde Harbour compelled the 
Clyde Trustees to purchase the site of the original 
yard. The firm had ultimately to concentrate all 
their shipwork at the Whiteinch establishment, 
and in eae of this they had practically 
to abandon their repair work. In 1880 the firm 
was further strengthened by the addition of 
several partners, including Mr. James Gilchrist, 
after he had been twenty years in the business, 
as he entered its service as an apprentice in 
1861. This year, therefore, is his jubilee in con- 
nection with the firm, and it was appropriately 
signalised by a presentation from the whole of 
the staff. Under his régime many notable develop- 
ments have taken place, and he has shown remark- 
able appreciation of character in the number of 
young men he has appointed to positions of re- 
sponsibility, many of whom have continued to 
maintain the traditions of the firm under him, as 
chairman of the limited liability company formed 
in 1884, Into the recent work done it is not neces- 
sary to enter, as the firm’s work is so well known : 
the story would form more or less an epitome of 
shipbuilding and marine-engineering developments 
in recent years. Suffice it to say that from between 
1861 and 1911 the firm built 148 sailing-ships, 35 
paddle-steamers, and 226 screw-steamers, a total 
of 409 vessels; the steam pressures increasing 
from 18 lb. Perhaps the best indication of the 
activities of the firm is conveyed by the fact that 
in the past five quinquennial periods the tonnage 
has increased from 60,000 tons to 168,544 tons, 
and the horse-power from about 30,000 to 151,702. 
As to their enterprise, there is the highly credit- 
able fact that they have just completed the first 
set of oil-engines built in this country for a sea- 
going ship—the Jutlander, of 5300 gross tons and 
3000 brake horse-power. 








A TunostTen Resistance Furnace.—Franz Fischer 
and E. Tiede described, in a recent meeting of the 
Deutsche Chemische Gesellschaft (Berichte, 1911, page 
1717) a resistance furnace consisting of a tube of tungsten, 

e according to H. von Wartenberg’s process. The 
tube has a length of 8 cm., a diameter of 1.6 cm., and a 
wall thickness of 3 mm., and it can take currents of 3000 
watts ina vacuum. It fits at its two ends into the elec- 
trodes, two rods of copper, which are fitted with cooling- 
pipes. The rods and the tube form the horizontal dia- 
meter of a glass globe, which is kept wetted with water. 
A rubber tube leads over to the air-pump. The 
cooling of the electrodes is so effective that a good vacuum 


can be maintained, A small magnesia crucible can be 


seat in a hole drilled into the tungsten tube. In this 
urnace 1.5 grammes of tin (which has a very high boiling 


500 tons were being completed. One of the early | point) were distilled in five minutes. 
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THE WORK OF THE REICHSANSTALT 
IN 1910. 

(Concluded from page 743.) 

Magnetic Rail-Brake (W. Rogowski).—The de- 
termination of the force with which a brake-shoe, 
suspended above the rail, is attracted by the rail, by 
means of a pull-off test, requires care ; the shoe is 
likely to tilt, because the resultants of the magnetic 
and the mechanical forces do not act in the same 
plane. The arrangement illustrated in Fig. 4 and 5 
has been devised. The brake-shoe is fixed between 














(24380) 





two spreading-levers K M and KN, which rest on 
the knife edge M N; the mechanical force is 
applied at K. By suitably adjusting the supports 
at M and N, the tilting can be avoided. 

Ageing of Fuses (Orlich, Schering).—In continua- 
tion of the research on fuses, silver wires, 150 mm. 
in length and 0.1 mm. in thickness, were stretched 
in glass tubes, 200 mm. in length and 15 mm. 
internal diameter, and these tubes filled with dry 
sand. It was first ascertained that the fuses would 
bear 6 amperes, and would heat up to 230 deg. 
Cent. under4 amperes. Tinfoil was wrapped round 
the glass tubes, and the wire and foil were joined 
to the terminals of alternating circuits (50 periods) 
of 4800 or 600 volts effective. From time to time 
the wire resistance was redetermined in the cold. 
With the 4800 volts and 4 amperes the resistance of a 
wire would soon rise to double its amount, and the 
fuse would burn through in 10 days; with the 
2 amperes the destruction was slower. The 600 volts 
and 4 amperes were borne for more than 8 months, 
at the end of which the resistance had only increased 
by 20 per cent. maximum. In these experiments 
the fuses were embedded in dry sand in glass 
tubes, as stated. When the sand was removed, 
the high voltage and strong currents (4800 volts, 4 
amperes) caused the wires to oscillate so violently 
that they broke in a few minutes ; the 600 volts and 
1 or 2 amperes were again borne, while similar wires, 
stretched in the open air (not within glass tubes) 
were burnt through. The glass tubes thus prevent 
a rapid oxidation of the fuses. 

Resistance of Copper (the late St. Lindeck).—Obser- 
vations continued since 1905 show that the tempera- 
ture coefficient of copper a is very nearly proportional 
to the electric conductivity c, so that ac=constant. 
When c is the specific resistance of 1 m. of wire, 
1 sq. mm. in cross section, the constant has at 15 deg. 
Cent. the mean value 6.78.10-°. Similar relations 
seem to hold for iron and aluminium. The relation 
was simultaneously recognised at the Bureau of 
Standards by Dellinger, and published by him in 
September, 1910; but there is no question of 
priority, for Matthiessen and Vogt found in 1864 
that such a law held for pure metals. 

Resistance Standards (Lindeck).—With one ex- 
ception all the standard wire and sheet resistances 
tested in 1910 consisted of manganin; nearly a 
hundred of those submitted were for countries 
abroad. It has already been mentioned that the 
standards are kept in cupboards in an atmosphere 
containing 50 per cent. of humidity; some are 
preserved under paraffin or petroleum in hermetic- 
ally-sealed boxes. These resistances keep v 
constant (the petroleum has not answered so we 
as the paraffin oil); but they cannot readily be 
handled on testing, and neither of the methods 
mentioned is suitable for resistance-boxes. Ex- 
periments are therefore made whether constancy of 


epee the wires with some a coating. 
he atomising process of M. U. Schoop (which we 
described some time ago) has been tried, and fused 
tin has been sprayed under high pressure on wire 
coils coated with shellac. It resulted that 0.04 mm. 
of tin did not sufficiently protect the wire against 
moisture; tin deposits of a thickness of 0.1 mm. 
and 0.15 mm. afforded a better protection. The 
experiments are being continued. 

Electric Testing-Stations (Feussner).—The testing 
of galvanometers, electricity meters, clocks, &c., 
is now largely carried out in the Priifungsiimter at 
Ilmenau, Hamburg, Munich, Nuremberg, Chemnitz, 
Frankfort (Main), and Bremen. Of these, Munich 
remains by far the busiest station (about 16,000 
tests in 1910), while Chemnitz had little to do 
(130 tests); a new testing station is being estab- 
lished at Barmen. 

Magnetic Laboratory (E. Gumlich, Schmiedel).— 
The experiments on the direct determination of 
the field intensity which will produce a certain 
induction by yoke methods and by the Epstein 
method are not completed yet. The yoke itself has 
a disturbing influence which is particularly notice- 
able in weak fields. Five sets of dynamo sheets 
had been sent over from the National Physical 
Laboratory to be tested for total watt losses and 
hysteresis losses at B = 10,000 ; the Reichsanstalt 
found values which were by 3 or 4 per cent. lower 
than those observed at Teddington. The two 
institutions did not apply quite the same method, 
and the Reichsanstalt is now investigating the 
influence of the strayfields at the corners and joints 
of its Epstein apparatus, the sheets of which are 
piled up to form a rectangular frame. 

Various irons and steels have been tested after 
slow cooling or sudden quenching from tempera- 
tures of 750, 800, 850 deg. Cent. In the annealin 
the metal is heated for 24 hours in a vacuum an 
then slowly cooled ; for the quenching the metal is 
dropped directly from a tilting furnace into ice- 
water. The researches concern initial permeability, 
electric conductivity, temperature coefficients, 
critical temperatures, hardening, &c. In determin- 
ing the initial permeability by the yoke method, 
rods from 18 to 35 cm. in length, 0.6 cm. in dia- 
meter, are placed in fields ranging from H = 0.008 
up to 0.4; sheet metal for transformers and 
dynamos has, in similar tests, to be applied in 
stamped rings ; but another method is being worked 
out. Even in fields of less than 0.02 some residual 
magnetisation is observed, amounting to about 
8 per cent. of the temporarily induced magnetisa- 
tion. Annealing, as a rule, increases the initial 

rmeability, by 160 per cent. in the case of cast iron, 
or instance ; but annealing may actually decrease 
the permeability, as in the cases of a 0.79 per cent. 
carbon steel and of low silicon irons. 
As regards the influence of the direction of rolling, 
the Bismarckhiitte had observed that the highest 
permeability was obtained when the metal was cut 
at an angle of 45 deg. to the direction of rolling, 
not when cut parallel to the rolling, as usually 
assumed, and the Reichsanstalt confirms this ob- 
servation. The influence is, however, of importance 
only in weak fields, and vanishes with increasing 
saturation. When the magnetic circuit consists of 
various materials (as it does in applying the yoke 
method), and when the materials contain different 
constituents, like ferrite, pearlite, or martensite, the 
relations become complex, and the ordinary defi- 
nition of coercitive force (that field intensity which 
neutralises the remanent magnetism) is no longer 
applicable ; for the magnetism will not disappear 
simultaneously in the hard and in the soft portions 
of the magnetic circuit. A combination of a hard 
material, having a coercitive force of 41, and of a 
soft material, with a coercitive force of 1, gave a 
mean coercitive force of 2.7, instead of the mean 21. 
Such combinations yield badly-distorted hysteresis 
curves, and similar curves are sometimes obtained 
with materials which were badly cooled apparently, 
and contained martensite in ferrite. 
Thermometry (Hebe, H. F. Wiebe, Griitzmacher). 
—The number of clinical mercury thermometers 
submitted which failed to pass is very high—36 per 
cent. The reason is that in Bavaria the verification 
of clinical thermometers had only recently been 
made obligatory ; thus a great number of the 
thermometers examined by the Reichsanstalt last 
ear were not found to be sufficiently accurate. 
ost of the thermometer-testing is now done in 
the special institutions at Ilmenau and Gehlberg, 


in Thiiringia, which Professor Griitzmacher super- 





the resistance standards could not be secured by 


intends on behalf of the Reichsanstalt. These two 


establishments tested nearly 100,000 thermometers 
it year. 

Stiickrath Pressure-Gauge (Wiebe, W. Meissner). 
—The accuracy of the Stiickrath pressure gauge has 
carefully been inquired into. For the range 20 kg. 
to 500 kg. per sq. cm. the reliability is within 1 in 
2000 ; the gauge can be used for pressures of 1000 kg , 
but the pistons show si of wear then. The 
temporary extension which the hollow nickel-steel 
cylinders undergo when the pistons work in them 
has also been determined for the full pressure 
range. Meissner and Hebe have also determined 
the agreement between theory and experiment as 
to the velocity of discharge of liquids (water and 
oil) through tubular nozzles of various dimensions. 

Thermo-Couples, Resistance Thermometers (Lin- 
deck, Hoffmann, W. Meissner).—There has been a 
slight increase in the number of thermo-couples 
presented for standardisation, and especially in 
constantan silver couples (177, against 94 in 1909). 
As regards resistance thermometers consisting of 
platinum wire embedded in quartz glass, the 

latinum wires supplied by W. C. Heraeus and by 
B Siebert, both a Hanau, have been examined. 
The former firm submitted wires of 0.04 mm., 
0.05 mm., 0.1 mm., and 0.15 mm., the latter firm 
wires of three of these diameters, which were tested 
at 0 deg., 100 deg., and 445 deg. Cent. The deter- 
minations of the constants suggest that the finer 
wires are very slightly less pure than the thicker 
wires ; somewhat greater discrepancies were, how- 
ever, observed in nine quartz g thermometers, 
and it would appear that the fusing of the platinum 
with the quartz does affect the metal. 

A comparison between the platinum resistance 
thermometers for low temperatures of the Reich- 
sanstalt with those which Professor Kamerlingh 
Onnes had sent from Leiden shows an agreement 
within 0.1 deg. Cent. at — 78 deg., and within 
0.2 deg. Cent. at — 190 deg., the range of the 
comparison was — 40 to — 221.5 deg. Cent., and 
determinations were made at eight temperatures. 

Optical Pyrometers. Seger Cones (Brodhun, Hoff- 
mann, W. Meissner).—The examination of old and 
new kinds of red glasses, suitable as absorption 
screens, is being continued, and the optical pyro- 
meters are being standardised against melting gold, 

Iladium, and platinum. A special black y 
urnace, available up to 1600 deg. Cent., is being 
constructed for this purpose. Seger cones have 
been tested in technical ceramic furnaces and in the 
electric furnaces of the Reichsanstalt, simultaneous 
readings or records being obtained with the aid of 
electric and of optical (Holborn-Kurlbaum) pyro- 
meters. The cones were supplied by the Royal 
Porzellan-Manufaktur, of Berlin, and the Rheinische 
Chamotte- und Dinaswerke, of Bendorf. It results 
that the cones always fused or softened at lower 
temperatures in the ceramic furnaces than in the 
electric furnaces ; in the worst cases the electric 
furnace indicated that the cone fused at 1335 deg. 
Cent., while in the ceramic furnace fusion took 
place at 1235 deg. Cent.; the highest readings 
were 1480 deg. Cent. (electric) and 1410 deg. 
Cent. (ceramic furnace). Different ceramic furnaces 
yielded fairly concordant results. The reasons of 
the discrepancy between the two types of furnaces 
are not clear, but the gases and the ash-dust of 
ceramic furnaces probably lower the softening 
points of the seger cones. 

Optical and Photometrical Work (Brodhun, 
Liebenthal, Schénrock, 1g age ir popu- 
larity of metallic-filament lamps showed in the 
numbers of lamps submitted for testing. The tax 
on light which has been in force in Germany since 
October, 1909, has not given tne Reichsanstalt 
much work ; cases of dispute are decided by the 
Priifungsiimter. As the use of the Abbe refracto- 
meter in the sugar industry is becoming very 
general, Schénrock has compiled tables for the 
relation between the refractive index, sugar per- 
centage, and temperature of sugar solutions. 

Chemical Researches. Glass. Oils, Galalith (F. 
Mylins, E. Groschuff, Hiittner).—The inquiries into 
the weathering of glass and its technical determina- 
tion by micro-chemical tests, and also into the rapid 
destruction of different sorts of glass, have been com- 
pleted. Cases of brittleness of some = old 
coins have been traced down to a rather large lead 


percentage (0.015 per cent.) ; but the investigation 
is being continued. As regards the absorption of 
moisture by oils, transformer oils in particular, and 
benzene, it is found that benzene absorbs, at 18 deg. 
Cent., 0.051 per cent. by weight of moisture, petro- 





leum 0.005 per cent., paraffin oil 0.003 per cent. 
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Thus petroleum absorbs about as much moisture as 
the air does, and benzine much more. But the im- 
purities of petroleum modify the solubility of water 
in the oil considerably. To dry these liquids they 
are distilled over freshly-fused sodium or potassium- 
sodium. The drying of the oils is a more diffi- 
cult matter; most of the moisture can indeed be 
removed by heating the oil up to 120 or 130 deg. 
Cent., and the drying can be completed with the 
aid of sodium or of calcium chloride. But both 
the heating and the treatment with alkali metal 
or alloy cause a slight decomposition of the oil, 
which, though not serious technically, is objection- 
able when a subsequent determination of the capa- 
city of the oil for water absorption is intended. 
The oil is discoloured and turns turbid with depo- 
sited carbon, so that the test of Alexejew-Rothmund 
is difficult to conduct ; in this test weighed bulks 
of water and of oil are mixed, and the temperature 
is observed at which stratification or fogging takes 
lace. 

. Experiments made by Gépel with galalith, a 
substitute for hard rubber, which is made of milk 
after removing the fat, are only partly satisfactory. 
Galalith is a good insulator, and mechanically very 
strong, when dry; it swells, however, in a damp 
atmosphere and becomes inferior to hard rubber. 





A New E.ement in THE Piatinum Grovup.—The 
Glasgow Herald announces that Mr. A. G. French, a 
Glasgow metallurgist, has discovered in the Nelson district, 
British Columbia, a new metal of the platinum group, 
which he has named ‘‘Canadium.” The metal occurs as 
grains in dyke rocks, its amount varying from a few penny- 
weights up to 30z. per ton. The metal is untarnished 
by exposure to damp, and cannot be oxidised in a blow- 
pipe. It has been definitely proved to be distinct from 
platinum, ruthenium, palladium, and osmium, being much 
softer, and easily melted in the blow-pipe. Specimens are 
being sent for examination at the laboratories of Glasgow 
University. Mr. Thos. French, of the Overlea, Clarkston, 
near Glasgow, informs us that the mine in which the new 
element occurs was discovered about six months ago, and 
promises to prove a very important source of the metals 
of the platinum group. 


New Repvecrion Process ror Iron Ork.—Much 
activity prevails within Swedish metallurgical centres, 
with regard to the reduction of iron ore. The electric 
smelting process, now in operation at Trollhiittan, and 
adopted at other works, has already been fully dealt with 
in this journal, and at Héganiis other interesting expe- 
rimental working is at present proceeding. This is con- 
cerned with the reduction direct from the ore to a product 
called iron *‘ svamp,” or sponge, with a percentage of from 
96 to 98 per cent. iron and 0.2 to 0.5 per cent. carbon. For 
this reduction process either cheap coal, with a large per- 
centage of ashes, or peat may be used. This process has 
been taken up by the Héganiis Company for the purpose 
of utilising the inferior kinds of coal from the company’s 
mines, and although the process does not yet appear to 
have passed beyond the experimental stage, and consider- 
able secrecy is observed as regards its details, the result 
is acoepted as quite satisfactory. 


THE INTERNATIONAL UNION OF BorLER-Owners. —This 
international union now comprises sixty-one unions, 
located in the following countries :—Germany, France, 
Italy, Belgium, Austria, Denmark, Switzerland, Russia, 


Norway, and Finland. The union has recently held a 
Congress at Constance, and from the report on that 
occasion it appears that the first union of boiler-owners, 
or boiler control union, was formed as far back as 1866, 
in Baden, but its life was only brief. Now 85 per cent. 
of all boilers working in Germany are under the control 
of the unions; in Baden the figure is as high as 95 per 
cent. The beneficial effect of the union appears from 
the fact that during the last thirty years, in spite of the 
tremendous growth of the industries, there have only, on 
an average, been fourteen boiler explosions in the year. 
In the course of the year several specimens of torn tubes 
had been sent in for examination, and the failures inves- 
tigated. Several papers of interest were read. 


Tuirp-CLass SLeEPING-CARS ON THE SWEDISH STATE 
Raitways.—In accordance with the wishes of the Swedish 
Parliament the State railways last year built some ex- 
cellent third-class sleeping-cars, which were put on the 
Stockholm -Gothenburg line. The new departure re- 
ceived general approval, and it was looked upon as a 
matter of course that this reform would be adopted 
on other important State railways. In spite of the 
admirable equipment of the cars and the very moderate 
charge (2 kr. 50 dre, or barely 2s. 10d.), the State rail- 
ways were quite prepared to build an additional number 
of these cars during 1912, but a year’s working has shown 
that third-class sleeping-cars do not appear to be suffi- 
ciently appreciated, only 41 per cent. of the forty-eight 
berths in each car having, on an average, been taken. As 
some of the sleeping compartments can be transformed 
to ordinary compartments, the loss of accommodation has 
not actually amounted to 60 per cent.; but of the avail- 
able sleeping-berths, only 70 per cent. have been booked. 
Under these circumstances the State railways have 
decided to continue the test-running for another year 
before increasing the number of third-class sleeping-cars. 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 


SEPTEMBER. 


we 


1826 41 3 


SEPTEMBER. 


7 5 
(2586) 


OcTOBER. 


OCTOFER 


NOVEMBER. 


NOVEMBER. 


In the accompanying diagrams each vertical line represents a market day, and each horizontal line 


represents 1s. in the case of tin-plates, hematite, Scotch and Cleveland iron, 


and 1l. in all other cases. 


The price of quicksilver is per bottle, the contents of which vary in weight from 70 lb. to801b. The metal 
prices are per ton. Heavy steel rails are to Middlesbrough quotations. Tin-plates are per box of I.C. cokes. 





CoMMERCIAL PREPARATION OF PuRE NITROGEN.—A 
high degree of nitrogen purity is essential for the pre- 
paration of calcium cyanamide and nitrolim from calcium 
carbide and nitrogen, which is sometimes considered a 
more profitable process for the fixation of atmospheric 
nitrogen than the electric oxidation of the nitrogen to 
nitric acid. Any oxygen present in the nitrogen burns 
the carbon electrodes, by the aid of which the calcium 
carbide is heated for making it combine with the nitrogen. 
In the Comptes Rendus of October 23, 1911, Georges 
Claude claims to have perfected his apparatus for the 
isolation of nitrogen from liquid air to such an extent 
that he can obtain a nitrogen of 99.9 per cent. and com- 





mercially guarantee a nitrogen of 99.8 per cent. His 
account is not illustrated, and the description of his appa- 
ratus is difficult to follow. He re-evaporates about a third 
of his impure liquid mitrogen, and washes it in a liquid 
still containing 4 per cent. of oxygen. Both the Societa 
Italiana Carburo di Calcio, at Terni, and the Alby 
Carbidfabriks have installed his apparatus; the former 
two apparatus, each supplying 400 cub. m. of nitrogen of 
99.7 per cent. per hour, the latter two, each yielding 
500 cub. m. of nitrogen of 99.8 per cent. per hour. The 
Stockholms Superfosfatfabriks, he further states, 15 
installing two sets of apparatus, each for 400 cub. m. of 
nitrogen per hour. 
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FORD'S GRAB WITH WIRE-ROPE SUSPENSION. 
CONSTRUCTED BY MESSRS. STOTHERT AND PITT, LIMITED, ENGINEERS, BATH. 


























Fie. 1. 


Ir is now common practice to fit cranes with 
lifting-ropes instead of chains, and, in order to work 
a single-chain grab with a crane so fitted, it is, as a 
rule, necessary first to remove the lifting-rope and 
substitute the chain, and also to alter the jib-head 
pulley and lifting-barrel to suit. In the grab we 
illustrate above, which is manufactured by Messrs. 
Stothert and Pitt, Limited, of Bath, the rope is so 
attached that the grab may be hauled in and dis- 
charged at the jib-head, or other convenient height, 
without any alteration having to be made to the stan- 
dard crane, and without the splice of the crane lifting- 
rope passing over the pulley. The crane-rope does 
not pass round the purchase-pulleys on the grab, but 
is made fast to an attachment in the top barrel, and 
the crane-rope can be detached from the barrel of the 

rab, so as to replace the ordinary lifting-hook in a 
few minutes. It is also ible with the grab shown 
to give almost any purchase, combined with a great 
length of stroke. The releasing-gear in the head is 
very simple. 

The grab, with the jaws open, is shown in Fig. 1, 
which is a perspective view reproduced from a photo- 
graph. The details of construction and the action of 
the grab will, however, be better understood from 
m9 2 and 3, which sre respectively an end and a 
side elevation of the appliance. Referring to these 
two outline drawings, it will be seen that there is a 
discharging-ring A, which is suspended from the jib- 
head by means of chains at any convenient height from 
the ground, the purpose of this ring being the discharg- 
ing of the grab when required. We wil! assume that 
the grab is closed and hangs down from the crane-rope 
B, which is attached to the barrel C. When the grab 
is hoisted up into the ring A the dog D slides up the 
inclined part E and engages with lip G. As the grab 
descends the weight of the grab is transferred from the 
crane rope to the ring A, the dog D sliding up, to the 
extent of the oval hole F, and dropping the pawl H on 
to the wheel C (Figs. 2 and 3). ‘ihe dog D being now 
held up, by paying out the crane-rope the grab is 
opened, the ratchet-teeth on the barrel C being so cut 
that they pass beneath the pawl H in one direction— 
i.e., when opening the grab. When the grab is open the 
crane-rope is hauled in and the ratchet teeth on the 
barrel C engage with the pawl H, keeping the jaws of 
the grabopen. When this takes place the weight of the 
grab is transferred back to the crane-rope from the ring 
A. The dog D is then supported on the tail end of the 
pawl H, and falls back clear of the supporting ring and 
leaves the grab free to descend. When the grab rests 
on the ground the pressure between the pawl H and 
the ratchet teeth on the barrel C is relieved, and the 
weight of the dog D on the tail end of the pawl H lifts 
it clear of the ratchet teeth, leaving the barrel C free 
to rotate in the reverse direction, thereby closing the 
grab. The crane-rope does not pass round the purchase- 
eae. 1 in the grab, but is attached to one end of the 
varrel C, being coiled on this barrel when the grab is 
open, and uncoiled when the grab is closed, as shown 
in our illustrations, the grab-rope and the crane- 
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rope following each other across the barrel each time 
the grab is closed and opened. 

ith a grab of this type it is possible to get great 
length of stroke and a very high purchase, and, owing 
to the small number of moving parts, the possibilities 
of the gear getting out of order are very small even 
when working under adverse circumstances. We 
understand that this type of grab has been at work 
in iron ore, &c., for some time with very satisfactory 
results. It can also be fitted with a chain instead of 
a rope, the head-gear being so arranged to take the 
chain instead of the rope. 





Forrest Reserves IN Canava,— According to the 
Journal of the Board of Agriculture certain lands in 
Canada are scheduled as forest reserves for the growth of 
timber, the conservation of minerals, the maintenance of 
conditions favourable to a continuous water supply, and 
the protection of fish and other animals. To effect these 
purposes the Dominion Forest Reserves and Parks Act 
received the Royal assent in May, this year. The Act 
provides for the appointment of rangers, and the expropria- 
tion of any land within the schedule areas not vested in 
the Crown. Protection is afforded to those licensed to 
fell timber, and the ee of necessary public roads is 
provided for. During railway construction fire rangers 
may be appointed for the protection of the forest, half 
the cost of which service is to be borne by the railway. 
The Governor in Council may make regulations for the 
proper utilisation of the reserves, and may proclaim areas 
as Dontaten parks, partsof which may be made available 
for building. Twenty forests, of a total area of about 
25.200 square miles, are established; of this area 2115 

uare miles are in British Columbia, 3584 in Manitoba, 

7 in Saskatchewan, and 18,564 in Alberta. 





Suprosep Mg.tine or Carson.—Since 1909 La Rosa 
has made experiments which appear to him to have 
proved at any rate an incipient fusion of carbon. He 
heated rods of — by strong electric currents, and 
found that they bent under their own weight ; when the 
full current was suddenly turned on, the carbons would 
explode, and some of the scattered particles looked as if 
they had been fused. .. Experiments, simultaneously pub- 
lished by O. P. Watts and C. E. Mendenhall in the 
Physical Review and the Annalen der Physik of July, 
1911, do not confirm this assumption. Rods, 6 mm. in 
diameter, from 15 cm. to 30cm. in length, and of three 
kinds of carbon, made by the National Carbon Company, 
of Cleveland, by Conradty (German graphite), and by the 
Acheson Graphite Company, were taken and heated by 
currents of amperes at 110 volts. The bending and 
curving observed was ascribed to a softening of the binding 
material. There was, however, also some bending at 
an angle of 50 deg. in the pure graphite at 2700 deg. 
Cent., and this increased afterwa: during cooling. 
Suddenly heated rods showed the tubercular swelling 
described by Rosa and the formation of a crust of very 
fine-grain es. not upon the hottest parts, how- 
ever, but upon the colder parts. The appearance sug- 
gested that some compound was volatilised and recon- 
densed. Watts and Mendenhall believe that very hot 
carbon becomes more plastic. 
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Tue Evecrric AArHUS-RANDERS Raitway, DenmMaRK. 
—This Anglo-Danish undertaking seems destined to be 
constantly hampered in its progress. Some months 
the various municipalities accepted the terms ultimately 
submitted, the only point remaining in abeyance being 
the concession, which was looked upon as a mere matter 
of form. Since then difficulties seem to have arisen. 
Further, the Aarhus Corporation, which had agreed to 
supply electric energy at the low price of 7 dre (barely 1d.) 
per kilowatt-hour, on the advice of their technical expert 
that this price, though leaving no profit, would not result 
in loss, seems to have sesonaliennl the matter, and at a 
recent meeting they have annulled this offer. 





** ENGINEERING Estimates, Costs, AND AccOoUNTS.”— 
The first edition of this work appeared in December, 
1889. The third edition, revised and corrected by the 
author, ‘‘ A General Manager,” has now been issued by 
the publishers, Messrs. Crosby Lockwood and Son, 7, 
Stationers’ Hall-court, Ludgate-bill, E.C., at the price 
of 7s. 6d. net. It deals in detail, and in a most practical 
way, with estimating and the drawing up of accounts for 
all classes of shop work, commencing with the calcula. 
tion of the weights of different engine parts, the cost of 
materials, the estimation of workmanship in the various 
trades, and the apportioning of office expenses, down to 
the calculation of cost of pieces of machinery and boilers, 
with forms of specification for their supply. A very 
large number of interesting illustrations are given in the 
form of tables, which constitute as many examples for 
arriving at the cost and selling prices of both new work 
and repair work. The divisions followed in the book 
facilitate reference for comparison purposes to the 
examples given, and these, together with the explanatory 
remarks with which they are accompanied, show that the 
author is an experien man of business. 





CALCULATOR FOR FeERRo-ConcreTe.—Messrs. J. H. 
Holden and Co., Limited, of 8, Albert-square, Man- 
chester, have just placed upon the market a calculator, 
due to Mr, W. N. Twelvetrees, for solving mechanically 

ractically every problem in ferro-concrete construction. 

e instrument is on the fact that if, as is com- 
monly assumed, plane cross-sectiéns of a beam remain 
plane after flexure, the stresses in different parts are 
proportional to the distance from the neutral axis. The 
instrument is therefore provided with acufsor, on which 
is pivoted an arm which can be clamped in any posi- 
tion. One end of this arm moves over a stale showing 
the maximum stress in the concrete, and the opposite 
end over a scale showing the stress in the reinforcement. 
If the two stresses are given and the cursor moved, so 
that opposite ends of the pivoted arm indicate the 
desi . ppetem , the one will then Fg on a scale 

vided for the purpose, the position of the neutral axis, 
Philet from another scale can be read off the proportion 
of reinforcement required and the depth of the effective 
lever-arm between the compressed and extended elements 
of the beam. The relative economy of alternative designs 
of beam can be ascertained almost instantaneously, and 
rules are given by which the instrument can applied 
with equal ease to the case of T beams, such as commonly 
make up a ferro-concrete floor. A clearly-written de- 
scriptive pamphlet, with numerous numerical illustrations 
of the method of applying the instrument to the most 
diverse problems, has been drawn up by Mr. Twelvetrees, 
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THE BELFAST MUNICIPAL TECHNICAL 
INSTITUTE. 

Tue New MECHANICAL ENGINEERING LABORATORY. 
By W. J. Crawrorp, D.Sec., Mechanical Engineering 
Department. 

TECHNICAL education in Belfast is of recent growth, 
only eleven years having passed since the movement 
was inaugurated ; yet in this short time progress has 
been very rapid. Year by year there been an 
increase in both the quantity and the quality of the 
work done, until in the present session almost 6000 


individual students are attending the Institute, of | 





tank through a channel and tumbling bay. me A 
ments are provided on the pumps and turbines for 
measuring the electrical horse-power, the brake horse- 
power, and water quantities. The drawing indicates 
clearly the general arrangement. 

The Boiler-House.—The Lancashire boiler, which is 28 ft. 
by 8 ft., was manufactured by Messrs. Joseph Adamson 
and Co., Manchester. In connection with it a Sugden 
superheater is installed, and steam temperatures are taken 
at the inlet and the outlet. The marine boiler, which is 
11 ft. by 11 ft., is by Messrs. Workman, Olark, and Co., 
Limited, Belfast. Inside the steam s there is a feed- 
water heater by Messrs. Hamilton and MacMaster, Belfast. 
A recording pressure-gauge, connected to both boilers, 
records on a revolving card the variation of steam pressure 


which a general view is given in Fig. 1, Plate LIX., | during 24 hours. An economiser by Messrs. Green and 


with this week’s issue, and the programme of study | Son, 
| temperatures of 


comprises instruction in every leading subject required 
by the trades and industries of the city. 

The Engineering Section of the Institute has re- 
ceived very full consideration from the Technical 
Instruction Committee, and it is with the latest 
development in this respect—the opening of the new 
Mechanical Laboratory—that this article has to deal. 
The whole of this installation has been planned and 
carried out by Professor Smith, Head of the Depart- 
ment of Mechanical Engineering, who has expended 
much labour upon it. It comprises a very complete 
experimental plant of the most modern description. 

he opening ceremony was performed by Professor 
Perry, LL.D., D.Se., F.R.S., on November 24, who 
delivered an inspiring address. The eminent lecturer, 
in the course of his remarks, said that he considered 
the equipment of the new laboratory was perhaps the 
finest he had ever seen. In particular he referred to 
the moderate dimensions within which the individual 
units had been kept. In many mechanical laboratories 
large steam-engines and great 100-ton testing-machines 
were to be found, a type of equipment which the 
student could only work when a professor and a demon- 
strator or two were looking after him; the student 
was afraid of big engines. 

The machinery installed in the new laboratory was 
such that in every case two or three students would 
be competent to take charge of any unit, and they 
would run little risk of doing themselves any injury. 

The following is a detailed. description of the Mecha- 
nical Engineering Laboratory, of which a sectional 
elevation and a plan are given in Figs. 2 and 3, 
Plate LIX., while in Plate rXIL., Figs. 12 and 13, are 
shown two general views of the inside of this Labora- 
tory. The figures in brackets in the following descrip- 
tion refer to the numbers on the plan, Fig. 3 :— 


Mechanical Enginecring Department.—The mechanical 
engineering laboratory, which is 114 ft. long by 42 ft. 
wide, is situated on the ground floor of the institute, and, 
being placed in the centre of the block, has no buildings 
immediately above it. It is divided into two long bays 
and is covered with a em roof. Two hand travellin 
cranes, placed at such a height as to clear comfortably a 

ipes and pieces of machinery, run its whole length. The 
Ser is double, there being a clear space of 3 ft. between 
the levels. This arrangement is very convenient, use 
it permits the placing of all apparatus not directly needed 
for experimental purposes, out of sight, and hence the 
keeping of the floor space proper free for uninterrupted 
movement of students and teachers. Furthermore, it 
permits all shafting to be placed below ground. Easy 
access is given to thes between the floors by numerous 
trap-doors. The top floor is paved with red tiles, which 
give a serviceable and at the same time pleasing appear- 
ance to it. The laboratory contains a lecturer's and 
students’ desks (1 and 2, Fig. 3). A large office (34), fitted 
with tables, shelves, &c., is built against the back of the 
laboratory in the centre of its length, for the use of 
teachers in storing small tools, small testing implements, 
drawings, catalogues, &c. This office commands a view 
of the whole room. An interdepartmental telephone 
system is installed, so that ready communication may be 
had with ro, Med the departments of the institute. A 
small fitter’s bench (29) serves for work which it is not 
necessary to take to the machine-shop. 

The laboratory is lighted with sixteen 200-candle-power 
drawn-tungsten lamps with holophane shades, and small 
electric hand lamps are also provided which can be moved 
to any machine at will. The underfloor also is illumi- 
nated by incandescent lamps. The laboratory is heated 
in winter by a system of pipes one hot water, and 
is ventilated as part of the general scheme on the plenum 
system. 

The Testing Plant.—The boiler-house, which is situated 
across the passage from the laboratory, contains a Lanca- 
shire boiler, a marine boiler, pumps, water-meter, econo- 
miser, internal feed-water heeter, and induced-draught 
fan with variable-speed motor. The feed water can be 
heated directly or put through the economiser and the 
internal feed-heater. Saturated or superheated steam 
may be drawn off. From the boiler-house pipes radiate 
to the different steam units in the laboratory. These 
units discharge to either a surface or an ejector condenser. 
The piping is so arranged that out of a set of five units 
it is possible to run complete consumption tests on two 
units atatime. The —— water is measured by 
weirs, and the condensed steam by a calibrated tank. 

In the as section a head of 280 ft., generated 
by a high-lift turbo-pump, is employed to drive, in 
sections, the various turbines. The water is taken from 


a tank below the upper laboratory floor (this tank is | 
ischarged to the same | volumes. 


divided into two portions), and is 





akefield, is employed, and the inlet and outlet 
and water are taken by thermo- 
meters. The varia [a motor-driven fan is by Messrs. 
Musgrave and Co., Belfast. 

There are two feed-pumps. One is by Messrs. G. and J. 
Weir, Glasgow, and is fitted with indicator cocks for 
both water and steam ; the other is by Messrs. Pearn and 
Co., Manchester, and is similarly equipped. A Kennedy 
feed-water meter is installed. 

Space is left in the boiler-house for a tubular boiler. A 
complete set of feed-tanks is provided under the labora- 
tory floor, from which the volume of feed-water can be 


O O 


Fig. 
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measured. Arrangements are made by which platinum 
thermometers may be inserted in the furnaces, tubes, 
combustion-chambers, flues, and chimney, the tempera- 
ture record being taken by a Callendar recorder fixed in 
the main wo sage 

Steam Section.—The main steam-engine (22), illustrated 
in Fig. 4, Plate LX., is of the horizontal cross-com- 
pound type, and is by Messrs. Combe, Barbour, and 
Co., Limited, Belfast. It is of 60 indicated horse-power, 
at a steam pressure of 120 lb. per square inch, 15 deg. 
Fahr. superheat, and 100 revolutions per minute. As 
this engine was specially designed for experimental 
pu it differs considerably from a similar powered 
engine built to standard patterns for ordinary purposes. 
It is, for instance, considerably heavier in its various 
scantlings, &c., as it is used sometimes as a single-cylinder 
engine, either condensing or non-condensing. As a 
matter of fact, the piston, piston-rods, &c., are designed 
for full boiler pressure on the low-pressure cylinder. 
The high-pressure rods are made the same size as the low- 
pressure for the sake of symmetry. 

The engine is so designed that it can be used under any 
of the following conditions—viz. :— 

1. Compound condensing. 

2. Compound non-condensing. 

3. Single - cylinder condensing (using low - pressure 
cylinder). - 

4, Single-cylinder non-condensing (using low-pressure 
cylinder). 

The engine is so arranged that the cranks can be set at 
any desired angle, the power between the two halves of 
the crank-shaft being transmitted by a clamping strap 
tightened up by bolts over the coupling rims. In order 
to run single cylinder, this strap is slackened off and lies 
on the idle portion of the shaft, and the high-pressure 
eccentric straps, which are very small and light, are 
simply removed from their respective eccentrics. The 
high-pressure eccentrics are placed outside the others for 
convenience of adjustment, as these are the ones most 
affected by a change in the position of the cranks. All 
the eccentrics are secu each by a single serrated set- 
screw and die, and adjustments can be made in a few 
minutes. 

A branch is placed on the pipe between the cylinders, 
to which vessels of various size can be attached for experi- 
ments on demonstrating the effects of different receiver 











The valves are all of the drop-piston type, the steam 
ones being operated by a new form of trip-gear designed 
by Mr. Crawford, of Messrs. Combe, Barbour, and Co., 
Limited. As this is now used for the first time, some 
detailed description of it may be acceptable. It is illus- 
trated in Figs. 14 to 16 herewith. In general it com- 
prises a forked rod attached to a sliding die carried 
in a link-block, the end of the rod passing through a block 
swinging about a pin in a lever, the position of the pin 
being under control of the governor. The cut-off is varied 
by the change in the position of the die. Such position 
is controlled by the motion of the block round the centre 
of a subsidiary lever. 

A — A between the block C and the back of the 
forked portion of the forked rod B keeps the die C a con- 
stant distance from the centre of the block D, and there- 
fore the forked rod operates as a telescopic rod, which is free 
to shorten, but not to lengthen. The length is primarily 
determined by the position of a nut E on the screwed tail 
of the forked rod, which comes in contact with the block D. 

The curved lever F, oscillated by an eccentric, is carried 
on a fulcrum-pin in a bracket fixed to the valve-cover. 
There is also another pin fixed through, and near, the top 
of this bracket, and on this pin is mounted a subsidiary 
lever K, the inner ends of which have pins fastened 
thereto, on which the uppermost end of the link or guide- 
block L is swung, whilst the lower end is connected to 
the inner end of the curved lever. The link or guide- 


Fig. 4s. 


block L is provided with flanges which overlap a squared 
portion of a trunk N, which is fastened to the vertical 
spindle. This prevents the spindle or trunk from turning. 
It also prevents the fixed steel die P which is attached in 
a recess in the trunk from turning. In the sides of the 
sliding-link or guide-block L there is a horizontal slot, in 
which is the sliding-die C furnished with projecting pins 
for engaging in the recesses in the guide-block L. The 
pins are attached to the forked rod B. On this rod there 
is mounted the qe ny D, which is free to slide on the 
forked rod, and is also secured to the end of two plate- 
levers K, which are free to swing. 

The pin-block D is provided with a leather washer on 
which the nut of the forked rod butts each time the 
sliding die C moves into engagement. The pin-block D 
has also two lugs to prevent the nut on the forked lever 
from turning and altering the depth of engagement of 
dies. The spiral spring A keeps the sliding die C in 
position for lifting the valve. At the bottom end of the 
spindle the piston-valve is secured. On the upper end of 
the spindle there is a cushioning piston and cylinder. 
The cushioning cylinder is provided with an air inlet 
and regulating-screw. The pin J is connected to the 
governor of the engine. Thus it will be seen that the 
cut-off is varied by the changes in the ae of the slidin 
die C coming into engagement with the trunk N, an 
thus operating the valve. 

The exhaust-valves are positively driven in the usual 
manner. The exact valve-settings can be ascertained by 
markings on the ends of the spindles which are produced 
through the bonnets, and marked with the widths of their 
respective valves, a portion of the covers being set out 
to represent the valve-ports. Adjustments for lap and 
lead, &c., can therefore be made and demonstrated 
without the necessity of having to open up the cylinders. 
The governor is of the Hartung type, driven off the 
eccentric shaft, and apparatus has been designed for the 
determination of complete curves for the analysis of its 
motion. The brake-band is so arranged that by means 
of a toggle-lever the load can be thrown off, and govern- 
ing tests, from various loads to no load, carried out. The 
cranks are designed for removable balance-weights, so 
that the effect of different weights with different crank 
angles can be ascertained by suitable a tus. Metallic 
pac. by the United States Metallic Packing Company, 
Limited, is used. The same company supplies four special 
indicating-cocks which are unable, to jam under any 
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conditions. Three gauges are provided—the first to 
measure the stesm Fag wy just at the entrance to the 
high-pressure cylinder, the second to measure the steam 
pressure just at the entrance to the low-pressure cylinder, 
and the third to measure the pressure in the exhaust-pipe. 
The fiy-wheel is designed for a Prony brake, and has a 
hollow water-cooled rim. It may be seen fitted up in 
this way in Fig. 4, Plate LX., while Figs. 17 to 21 give 
various details of the brake showing the arrangement for 
water circulation. In addition to brake tests by weights, 
the power can be ascertained at a glance by means of a 
new torsion-meter designed by Professor Smith. 

Parsons Steam - b-kw. o 
alternator and exciter (35), shown in Fig. 5, Plate LX., 
is installed. The alternator delivers three-phase current, 
which is taken to the main switchboard. It is intended 
to experiment later with this current on some of the 
machines in the textile laboratory. ; 

The High-Speed Engine.—A high-speed engine (16) of 
25 brake horse-power, at 750 revolutions per anaee, by 
Messrs. W. H. Allen, Son, and Co., Limited, Bedford, 
is installed. It drives directly a direct-current generator 





Fig.17. 
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of 15 kw. at 220 volts. It is to be seen in the background 
in Fig. 6, Plate LX. It is of the enclosed type, havi 
forced lubrication. The governor is furnished wit 
a hand regulating-gear, to permit of the speed being 
adjusted while the engine is running. Two pressure- 
gauges, one vacuum gauge, and one thermometer cup 
are suitably mounted near the engine side of the stop- 
valve. Indicating gear of simple but strong design is 
provided. The generator is of the compound type, and 
the electric load consists of similar unit resistance-coils 
mounted on a framework erected behind the main switch- 
board, the units being thus easily inspected at any time. 
The switch-panel, which is part of the main switchboard, 
will be described later. 

Impulse Steam Turbo-Pump.—A De Laval steam- 
turbine (14), shown in the foreground in Fig. 5, by 
Messrs. Greenwood and Batley, Limited, Leeds, of 15 
horse-power and 40,000 revolutions per 7. drives a 
centri ugal ump through a 10 to 1 gearing. he pump, 
which lifts 160 gallons of water per minute against a head of 
160 ft., receives water from the tank under the laboratory 
upper floor and delivers it into. the large measuring bay. 

pump may be disconnected, when a friction brake 
mounted on the main shaft enables brake-horse-power tests 
to be carried out. The various pressure-gauges enable an 
experimenter to carry out consumption tests, when the 
particulars of the nozzles have been obtained. The nozzles 
can be readily withdrawn, and they can be easily tested 
on a special apparatus of the Stodola type erected on the 
near wall of the laboratory. 

Feed-Pump.—A small Worthington duplex feed-pump 
(15) of the ordinary commercial type is installed. It draws 
in water from a small suction tank and discharges through 
an air vessel and throttling valve to an orifice tank. From 
this the water flows back to the suction tank. A counter 
records the number of strokes of the pump. Indicator 
cocks on both steam and pumpcylinders, and simple indi- 


cating gear suitable to both cylinders, are supplied. 


Turbine. — A 16-kw. Parsons turbo- 











An experimental plant for the testing of exhaust and 
live steam injectors has been erected on the laboratory 
wall. This also includes a small piece of apparatus for 
testing the condensation occurring in steam-pipes lagged 
in various ways. 7 

The Condensing Plant.—The whole of the condensing 
plant, which is designed so as to be suitable for —— 
with the largest steam unit in the laboratory, is locate 
in a pit placed centrally with respect to the engines, the 
pit being enclosed by steel hand-rails, 

There are two condensers : (a) a surface condenser (19) 
by Messrs. Isaac Storey and Sons, Limited, Manchester, 
and (b) an ejector condenser (20) by Messrs. Ledward and 
Beckett, Limited, London. The former is of the contra- 
flow type. The tubesare of solid brass, § in. in diameter, 
by18B.W.G., and are fitted with screwed tops and ferrules 
of brass. The condenser is fitted with atmospheric pipe 
and valve, so as to act as an atmospheric condenser when 
required. For the purpose of the experiment, thermo- 
meter cups have been supplied as follows:—One in the 
water admission, for taking the temperature of the circu- 
lating water at entrance ; one in the water-discharge pipe, 
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for taking the temperature of the circulating water at 
exit ; one in the hot-well, for taking the temperature of 
the condensed steam ; and one in the upper part of the 
condenser, where the steam is admitted. 

The centrifugal circulating pump of the surface con- 
denser is driven directly by a variable-speed Westing- 
house direct-current motor, operating at 440 volts. The 
speed can be cut down to one-quarter the maximum in 
numerous steps. The pump draws water from one of the 
large calibrated tanks below the lower floor of the labora- 
tory, each of which is 5000 gallons capacity, and dischar; 
into a cast-iron weir tank, fitted with baffle-plates and a 
rectangular brass weir plate, by means of which the 

uantity passing is estimated. After passing the weir, 
the water travels back through a specially-designed 
channel to one of the tanks under the lower floor. 
Arrangements have also been made to employ circulating 
water from the city water main. The motor above 
referred to drives also, by means of a belt, a single-acting 
Edwards vertical air-pump fixed to the side of the con- 
denser. The hot-well discharge passes by a pipe to a 
measuring-tank, consisting of two vessels one above the 
other, each capable of holding about 100 lb. of water, and 
having brass cocks, gauge-glass, and a measuring device. 
From the measuring-tank (18) the condensed steam runs 
to the laboratory drain. 

The ejector condenser can also be connected to any of 
the steam units. All the necessary weir tanks, valves, 
gauges, &c., for measuring the various quantities under 
consideration are installed. 

The Main Switchboard.—Situated within 6 ft. of the 
high-speed engine and turbo-sets is a Westinghouse 
double-panel marble switchboard (17). This controls the 
current from the two dynamos which form the loads for 
the high-speed engine and turbine. 

For any power above 10 horse-power, loading by means 
of a brake requires cooling devices, and, moreover, the 
readings are somewhat unsteady. The electrical method 











allows the load to be put on in gradual steps, and the 
readings to be easily taken. In this case it was important 
that the students should learn various methods of testing, 
and become familiar with electrical instruments. In con- 
sequence, an Allen direct-current generator, running at 
750 revolutions per minute, was attached to the high- 
8 engine, and a Parsons alternator to the turbine. 

he direct-current generator is capable of a continuous 
output of 15 kilowatts at 220 volts. The load is thrown 
on in steps of 10 amperes by means of seven single-pole 
knife-switches, mounted on the left-hand panel of the 
board. No damage can be done by throwing in the 
switches in wrong order, as each controls its load of 
10 amperes. 

As water resistances for absorbing the power are incon- 
venient in many ways, metal resistances of the Westing- 
house standard pattern were adopted. The frames con- 
taining the units are mounted behind the switchboard, 
and admit of easy inspection and replacement of the 
units. A double-pole switch, field-break switch, field- 
——s resistance, volt-meter, and ammeter complete 

e panel. 

e right-hand panel contains the gear for regulati 
and controlling the load on the three-phase 16 k. "4 
200-volt turbo-alternator. The alternator is of the rotating- 
field type. It has two poles, and runs at 6000 revolutions 
per minute. The exciter is fitted with the Parsons com- 
pounding device, and in eo uence at a power factor of 
unity, the full load may be thrown on with a variation 
of only 2 per cent. in the voltage. Even if the alternator 
is accidentally short-circuited, the device prevents the 
current from reaching a rous value. It consists of 

etic leakage paths fitted across the poles of the 
exciter, carrying a winding, through which the main 
current of the alternator fiows. As the load increases, 
the leakage coefficient of the exciter is automatically 
reduced, and the voltage consequently raised. It has the 
advantage that there are no moving parts, and, if desired, 
may be cut out of action. Three separate 25-ampere 
knife-switches with three contacts, one for each phase, 
control the load. In parallel with these is a rotating 
switch of the three-phase induction-motor starter type. 
The combination admits of controlling the current in 
2-ampere stops from zero to 50 amperes. The instruments 
on the board consist of a polyphase integrating wattmeter 
(connected through two series transformers), so that the 
total number of units for the test may registered 
whether the phases are balanced or unbalanced, a watt- 
meter and an ammeter in one of the phases and a volt- 
meter. As in the case of the direct-current set, a field- 
regulating resistance for the exciter and a field-break 
switch are also mounted on the panel. 

Air-Compression Plant.—The primary object of this 
plant is to study the efficiency of an ordinary two-s' air- 
compressor (11) and the losses met with. A ‘‘Sentinel” air- 
compressor, manufactured by Messrs. Alley and Maclellan, 
Limited, Glasgow, has been installed. It is belt-driven 
from shafting below the laboratory floor, this shafting 
itself being driven by the motor which also drives the main 
centrifugal high-lift pump. Fast and loose pulleys and 
striking gear are provided. The air pressure generated 
is from 60 lb. to 80 lb. per square inch. Arrangements 
are supplied for taking indicator diagrams from the com- 
pression cylinder, and for measuring the heat discharge 
through the walls of the jacket by means of two thermo- 
meters, one in the admission pipe and one in the dis- 
charge pipe of the jacket. The jacket water is discharged 
to a sink, and is measured on the way thereto. The 
machine is supplied with pressure fans and a small 
reservoir for the compressed air a. Various 
pipes and orifices are provided to enabie students to study 
the kinetics of air in motion. 

The Refrigerating Plant.—A small refrigerating plant 
(13) has been provided. This consists of a refrigerating 
machine and a liquid-air machine. This is shown in 
Fig. 7, Plate LX. The refrigerating-machine is by 
Messrs. L. Sterne and Co., Limited, Glasgow, and is 
employed to produce small quantities of ice, and to illus- 
trate the method of cooling by means of a flow of brine. 
It is installed also with the object of testing the conver- 
sion losses in such plants. It is driven from a pulley on 
the shaft under the upper floor. Thermometer cups are 
provided on the pipes leading to and from the compressor 
and to and from the condenser. The cylinder is supplied 
with an indicator cock, pressure-gauges, and all the 
necessary fittings for test-work. 

The liquid-air plant is of the type manufactured by the 
British Oxygen Company. It consists of a Whitehead air- 
compressor (12) belt driven from the underground shaft, 
an air-liquefier, and both low and high-pressure purifiers. 
The whole is supplied with fittings necessary to carry out 
thermodynamical tests. The gas-compressor is capable of 
compressing about 550 cub. ft. of gas per hour toa pressure 
of 150 atmospheres or more when running at 400 revolu- 
tions per minute. Under these conditions it requires 
from 6 to 7 horse-power to drive it, and produces through 
the liquefier 14 litres of liquid air per hour. All parts of 
the compressor are readily accessible, and the lubrication 
of all parts is controlled from one reservoir. 

The liquefying apparatus (10) depends upon a method 
by which a moderate amount of refrigeration produced by 
the expansion of a gas may be accumulated on intensified 
till it reaches the point at which the mes liquid 
under atmospheric pressure. The method lies in directing 
all the expanded gas, immediately after its ex ion, 
over the coils which contain the compressed gas that is on 
its way to the expansion-point. The cold developed by 
expansion in the first expanded gas is thus communicated 
to the on-coming com gas, which consequently 
expands from, and therefore to, a lower temperature than 
the ape) rtion. This intensification of cooling gas 

on until the expansion temperature is far lower than 





it was at starting, and the effect is so powerful that even 
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the small amount of cooling due to the free yoy of 
gas through a throttle-valve may be made to liquefy air 
without using other refrigerants. 
raulic Section.—Various heads of water up to 
280 ft. are obtained from a motor-driven high-lift turbo- 
ump (9), made by Messrs. Mather and Platt, Limited, 
anchester. This pump obtains its supply from either 
side of the measuring-tank sunk in the lower floor. It is 
used for (a) pump-testing purposes, and (6) supplying 
yeswe water to any one of three experimental turbines. 
hen employed in pump tests it delivers to the cast- 
iron water-channel, and works against a head produced by 
throttling a valve. It is of the three-stage type, and is 
capable of delivering 400 gallons of water per minute at a 
head of 200 ft. The peep ie direct driven by a direct- 
current electric-motor (8) of 40 horse-power, 440 volts, and 
77 amperes, which is of the interpole variable-speed type, 
and has a variable resistance of forty steps, corresponding 
approximately to equal drops of speed. The instruments 
connected to the motor include a voltmeter and an 
ammeter of the Weston dead-beat type, mounted on a 
convenient panel. The motor and pump are rigidly 
connected on one bed-plate and the motor is connected 
to the pump ~ a claw-clutch. The motor is also used 
for driving the underground shafting mentioned pre- 
viously as used for the compressors, A pressure- 
gauge reading in feet of water, and a vacuum-gauge read- 
ing in the same units, are mounted on a board near the 
pump, the former being connected to the pump side of the 
discharge stop-valve, and the latter on the pump side of 
the suction-valves. A counter reading to five figures is 
suitably mounted and geared to the motor-shaft. One 
experimenter can easily control all the regulating appa- 
ratus, both electrical and hydraulic, and all the gauges, 
instruments, &c., are so placed that he can read them 
without changing his position. 

Cast-lron Channel and tumbling Buy.—The cast-iron 
channel (6), which receives the discharge water of the 
turbines, is of internal cross-section 2 ft. 6in. by 2 ft., 
and has an over-all length of approximately 30 ft. It is 
built of flanged plates. The channel has four branches, 
three for re: eiving the discharge from the turbines, and 
one for the float from which the head of water above the 
weir is estimated. The tumbling bay (7) may be fixed in 
three different positions corresponding to those required 
for discharging into either end of the large measuring 
tank or into both ends at the same time. The whole of 
the apparatus, with the exception of the operating handle, 
is built so that the upper surface is level with the work- 
ing fluor of thelaboratory. The whole channel is covered 
over with teak trellis-work, built in sections, and this 
forms a portion of the floor of the laboratory. A pipe 
and valve are provided for the purpose of draining the 
channel into the large measuring-tank. The portions of 
the channel above the tumbling bay and still pool are 
covered by chequered plates carefully cut to fit the sup- 
ports provided round the wall of these sections. 

The ere to which the turbines discharge are covered 
by the bed-plates of the machines themselves. The con- 
nections between the turbine pools, still ols, and the 
water channel are partially obstructed “4 means of 
perforated plates of cast iron, with rough holes 1 in. in 
diameter. These plates are removable for convenience 
in cleaning and painting. The bevel weir-plate, of Muntz 
metal, 12 in. wide by 16 in. deep, is very accurately 
machined and finished. The tumbling bay or hopper is 
constructed of cast-iron mounted on brackets and bearings, 
and is rigidly attached to the handle which actuates it. 
The various floats are connected to wooden rods which 
slide in tubes, or to brass tubes guided by wires, and 
they are placed in convenient positions for the measure- 
ment of different levels in the channels. 

Venturi Meter.—A Venturi tube, of which a drawing 
is given in Fig. 22, is used for measuring the quantit 
of water flowing from the high-lift turbo-pump. t 

















consists of two conical pipes, jointed together and in- 
serted in the run of the pipe that connects the pum 
with the experimental turbines. The flanges are sgumiet 
by cast-iron packing-rings which do not fill v4 the space 
to the bore of the pipes, and in this space brass rings 
having internal hollow parts are inserted. The inner parts 
of these rings are —- to the pipe by means of numerous 
small holes, there being eight in each of the two lai 
rings and six in the small one. Connections from the 
outside are provided in the cast-iron packing-rings an 
the various small copper branch-pipes, connections, and 
valves for the attachment of the quantity-measuring 
apparatus, which consists of a mercurial gauge or U-tube, 
are inserted. 

Pitot tubes are inserted in the pipe between the pump 
and the Venturi tube. These are fixed in a brass cover 
fitting in a suitable boss in the pipe. They consist of 
two }-in. bore copper tubes, which pass into the main 
pipe, and make oppositely-directed right-angled bends in 
it. They are fitted externally with a cock and fittings 
for the attachment of strong rubber tubing, to which a 
sensitive differential pressure-measuring device may 
connected. The arrangement of valves for obtaining 
heads by throttling is such that the readings of the Ven- 
turi meter and Pitot tubes are not influenced, for the 


yalves are all on the delivery sides of these instruments. 








The Turbines.—The water turbines are shown in Fig. 8, 
Plate LXI. The Pelton wheel (3) was made by Mr. Pere 
Pitman, London, and develops 5 horse-power, with a fall 
of 75 ft., when making 400 revolutions per minute. It 
has an outer bearing and a brake-wheel, with hollow rim 
for water-cooling. This machine is fitted with a regu- 
lating nozzle and three interchangeable nozzle-tips of 
different diameters mounted on a swivel, and having 
locking arrangements for convenience in changing the 
nozzles. The inside of the case may be inspected, while 
the machine is running, through two openings, one on 
each side of the case, covered with plate-glass. A pres- 
sure-gauge reading in feet of water is mounted on the 
wall and connected to the turbine side of the stop-valve, 
and a counter-reading to five figures is suitably mounted 
and geared to the turbine-shaft. 

The Girard turbine (4) is by Messrs. Gilbert Gilkes and 
Co., Limited, Kendal, and has a wheel of about 21 in. in 
diameter, and is designed to develop 6 horse-power on a 
75-ft. head when making 550 revolutions per minute. It 
has a brake-pulley and standard, with water admission- 
pipes and valves, water-scoop, and aaa in con- 
nection with the brake. A pressure-gauge ing in feet 
of water is mounted on the laboratory wall near the 
turbine, and is connected to the turbine side of the stop- 
— A counter, reading to five figures, is geared to the 
shaft. 

The Thomson turbine (5) is by Messrs. Gilkes, and gives 
approximately 4 horse-power, with a fall of 75 ft. The 
guides are of brass, and have a simple external gear for 
indicating their position. The turbine is fitted with the 
necessary brake-gear, and, as in the case of the others, a 
pressure-gauge and a counter are supplied. 

Apparatus for Experiments on Pipe Friction.—Two 
}-in. copper pipes are connected by means of two union 
joints to points 70 ft. apart on a 2-in. water main installed 
below the upper laboratory floor. The other ends of 
these pipes are brought close together through the upper 
floor of the laboratory and are attached to a differential 
pressure-gauge, from which the loss of head in feet is 
obtained. The flow of water is estimated by means of a 
weighing-machine and water-tank capable of dealing 
with 2000 lb. of water. This weighing-machine and tank 
oa employed for calibrating the various measuring- 
tanks. 

Fans.—A small electric direct-driven Sirocco fan (30), a 
resent to the Institute from Messrs. S. Davidson, Bel- 
ast, is installed. This apparatus is provided with elec- 

trical instruments, air-trunk, throttles, sensitive gauges, 
&c., for the carrying out of complete tests. 

Testing of Materiuls Section.—The testing {of materials 
is carried out by means of a very modern plant. All 
tension, compression, and cross-breaking testing is 
carried out on a Riehlé automatic and autographic 
machine (39), which is capable of giving a maximum load 
of 150,000 lb. As this machine, which is shown in the fore- 
ground of Fig. 12, Plate LXLI., is now fairly well known 
in this country, no prolonged description need be given of 
it. It is a compound lever type, and its great feature is, 
that for its capacity it takes up very little room. It is 
driven by a Westinghouse direct-current electric motor 
of 5 horse-power and 440 volts. Eight changes of testin 
speed are obtained by means of a system of aden 
gears and clutches. The lower part of the machine is 

laced between the two floors, with the consequence that 
or a 70-ton machine the portion visible is remarkably 
small. The Riehlé is used by students for taking tension 
tests on all kinds of iron and steel, compression tests on 
iron, steel, wood, stone, slate, cement, &c., bending tests 
on iron bars, tests on chains, wire-ropes, &c. The facility 
with which the fittings can be changed from one kind of 
testing to another is remarkable. ‘Taken altogether, the 
Riehlé has proved very satisfactory, and much easier 
to operate than the immense single-lever machines of the 
same capacity. A complete equipment of measuring 








devices is installed for the determination of elastic 
limits both by mechanical] and electrical methods. A 
torsion-machine (40) is also provided. 

For experiments on heat treatment of various steels, a 
gas-furnace (25) by S. W, Brayshaw, Manchester, has been 
rovided. This apparatus is heated by a ring of Bunsen 
urners, and there is provision for forcing the blast 
if necessary. In connection with this furnace and for 
boiler experimental purposes, a Callendar temperature 


d | recorder has been installed. 


For the purpose of carrying out tension tests on 
cement, an Adie machine (36) is placed in this section. 
Students make the cement specimens for themselves from 
the moulds, and having allowed those to set for the 
requisite time, they easily learn to manipulate them in 
the machine. The compression tests on cement are 
usually carried out on 6-in. cubes on the Riehlé machine. 

Tests on the fatigue of metals are carried out from time 
to time on a fatigue-testing machine (37), which was 
ay designed by Professor Smith and constructed by 

essrs. Combe, Barbour, Belfast. It is shown in Fig. 12, 


be | just beyond the Riehlé testing-machine. The complete 


machine has re been fully described in the pages of 
ENGINEERING, and the author does not propose to go into it 
at length here. Briefly, rotating masses give alternate pull 
and push to a specimen } in. indiameter. A spring, which 





may be used either in tension or compression, can so alter 
the amount of load on the specimen that the range of 
stress may be anything on the tension side to anything 
on the compression side. Thus not only equal and 
oo stresses, but any range of stress may be obtained. 
e machine consists of two similar units, and both may 
be simultaneously worked. It is driven by a 5-horse- 
power variable-speed Westinghouse motor working at a 
voltage of 440. Several important re-earches have already 
been carried out on this fatigue-tester, and others are in 
ss. A complete electrical equipment (38) for the 
measurement of heat generated during endurance tests 
is provided for use with it. 
_ A plant consisting of the necessary grinding and polish- 
ing wheels operated by small electric-motors is provided 
for preparing steel specimens for etching, previous to 
microscopical examination. This microscopical examina- 
tion is made in conjunction with experiments on fatigue 
of metals and statical test phenomena, and in connection 
with this a micro-photographing apparatus is employed. 
In order to examine the hardness of metals and to com- 

re such results with ordinary tension test results, a 
rinell hardness-testing machine is placed in the labora- 

tory. 

Among the smaller pieces of apparatus are a standard 
poe and vacuum-gauge tester (31) by Schaffer and 

udenberg, Limited, London ; two examples for studying 
machine-balancing problems (32 and 33); and an arrange- 
ment by G. Cussons, Manchester, for experimenting on 
the kinematics of link-motions. 

The laboratory also contains an equipment for testing 
the elastic strength of flat plates of circular, square, 
rectangular, and elliptical form. The writer has made a 
large series of experiments with this, and hopes shortly 
to publish some interesting results. . 

Internal - Combustion Section.—The plant comprising 
the internal-combustion section includes a gas engine, a 
suction-gas plant, an oil-engine, and a petrol-engine, 
calorimeters for determining the calorific value of town 
gas, coal, oil, and fuels, and all the necessary indicating 
and small testing gear. The gas-engine (27) is by the 
National Gas-Engine Company, and their usual design 
has been modified to suit the needs of the laboratory. It 
is of 20 indicated horse-power when working on ordinary 
town gas, and somewhat less when using the suction 
plant. By a suitable arrangement of valves town or 
suction gas may be used at will. This engine is chiefly 
used for indicated horse-power, brake horse- power, and 
consumption tests. The fly-wheel, which serves as a 
brake wheel, has a hollow rim, and a continuous stream of 
water is kept circulating while the tests are in progress. 
A brake band with wood sections and weights is used. 
Explosion indicators are employed for graphing the explo- 
sions, but the number of explosions is also registered on 
a counter. Another-counter registers the number of 
revolutions of the engine. Thermometers placed in cups 
register the inlet and outlet temperatures of the circulat- 
ing water, and the quantity of this water is measured by 
a scale calibrated in pounds per minute. 

Thermometer-cups are provided for the study of 
cylinder-wall temperature, together with an exhaust-heat 
calorimeter of the type devised by Professor Hopkinson. 
Sampling-valves are placed at various points for experi- 
ments on gas analysis. The pas consumption is read off on 
a large 200-light meter (28) placed close to the engine. The 
calorific value of the gas is determined by a Junkers 
calorimeter. The most modern planimeters, measuring- 
gauges, and everything for accurate testing are pro- 
vided. 

The suction-gas plant (26) was made by the National 
Gas-Engine Company. The comparison of consumption 
and horse-power tests when working on town gas and suc- 
tion gas respectively has proved very instructive for the 
students. 

The oil-engine (24) is of the Blackstone well-known make. 
It is of 12 indicated horse-power, and is so far modified 
from the commercial type as to permit of indicated horse- 
power, brake horse-power, and consumption tests being 
carried out with the minimum of adjustment, as in the 
case of the gas-engine. The equipment of details is similar 
in all respects to that of the gas-engine. The oil is stored 
in tanks (21). 

The petrol-engine (23) is about 4 horse-power. A s cial 
ulley is mounted on the crank-shaft for taking the brake 
orse-power. The indicated horse-power is taken by 

means of a beam of acetylene light, and the diagram 1s 
clearly reflected on to the glass screen in front of the 
indicating apparatus. The indicating gear was supplied 
by Hospitalier-Carpenter, Vanraden, and Co., Limited, 
Coventry. : 

A view of the experimental mechanics’ laboratory is 
shown in Fig. 9, Plate LXI. It will be seen to be well 
—— with apparatus, much of which has been made 
at the Institute. : 
The Machine-Shop.—The machine-shop, which is 
equipped with modern high-grade tools and machines, 
is situated on the ground floor close to the main engi- 
neering laboratory. Views of this department are shown 
in Figs. 10 and 11, Plate LXI. The pattern-shop is at 
the far end of the machine-shop, bei ivided from it by 
a glass partition, such that the teacher in charge ma 
keep an eye on both departments. Mr. G. H. Longwort 
has charge of this section of the work. In the machine- 
shop, the chief constructive work of the students has 
consisted in the making of several modern screw-cutting 
lathes and numerous pieces of scientific apparatus, every 
portion of which has been designed, machined, and 
assembled by them under the guidance of the teachers. 
Manual training metal-work classes are also held in the 
machine-shop, these being in connection with the Trade 
Preparatory Section of the Institute, and not strictly 
with the engineering department. The students attend- 
ing these ave are young, and the course has been 
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designed to afford a training in the use of hand-tools and 


in the different of metal work. 
Special classes are held in screw-cutting and milling for 
advanced students, and these have been y Rear ho attended 


by apprentices and workmen desirous of supplementing 
their customary work by a more extended and advanced 
use of the lathe and the miller. The machine-shop has 
been of great service to the other sections of the engineer- 
ing department, inasmuch as much new and improved 
} apparatus has been made in it for the applied and 
i experimental mechanics laboratory, referred to above, for 
the materials testing laboratory, &c. The room is lighted 
at night by enclosed arc-lamps, and, in addition, portable 
incandescent lamps are conveniently arranged for use on 
each machine. i 

The machines installed are as follow:—One universal 
milling-machine, for cutting spiral gears, spur and bevel 
gears, &c., with universal attachment, by Brown and 
Sharpe ; one Bateman high-speed planer ; one high-speed 
screw-cutting lathe, with special gear-head, by Pollock 
ff and Macnab ; one boring and surfacing lathe, with patent 
bf variable-speed-gear, by John Lang and Sons; six small 
t screw-cutting lathes, by J. Parkinson and Son; one 
Hendey Norton screw-cutting lathe; one capstan lathe, 
by Alfred Herbert ; one small screw-cutting lathe, by 
Dempster, Moore, and Co.; one vertical automatic drilling- 
machine, by the American Tool Works; one sensitive 
drilling-machine, by Ludw. Loewe and Oo.; one shaping 
machine, with swivel vice attachment, by the Potter and 
Johnstone Machine Company; one twist-drill grinder ; 
one cutter and reamer grinder, by Ludw. we and Co.; 
one ‘‘Globe” tool-grinder, by D. 8S. Walkerand Co. ; one 
“Paragon” grindstone; two gas forges and anvils; one 
brazing apparatus; one marking-off table; 16 vices, 
arranged along the working benches. In addition to the 
above, all the necessary smiths’ tools and engineers’ small 
tools are supplied. f ; 

The pattern-shop contains the following :—One hand 
turning-lathe, by Messrs Selig, Sonnenthal, and Co. ; six 
benches, each fitted with two Emmorts pattern-makers’ 
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Subject. Hours. 
Mathematics am ae 5 
Geometry ... - 2 
Mechanical drawing 3 
Mechanics ... a 1 
Machine-shop practice 3 


Theory of machines 
Heat engines 
Hydraulics ... wal 
Strength of materials 
Electrical engineering 
Electrical machinery 
English oa 
rman 
Gymnastics ... 


pM 
a] 
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The course for the third year is adjusted to meet the 
eee meagan of students. Instruction is provided in the 
following subjects :—Practical geometry, mechanical 
drawing, mechanics, machine-shop practice, theory of 
structures, theory of machines, stre’ and elasticity of 
materials, theory of heat engines, and bydraulics. 

The fee for the session is 10. The Library and Tech- 
nical Instruction Committee, Belfast, offer the following 
scholarships annually for students taking the course :— 
One major scholarship of 15/. per annum, together with 
fees for one year; four minor scholarships, each giving 
free admission to the school for one year. These scholar- 
ships are awarded on the results of the entrance exami- 
nation. In addition there is annually awarded a scholar- 
ship, value 50/., with free tuition for one year in the day 
department. This is given to the student obtaining the 
best results in the evening section. 

Examinations.—A mid-sessional examination is held in 
February, and a sessional examination at the end of the 
course of instruction. Marks given for work done — 
the course of the session count equally with marks gain 
in the examinations. 





vices; one circular saw, by Messrs. John Elsworth and 
Sons; one band-saw, by Messrs. S. Sagar and Co. ; one 
; wood-trimmer, by the Oliver Machinery Company. The 
; tool-room is equipped with all modern gauges, mea- 
' suring instruments, twist-drills, cutters, reamers, &c., 
i and complete set of woodworking tools are also supplied. 
The engineering department also includes three lecture- 
rooms, three drawing-rooms, one electric photographing- 
room, and a mechanical laboratory. These rooms are 
fitted up with the latest diagrams, models, charts, and 
small apparatus, ther with numerous mechanical 
experimental pieces, lantern-slides, &. Such details are 
too well known to need description. 
Courses in the Mechanical Engineering Department.— 
There are three main courses in this department : (a) the 
Day Technical Course ; (b) the Day Apprentices’ Course ; 
(c) the oe Course. The first two, as the names 
imply, are held during the day, and the last in the 
evening. 
The Day Technical Cowrse.—This course has been estab- 
lished to provide instruction in the science and technology 
of mechanical engineering. The conditions of admis- 
sion are as follow :—(1) Candidates must not be less 
than fifteen years of age; (2) Candidates must be pre- 
j red to pass an entrance examination. Candidates who 
: ave passed the matriculation examination of any univer- 
; sity, or who hold scholarships awarded by the Depart- 
' ment of Agriculture and Technical Instruction, by the 
: City and Guilds of London, or by the Belfast Municipal 
L Technical Institute, are exempted from the entrance 

examination. A workshop training is not insisted on, 
but students are informed that practical experience will 
be found a distinct help in following the programme of 
if instruction. The entrance examination comprises the 
following compulsory subjects:— English, geography, 
mathematics, elementary science, elementary drawing, 
and ‘ general knowledge.” The last is a ape set to 
test the candidate’s intelligence in so far as this can be 
measured from a knowledge of such current public affairs 
as receive special newspaper or local attention. 

The programme of instruction has been designed with 
due regard to the recommendations contained in the 
“report of the Committee meee to consider and 
report to the Council upon the subject of the best methods 
of education and training for all classes of engineers,” 
issued in pamphlet form by the Institution of Civil Engi- 
neers. e instruction given is of university standard, 
and is of a thoroughly practical nature. The programme 
extends over three years. The instruction in the first 
year is common to departments. In the second year 
the programme is more specialised, and in the third year 
; it is almost wholly specialised. The teaching hours are 
thirty per week and the duration of the session is about 
forty weeks. 

In the first-year course the time is allocated as 
follows :— 


Subject. Hours. 


{ Mather atics 
Practical geometry 
Mechanical drawing = 
Experimental mechanics... 
Machine-shop practice... .. 
Sepedmeutel pageies phekeoe 
Chemistry ... = 
English 

German i ron 

| Freehand drawing and 


model drawing 
; . Physical training ... = a ns 
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In the second-year course the time is divided as 
follows :— 








ec 1 Students.—With a view to meeting the 
requirements of a number of students who are notin a 
— to attend the full-day technical course, it has 

n arranged to admit students to portions of the course, 
as, ¢g., to lectures, mechanical drawing practice, or 
laboratory or workshop practice. Such students do not 
“— to take the entrance examination. 

t should be noted that the engineering subjects of the 
day technical course form part of the engineering degree 
course of the Queen’s University of Belfast. 

The Day-Apprentices’ Course.—This course is intended 
for engineer apprentices and apprentice draughtsmen 
who are nominated by their employers. Students joining 
this course attend six hours on Mondays throughout the 
session. The subjects included in the programme of 
instruction vary from year to year. This year they are 
as follows :—Practical mathematics, one hour ; heat en- 
gines, one hour; machine design, one hour ; — 
mechanics, one hour ; engineering laboratory, two hours. 
The fee for the complete course is 1/. 10s. The Institute 
authorities furnish periodical reports to employers con- 
cerning the progress made by their apprentices, and also 
notify employers of any absences or of failure on the 
part of students to comply with the conditions laid down. 
Evening Division.—In this division there are three 
sections—the Preparatory, the Introductory, and the 
Mechanical Engineering course proper. hen new 
students apply for admission to the Institute, they must 
sit for a simple examination in English, arithmetic, and 
freehand drawing. This examination is imposed for the 
purpose of testing the candidates’ capacity for the various 
classes. If less than40 per cent. of marks be obtained, 
the candidate must take the pre tory course ; if the 
candidate obtains between 40 and 70 per cent., he must 
take the introductory course; and if he obtains 70 per 
cent. or over, he may begin at once the specialis:d course. 
The Preparatory tion meets on two evenings per 
week, a the subjects taught are English, arithmetic, 
metry, mensuration, and freehand drawing. The 
ntroductory Section also meets on two evenings per 
week, and the subjects are English, workshop arith- 
metic, and manual instruction. In both the preparatory 
and introductory courses all the instructors are engineers, 
and the courses are given « strong engineering bias. The 
first-year specialised course in mechanical engineering 
comprises engineering graphics, practical mathematics, 
and hine construction. The second-year specialised 
course consists of applied mechanics, machine construc- 
tion, and practical mathematics. No further course is 
provided after the second year, but students are en- 
cou to begin to specialise in the subjects that con- 
cern them most in their daily occupation. A very large 
range of subjects is provided. In almost all these classes 
the programme comprises an hour’s lecture, followed by 
an hour’s practical work in the laboratory. Proper labo- 
ratory note-books are kept, and each experiment must be 
correctly entered up before another is commenced. In 
the elementary laboratory classes sheets containing out- 
line instructions for carrying out the experiment are 
supplied to the students. Great stress is laid upon home- 
work. The volume of evening work is considerable, 
and this necessitates the employment of a large staff of 
occasional teachers in addition to the permanent staff. 











ILLUMINATION AND PxHoromeETry.—In the Faculty of 
Engineering at University College, a special course of 
eight advanced lectures on “Illumination and Photo- 
metry” will be delivered by Mr. W. C. Clinton, B.Sc., 
A.M.I1.E.E., Assistant Professor of Electrical Engineer- 
ing, beginning on Wednesday, January 10, 1912, at 
6.30 p.m, The fee for the course will be two guineas. 
Full particulars may be obtained on application to the 
secretary of the College. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


We give below a number of colonial and foreign 
engineering jects, for several of which tenders are 
asked. Further data concerning these projects can be 
obtained from the Commercial Intelligence Branch, Board 
of Trade, 73, Basinghall-street, London, E.C. 

India: The Times of India states that the Mysore 
Durbar has sanctioned a ~~ scheme for the extension 
of the River Cauvery hydro-electric and irrigation works, 
and the execution of the first stage of the scheme is to 
be begun immediately. The full ject, estimated to 
cost 253 lacs of rupees (about 1,687,000/.), includes the 
following works :—(1) 124 ft. high, capable of 
storing a depth of 118 ft., or 41,500 million cubic feet, 
of water, 139 lacs (about yy (2) canal system to 
irrigate 150,000 acres of land, 106 lacs (about 707,000/.) ; 
(3) extensions and improvements of the Cauvery power 
works to provide additional power to the extent of 5000 
horse-power, 8 lacs (about 53,000/.). The first stage 
includes the construction of a dam with a full supply of 
80 ft. and a storage capacity of 11,030 million cubic feet, 
but of sufficient section for an ultimate storage of 118 ft., 
at a cost of 81 lacs (540,000/.), and the power works given 
under (3) above. 

British Columbia: With reference to the proposed 
tunnelling and reclamation works at Lulu Island (Van- 
couver) for railway terminal facilities, the Imperial Trade 
Correspondent at Vancouver reports that there seems no 
likelihood of this scheme being carried out at present. 

Turkey: The British Acting Consul-General at Con- 
stantinople reports that tenders are invited by the 
Administration of the Ottoman Public Debt for the con- 
struction of a mole at Salif (Yemen). Tenders, accom- 

nied by certificates of competency, and a guarantee 
or T300/, (270/.), will be received at the Direction Géné- 
rale, Dette es Ottomane, Constantinople, up to 
January 20, 1912. ote.—Local representation is practi- 
cally indispensable in the case of Turkish Government 
contracts. 

Japan: The Bulletin Commercial, Brussels, states, on 
the authority of the Belgian Consul at Kobe, that work 
is coca | with the extensions at the harbour of Takao, 
Formosa. sum of 4,733,000 yen (about 482,000/.) was 
originally earmarked for this purpose. When the harbour 
improvements are comple it is expected that there 
will be berthing accommodation for ten 2000 to 3000-ton 
steam-vessels, and that it will be possible to handle some 
500,000 tons of traffic per annum. 

Mexico: The British Vice-Consul at Guadalajara reports 
that, according to the local press, the Southern Pacific 
Railway Company (Tucson, Arizona, U.S.A.) has begun 
surveying operations for a line from Guadalajara to Mexico 
City, for which it has a concession. The line would compete 
with that of the National Railways of Mexico. A conces- 
sion has been granted to Mr. William A. Rogers, of 
Calle San Francisco, Guadalajara, for the construction of 
a railway from Guadalajara to the northern shore of Lake 
Chapala, and the establishment there of a large pleasure 
resort. This goctest, adds the Vice-Consul, is still at an 
early stage of development. The Diario Oficial announces 
that a concession has been granted to Sefiora Hortensia 
C. de Siller to use 10,000 litres of water per second from 
the River Patos for the purpose of carrying out irrigation 
works in the municipal district of Genwal Cepeda, State 
of Coahuila. Exemption from Customs duties is allowed 
in respect of plant and materials which it may be necessary 
to import. 
Brazil: The Bulletin of the Pan-American Union for 
October states that the Paulista Railway Company pro- 
poses to construct a double line from Jundiahy to Cam- 
inas, to be afterwards extended as faras RioClaro. The 
ritish Vice-Consul at Santos reports that the Sio Paulo 
State Government have granted a concession for the con- 
struction of a railway from Pindamonhangaba to Villa 
de Jaguaribe, with a branch to the boundary of Minas 
eraes. Interest is guaranteed on the capital employed 
up to 267,000/. Construction work is to be begun within 
six months and completed within two years. The Santos 
municipal authorities have granted a concession for the 
construction of a railway from Santos to the boundary of 
the municipality of Sio Sebastifio. Construction work is 
to be begun within eighteen monthsand completed within 
five years. The Secretary of Agriculture has signed a 
contract for the construction of a metal bridge over the 
River Tieté at Barra Bonita. 

Ecuador : With regard to the proposed water supply, 
drainage, and sewerage works at Guayaquil, tM: 
Consul at Quito reports the publication of a Con- 
gressional decree, dated October 5, authorising the Pre- 
sident of the Republic to contract with M. Edmond 
op oe for the placing of a loan of 50,000,000 francs 
(2,000,0002.), to be issued at 85. Two-fifths of the pro- 
ceeds are to be used for the sewerage and paving of 
Guayaquil, and the rest for water supply works, the con- 
struction of a new quay, and the repayment of the loan 
made to the Municipality of that town by the Banco 
Territorial. 

Argentina : The Boletin Oficial publishes the following 
decrees issued by the Ministry of Public Works :— 
No. 8438, pais to the Compafiia Francesa Ferro- 
carriles de la Provincia de Santa Fé a concession for the 
construction and working of a railway from a point on 
the La Sabana-Barranqueras line to the River Pilcomayo, 
facing Asuncién. The line will be divided into three 


sections. No. 8367, granting tothe Buenos Aires Western 
Railway, Limited, a concession for the construction and 
working of a railway between a point on the La Lanja- 
Gonzdlez Moreno line and La Pampa Territory. No. 8436, 
granting to Sefior Andrés R. Fary a concession for the 
construction and working of a line from the harbuur at 





Santa Fé to the River Bermejo, about 25 miles north-west 
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of Presidente Roca. No. 8445, authorising the Ministry 
of Public Works to draw up plans and specifications for 
the construction of a railway between Patquia and ro 
cabana, and granting a sum of 200,000 pesos (about 17, .) 


for the purpose of oanyas on the surveying operations. | 7 p 
publishes a 


The Boletin also law, issued by the Ministry 
of Public Works, granting to the Central Argentine 
Railway Company a concession for the construction and 
working of the following lines of railway :—Peyrano to 
Rio Quarto via Wheelwright and Sancto Spiritu; San 
José de la uina to the projected Peyrano - Rio 
bar line; Villa del Rosario to Garza, and thence to 

intina ; Ceres or Selva to the 28th parallel ; Agua Dulce 
or San Vicente to Santiago del Estero ; Pinto westwards 
until it joins the Villa del Rosario- Garza line; San 
Francisco to the 153rd kilometre of the Villa del Rosario- 
Las Rosas line; Pilar to Mecha via Media Luna and 
Cabrera ; Vifia to Baradero ; extension of El Chaiiar line 
to Rosario de la Frontera. The company also engage to 
build a line from Cordoba to a convenient point on the 
Villa del Rosario line at Garza, providing the Govern- 
ment authorities do not within three years constructa line 
to join up the Dean Funes line at Santa Fé with Cordoba. 
The following information is taken from the Bulletin of 
the Pan-American Union for October :—Messrs. D. Selva 
and Co. have petitioned Con for a concession to 
build a branch railway, from kilometre 40, on the San 
Lorenzo Railway to Villa Casilda, and also a branch line, 
from kilometre 350, to General Villegas. The company 
also proposes to build branch lines to San Rafael and 
Molague, and a line to the north, running parallel to the 
Mendoza River. 

Uruguay: The Diario Oficial contains a decree provi- 
sionally sanctioning the plans submitted by the Midland 
Railway of Uruguay, and approved by the National 
Department of Engineers, for the construction of a rail- 
way between Tres Arboles and Piedra Sola. 

Norway: H.M. Consul at Christiania states that 
tenders are invited for the supply to the Norwegian 
State Railway authorities of about 8765 tons of steel 
rails and fish-plates, and about 1084 tons of bed-plates. 
Sealed tenders, marked ‘‘Anbud paa Skinner m.v.,” will 
be received at Styrelsens Expeditionskontor, Stats- 
banerne, Christiania, up to 1 p.m. on December 29. Local 
representation by a resident agent is required. It should 
be noted that in all Norwegian Government contracts 
a preference (apart from Customs duties) is given to Nor- 
wegian manufacturers. The foreign article must pay 
duty, and its duty-paid cost forms the basis of com- 
parison with the Norwegian article. 








Swepisu Iron Org.— According to statistics lately pub- 
lished, the production of iron ore in Sweden during last 
year is the largest on record, owing to the joint causes of 
the favourable conditions of the European market and the 
deferment of work from the preceding year, on account 
of the protracted labour conflicts of that year. The entire 
output of iron ore during 1910 amounted to 5,184,002 tons 
of directly serviceable iron ore, and 728,601 tons of ore 
intended for concentration, making an aggregate of 
5,549,987 tons serviceable iron ore, which shows an 
increase of 1,664,941 tons compared with the previous 
year. Iron ore has been worked from 283 mines, situated 
in 13 different liu, or districts, 3,511,954 tons coming from 
the Noorbotten liiu (Lapland), and 1,107,249 tons from 
Kopparberg liu. An aggregate of 9894 hands has been 
engaged in the iron ore mines and the concentrating and 
briquetting works. Extensive contracts for Swedish iron 
ore have also been placed ,by America, comprising de- 
liveries for several years. Deter 1910 pig iron was 
manufactured at 82 blast-furnaces, the production amount- 
ing to 603,939 tons. The production of hammered iron 
and steel amounted to 151,713 tons blooms, &c., and 
472,249 tons of ingots. 





Tue New Orrent Liner “ Orama.”—The new Austra- 
lian liner Orama, which has been built by Messrs. John 
Brown and Co., Limited, Clydebank, for the Orient 
Steam Navigation Company, left London on her first 
voyage on the 10th ult. The vessel is slightly larger 
than the five ships completed for the company in 1909, 
and illustrated and descri in ENGINEERING, vols. 
lxxxvii. and Ixxxviii. In her design have been embodied 
a number of improvements suggested by their service. 
The most important difference is that the new vessel, 
instead of being propelled by twin-screw reciprocating 
engines, is a triple-screw vessel propelled by means of a 
combination of reciprocating engines and steam-turbines. 
She is 569 ft. long over all, 64 ft. 3 in. in extreme breadth, 
and 42 ft. in depth from the shelter deck. Her gross 
tonnage is 13,000. She has accommodation for 293 first- 
class, 145 second-class, and 867 third-class passengers. 
The principal public rooms are on the promenade deck. 
Forward is the tirst-class lounge and music-room, which 
is decorated in Louis X VI. style. Aft are the smoke- 
room and a verandah café. The first-class dining-saloon 
is on the upper deck. The ventilation has received 
special attention. The alleyway: have grillé doors, 
and the upper panelling of the cabins has open grat- 
ings. The propelling machinery consists of two inde- 
pendent sets of four - crank triple -expansion engines, 
working on the wing shafts, in conjunction with a low- 
pressure Parsons turbine on the centre shaft. The 
reciprocating engines are balanced on the Yarrow- 
Schlick-Tweedy system, and careful observations taken 
during the trials revealed an absence of vibration at 
Ispeeds ranging from 13 knots to 184 knots. The trials 
included continuous runs between the Cloch and the 
Cumbrae Lights, on the Clyde, at 184 knots, and a 
36-hours’ coal-consumption trial—half at 174 knots, and 
half at 144 knots, 





THE PHYSICAL SOCIETY OF LONDON. 


At the meeting on November 10, 1911, held at the 
Finsbury Technical College, Professor H. L. Callendar, 
S., President, in the chair, Professor Silvanus P. 
Thompson and Professor E. G. Coker exhibited two 
reflecting polariscopes for the study of optical stress in 
materials. The polariser in each is a sheet of blackened 
glassat the polarisingangle. One has a field 6 in. square, 
the other 10 in. square. They were designed for the 
purpose of studying the stresses in objects cut out in 
sheets of xylonite (celluloid) subjec to mechanical 
tension. To eliminate the black-cross effect the objects 
are placed between two quarter-wave plates of mica, 
having their axes set at 45 deg. Some larger quarter- 
wave plates of mica were shown, one of them 24 in. in 
diameter. ; 

Various experiments on surface tension were exhibited 
by Mr. C. R. Darling. ; 

In addition to aniline, which has the same density as 
water at 64 deg., the author has found the following 
liquids to a temperatures :—Anisol at 
15, orthotoluidine at 24, butyl benzoate at 48, and aceto- 
acetic ether at 53. These results have been applied in the 
production of large drops of liquids by —— them 
In water, when, owing to the slight difference in density 
between the drop and its surroundings, the process is 
much slower than in the case of a drop falling in air, and 
=y be followed clearly by the eye. : 

Spherical drops of large size may be produced by taking 
water in a beaker and one of the above liquids at the 
temperature of equal density. The liquid is admitted 
through the stem of a funnel, about 1 cm. in diameter, 
furnished with a tap, the stem terminating below the 
surface of the water. The liquid sphere forms on the end 
of the stem, and, if the temperatures be correctly adjusted, 
may be made to possess a volume of 100 c.c. or more. 

breaking drops, falling vertically, may be obtained 
if a liquid slightly denser than water is taken. The liquid 
is allowed to run into water through a tube terminating in 
a widened portion about 2 cm. in tere the flow bei 
controlled by a tap. A pendent drop forms on the en 
of the tube, which gradually elongates, and finally breaks 
away from the tube, drawing out a neck of liquid, which 
is afterwards resolved into two or more secondary dro 
In the case of small drops breaking from the end of a 
tube, only one small droplet is observed to follow the 
major portion, and in some cases is not formed. With 
large drops, however, three droplets of diminishing dia- 
meter are generally formed. When the water used is 
drawn from the tap, orthotoluidine at the temperature of 
the room may generally be used with satisfactory results ; 
if observed to be of insufficient density, a little aniline 
may be added. 

Large breaking drops rising vertically are obtained 
when the liquid is less dense than the water, the delivery 
tube in this cuse being bent upwards: the drop rises and 
finally breaks away, usually giving rise to a single droplet. 
Orthotoluidine at 30 deg., discharged into water at 30 ie. 
is suitable for this experiment. 

Supported drops, or liquid columns, may be obtained 
by taking a large test-tube containing a shallow layer of 
water and pouring into it a quantity of aceto-acetic ether 
sufficient to form a hanging drop which rests on the 
bottom of the vessel. The liquid then remains in equili- 
brium in the form of a column of curved outline sur- 
rounded by water, the upper end clinging to the water 
surface. On adding more water gradually the column 
becomes thinner and finally breaks, leaving a large drop 
at the bottom of the vessel, and a smaller drop aioe m4 
from the surface of the water. Butyl benzoate is also 
suitable for this experiment. 

A quantity of aniline in water at temperatures above 
70 deg. alternately rises to the surface and breaks off in 
the form of a drop, which sinks to the bottom of the 
vessel, the two processes being repeated indefinitely. 
This is due to the liquid cooling on the surface until 
denser than the water beneath, when a drop is detached ; 
but in the lower part of the vessel the drop is reheated until 
less dense than the water, when it rises to the surface. 
An investigation of the temperatures of the water and 
aniline alle by means of a thermal junction showed that 
the temperature of the floating aniline was always about 
6 deg. below that of the surrounding water, probably on 
account of the lower specific heat of aniline (0.52). 

When a small quantity of impure orthotoluidine is 
poured upon the surface of water the floating mass is set 
into violent agitation, finally breaking up into numerous 
small spheres. On adding a further quantity a number of 

lobules of circular section are inal, which periodically 
coeetae indented on one side, so as to resemble a kidney 
in shape ; after which they dart rapidly across the sur- 
face. A period of repose follows, after which the globules 
again become indented and are projected across the sur- 
face as before. This procedure is repeated, with decreas- 
ing frequency, for two hours or more. When a tranquil 
state is reached a single large globule is usually observed 
in the centre of the surface. 

A paper on “ The Effects of Holes and Semicircular 
Notches on the Distribution of Stress in Tension Members,” 
was read by Professor Coker. 

The necessities of practical construction lead to a 
number of interesting cases of stress problems in which 
discontinuities like holes and notches occur in great 
variety, both as regards form and pe. 

For the experimental determination of stresses in loaded 


members an optical examination of a model shaped in 
transparent material has many advantages. 

Two cases of primary importance are examined in this 
way, and the results are compared with those obtained 
by analysis. The first example relates to the case of a 
hole in a tension member subjected toa uniformly applied 
stress p. 





The values of (pz — py ), the difference between the prin- 
cipal stresses, are my | obtained optically, and they show 
a fair agreement with the calculated values if the diameter 
of the hole is not greater than one-quarter of the width of 
the plate, but beyond this the agreement is not 80 good. 
For practical purposes it is important to be able to esti- 
mate the maximum stress from the value obtained b 
assuming that the total load on a tension member is uni- 
formly distributed over the cross-section. A formula 
based on the relationship found in the experiments takes 
the form, Pe 


284+28+e¢+1 
where c is the ratio of the width of the member to the 


diameter of the hole ; if c is large compared with unity, 
this reduces to the simple form, 


3c 

ees e+1 

In the case of two semicircular notches, arranged sym- 
metrically with regard to the centre line and to the 
cross-section, there appears to be no exact mathematical 
solution, but an approximate one has been obtained by 
Leon, resulting in expressions for pr and py at the mini- 
mum section of the form 


ae a2 =) =2(¢ - =) 

- (2+ r2 a rt ~ 2\r2 rt | 
provided that the radius of the notch is small compared 
with the breadth of the plate. 

Experimental determinations of px — p, show that 
the maximum values agree very well with those of the 
formule for notches having a maximum radius of about 
one-quarter of the breadth of the member, but the mini- 
mum values do not show a very good agreement if the 
notch has a radius greater than one-eighth of the breadth. 
The results appear to indicate that the radial stress for 
large notches is greater than that given by the formula. 

For determining the maximum stress from the applied 
mean stress a formula is proposed of the form 

12 ¢3 
6A0+48+e+1 
and this shows a fair agreement with the experimental 
values. 

Professor Silvanus P. Thompson exhibited a large 
harmonograph for inscribing on a moving ribbon of paper 
the harmonic movements produced by compounding 
together mechanically the oscillations of two heavy pen- 
dulums. The recording pencil consists of a glass tube 
drawn to a fine aperture, in which tube is inserted an 
ordinary sable-hair paint brush, dipped in ink, so that the 
mere point of the brush projects through the orifice. He 
also described his apparatus (shown in operation in the 
laboratory) for demonstrating the physiological effect of 
an alternating magnetic field. An alternating electric 
current with a frequency of 50 periods per second is led into 
two large copper coils, producing an alternating magnetic 
field of an intensity of about 10,000 C.G.S. units in the 
space between the coils. If the head is placed in this 
space a singular sensation of a flickering bluish illumina- 
tion is perceived. The effect is greatest if the direction 
of the lines of force of the field is through the temples. 

Professor Thompson also demonstrated several experi- 
ments in acoustics. These were—(a) a Rubens tube 
15 ft. in length, with a row of small gas flames along it, 
exhibiting the positions of the nodes and ventral segmeuts 
when the internal column was thrown into. partial 
modes of vibration by shrill tones; (b) a Rayleigh flame 
of peculiar sensitiveness ; (c) a dynamical model in glass 
of the three semi-circular canals of the ear. The canals 
being filled with coloured liquid, and containing model 
otoliths (made of glass bubbles filled with air), move- 
ment of rotation about any one of the three axes sets 
the liquid in the corresponding cana] into relative motion. 
(d) A set Of steel bars for demonstrating the superior limit 
of audition ; (e) a ton-variator of Dr. Stern, consisting 
of a resonant cavity of adjustable volume, excited by a 
me air-blast, and graduated to produce any tone 

tween the frequencies of 200 and 400 per second ; (f) 
an adjustable resonator, in which the size of the front 
opening is altered by use of an iris ae ake (g) a 
new phenomenon in resonance. If a tuning-fork is intro- 
y nan into a tubular resonator having a front orifice just 
wide enough to admit the two prongs, resonance is 
observed when the prongs are hal just in the opening. 
On inserting them deeper the sound ceases, but is again 
heard if they are inserted still further. 


Pmax. = Pwean. 


Pmax. = Pwean, 








Tue Late Mr. Epovarp WIpMANN.—We regret to 
have to record the death of Mr. Edouard Widmann, 
which occurred on October 7 last. Mr. Widmann was a 
retired Chief Naval Constructor of the French Navy, 
Officer of the Legion of Honour, Managing Director of 
the Société des Forges et Chantiers de la Méditerranée. 
He was also a member of the Managing Committee of 
the Paris-Lyons-Mediterranean Railway Company and 
President of the Syndicate of French Shipbuilding Works. 
Mr. Widmann was a member of the Institution of Naval 
Architects and po jen attended its meetings ; at the 
spring meeting of 1887 he read a paper before the Institu- 
tion ‘On the Principle of an Hydraulic Apparatus for 
Transmitting Signals and Power and Controlling all Sorts 
of Distant Mechanism,” which he had prepared in con- 
junction with the late M. Berrier-Fontaine. He took 
part in the discussion of a paper on the steam-turbine, 
read by Sir C. A. Parsons, at the Naval Congress 
held in Bordeaux in 1907, when he stated that his 
company, the Fo et Chantiers above named, were the 
first licensees for the construction in France of the marine 
steam-turbine of the Parsons type. 
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ELECTRICAL APPARATUS. 


23,242/10. J. A. Fleming, London. Wireless Tele- 
graphy. [1 Fig.) October 7, 1910.—This invention relates to 
a form of spark-discharger consisting of a series of flat metal 
plates pl very near together, and in some cases revolving, and 
having a film of oil between them, so as to take advantage of Wien’s 
discovery of the large damping of short spark-gaps, and hence to 
quench or destroy suddenly the primary spark, and thus to create 
free oscillations in the dary or circuit by impact. 
In using such a discharger, it is necessary constantly to dismount 
and repolish the plates, and the efficiency of the discharger as a 
quenched spark or impact-discharger depends upon the preserva- 
tion of the surface of the plates in a polished condition. Accord- 
ing to this invention, the shaft of the rotating electrode is sup- 
ported in such a manner as to prevent its endway movement, and 
the stationary electrode is mounted on adjusting-screws. Further, 
the electrodes are made of highly polished hardened steel. aand b 
are two metal plates separated from each other by four metal 





23242) 





columns, two of which, ¢, cl, are shown. The columns pass 
through holes in the plates a, b, and are insulated therefrom. 4g is 
a bearing fixed to the platea. his a shaft working in the bearing 
gand having fixed to its lower end a highly polished disc A of 
hardened steel. g1,g! are discs on the shaft 2, and these discs 
and the ends of the bearing g have ball-races formed in them to 
receive rings of balls. g?is a pulley secured to the shaft g. By 
tightening the nut securing the pulley the balls can be more or 
less nipped between the discs g! and the ends of the bearing g ; 
the nut should be so adjusted that while the shaft h is allowed to 
turn freely, any endways movement of it is practically prevented. 
B is a second highly polished disc of hardened steel ; it is secured 
to the plate b by a screw engaging its central boss, and it rests on 
adjusting-screws. The drawing, for the sake of clearness, shows 
the discs A and B at a comparatively large distance apart, but in 
actual use the distance should never exceed ;4, in. (Accepted 
October 11, 1911.) 

709/11. H. Leitner, Woking. Dynamos. [3 Figs.) 
January 10, 1911.—This invention relates more especially to 
variable speed machines working in conjunction with accumu- 
lators. According to thisinvention, for the purpose of preventing 





(709) 


the making of incorrect connections of the dynamo terminals 
with the external circuit, all the connectionsare brought to a two- 
part plug of ordinary type, having different sized studs, and so 
sovenged that one-half of the plug tion is attached to, and 
forms part of, the dynamo, and the other half forms part of the 








external circuit. When the two halves are , the main 
circuit is broken, and the dynamo is idle and cannot generate. 
a, bare the main internal connections, and c,d the shunt-field 
connections of the dynamo, which connections are brought to one 
half f of the plug and terminate in sockets, the half plug being 
secured to the dynamo. The external connections are attached to 
the other half of the plug, and terminate in studs which en 
with the sockets. The halves of the plug are so made that the 
connections can only be made one way, this may be brought 
about, for instance, by having the studs and sockets of different 
sizes. (Accepted October 11, 1911.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 
770/10. E. Cro escliffe, and E. Crowe, 


{9 Figs.) November 7, 1910.—According to this invention, 
internal-combustion engines are provided with an oscillating 
cylindrical valve that is expanded to fit tight in its casing by the 
compressions and explosions, and is operated in such a manner 
that whilst performing the usual functions it is ype during 
the compression and explosion. The cylinder a is provided at its 
upper end with the combined inlet and exhaust-valve ) and the 








inlet-port and the exhaust-ports c,c! on opposite sides of the 
valve-chamber. The valve } is a hollow gtater with a port cut 
in its side and split throughout its length in order that it may fit 
the valve chamber and take up its wear. The valve-spindle e¢ is 
provided with a short crank pivotally connected to the tappet-rod 
9, — against the cam on the cam-shaft j by means of the 
helical spring h. About half the circumference of the cam is of 
circular form, so that the valve shall dwell during the compres- 
sion and explosion strokes. (Accepted October 4, 1911.) 


13,193/11. W. H. Moore and Ambrose Shardlow and 
Limited, Sheffiel Suction-Gas Producers. 

(2 Figs.) June 1, 1911.—This invention relates to means for dis- 
tributing water as evenly as possible on the upper surface of a 
column of coke or other substance which has to be kept cool and 
moist by means of water trickling through it, and also to prevent 
the efficiency of the sprinkler from deteriorating after it has 
been at work for some time. The sprinkler is made in the-form 
of a dome with a hollow boss b in the centre, and with indenta- 
tions ¢ arranged all round the edge. Through an orifice in the 
boss b the feed-pipe d is passed, and the sprinkler is suspended 





from this pipe. The boss ) is made with a helix f on the inside. 
The end of the feed-pipe d is passed down the centre of the boss 
to within a certain y dle from the bottom, the sides of the 
pipe just clearing the tips of the helix. When the water has left 
the feed-pipe d it is prevented by the helix f from gushing up- 
wards, and is led steadily along the annular formed 
between the helix and the pipe. The water is eventually deli- 
vered through an opening or openings g in the upper part of the 
boss » into a circular tray A, around the edges of which are 
notches t. These notch ted to the indentations ¢ by 
means of grooves formed in the surface of the sprinkler. (Ac- 
cepted October 4, 1911.) 


6115/11. E. W. Petter, Yeovil. Oil-Engines. [4 Figs.) 
March 11, 1911.—This invention relates to internal-combustion 
engines, in which the fuel is low-grade hydrocarbons, and particu- 
larly to engines in which the explosions take place in a special 
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chamber disposed at the end of the cylinder, into which chamber 
air is com by the piston. According to this invention, 
engines of this type are provided with means for splashing the 
charge of fuel during the com ion stroke of the engine across 





the mouth or constricted o between the cylinder and com- 


bustion chamber. On the inner surface or wall of the combustion 
chamber @, as near as can be to the connecting passage b, is a pro- 
jecting surface or lip c, the exposed surface of which is arranged 
to receive the fuel when pum into the combustion chamber a 
in the form of a jet through the nozzle d. The o of fuel is 
directed so that it impinges upon the projecting surface ¢, and is 
thereby broken up and ified, and the oil vapour 

this manner splashes or is sprayed across the mouth of the con- 
necting or constricted orifice b during the compression 
stroke of the engine. At the same time as oil vapour is being 
produced in the manner described, air is passing through the con- 
necting b at high velocity, which air on its ge into 
the combustion chamber a takes up the oil vapour which is being 
produced at the extreme end of the connecting passege at the 
entrance to the busti hamber a, the air and oil vapour 
thereby becoming intimately mixed. (Accepted October 11, 1911.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 

26,805/10. H. Renold, Manchester. Driving-Chains. 
(8 Figs.] November 18, 1910.—This invention relates to chains 
used for the transmission of power, and known as the silent type 
of chain. In the manufacture of driving-chains of this type, the 
method of —— the pivot-holes and segmental bush recesses 
in the holes consists, in accordance with this invention, in first 
eapey J two round holes out of each link-end eccentric in rela- 
ion to each other and intersecting at points of an arc, the chord 
of which equals the width of the segmental bush, and then cutting 
out at each of the intersections a small arigular piece to form a 
segmental bush recess. A round hole a is first punched out of 
each end of the link b of a di ter approximately the same as 
that of the pivot-pinc, Then, at the inner side of each of the 


be 











holes a, is punched a larger hole d eccentric thereto, the amount 
of eccentricity being such as to cause the segmental holes a, d 
formed to intersect at the points e of an arc, the chord of which 
equals the width of the ae bush / to be employed in the 
link. A cutter is then wu of such a cross-section that it will 
remove from the small hole a, at the point e where it intersects 
the large hole d, small angular pieces 4 (see dotted lines, Fig. 2), 
which together then form the recess /, shown in Fig. 3, for the 
bush /, the cutter being so set in relation to the small hole that 
the exterior and the edges of the cutter respectively coincide 
with the side of the small hole a and the nts at which the 
small hole a intersects with the large hole d, (Accepted October 11, 
1911.) 


PUMPS. 


4202/11. G. and J. Weir, Limited, and J. Peter- 
moller, G ow. Ro Air-Pum: (4 Figs.) Feb- 
ruary 20, 1911.—This invention relates to rotary air-pumps. In 
order to increase the suction produced in the air-discharge nozzles 
(hereinafter referred to as the main nozzles) by the difference in 
velocity between these nozzles and the surrounding water, 
auxiliary nozzles are provided in the main nozzles. These auxiliary 
nozzles are so arranged as to admit water to the main nozzles wit! 

a velocity relative to the main nozzle, substantially the same in 
direction, and the same in sense, asthe velocity of the air through 
the main nozzles. The water-jets from these auxiliary nozzles 
therefore assist in discharging the air through the main nozzles, 
The air is, in fact, subjected to a double action, and a suction 
effect i omy greater than could be obtained by any single 
action without the expenditure of relatively great power. a, a 





are the main nozzles through which air is drawn from the common 
chamber b in the centre of the wheel. The wheel rotates in the 
direction indicated by the arrow. Auxiliary nozzles e, ¢ are pro- 
vided in each main nozzle, and are so arranged that the movement 
of each main nozzle through the water in the reservoir causes 
water to enter the auxiliary nozzles and to be cer in jets /, f 
in a direction towards the nozzle exit g. It will be understood 
that the velocity of these jets is considered as relative to that of 
the main nozzle. These water-jets exercise a sucking and propel- 
ling effect on the air in the main nozzle, and luce a difference 
in pressure between the inlet end A and the after portion k of the 
nozzle, thus ————s the first stage in the compression of 
the air. The final stage in the compression of the air is accom- 
plished at the nozzle exit g by the relative motion between the 
nozzle and the water in the reservoir. (Accepted October 4, 1911.) 


PRINTING AND ALLIED MACHINERY. 
23,506/10. J. Shackleton, Leeds. Li phic Print- 
ing-Machines. (1 Fig.) October 11, 1910.—In a rotary litho- 
graphic off-set printing-machine, the sheet-feeding mechanism is 
characterised, according to this invention, by a pair of feed-tables 
B, O, the one at thetop and the other at the lower front part of the 





impression cylinder. By this arrangement it is ble to print 
a sheet at each revolution of the impression cylinder. The im. 
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pression cylinder A makes one or more revolutions to one of the 
transfer cylinder or plate cylinder, and is fitted with two feed- 
tables B, C, the one at the top and the other at the lower front part 
thereof. The sheets are laid alternately from the tables B, C, a 
sheet thus being printed at every revolution of the cylinder. The 
delivery mechanism is placed under the upper feed-table B, at D, E, 
and the plate cylinder F and the transfer-cylinder G are provided 


stage, and altering the cross-sectional form of the buckets. @ 
represents the rotor, ) the casing, and c the theoretical bucket 
length plotted on a, assuming that the form of the bucket 
remains the same throughout the length of the turbine. As 
shown by the dotted line in Fig. 1, if the buckets are of the same 
form throughout, the best results are only obtained by dividin 

the blades or buckets into a large number of stages or groups, an 

considerable losses occur owing to the blades at the inlet end of 
the group being too long, and those at the outlet end too short, 
89 the ratio of the peripheral velocity of the wheel to the velocity 
of the fluid is too great at the beginning of each group or stage, 
and too small at the end. Inthe arrangements shown in Figs. 2 
and 3 the desired result is obtained by increasing the length of 
the buckets of each group from the inlet to the outiet end. The 
buckets of the next succeeding group are so altered in form that 








with a suitable number of surfaces, and with the usual inking and 
damping apparatus. The gap in the impression cylinder A is 
reduced to a minimum, the surfage of the cylinder being approxi- 
mately seven-eights of the full L rereepl so that by feeding the 
sheets endwise a sheet about double the usual size can be prin 
The feeders having a full revolutfon for feeding the sheets, a better 
register is obtainable, and the machine can be run at a higher 
speed. (Accepted October 18, 1911.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c 

23,576/10. E. H. Beckett, London. Evaporative 
Condensers. [| fig.) October 11, 1910.—According to this 
invention, the unions at one end of the series of tubes in an 
evaporative condenser are rep! by a vertical pipe connected 
to all the condenser-tubes, and Having within it a drainage pipe 
in sections, each section having a flared — at the top to 
separate the two tube openings above it from the two tube open- 
ings below it, and to collect the condensed water from the tubes 
above it, sufficient space being left between the adjacent drainage- 
pipe sections to allow the condensed water to drain away into the 
drainage-pipe. The ends of the tubes A opposite the unions B are 
all connected to a vertical pipe F which communicates at the top 
with the exhaust-steam supply-pipe G. Within the pipe F is the 
central drainage-pipe, consisting of sections }{. Each of these 
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sections has at the top a socket portion opening out into a 
cone H2 which fits the pipe F. Each pipe section also has radial 
ribs, and, at the ee end, the ribs engage the faucet of the next 
section, and afford a drainage space between the spigot and the 
faucet. The cones H® are arranged to come between each two 
tubes, which are ted at the opposite end by a union B, and 
each cone H2 constitutes a partition between the two tubes above 
it and the two tubes below it, so that the exhaust steam is caused 
to take the usual zi course through the condenser. All the 
water of condensation runs into the vertical pipe F, and each 
cone H? receives the water of condensation from the two tubes 
above it, and allows this water of condensation to pass through 
the space between the spigot and faucet, and so down the drain- 
age-pipe to the outlet F!, which is connected with the pump. 
(Accepted October 11, 1911.) 

1743/11. The Warwick Machinery Company (1908 
Limited, London. (Al/gemeine Klektricitiéts Gesellschaft, 
Berlin, Germany ) Turbines. (3 Figs.) January 23, 1911.— 
This invention has for object to provide an improved arrangement 
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of blading, whereby the cross-sectional area of the fluid 

increases from the inlet to the exhaust in the most favourable 
manner, and consists in gradually increasing the —_ of the 
blades or buckets of each group from the end nearer the inlet to 
the opposite end, and where the fluid — from one group to 
the next, decreasing the length of the initial buckets of the next 





they may be shortened, and still allow for the increased volume 
of the fluid, so that there is no restriction to its passage from the 
previous group. With this arrangement a very favourable utilisa- 
tion of the fluid and a relatively short final bucket length will be 
obtained. (Accepted ( ctober 4, 1911.) 


SHIPS AND NAUTICAL APPLIANCES. 
15,927/11. Fleming and Fer Limited, and 
E. pow ke ad Dredgers. (3 Fig a} July 10, 1911. 


—This invention is an improvement on that described in the 

ae Specification No. 10,574, of 19 9, andl it has for its 

primary object to prevent the escape of lubricant from the bear- 

ings of the rollers used for conveying the buckets of ladder- 

bucket dredgers, and to exclude water and grit from the bearing 
4 
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surfaces. Each end of the roller a is formed with a recess d, into 
which is fitted a ring e, pressed by means of springs f against the 
inner face of the corresponding bushe. Packing ie fitted between 
the ring e and the roller a ; the lubricant, which is introduced to 
the bearing at h in any suitable manner, being prevented from 
escaping, and water and grit being prevented from getting into 
the bearing surfaces. (Accepted October 4, 1911.) 


TEXTILE MACHINERY. 


11,766/11. J. Tanner and E. Graham, Blackburn. 
Loom-Shuttles, (3 Figs.) May 16, 1911.—This invention 
relates to loom-shuttles of the kind in which the threading of 
the weft from the cop through the eye of the shuttle is effected 
by means of a longitudinal and an inclined slot formed in the 
head of the shuttle, and meeting in a hole, the weft being passed 
into the slots and around a pin situated at the apex thereof, and 
through a slotted eyelet secured in the shuttle-eye. The inven- 
tion has for object to prevent the shuttle from becoming un- 
threaded, to obviate ballooning, and to ensure a regular and 
smooth delivery of the weft. According to this in: ention, two 
wires are fixed, one in front of the other, in the head of the 
shuttle, between the end of the longitudinal slot and the point 
of the peg or skewer, the free end of one wire crossing an inter- 
mediate portion of the other wire at a slight distance therefrom 
so as to leave a small space or “gate” for the passage of the 
weit between the wires. A is the shuttle, B the longitudinal 
slot, C the inclined slot, D the hole in which such slots termi- 
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nate, E the pin around which the weft passes, F the slotted 
eyelet, and G and H the wires. The wire G is fixed vertically, 
or approximately vertically, its lower end being embedded in 
the ttom of the shuttle, and its upper end turned over 
to enter a hole formed in the head of the shuttle. The 
wire H is passed through a part of the head of the shuttle, 
so that its free end protrudes and extends to the back of 
the vertical wire, there being a small space or gate between 
the two wires for the passage of the weft. In threading the 
shuttle, the weft is passed into the slot B and into and along 
the slot C, around the pin E, and through the eyelet F. During 
such transit, the weft passes through the gate between the wires 
Gand H, and takes up a — below the wire H, in which 
position it cannot escape from the slot B. The wires Gand H 
also provide a smooth delivery of the weft, and impart sufficient 
drag or tension thereto to prevent ballooning, and also ensure a 
regular delivery of the weft during the reverse movement or 
picking of the shuttle. (Accepted September 27, 1911.) 


504/11. W. Pemberton, Burnley. Warpers’ and 
Weavers’ Beams. (2 Figs.) January ¥, 1911.—A warper’s or 
weaver’s beam is, according to this invention, built up of two or 
more longitudinal parts or segments of such shape that when 
secured together a central hole running axially of the beam is 
formed, in which hole are secured the inner portions of the 
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gudgeon-pins. 1 indicates the body of the beam, 2 the hard-wood 
socket, 3 the gudgeon-pin, the inner portion of which may be of 
square cross-section ; 5 is the head or collar on the inner portion 
of the gudgeon-pin, and 6 the nut bearing against the closed end 7 
of the ruffle 8 The sleeve or weighing ruffle, instead of being 
made in the form of a cap as shown, may be open at both ends, 
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in which case a large washer will be interposed between the end 
of the beam and the nut 6. (Accepted October 4, 1911.) 


MISCELLANEOUS. 

761/10. A.C. T.Rosander, London. Advertising. 
{4 Figs.) November 5, 1910.--This invention relates to a pro- 
jecting lantern of the kind used for advertising, and, according 
thereto, the slides a are fitted in frames b which are linked together 
so as to form an endless chain. An angular plate c, the sides of 
which coincide with the base of the slide-frames, carries the slide. 
chain so that one slide at a time is held between the condenser x 
and the objective z. The plate c is mounted on one end of a shaft (/, 


Figt\T | Fig.2. 
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on which a sprocket wheel f is loosely mounted. Over the sprocket 
wheel passes a continuously driven chain g. e are discs, also 
mounted on the shaft d on opposite sides of the wheel /, and each 
of the discs e is provided with lugs. According to the time the 
slides are to be exposed, the chain is fitted with pins which, as 
they pass the wheel /, engage the lugs of the discs e. The plate ¢ 
is thus turned and exposes a fresh slide before the objective z. 
(Accepted October 4, 1911.) 








MISREPRESENTATION IN TRADE.—An interesting report 
by a special committee of the London Chamber of Com- 
merce on the subject of trade misrepresentation has 
recently been issued, after adoption by the Council of the 
Chamber. The committee were asked ‘‘to consider the 
general question of misrepresentation in trade, and as to 
whether any preventive action could be taken by the 
Chamber,” and during their investigations they have 
collected alarge amount of evidence in support of the 
allegation that there is a growing tendency, Both at home 
and abroad, to misrepresent the nature, origin, quality, 
quantity, and value of goods offered for sale. The com- 
mittee, in their recommendations, have not attempted 
to prescribe remedies for all the different forms of trade 
misrepresentation and misdescription, but they urge that 
the Government be asked ‘‘to make provision through 
the Board of Trade for watching for cases of fraudulent 
misrepresentation, and, where necessary, taking action 
under the existing law, which is considered adequate in 
most cases, if effectively set in motion.” 





CRITICISM OF AMERICAN WARSHIPS ANID ARMOUR.— 
Shipping Illustrated, published in New York, has a strong 
condemnation of the optimism of lay members of the 
Navy Department. The article states that :—‘‘ Sagacious 
officers dom navy and of foreign navies state that the 
battleships and so-called armoured cruisers of our navy are 
in reality unarmoured. It is true, of course, that these 
ships, like any other ships of the same class to be found 
in any navy, con certain parts clad with metal for de- 
fensive purposes. However, as regards actual protection 
they might as well be left without this extra weight of 
metal, thereby saving displacement, not to speak of the 
colossal expense. The armour of our capital ships is 
literally studded with soft spots which smal] shells from 
hostile guns would penetrate like cheese, should they ever 
land up m one of them in battle; an eventuality well 
within the range of possibility. The existence of these 
soft surfaces upon the armour-plates of our warships is 
due to the fact that numerous fittings are attached to the 
hardened face of the armour, and in order to enable 
the shipbuilders to drill holes through the plates for the 
purpo:e of fastening these fittings, it is necessary 
that the armour be left unhardened in their vicinity. 
Furthermore, large holes are cut through the armour for 
waste-pipes, scuppers, shoots, &c., which offer an inviting 
entrance to an enemy’s projectiles. The common assump- 
tion in every country but this is that armour to be pro- 
tective must present a uniform hardened surface, and 
consequently manufacturers of armour-plate abroad are 
supplied with templates of each plate, whereon all fasten- 
ings are indicated, and the holes for these are tapped and 

lugged before hardening the plate. No scupper or other 
are allowed to pierce the armour, but drains of this 
nature are led down the sides in unsightly shoots, which, 
at any rate, do not impair the protective efficiency of the 
armour. Of course, laymen will naively ask why our 
Navy department does not follow the usual practice as 
regards supplying the builders of warships with armour- 
plate presenting a uniformly hardened surface. The 
answer is, that the powerful steel-makers do not look 
favourably upon a method of manufacturing whereby 
they would incur the extra expense consequent upon 
additional handling of the plates, besides drilling and 
tapping the numerous holes for fastening outside fittings. 
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THE STEAM-TURBINE. 
(Continued from page 730.) 


Tue theory of the velocity compounded turbine | 
| first row of fixed blades. By scaling this is found 


is at present in a thoroughly unsatisfactory condi- 
tion, and wheels, proportioned in accordance with 
it, give relatively inferior results. 

The method usually set forth is merely an exten- 
sion of that used in designing the uncompounded 












r second, ~ = 0.795, whence EC = 1661 ft. 
e line E B then represents the absolute velocity 
with which the steam is discharged from the first 
row of moving blades, and with which it enters the 


to be 1265 ft. These fixed blades deviate the 


steam into the direction K B. As in the previous 
case, there is a loss of velocity in the passage, and 
| from Fig. 28 ante we find that K B = 0.74 EB = 





given bythis curve. The change of tangential velocity 
effected in the first row of blades is equal to G F, 
which, by scaling, is found to be 3441 ft. In the 
second wheel the change made in the tangential 
velocity is equal to P Q, which, by scaling, is found 
to be 730 ft. Hence the total change of tangential 
velocity is 4171 ft. The drive on the wheel per 
pound of steam passed is equal to the change 
effected in the tangential momentum—i.e., drive 
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U.S. Destroyer ‘‘Perxrns;” ANALysis oF TRIAL aT 25.2 Knots, assuMING NO THROTTLING IN THE BLapING. 
STAGE No. 1.—Steam pressure at inlet = 249 lb. absolute. — 0.975. Total heat content = 1184 B.Th.U. per pound. Steam pressure at discharge = 49.65 lb. absolute. 


Available heat, 122 B.Th.U. Nozzle loss = 


§.65B.Th.U. Actual velocity of efflux = 2415 ft. persecond. Blade speed 


= 150.5 ft. per second, 


Minimum diagram efficiency consistent with absence of throttling = 0.471. Corresponding useful work done = 64.8 B.Th.U. per pound of steam passed. 
Heat carried over to Stage 2 = 1184 — 54.8 = 1129.2 B.Th.U. per pound of total steam. 
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STAGES 2 to 6.—Steam pressure at inlet = 49.651b. absolute. Heat content = 1129.2 B.Th.U. per pound. 


at discharge = 7.65 lb. absolute. 
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Steam pressure 


Available heat (adiabatic expansion)=125.0 B.Th. U. Heat available along actual condition line = 127.8 B. Th. U. 


Theoretical velocity of efflux = 224 
Total nozzle losses = 2.5 B.Th.U. Minimum 


127.8 _ 
5 


113] ft. per second. Actual velocity of efflux =1120ft. per sec. 


am efficiency consistent with absence of throttling in 


blading = 0.675. Leakage losses, 5.8 B.Th.U. Useful work done = 78.7 B.Th.U. per pound of total steam 
passed. Heat carried over to Stage 7 = 1050.5 B.Th.U. per pound. 
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STAGES 7 to 14.—Steam pressure at inlet 7.65 lb. absolute. Heat tent, 1050.5 B.Th.U. per pound. Vacuum 27.96 in. of 
mercury. 


Available heat (adiabatic expansion) = 116.0 B.Th.U. per pound. Heat available along actual condition line 
=1185 B.Th.U. Theoretical velocity of efflux=224 J od = 843 ft. per second. Actual velocity of 








efflux = 825 ft. 

Total nozzle losses, 5.2 B.Th.U. Minimum diagram efficiency istent with absence of throttling in 
blading = 0.808. Leak losses = 1.3 B.Th.U. per pound of total steam. Useful work done per pound 
of total steam = 90.2 B.Th.U. 

Work done per pound of total steam, Stagel .. = 54.8 B.Th.U. 

” ” ” Stages 2 to 6=78.7 ” 
” ” ” Stages 7to14= 90.2 ,, 
Total .. 223.7 ., 


Calculated steam consumption = 11.38 lb, of steam per indicated horse-power per hour. 
Actual consumption (turbines only), 14.2 lb. per shaft horse-power hour. 


impulse wheel. Thus Fig. 31 represents the velo- 
city diagram for a wheel with two rows of moving 
blades per stage. In this figure A B represents 
the actual velocity of the steam as discharged from 
the nozzle—say, 2500 ft. per second—and the blade 
speed C B is 445 ft. persecond. The relative velo- 
city of the steam to the moving wheel is represented 
by A C, which, by scaling, is found to be 2090. 
In passing through the wheel the stream of steam is 
deviated so as to flow along the relative direction 
E C, the angle E C F being the discharge angle of 
the first row of blades. Owing to friction the 
steam loses velocity in the wheel, so that E C 
is y times A C, the value of ¥ being taken from 
Fig. °8, page 729 ante. Since AC is 2090 ft. 








936 ft. per second. Then KC represents the rela- 
tive velocity with which the steam enters the second 
row of moving blades, the discharge-angle of which 
is equal to L C B, and LC then represents the 
relative velocity of discharge from this row. From 
Fig. 28 ante y in this case is 0.695, so that L C = 
0.695 x 566 = 393 ft. per second. The absolute 
velocity of discharge is represented by L B= 260 ft. 
per second. The blade angles should be chosen to 
make this as nearly as possible perpendicular to the 
line B C. The actual coefficients for which the 
wheel, above taken, was designed were higher than 
those represented in Fig. 28, which accounts for L B 
being inclined. There is, however, no direct ex- 


perimental evidence of values of y greater than! 








e 

Fic. 35. 
_ 4171 
= lb. per pound of steam passed per second. 
The work done per second is equal to this drive, 
multiplied by the blade speed—i.e., useful work 


= 4171 x 445. 


g 

On the other hand, the kinetic energy expended 

per pound passed per second is 

AB? — 2500 x 2500. 

Yi 29 , 
Hence the wheel efficiency 

_ 4171 x 445 , 25002 

nei Ts 

_2 x 445 x 4171 _ 

= “9500 x 9600 = 0.594. 

To get the stage efficiency this value must be 
multiplied by the nozzle efficiency. 

In an impulse wheel the steam is on the ordinary 
theory assumed to flow through the wheel without 
being throttled. Hence, if the nozzle height 
measured radially is § in., the height of the first 
row of blades at the discharge end must be made 


AF 84.5 : 
EG & x $5.0 0.811 in. If made 
less than this the steam will be throttled, whilst if 
more it will not completely fill the discharge open- 
ing. Similarly, the height of the row of moving 
blades at discharge should be equal to 
5 , AF_5 x 84.5 
-“KQ_s8 x 390 
and finally the height of the last row at discharge 
‘ . AF_ 5x84.5 
will be the nozzle height x —— = 
LP 8 x 23.2 
These are the least blade heights which will 
rmit the steam to pass without throttling, and it 
as generally been assumed that any throttling 
effect must be pernicious. In actual fact, however, 
a certain amount a to be beneficial, and is 
provided for by all those who have had much 
experience with velocity-compounded wheels. An 
analysis of the 25.2-knot trial of the United States 
destroyer Perkins shows this very clearly. Prac- 


equal to § x 


= 1,36 in, 


= 2,27 in. 
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tically complete data as to the blading of the tur- | 
bines fit on board this boat will found in | 


our issue of August 18 last. Having the actual 
blade heights and the angles of discharge, it is easy 
to find graphically what is the velocity of flow at 
each row which is just sufficient to avoid throttling 
the steam. In that case the axial velocity of the 
steam multiplied by the blade height must be 
constant. 

Referring to Fig. 32, it will be seen that, as dis- 
charged from the nozzles of stage 1, the steam had an | 
axial velocity of 825 ft. per second. The height of | 
the first row of blades being 1.33 in., and the nozzle | 
height 1.2 in., the axial velocity of the steam on | 
discharge from the first row of blades will be| 


825 x 12 _ 743 ft per second. The ete 


1.33 | 
angle of this row being 22 deg., and the blade speed 
150.5 ft. per second, the relative velocity of dis- 
charge, which corresponds to an axial velocity of 
743 ft. per second, is easily found graphically, and 
the velocity diagram for the first row completed as 
shown. For the second row the blade height is 
1.65 in., so that the axial velocity on discharge 
825 x 1.2 . 

at = 600 ft. r 

1.65 pe 
second, and with this value of the axial velocity the 
diagram for the second row can be drawn. Pro- 
ceeding in the same way with the other rows, we 
get the complete velocity diagram shown in Fig. 32. 
Each moving row effects a change in the tangen- 
tial velocity of the steam, the total change, as 
shown in the figure, aggregating 9132 ft. per 
second, so that the diagram efficiency is 0.471. As 
will be seen from the data printed below the figure, 
the available heat at this stage was 122 B.Th.U. 
per pound of steam passed. Of this, 5.65 B.Th.U. 
were lost in the nozzles (assuming these to be of 
the best form), and of the residue the wheel con- 
verted into mechanical work 54.8 B.Th.U., so that 
each pound of the steam carried over to the next 
stage 1129.2 B.Th.U. 

Treating the next stages similarly as in Fig. 33, 
the average diagram efficiencies for these stages 
amounts to 0.675. The heat available (after allow- 
ance for a reheat factor) is 127.8 B.Th.U. per 
pound, of which, on the assumption stated, 
78.7 B.Th.U. are turned into mechanical work, after 
making due allowance for leakage losses. Treating 
stages 7 to 14 in the same way, as shown in Fig. 34, 
the final result is that the turbine should, on the 
assumptions stated, require only 11.35 lb. of steam 
per indicated horse-power per hour, against an 
actual consumption (turbines only) of 14.2 lb. per 
shaft horse-power. The losses by windage and disc 
friction do not appear to amount to more than 
30 or 40 horse-power at most, or, say, 1 per cent. of 
the total output. The nozzle losses and leakage 
loss may no doubt have been under-estimated, but 
the discrepancy between the calculated and the 
actual consumption is much greater than can thus 
be accounted for. It has, moreover, to be borne 
in mind that the calculated consumption is the 
maximum possible without throttling. If the 
blade friction is so small that the flow fails to 
fill completely each row on discharge, then the con- 
sumption will be less than above calculated. It is 
obvious, therefore, that the steam flow must have 
been throttled. It is not merely a case of under- 
expansion in the nozzles, since in all stages but the 
first the steam velocity was well below the critical 
value, which must be exceeded before under-expan- 
sion in the nozzles becomes possible. To decide 
whether or no this thro‘tling has been advantageous 
or the reverse, the calculation may be repeated on 
the assumption that the blade-heights are made so 
long that the stream is ‘‘ freely deviated.” 

Using the velocity coefficients given in Fig. 28 
ante, such a calculation shows that with free devia- 
tion the calculated consumption would have been 
about 18 lb. per indicated horse-power per hour, 
or more in excess of the actual consumption than 
the figure previously found was below it. Hence 
the evidence points strongly towards the view that 
a certain amount of throttling is advantageous. 
This conclusion is emphasised by the fact that 
builders who have commenced to build velocity- 





from this row will be 





compounded turbines on the theory that ‘‘ free 
deviation” was the ideal to be aimed at, have 
uniformly realised very disappointing results. 

To» high a degree of throttling might, of course, 
lead to losses by spilling, but some very interest- | 
ing experiments made by Mr. W. Chilton and 
Mr. J. M. Newton, of the Brush Electrical En- | 


gineering Company, indicate that the danger of 
this is perhaps often exaggerated. A nozzle 
designed for a ratio of expansion about 4 was 
caused to play on a velocity-compounded wheel, 
having its first row of blades only a few mils greater 
than the outlet diameter of the nozzle. No signs 
of spilling were apparent, even when the inlet 
pressure was raised, till the ratio of expansion was 
over 7. In this latter case the jet must have been 
greatly over-expanded on discharge, yet there was 
absolutely no trace of ‘‘ spilling,” and an indicating 
thread held in any position in the vicinity was 
drawn in towards the jet. This inductive action 
must, as Mr. Newton has pointed out to the writer, 
be a source of loss, and indicates the inadvisability 
of using round nozzles. The latter conclusion is 
one at which the writer had independently arrived 
some time previously, from the analysis of the 
performance of the turbines of the Perkins, which 
has been given above. If a certain amount of 
throttling is advantageous, it will be evident that 
round nozzles are out of place. The nozzles should, 
in fact, supply a continuous band of steam of con- 
stant radial width, so that the same amount of 
throttling should be experienced by all parts of it. 

It is not easy to understand why throttling 
should be advantageous. Possibly the phenomenon 
is allied to the fact, found experimentally, that 
a divergent nozzle a little too short shows a higher 
reaction than one which is exactly proportioned so as 
to fully expand the steam. With the too short 
nozzle the reaction measured is only, in part, 
due to the momentum of the fluid discharged. A 
portion is to be attributed to the existence of a 
residual pressure at the plane of discharge, due to 
the fact that the escaping fluid is not fully ex- 
panded. If the nozzle were longer, this pressure 
head would be turned into velocity head before 
the fluid got clear, and in that case there would 
be a frictional drag on the walls of the exten- 
sion, which would diminish the observed reaction. 
Now on passing through an impulse bucket the 
steam is compelled to follow a curved path, and the 
resulting centrifugal forces compress the steam 
against the concave face of the bucket. The rise 
of pressure is a maximum along this concave face 
of the bucket, and is zero, or possibly even slightly 
negative, along the convex wall of the adjoining 
blade. Considered as a whole, however, the pres- 
sure of the steam is raised by the passage, its 
velocity being correspondingly reduced, and it has 
to re-expand again as it is discharged. It seems 
possible that with buckets which slightly throttle 
the steam, the latter may effect its re-expansion, 
exactly at the plane of delivery, and that when 
there is no throttling the ——- with its 
consequent rise of velocity, takes place inside 
the bucket, the frictional losses in which are thereby 
increased. This explanation of the apparent ad- 
vantages of throttling must for the present be con- 
sidered as tentative only, and experiments on the 
subject would be of much interest. 

In its present condition, it will be seen, theory is 
unequal to predicting the efficiency of a velocity- 
compounded wheel, and the design must therefore 
be largely empirical. We reproduce, therefore, in 
Fig. 35 some curves due to Dr. Lasche, represent- 
ing results obtained experimentally by the A.E.G. 
of Berlin. These show the efficiencies (corrected 
for disc friction) of different wheels with different 
numbers of velocity stages, and with different 
arrangements of blading. The maximum values 
given represent, we believe, about the best results 
obtainable in each respective case, and in the 
present state of the theory could not, perhaps, be 
reproduced with certainty in dissimilar conditions. 


(To be continued.) 





THE ConcRess OF PuRE AND APPLIED CHEMISTRY AND 
Puysics.—The president and organising committee of 
the second Congress of Pure and Applied Chemistry and 
Physics in honour of the late D. I. Mendéléeff desire it 
to be known that the Congress will be held at the Univer- 
sity of St. Petersburg, from January 3 to 10 next. 





Russian Ratnway Scuemes.—A concession has been 
granted for the building of a railway, under State gua- 
rantee, in the Ural, from the terminus of the Alapajew 
branch of the Perm Railway to the ns acy emg station 
on the latter railway, and another railway from a station 
near Ekaterinenburg, via the town of Irbit, to the River 
Tawda, near Ssaidkow, in the government of Tobolsk, an 
aggregate length of 484 versts. A railway has further 
been concessioned, with State ntee, from the Berd- 
— Station, on the Ssamara-Slatonsk Railway, to the 

isswa Station, on the Perm Railway, a distance of 524 
versts. 





THE STRENGTH OF THICK HOLLOW 
CYLINDERS UNDER INTERNA! 
PRESSURE. 


By Giieert Cook, M.Sc., A.M. Inst. C.E. (Vulcan 
Research Fellow in the University of Man. 
chester), and ANDREW Rozertson, M.Sc. 


Tue strength of thick cylinders under internal 
pressure has not been the subject of much experi- 
mental research, although some data are available 
with regard to cast iron* and various alloys. + 

The usual mathematical theory, as developed by 
Lamé, might, without experimental verification, 
be assumed to give accurately the stress occurring 
in a perfectly elastic material. The need for experi- 
mental work arises because, in employing the usual 
formula derived from Lamé’s theory in the calcu- 
lation of the pressure at which the elastic limit is 
reached at the internal surface, it is assumed that 
the maximum principal stress alone determines 
this failure ; a this has been proved recently, in 
the case of some materials under certain conditions 
of stress, to be erroneous. 

At the internal surface of a hollow cylinder, closed 
at the ends, and subjected to an internal pressure p, 
there exist three principal stresses-—namely :— 

1. A hoop tension Q. 

2. A radial compression P. 

3. A longitudinal tension R. 

By Lameé’s theory, 

_.df+d?_ _F+1 

Q=P ga de Pe 1 

where d, and d, are external and internal diameters 
and 


(1) 


&= q, 
Also, it is clear that 
P=p, 
and 


d,? 1 
R=Paa-qg=?P B-1 


Three hypotheses have been advanced in regard 
to the manner of failure of a material when sub- 
jected to combined stress, which it may here be 
desirable to enumerate :— 

(a) The maximum principal stress theory, by 
which the elastic limit is assumed to be reached 
when the maximum principal stress attains a certain 
specified value. 

(b) The maximum principal strain theory, known 
as St. Venant’s, which states that failure takes 
place when the maximum strain reaches a certain 
value. 

(c) The maximum shear stress theory, in which 
the maximum shear stress is regarded as the factor 
which determines the elastic limit. This theory, 
first enunciated by J. J. Guest, is known as 
Guest’s theory of elastic failure. 

A considerable amount of discussion and research 
has taken place within recent years in regard to the 
conditions of stress and material in which these 
hypothesesapply.§ In the case of brittle materials, 
such as, for example, cast iron, it is generally 
accepted that the first, or maximum principal stress 
theory holds. For a hollow cylinder of cast iron, 
therefore, the theoretical pressure at which failure 
should take place is given, assuming perfect elas- 
ticity, by the equation 

2 <5 
f° +1 
where f = stress at failure in simple tension. 

Recent research, referred to above, has proved, 
however, that the maximum principal stress hypo- 
thesis does not hold in the case of ductile materials, 
and, in particular, of mild steel. It appears to 
have been definitely proved that in certain cases, 
at all events, the elastic limit is determined by the 
value of the maximum shearing stress. 

In the case of the cylinder under discussion the 
planes on which the maximum shearing stress exists 
will be parallel to the axis, and inclined at 45 deg. 
to the radius at every point. The value of the 


(2) 


” Bon Ounne College Calendar, 1890-1, Appendix, 
ceclxix. 
paper read by Professor H. C. H. Carpenter at 
the Institution of Mechanical Engineers, December 16, 
1910 (ENGINEERING, vol. xc., page 870). 

t+ Philosophical Magazine, Series V., vol. 1., No. 302, 
July, 1900. (ENGINEERING, vol. lxxxviii., page 849.) 

§ Smith, ‘‘Compound Stress Experiments ;” Mason, 
‘*Mild Steel under Combined Stress,” Proceedings of 
the Institution of Mechanical Engineers, December, 190°. 
For further literature on the subject, see references 
quoted therein. 
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maximum shearing stress at the internal surface is 
given b 
giv en y } (P . Q) 


Lf now f is the stress at yield in simple tension, the 
maximum shearing stress, assumed to the cause 
of yield, will be $f, and yield will therefore take 
place at the internal surface of the cylinder when 


| ke 
il = 
or i2 1 
Saree st oe we er 
f 2 Kk 


Since k must always be greater than unity, the 
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|mild steel. The cylinders were all of the form 
shown in section in Fig. 1. In the case of cast 
iron they were turned and bored from a solid 
casting, whilst those of mild steel were made from 
solid shafting 2} in. in diameter. One end was left 
solid, and at the other end the hole was enlarged 
and screwed with 1l-in. gas threads, ashoulder being 
formed, against which a mild-steel plug could be 
screwed. ‘che plug had an annular projection 
| turned in the end, which, when screwed against 
|the shoulder of the cylinder, formed a metal-to- 
metal joint which proved to be perfectly tight even 
at the highest pressures used in the experiments— 
namely, about 15 tons per sq. in. The plug was also 
drilled with a hole } in. in diameter, and connected 
by means of a union to a high-pressure pump, which 
was designed some years ago by Professor J 
| Petavel.* By means of this pump, hydraulic pres- 
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value of p/f given by equation (3) must always be 
less than that given by equation (2). When k, the 
ratio of external to internal diameter, becomes large, 
the ratio of the two values of p/f, according as the 
material is assumed to fail by shear or maximum 
principal stress, approaches the limit 4.* 

Finally, it will easily be seen that the maximum 
principal strain theory gives for the value of p/f 
at yield, 

p _ 4(k2-1) 
f 5+2 (4) 

The limiting value of p/f given by this equation, 
when k is large, is four-fifths of the value given in 
equation (2). 

Thus the yield pressure of a thick cylinder forms 
a criterion between the three theories of failure, 
and direct experiment is of importance. 

The number of tests carried out by the authors 
was 35. Of these, eight referred to cast-iron 
cylinders, and the remainder to carefully annealed 





* Smith, “Strength of Cylinders and Guns,” Enar- 
NEERING, vol. xc., page 324. 
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sures up to 20 tons per sq. in. can be produced and 
maintained for an indefinite time, the pressures 
being recorded by means of a standard pressure- 
gauge. 

Cast Iron.—In this material the elastic limit and 
rupture are practically coincident. The results 
obtained from the tests are given in Table I. The 
ratios of external to internal diameter varied from 
1.30 to 2.96, and the tensile strength of the material, 
obtained from specimens cut from the walls of the 
broken cylinder, and tested in the testing-machine, 
is given in the fifth column. In the sixth and 
seventh columns are given the observed bursting 

ressure, and that calculated from equation (2). 

n the last two columns are tabulated the actual 
and theoretical values of p/f. These are plotted in 
Fig. 2, the ordinates giving the values of p/f for 
particular values of k. It will be noticed that the 
observed values are in close agreement with those 
given by formula (2), and in this respect the results 








| * Fora description of this pump, see ENGINEERING, 
vol. Ixxxiv., pages 97 and 98. 











|are a confirmation of the work of previous experi- 
| menters. 


Mild Steel.—In order to determine when yield 
took place at the internal surface the only method 
which appeared feasible was by means of the 
measurement of the elastic extensions on the 
external surface. While all the stresses are below . 
the elastic limit, the elastic extension of every part 
of the cylinder is directly proportional to the 
internal pressure. When, however, yield takes place 
at the internal surface, this will no longer be true, 
owing to the redistribution of stress which evi- 
dently must take place. If the diametral exten- 
sions are plotted against the pressures, a deviation 
from the straight line should at this point be 
observed, although the external part of the cylinder, 


E. | where the extensions are measured, will still be 


well below the elastic limit. In the earlier stages 


Fig.2. CAST IRON CYLINDERS. 





eotgtie of External to Internal Diameter. 


of the work it was thought sufficiently accurate to 
observe the diametral extension by means of a 
diaphragm gauge, the compression of which caused 
a movement of liquid in a capillary tube, propor- 
tional to the amount of the compression—that is, 
of the increase in diameter of the cylinder. Con- 
siderable difficulty was experienced owing to the 
small scale of the readings obtained, and subse- 
quent work shows that the initial yield occurs 
earlier than was observed at the time that a pre- 
liminary notice was read at the Sheffield meeting of 
the British Association. The three experiments 
a described were carried out on unannealed 
steel. 

Fig. 3is a diagram of the extensometer used in 
the present work. It consists of a plate A pro- 
vided with hard-steel V-pieces held up to the 
cylinder by means of long spiral springs bearing 
on cross-bars B. The plate is provided with screws 
C having hardened-steel tops, on which two of the 
steel points of a tripod D rest. The plate also 
carries a column, to which the screw E is attached. 
The tripod carries a mirror F, and the third steel 
point rests on the end of a lever G, which itself 
rests by means of a knife-edge on the cylinder, and 
at the other end bears against the pointed end of 
the screw E. 

The diametral extension of the cylinder causes the 
mirror to tilt, and the image of a millimetre scale, 
placed at a distance of 10 ft. from the mirror, was 
observed by means of a powerful telescope provided 
with cross-wires. The instrument was supported 
entirely by the cylinder, which was held at one end 
by a pipe-vice secured to a rigid table, and was 
therefore free from any other constraint. A second 
mirror H rigidly attached to one of the screws C 
ensured the detection of any angular movement of 
the instrument as a whole. The difference of the 
readings multiplied by a constant depending upon 
the dimensions of the lever and tripod, and the 
distance of the scale, gave the actual extension of 
the cylinder. 

A difference of 1 millimetre in the scale-reading 
was found by calculation to correspond to a dia- 
metral extension of 4 x 10-*in. The telescope 
used was sufficiently powerful to read easily to 
one-tenth of a millimetre, so that an extension of 
less than one-millionth of an inch could be observed, 
and no difficulty was experienced in using the 
instrument even to this degree of accuracy. 

The manner of conducting the tests was as fol- 
lows :—The ——— after being turned and bored, 
were thoroughly annealed, and again polished up 
and connected to the pump. e extensometer 
was attached, and the pressure raised slowly, read- 
ings being taken at intervals of 50 atmospheres 
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(approximately ; ton per square inch). In Fig. 4 
are given typical diagrams showing the relation of 
pressure to extension in the case of four of the 
cylinders. It will be noticed that the yield-point 
is very distinct, even in the case of the thickest. 
cylinder, the ratio of whose external to internal 
diameter was 3.66. The sensitiveness of the extenso- 
meter may be indicated by the fact that in this 
cylinder, when yield took place, the stress at the 
external surface was only 1§ tons per square inch. 
Elastic Limit of the Material.—The maximum 
principal stresses in the cylinder obviously act in a 
direction at right angles to its length, and there- 
fore to the direction of the rolling. In order to 
eliminate any possible error due to a difference 
in the yield-point according as the stress is 
applied along or across the fibre, it was decided 
to cut all the test-pieces so that their axes were 
at right angles to the direction of rolling. These 
were taken from the solid end of each cylinder, 
sufficient material being left there to provide for 


Fig.6. 


Load in Lbs. 





wny Eatension in Scale Divisions. 
Fig.9. 
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F Indtial Ratio of External to Internal Diameter 
(2973.1) 

three or four test-pieces. Each piece was turned 
up to gin. diameter for a length of 1 in., and the 
ends screwed with %-in. gas-threads. 

In order to determine accurately the elastic limit 
the observation of elastic strain is essential. The 
exceedingly short length of the test-pieces, however, 

revented any of the extensometers used in the 

boratory being attached ; but it was found pos- 
sible to observe the extensions quite easily by means 
of a simple apparatus, the principle of which was 
that of a Marten’s extensometer. A small steel bar, 
having at one end two sharp points, was held against 
the test-piece by means of a light spring. At the 
other end a small rocking-piece, possessing three 
points, two of which were in contact with the 
test-piece, and the third with the steel bar, was 
supported by friction. To this rocking-piece a 
small mirror was attached, which, as the test-piece 
extended, rotated through an angle directly pro- 
portional to the extension, the amount being 
observed, as in the extensometer used for the 
cylinders, by means of a telescope and scale. 

To ensure that the loading of the test-piece 
should be as nearly axial as possible, a = of 
special shackles was designed, a diagram of one of 
them being given in Fig. 5. It consists of a hollow 
block of mild steel, into one end of which the test- 
piece was screwed. In the other end is fixed a hard- 
steel disc having a spherical de vression in the middle, 
the centre of which coincides accurately with the 
axis of the hole intowhich the test-piece was screwed. 
The load was transmitted through a 4-in. steel ball 
fitting against the circumference of the spherical 
cup, and resting on a hard polished steel cross- 
piece, connected by means of bolts to the main 
shackle. The deviation of the axis of loading from 
that oi the specimen was found to be very slight, 
amounting to not more than 0,002 in. 








The stress in the material at yield, which in 
every case coincided with the elastic limit, the 
breakdown occurring quite suddenly, was found to 
vary from 154 to 165 tons per square inch. The 
mean value for each set of cylinders cut from the 
same bar was taken as the true yield-stress used in 
the calculations. In Fig. 6 are given typical load- 
strain diagrams for the test-pieces. 

Effect of the Cylinder Ends.—It was surmised at 
the commencement of the work that the ends of 
the cylinder, one of which was solid, might have a 
considerable strengthening effect, and that the 
pressure at which the internal layer would com- 
mence to yield would consequently be raised. The 
point appeared to be of such importance that a 
determination of the extent of the influence of the 
ends was necessary, and for this purpose four 
cylinders were made of the same external and 
internal diameters—namely, 1} in. and 2 in., but 
having lengths of 2 in., 4} in., 6? in., and 9 in. 
Table II. gives the results of the tests of these 
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cylinders, and the close agreement of the value of 
the yield-pressure in them is remarkable. It is 
evident, therefore, that the end effect could not 
extend more than a very short distance, and it 
became a matter of considerable interest to deter- 
mine what that limit actually was. For this pur- 
pose the cylinder, whose length was 6} in., was re- 
annealed, and the extensometer modified in such a 
way that it could be fixed so asto measure the dia- 
metral extension at any point along the cylinder. 
The extension caused by a pressure of 600 atmo- 
spheres was observed at several points, and the 
results plotted in the form of a curve (Fig. 7) in 
which the abscissee denote distances from one end, 
the extreme right-hand being the middle point of 
the cylinder, and the ordinates the extensions in 
scale divisions. This curve is remarkable for two 
reasons. In the first place it will be noticed that 
the extension attains its full value within less than 
4 in. from the end; and, secondly, there appears 
to be a point at which the extension is actually 
greater than in the middle, and consequently the 





about 2 per cent. An effect similar to this has 
been shown, both mathematically and experiment. 
ally, to exist in the case of a boiler, which is, of 
course, a cylinder whose thickness is small com- 
pared to the diameter.* 

The amount of the difference is, however, too 
small to be of any practical importance ; but the 
fact which is brought out clearly by the curve 
given in Fig. 7 is that the influence of the ends, 
contrary to what is usually supposed, extends for 
only a short distance along the cylinder. If such 
were not the case, the diametral extension would 
vary gradually from zero at the ends to a maximum 
at the centre. 


Accuracy of Pressure Gauge. — The pressure 


gauge attached to the pump was a standard Bourdon 
gauge, graduated in atmospheres, and capable of 
measuring pressures up to 3000 atmospheres, or 
20 tons per square inch. The gauge was compared, 
for the lower part of its range, with a standard 
5-ton gauge, the two being read simultaneously, 










Ratio to Internal Diameter. 
The difference of the readings amounted nowhere 
to more than 2 per cent. In view of the fact that 
the elastic part of the pressure-extension diagram 
for every cylinder is perfectly straight, it is reason- 
able to suppose that this percentage error is not 
exceeded in the higher parts of the range. 


Resvutts or Tests oN Mixp Street. 


In Table III. are given the results of the tests on 
mild steel. In the third and fourth columns are 
given the stress in the material at yield as deter- 
mined by the test in simple tension, and the 
internal pressure when yield took place at the 
internal surface of thecylinder. In the fifth column 
the ratio p/f is tabulated, and the remaining columns 
give the theoretical values of this ratio for the 
various theories of elastic failure ; that is, as given 
by equations (2), (4), and (3). These are plotted 
in the form of curves (Fig. 8), where the abscisse 
denote the ratio of external to internal diameter, 
and the ordinates the value of p/f. 

It will be noticed from Table III., and still more 
clearly from Fig. 8, that the experimental values of 
p/f lie about midway between the theoretical values 
as given by Guest’s and St. Venant’s theories of 
failure. 

It must be pointed out that even the very slight 
eccentricity of loading in the tension tests might 
have the effect of making the apparent yield stress 
less than the true stress, owing to the fact that a 
uniformly varying stress is set up across the section. 
It was found by the extensometer that the maxi- 
mum stress was 4 or 5 per cent. greater than the 
mean, and therefore the true yield stress might be 
in excess of that actually measured by this amount. 
The experimental curve would, on this assumption, 
be brought closer to the maximum shear-stress 
curve. The difference would, however, still amount 
to about 20 per cent.; and the results of the 
experiments might be conveniently represented by 
introducing a factor into equation (3). So that 


P39" -1 
f 2h’ 
or 
= ke-1 (5) 
p=06f B 





In Table IV. are given the observed yield pres- 
sures, aud those obtained by calculation from 
equation (5). 


stress existing there greater also. The amount is * See ENGINEERING, vol. li., page 468, vol. Ixi., page 1U1. 
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It must also be borne in mind that’in the cylin- 
ders used in the experiments there were three 
principal stresses existing at the internal surface— 
namely, the hoop tension, the radial compression, 
and the longitudinal tension. As far as the authors 
are aware, the whole of the research so far carried 
out in connection with combined stress has had 
reference to two-dimensional stress only. The 
influence of a third principal stress on the elastic 
limit determined by the other two does not 
appear yet to have been investigated.* It might 
seem at first sight possible to attribute the dis- 
crepancy between the theoretical and experimental 
values of p/f to this cause. Yet it must be seen 
that this is untenable in view of the fact that the 
proportional difference does not appear to vary appre- 
ciably throughout the range of values of k, whilst 
the third principal stress, acting longitudinally, 
varies from 1.22 p in the case of the thinnest 
cylinder down to 0.081 p in the thickest cylinder. 

Ultimate Strength of the Mild-Steel Cylinders.— 
It was found possible, in the case of nine of the 
cylinders of smaller dimensions, to increase the 
pressure beyond yield until the cylinder burst. 
The great increase in internal diameter which 
accompanied the plastic deformation necessitated 
the expenditure of considerable time in the test. 
The bulging, even as seen on the external surface, 
before the cylinder burst, was considerable. 

tupture took place in the form of a longitudinal 
crack. The maximum pressure the cylinders with- 
stood was greater than that at the moment of 
rupture, owing to the rapid expansion which just 
preceded it. The values of the maximum pressure 
are given in Table V. The ultimate strength of 
the material was obtained from tests carried out 
on the small specimens described above. 

Although Lamé’s theory for the distribution of 
stress does not hold when the material is stressed 
beyond the elastic limit, it so happens that the 
values of the maximum pressure agree fairly closely 
with the values which would be obtained by cal- 
culation from Lamé’s formula :— 

p_kR-1 
seeei° ll 
where now 
f = ultimate strength of the material, 

= initial ratio of external to internal diameter, 

an 


p = maximum pressure. 


This agreement is illustrated in Fig. 9, in which 
the abscissze represent the initial ratio of external 
to internal diameter, and the ordinates the value 
of p/f. The dotted line is obtained from equation 
(6). 

The application of this equation to the ultimate 
strength of cylinders of mild steel must be regarded 
as purely empirical, there being no rational foun- 
dation for its use, because— 

1. The stress is no longer proportional to the strain. 

_ 2. The final dimensions just before rupture are greatly 
in excess of the initial dimensions, and the value of & is 
much less, 

3. f is also a conventional measure of the ultimate 
strength of the material—.e., the maximum load divided 
by the initial area of section. 


TABLE I.—Results of Tests on Cast-Iron Cylinders. 














xen . = s | 2 
K x See . ele FS S igae 
=@ Ss 8s < o ® to = |S es 
No. 22 | 4 sS5) 6B | Be $85 Be loss 
SE / EG cf2) $8 38 | 5B8 | 6S Ese 
2/38 SEE es E2 S52 | 23 |Sa8 
ga | EA sss 22 Bo Bes | Ss |Se5 
= | —— —- he «0S 
i Ib. r lb. 4 | 
in. in. sq. S sq. tn. 
1 1.133 | 0.873 1.30 | 18,600 56,060 | 4,760 | 0.272 | 0.256 
2 1.420 | 0.923 1.54 24.500 | 9,520 | 9,950 | 0 388 | 0.406 
3 1390 | 0.755 1.83 | 23.550 | 18,000 | 12,710 | 0.552 | 0.540 
4 1,710 | 0.922 1.85 | 26,900 | 14,550 | 14,800 | 0.540 | 0.550 
i 1.561 | 0.793 1.97 | 24,200 15,100 | 14,300 | 0.623 | 0.f90 
6 1.475 | 0750 1.97 | 24,750 | 16,460 | 14,600 | 0.665 | 0.590 
1.516 | 0.635 240 26,700 19,250 | 18,800 | 0.720 | 0.704 
5S 1870 | 0630 2.94 | 21,700 | 17,410 | 17,300 | 0.802 | 0.796 
| 
Taste LI. 
Ratio of External to | Length. Yield Pressure. 
Internal Diameter k. 
y in. Ib. per sq. in. 
1.79 2.00 F400 
1.79 4.25 15,250 
1.79 6.75 15,400 
1.79 9.00 14,700 


.” Since the above was written Mr. L. B. Turner has 
Siven an account of some experiments on compound stress 
in — dimensions. See ENGINEERING, July 28, 1911, 


TABLE IIT.—Results of the Tests on Mild-Steel Cylinders. 





Theoretical Values of p/f 
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ue oe s } 
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me) a® | #2 | eo | gs gee | gee | ge 
| Ib. per | Ib. per | 
sq. in. | sq. in. 

1| 1.35 35,800 | 9,700 | 0.275 | 0.291 | 0.295 | 0.225 
2/ 1.53 | 35,300 | 12,000 0.340 | 0.402 | 0.393 | 0.287 
3 | 1.58 | 35,300 | 12,500 0.354 0.430 | 0.415 | 0.300 
4/ 1.68 $5,300 | 12,500 | 0.354 0.430 | 0.415 | 0.300 
5 | 1.74 | 35,300 | 14,700 | 0416 | 0.506 | 0.475 | 0.336 
6| 1.77 | 35,300 | 14,400 0.407 0.515 | 0.483 | 0.840 
7 | 1.79 | 35,800 | 15,400'| 0.436 | 0.525 | 0.490 | 0.344 
8| 1.79 | 35,300 | 15,250-) 0.432 | 0.525 | 0.490 0.344 
9| 1.79 | 35,300 | 15,200 | 0.430 | 0.525 | 0.490 | 0.344 
10| 1.79 | 35,300 | 15,400+| 0.486 | 0525 | 0.490 | 0.344 
11| 1.79 | 35,800 | 14,600 | 0.418 | 0.525 | 0.490 | 0.344 
12 | 1.79 | 35,300 | 14,700. 0.416 | 0.525 | 0.490 | 0344 
13} 1.86 34,000 | 13,600 | 0.400 | 0.554 | 0.611 | 0.356 
14 1.97 | 34,000 | 14,100 | 0.415 | 0.590 | 0.539 | 0.372 
15 2.19 36,860 | 18,090 | 0.490 | 0.655 | 0.583 | 0.395 
16 | 2.19 | 36,60 | 18,090 | 0.490 | 0.655 | 0.583 | 0.395 
17| 2.19 | 36,860 | 17,650 | 0.479 | 0.655 | 0.583 | 0.305 
18 2.45 | 36,860 | 18,740 | 0508 | 0.713 | 0.625 | 0.416 
19 | 2.45 | 36,860 | 19,400 | 0.526 | 0.713 | 0.625 | 0.416 
20 | 2.66 | 36,260 | 20,150 | 0.546 0.752 | 0.649 | v.429 
21 | 266 | 36,860 | 20,850 | 0.565 | 0.752 | 0.649 | 0.429 
22 | 2.88 | 36.860 | 20,800 | 0.550 | 0.784 | 0.672 | 0.439 
23 | 288 | 36,860 | 21,000 | 0.669 | 0.784 | 0.672 | 0.439 
24 3.05 | 36,860 | 20,200 | 0.547 | 0.806 | 0.684 | 0.446 
25| 3.26 | 36,860 | 21,700 | 0.588 | 0.827 | 0.697 | 0.452 
26 | 3.44 | 36,860 | 21,700 | 0.588 | 0.843 | 0.708 | 0.458 
27| 3.65 | 36,860 | 0.860 | 0.718 | 0.467 


21,800 | 0.591 





TaBLE 1V.—Comparison of Observed Yield-Presswres and 
those Derived from Formula (5). 











No. of Ratio : External Observed Calculated 
Cylinder to Internal Yield- Yield- 
. i Diameter. Pressure. Pressure. 
Ib. per sq. in. Ib. per sq. in. 

1 1.35 9,700 9,5f0 
2 158 12,000 12,100 
3 1.58 12,500 12,700 
4 | 1.58 2,500 12,700 
5 1.74 14,7 14,200 
6 1.77 14,400 14,400 
7 1.79 15,400 14,600 
8 1.79 15,250 14,600 
9 1.79 15 20 14,600 
10 1.7) 15 400 4,600 
ll 1.79 14,600 14,600 
12 1.79 14,700 14,600 
13 1.86 13,600 14,500 
14 1.97 14,160 15,120 
15 2.19 18,090 17,500 
16 2.19 18,090 17,500 
17 2.19 17,650 17,500 
18 2.45 18,740 18,400 
19 2.45 19,400 18,400 
20 2.66 20,150 19,000 
21 2.68 20,850 19,000 
22 2.88 20,300 19,400 
23 2.88 21,000 19,400 
24 3.05 20,200 19,800 
25 8.26 21,700 20,000 
26 344 21,700 20,200 
27 3.65 21,800 20,500 


TABLE V.— timate Stren sth of Mild-Steel Cylinders. 


Maximum plf 


Ratio: A 
sy “ Uitimate 
“ye Strength Maximum —— Calcu- 
of Pressure eee vif lated 
Internal Material “ lated from Observed. from 
Diameter. | Formula Formula 
k. 5 (6). (6). 
Ib. per Ib. per Ib. per 
sq. in. ®q. in. 8q. in. 

1.35 54,400 16,900 15,800 0.310 0.290 
1.53 54,400 | 23,200 21,900 0.426 0.402 
1.58 54,400 24 850 23,400 0.457 | 0.430 
1.67 58,800 27,200 27,700 0.462 | O.471 
1.67 | 68,800 27,350 27,700 0.465 0.471 
1.71 | 658,800 | 30,200 28,700 0.513 0.489 
1.77 | 64,400 | 30,850 28,000 0.566 0.515 
1.79 | 64,400 30.500 28,600 0 560 0.625 
1.79 | 64,400 32,300 28,600 0.594 0.525 


The influence of the ends in dealing with the 
ultimate strength becomes important. For instance, 
the strength of the cylinder whose length was 2 in. 
was 15 per cent. greater than the longer cylinders 
whose diameters were the same. The effect, how- 
ever, appeared to be negligible when the length 
exceeded about four times the external diameter. 

General Conclusions.-—The conclusions which may 
be drawn from the experiments may be summarised 
as follows :— 

1. In the case of cast-iron cylinders the failure 
is determined solely by the maximum principal 
stress, and Lamé’s formula 

p=f R-1 


+1 
may be applied directly. 


2. In the case of mild steel, initial yield takes 
place when the pressure is about 20 per cent. in 


the pressure being given very nearly by the equa- 
tion 
= 06 se 1 


3. The ultimate strength of the mild-steel cylin- 
ders might be denoted empirically by the same for- 
mula that applies to cast iron :— 
e-1 
P=Siayi 
where 
f = ultimate strength of material, measured on 
initial section. 
k = initial ratio of diameters. 

The second of these conclusions is of importance, 
particularly in its application to the strength of 
guns. Mild steel is the only ductile material 
which has been used in this research, but Pro- 
fessor C. A. M. Smith, in his experiments on com- 
bined stress,* has found thatthere is reason to believe 
that nickel and some other high tensile steels 
behave in a similar manner to mild steel. Guns are 
designed with a view to keeping, under ordinary 
conditions, the stresses in every part below the 
elastic limit when the gun is fired. An expression 
equivalent to formula (2) above is used,t which, as 
will be seen from Fig. 8, gives a value for the work- 
ing pressure about 30 per cent. too high ; and it is 
probable that the absence of plastic deformation 
under service conditions is solely due to the initial 
overstrain received in the proving-ground. 

It is hoped to extend the experimental work to 


-| cylinders of steels actually used in gun construction, 


in order to determine to what extent the data 
obtained from mild steel may be applied to them. 
The authors desire to record their indebtedness 
to Professor J. E. Petavel, at whose suggestion 
this work was carried out in the Engineering De- 
partment of the University of Manchester, for 
much valuable help; and to Professor H. C. H. 
Carpenter, of the Metallurgical Department, for 
his care in annealing the cylinders. 





CYLINDRICAL MILLING-CUTTERS. 

In comparatively recent years many improve- 
ments, both as regards the construction of the 
machines and the designs of the cutters employed, 
have been made with a view to increasing the 
output of milling-machines. The application of 
all-geared driving, both for the spindle and feed 
motions, and the general stiffening up of machines, 
has brought the milling-machine into a position to 
deal with much heavier work than that for which it 
was formerly considered suitable. A feature, too, 
that gives the modern machine a wider range of 
application is the provision of a separate drive for 
the feed motion, enabling a given feed to be used 
independently of the speed of the cutters. Although 
much progress has been made by the modification 
of machines, it is to improvements in the design of 
the cutters that the outputs now possible are chiefly 
due ; and still further progress is rather to be 
sought by modifying the designs of cutters than by 
a in the design of the machines. 

his is the more apparent when it is realised 
what great advantages accrued by increasing the 
pitch of the teeth of cylindrical mills. For many 
years this type of cutter was made with closely- 
spaced teeth, and its action might be likened to 
that of a rotary file. Even in recent times it was 
common to find, say, a cutter of 3 in. diameter 
having twenty-five teeth, whereas now it is more 
usual to have eight, or even five, teeth for this 
size of cutter. Experiments carried out with the 
increased spacing of teeth demonstrated the saving 
of power that could be effected, and this apparently 
without any detrimental effect upon the finish of the 
work. At the same time the teeth could be made 
stronger, and more clearance space left for the 
chips removed. 

i eueation the outputs of milling-machines 
probably the most satisfactory basis upon which to 
judge the capacity is the amount of metal removed 
per horse-power absorbed, although in actual work- 
shop practice the efficiency of the machine is not 
necessarily based on the power used. Even a few 
years ago results of 0.5 cub. in. of cast iron per 
horse-power minute were regarded as unusual with 
notched tooth spiral cutters, whereas at the present 
time this type of cutter gives results of 1.5 cub. in. 
* Proceedings of the Institution of Mechanical Engi- 
neers, Dec., 1909. ENGINEERING, vol. lxxxviii., page 849. 

+ Phipps, ‘‘Text-Book of Gunnery,” Part II., pages 





excess of that required by the shear-stress theory, 
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on the evidence of tests published, and outputs of 
1 cub. in. are given as the results of regular works 
practice. 

In a paper recently ee in the Journal of 
the American Society of Mechanical Engineers, Mr. 
De Leeuw gives an account of a new type of cylin- 
drical milling-cutter which is of interest in this 
connection, although the advantages he claims for 
the design do not appear to be borne out by the 
figures he produces regarding the tests. This tool, 
which is illustrated in Figs. 1, 2, 3, and 4, is 
described as a ‘‘helical”’ cutter, and, as will be 
seen from the drawings, it may be considered as a 
development of the spiral cutter, having the teeth 
set at a sharp angle with the axis. This new form 
of cutter, however, has two features which are not 
possessed by the older form, in that the chips are 
removed at right angles to the direction of feed— 
or, in other words, in the direction of its axis—and 
that it forms ‘‘ tooth ” marks, and not ‘‘ revolution ” 
marks, upon the work. Owing to the former charac- 
teristic there is an absence of spring in the arbor, 
resulting in there being no necessity for braces 
when working with a heavy cut ; whilst the latter 
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enables a coarser feed to be employed, depending 
upon the number of teeth, it being claimed that a 
3-toothed cutter may be fed at three times the rate 
of an ordinary spiral mill to produce a given finish 
to the work. 

The cutter illustrated is a ‘‘single” type, but a 
‘*double” type, consisting of a right-hand and 
a left-hand cutter interlocked, has been designed in 
order to eliminate the end-thrust produced by its 
cutting action. From the figures quoted by Mr. 
De Leeuw, however, thisend-thrust would notappear 
to be of very great importance, since tests made with 
the two types show that the ‘‘single” cutter only 
required some 6 per cent. more power for driving the 
machine. The details given in our illustrations will 
make the construction of the ‘‘ single ”’ type clear, 
the cutter shown being designed for dealing with 
mild steel. For use on cast iron the form of 
tooth is slightly modified, the angle of rake being 
made 8 deg. in place of 15 deg., and the clearance 
angle being 7 deg. instead of 5 deg. as shown. 

In Fig. 5 we give a diagram constructed from a 
series of curves given by Mr. De Leeuw, of the 
results obtained with this cutter on mild steel and 
cast iron. In this diagram are given the cubic 
inches of metal removed per horse-power minute at 
varying depths of cut and at different speeds of 
feed 


In referring to the outputs obtained Mr. De Leeuw 
states :—‘* The power ccnsumption is extremely 
low for steel, but does not show up so favourably 
for cast iron. A roughing cut in steel requires only 
about one-third the power of the old-type spiral 
mill.” On examining the results as given by the 
author, however, it is found that these statements 
are not altogether proved. As regards the results 


given at the higher rates of feed, it would appear 
that some error had occurred in recording the 
power. The curves showing the horse-power taken, 
given by Mr. De Leeuw, are in all cases straight 
lines, and if these lines are produced they cut the 
horse-power ordinate in all cases except for mild 


steel at the higher rates of feed. In Fig. 7 we 
reproduce from Mr. De Leeuw’s paper the curves 
showing the horse-power taken per inch width of 
cut at varying depths of cut. 

It will seen—as might be expected—that in 
the case of the cast iron the curves produced cut 
the horse-power ordinate at a point representing 
0.5 horse-power, this power evidently being that 
required to drive the machine with no cut. In the 
case of mild steel, however, the lines cut the horse- 
power ordinate near 
the point zero in the 
case of the 4-in. feed, 
whilst at 14-in. feed 
the curve does not cut 
the horse-power ordi- 
nate at all. It would 
thus appear that, in 
the case of the mild- 













steel results, either the 
power has n mea- 
sured at the cutter or 
some error hasoccurred 
‘in recording the re- 
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DIAGRAM SHOWING H.P PER INCH 
WIDTH OF CUT WITH 
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sults. As, however, there is nothing in the paper 
to —_ the discrepancy, we give the ale as 
stated by the author. 

Taking the figures given in the paper, relating 
to a spiral mill of standard design, with notched 
teeth of }-in. pitch, we have built up the 
diagram given in Fig. 6, and on comparing this 
with the results for the helical mill given in 
Fig. 5 it will be seen that, though there is a dis- 
tinct showing in favour of the helical cutter in the 
case of mild steel, the best results are obtained 
with a light cut and high speed of feed. An increase 
of cut from ;} in. to } in. at speeds of feed of from 
14 in. per minute to 8 in. per minute rapidly de- 
creases the efficiency of the cutter, and a curious 

















Depth of Cut 


Ya 
Depth of Cut 





point is apparent in that with } in. cut or over, the 
output is practically the same at all speeds of feed 
dealt with in the tests—viz., 4 in. up to 14 in. per 
minute. Another point is that at feeds of 4 in. 
and 6 in. per minute the output increases as the cut 
is increased until it reaches } in., when it appears 
to remain stationary. 

A comparison of the results given in Figs. 5 and 
6 shows that the new cutter, which we understand 
was run at the same cutting speed as the older 


Fig. 5. DINGRAM SHOWING METAL REMOVED PER H_P MINUTE BY HELICALCUTTER 
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Fig. 6. DIAGRAM SHOWING METAL REMOVED PER H.P MIN.BY NOTCHED 
SPIRAL CUTTER( % PITCH) $% DIAM. 
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form, will remove about double the amount of 
steel for a given power as that dealt with by the 
spiral mill when the heavier cuts are employed. 
At the lighter cuts and higher speeds already 
referred to the amount removed is as much as three 
times that of the older form of mill. 

As regards cast iron, the new form of mill shows 
slightly better results in all cases except at the 
lower rates of feed and depths of cut. At a feed 
of 14 in. per minute it is about 12 per cent. more 
efficient than the spiral mill, whilst at travels of 
4 in. and 8 in. per minute it shows no gain until a 
cut of about } in. is employed. 

It is probable that further experiments with this 
new cutter will lead to improvements in the outputs 
obtained, since it woul appear that much must 
depend upon the proper relation between the speed 
of rotation of the cutter and the rate of travel with 
a given form of helical tooth ; in fact, the feature 
mentioned above, as to the metal being removed in 
the direction of the axis, depends on this relation. 
The results so far obtained, however, are sufticiently 
noteworthy, showing as they do a decided advance 
in the construction of cylindrical milling-cutters. 





Tue Companigs’ Diary AND AcenpDA-Boox. London: 
Messrs. Jordan and Sons, Limited, 116 and 117, Chancery- 
lane, W.C. [Price 2s. 6d. net.]|—This well-known diary 
is now issued for the twenty-ninth year, and is therefore 
well established. It is primarily intended for the use of 
secretaries of companies, but contains a large amount of 
information valuable to any man of business and con- 
venient to have at hand. In the front of the book the 
principal requirements of the Companies (Consolidation) 
Act, 1908, are set forth, and typical forms of returns, Xc., 
are given. At the end of the diary s , which allows 
three days to a page, miscellaneous information 1s given 
covering such subjects as postal regulations, company 
law abroad, arbitration, bankruptcy, brokerage, co-part- 
nership, foreign and colonial moneys, returns relating 
to joint-stock companies, provident and friendly societies, 
labour exchanges, railways, &c. Furthermore, particulars 
are given of rates and taxes, the taxation of land values, 
poorlaw, workmen’s compensation and many other matters, 
the volume being concluded by a useful set of tables. 
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PASSENGER LOCOMOTIVE FOR THE 
SOUTHERN PACIFIC RAILWAY, U.S.A. 


Tue Southern Pacific Railway has recently put into 
service twelve large Mallet articulated compound 
locomotives, which are at present the heaviest pas- 
senger — in America, and consequently any- 
where to found. The section on which they are 
used is that on the western slope of the Sierra 
Nevada, known as the Sacramento Division. 

This division is a remarkable one. It carries one on 
the westward journey in the winter from snow and ice 
several feet thick down to the orange ranches of Cali- 
fornia in two or three hours, a change of scene which 
seldom fails to impress the traveller. On the westward 
journey the grade on this division is with the train. 
On the eastward trip it is against it continuously from 
Sacramento to Summit, a distance of 105 miles, in 
which a total rise of 7000 ft. is accomplished. For 
40 miles the grade is 1 in 45.5. Over this section pas- 
senger trains of heavy Pullman and other cars have to 
be hauled on the service between San Francisco and 
Chicago. Such trains are of as much as 500 tons 
weight, and hitherto on the 40 miles of 1 in 45.5 the 
railway has had to employ double-heading with two 
ten - wheeled locomotives, weighing each, without 
tender, 90.6 tons, of which 71.4 tons are on the driving- 
wheels. The new Mallet compounds, recently con- 
structed by the Baldwin Locomotive Works, Philadel- 
phia, of which we are able to give illustrations herewith, 
are of such capacity that double heading is dispensed 
with. 

In our two-page Plates LXIII. and LXIV., with 
this week’s issue, we give drawings, &c., of this 
interesting type of locomotive. ‘ihe engines are 
built for oil fuel, which is very largely used in the 
Western States. With such large engines this has a 
distinct advantage, in that it alee of running cab 
first, which enables the driver to have an unob- 
structed view of the road ahead. In Fig. 1 is given 
an elevation of the engine, and in the drawings 
Figs. 2 to 9 are several cross-sections, &c. Of the 
latter, Fig. 2 is a half end view at the trailing end ; 
Fig. 3 gives half cross-sections just ahead of the low- 
pressure cylinders and near the yoke, the latter 
showing the centering device for the articulated 
frame. Fig. A is a cross-section taken at the back of 
one of the main cross-stays and slides for the articu- 
lated frame. Fig. 5 shows two cross-sections, one 
taken just at the saddle casting and showing the 
hinge of the articulated frame, and the other at the 
back of the saddle and high-pressure cylinder cast- 
ings, showing the socket for the articulated frame 
hinge and pin. Fig. 6 shows the yoke for the 
high-pressure cylinder guides. In Fig. 7 one half- 
section is taken at the back of the expansion link, and 
shows the lever connecting with the reversing gear, 
while the other is taken at the leading drivers. In 
Fig. 8 are shown two part sections, the left-hand one 
showing the equalising beam fulcrum for the spring 
gear of the leading group of drivers and the leadin 
two-wheeled truck, and the right-hand one the truc 
centering device. The half views in Fig. 9 show the 
interior of the cab and an outside end view. Fig. 10 
gives a general view of the locomotive and tender, 
while in Fig. 40, Plate LXIV., is given a perspective 
view from the leading or cab end. 

The size of the engine may be gathered from a few 
of the leading particulars. The cylinders are 25 in. 
and 38 in., with a 28-in. stroke. The total heating 
surface is 7117 sq. ft., and the weight of the engine 
alone, without tender, is 171.8 tons, and with the 
tender 253.57 tons. From the front coupler-head to 
the trailing end of the engine is just over 66 ft. In 
general arrangement these locomotives are similar to 
freight engines of the 2-8-8-2 type, which have been 
in use on the system since 1909. The low-pressure 
cylinders are arranged on the articulated frame, and 
the high-pressure on the main frames, to which is also 
attached the boiler. 

Details of the boiler are shown in Figs. 11 to 27, 
Plate LXIV. This boiler is of the type which has 
come to be known as ‘‘ separable,” from the fact that 
the barrel is built up of two sections, of which the 
front is detachable from the back. The boiler proper 
is shown in sectional elevation in Fig. 11. It contains 
495 2-in. tubes, 20 ft. 6in. in length, and giving a heating 
surface of 5292 sq. ft. The fire-box, of which a cross- 
section is given in Fig. 25, provides a heating surface 
of 235 sq. ft. The front portion of the barrel, illustrated 
in Figs. 12 and 13, is used as a feed-water heater ; it 
contains 424 2}-in. tubes, and a central flue 1 ft. 3 in. 





in diameter. The heating surface provided in this 
section of the boiler is 1590 sq. ft., making a total of | 
7117 sq. ft. Figs. 14 to 19 show various joint details 
for the barrel-plates, &c. Fig. 20, together with the 
large collars shown at the barrel ends, Figs. 11 and 12, 
illustrate the form of joint employed for securing | 
the front or feed-heater portion to the barrel proper. 
fhese two 4-in. rings are turned with a Y-joint fit, 


and are drawn together by bolts at frequent intervals, 


as shown in Fig. 20. Details of the foundation ring 
igs. 21, 


are given in 23, and 27, and of the front 


water leg in Fig. 22. The foot of the back water leg 
is shown in Fig. 24. The barrel tube-plate is shown 
in Fig. 26. 

The dome is placed a short distance ahead of the 
fire-box, and an internal dry pipe conveys the steam 
thence to an intermediate combustion-chamber (Figs. 
1 and 5) separating the boiler and the feed-heater 
tube-plates. In this chamber, which will be seen from 
Fig. 1 to be close to the high-pressure cylinders, 
there are the usual T-piece and branch pipes, and from 
these steam is conveyed by outside horizontal pipes 
on the right and left-hand to the high-pressure 
steam-chests. The high-pressure exhaust also re-enters 
this combustion-chamber, and the two pipes converge 
and, forming an inverted Y, the exhaust is carried 
in a single pipe through the central flue in the feed- 
heater. At the Pace, end the pipe passes down- 
wards, and below the smoke-box is provided with the 
necessary flexible jointing in order to connect it with 
the low-pressure cylinders on the articulated frame. 

The feed enters the water-heater at the bottom, 
and leaves it at the top, and it is taken thence on 
either side to the boiler through clack-valves placed on 
the horizontal diameter. Clacks are placed at both 
the boiler and heater ends of this connection. 

Steam distribution is controlled by piston valves of 
the inside admission type, operated with Walschaert 
gear, The valves are 15 in. in diameter, and are set 
with a lead of ,°; in. The exhaust clearance of the 
high-pressure valves is } in., and of the low-pressure 
# in. By-pass valves are not provided, but relief- 
valves are fitted on the steam-pipes leading to each 
cylinder. The low-pressure pistons are fitted with 
tail-rods supported at their outer ends by cross-heads. 
The guides for these cross-heads are fixed to the 
cylinder cover and the cast-steel bumper beam. The 
cross-heads have cast-steel bodies and bronze gibs, and 
bear on the tops of the guides only. 

The high-pressure finden and saddle are made 
separately. The frames at this point take the form 
of slabs, 2} in. thick (Fig. 5) and 26 in. deep. This 
slab is spliced to the main bar frame by 21 driven 
bolts 14 in. in diameter, and by two taper keys driven 
in a parallel and vertical keyway. This method of 
keying is also used for the iain and saddle con- 
nections to the main frames. The saddle is of cast 
steel and of two sections, the lower extending the 
full depth of the frames, and forming the support for 
the hinge of the articulated frame, the pin of which is 
7 in. in diameter. Details of this casting, pin, &c., 
are shown in Figs. 28 to 33. Hitherto a separate 
cross-tie has been employed to support the lower end 
of the hinge-pin. The present arrangement forms a 
much more substantial piece of work. At the low- 

ressure cylinders the articulated frames also take the 
orm of slabs, to which the cylinders are bolted on 
the outside, while a steel box casting extends between 
them on the inside. 

As the engine runs cab first, the two-wheeled bogie 
under the fire-box is the leading truck. This truck is 
of the Hodges type, with — links, jointed so as to 
allow fore and aft as well as lateral motion. It is 
equalised with the main frame drivers. Details of the 
centering device provided for this truck are shown in 
Figs. 34 to 39. A double coil spring is used (Fig. 35), 
held vertically between two cast-steel washers, and 
suspended by a vertical bar. This bar is suspended 
from a cross-tie between the engine frames. The 
lower washer is attached by links to the main frames 
(Figs. 35 and 38). Between the top spring washer and 
the cross-tie is a bearing-plate, and interposed between 
the two are two 2-in. pins. These pins support a 
(J-shaped strap (Fig. 34), and a link (Figs. 35 and 39) 
connects this strap with a lug on the truck frame. 
When the truck is displaced, one or the other of the 
two bearing-pins is pulled down, and a load is placed 
upon the coil spring, which therefore tends to return 
the truck to its central position. 

These locomotives are equipped for oil-burning, and 
the tenders can therefore be conveniently pone at 
the smoke-box end. The two tanks are partly cylin- 
drical in shape, and are placed end to end. The 
water-tank has a capacity of 10,000 gallons, and that 
for oil 3200 gallons. They are carried on a frame of 
12-in. by 40-lb. channels, with strong cross-bracing and 
bumper beams of cast steel. The tender and engine 
truck-wheels are of the ‘‘ Standard” forged and 
rolled-steel type. 

ped particulars are given in tabular form here- 
with :— 


Locomotive : 
Cylinders—high- pressure 25 in. 
fete low-pressure ‘s 38 ,, 
- stroke ie? ah a } 
Wheels—driving, diameter ... 5 ft. 3 in 
us truck, front ... ae psy ae, Se ae 
i truck, back ... a sos ee, Cas 
Boiler barrel, diameter 6,, ” 


im » thickness of sheets ... in. 

tei ane sod en 

ee width a mi we 

me thickness, sides, back, 
and crown-sheets ‘ 
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Fire-box—thickness, tube-shee 4 in 
9 water spaces ss S « 
Tubes—number + 495 
length ... 20 ft. 6 in 
‘ie diameter , Ms 2in 
Feed-water heater tubes—numter ... 424 
» m diameter 2+ in. 

_” » length ... 6 ft. Sin. 
Heating surface—firebox _... 235 sq. ft. 
” ” boiler tubes —- Se we 

” ” feed-water heater 
tubes ... ~ =i is = Sew 
Total ... : e 77 sq. ft 
Grate area = ~ .. 70 sq, ft. 
Working pressure 2 200 Ib. per sq. in 
Wheel-base—driving .. a , 3 ft. 
” rigid ove - o ll ” 
” total engine . 51 ft. 4in 
Weight on driving-wheels 142.9 tons 
» front truck 19.5 ,, 
” bac °° 9.4 ” 
», total of engine RLS w 
Tender : 
Water capacity 10,000 gals. 
Wheels—diameter 2 ft. 9 in. 
Locomotire and tender : 
Wheel-base—total 85 ft. 1 in. 
Weight—total ... 253.57 tons 








POKORNY AND WITTEKIND TURBO- 
COMPRESSORS. 

Wuewn Professor Rateau read a very instructive 

on aed on turbo-compressors before the Diisseldoif 

nternational Congress of Mining and Metallurgy of 
last summer,* Mr. E. Kister mentioned that his tirm, 
Messrs. Pokorny and Wittekind Maschinenbau A.-G., 
of Frankfort-Bockenheim, had, in taking up the con- 
struction of turbo-compressors five years ago, reduced 
the number of wheels, and realised an isothermal 
efficiency of nearly 68 per cent. in the electrically- 
driven compressor which they had built for the Rand 
mines in South Africa. We are to-day able to illus- 
trate several of the turbo-compressors of this firm, and 
to give particulars as to the tests of the electrically- 
driven compressors and of others coupled to mixed 

ressure turbines. These test particulars are not less 
interesting than the construction of the compressors ; 
for there is some disagreement as to the proper manner 
of conducting the air measurements. 

Figs. 1 and 2, on page 792, represent internal parts of 
mixed-pressure turbines and of turbo-compressors. The 
first of these was constructed for the en mines, 
near Saarbriicken, and installed in 1909; running at 
4200 revolutions per minute, this compressor draws 
in 7000 cub. m. (247,000 cub. ft.) of air per hour, and 
discharges it at a pressure of 7 atmospheres absolute 
(100 lb. per sq. in.). The second turbo-compressor 
was installed in the summer of 1910 in the Kiénigsborn 
A.-G. fiir Bergbau, Salinen- und Sodabetrieb at Unna- 
K®énigsborn, in Westphalia; driven likewise by a mixed- 
pressure steam-turbine at 4200 revolutions per minute, 
it has a capacity of 10,000 cub. m. (353,000 cub. ft.) of 
free air per hour, delivered at a pressure of 8 atmo- 
spheres absolute (114 Ib. per square inch), The turbines 
are provided with two casings, the one for working 
with boiler steam, and the other for working with 
exhaust steam, which are a —— of Messrs. 
Pokorny and Wittekind. Steam is taken from the 
exhaust of the hauling-engines, and normally the two 
sections of the turbine work together. When the 
hauling-engines are stopped, boiler steam is sent only 
to the one casing, the wheels of the exhaust section 
running in vacuo. 

The valve gear is so designed as to admit live steam 
into the first casing as soon as the exhaust-steam feed 
becomes insufficient. The rotors, shown in Fig. !, are 
those of a 1000-horse-power mixed-pressure turbine of 
this type. The rotors of Fig. 2 belong to the turbo- 
compressor of the Kénigsborn installation ; there are 
six wheels in the low-pressure group and seven in the 
high-pressure group. These numbers are smaller than 
in some other types, and one of the advantages realised 
by this reduction is that the total length of the com- 
pressor itself with two casings and -plate does not 
exceed 5 m. (16 ft. 5 in.). he intercooler for the two 
casings is below the flooring, and is fitted with brass 
tubes. The casings are themselves cooled, deep water- 
cooled diaphragm partitions being provided between 
each pair of impellers. The air is discharged at tem- 
peratures ranging from 60 to 70 deg. Cent. (140 to 
160 deg. Fahr. ). 

The tests of the Reden installation, conducted by 
Professor Langer, of the Technical High School of 
Aachen, yielded the following results:—When 7500 
cub, m. (364,900 cub, ft.) of air were compressed from 
1 atmosphere up to 7 atmospheres absolute (14.2 to 
99.6 lb. per sq. in.), the consumption of saturated 
exhaust steam of 1.1 atmospheres (15.6 lb. per sq. in.), 
initial pressure, and exhausted at a vacuum of 0.08 


* See ENGINEERING, vol. xc., page 45. 
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4000-H.-P. ELECTRICALLY-DRIVEN TURBO-COMPRESSOR FOR THE RAND MINES. 
THE POKORNY AND WITTEKIND MASCHINENBAU A.-G., FRANKFORT-BOCKENHEIM, GERMANY. 


CONSTRUCTED BY 
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atmosphere (1 14 Ib. per sq. in.) absolute, amounted to 
1.28 kg. per cub. m. of air ; the consumption of boiler 
steam at 6 atmospheres (85 lb. per sq. in.) absolute, and 
the same vacuum, amounted to 081 kg. The second 
compressor at Kinigsborn was also tested. The results 
of these tests are summarised in Table I., page 794, 
and Fig. 3 shows the pressure-volume curves for dif- 
ferent speeds ; these curves demonstrate the efficiency 
of the governing of the steam-compressor. 

_ It will be seen from the table that in the compres- 
sion of 8150 cub. m. (287,000 cub. ft.) of air from atmo- 





spheric preseure to 8 atmospheres absolute (114 lb. 
per sq. in.) there were consumed 1.24 kg. of exhaust 
steam (at a pressure of 1.2 atmospheres and a vacuum 
of 0.1 atmosphere absolute) per cubic metre of air 
drawn in. The consumption of boiler steam (at 7 atmo- 
spheres absolute and the same vacuum) amounted to 
0.73 kg. per cub. m. of air. The isothermal efficiency 
of the compressor varied between 64 and 65 per cent., 
and the steam-turbine worked with exhaust at an effi- 
ciency of about 68 per cent. and with boiler steam 
at an efficiency of about 66 per cent. 





meine Elektricitiits-Gesellechaft at Berlin. 
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Fig. 4 is a section through a compressor, which, 
running at 4200 revolutions, draws in 8000 cub. m. 
(282,000 cub. ft.) of air per hour, and delivers it under 
a pressure of 3 atmospheres absolute (43 lb. per sq. in. ). 
The compressor is driven by a non-condensing turbine. 
This type of turbo-compressor has found application 
in chemical works, 

We to the 4000-horse-power turbo-compressor 
constructed for the Victoria Falls and Transvaal 
Power Company, of Johannesburg. which was formed 
to install a plant for transmittin 34,000 horse-power of 

rimary electric energy from Victoria Falls to the 
nd mines. The order came to Messrs. Pokorny and 
Wittekind through the Allgemeine Elektricitits-Geeell- 
schaft and the Siemens-Schuckertwerke, of Berlin. 
The compressor is one of six, all of 4000 horse-power, 
installed at the central station for supplying compressed 

Fig. 3 


WARACTERIST ICS OF TURBO COMPRESSOR, KONIGSBORN. 
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air to the Rand mines, and is to draw 35,000 cub. m. 
(1} million cub. ft.) of air per hour at a pressure of 0.83 
atmosphere (11.8 lb. per eq. in.) and a temperature of 
20 deg. Cent. (68 deg. Fahr.), and to deliver the air at 
a final pressure of 9 atmospheres absolute (128 lb. per 
eq. in.). An isothermal efficiency of 64 per cent. had to 
be guaranteed, the power consumption not to exceed 
4200 horse-power, and the load on the two motors to 
be balanced within 5 percent. Johannesburg lies about 
a mile above sea-level, and the average barometer is 
610 mm. (24 in.). Figs. 5,6, and 7 show the compressor 
in elevation, plan, andsection. It was decided to drive 
the compressor by electric motor at 3000 revolutions 
per minute, and as a 4000-horse-power synchronous 
motor, could not conveniently be run at this high 
speek. thd ‘machine was divided into halves, each 

riven by one synchronous motor of 2000 horse-power. 
The two shafts lie parallel to one another, and at 
first glance the two halves would appear identical. 
The arrangement is, however, such that there are two 
low-pressure cylinders, one on each shaft, and that 
there is, in addition, an intermediate-pressure cy- 
linder on the one shaft and a high-pressure cylinder 
on the other. When we face the low-pressure com- 
pressor at the one end (the motor is at the other end), 
the left-hand low-pressure compressor is on the same 
shaft as the intermediate compressor. The suction- 
pipes lead into the low-pressure cylinders ; the latter 
discharge into a common conduit leading to the inter- 
mediate-pressure compressor, and thence to the inter- 
cooler and the high-pressure cylinder. The subdivision 
of the low-pressure compressor had the advantage of 
enlarging the cvoling surfaces ; an intercooler between 
the first and second stage was accordingly not required. 
The air intakes are in the basement, which the air 
enters after passing through a filter; this filter is 
common to the whole plant. 

The tests of this compressor were conducted by Pro- 
fessor Langer in the new turbine-shops of the Allge- 
Professor 
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Langer reported that the compressor ran very smoothly, 
without any vibrations, though the temporary erec- 
tion in the testing-rooms could not be effected with the 
exactitude to be adopted in the final installation. The 
stuffing-boxes and joints in the casing kept perfectly 
tight, and the bearings did not run warm. ese 
features, and particularly the = efficiency realised, 
which su the stipulated efficiency, would tend 
to prove that the careful design of the compressor upon 
scientific considerations has successfully solved the 
practical problems. 

In conducting the tests, Professor Langer took tem- 
perature and pressure measurements at the four 
cylinders and in the two intakes. The arrangement 


Fig.9 








Hour. 


of Aur 


of the throttling-valves and soenesing mension fitted | 
into the intakes is shown in Fig. 8. e@ pressures | 
were measured by four Pitot tubes, two of which | 
were placed close to the axis of the throttle-valve, | 
one on each side of it, and the others symmetrically 
between the two former; this was done in order | 
to test the influence of the valve upon the s of 
the air current in various parts of the valve-casing | 
at various openings. In the preliminary tests, some 
bent tubes were tried, the end inside the nozzle 
being bent over at right angles, so as to meet the air 
current at right angles; these tubes gave pressure 
readings about 5 per cent. higher than the straight 














tubes, parallel to the air current, and they were accord- 
ingly abandoned. The height to which the straight 
TasLE I.—Turbo-Compressor, Kénigsborn. 
Working with .. {|Bxhaust} Boller 
Pressure of atmosphere .. kg. per sq. m.| 1.0282 | 1.0276 
Throttling in nozzle os - 0.0132 | 0.0132 
Pressure of airdrawnin .. on 1.0150 | 1.0144 
Temperature of air drawn in deg. C.| 20.3 21.0 
Theoretical weight of air drawn in per sq. m. of 
nozzle section of nozzle of diameter 250 mm. 
kg. per sec.| 0.00596 | 0.00596 
Weight of air drawn in -. _ kg. perhr.| 9660 9650 
Volume of air drawn in cub, m. per hr.| 8150 8170 
Steam consumption per hour kg. per hr.| 11,820 | 5790 
ou - cub. m. of air i 1.45 0.71 
Final air pressure .. kg. per sq. cm. abs.) 8.09 8.03 
Isothermal work per cub. m...m.-kg. percub. m.| 21,040 | 20,970 
oa of compressor .-P. isoth,.| 635 634 
Initia] steam pressure kg. per 8q. cm. abs.| 1.266 | 7.39 
Condenser pressure .. ae 0.149 | 0.086 
Heat gradient .. thermal units per kg.) 77 149.5 
Energy available si H.-P. theoret.| 1440 1460 
Total efficiency. . ov os -. percent.) 44.1 43.3 
Cooling water—nozzle diameter, 65 mm. :— 
- rate of discharge m. persec.| 3.61 3.54 
* bulk... cub. m. per hour) 40.5 80.7 
- temperature increase deg. ©.| 12.58] 12.76 
Work of compression of wate: os ¢. 807 
Air temperature ‘ “e deg. ©.) 62.6 62.4 
o rise in ae - oe 42.3 41.9 
Work of compression of air.. ee _ h.-p. | 154 152 
Cooling water for a 8.12 cub. m. per hour; 
temperature rise, 8 3 deg. C.; work done, h.-p.| 41.0 41.0 
Cooling water for oil, 0.82 cub, m. per hour ;) 
temperature rise, 6 deg. C.; work done, h.-p.| 7.8 7.8 
Friction (about half of this absorbed by com-| 
pressor) ry oe oe ae «» hp.) 48.8 48.8 
Power absorbed by compressor... os »» | 980 980 
Isothermal efficiency of compressor percent. 64.4 64.7 
Thermodynamical efficiency of turbine o- | 68.5 66.9 
Calculated for guaranteed power and output :— | 
Compressor work, isothermal, 1 to 5 atmo-| | 
spheres absolute .. ..m.-kg. per cub, m. | 20,790 | 20,790 
Power consumption for 8000 cub. m. of air 
drawnin .. ‘ ° , «. hp. 957 953 
Heat gradient thermal units per kg. | 89 54 
Steam consumption per hour kg. per hour; 9920 5820 
oe oe per cub. m. of air -_ 
0. 


kg. per cub. m.| 1.24 


tubes penetrated into the casing was also varied. When 
this height exceeded 100mm. or 150mm. (4in. or 
6 in.), high readings were again obtained, and in the 
final selected measurements the tubes were almost 
flush with the bottom of the throat of the measuring 
nozzle. The four tubes were grouped on the circum- 
ference of a circle of about 335 mm. (13 in.) radius, 
reckoned from the axis of the nozzle. The readings 
of these four tubes differed by 2 or 3 per cent., and 
averages were hence taken of four simultaneous 
readings. It must be borne in mind that a difference 
of 2 per cent. on the gauge corresponds to a difference 
of 1 per cent. in the amount of air drawn in, so that 
the fluctuations are not serious. 
The weight of air was calculated from the formula 





G@ = 1.582 F pu Ji (zy" (2) - 1] 


in which G is the weight of air sucked up per second, F 
the cross-section of the nozzle 0.05" sq. mm., p the 
air pressure in front of the nozzle, p, the same behind 
the nozzle, both in kg. per sq. cm. absolute, T the tem- 

rature of the air in front of the nozzle in deg. 
Sent, absolute, and u the nozzle coefficient. Professor 
Langer adopted the value » = 0.98; it is customary 
to take 0.99, and this latter coefficient has been 
assumed by Messrs. Pokorny and Wittekind in their 
efficiency statements. Professor Langer has himself 
done so in some calculations. As the compressors are 
to work in the somewhat rarified atmosphere of the 
Rand mines, the air pressure was for the tests reduced 
to 0.83 kg. per sq.cm. The motors were kept running 


at 3000 revolutions, and the energy they absorbed was 
determined on the two-wattmeter system ; their effici- 
encies varied between 94.1 and 94.4 per cent. Eight 
complete series of tests were made, and temperatures 
and pressures were determined at nine spots marked 
£, bo « « by Vig. 10. 

The highest compressor efficiency, of 67.7 per cent., 
was realised with cooling water at a temperature of 
11 deg. Cent. (52 deg. Fahr.) ; when the cooling water 
was preheated to 24 deg. Cent. (75 deg. Fahr.) in order 
to conform to the conditions to be expected in actual 
work, the efficiency was 67.3 per cent.—3 per cent. 
higher than the stipulated value. These efficiencies are 
referred to the isothermal curve, the air taken in and 
the cooling water being nearly at the same temperature. 
The compound diagram, Fig. 9, expresses the results 
of the series of tests graphically. The abscisse are 
the air volumes per hour; the ordinates denote effi- 
ciency, pressure, and power consumption. Curve A 
indicates the horse-power consumed per cubic metre 
of air. Curve B is the characteristic referred to 
the initial air pressure of 0.83 kg. per square centi- 
metre, which, as we stated, was maintained so far 
as possible. Curve C is the isothermal efficiency, 
deduced from observations made on the left-hand low- 
pressure compressor. Curve D indicates the total 

wer consumption, which was on an average 4000 

orse-power. The amount of air drawn in and delivered 
at the absolute pressure of 8.1 kg. per square centi- 
metre (115 lb. per square inch), it will be seen, was 
40,600 cub. m. per hour. 

The isothermal efficiency is the energy ratio of the 
power required for the isothermal compression to the 
power delivered to the coupling, the compression 
taking place at atmospheric temperature between the 
initial and final pressure. In making the calcula- 
tions the initial pressure was entered as measured at 
the left-hand low-pressure compressor. The left-hand 
low-pressure compressor was chosen for the following 
reason. Owing tothe want of symmetry in the group- 
ing, the intermediate-pressure compressor being on the 
left-hand shaft, and the high-pressure compressor on 
the right-hand shaft, the throttling of the air entering 
the low-pressure compressors was not quite the same 
for the two compressors, this me necessary in order 
to the power. The initial pressure P L, was, 


in fact, a little greater than the initial pressure P R,, | q 


and the bulk of air drawn in on the left side was greater 
than that on the right-hand side. ‘The calculations 
have been based upon the greater initial pressure on 








the left-hand side, and higher efficiencies would have 
resulted if the initial pressure on the right-hand side 
had been selected ; the difference would amount to 
about 0.8 per cent. In Professor Langer’s opinion this 
increased throttling had better be dispensed with, as 
it would slightly impair the governing and economy 
of the machine. 

The —_— og of this unequal throttling become 
apparent in Fig. 10, in which the temperature and 

ressure conditions of the air can be studied as the air 
ewes through the different compressors. When an 
efficiency estimate is deduced from the shaded portions 
of the diagrams, the resulting efficiency of the actual 
compression curve is 79.7 per cent. This figure has a 


M. 


12 


merely theoretical interest, and must not be accepted 
for practical comparisens, since the compressor losses 
enter into this value ; with inefficient cooling arrange- 
ments the shaded portion would become greater and 
a higher efficiency would apparently result. 








New York Fire Department.—The ‘‘ Red Book ” 
No. 156 of the British Fire-Prevention Committee is 
rather a departure from the usual course, being devoted 
not to a description of fire tests, but to the subject of the 
New York Fire Department. It is written by the Hon. 
R. Waldo, late Fire Commissioner, New York, and is 
illustrated with ten engravings. In the fifth publication 
of the British Fire-Prevention Committee, which appeared 
in 1897, the Fire De ment of New York, as it then 
existed, was described, and the numerical increase 
since that year has brought the department from 114 
officers and men to 4324; from 16 land engine companies 
to 174; from 3 fire-boat companies to 10; and from 22 
hook and ladder companies to 76. The chief officers have 
been increased from 14 battalion chiefs to 42, and from 
3 deputy chiefs to 13. This increase has been, of course, 
due in part to the natural wth of the city, but also in 
part due to the inclusion of the former counties of Kings, 
ee and Richmond into the Greater City of New 

ork. The ‘‘ Red Book ” is published at the offices of the 
British Fire-Prevention Committee, 8, Waterloo-place, 
Pall Mall, the price being 2s. 6d. 





Tue InsTITUTION OF AUTOMOBILE ENGINKERS.—The 
second meeting of the London section of the graduates 
of the Institution of Automobile Engineers was held on 
Thursday, December 7, when an interesting paper, 
entitled ‘‘Carburation,” was read by Mr. G. M. Junner, 
G.I.A.E. The author opened by stating the requirements 
of the modern carburettor, pointing out the need for fairly 
weak mixture at high speeds, and slightly rich mixture 
at low s 8, with capability of ready acceleration 
accessibility, easy of adjustment, and resistance to wear. 
After giving the proportions of various mixtures with their 
formule, he went on to point out that the chief cause of 
excessive petrol consumption is generally an inherent 
fault in carburettor design, such as low air velocity Fee 
the jet. The temperature of carburettors was then dealt 
with, the author expressing preference for the method of 
warming only the air supply, and not the mixture. He 
expressed the opinion that the height of the petrol level 
in the jet, within limits, had very little effect on the 
running of the engine, although it made a considerable 
ifference in the matter of petrol consumption. He then 
described a number of different carburettors, raising 
objections to the use of spray cones, and stating a prefer- 





ence for multiple-jet carburettors. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, December 6. 
The revival of demand for iron and steel products is 
continued, and inquiries arriving almost daily for 
large quantities of material afford encouragement for 
a continuance of the favourable conditions. Crude 
iron is receiving special attention. It has been dragging 
for months. Southern furnaces are gathering an un- 
usual amount of business. Upwards of 100,000 tons of 
Southern basic and Bessemer iron have been contracted 
for at less than 10dols. per tonat Birmingham. At the 
resent rate of progress Southern furnaces will shortly 
out of the market. Large Northern buyers are after 
basic. Jones and Laughlin want 30,000 tons. Basic is 
selling at a very low figure, and most of the business 
now pending will be closed at the low basis pending. 
Northern furnaces are accumulating orders for all kinds 
of iron, but not rapidly. Iron for cast-iron pipe has been 
contracted for in very large quantities. It appears to 
be the purpose of buyers of crude iron to make 
arrangements for the first half of the year. A good 
many furnace companies have closed contracts for all 
they will require for the coming year, some of them 
for six months. Nine of the larger consumers have 
definitely closed contracts which have involved the 
delivery of 120,000 tons of coke per month. These 
transactions have hardened the prices 10 to 15 cents 
per ton. About 1000 ovens are idle, and will resume 
shortly. An upward tendency in coke is anticipated. 
In rails more activity prevails, and early in January, 
at latest, a number of large contracts will be pl 
in Pennsylvania and Illinois mills. The general tone of 
the steel market is better, and a hardening of quota- 
tions seems the natural thing to expect. 





R.N.R. WARRANT ENGINEERS AND 
ENGINE-ROOM ARTIFICERS. 

THERE has recently been issued to Members of 
Parliament and others interested in the engineering 
question in the Navy a Memorandum regarding the 
Admiralty’s naval policy as it adversely affects the 
R.N.R. warrant engineers and the R.N.R. engine-room 
artificers. This isa subject on which we have time and 
again expressed our view that the scheme, under which 
naval stokers are advanced to the position of mechani- 
cians under certain conditions, is inimical to the 


interests of the Service, as their experience as stokers, | Jyq 


and the two or more years’ special training proposed, 
can never make them as efficient as the engine-room 
artificers, who have been trained from youth as engi- 
neers. We append the Memorandum :— 


1. Under the Cawdor scheme, promulgated some six 
years since, a large number of naval stokers have been, 
and are being, given some two or more years’ special 
training, then made ‘‘mechanicians” (which is a term 
for a skilled mechanic), and afterwards many are pro- 
moted to ‘‘ warrant mechanicians.” 

2. In the Royal Navy these warrant mechanicians rank, 
by virtue of their warrant, before chief and engine-room 
artificers, and are at times placed in charge over these 
men. The result is that the ially trained mechanic, 
if such he can be called, is set in authority over the fully 
trained and specialised mechanic. 

3. In the mercantile marine, and in the engineering 
firms of this country, the engineer and skilled engineering 
mechanic is always superior in pay and position to the 
stoker or mechanic’s labourer. 

4. From the skilled engineering mechanics are drawn 
the engineers of the mercantile marine and the R.N.R. 
warrant engineers, as also the R.N.R. engine-room 
artificers. 

5. When poiagting Suiits in the Royal Navy it 
now often happens that the said R.N.R. reserve men 
have to serve with, or come under the supervision of, the 
stoker mechanician and warrant mechanician. 

6. This is much resented by the R.N.R. warrant engi- 
neers and R.N.R. engine-room artificers. It is highly 
repulsive to them, and is causing an amount of acute ill- 
feeling and unrest. 

7. Being desirous of continuing to render some useful 
service in times of danger, and feeling that the Admiralty 
cannot for one moment wish such a state of things to 
continue in the engineering department of the Hing’ 
Navy, it is respectfully asked that amendments 
made so that in future R.N.R. warrant engineers and 
R.N.R. engine-room artificers when serving in the Fleets 
shall be free from being placed on a par with, or under 
the orders or supervision of, stoker mechanicians or 
warrant mechanicians. 

8. The stoker warrant mechanicians have only been 
made about a year, hence the appearance of this memo- 
randum now. 








Messrs. Frreprich Krupp anp Co.—The firm of 
Messrs. Friedrich Krupp and Co., of Essen, realised a 
profit of 2,038,900/. in its financial year ending June 30, 
1911, as compared with a corresponding profit of 
1,636,874/. in 1909-10. After all charges had been 
deducted, the net profit for 1910-11 was 1,443,909/., as 
compared with 1,071,859. The dividend for 1910-11 is to 
be at the rate of 10 per cent. per annum upon a capital 
of 9,000,0007. The council of administration also carries 
71,7802. to the ordinary reserve and 100,000/. to a special 
reserve. After making some further allocations, the 
ane carries a balance of 210,527/. to the credit of 





WORKMEN’S COMPENSATION CASES. 
Court OF APPEAL CASES. 


Onx of several cases recently reversed by the Court of 
Appeal was that of Jessop v. McLeay 


t was an appeal from the County Court Judge of | P® 


Hull, brought by shipowners against whom an award 
had been made in favour of a ship’s cook, who had been 
injured by infection from a diseased sheep which he 
slaughtered on board ship. The diseased blood of the 
animal was spilled over the man’s leg, causing injury, in 
June, 1910. The vessel returned home in September, but 
no claim was made till the following January. In the 
interval the ship had again gone to sea, and the ship’s 
officers were unable to attend to give evidence when the 
case came before the County Court. The Judge con- 
sented to the adjournment on the shipowners agreeing to 
pay the applicant 10/., and 10s. a week until the hearing of 
the application. The applicant brought forward his case 
again in July, but the depositions of the ship’s officers 
had not then arrived, and judgment was given against the 
v= pny The shipowner appealed, yaaes for the 
ending or diminishing of the award, and this appeal was 
allowed by the Court of Appeal. e new hearing was 
removed from Hull to the York County Court. 

Surgical Negligence and Shi; "s Liability. —In 
another case on appeal from the County Court Judge of 
Hull, the question had reference to alleged negligence in 
the treatment of a broken arm. The applicant was steer- 
ing a tug belonging to theappellant when something went 
wrong with the steering-gear. and the man had his forearm 
broken, which happened in the course of his employment. 
It was all that the injury was not skilfully treated, 
the sailor having had the assistance of a ‘‘bone-setter” 
instead of going to a pay qualified surgeon. The 
applicant refused to submit to an operation the second 
time. In an action by the sailor against the bone-setter, 
901. damages for negligence was awarded. 

The point was, according to the Judge, Was the man’s 
refusal to submit to resetting reasonable? The Judge 
said he was justified, and decided against the shipowner. 
This was not the point the County Court Judge had 
before him. The real point had reference to the claim 
for disablement, for which the employer was liable to 
pay compensation. The resetting by a skilled and autho- 
rised surgeon would have been an easy matter, and the 
injured man’s disablement would have been quickly 
ended. He had no legal right, under the circumstances, 
to refuse proper surgical treatment that would expedite 
the cure of his disablement. The shipowner, on the 
other hand, was justified in asking the Court of Appeal 
to diminish or end the award of the Hull County Court 
udge, who went wrong in his view of the law that the 
disablement from which the man still suffered arose out 
of the accident, and that therefore the employer was 
responsible for compensation for the accident. 

An employer is liable for the disablement resulting 
from an accident, but not for the disablement resulting 
from unskilful or ignorant treatment. This case is o 
importance to workmen who are inclined to use quack 
remedies. It should be remembered the risk which 
employers are bound to cover by insurance does not 
cover the results of any ignorant or eccentric treatment 
of a bone-setter. It will be understood that the County 
Court Judge’s mistake was in finding for the workman 
because he refused to submit to resetting. question 
was not whether the man was justified in refusing to 
undergo an authorised simple and safe operation; the 
real question was, did his incapacity, for which com- 
pensation was claimed from the employer, arise from the 
accident, for which the employer was liable? As a 
matter of fact, the disablement before the Court did not 
arise out of the accident, but arose entirely from the 
blundering treatment of the bone-setter, with which the 
employer nothing to do. 

Is a Wasp’s Sting an Accident ?—A curious case was 
heard in the Court of Appeal, which decided the point of 
law that an employer is not liable for compensation in the 
case of a workman who may die from blood poisoning as 
the result of the sting of a wasp during the course of his 
employment, but not arising therefrom. The widow of 
the workman made the statement that her 
husband was a blacksmith and engineer, employed by the 
respondent, and when thrashing wheat was stung by a 
nest of wasps, and blood poisoning and death ensued. 

The ground of the appeal was that the County Court 
Judge, who granted an award, was wrong, and that there 
was no evidence that deceased had met his death by the 
sting of a wasp while working on the appellant’s farm. 
It was argued that it was mere guess-work that a nest of 
wasps was roused by the noise and heat of the thrashing- 
machine, and it was upon this em that the County 
Court Judge made his award. e case of the appellant 
was that the sting of a wasp was such a risk as every 

rson had in common, and was not such as was peculiar 
to the deceased workman while in this particular employ- 
ment, and that therefore the risk was not one against 
which the employer should have insured. It was not an 
accident within the meaning of the Workmen’s Com- 
pensation Act. 

If an employer had sent the workman to dig up a wasp’s 
nest and he got stung, the man would he exposed not 
to a common risk, but to a peculiar accident which was 
incidental to the man’s employment, and in such a case 
the accident would arise out of the vp oe pe and 
involve the employer in responsibility for the fatal result. 
There was no such peculiar risk arising out of the man’s 
employment in this particular a case, and therefore 
the Court of Ap reversed the County Court Judge’s 
award. Thrashing wheat in the field involved the workman 
in no peculiar danger, and the employer had no liability 
for an uncommon risk in respect of a wasp’s sting. 

Compensation and the Sliding Scale.—In the appeal 


from an award of the County Court Judge of Norwich in 
the case of Newhouse and Co. v. Johnson a curious and 
difficult question was raised in regard to a sliding-scale 
award, which had been made on an application by the 
employers to review, diminish, or terminate a weekly 
yment made to a workman who met with an accident 
in the employ of the present appellants. The County 
Court Ju had made an order in a special form, 
although the Court of Appeal had previously ordered 
that the County Court had no power to make a prospec- 
tive award on a sliding scale. As the sum of compensa- 
tion is always determined by the average rate of the 
applicant’s weekly wage, the question of the rate of the 
maximum or the minimum wage, where a sliding scale 
is operative, should in no way affect the County Court 
Judge’s award in compensation cases. The Judge was 
acting outside his jurisdiction in taking the sliding scale 
of the workman’s wages into account. The Court of 
Appeal decided that the practice of making a prospective 
award depend on whether wages were going up or down 
must cease. 

Natural Aneurism and an Accident.—In an appeal from 
the County Court Judge of Middlesbrough, the Court of 
Appeal reversed the decision on the ground that it was 
unfair to the employers, Messrs. Bolckow, Vaughan, and 
Co. The workman met with an accident by falling on his 
head and shoulder when he was suffering from natural 
aneurism. The medical referee with the Judge 
that the man’s accident was not the original cause, but 
simply apes the man’s condition. The County 
Court Judge awarded him compensation at the rate of 
15s. a week. Against this the employers appealed. The 
Court of Appeal reversed the County Court Judge’s 
decision. 

There was no evidence that the accident for which the 
employers were responsible was the sole cause of the man’s 
incapacity. Normal aneurism was the condition of the 
workman preceding the accident, and the accident could 
not have wo wes | the aneurism or aggravated it. The 
man’s condition was perhaps the worse for the accident, 
but the Court of Appeal upheld the employers’ ogee 
on the ground that the evidence did not justify the 
County Court Judge in making his award in favour of 
the injured workman, since it was impossible for the 
accident not to have some effect on the existing normal 
aneurism. This releases the employers of liability for the 
consequences of an accident to a workman who may 
suffering at the time of the accident from a deadly disease 
which can be established to be the originating cause of 
the man’s incapacity. 

Evidence of Accident.—Inference.—In the case of an 
appeal from the award of the Glamorgan County Court 
Judge to the widow of a workman employed by the 
Glamorgan Colliery Company, the evidence was that 
he was on the night-shift at 11 o’clock and returned home 
at 7.30 in the morning, and showed his wife a red patch 
on his arm. His wife also noticed a scratch on his thumb, 
and in ten days the man died of blood poisoning. The 


¢ | County Court Judge was of opinion that the evidence of 


blood poisoning from the scratch to the thumb as a result 
of the fall at the colliery led him to infer the cause of 
death. The Court of Appeal held that septic poisoning 
might have occurred anywhere else than at the colliery. 
The Judge’s inference was not reasonable, and the appeal 
of the employers was allowed. 





PERSONAL.— Messrs. James J. Guest and Co., Limited, 
mechanical and electrical engineers, state that they have 
recently erected a new factory, and their new address will 
in future be: The Charterhouse Works, Northfield-road, 
Coventry.—The Electro-Chemical Works of Kempen- 
Rhein have been made a limited company, under the 
style: Elektrochemische Fabrik Kempen-Rhein, Dr. 
Brandenburg and Weyland, G.m.b.H. 





Tue Late Dr.-Inc. Emr, BLum.—We regret to notice 
the death of Mr. Emil Blum, who was buried on the very 
day on which he was to take the chair as new President 
of the Berlin branch of the Verein Deutscher Ingenieure. 
He was for many eee managing director of the Berlin- 
Anhaltische Maschinenbau A.-G., of Dessau. Born in 
1844 at Frankfort-on-the- Main, he passed 
gy i (gr school) of his native city into a 
ocksmith’s shop and a wa aud thence to the 
Technical High School at Isruhe. Having worked 
in several factories and drawing-offices, he started works, 
while still a very young man, in 1867, for the construc- 
tion of pumps and transmission gearing in conjunction 
with Eduard Méller. Coming in contact with the great 
gas-engine firm at Deutz, he associated himself with 
Oechelhaeuser and later with Julius Arendt, and the 
three men established, in 1872, the Berlin-Anbaltische 
Maschinenbau A.-G., of Dessau, so well known under the 
initials “‘B.A.M.A.G.” He remained connected with this 
firm until hisend. He took a particular interest in gearing 
and in the development of machinery for gas-making and 
for the utilisation of the by-products. He himself 
designed machines for charging and drawing gas-retorts, 
and, together with the late fessor Intze, he con- 
structed large gas-holders. He also brought about co- 
operation between bis firm and the Stettiner Chamotte- 
fabrik, late Didier, of Stettin. Dr. Blum was on thejuries 
of several International Exhibitions, as, for instance, at 
Brussels and Turin in the past two years. He was also 
chairman of the German North-Eastern Trade Association 
for Iron and Steel. The ery! degree of Dr.-Ing. 
was conferred upon him by hisold Technica] High School 
of Karlsrube in 1909. is connection with the Verein 
Deutscher Ingenieure dates from the year 1886. His 
colleagues and employees revered him as a thoughtful 
chief who possessed also the gift of being able to train 


from the 








efficient assistants, 





796 


ENGINEERING 


[Dec. 15, torr. 





SHELTERED TRYCOCK FOR GAUGE- 
GLASSES. 


Tue illustration below shows a new form of trycock 
for apres, which is being introduced by Messrs. 
J. Hopkinson and Co., Limited, of Britannia Works, 
Huddersfield. The idea underlying the arrangement 
of the cock has had other applications than that here 
shown, but the particular example of it which the cock 
embodies is beth interesting and neat. Although, in 
accordance with current terminology, the fitting is 
described as a cock, it will be at once noted from the 
figure that it is in essence a valve. The main feature of 
the design has reference to the fact that the mushroom 
valve of the fitting, which forms the valve proper, is 
backed up and sheltered by a ball-valve above it, and 
that the operating mechanism is constructed to lift the 
mushroom valve before the ball-valve. The idea of the 
construction is that as the mushroom valve is always 
open before steam or water reaches it, when the cock is 
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being used to blow through, it is protected from the cut- 
ting action which takes place on an opening valve with 
pressure behind it, so that it remains always tight. Any 
cutting action which occurs will, of course, be trans- 
ferred to the ball-valve, but this is of little import- 
ance, since this valve is in series with the lower one, 
and in any case it is obviously better that the cutting 
should take place on a subsidiary rather than on a 
main valve. 

The details of the cock require little description, 
as they are well shown in the illustration. The 
mushroom valve, which is made of Platnam metal, is 
formed with upper and lower projecting studs, the 
lower of which is acted on by an eccentric carried by a 
horizontal spindle, and lifted when the spindle is 
rotated by its handle. The upper stud on rising, 
owing to the lifting of the valve, comes in contact wit 
the ball-valve, and opens that in turn. There is a 
clearance between the top stud and the ball to allow 
the mushroom valve to open before the ball is acted 
on. The valve has a controlling spiral spring above 
it, as shown. 








Tae Minine Inpustry oF Upprr Siresta.—In the 
recent report for the year 1910-1911 of the Mining 
Union of Upper Silesia the president stated the objects 
which ought to be the princival work of the union. First 
amongst them was the regaining from the English of the 
Berlin market for gas-coal and of all the districts in East 
Germany, at the coast or in the interior, which during the 
last five decades had gone in for English coal. The union 
should not any longer permit the German coal consumers 
te pay tribute to England, or more age | to English 
colliery owners and miners, of countless millions in hard 
cash, when Germany herself had the richest coal deposits, 
which were none too successful. 
assistance from the State was demanded ; and thirdly, 
railway tariffs must, he said, be adj;usted in favour of home 
production, not only of coal and iron, but also of other 
articles, as a protection against foreign competition. The 
fourth point referred to the much-discussed commercial 
treaties; the fifth to an — regulation of the Oder, 
equal to that of the Rhine, the Elbe, and the Weser; the 
sixth emphasised the necessity of continuing a strenuous 
fight against the ever-increasing municipal rating of the 
industry, and the seventh urged an equally strenuous 
campaign against the tendency of the Legislature both in 
the matter of taxes and of erratic isions for the 
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CONSTRUCTED BY MESSRS. A. RANSOME 


BISSET’S RECIPROCATING FEED FOR SAW-BENCHES. 


AND CO., LTD., ENGINEERS, NEWARK. 
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WE illustrate above a feed appliance for saw- 
benches which has been expressly designed for rapidly 
sawing short pieces of tis into thin boards for box- 
making, &c., and it is claimed for it that it will turn 
out double the amount of work that any plain saw- 
bench will do under similar circumstances. It is 
simple to work, occupies very little space (2 ft. 8 in. 
by 2 ft. 4 in.), and can be easily fitted to any existing 
saw-bench. In addition, other points brought forward 
in its favour are that the rate of feed is under imme- 
diate control, and can be varied according to the 
cutting ability of the saw ; adjustments for different 
sizes of wood are easily made, and there is nothing to 
hamper the quick changing of the saw. In our ifius- 
trations Fig. 1 shows a saw-bench with the apparatus 
— while in Fig. 2 may be seen the feed mechanism 
alone to a larger cute. 

The wood to be sawn is placed on a light steel 
carriage, which slides on the saw-table as is shown in 
Fig. 1. To this carriage a reciprocating motion is 
oy ge by means of elliptical gearing (seen — 
in Fig. 2), which gives a quick-return motion throug 
a crank and sliding crosshead The elliptical wheels 
are driven by a pair of friction-wheels arranged in 
such a manner that the rate of feed can be quickly 
varied up to seventy strokes per minute. By means 
of the foot-lever shown in Fig. 1 the feed can be 








instantly stopped or started. The feed is usually 
driven from the same line shafting as drives the saw- 
bench. The appliance is made in two sizes: No. 1 
for pieces of wood up to 32in. long, and No. 2 for pieces 
up to 36 in. long, and it is constructed by Messrs. A. 
Ransome and Co., Limited, Stanley Works, Newark- 
on-Trent, who hold the sole right of manufacture for 
the United Kingdom. 





workmen of all ible and impossible kinds—a fight, 
by would also be to the furtherance of the true interests 
e MeN, 
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Exectricat Coat-Currinc Macuines.—In an address 
to the Mining Electrical Engineers, Mr. E. Kilburn Scott 
stated that it was estimated that there were over 5000 
electrical coal.cutting machines at work in various parts 
of the world. Twenty-four years ago there was only one, 
and that one was in Yorkshire. The following table gives 
the number of machines in use in this country and the 
amount of coal which was cut by them in 1910 :— 


Number of Tons of Coal 

Machines. Cut. 
Scotland .. b. i i 4,568 980 
Newcastle district sg 35 402,030 
Durham district .. ie ia 42 353,8¢0 
Yorkshire and North Midland. . 235 2,461,860 
Manchester district ~~ Je il 96,819 
Liverpool and North Wales... 18 104,590 
Midland and Southern .. ial 55 549,310 
South Wales os +s bai 61 318 010 





Water DisTriBuTION IN CrincinnatTI.—A remarkable 
illustration of what pure water means to the health of a 
city is found in a statement just issued by the Cincinnati 
Water Works Department covering the first three years 
of the operation of the new 11,000,000-dol. water-works 
system in that city. It is shown that typhoid fever has 
been reduced to # minimum, giving Cincinnati a death 
rate for typhoid fever in 1910 of only 5.7 per 100,000 

ple. In 1910 there were only 21 deaths in the city 
rom typhoid fever, compared with 239 in 1906, the last 
year of the operation of the old water works. The total 
of deaths for 1908, 1909, and 1910 from typhoid fever 
is 133, compared with 664, the total of the last three 
years of the operation of the old system. There has also 
been a falling-off of deaths from other intestinal diseases, 
of from 563 in the years 1904-5-6, to 246 in the last 
three years. The report further shows that the present 
cost of pumping water is only 14.35 dols. per million 
gallons, compared with 32,05 dols. per millon gallons in 
1906, 
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35-TON STEAM BREAKDOWN CRANE. 


CONSTRUCTED BY MESSRS. 











JOHN H. WILSON AND ©CO., LIMITED, 
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Ox this page and on page 800 we illustrate a break- 
down crane that has been designed and constructed by 
Messrs. John H. Wilson and €o., Limited, Seacombe, 
Birkenhead, for the Buenos Aires Western Railway | 
Company, Limited, and has been arranged with all 
fittings for coupling up to the ordinary rolling-stock. 
It is shown in side elevation in dy 1, and in 

rspective in Fig. 2, the latter view being a repro- 

uction from a photograph. The crane is capable 
of dealing with 35 tons at a radius of 19 ft., 25 tons 
at a radius of 27 ft., and 10 tons at a radius of 30 ft., 
and, before being sent abroad, it was tested to 20 per 
cent. excess of the working loads at the above radii. 
The rail gauge is 5ft. 6in. The different motions 
consist of lifting and lowering, slewing, derricking, and 
travelling, and these are all worked by steam. 

The crane is fitted with two pairs of engines, each 
pair having two cylinders 8 in. in diameter by 14 in. 
stroke, the first pair being used for lifting and lowering 
the heavy loads over 10 tons, and for the luffing or 
derricking gear, while the second pair are used for the 
light loads not exceeding 10 tons, and for slewing and 
travelling. The boiler is of the Spencer Hopwood 
multitubular type, and is 8 ft. high and 4 ft. 9 in. in 
diameter, working under a pressure of 100 lb. per 
sq. in. It hasa te area of 14.2 sq. ft., and a heat- 
ing surface of 180 sq. ft. The —s is made to 
lower, as may be seen in Fig. 1. The lifting-barrels 
are made with machined ves to fit the steel-wire 
lifting-ropes, which are 4} in. in circumference for the 
heaviest loads, and 34 in. in circumference for the 
light loads. 

The superstructure of the crane is made entirely of 
steel, ond votebee on a ring of steel live rollers running 
between turned-steel roller-paths. The carriage has 
ten wheels, with a total wheel-base of 19 ft. 9 in., as 
shown in Fig. 1 ; six wheels are rigid, with suitable 
compensating gear, and there is a four-wheel bogie. 
The axle | are equalised as much as possible, and 
do not exceed 17 tons per axle, and specially large 
axle-boxes are provided to ensure cool running. The 
travelling gear is proportioned so as to enable the crane 
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engines, and the gear is easily disconnected when the 
crane is put into a train. All the levers for controlling 
the various motions of lifting, lowering, derricking, 
and travelling are brought togetker at the front of the 
foot-plate, so that the crane-driver has a clear view of 
his work. The jib is made to lower so that it can rest on 
a railway wagon when coupled on the train, and there 
is an arrangement of adjusting-screws for relieving the 
spring of the load when the crane is at work, and aleo 
for the purpose of levelling up the crane when going 
round a curve. The pillar is made of the best 
hammered iron, and the carriage and jib of steel plates 
and angles throughout. The whole of the gearing is 
of steel and the teeth are machine-cut ; the crane is 
fitted with a patent load-indicator to show the safe 
loads at the different radii. It was built under the 
supervision of the company’s consulting engineers, 
Messrs. Livesey, Son, and Henderson. We under- 
stand that Messrs. John H. Wilson and Co. have 
recently — three similar cranes of 30 tons 
capacity to the Buenos Aires and Pacific Railway Com- 
pany, and that they have now in hand a 35-ton crane 
for the Buenos Aires Great Southern Railway. 








British Moror-Boat Civus 21-Fr. Crass Encings.— 
A list of enginessuitable for the British Motor-Boat Club 
21-ft. class is being prepared, showing the bore, stroke, 
and cylinder capacity of the various engines that fit the 
class. 





New AvsTRALIAN SreamMER.—Messrs. William Beard- 
moreand Co., Dalniuir, launched on the 7th inst. the first 
of three twin-screw steamers which they are building for 
the Adelaide Steamship Company of South Australia. 
The vessel is 410 ft. in length between perpendiculars, 
56 ft. 6 in. in breadth, 37 ft. in depth moulded to upper 
deck, and of about 8000 tons gross and 5000 tons dead- 
weight carrying capacity. Accommodation is provided 
for about 350 first-class, 120 second-class, and 60 third-class 
passengers on three me os decks. The pelling 
machinery, which is desi to give a speed of 15 knots, 
consists of two sets of quadruple-expansion reciprocating 
engines, supplied with steam from six water-tube boilers 





to travel at the rate of 250 ft. per minute by its own 


of the Babcock and Wilcox type. 
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Light Lift 
10 Tons 





He Lift 
35 Tons 


Tue Exvecreic Drivine or Routine-Mitts.—On Mon- 
day, the 11th inst., Mr. C. A. Ablett read = r before 
ineers, caltae with 

‘* Some Modern Developments in the Electric Driving of 
Rolling-Mills.” He stated that there were at the present 
time in Europe thirty electrically-driven reversing rolling- 
mill equipments at work, and fifteen more in course of 
construction. Out of this number there were six in Eng- 


power for the majority of the reversing-mill plants in 
question was — by gas-engine driven electric gene- 
rators. The inningrove electrically-driven rolling- 
mills were the latest installed in this country. We 
| described these in a previous issue (see ENGINEERING, 
| page 410 ante). 


| land, most of these being in the Cleveland district. The 


Nortuampton Institute, CLERKENWELL, E.C.—The 
annual ey distribution and students’ conversazione 
was held at this institute on Friday last, the 8th inst., 
the prizes and certificates being distributed on this occa- 
sion by Sir William H. White, K.C.B. The conversa- 
zione was continued on Saturday evening, the 9th inst. 
On both evenings musical programmes, gymnastic dis- 
plays, short lectures and demonstrations were given, and 
the workshops, laboratories, and social rooms were open 
for inspection, so that the numerous visitors could form 
a good idea of the nature of the instruction given at the 
institute ; the examples of students’ work on view amply 
testified as to its quality. Demonstrations of ‘‘Thermit” 
welding, and of the production of ribbon metals, were 
given at intervals, and these attracted particular attention. 





ExpLosion OF Detonator Composition.—The con- 
clusions come to by His Majesty’s Chief Inspector of 
Explosives as to the probable cause of an explusion of 
detonator composition, which occurred in June last at 
Uplees Marshes, Faversham, are uf considerable interest. 
The composition was laid out on “ Jaconet” cloths on a 
bench until sufficiently dry, and the inspector considers 
that it is more than probable the explosion occurred 
whilst the man, who lost his life, was spreading it out as 
thinly as practicable, using his fingers asa comb for the 
purpose. Any suggestion that the accident was due to 
carelessness or undue force on the part of the operator is 
dismissed by the inspector, who attributes it to an inci- 
dent of altogether unexpected character. The Cotton- 
Powder Company used a mixture of fulminate of mercury, 
chlorate of po' , and gun-cotton for filling detonators, 
differing from the ordinary composition, which consists of 
80 per cent. fulminate and 20 per cent. chlorate. In his 
report the inspector points out that gun-cotton is a 
di-electric, and was resting on ‘‘Jaconet,” or rubber 
cloth, which is also a di-electric and an insulator, and the 
operator was wearing rubber shoes. The conditions 
were therefore favourable to the generation of a statical 
charge of electricity, which might, in due course, result in 
a or The weather was exceptionally hot and diy, 
and in a few moments the operator’s fingers would also 
be quite dry, and it is well known that sparks under such 

iti aeéeasily obtainable. In gun.cotton drying- 
houses a crackling due to electric discharge is not in- 
frequently heard when manipulating the trays. Certain 
experiments were made to ascertain whether sparks 
could be obtained with reasonable facility from gun- 
cotton, and it was found that the mere rubbing of salites 
cloth with the fingers was sufficient to produce audible 
sparks. The inspector refers to the explosion at Ardeer, 
in 1901, when a workman oor rifle cordite, and 
wishing to mend a broken strand with acetone, fired the 
vapour by a spark from his finger. He was insulated by 
wearing rubber shoes, and the electric charge was gene- 
rated by the strands of cordite passing over the palm of 
his hand. After the accident at eer the o tors 
were “‘ earthed” by means of copper rivets in the soles 
of the shoes, when it became impossible to obtain sparks 





| from them, 





798 


ENGINEERING. 


(Dec. 15, r9rt. 





ADIABATIC EXPANSION OF STEAM. 
To THE Epritor OF ENGINEERING. 

Srr,—On page 759 of your issue of the 8th inst. Pro- 
fessor Smith and Mr. Warren give a table of values for n 
in the equation for adiabatic expansion P V" = C. Accord- 
ing to their statement the value of n depends upon the 
initial dryness, but not upon the initial pressure. This 
statement cannot be correct, because the expansion curve 
for dry steam at, say, 200 lb. pressure is also the expan- 
sion curve for wet steam at lower pressures, including, 
for instance, steam at 50 lb., with a dryness fraction of 
about 0.9. 

More than eight years ago I showed (The Engineer, 
April 10, 1903) that the index n depended upon both the 
initial dryness and the initial pressure. The results then 
obtained were as follow :— 


Pressure, Pounds per Square Inch, Absolute. 





Dryness. - — pane = 
250 290 150 100 50 20 

1.0 1,129 1.133 1.136 1.139 1.143 | 1.145 

0.W 1.120 1,122 1.125 | 1.127 1,130 1.132 

0.8 1.109 1.111 1.118 1,115 1.117 | 1.118 

0.7 1,099 1.101 1. 102 1.103 1.104 | 1.105 


The value of n varies widely, and serious discrepancies 
may arise in calculations if either initial pressure or dry- 
ness are ignored. 

Yours truly, 
FRANK Foster. 

7, Victoria road, Whalley Range, Manchester, 

December 11, 1911. 


[We communicated Mr. Foster’s letter to Professor 
Smith and Mr. Warren, and we have received from Mr. 
Warren the subjoined reply.—Eb. E.] 





To THE EpiTor oF ENGINEER‘NG. 

Srr,—The point raised by Mr. Frank Foster (to which 
I am replying owing to the indisposition of Professor 
Smith) has nos been overlooked by us. At the best, the 
expression of the adiabatic expansion of steam by an 
equation of the form P V” = C is only an approximation, 
though sometimes a convenient one. The only justifi- 
cation of such an sagas is the possibility of eim- 
plifying arithmeti calculations—a possibility readily 
frustrated by excessive refinement. It is the toocommon 
practice to use a constant value for the index n under all 
conditions, A closer approximation is obtained by taking 
a series of values, corresponding to certain initial dryness 
fractions, and calculated for a given range of pressures, 
Such a series of values has been in constant use, due, I 
believe, to Zeuner, Those values, however, required 
modification in the light of recent research, and we 
attempted in our article to supply the corrected values. 
There was no pretence at completeness. The values were 
only put forward as approximate, and the range of pres- 
sures to which they applied was specifically stated. Mr. 
Frank Foster has republished a series of ** point” values. 
These require correction. What is required is a series of 
‘‘range” values. These can, of course, be obtained by 
averaging, but the labour of refining approximations can 
easily exveed that involved in correct calculation. 

Yours truly, 
A. G. WARREN. 
Borough of Aston Manor Technical School, 
December 13, 1911. 





SPECIFICATIONS FOR STEAM PLANTS. 
To THE Eprror oF ENGINEERING. 

Sir,—In your issue of December 8 your correspondent, 
“*M.1. Mech. E.,” has painted a gloomy picture of con- 
sulting engineering as practised by the boiler insurance 
companies, and the position he takes up is not a logical 
one, 

Anybody can sympathise with the engine-builder or 
boler-maker who howls ‘‘ Down with the consulting 
engineer,” since his attitude, though wrong, isa perfectly 
understandable one. Here, however, we have the case 
of a man who runs down specifications and professional 
advice, and yet advocates calling in a private consulting 
engineer instead of the maligned boiler insurance com- 

~~. Surely this is exchanging King Log for King 

tork. 

Those who have had experience of work carried out by 
engine and boi'er makers on their own initiative, and of 
similar work carried out by boiler insurance companies, 
usually acknowledge the superiority of the work installed 
under the supervision of the latter, even if they do not 
agree with all the practices and methods of the insurance 
companies. 

**M.I. Mech. E.” practically gives his case away by 
eaying that the insurance company is “asked to report,” 
and ‘* knows all the conditions of the case.” Precisely. 
The company is invited to deal with the work because 
probably the old plant has been insured with it for years, 
and its officials have become coghisant with all the con- 
ditions of working ; hence the company’s clients lean on 
it, and not on a stranger, for reliable advice, knowing 
that the company, with its ee staff scattered over the 
cvuntry, has unique facilities for obtaining information 
on all kinds of technical points, and also for making 
careful and detailed inspection of the new plant during 
course of construction and erection. 

As regards rigidity of specification, your correspondent 
has presumably never seen a specification drawn up on 
behalf of a public body such as a municipality or urban 
council, Such a specification easily gives the insurance 
companies’ specification ‘‘ points’ as regards clauses for 


saddling the contractor, both now and hereafter, with un- 
limited res ibility. ; ; 

‘*M.I. Mech. E.’s” statement as to engine-fittings is 
rather amusing. Why should not certain makes of fitting 
| be specified if these have been proved to give satisfaction ? 
Everyone will grant that a good firm of engine or boiler- 
makers knows what to put on in the way of fittings, but 
if they are in unrestrained competition with other firms 
there is naturally a temptation to allow for cheaper 
fittings than they otherwise would do. Hence the 
advisability of putting all the tenderers on a common 
basis. Surely this is fair to the manufacturer and the 
purchaser ? 

As long as tenders are invited on a competitive basis, 
so long will the need for a detailed specification exist, and 
this should obviously be drawn up by the consulting 
engineer who has had the most experience in connection 
with the work proposed. 


I an, Sir, yours faithfully, 
December 11, 1911. MECHANICUS. 


To THE Eprtor OF ENGINEERING. 

Sir,—I am glad to +ee one of your correspondents 
drawing attention to the evils of engine and boiler insur- 
ance companies endeavouring to act as consulting engi- 
neers. One point, however, ‘‘M.I. Mech. E.” does not 
touch upon, and that is, that in almost all such specifica- 
tions the insurance company insists, or tries to insist, on 

tting from the contractors a complete set of detail 

imensioned drawings of the engine or machine they are 
supplying. Now in many cases these designs represent 
years of experience and experiment on the part of the 
contractor, experience which now represents one of the 
most valuable assets in his business. 

Of course, if the insurance company can secure such 
valuable information, they are Fagg free to use it 
when and where they like. This is surely one of the 
worst forms of ‘‘brain-sucking,” and I have seen it 
attempted, often successfully, again and again. The 
insurance ne pee says to the contractor, 
“Give up your trade secrets or your tender will not be 
considered. 

As your correspondent points out, the insurance com- 
panies in their specifications have raised the gentle art of 
evading responsibility to quite a high level. 

I remember one case where one of our leading insurance 
companies made a gross blunder when drawing up a 
specitication for a boiler. Six weeks after installation 
the boiler broke down, and the owners called on the 
boilermakers to put matters right. The boilermakers 
pleaded that the faulty portion was specified in great 
detail, and that everything had been made in strict con- 
formity to the specification. 

The insurance company on being approached admitted 
the error, but pointed to a short clause in their specifica- 
tion to the effect that, notwithstanding any error in 
design that might appear in the specification or in 
the approved plans, the contractor was to relieve the 
insurance company and its chief engineer from all 
responsibility. 

A delicate hint that a court of law would be an 
eminently suitable place for discussing this interesting 
point was sufficient. The insurance company paid. 


Yours faithfully, 
December 9, 1911. AnoTHeR M.I. Mecu. E. 





FUEL-ECONOMISERS AT THE BELFAST 
MUNICIPAL TECHNICAL INSTITUTE. 
To THE Epitor oF ENGINEERING. 

Sir,—We notice in your last issue, of the 8th inst., that 
in the description of the boiler-house plant at the Belfast 
Municipal Technical Institute, as given by Mr. W. J. 
Crawford, it is mentioned that the fuel-economisers were 
by Messrs. E. Green and Son, of Wakefield. We beg to 
point out that this is not correct, as the whole of the 
economiser and its accessories were manufactured and 
installed by this company in 1906, and was made to a 
special design, so as to accommodate their being used for 
ordinary working or for experimental purposes. We 
shall be glad if you will kindly give prominence to the 
above in your next issue. 

Yours faithfully, 
For the CLay Cross Company, 
D, RusHwortu. 

Clay Cross, Chesterfield, December 11, 1911. 








Frep-WaTER HEATING AND SUPERHEATING ON LOCO- 
MOTIVES : ExRATUM.—On page 757 of our last issue, above 
Me 42, certain particulars were given purporting to 
belong to the locomotive there iNustrated. "These par- 
ticulars should have been omitted, having no reference to 
~ — as it at present exists and is illustrated in 

ig. 





Svenska TECHNOLOGFORENING.—The general associa- 
tion of all Swedish engineers and architects, which is 
known as the Svenska Technologférening, celebrated its 
fiftieth anniversary on November 17 and 18, at Stock- 
holm. The founders were pupils of the Technical High 
School, of Stockholm, and the association has for a number 
of years embraced all technical trades of the kingdom ; 
there are about 2000 members. The association has been 

blishing a journal for 41 years. The president is Mr. 
Dahlander, but for the jubilee celebration that office was 
held by Colonel Hansen. The jubilee was also the 250th 
anniversary of the birth of Christopher Polhem, whom 
Sweden regards as the founder of her technical science, 


Polhem medal was presented to Mr. Eckwall for his 
es on ferro-concrete, by the King of Sweden 





duriug the festivities. 


and to whom Hansen devoted his address. The first | 


NOTES FROM THE NORTH. 
Gtiascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was quiet, and the turnover was limited 
to 1500 tons of Cleveland warrantsat 47s. 9d. and 47s. 94d. 
cash, and 48s. 8d. three months. Closing quotations were 
firm at 47s. 10d. 48s. 1¢d. one month, and 48s, 9. 
three months sellers. Cleveland warrants were again 
stronger in the afternoon, when 4000 tons were done at 
47s. 10d. and 47s. 114d. cash, 48s. 34d. one month, and 
48s. ay three months. At the closesellers’ prices were 
48s. cash, 48s. 34d. one month, and 48s, 104d. three months. 
On Friday morning the upward tendency of Cleveland war- 
rants made further progress, and 12,500 tons were dealt in 
at 48s. 14d. and 48s. 2d. cash, 48s. 54d. one month, and 
49s. 1d. three months. The closing quotations were 
48s. 3d. cash, 48s. 64d. one month, and 49s. 2d. three 
months sellers. Hematite was quoted at 64s. 3d. cash 
sellers, with buyers at 63s. 9d. cash, and 64s. 74d. three 
months. The afternoon market was steady, and thie 
dealings only amounted to 1000 tons of Cleveland 
warrants at 48s. 6d. and 48s. 54d. one month, with 
sellers over at 48s. 3d. cash, 48s. 6d. one month, and 
49s. 14d. three months. Cash hematite was quoted at 
64s. sellers and 63s. 9d. buyers. On Monday morning 
Cleveland warrants were again strong, and business 
was done at 48s. 5d. and 48s. 4d. cash, 48s. 5id. 
eleven days, 48s. 4}d. four days, 48s. 74d. twenty-eight 
days, and 49s. 3d. three months. The turnover was 6500 
tous, and closing sellers quoted 48s. 44d. cash, 48s. 8d. one 
month, and 49s. 3d. three months. Cash sellers of hema- 
tite age 64s. In the afternoon the market was 
quietly steady, and 2500 tons of Cleveland warrants 
were dealt in at 48s. 74d. twenty-eight days, 48s. 74d. 
and 48s. 8d. one month, and 49s. 3d. three months. 
At the close sellers quoted 48s. 5d. cash, 48s. &d. 
one month, and 49s. 34d. three months. On Tuesday 
morning a further advance took place in values of Cleve- 
land warrants, and 6000 tons were put through at 48s. 7d. 
and 48s. 74d. cash, and at 48s. lld. and 48s. 114d. one 
month. e closing figures were 48s. 74d. cash, 48s. 11d. 
one month, and 49s. 6d. three months sellers. The afternoon 
session was also strong, and Cleveland warrants amount- 
ing to 7500 tons were done at 49s. cash, from 49s. 1d. to 
49s. 34d. and 49s. 3d. one month, and at 49s. 5d. February 2, 
and 49s. 8d. three months. Closing sellers quoted 4s. 
cash, 49s. 3d. one month, and 49s. 10d. three months. One 
lot of hematite changed hands at 64s. 74d. one month. 
When the market opened to-day (Wednesday) the tone 
was firm, and a aoa tanieen of 8000 tons of Cleveland 
warrants was done at 49s. 04d. and 49s. cash, 49s. 54d. 
and 49s. 4d. one month, and from 49s. 9d. to 49s. 7d. 
February 15. Sellers’ closing quotations were 49s. cash, 
49s. 34d. one month, and 49s. 104d. three months. In the 
afternoon the market was inclined to be a little easier, and 
6000 tons of Cleveland warrants were done at 49s. 24d. and 
49s. 14d. twenty-two days, 49s. 3d. one month, and at 
49s. 10}d. and 49s. 10d. three months. At the close the 
quotations were 48s. 114d. cash, 49s. 3d. one month, and 
49s. 104d. three monthssellers. Hematite (one lot) was dealt 
in at 64s. 74d. two months The following are the market 
quotations for makers’ (No. 1) iron :—Clyde and Calder, 
63s.; Gartsherrie and Summerlee, 63s. 6d.; Langloan, 
64s.; and Coltness, 82s. 6d. (all shipped at Glasgow); 
Glengarnock (at Ardrossan), 65s.; Shotts (at Leith), 63s.; 
and Carron (at Grangemouth), 64s. 


Sulphate of Ammonia.—The market for sulphate of 
ammonia is quietly steady this week, and prices are 
unchanged. The current quotation for prompt lots is 
141. 5s. per ton, Gl w or Leith. The amount shipped 
from Leith Harbour last week was 2147 tons. 


Scotch Steel Trade: Advance in Prices.—Activity is 
general in the Scotch steel trade this week, and the works 
are all well employed. The probability of an early 
advance in prices caused a ome to cover requirements 
before any increase was officially intimated, and the 
bookings since the end of last week have been on a heavy 
scale. Yesterday (Tuesday) a meeting of the Scotch Steel- 
Maker’s Association took place in Glasgow, when it was 
decided to make a general advance of 5s. per ton in the 
minimum selling prices. The following are now the current 
rates :—Ship-plates, 7/. 2s. 6d. per ton; boiler-plates, 
71. 17s. 6d. per ton ; angles, 6/. 15s. per ton ; bars, 7/. 15s. per 
ton ; tees, 7/. 15s. per ton ; and channels, 7/. per ton, all less 
5 per cent., delivered Clyde or equal. A fair amount of 
business is passing in export orders, and although prices 
are firmer, no official advance has been made except for 
ship-plates, which are 5s. dearer at 6/. 15s. per ton. 
= for structural sections and light material gene- 
rally are very good, while the position of black-sheet makers 
is without change, their works being kept running full. 


Malleable-Iron Trade.—The conditions in the malleable- 
iron trade are rather better this week, and with improved 
- the outlook is brighter. Crown bars are called 

. 5s. to 61. 7s. 6d. per ton, less 5 per cent. for home 
consumption, and all round the prices are quoted firmer. 


Scotch Pig-Iron Trade.—A fair amount of business has 
lately been passing in Scotch pig-iron, and makers are all 
well employed. The forward position is strong, and 
inquiries for future requirements are numerous. Prices 
are quoted firmer both for present and forward lots. The 
demand for hematite is still good, and makers have 
advanced their quotations, and are not now sellers under 
about 68s. per ton for prompt lots. 


" 








Pruuine Borer Exprosion.—We are informed that 
the formal investigation ordered by the Board of Trade 
to be held in this matter is fixed for hearin _ 
uesday, 


Council Chamber, Town Hall, Fleetwood, on 
| the 19th inst., at 11 a.m. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hull Coal Returns.—A serious falling off is reported in 
the returns of the amount of coal dealt with at the port 
of Hull during November, and this makes the year up to 
date compare still more unfavourably with 1910 than a 
month ago. As against November last year there is a 
drop of 98,000 tons, and the figure for the past eleven 
months—5,871,584 tons—is 471,088 tons less than the 
tonnage for the same period of last year. The year’s 
total, so far, for exports is 3,102,368 tons, which is a 
decrease of 421,683 tons. The comparative exports for 
the two Novembers were 244,856 tons this year, an 
257,037 tons November, 1910. France, Egypt, Turkey, 
and the Baltic ports have all taken increased tonnages, 
but the decreases have been accounted for by a decline in 
trade with Germany, Holland, and South America, The 
output of the Denaby and Oadeby Main Collieries is 
down to 69,272 tons. 


South Yorkshire Coal Trade.—The steam-coal market 
has remained in a remarkably firm position. There has 
been some improvement in shipments, and the industrial 
demand continues phenomenally active, collieries being 
pretty well cleared of stocks, and in some cases orders 
being in arrear. The more pacific outlook of the past few 
days in the labour world is likely to allay the anxiety of 
manufacturers in regard to the immediate future, though 
the situation amongst the miners is still one of perplexity 
and doubt. Increases are being obtained on contract 


renewals, but there is, as yet, no general move forward | Gq 


on the part of railway companies to cover their require- 
ments for the coming year. For the present they are 
having to pay prices for supplies obtained in the 
open market. Gas coal is sold in large quantities. Slacks 
are stronger, and collieries are pressed for deliveries. 
Such large supplies of house coal were stocked early in the 
present quarter that business showed a marked quietness 
in the succeeding weeks, and even now the improvement 
is not on a large scale. Merchants hold substantial 
reserves, and no rush has been experienced at the pits. 
Prices remain steady, and the week-end quotations on 
the Sheffield Exchange were :—Best hand-picked branch, 
14s. 6d. to 15s. 6d.; ender best Silkstone, 12s. to 13s.; 
Silkstone, 11s. 6d. to 12s. 6d.; Derbyshire house, 10s. to 
lls.; Derbyshire large nuts, 9s. to 10s.; small nuts, 6s. 
to 7s. 6d.; Yorkshire hards, 9s. 3d. to 10s. 3d.; Derby- 
shire hards, 7s. 9d. to 8s. 9d. ; washed nuts, 8s. to 9s.; 
rough slacks, 5s. 6d. to 7s. 6d.; seconds, 4s. 6d. to 5s. 6d.; 
and smalls, 2s. to 3s. 


Tron and Steel.—The feature of the raw material market 
is the advance, practically all round, in iron prices, coin- 
ciding with a marked revival of business. ucers are, 
for the moment, masters of the situation, and are taking 
an independent line in the majority of transactions. 
Varying rates, but all of them higher, are being quoted for 
hematites, and though, in common irons, the Lincolnshire 
makers have not officially agreed upon increased quota- 
tions, they continue to demand premiums upon the basis 
rates. Following upon the improvement in the bar tradethe 
South Yorkshire -Iron iation have again raised 
prices 5s., and the quotation now stands at 7/. 5s., which 
is the highest figure since 1907. Most of the manufac- 
turers have covered their requirements for raw material 
for the first quarter of next year, but they are experienc- 
ing difficulty in fixing up contracts for further ahead. 
With prospects of still better prices, iron - makers 
hesitate to commit themselves too far forward. The 
high tide of prosperity in the Sheffield industries is 
well maletueel, and every week brings an influx of fresh 
work in one department or another. Thus there havé 
recently been received some very satisfactory orders for 
railway steel and for springs, tyres, and axles for British 
and South American companies. The railway steel- 
makers are now very well booked up, and there is talk of 
raising prices. There are large outputs at the rolling- 
mills and all branches of the heavy es are we 
employed. The good position of the engineering in- 
dustry is responsible for great activity amongst the tool- 
makers, and most of the local file manufacturers are 
working overtime. Makers of agricultural implements 
and machinery are busy on stock, and right through 
the lighter trades there is a very satisfactory brisk- 
ness, 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
4 MippiEsBRovuGH, Wednesday. 
The Cleveland Iron’ Trade.—The pig-iron trade con- 
tinues to steadily improve. Values are moving upward, 
and the advances are entirely due to the good and growing 
legitimate demand. mers .of Lm hy anxious to get 
deliveries, and are taking up as much iron as they can 
get hold of. Supplies are inadequate, and. in fact, 
several classes of cannot now be bought for this year’s 
delivery. It is long since the market was in such a 
healthy state as it is at present. Reports from other 
iron centres are such as assist to strengthen the 
situation here, and prospects generally are regard 
as very bright and aoe No. 3 g.m.b. Cleve- 
land pig is now realising 49s. 3d. f.o.b., and the 
other qualities of Cleveland iron have advanced in 
proportion, No. 1 being up to 53s.; No. 4 foundry 
48s. 6d.; No. 4 forge, 488. 3d.; and mottled an 
white iron each 48s.—all for early delivery ; 9d. above 
these rates is named for January busi East Coast 
hematite is in good ym and Nos. 1, 2, and 3 are 
now put at 64s., though some buyers endeavour to fix 
the quotation at rather less. Foreign ore is strong, but 
there is not a great deal of business doing; that 
only to be expected after the heavy transactions of a 
little while ago. Market rates are based on 21s. 6d. to 


ed | ference between the impulses of different 


22s. ex-ship Tees for best Rubio. Coke is firm, and in 
very good demand for local consumption. A number of 
contracts have been made at 16s. 6d. for average blast- 
furnace coke delivered at Teesside works over the first 
half of next year. 


Stocks and Shipments of Pig. Iron.—The statistical 
situation shows great improvement. Stocks of pig are 
decreasing rather rapidly. Practically the only iron 
stocked is the 545,000 tons of Cleveland pig in the public 
warrant stores, and that stock is this month being drawn 
upon at the rate of 1100 tons per working day. Ship- 
ments of pig iron this month are unprecedented, and 


d | this is due very largely to delayed deliveries being made 


to Continental inland towns, which have been inaccessible 
for long owing to the inland waterways abroad being 
dry. Todate this month shipments of pig average over 
5700 tons per working day, as compared with a daily 
average of 3600 tons to the same date last month, and a 
little under 3000 tons per working day during the corre- 
sponding part of December last year. 


Manufactured Iron and Steel.—Very satisfactory and 
momen ae | accounts continue to be given of the various 
branches of the manufactured iron and steel industries. 
All departments are busily roi and most a 
have contracts made which will keep them in full swin 
for many months. Values show a marked upw 
tendency, but the only actual changes that have been 
made as yet are advances of 5s. in both steel ship-plates 
and angles. The me market quotations stand :— 

mmon iron bars 7/. ; best bars, 7/. 7s. 6d.; best best 
bars, 7/. 15s.; oe 5l. 15s.; iron + -¥ 
6l. 10s.; iron ship-angles, 7/.; iron ship-rivets, 7/. 5s. 
71. 7s. 6d.; iron girder-plates, 6/. 15s.; iron boiler-plates, 
7l. 7s. 6d.; steel bars, 6/. 5s.; steel ship-plates, 7/.; steel 
ship-angles, 6/. 12s. 6d.; steel boiler-plates, 7/. 10s.; 
steel strip, 62. 10s.; steel hoops, 61. 12s. 6d.; steel joists, 
61. 10s. ; cast-iron ne chairs, 3. 12s. 6d.; light iron 
rails, 6/. 10s.; heavy s rails, 5. 12s. 6d.; steel railway 
sleepers, 6/. 10s. ; and iron and steel galvanised corrugated 
sheets, 11/. 5s.—sheets less the usual 4 ‘wd cent. f.o.b., 
railway material net at works, and all other descriptions 
less the customary 24 per cent. discount. 





Prat-Gas PLANT IN IRELAND.—In last week’s issue, on 
page 774, we published an account of a peat-gas plant 
which has lately been put into operation in Belfast. We 
were informed, on what we considered to be good autho- 
rity, “‘ the plant . . . has replaced a Mond-gas plant by 
which ae 3 was formerly provided . . . the anthracite 
used by the ee plant (84 tons per week) costing 
13/. 168. 3d.” e now learn that the previous plant was 
not a Mond plant, and we much regret that we gave 
currency to a statement which was incorrect. Although 
it is clear from the context that the new plant was 
adopted because it could utilise a cheaper fuel—peat— 
than the anthracite used in the former plant, and not 
because of any deficiencies in the original plant, yet it is 
widely known that the Mond | pe as made by the Power 
Gas Corporation, Limited, of Stockton-on-Tees, bas long 
been successful in the use of peat, with or without ammonia 
recovery, and that Mond producers which are now using 
coal can quite easily be worked with peat. We therefore 
take the first opportunity to dissociate the name of Mond 
from the apparatus which was supe > 





MECHANICALLY TUNED TELEGRAPHY.—A demonstration 
of a system of mechanically tuned telegraphy, suitable 
both ‘for cable and wireless working, was given at 
374, Finsbury-square, E.C., on the 11th inst. by Messrs. 
7? 4 ohnson and F. H. Varley. The system 
depends in essence on a series of vibrating is, each of 
which is mounted at one end of an electro-magnet in 
the manner of the contact-breaker of an induction coil. 
The energising of the magnet with direct-current causes 
the reed to vibrate with a periodicity which is deter- 
mined by its own dimensions, and a series of current- 
impulses is accordingly produced in a secondary circuit 
which, in the case of cable working, forms part of the 
line wire. The current impulses accordingly travel to 
the far end of the cable and set in vibration a reed having 
a similar periodicity to the transmitting one. The vibra- 
tion of the receiving reed may be used to close a relay- 
circuit or Bae wg other functions. In practice it is 
ee at the letters and signs of the alphabet shall 

ve each a reed of different periodicity from all of the 
others allotted to it, each reed working in connection 
with its own electro-magnet, and that a keyboard in the 
manner of a typewriter shall be used for the transmission 
of messages. depression of the keys will close the 
electro- ¢ primary circuits, causing reeds to 
set in motion in any requi order, so that a series of 
impulses of different periodicity will be sent through the 
cable, and by setting in motion the corresponding reeds 
at the other end may be cai to print messages in 
the ordinary type. It is claimed that many messages 
may be sent through a cable at one time y= inter- 

icity. 
In the application of the mechanically tu system to 
wireless telegraphy it is proposed that a continuous series 
of impulses sent out, which normally will be of 
slightly different periodicity from the receiving reed, so 
that they will not affect it, the message being et moe 
in this continuous series by changing the periodicity 
into that of the a on for brief periods corre- 
sponding to the dots and of the Morse code. The 
receiving instrument will pick up these periods and 
record the m but no instrument without a 
properly-tuned will be able to obtain anything but 
a continuous and consequently unintelligible series of 
impulses, 





be | and an inner, wider chamber, in which t 


NOTES FROM THE SOUTH-WEST. 

Cardiff.—The supply of available tonnage has improved 
upon the whole, but colliery owners have not been “7 

as most of them state that they have not only full 
order-books for the balance of the year, but also for the 
first fortnight of 1912, The labour outlook is still 
threatening, and as this may entail a curtailment of 
supplies, sellers show a disposition to hold for harder 
terms. The best Admiralty large steam-coal has 
made 17s. 3d. to 17s. 6d. per ton; secondary qualities 
have ranged between 15s. 6d. and 17s.; best ordinary 
bunker smalls between 86. 3d. and &s. 9d.; and cargo 
smalls between 7s. and 7s. 6d. i, House-coal has 
maintained a good tone; t ordinary household 
ualities have made 15s. 6d. to 16s. 6d. per ton; No. 3 
ondda large, 17s. to 17s. 6d.; and 9s. 9d. to 10s. 
ogee No. 2 Rhondda large has 
3s. 6d.; and smalls, 6s. 3d. 
coke has brought 17s. 6d. ; 
15s. 6d. to 16s. 6d. per ton. 8 regards iron ore, 
a has —_— to a 6d. 1 case a pm hy 
per cent. iron, charges, including ight, 
insurance, &c., to Cardiff or Newport. 

Coal for the Navy.—South Welsh colliery owners who 
tendered for next year’s Admiralty uirements have 
received in some cases acceptances and allotments. The 

rice obtained for the best steam coal has been about 
6s. 6d. per ton net, free on board, values ranging down- 
wards to 15s. 3d. per ton for secondary qualities. 
The prices at which tenders have been allotted show an 
advance of about 1s. per ton as compared with December 


to | 1910. 


Death of Mr. J. Martin.—The death 1s announced at 
Bristol, at the age of sixty-seven, of Mr. J. Martin, 
tor of Mines. He © assistant inspector in 
1873, and after spending some time in this position in the 
Cardiff district, he was promoted to chief inspector in 
1886, and transferred to the South-Western district, which 
includes Monmouthshire, the Forest of Dean, Gloucester- 
shire, Somerset, Cornwall, and Devonshire. In this 
district he spent the best part of his career ; and having 
reached the age limit, he retired frum the service in May 
last year. He took part in the investigation of several 
colliery explosions, not only in South Wales, but also in 
various parts of England. Among the more recent 
explosions which en his attention were those at the 
Llandash slope and bradach in 1901, the McLaren 
colliery, in Monmouthshire, in 1902, and Norton Hill, 
Somerset, in 1908. Mr. Martin was also deputed by the 
Home Office to proceed to Germany to prepare a special 
report upon German experiments with coal dust. 


Welsh Fuel for Austria.—The Star Patent Fuel Com- 
pany, Limited, has secured orders from the Austrian 
naval authorities for 30,000 tons of patent fuel, to be 
delivered in the course of next year on terms not dis- 
closed. A contract for a balance of 10,000 tons is reported 
to have been placed in Germany. 





ConTracts.—<An electro-galvanising plant for coating 
boiler tubes and special fittings is being erected in accord- 
ance with Mr. Sherard Cowper-Coles’ designs and specifi- 
cations for the Sociedad Espafila de Construccion Naval, 
Ferrol, Spain, which ompey is entrusted with the 
building of the new Spanisi. Navy.— Messrs. Ed. Bennis 
and Co., Limited, have recently booked, among other 
orders, contracts for sixteen of their various stoking 
installations for Great Britain, the Continent, and foreign 
countries, many of which are repeat orders.—The British 
Admiralty have been considerably increasing the number 
of paraffin-engined motor launches in the Service, and have 
just recently ordered five larger boats than the preceding 
ones, all of which are to be fitted with Parsons ffin 
oil-engine sets. No less than thirty-seven Parsons 
paraffin engines have either been installed or are now on 
order for these Admiralty service boats. 





Tue Benxé Primary Batrery.—Mr. W, R. Cooper, 
M.A., described in the Faraday ea December 6 
a new form of Benké cell which he has been testing. The 
characteristic feature of the cells of Stephan Benki, of 
Budapest, is that the carbon is very — so that the 
electrolyte (sodium bichromate, not the potassium salt, 
which might crystallise) circulates through the carbon walls 
and keeps the carbon depolarised. In the original type 
this circulation is ensured by introducing the electrolyte 
under hydrostatic pressure. The carbon forins a flattened 
cylinder open above and below; it ig,provided with a 
lead ring at the top and a lead bottom, and a lead shell 
is soldered to the lead, so that there is an outer, narrow 
chamber between the lead and ‘the. carbon wall 
Zinc is placed. 
These cells give very strong steady currents ; a cell weigh- 
ing 10 lb. (without electrolyte), 9 in. by 6 in. by 1} in., 
yields 25 amperes at 1.5 volts (first 2 volts) with a circula- 
tion of about 0.5 litre of electrolyte per hour. These 
batteries are very convenient for laboratory work and small 
house installations ; the cost of the electrolyte is the chief 
item. Thenew “ diffusion” cell does not require an elec- 
trolyte cistern, nor a circulation system, and is self- 
contained. When filling the cell, st electrolyte (acid 
and bichromate), density 1.3, is run into the outer chamber, 
and water, density 1.0, into the inner. The liquids slowly 
diffuse through the carbon into one another, and as long as 
a difference of density prevails in the two compartments, 
the cell will depolarise itself, and give a good current. A 
5-1b. cell gave a current of 0.25 ampere (finally 0.20 ampere) 
for 8 hours on four consecutive days, after which the cur- 
rent fell off rapidly. A 3-lb. cell would keep a small lamp 

ighted for 8 hours for two days. Several types of port- 
able hand-lamps for motor-cars and for miners were 
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35-TON STEAM BREAKDOWN CRANE. 


CONSTRUCTED BY MESSRS. JOHN H. WILSON AND CO., LIMITED, ENGINEERS, BIRKENHEAD. 


(For Description, see Page 797.) 

















Canapian CoaL.— Vancouver Island has five coal-fields 
—Nanaimo, Comox, Suquash, Cow.chan, and Koskeemo 
—and they are considered the most valuable upon the 
Pacific Coast of British America. Mr, Dowling, of the 
Geological Survey of Canada, states that the area of 
the Nanaimo field is 350 square miles, and that its coal 
has an average thickness of 6 ft.; he, accordingly, esti- 
mates the quantity of coal available on the field at 
1,344,000,000 tons. He sets down the area of the Comox 
field at 300 square miles; its coal thickness is similar 
to that of Nanaimo, and it isestimated to contain 
1,152,000,000 tons. The Suquash field has an area of 
10 square miles; its coal is 3 ft. thick, and it contains 
altogether 19,000,000 tons. The Cowichan field has an 
area of 9 square miles, its coal is 4 ft. thick, and it 
contains altogether 23,000,000 tons. The Koskeemo 
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field is 5 square miles in extent ; its coal has an average spective rank and seniority, giving the dates upon which 
thickness of 3 ft., and it contains altogether 9,000,000 | successive promotions had been made in the case of each 
tons. The Cowichan and Koskeemo fields are not at| officer, Such a list for flag-officers, both on the active 
present worked. Another coal-field is expected to be | and retired list, is still continued, but the names of the 
added to the five fields already known—viz., the Alberni. | remaining officers are listed in alphabetical ordér, with a 
—— | reference to the number of their ship, and with no data 
“Tue Royat Navy List anp Navy Recorper,”—The | as to promotions. This is not so serviceable to many 
issue for October of the ‘‘Royal Navy List and Naval | who consult the list, although by reference to the useful 
Recorder,” published at 10s. by Messrs. Witherby and | record of services, honours, and qualifications of all 
Co., 326, High Holborn, and 4, Newman’s-court, Corn- | officers, arranged alphabetically, much information may be 
hill, includes the promotions up to the end of September, | gathered regarding these officers. We hope that the editor 
and a complete record of the current history of the Navy. | may yet see his way to revert to the earlier practice, even 
Since we noticed the previous issue we have been con- | though it takes up more room. Otherwise the book is 
firmed in the view that the change made in respect to the | as complete as it can be made, and it would be difficult to 
list of officers is not satisfactory. Formerly this list was! indicate a direction in which desirable information could 
arranged in the early part of the book, according to re- be added. 
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FOREIGN INVESTMENTS AND 
MANUFACTURED EXPORTS. 

Evipences have lately accumulated to establish 
the difficulty experienced in raising capital for home 
industries, a difficulty which greatly influences the 
ay and employment of the working classes. 

here is another phase of the subject equally 
worthy of the close attention of all economists. This 
refers to the direct influence of foreign investments, 
not only on trade at home, but particularly on the 
export of manufactures. That these investments 
in foreign undertakings are increasing is an un- 
doubted fact. This is inevitable in the case of any 
nation possessing wealth, and we prefer for the 
present not to consider the causes which may induce 








soz | those possessing surplus capital to prefer foreign 


to home outlets for its employment. The effect 
is most marked, so far as British industries are 
concerned, because without adequate capital re- 
source there cannot be expansion in manufactures 


sos | Or full play to initiation in design and workshop 


methods. Asa direct consequence there must be 
retrogression in efficiency and economy relatively 
to other nations where those stimulating influences 
are present. The result is that labour suffers. 
Few recognise, however, the extent to which 
British capital is being invested abroad. A com- 
putation, based upon reliable data, shows that our 
total investments abroad amounted, at the end of 
last year, to 3722 million sterling, and that the 
increase over a period of fourteen years was at the 
average rate of 914 million sterling per annum. It 
is further concluded that these investments bring 
an annual income of 178 million sterling. Indeed, 


sid although only a part of this income can be brought 


within the wide net of the Income Tax Commis- 
sioners, their returns show that the tax is levied 
on 88,837,0001. of income from investments abroad. 
At a time when contrast is made between the 





relative earnings of capital and labour, it is well 
incidentally to point out that such a large amount 
as 178 million sterling is received in this country 
without British labour in any way participating in 
its creation. 

The money thus invested is utilised either for 
the development of natural resources or for the 
establishment of industries. The former naturally 
includes agriculture, mineral working and trans- 

rt, and collateral interests in foreign countries. 

o far as these are concerned, no direct injury 
may be experienced by British labour. On the 
other heh: they tend to augment the supply of 
food and of raw materials for manufactures and 
may conduce to lower prices. But the establish- 
ment of industries abroad must affect labour in all 
other countries, because so soon as the manufactur- 
ing plant is provided, the products of the works 
established enter into competition with the manu- 
facture of other countries, at least in the local 
market. These, however, are conditions that must 
be met with, and are sooner or later inevitable, 
even in new countries. The greater portion of the 
capital invested comes under the first category, 
and consequently the investments themselves tend 
to create a market for surplus productions of 
older countries. To this extent developments in 
foreign countries conduce also to increase —_ 
ment for workers in other countries, and certainly 

rofit those nations which have a large mercantile 
fleet, as is the case with Britain. 

It therefore becomes pertinent to inquire whether 
we, as a nation of lenders, are securing full benefit 
from our monetary concessions. Benefit is direct 
and indirect. Those utilising our money have some 
right to consider that the interest paid, or dividend 
disbursed, is compensation enough ; and from the 
financier’s point of view it probably is. The 
Socialist orator may orate against the ‘‘ criminal 
neglect of our own country” by thus investing 
abroad ; but no one can quarrel with the investor, 
whether of hundreds or thousands of pounds, in 
seeking for an adequate return for his investment, 
combined with safety. Unfortunately, the growing 
discontent of the working classes in this country, 
whether engendered on a right or a wrong basis, has 
conduced to the belief that there are avenues abroad 
where the conditions are more attractive to the 
lender of money. Accepting these conditions, and 
~ | recognising that investments abroad are, to a certain 
extent, inevitable, it may be asked whether there 
is no means of securing greater indirect advantage 
to labour from these foreign investments. 

Foreign government loans, as a rule, are for 
specific works ; usually, indeed, for engineering 
works. In one case a navy may have to be 
re-organised ; in others, money has to be provided 
for railway construction, or for water-works, or for 
other enterprises for the development of the 
country.. The London money market is prepared 
to grant these loans. In many such instances, 
however, no effort is made to secure the concession 
that, provided this country raises the loan, the con- 
tract for the projected work will be placed with our 
manufacturers or contractors. In some instances, 
it is true, notably in naval construction, such con- 
ditions have been exacted, not only to the advan- 
tage of the Government seeking the money and 
requiring the ships, but of British labour. Asa 
matter of fact, naval construction contracts very 
often are made contingent upon the money being 
provided, and in the t Continental firms have 
secured very large orders because there is a closer 
association between the financier or banker and 
manufacturer. The same applies, more frequently 
abroad than here, to loans and large investments 
by some foreign countries for other than naval 
work, and a development on similar lines in this 
country would bring great advantage to labour. 
The Deutsche Bank of Berlin, for instance, has 
all along recognised the power behind the capital 
investment, even within Germany, and they” — 
thus assisted greatly towards the development 
of industry by financing undertakings in the 
Fatherland. The Deutsche Ueberseesche Bank has 
indirectly done valuable work for the German 
export trade, and nowhere has its influence been 
more operative to a greater extent than in the 
South American republics. There they have a 
branch bank, under the style of Banco Aleman 
Transatlantico, with offices in several centres of 
activity—in Argentina, Bolivia, Chili, and Uruguay 
—where facilities are granted to German manu- 
facturers which enable them to carry on trade under 
the most favourable conditions. It is true that 
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their intromissions are reckoned only as —— 
business, but the latter phrase must be interpre 
according to the German conception of the rami- 
fications of a bank. As is well known, they 
take an active hand in the financing of enter- 
prises, and in many cases also in the destination 
of contracts which borrowers have from time to 
time to make. 

This leads to a question of serious import so far 
as the constitution of British banks is concerned. 
Here we have rigidly excluded any speculative 
element in connection with banking, and, as a con- 
sequence, the banks are regarded as being as ‘‘ safe 
as the Government.’’ They have been supine to 
all appeals for assistance in the development of 
industry either at home or abroad. Notwithstand- 
ing the advantages of security, is it not worth 
considering whether greater influence might not 
be utilised for ensuring that Britain, in return for 
her investments, should, as with some Continental 
countries, secure some support for her industries ? 
Certainly where a loan is contracted it ought to be 
a definite condition that such works as are to be 
executed under the loan should be carried out by 
British firms, if the money is to be provided by 
British investors. 

We admit frankly that the competitive principle 
enters into the problem to a greater or less extent. 
The directors of a foreign railway, or of other enter- 
prises, have a right—one might almost say a duty 
—to bring into play in connection with all work 
such a measure of competition as will ensure the 
fullest return for a given expenditure. If, in the 
case of a South American railway, the preponde- 
rating proportion of capital is subscribed by Britain, 
it seems reasonable to expect that the limits of 
competition would be confined to British works, 
and that, in any case, the conditions of British 
manufacture and wages should be enforced in 
the case of such Continental firms as might be 
invited to tender. It is not necessary to en- 
large upon the significance of this proviso. We 
are satisfied that, under equal conditions—eco- 
nomic, manufacturing, and social—British firms 
could meet the condition we have postulated as 
regards the duty of directors. Certainly in the 
interests of British industry those inviting the 
investment of capital should, as a condition to 
Britain providing that capital, secure a concession 
in favour of a greater proportion than is usual of 
British manufactures being purchased by the aid 
of such capital. Is this asking too much in the 
interests of patriotism ? 








THE RATING OF PETROL-ENGINES. 

A most suggestive paper to those who are 
interested in the rating of petrol-engines was read 
by Mr. H. L. Pomeroy at the Institute of 
Automobile Engineers on the 13th inst., entitled 
**Engines Designed for Taking nepvommon of Horse- 
Power Rating Rules.” In some ways the contents 
of the paper hardly correspond to its title. The 
only engine rating-rule which is at all thoroughly 
dealt with is the present R.A.C. rating, and many 
others, which are, or have been, in use at various 
times, are Jeft nearly untouched. On the other 
hand, a considerable portion of the paper deals 
with the question of an alteration in the present 
rating rule. Both these subjects are thoroughly 
gone into, however, and the paper contains some 
very important suggestions. nage sc formulze 
are used for two purposes, the first being the 
rating of cars for taxation purposes, the second 
for competitions. The latter is apparently the 
only point of view really dealt with in the paper. 

The rating rule at present in force in this country 
for motor-cars is based simply on the assumption 
that the power of an engine varies directly as the 
area of the pistons, no other factors being taken 
into consideration at all, and the early part of the 
paper consists of a general statement of the essen- 
tial conditions necessary for suxcess under this rule. 
Naturally these consist in getting the highest pos- 
sible mean pressure and piston speed, these re 
the only two factors determining the indica 
horse-power of a cylinder of given area. In order 
to get the requisite mean pressure, the author 
states that it is necessary to employ a rich mixture 
and a high enough compression to cause it to burn 
in the short time available. He assumes that the 
engine must increase its horse-power with increasing 
speed up to at least 2400 revolutions, and, prefer- 
ably, to 3000. For this a compression ratio of 
5 to 1 is considered necessary. Ignition should be 





by magneto, and the author does not consider there 
is any advantage in having two sparks. 

Granted that these points are correct, the author 
considers that the only necessary point to secure 
mean pressures of 100 lb. per sq. in. up to, say, 
2500 revolutions per minute, is sufticient valve area 
to keep the gas velocity down to.120 ft. per second 
(7200 ft. per minute) through the inlet port. If 
this rate of flow be not exceeded, he finds that the 
cylinder is practically filled with gas at the end of 
the suction stroke—+.e., that the pressure is only 
4 lb. below the atmosphere. He does not appear 
to think that the valve-setting has much influence 
on the performance of the engine if the valves are 
large enough, though presumably there must be 
some limit to this view. The practical limits of 
size of valves depend upon two points. The 
first is the pressure necessary to open and close 
the valves at high speed. The author gives 
some calculations showing that a 2-in. valve with 
$-in. lift will take a force of 72 1b. to close it, 
presuming that its downward acceleration is con- 
stant, and that the time available for its closing is 
that taken by the crank turning 90 deg. at 2500 
revolutions per minute. This would, in practice, 
mean using a spring with a tension of some 100 Ib., 
when the valve is fully open. This force would 
increase at least as the square of the diameter of 
the valve, and also as its lift. Multiple valves 
get over this difficulty to a large extent, but the 
author concludes that the friction through them is 
relatively greater, and that they therefore require 
larger total area. Whether this conclusion is the 
result of experiment or only of calculation is not 
clear. 

The second limit to the size of valves arises from 
the fact that it is impracticable to make them larger 
than a certain size and yet get a small enough com- 
bustion-chamber to give the requisite compression. 

Lightness of moving parts is touched upon, but the 
author does not dwell on it very strongly, probably 
because its importance is now well recognised. 
At high speeds he states, however, that even with 
light pistons, &c., the pressures on the bearings 
due to inertia are greater than those due to the 
pressure of the explosions. The effect of heavy 
moving parts on high-speed engines has, of course, 
been familiar to engineers for a long time, forged- 
steel pistons having been used in high-speed 
engines for over thirty years. 

Korced lubrication is considered absolutely 
necessary for racing, and if long runs are to be 
made the author considers that the oil should be 
cooled. The conclusions he draws are :— 

(a) That high mean effective pressures depend 
on mixture strength. 

(b) That high mean pressures at high speeds 
depend on high volumetric efficiency and high com- 
pression. 

(c) That high volumetric efficiency depends 
entirely on large ports and valves. 

(d) That lightness of moving parts is essential if 
high mechanical efficiency is desired. 

Assuming these conclusions to be true, then it 
follows that, given a sutticient valve and port area, 
horse-power is directly proportionate to the cylinder 
capacity and revolutions. If this be so, it will 
necessarily follow that fora given rating by the 
present R.A.C. and Treasury rating rule the horse- 
power will go up directly as the stroke, and we 
have before said that this seems to be actually 
the case. The author appears to be absolutely at 
one with us in this matter, and apparently considers 
that it is high time that engines should be rated by 
their cylinder capacity. 

The remainder of the paper is devoted to the 
consideration of various rating rules and to a demon- 
stration of the fact that any rule which takes in the 
stroke at less than its full value will rate unfairly 
engines which are of differing proportions of 
diameter and stroke. The majority of rating rules 
which have been proposed as alternatives to the 
rating either by cylinaer capacity or area are based 
on the assumption that the revolutions are limited 
by the stress on the connecting-rod due to the 
inertia at the top of the stroke ; that is to say, that 
the stronger the connecting-rod is made, the greater 
the power given by the engine. Mr. Pomeroy 
points out that this contention is quite groundless, 
as the stresses on the connecting-rod, &c., do not 
in any way limit the speed, and that far higher 
speeds than are ever run could be provided for. 

This paper is a most valuable contribution to 
the literature of engine rating, for it is the first 
serious attempt to go into the point which ought 





to be thoroughly considered before making a rating 
rule—namely, what it will produce if makers build 
special engines to ‘‘ cheat the rule.” 

In all other competitions, such as yacht-racing, 
it is assumed that all dimensions untaxed will be 
exaggerated, and therefore the only thing to 
consider is what it is desired to produce, and a 
rule can then be framed fairly accurately. Whether 
the Royal Automobile Club Committee were totally 
ignorant of this elementary truth, or whether they 
thought that they knew so much about the design 
of engimes that they could improve on the cylinder 
dimensions selected by such makers as Messrs. 
Rolls Royce, we do not know, but it was quite 
obvious at the time the rule was made that it would 
cause the production of a long-stroke engine in all 
i and that taxation on the same basis 
would have the same effect, except in those cases 
where money was of so little consequence that the 
taxes did not influence the purchaser. 

Valuable as Mr. Pomeroy’s paper is, however, it 
might have been more so if it had gone a little 
more fully into the subject of special design for 
competition purposes. Nothing is said about the 
effect of cylinder ratings on weight, which is a most 
important point. True, a statement is made that 
‘*if 40 horse-power can now be obtained from 
an engine of given size at 2000 revolutions per 
minute, which formerly only developed a maximum 
of 20 brake horse- power at 1000 revolutions 

r minute, the relation of horse-power to weight 
is obviously doubled.” That is to say, that 
the weight of an engine is inversely as the revo- 
lutions per minute. As a matter of fact, this 
is a complete fallacy, as the author is probably 
well aware, for he gives the reason in a later 
part of his paper—namely, that at high speeds 
the stresses due to inertia are greater than those 
due to the explosion pressure. An engine weigh- 
ing 219 lb., including radiator and all accessories, 
has developed 314 brake horse-power at 1213 revo- 
lutions per minute for over 22 hours’ continuous run, 
the weight of the engine itself being therefore well 
under 200 lb. It is quite certain that an engine 
developing the same brake horse-power at double 
the revolutions does not weigh as little as half this, 
and most of them weigh more like double. If the 
author, or any one else, really thought that the 
excessively high-speed engine was very light for its 
horse-power, there is little doubt that it would be 
used for aeroplane work, but here all the engines 
run at a comparatively slow speed for the simple 
reason that they have to be as light as possible for 
their horse-power, and that there is no tax on 
cylinder dimensions. 

The author, moreover, does not deal with engines 
of very long stroke. If it be worth while doing a thing 
at all, itis surely worth doing it well, and it would 
be interesting to know what is the limit of stroke 
and weight which can be usefully employed for 
competitions on a given cylinder diameter. It is 
understood that some racing engines of 80 mm. 
diameter have been given 280 mm. stroke, or over 
34 diameters. 

It seems a pity, especially considering the title 
of the paper, that no attempt whatever is made to 
consider what type of design should be adopted to 
get the best result out of any other rule than the 
present R.A.C. rating. Two of the principal races 
of this year—viz., the ‘‘ Autocycle Tourist Trophy” 
and the ‘‘ Coupe Des Voiturettes Legere” —were not 
run on this rating, but one of cylinder capacity, so 
it appears that this should have had at least some 
consideration. Further, there are several other 
rules which have been tried, and which in many 
ways are more practical than any rating based 
solely on cylinder dimension. Thus petrol con- 
sumption and weight have both formed bases of 
classification, and have the advantage that, while 
it is no advantage (apart from a very small saving 
in taxes) to the motorist to know that his cylinders 
are small unless this saves him in some other way, 
it is an advantage to have a low petrol consump- 
tion, and it is an advantage for a car to be light. 

The only remarks of the — pan. § on the 
subject are when, comparing the high-speed engine 
with small torque with the 2 Rees engine of high 
torque, he says :—‘‘ By virtue of the fact that the 
small engine is always working with open throttle 
and relatively high compression as compared with 
the big one, there is a considerable increase 
in thermal efficiency with a corresponding de- 
crease in the petrol consumed.” e do not 
quite understand what this means. There is no 
difficulty whatever in so arranging the gear ratios 
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that the large engine runs with the throttle open | 


as often as the small. Further, the high-speed 
engine has been definitely proved not to be so 
economical in petrol as the larger slow-running one. 
This was done in the early tourist trophy races, 
where petrol consumption was the basis, and the 
high-speed engines were easily beaten by those 
with larger cylinders running at lower speeds. 
The very statement the author makes that a rich 
mixture is necessary to get the power out of these 
small engines shows that they cannot be really 
economical. 

With regard to the other practical rating rule— 
viz., weight—it is rather interesting to note that 
under this, as in the case of the aeroplane engine, 
the long-stroke high-speed engine found no favour. 

As to the latter part of the paper, dealing with 
engine rating, we are in thorough accord with 
the author that a cylinder capacity basis would 
be the fairest all round. We have not space to go 
into this matter here, but shall possibly refer to it 
again. Meanwhile we would refer to our issue of 
May 21, 1909. A point not mentioned by the 
author is that the motor-cycles have been raced 
under this rating for three years now, and that it 
has been proved definitely that it does not produce 
exaggerations either of diameter or stroke. 








GAS-ENGINES FOR COLLIERY POWER- 
STATIONS. 

Tue day is passed, or is rapidly passing, in which 
the economy or otherwise of the prime movers of a 
colliery power-station may be neglected on the 
score that there is always plenty of coal about, 
and that it does not cost much. The increasing 
value of coal of all classes and the increasing cost 
of labour demand that even the coal-producer 
must pay adequate attention to the possibilities 
of economy that may lie in a change of his methods 
and a modification of his plant. This fact is, of 
course, becoming ever more generally recognised, 
and many new plants of various types, which 
show remarkable commercial efficiency, have been 
installed in this country in recent years. None 
the less, the number of examples open to improve- 
ment is still very large, and advocates of an 
and every modern device need be at no lac 
of data on which to base their arguments. Apart 
from proposals which turn on the purchase of elec- 
tric power from an outside source, the possible 
types of installation fora colliery power-station are 
pretty well confined to steam-engines and turbines 
or gas-engines ; and although the first of these 
classes still holds an overwhelming majority, much 
has now been done with the two latter, and they 
are every day becoming more serious competitors 
of the former. Steam-turbines and gas-engines, 
which together dispute the ground held by their 
older competitor, are themselves the keenest of 
opponents in a much larger field than is covered by 
colliery work, and each is so excellently capable 
of establishing its own case that it is impossible to 
forecast that either will ultimately conquer the 
other. In the smaller field of colliery work, how- 
ever, it is possible that gas-engines may make rela- 
tively greater progress than elsewhere, in virtue of 
their ability to work in conjunction with coke-oven 
plants, and their suitability for operation with fuel 
of such inferiority that it may almost be looked 
upon as waste, since the cost of its carriage away 
from the colliery bears such undue proportion to 
its specific value. 

Some useful information bearing on the use of 
gas-engines in colliery stations was contained in an 
able paper read by Mr. Alan E. L. Chorlton before 
the Midland Institute of Mining, Civil, and Mecha- 
nical Engineers on the 5th inst. Mr. Chorlton did 
not, other than in a general way, deal with the rela- 
tive economy of steam-turbines and gas-engines for 
this work, and evidently held the superiority of 
the latter to be established. He, however, insti- 
tuted an interesting comparison between gas-engines 
working with coke-ovens as against Mond pro- 
ducers. He pointed out that the two methods of 
obtaining gas for the engines were not strictly 
comparable, and that the peculiarities of each 
might render it suitable for localities in which 
the other could not profitably be employed. 
If gas for the engines was to be obtained 
from coke-oven plant, it was obvious, in the 
first place, that the available coal must be of a 
coking type; while, in addition, Mr. Chorlton 


pointed out that with such a plant the ——— 
return on capital may be considered to be hig 


, 





even if the value of the waste gas is not allowed 
for. Further, and as the converse of this, the 
capital charge on the gas available for power pur- 
poses was low. With the Mond producer the con- 
ditions were somewhat different. In the first place, 
a r fuel, containing as much as 40 per cent. of 
och miei be used, but the percentage return on the 
capital employed could be high only when the pro- 
duced gas was sold or profitably used, as the sulphate 
of ammonia which was manufactured was not in itself 
of sufficient value to give a high return on the 
capital cost. With the Mond producer the amount 
of gas available for power purposes was, in terms of 
capital expenditure, very large. 
r. Chorlton’s paper contained an estimated com- 
— between a coke-oven and a Mond plant 
ving each a capacity of 90,000 tons of coal a year. 
The capital cost of the coke-ovens was put down at 
45,000/., and taking coal at 7s. a ton the annual 
cost came out at 49,147]. The capital cost of the 
Mond plant was fixed at 52,000/., and taking half 
the coal used at 7s. a ton and half at 4s., the 
yearly cost came out at 47,5001. The profits shown 
in the two cases were 12,5631. for the coke-ovens and 
14,6501. for the Mond plant. The profits were, of 
course, based on the assumption that the whole 
of the material produced was in each case sold, the 
value of the sulphate of ammonia being put down 
at 121. a ton, the coke at 12s. a ton, and the gas at 
0.04d. per unit after conversion to electrical power. 
This comparison, although interesting, does not 
really put the two plants on the same basis, 
since, with the coke-ovens there was only 1170 
tons of sulphate of ammonia produced, against 
3600 tons with the Mond plant, although as an 
offset the coke-ovens produced 63,000 tons of coke, 
against, of course, none by the other plant. The 
gas furnished by the Mond producer was, however, 
more than six times greater in amount than that 
produced by the coke-ovens, even after allowing 
for the difference in quality of the gas in the two 
cases. It is obvious that these two plants could not 
profitably be installed each to deal with the same 
conditions, and that even if the productions which 
are claimed could be obtained, it would be necessary 
for success that a market for the material should 
be available. 

The large amount of gas furnished by the Mond 
producer would seem to render it suitable for large 
“page companies or groups of collieries rather than 

or comparatively small plants ; but Mr. Chorlton’s 
paper contained an estimate for a plant of this 
class for a colliery requiring 3000 brake horse- 
power. This estimate was made on the assumption 
that a very large proportion of shale and belt- 
ickings, of no value, should be used with the fuel. 
ith a capital cost of 13,2001., and an annual cost 
of 4025/., the plant was estimated to bring in an 
annual sum of 4740/., not allowing any credit for 
the gas produced. The 4740/. was made up of 
45601. for sulphate of ammonia and 180/. for tar. 
The running charges were put down at 15001. a 
year, this sum including the cost of the steam for 
the producer ; but it was not clear if this steam was 
assumed to be taken from gas-engine exhaust 
boilers. 

The latter part of Mr. Chorlton’s paper was con- 
cerned with a consideration of the various available 
methods of power distribution for dealing with the 
winding, ventilating, pumping, hauling, air-com- 
pressing, surface-driving, coal-cutting and lighting, 
which form the main power requirements of a 
colliery. These methods may be divided into 
electrical transmission, hydraulic transmission, 
pneumatic transmission, mechanical transmission, 
and various combinations of the four. The first of 
these, electrical transmission, has probably made the 
most progress of recent years, and for gas-engine 
driving it is likely that many people would be in- 
clined at first sight to think that no competitive 
system need be considered. There is no need todwell 
on the convenience and efficiency of the electrical 
transmission of power in a colliery or elsewhere, 
| but considerations and arguments advanced in 
favour of quite other schemes, if put forward in an 
able manner, are both interesting and likely to be 
of service in calling attention to the fact that even 
in these days electric transmission should not be 
looked upon as the only system in the field. The 
trend of legislation suggests that in the future the 
use of electricity below ground in collieries may 
have to be restricted below its present extent, and 
in these circumstances consideration of alternative 
| transmission systems is of t value. It iscer- 
|tainly probable that any legislative restriction on 








the use of electricity will apply only to limited 
fields and duties, and that its elimination from any 
of its pr duties will lead only to the installa- 
tion of combined transmission systems, and not to 
the adoption of different methods throughout. None 
the less, Mr. Chorlton’s considerations of hydraulic, 
pneumatic, and mechanical transmission for the 
whole of the operations in a colliery makes an 
interesting and somewhat novel study which is weil 
worth attention. ; 

It is unnecessary to deal at any length with the 
characteristics of electricity as a power-distributing 
agent in collieries, as they are nowadays so well 
known, but its singular adaptability for pumping 
and similar duties may be mentioned, together with 
the possibility of its satisfactory use for main 
winding and its pre-eminent suitability as a lighting 
agent. The ogee of hydraulic transmission as a 
medium for the whole power operation of a colliery 
is more doubtful, and, according to Mr. Chorlton, 
it has, up to the present, been applied only for 
pare. He stated ‘that the method had been 

rought to its highest efficiency in Germany, and 
that a plant installed at the Herkules Pit, Essen, 
gave an efliciency of 78 per cent. The pumps 
situated in the mine were of the reciprocating type. 
In the absence of experience as to the general 
operation of colliery machinery with hydraulic 
power, it is impossible to argue with any profit as 
to the likely total efficiency that might be obtained, 
but Mr. Chorlton suggested that this would probably 
be high, although installation and upkeep would 
pele 3 also be high. In this connection Mr. 
Chorlton pointed to the extensive use of hydraulic 

wer in dock works, and the convenience of the 
ydraulic accumulator for dealing with peak loads. 
There is, of course, no doubt that a completely 
hydraulically-driven colliery would be a mechanical 
possibility. 

The efficiency of a completely pneumatic system 
would no doubt be less than that of either an elec- 
trical or hydraulic one, but its safety would be 
greater than that of the former, and its flexibility 
greater than that of the latter. The system is, of 
course, much used, although not in the complete 
form suggested. The usually accepted over-all 
efficiency was given by Mr. Chorlton as about 
30 per cent., but he suggested that this might 
be much increased by improvements in the air- 
motors. His gas-engine-driven pneumatic scheme 
involved the use of a two-cycle double - acting 
engine governed in terms both of the pressure of 
air in the receiver and in terms of the speed, the 
second governor only coming into action as full 
speed was approached. He also proposed the use 
of a radiator of the motor-car type for dealing with 
the cooling circulating water. 

The idea of the whole of the machinery of a 
colliery driven by mechanical means direct from a 
central gas-engine power plant, which formed 
Mr. Chorlton’s fourth proposal, appears some- 
what fantastic at this time of day, although one 
may admit that there is something in his conten- 
tion that much higher efficiencies might be attained 
by the adoption of modern appliances than was 
achieved in the early days in which such systems 
of transmission werecommon. With such a purely 
mechanically - driven colliery the main winding 
would undoubtedly form one of the most difficult 
problems, and Mr. Chorlton’s suggestion was 
that the gas-engine forming the power plant 
should be built with air-cylinders behind the 
gas-cylinders, the pistons being connected up in 
the ordinary way with tail-rods. To help the 
gas-engines over the winding peak the air-cylinders 
would be driven from an accumulator whose capa- 
city would be regulated by the addition and sub- 
traction of water, and which would be charged up by 
the cylinders themselves driven by the gas-engine 
during times of light load. The driving of under- 
ground pumps and coal-cutters by mechanical 
means would, in essence, be a simpler problem 
than that of winding ; but the inconvenience, quite 
apart from questions of ‘efficiency, would aap med 
be such that there is little probability of the adop- 
tion of any such method. 








THE CUNARD LINER “LACONTA” 
AND THE ROLLING OF SHIPS. 

In the attainment and maintenance of British 
maritime supremacy, which is as important to 
national prosperity as is inviolate naval power, 
since the latter is a corollary to the former, the 





Cunard Company has played a prominent part, and 
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it is eminently satisfactory that the traditions of | width of the ship, but the kitchen and pantries, 
the line are being continued and strengthened | between them, are arranged in the centre and star- 
under the chairmanship of Mr. A. A. Booth. With | board side ; while on the port side there is a series 
a knowledge of all the requirements of transport, | of separate rooms, where, at five tables, separate 


and a courage to advance along the lines of scien- 
tific progress, he combines that strong patriotic 
fervour displayed by his predecessors when they 
ensured the continuance of the line as purely 


British, at a time when there was temptation to| 
denationalise Atlantic lines, and deprive the British | 
naval service of possible merchant cruisers. This|/ing when a beam sea is running. 


companies can have seclusion. Normally the parti- 
tions will be without the panels, and the vista thus 
revealed for some 200 ft. is most effective, being 
suggestive of Moorish courts. 

But the chief scientific feature is the arrange- 


ment introduced for preventing the ship from roll- 
Mr. Frahm 


week we have two convincing proofs of progress. | described the system at the spring meeting this 


The making of a new record for an all-round 
Atlantic trip by the Lusitania will add to British 
shipping prestige, especially as the same ship has 
in one year made the unique performance of com- 
pleting thirty-two voyages across the Atlantic, 
involving 73,600 nautical miles steaming at about 
25 knots speed. Of these, four voyages were made 
within thirty days ; and during her short stays in 
port during that month the vessel had to take in 
28,000 tons of coal. The Mauretania has aggre- 
gated this year nearly the same mileage, at average 
speeds varying only between 24.36 knots and 
25.67 knots on the outward run, and 24.65 knots 
and 25.37 knots on the homeward run. Only 
those conversant with the thousand and one details 
of steamship management will appreciate what 
these record mileages and speeds mean in respect 
of the organisation of the staff under Mr. A. D. 
Mearns, the general manager of the line. The 
other evidence of initiatory advance is found in 
the fact that the new liner Laconia, which was 
added to the fleet on Tuesday, is the first North- 
Atlantic mail steamer fitted with the Frahm system 
of tank, which in this ship proved that a vessel 
designed with all the properties ensuring maximum 
stability and buoyancy can be prevented from 
rolling in a seaway to the discomfort of the pas- 
sengers. 

These evidences of the active policy of the line 
invest with interest and satisfaction the announce- 
ment :ecently made that the Cunard Company has 
entered into close association with the Anchor 
Line—another British progressive concern—since 
by this combination there is promise of the Cunard 
traditions being extended to the Indian and Eastern 
trades. Here, therefore, we have a further strong 
link welded in the chain which binds us to our 
Eastern dependency and colonies, and the Cunard 
becomes an Imperial line in the fullest interpre- 
tation of the term. 

For the present we are concerned principally with 
the practical significance of the adoption of the 
anti-rolling tank in the Laconia. It is the most 
important application of this system yet completed, 
for although Atlantic lmers have been pronounced 
successes as seaworthy ships, the route affords the 
most severe test of the shipbuilders’ design and 
work, and of the passengers’ physical endurance. 
Moreover, every effort will be made to deduce from 
the performance of the ship the fullest data for 
guidance in the improvement of the system where 

ossible. Encouraged by the chairman and the 
Board, Mr. L. Peskett, who has been so long the 
naval architect of the company, prosecutes con- 
tinuous research aud practical observation, in order 
that all lessons taught by experience may be applied 
towards improvement in design. 

The Laconia is a ship which a few years ago would 
have been regarded as of exceptional size. She is 
almost identical with the Franconia, fully illus- 
trated and described in ENcingeeERING in February 
last (see vol. xci., page 246). Here we content 
ourselves, therefore, with a brief résumé of her 
general features as introduction toa detailed descrip- 
tion of the anti-rolling tank. The length over all 
is 625 ft.; the breadth, 72 ft.; and the registered 
gross tonnage, 18,150 tons. On a total displace- 
ment of about 25,000 tons, she carries 300 first, 
400 second, and 2000 third-class passengers, and 
7000 tons of cargo. The ship will be used on the 
Boston service, and in seasor on Mediterranean 
cruises, and the accommodation has been arranged 
specially to meet the requirements of each route. 
tho caliaesoun, the lounge with its polished level 
floor suitable for dances, the smoking-room in grey 
stained sycamore, and the palm court with simu- 
lated masonry walls faced with trellis-work for 
climbing plants, all with their nooks and corners and 
bays and cottage windows, are as opposed to the 
old conventional er 5 saloons as present experience 
can devise. Several improvements in details have 
been made. In the case of the dining-saloons, 


both first and second-class rooms have the full 





year of the Institution of Naval Architects (see 
ENGINEERING, vol. xci., pages 480, 512, and 533), 
but the principle—as well as the application in the 
Laconia—may here be described. 
mum degree of rolling is experienced in all ships 





and 160—a position which will easily be identified 
by reference to Fig. 11, on Plate XVI., in Enar- 
NEERING of February 24 last (vol. xci., page 246). 
This involves no interference with the arrangement 
of the ship. By means of a water-tight cross- 
bulkhead the tank is divided into two unequal 
and absolutely independent compartments, the 
after part extending over nine, and the forward 
om over six, frames. The lower connections 

tween the two side basins or lateral legs of the 
U are placed on the double bottom. The lateral 
basins are not water-tight at the bottom, c nse- 
quently the bilge will also be filled as soon as the 
anti-rolling device is filled with water by pumps. 
The water in the bilge, however, remains unaff. cted, 


As the maxi-| hecause it does not share the oscillations of the 


water column in the tank. The separate air-con- 
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Fies. 1 anp 2, Franm’s Anti-Rotuine Tank on THE Cunarp T.-S.S, ‘ Laconta.} 


when the period of beam waves synchronises with | nection pipe in each compartment at the top is 


the period of the roll of the ship, there is intro- 
duced a U-shaped thwartship tank filled with 
water in each leg, and connected along the hori- 
zontal line, so that the water may oscillate in the 
tank with a period equal to the individual period 
of the ship. There is also a top connection in 
the form of an air-trunk ; the relieving of the air 
through valves allows the water to oscillate as 
desired. Thus, as soon as the ship is impelled to 
roll by wave impulses, the water in the columns 
may be allowed to rise or fall in such a way that 
the influence of the wave is counteracted, owing to 
the resonance between the oscillation of the ship 
and of the water columns in the tank. The oscilla- 
tions of the water in the tank are at the same rate 
as those in the ship, but although the periods are 
exactly identical, the phases are displaced by 90 deg. 

In its —— the size of the tanks de ahs 
upon the displacement and the loading condition of 
the ship to ensure that the necessary damping 
effect may be obtained; higher displacement or 
increased stiffness involves larger capacity tanks. 
In the Laconia the tank, shown in Figs. 1 and 2, 
is located in the foremost thwartship bunkers, and 
extends over fifteen frames—between frames 144 





placed under the main deck, and is provided on 
the port side with the necessary cup-valves ; two 
for the larger and one for the smaller compart- 
ment. ‘These valves are worked from the pipe 
tunnel through the forward thwartship bunker. 
Before and behind the cups of the air-valves, venti- 
lation tubes are introduced, leading in each case to 
the pipe tunnel, where there are shut-off cocks. 
For filling or emptying the tank, the bilge of each 
compartment is connected to the tank-piping. 
hen filling or discharging the tank, the air- 
valves have to be shut, whereas the cocks of the 
ventilation tubes and the water-gauges have to be 
opened. The water-level in the tank under normal 
conditions is, amidships, about 94 ft. above the lower 
edge of the connection across the double bottom. 
Care has to be taken that the vessel is in an 
exactly vertical position when the tank is filled. 
As soon as the correct water-level is attained, and 
the cocks of the ventilation tubes and the water- 
gauges have been shut, the tank is ready for action. 
The compartments are put in or out of action by 
simply opening or shutting the air-valves. With 
the tank in action the tendency with some ships 
will be that stability may be reduced a trifle, owing 
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to the free water surface in the lateral basins. 
This, however, can only influence tender vessels, 
and then only to a slight extent, as is shown in the 
table appended, applicable to the case of an average 
cargo ship of 22,000 tons displacement. 

As a rule the tank is put into action only if 
the ship is really rolling—t.e., if she executes to 
either side rolling movements of more or less im- 
portance, which alternately increase and diminish, 
and are performed approximately in the individual 
period of the vessel. In general, at the beginning 
only one compartment—mostly the larger one—will 
be put into action, and the smaller one will be 
added only if the larger one by itself proves in- 
sufficient for damping the rolling. In most cases 
real rolling motions will be produced only if the 
ship, in consequence of low-placed cargo, is rather 


on account of the free water in the anti-rolling 
tank will be almost without any influence at all. 
The anti-rolling device, when filled up to the air 
connection-pipe between the lateral basins, may be 
used also as a ballast-tank. This, however, will be 
done only in certain circumstances, and great care 
will have to be exercised when pumping the ballast 
into the tanks. 

In the Laconia there is fitted a gyroscope-pendu- 
lum for recording the rolling motions of the ship, 
and this is illustrated by Fig. 3, and here it may 
be noted that the representatives in this country 
for the Frahm tank and recording apparatus are 
the Parsons Foreign Patents Company, Limited, 
London. The essential part of the recording 
apparatus is a horizontal fly-wheel, directly driven 





by an electric motor immediately underneath it, the 








Fic. 3. Gyroscope PENDULUM FOR 
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DIAGRAM TRACED BY GYROSCOPIC PENDULUM 





the rolling amplitudes are indicated by the move- 
ments on each side of a centre-line. The relative 
oscillations are transmitted to the pencil from a 
segment fitted on the axis of the Cardan frame to 
a rod, carrying the pencil on one end, by means of 
two brass bands, which rest lightly on the circum- 
ference of the segment and are fastened at one end 
to the segment and at the other to the transmission 
rod in such a way that one band coils up while the 
other is unrolled. With this transmission 3, in. 
movement of the pencil corresponds to one degree 
of the ship’s rolling amplitude. For recording the 
speed of the paper, a special time-recording pencil 
—that to the left on our view—is provided, and is 
actuated by means of electro-magnets through the 
clock. This pencil simply draws a straight line, 
interrupted every five minutes by a little hook, 
which also serves for ascertaining the exact period 
of oscillation of the ship. The current for this 
arrangement is carried through a shunt from the 
electric motor’s main line, in series with two 
incandescent lamps as resistance, On the trial, 
to be referred to presently, the electric clock was 
not in operation throughout to make time-marks 
on the horizontal line, the intervals of time being 
indicated on the chart by the observer. 

For the gyroscope, as well as for the recording 
arrangement, simple 110-volt shunt motors are 
provided ; when a higher pressure is employed on 
board, a corresponding resistance must be fitted. 
For connection with the board circuit, a junction- 
box to the right of the large drum for the record 
slip, and a flexible cable with plug contacts at both 
ends, is fitted. When starting the device, the motor 
of the gyroscope has first to be switched on, and 
when the full number of revolutions is attained, 
the motor of the recording device is switched on. 
The motor of the gyroscope is set agoing by the 
starter under the small receiving-drum of the 
record-slip. The motor of the recording device is 
switched on by slowly turning to the right the 
starter, seen to the bottom and right part of the 
large drum. It is immaterial which of the two 
motors is switched off first. The whole apparatus, 
when in full action, consumes continuously about 
1.5 amperes. When starting the gyroscope motor 
the intensity of current temporarily can rise to 
34 amperes. The shaft of the motor of the gyro- 
scope runs in ball-bearings, and is lubricated auto- 





matically by two boxes containing vaseline. The 








150a.m 1-40a.m 1+30a.m 120a.m 5 1-10am. ; 
COURSE : N.75 W. METACENTRIC HEIGHT: 2:11 with Tanks closed and / 9 with Tanks wv action 
(2598) DIRECTION OF WIND -S.Wby S REMARKS Displacement 19000 Tons. 


Table Showing Diminution of Stability in Consequence of 
the Free Water Surface in the Tank, and the Different 
Contents of Water. 

| Fore Aft 
| | Total. 


| Compartment. | 





Weight of water in tank when partly; tons tons tons 


filled for use as anti-rolling tank 128 | 192 320 
Weight of water in tank when entirely | 

filled for use as ballast tank .. os 232 | 348 680 
Increase of MG :— in. | in. in. 

Tanks partly filled ve sh --| L388 | 206 3.43 

Tanks entirely filled .. a --| 1.89 | 2.84 4.73 


Diminution of MG :— 
With tank partly filled in conse- 
quence of free surface of water ..| 4.92 | 7.40 12.32 
Taking into consideration the in- 
crease of MG in consequence of the) 


partly-filled tank 3.54 | 5.35 8.89 


_ In the above table MG signifies the metacentric height 
in inches for an average cargo-ship of 22,000 tons 
displacement. 

‘he rolling period of a ship corresponding to the 
Laconia can be employed for the approximate calculation 
of her metacentric height by using the following formula : 

MG = (02)? in inches, 
t signifying the duration of a double period of oscillation 
in seconds—i.e., the duration of a rolling movement from 
port to starboard and back to port. 


stiff. This will generally be the case during the | 
first — of the voyage, as long as the bunkers are | 
lled, in which case the reduction of stability | by the rolling curves of the vessel. 


still 





latter being suspended in a Cardan ring, shown in 
white around the motor, and counterbalanced by a 
weight, so that the whole gyroscope thus formed 
remains stable. The gyroscope rotates at about 
2600 revolutions per minute. The Cardan ring is 
suspended in a stand, which has to he so located 
on board of the ship that’ the axis of rotation is 
parallel to the longitudinal axis of the ship. In 
consequence of the high number of revolutions the 
gyroscope possesses great inertia, so that the oscilla- 
tions round the axis of the Cardan are executed 
in very slow periods of 1 to 14 minutes’ duration. 
It therefore remains almost uninfluenced by all 
rolling and pitching oscillations of the ship, because 
these are executed in much shorter periods. The 
axis of rotation of the gyroscope tends to conserve 
its vertical position in spite of the ship’s motions, 
and the relative movements of the stand with refer- 
ence to the gyroscope represent the rolling of the 
ship. These relative movements, by means of a 
special arrangement, are transmitted to the right- 
hand pencil recording on a strip of paper moved by 
the electric motor behind the clock. 

Under certain circumstances, hi wever, the gyro- 
scope-pendulum can be influenced by lateral accele- 
rations in consequence of turning movements 
round a vertical ax's of the ship (swaying or 
sheering), which will produce precise movements 
of the gyroscope, executed in its individual slow 
period. These movements are noted in the recorded 
diagrams in the form of long curves, overcut 
In this case | 








shaft of the motor of the recording device is fitted 
with ring lubrication. 

Some trials were made with the apparatus on the 
voyage of the Laconia from the Tyne to Liverpool, 
round the North Coast of Scotland, at the beginning 
of this week. Unfortunately, however, there was 
not at any time a really heavy swell at sea. Going 
through the Pentlands in the early hours of Monday 
morning there was a 10-mile head-current running, 
with a 30 to 40-mile wind on the port beam, giving 
the ship a list. The effect of the contrary wind on 
the ‘‘mill-race” offered opportunity for trying the 
effect of the tanks, although the conditions were not 
by any means completely suitable. We reproduce in 
Fig. 4 the graph taken by the gyroscope-pendulum 
already described, but the datum line should not be 
mistaken asa basis for measuring from the upright ; 
the in-trument can be set to give such a datum 
when the ship is in an upright condition by means 
of an adjusting-screw in the apparatus, but this had 
not been done before departure from the River 
Tyne, owing to want of time. When the tanks 
were out of action the rolling motion of the ship 
seemed to be uniform with regard to a fixed axis — 
viz., the axis about which the ship would oscillate 
in still-water forced rolling conditions. When the 
tanks were put in action the oscillations became 
less in amplitude, but appeared to centre about 
an axis which was itself oscillating. This will be 
at once apparent if a line is drawn through the 
centres to give the ‘*mean” arc of rolling. It 
is probable that under more severe weather con- 
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ditions on the Atlantic, without the disturbing 
effects of currents, the results of the anti-rolling 
tank in action would be not only more uniform, but 
more effective. The general result gives confidence 
in the belief that the anti-rolling tank will be 
thoroughly effective when the vessel is subjected to 
Atlantic waves. Continuous observation will be 
made by a member of the Naval Arehitect’s staff of 
» the Cunard Company. tet 

As to the speed performance of the ship little 
need be said; the feature was the remarkable 
agreement between the Laconia’s steaming and 
that of her sister-ship, the Franconia, on the 
corresponding trip early this year. We had the 
times when the latter passed many cross-bearings, 
and, allowing for the difference in the hour of depar- 
ture from the Tyne, there was striking agreement 
throughout the 685 miles run. This regularity in 
steaming is a desideratum in all mail and passenger 
liners, ensuring punctuality in arrival. e twin 
engines of the Laconia, as of the Franconia, are of 
the quadruple-expansion type, with cylinders 33 in., 
47 in., 67 in., and 95in. in diameter by 60 in. 
stroke, and are representative of the best prac- 
tice, embodying all features conducive to economy 
and reliability. There are six boilers of the 
double-ended type, 17 ft. 6 in. in diameter and 
21 ft. 6 in. long, worked under natural draught. 
We described the machinery of the sister-ship, so 
that it only remains to say that the Franconia in 
service has steamed regularly on a coal consumption 
of about 200 tons per day for all propulsive pur- 
poses, which, in view of the nger and cargo- 
earning capacity, is thoroughly satisfactory, and 
indicates that Mr. John Currie, who succeeded Mr. 
James Bain—the doyen of superintending engineers 
—is maintaining the credit of the line from the 
engineering point of view. 

The ship was built, like the Franconia, by 
Messrs. Swan, Hunter, and Wigham Richardson, 
Limited, and the machinery by the Wallsend Slip- 
way and Engineering Company, Limited, so that 
Dr. G. B. Hunter and Mr. Andrew Laing, the 
heads of the respective firms, have again been 
associated in another Cunard success. It is a 
further interesting fact that, with the Laconia’s 
machinery, Mr. Laing’s contribution to the Cunard 
fleet exceeds a quarter of a million horse-power, 
made up by sandny for fourteen vessels, built 
by six different shipbuilding firms, having works 
on three rivers—the Clyde, ‘Tyne, and Wear. 





THE STRENGTH OF MONOPLANE 
WINGS. 


Tue fact that another fatality has occurred with 
a monoplane owing to the wings collapsing draws 
attention again to the question of their adequate 
strength. The whole question of the strength of parts 
in aeroplanes, as in anything else, can be looked 
at from two different points of view. We may either 
provide barely sufficient strength to stand with the 
most skilful ible handling, blaming the pilot for 
anything which goes wrong, or we may build the 
machine capable of standing any stresses it is likely 
to be put to, giving a sufficient margin for any 
reasonable unforeseen contingencies ; or we may take 
some course between these two. The second course 
is that followed in most engineering matters, and 
with good results. 

In the case of a monoplane flying level in still 
air the stresses on the wings are of two principal 

rts. The greater of these is the vertical one, 
ie to the weight of the machine resting on the 
wings. This is usually resisted by suitable ties. 
The other is the horizontal stress caused by the 
resistance of the wing to its e through the 
air. This is very much less than the former—say 
between one-twelfth and one-sixth. It usually has 
little to take it, except the stiffness of the spars 
and battens, though in some ¢ases a forestay or 
some sort of diagonal bracing is provided, as is 
almost invariably the case with biplanes. 

While there is little doubt that in most cases the 
monoplane has strength enough to stand both these 
stresses while fiying exactly level, it is not clear 
how much margin there is. As the weight of the 
machine is a fixed quantity, it is obvious that 
the only way in which the vertical stresses 
can be augmented is through its inertia. Thus, 
if a sudden turn to the horizontal is made after 
a rapid descent, there is a considerable augmenta- 
tion to the vertical stresses. It is quite easy to 


calculate what this stress is, granted that we 





know at what s the machine is moving and 
what radius can be turned, but both these appear 
to be matters for estimation. There is, however, 
no doubt that in this way a very considerably in- 
creased stress can be put on the wings. As they 
are stayed to the running chassis, as a rule, there 
should, however, be little difficulty in making the 
stays strong enough to take any reasonable possible 
increase. 

In the case of a rapid descent there is, however, 
another increased stress which there appears often 
to be no provision for at all—that is, the horizontal 
stress. As the wing moves through the air faster 
the endways pressure increases. If the machine 
were tipped right up on end, it would accelerate till 
the resistance of the parts balanced the weight, and 
as the resistance would be mainly due to the wings, 
it would simply mean that the weight was carried 
on them ; that is to say, the horizontal stress on 
the wing in this condition would be equal to the 
vertical one when flying level. 

It is not, of course, suggested that any aviator 
would in practice tip his machine up and try a 
vertical descent, but there is no doubt that a 
small increase in speed would cause a very great 
increase in the horizontal stress. Such increase in 
speed may be intentional, in which case, of course, 
the aviator, if previously advised of the risk, has 
the matter in his own hands. There may, how- 
ever, be occasions in which it is unintentional and 

ssibly unavoidable, and therefore it appears that 
it should be provided for. We have referred to 
this matter before, and pointed out the weakness 
of monoplane wings horizontally, and the possi- 
bility of accidents therefrom, in our issues of 
January 12 and March 25, 1909. 

Of course, the matter is largely a commercial one 
from the constructors’ point of view. Aeroplanes 
have, so far, been sold largely on the results of 
competitions, and in these it naturally pays to cut 
cut down the margin of safety to the smallest 
possible, and to trust to exceptional skill on the 
oe of the aviator to jockey the machine through. 

f the aeroplane is to be of practical use, however, 
the opposite course must be pursued, and safety 
and consistent running must come before speed. 

Meanwhile pilots who want to have a machine 
whose wings will not collapse under any reasonably 
possible circumstances, must either see that their 
monoplane wings have the necessary longitudinal 
strength or else must buy biplanes. 








THE MARINO GALVANISING 
PROCESSES. 


THoveH galvanising is the oldest branch of 
applied electrochemistry, the time for striking 
novelties is by no means past. The Harvey 
Electrochemical Company, of Camden Town, were 
last week able to display some remarkable novel. 
ties in electro-plating at their city oftices in Norfolk 
House, Laurence Pountney-hill, E.C. The most 
striking feature was, perhaps, the direct electro- 
plating of porcelain, glass, stoneware, &c., with 
silver, gold, copper, nickel, &c. There were china 
teapots, entirely silvered on the outside so as to 
suggest a silver vessel lined with porcelain ; vases 
gilt all over or in pat; glass dishes with thick 
silver rims, directly coated on the glass; bronzed 
statuettes, prepared by copper plating the plaster 
or stoneware and exposing the copper to fumes ; 
ornamental door-plates of glass, with gold patterns 
in bas-relief. There were also wood mouldings and 
laths coated with copper, convenient for making 
metallic joints. To the engineer another kind of 
novelty will be of greater interest. The difficulty of 
aluminium plating seems to have successfully been 
overcome, and aluminium can itself be deposited 
from ordinary baths. Specimens of aluminium 
tubes coated with copper, zinc, and brass were to 
be seen. Such aluminium will resist the action of 
sea-water, and it can be soldered, and what that 
means to the automobile industry, to boat-builders, 
to manufacturers of radiators, and others, need not 
be emphasised. Finally, horn-plates, screw-bolts, 
chains, &c., belonging to ordinary scaffolding out- 
fits, were shown, all the iron being coated with 
zinc by a new process, as simple and direct as the 
others, and equally inexpensive. 

All these processes are the inventions of Mr. 
Quentin Marino, son of Professor Pascal Marino, 
late of Naples, now at Brussels. Mr. Q. Marino 
is associated with his father in these researches, and 
has been living in this country for about six months. 





The results of many years of those experiments 
certainly appear promising. There are several 
quite distinct processes involved in the novelties we 
have mentioned, but information can so far only 
be given about one of them, the electro-plating of 
china and glass. The surface of the glass has first 
to be roughened. This is effected with the aid of the 
emery-wheel, or of the sand-blast, or by chemical 
means with the aid of hydrofluoric acid. When the 
surface is glazed, a mechanical treatment has to be 
applied in the first instance. In the case of biscuit 
porcelain, stone-ware, &c., the etching with hydro- 
fluoric acid can at once be resorted to. The acid 
is neither pure nor concentrated. It contains some 
salt of the metal which is subsequently to he de- 
posited—e.g., copper or silver; sometimes both 
these metals are used, silver nitrate being precipi- 
tated with cuprous oxide, and the precipitate, a 
complex compound, dissolved in hydrofluoric acid. 
This solution is smeared over the object, and the 
metal or two metals (silver and copper in the case 
mentioned) are then reprecipitated on the object so 
as to form a molecular coating which will adhere to 
the surface. This is done in one of two ways. Either 
the surface is dusted over with a powdered metal 
(generally zinc or copper) which will reduce the 
metal contained in the fluoride; this powder is 
well rubbed into the surface and the excess of 
powder brushed out afterwards. Or the still wet 
surface to which the acid had been applied is 
pressed against a revolving brush consisting of 
very fine wires of zinc, copper, or brass. These 
metallic hairs come in contact with every point of 
the surface, and their tips form local couples with 
the metal dissolved in the acid or already deposited 
from it, leading to the deposition of more metal on 
the stone or glass surface. 

This is practically all the novelty in the process. 
The whole treatment does not take more than a 
minute or two in the case of a cup, ornamented in 
haut-relief, which is then at once suspended from 
the cathode of an ordinary copper bath. A couple 
of minutes later the cup looks all coated with well- 
adhering copper deposit. Silver, gold, nickel, &c., 
are deposited in the same way. When metallic 
initials or ornaments are to be produced on porce- 
lain or glass, the pattern is etched into the ware 
mechanically or by means of hydrofluoric acid. The 
coatings adhere strongly; tests which we made 
showed that the deposit cannot be peeled off ; it 
will come off when a knife is forced under the 
metallic surface, but some of the china comes off 
with the metal. Thick metal rims (on entrée 
dishes, &c.) have hitherto been fixed to glass and 
china with the aid of plaster-of-paris or other 
compounds, and the adhesion left much to be 
desired ; now rims may be deposited in any thick- 
ness. It is clear that this direct galvanising of 
glass, porcelain, stoneware, &c., will find very 
varied applications ; metallisation will be useful in 
the making of glass apparatus, the dentist will wel- 
come gold-backed artificial teeth, and the plumber 
will be able to solder his lead or iron pipe to the 
coppered thread of a stoneware elbow or pan. 

As regards the plating of aluminium with other 
metals, we can only say that the articles are pickled 
in hydrofluoric acid, and that excellent deposits of 
brass, copper, and tin are obtained, which improve 
the appearance of the metal, and allow of its being 
soldered with the common materials. Lug-clips, 
carburettors, radiators, &c., of aluminium may now 
find general application. Aluminium itself is 
deposited on iron or brass from a neutral bath 
which does not contain any inorganic acid ; currents 
of 2 volts are used. The process seems as simple 
as coating with zinc ; we saw a gas-bracket coated 
in a few minutes. The zinc-bath of Mr. Marino 
is also neutral, and free from inorganic acids; and it 
is for this reason, he considers, that screw-threads, 
&c., are galvanised uniformly with the greatest 
ease. Iron appliances for scaffolding and other 
p chains, bolts, horn-plates, &., are first 
washed in caustic potash, and then in diluted 
hydrochloric acid and rinsed in water. The articles 
afterwards pass into the zinc bath, in which they 
quickly become covered with a uniform coating 
of zinc, which brightens under the brush or in the 
sawdust barrel. Mr. Marino also deposits an alloy 
of zinc and aluminium on other metals; in this case 
an acid bath is used. The anodes in alloy deposi 
tion may, as in other processes, consist of the alloy 
or of one of the metals only, the other metals being 
contained in the bath. Considering the great sim- 
plicity of the Marino processes, his claims for 
cheapness may be well substantiated. 
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NOTES. 
Licutmnc By Neon TvusEs. 


As has long been known, a vacuum tube charged 
with neon gives a brilliant light with but little 
absorption of electric energy, yet, as with other 
vacuum tubes, there is a progressive absorption 
of the gas, and the light finally becomes extin- 
guished. In a note presented before the Paris 
Academie des Sciences, M. G. Claude describes 
a number of experiments made to overcome this 
drawback. He found that with the tubes first 
used, having small electrodes, the latter heated 
rapidly, nearly to redness, and a metallic deposit 
formed on the glass in their neighbourhood. 
After eight hours’ working the amount of this 
deposit was as much as 1.6 grammes. On examin- 
ing the deposit he found that neon appeared to be 
occluded in the metal. Since the disappearance 
of the gas was thus a consequence of the vapo- 
risation of the electrode, M. Claude reasoned that 


the life of the tube would be increased by using} Fra 


larger electrodes, which would keep cooler. With 
this object he constructed a neon tube 45 mm. 
in diameter, having copper electrodes equivalent 
to a surface of 300 sq. cm. per ampere of current. 
One of these tubes worked satisfactorily at the 
Salon de l’Automobile for 210 hours, when it was 
accidentally broken. Since then, with a tube 
6 metres long, and having electrodes presenting a 
surface of 500 sq. cm. per ampere, M. Claude 
found that the potential difference necessary to 
maintain the current only changed by 4 per cent. 
in 400 hours. The efticiency is stated to be 
excellent, being 0.8 watt per candle. In this con- 
nection it is, perhaps, of interest to note that, were 
energy wholly convertible into the light to which 
the eye is most sensitive, the output would be 
55 candles per watt, according to recent measure- 
ments of MM. H. Buisson and Ch. Fabry. 


PERFORATION Tests OF SHEET METAL. 


Some years ago Jules Persoz, of Paris, director 
of the Condition des Soies et Laines de Paris, intro- 
duced an apparatus for textile testing, which found 
favour. The paper or cloth was clamped between 
annular jaws, so as to leave a disc unsupported. 
Against this disc was forced a mandrel ending in a 
spherical point, and the force required to break or 
tear the fibre was considered to be a better criterion 
of the strength of the material than could be 
obtained by the ordinary folding and stretching 
tests. In the Revue de Métallurgie of August last 
Persoz now describes an adaptation of this method 
to tests of sheet metal, and he claims the same 
advantages for this method, because, among other 
features, the direction of the rolling and of the 
texture in fibrous materials would not influence 
his test, while it is of importance in folding and 
bending tests. The simple apparatus consists of 
two frames, which slide in one another. The load 
is applied to the frame, which carries the tool and 
also a traction dynamometer. The other frame 
supports the specimen-holder, against which the 
tool is pressed when the two frames are drawn 
apart. The specimen is held between ring-shaped 
clamps, which leave a circle of 100 mm. (4 in.) dia- 
meter exposed ; the tool ends in a sphere 25 mm, 
(1 in.) in diameter. When the tool is pressed 
against the disc, the disc bulges out in the shape 
of a nipple until it splits, sometimes diametrically, 
more frequently in an are which lies at the circum- 
ference of the nipple. Some of the fine photo- 
graphs illustrating the article show the nipple 
surrounded by very regular annular corrugations. 
The rise of the nipple is regarded as an indica- 
tion of the ductility of the material and of its 
homogeneity. The experiments were made with 
sheets of iron and steel of different compositions 
and degrees of hardness, and also with sheets of 
brass, lead, &c. The thickness of the sheets 
ranged from 0.36 mm. up to 0.56 mm., and an iron 
sheet of 0.5 mm. thickness split under a load of 
230 kg., when the metal had bulged out to a height 
of 13 mm. The test is particularly recommended 
for sheet metal which is to be embossed. 


Tue Finances or Cuma. 
The struggle which is at present going on in 
China will have most important noel. ws whatever 


side is ultimately victorious. China is now pretty 
fully awake, and most important developments may 
be expected in the near future. The foreign Powers 
cannot allow the country to fall into a state of chaos, 
on account of the trade and financial interests 








which they have in it, and, at the same time, the 
close relations which now exist between the various 
Powers in the Far East do not admit of any one of 
the Powers turning the ay to account to 
achieve its own designs. From a recent issue of the 
Tokyo Economist, we learn that since the late China- 
Japanese War, China’s re - loans have very | 
greatly increased. Prior to that war the balance | 
of her foreign loans did not exceed 48,0001. sterling, | 
but they have now incréased to nearly 170,000,00U/. | 
sterling, as the following table indicates :— 

















ek oe In- |Outetanding 

| Iesue. terest. Amount. 

| pc, £ 
Prior to the China-Japanese War. 
Chartered Bank loan .. -.| 1886 | , 3 48,000 
After the China-Japanese War. 

Hong Kong and Shanghai silver loan| 1894 | 7 817,500 
Juichi Bank gold loan .. oe -+| 1895 | 6 4,667,000 
nco-Russian gold loan ae --| 1895 | 4 16,427,476 
Hong Kong and Shanghai gold loan | 1895 | 6 1,200,000 
Chartered Bank gold loan . --| 1895 | 6 466,700 
Anglo-German gold loan - --| 1896 | 5 13,342,625 
Second Anglo-German gold loan ..| 1898 | 44 14,584,000 


After the Boxer Trouble in North China. 


A loan on ne oa - --; 1901 4 10,257,254 
B loan ee es oe os -.| 1901 4 9,000,000 
C loan as ne a be . | 1901 4 22,500,000 
ae ig’ an CSR 4 | 7,500,000 
E loan _ : ee es ..| 1901 | 4 17,250,000 
English currency loan .. oe ° | 1905 | 5 403,333 
Anglo-French gold loan oe --| 19008! 5,000,000 
Railway Loans. 

Chinese-Eastern Railway loan 1896 6 750,000 
Intra-Mural Railway loan... 1898 5 2,070,000 
Chengta Railway loan.. - 1898 5 16,000,000 
Pekin-Hankow Railway loan .. 1898 5 4,500,000 
Pienlo Railway loan as ..| 1904 5 1,000,000 
Shanghai loan .. ee es - | 1904 5 | 2,900,000 
Tao-kin .. _ * ee .-| 1905 5 | 700,000 
Hsinmintun-Mukden loan... --| 1905 5 | 32,000 
Post and Telegraph Department loan! 1905 5 | 6,000,000 
Kilin-Changchun Railway loan -+| 1907 5 80,000 
Canton-Kowloon Railway loan 1907 5 1,500,400 
Yeh-Han Railway loan .. at | 1907 5 | 1,000,000 
Shanghai-Hanchow Railway loan | 1907 56 | 1,500,000 
Kyukiang Railway loan ot aa 6} | 1,600,000 
Tsen-Pin Railway loan .. ..| 1909 5 | 5,000,000 
| epappininetipantan 

Grand total | 166,995,888 








Besides those included in the above list a few more 
loans have been contracted, in addition to numerous 
local loans, so that China’s total loans are believed 
to reach a considerably higher figure. It is diffi- 
cult to arrive at a correct estimate of the national 
revenue and expenditure of China, but the Budget, 
as revised by the Senate, for the present fiscal 
year puts the total expenditure at 333,000,000 taels, 
the deficit in revenue amounting to 14,000,000 taels, 
and the present conditions do not make it possible 
to increase the revenue to any great extent. More- 
over, the civil war will necessarily decrease the 
revenue from taxes, while increasing expenses. The 
Tokyo Economist says :—‘‘China must therefore have 
recourse to foreign loans to make both ends meet. 
The war will impede productive industries, and 
increase unproductive loans. The financial position 
of China will thus be rendered increasingly difficult. 
Should a few countries, having ambitious designs, 
take advantage of the opportunity, the collapse of 
China will be inevitable. We must therefore hope 
that the Japanese nation will watch the develop- 
ment of the situation keenly.” It is, however, 
to be hoped that order will soon be restored in 
China, and that a strong Government may be able 
to guide its destinies without the intervention of 
the foreign Powers, as that would inevitably lead 
to international complications, which would bring 
about very serious consequences. 








Tue Roya Society or Arts.—At an ordinary mosting 
of the Royal Society of Arts on Wednesday last Mr. W. 
Y. Lewis, A.M.I. Mech. E., a paper dealing with 
traffic problems and the advantages of ‘‘ Continuous 
Service in Passenger Transportation.” Mr. Lewis re- 
viewed the present conditions of traffic in London, and 
suggested the employment of a continuous transportation 
system worked with a worm of variable pitch. The pro- 
system is known as the Adkins-Lewis system, and 

r. Lewis advanced many claims in its favour. The idea 
is to keep the traffic always moving, the cars —- a 
slow oun at the station and never being brought actually 
to rest. The author went into severa! details, such as the 
negotiation of curves, &c. Change of grade and of curva- 


INDUSTRIAL NOTES. 


As arranged, the conference between the railway 
companies and the representatives of the railway men 
commenced on Thursday last at the Board of Trade, 
but, after a sitting of only about two hours, it was 
adjourned at 1.45 until 5 o’clock, and after that till 
the following day. During the interval in the after- 
noon the men’s representatives adjourned to the 
Houses of Parliament, and had a consultation with 
some of the Labour Members. The representatives of 
the companies adjourned to the offices of the London 
and North-Western Railway Company in Parliament- 
street, where they met representatives of other com- 
panies. The reason for the adjournment in the afternoon 
was not announced. The conference was continued on 
Saturday, but was again adjourned, this time until 
Monday, when an agreement was at last come to, and 
the findings of the Royal Commission, with certain 
modifications, were accepted. 

The ment is a comproniise regarding recogni- 
tion. The effect of the compromise on recognition 
appears to be that, should the men raise any question 
it is to be discussed by the companies and their own 
men withovt interference from outside ; and if the 
parties can agree, the matter is at an end. Failing 
agreement it must be referred to the Conciliation 
Board, at which the men may be represented by 
someone whom they may appoint and in whom they 
have confidence, though not necessarily anyone in the 
employ of the com In case the company should 
wish to alter the conditions of service adversely, after 
due notice by circular the matter will go directly 
before the Conciliation Board, in which case the 
men will have the benefit of their chosen advocate 
from the beginning. Less time than heretofore is to 
ela in getting the Conciliation Board to work, 
and a more exact time-limit is laid down. The com- 
pany shall receive a deputation within fourteen 
days from the receipt of a petition, and shall give 
a reply within twenty-eight days of the reception 
of the deputation. With regard to the signing of the 

tition by at least 25 per cent. of those concerned, it 

as been agreed that each company shall settle with its 
employees the question of percentage. Elections to the 
Conciliation Boards made in 1911 are to stand good, 
except when the reorganisation of grades may compel 
new elections. The Commission scheme provides that 
settlements under the scheme of 1907 shall remain in 
force until July 1, 1912, and thereafter until ‘* varied, 
superseded, or nullified.” This provision remains, but 
it is now agreed to abandon clause 48, under which it 
was competent to reopen after July 1, 1912, any ques- 
tion which had been dealt with under the 1907 scheme. 
An important addition to the agreement has been made 
by the companies with reference to extra and casual 
men employed in the goods traffic. These men are 
to be paid at hourly rates not lower than the 
minimum rates of permanent men. This affects a 
class of men in the North of England who were par- 
ticularly dissatisfied. The companies are given power 
to select as their representatives on the Conciliation 
Boards railway directors as well as officials. There 
are also a few other minor changes effected by the 
agreement, relating chiefly to enall eamgenion. 

Having now arrived at the above terms of agreement, 
which appear to be satisfactory to both parties, it is 
sincerely to be hoped that these terms will be loyally 
kept and that we shall hear no more for a long time to 
come of serious friction between the railway companies 
and their men. Concessions to the men have now 
been granted on all the important lines, as well as an 
increase in wages which will represent very substan- 
tial reductions in the profits of the companies. 





It appears that the railway companies have now 
arrived at a common decision with regard to the in- 
crease of passenger fares, which has been in contempla- 
tion for some time, in order to meet the increased 
cost of working caused by the recent advances in 
wages to the lower grades. Ordinary fares are to 
remain as before, for it is thought that the narrow 
margin of variation ible within the statutory limit 
of ld. a mile would hardly compensate for the dis- 
location and general inconvenience which any far- 
reaching revision of the fares between stations would 
involve. The cheaper fares will be affected, for 
these have for some time been considered by the 
companies as uneconomical, in view of the continuous 
upward tendency of working costs. It is therefore 
expected that a 10 per cent. rise on excursion fares 
will be added. No date has as yet, however, been 
accepted for bringing the intended change into opera- 
tion, On most lines contract ticket-holders ieeip bua 
singled out to bear some share of the added charges. 
The revised scale of charges for season-tickets on the 
North-Eastern Railway Company’s system, according 





ture are arranged for by having gaps at these points, the 
screw being at these at  § low pitch and following 
cars helping the preceding one to cross these gaps. These 
points, it is stated, would be arranged at stations where 
the screw pitch would be 8 deg. only, compared with the 
maximum of 53 deg. at points between stations. | 





to the Times correspondent in the North of Eng- 
land, comes into force on the first of next eath, 
and is as follows, taking simple distances and third- 
class rates :—For 10 miles, increase from 7/. to 7/. 15s. 
on the yearly rate ; for 20 miles, increase from 11/. to 
12/.; and for 30 miles, from 13/. 10s. to 14/. 10s. In 
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the case of first-class season tickets, whilst there is 
an increase for some of the short distances, there is 
a reduction on those for distances over 14 miles, the 
company having taken advantage of the revision of 
the scale to bring its first-class rates into more 
regular relation to the third-class rates ; the variation 
in future will be a uniform difference of 50 per cent. 
It is also expected that a general beginning will be 
immediately made with the increase of cheap bookings 
over two or more companies’ lines. The North-Eastern 
Railway Company is, it appears, going to carry out a 
series of experiments during December and January 
before finally determining the precise form its own 
advances of fares shall take. Some of the very cheap 
local excursion trains are to, be withdrawn, and in place 
of the customary cheap Saturday bookings at single fare 
for the double journey, and the 10-day and 17-day 
tickets, the company is now issuing day return tickets at 
single fares between all stations on the North-Eastern 
system, with a few specified exceptions ; and fort- 
nightly return tickets, available to return at any time 
within the fortnight, at single fare and a half for the 
double journey, or jd. a mile. 

On the Midland Railway the ordinary fares are to 
remain the same, and traders’ tickets will be 
advanced 10 per cent. In some cases ordinary season 
tickets will not be affected, while in other cases there 
will be a slight increase, though in no case will this 
be more than 5 per cent. For the present, ordinary 
day fares will remain as before, but in all probability 
they will be increased in the new year. Half-day fares 
have already been advanced. 

On the Lancashire and Yorkshire Railway and the 
Cheshire Line Committee the rates for contract tickets 
will be increased as follows :—24 per cent. up to 
10 miles, 5 per cent. from 11 to miles, and 10 
per cent. over 30 miles, and all traders’ tickets are 
to be increased 10 per cent. The North Staffordshire 
Railway Company will fall into line with the agree- 
ment arranged at the Clearing House meeting, but 
will not make any alteration in the ordinary season- 
ticket rates. All pleasure parties will be charged 
single fare and one-third instead of single fare and 
one-quarter—an increase equal to ld. in the shilling. 
Generally, day and half-day excursions will be in- 
creased by 5 per cent., and week-end excursion tickets 
by 10 per cent. Other companies are increasing their 
fares on similar lines. 





According to the monthly report of the United 
Pattern-Makers’ Association for November things are 
in much the same condition in the trade as they 
were during the previous month, though there was 
a slight difference in the number of members signing 
the vacant-book, the difference being a favourable one, 
probably brought about by the termination of the 
strike at Oldham. At the end of November there 
were 211 members returned.as being out of work, as 
compared with 240 at the end of October, the per- 
centage in both cases being almost identical—namely, 
2.7. On the North-East Coast trade is in much the 
same condition as it has been during the ter part 
of the year, and may be described as good, especially 
in centres devoted wholly to marine engineering. In 
the Clyde district, also, work is plentiful and the 
number of out-of-work members is very small indeed. 
The prospects in Barrow appear excellent, but at 
Belfast things are not so a that city showing the 
largest proportion of members out of work of any 
branch, There is little change to record from inland 
centres, trade round Manchester being good, as it also 
is in the Midland counties. There is some falling off, 
however, in the Metropolitan district. There seems 
to be, on the whole, every reason for satisfaction, 
seeing that the winter months have now been fairly 
entered. 


At the close of this year the Steam-Engine Makers’ 
Society will have entered on the 88th year of its his- 
tory, a history of which it has no need to be ashamed. 
Indeed, few trade unions can look back on such a 
record. It is one of the sound, more conservative 
societies that has gone on quietly and sensibly, making 
sure its foundations, and has not been carried away by 
some of the wild ideas that have d many other 
trade unions where the influence of the wrong kind of 
Socialism has been strongly felt. The tan report 
for December gives cause for congratulations, for in 
spite of the unrest in the labour world generally the 
society has had its share of goorl trade, and shows only 
1.2 per cent. of gaa as tate on the full membership, 
with an average unemployed list of 167 each ang 
compared with 370, 534, and 850 for the years 1910-9-8 
respectively. These figures, it is claimed, are far and 
away the best of any kindred trade union catering solely 
for skilled mechanics. They would, however, have 
been better but for strikes in other trades. Although 
trade has been good, there has been a considerable 
increase in the number of superannuated members 
during the year, there being now 432 upon the fund 
compared with 408 a yearago. The expenditure on 
this account amounted to a cost of 143. per member per 
annum for 1911, against 9s. 4d. per member per annum 





eleven years ago. It is on this account that the 
executive of the society are very anxious that the 
present good state of trade shall continue, and that 
full advantage of the same shall be taken by the 
members, who are strongly urged to set their faces 
against all wanton and useless stoppages. The super- 
annuation fund now stands at 66, ., and the execu- 
tive hope that with care it may in the course of a few 
years stand at 100,000/. 





It is proposed to establish an association for the 
salaried staff of the London and South-Western Rail- 
way Company, and the rules have already been drafted. 
It is to be called the London and South-Western 
Salaried Staff Association, and it will come into exist- 
ence on January 1 next year. It is not a trade-union 
movement, for the clerks, accountants, district super- 
intendents, stationmasters, and other members of the 
salaried staff have always held aloof from the trade- 
union movement ; in fact, the late strike showed that 
trade unionism has got no hold of the men of this 
company. The main object for which this associa- 
tion is being formed is to enable matters affectin 
the interests and conditions of work of the salari 
staff to be discussed, and representations made, where 
necessary, to the board of directors. Public questions 
relating to railways will also be debated at the meet- 
ings, and it is proposed to arrange social gatherings in 
the various districts at intervals. The subscription 
will be only 1s. a year. Mr. W. C. Wiltshire, of the 
station superintendent’s office, Waterloo Station, was, 
we believe, the moving spirit in this scheme, with the 
result that all over the company’s system his efforts 
have been much gee and it is expected that 
practically the whole of the salaried staff, which 
numbers about 10,000, will join the organisation. 
Kight district committees are being formed, and a 
central committee has been appointed, to which the 
district committees will report. 





On Thursday in last week it was announced that 
the coalowners and the miners had definitely decided 
to consider the minimum wage question from the 
national standpoint, the matter to be discussed at a 
meeting of delegates representing the parties interested 
throughout the country. December 19 is the date fixed 
for the meeting. The Coal Conciliation Board for the 
federated districts of Great Britain, which cover the 
whole of England and North Wales, except Durham, 
Northumberland, and the Cleveland district, decided 
last week to meet again on December 18, and the 
Miners’ Federation will meet in national conference 
on December 20, when the results of the negotiations 
on the two preceding days will be considered. 





It will, no doubt, be remembered that the National 
Shipyard Agreement can be amended or terminated 
mer next March by tendering six months’ notice, 
and last week the Shipyard Standing Committee, 
under the National Agreement, met in Newcastle to 
discuss the attitude of the joint trades towards the 
agreement. The initiative, as far as ascertaining the 
feeling of their members is concerned, was taken by 
the Boilermakers’ Society, and at the January meeting 
the trades will be asked to record their votes on the 
following propositions :—Shall we continue agreement 
as it is at present? Shall we ask the employers to meet 
us in conference with the joint trades to have the pre- 
sent agreement amended? Shall we, as a society, 
have an agreement ourselves with the employers? 
Shall we notify employers that we desire no agree- 
ment? It is not considered probable that the agree- 
ment will be abolished, but that after representations 
of the joint trades have ascertained the feeling of the 
general body of members, amendment of the 
ment will be sought from the masters. The appren- 
tice question, which has been before the Boilermakers’ 
Society during the last two or three months, was again 
discussed in Howerstte last week by a sub-committee 
of national representatives. An extension of the age 
limit has been asked for by the employers, and counter 
proposals have been submitted. 





The danger of a Christmas strike of Post Office 
servants has been averted. The cause of the trouble 
was that the men were disappointed and annoyed 
because an official inquiry into their grievances had 
been put off until 1913. An exhaustive inquiry 
by a select committee into the men’s grievances 
was held as recently as 1906-7, and the recommenda- 
tions then made took effect on January 1, 1908. 
It is natural, therefore, that the Government should 
not feel inclined to open up the whole question again 
at so early a date. In the face, however, of the recent 
increase in the cost of living, the Prime Minister 
appears to be inclined to give the matter further and 
not unsympathetic consideration. The suggestions 
that the date named for the inquiry should be accele- 
rated appear to have made a favourable impression. 





On Thursday in last week the result of the ballot 
amongst the Durham miners regarding the three-shift 





system was made known, the figures showing 55,583 
votes in favour of abolition, and 21,888 votes 
against, giving a majority of 33,695 in favour. 
The Miners’ Council decided that should the ballot 
favour abolition, and the owners withhold their con- 
—_ support should be asked for to carry outa national 
strike. 





An interesting event took place in the presence 
of shareholders and workmen at the South Metro- 
politan Gas samy ry works at Peckham. This 
was the unveiling by Sir Edward Grey of a statue of 
the late Sir George Livesey, one of the pioneers of 
co-partnership, who was formerly chairman of the 
company. It may be remembered that, when Sir 
George Livesey introduced his profit-sharing scheme 
in 1889 a strike ensued which lasted for two months 
and ended in a victory for the company. The profit- 
sharing principle was adopted in February, 1890, 
since which time unbroken peace has reigned between 
the company and their men, although all around them 
there has been much discontent. At the present time 
the majority of the gas companies of the country have 
adopted co-partnership, the total amount of capital 
represented being 47,000,000/., the bonus to the em- 
ployees last year being 88,812/. 





A note of warning has been sounded by Lord Aber- 
conway, Chairman of the Tredegar Iron and Coal 
Company, in connection with the unrest in the coal 
trade. Speaking at the annual staff dinner of the 
company at Cardiff on Saturday last, he said that the 
prosperity of the coal trade depended on the amount 


of coal rp eo abroad, and if anything cut this off 


it meant absolute ruin to everybody in the coal trade. 
If the output fell a few million tons it meant the dis- 
missal of hundreds and thousands of men, the shutting 
down of a lot of collieries, and general reduction 
of wages. In 1910 the exports only increased by 
650,000 tons, which was a small increase compared 
with the previous year. In the present year, how- 
ever, there had been an increase of a million tons, and 
there was every reason to hope that there would be a 
prosperous year in 1912, The exports of German coal 
were increasing at a faster rate than our own, and coal 
was being carried by American ships to the Mediter- 
ranean ports, iron ore being taken back. Two com- 
petitors were against them and prices were not inclined 
to rise. They could no more squeeze a price out of 
the coal market beyond what the market would give 
than they could squeeze blood out of a stone. He 
knew the price of living had gone up, but they must 
not run away with the idea that any agitation for im- 
possible conditions would succeed. At the next audit 
wages would, he had little doubt, increase by 24 per 
cent., and probably six months later by another 24 per 
cent. 





Mr. Burt, M.P., speaking at a house dinner of the 
National Liberal Club on Monday night, said that he 
did not think that strikes would in future increase in 
number ; but there were signs which led him to think 
that they might have strikes on a larger scale than 
they had had in the past, though he thought they 
would be of short duration. There were signs in 
connection with the industrial movement that he did 
not like. He did not like the tendency to break 
away from awards and agreements. There were other 
signs, however, that he greatly rejoiced to see—among 
others, the improvement of the position of the poor, 
the struggling, and the suffering. 





The Lancashire cotton trade is threatened with a 
stoppage, which will, it is feared, throw out of work 


agree- | about 160,000 hands. The trouble is the outcome of 


a dispute in a mill at Nelson, where a strike has been 
brewing because a few non-unionists are employed. 
It is only another case of the unrest caused by trade- 
union tyranny. The unions called a strike last Wed- 
nesday, and it is said that this action will be followed 
by similar action at all the mills where members 
object to working with non-unionists. As a result of 
this the employers have decided to post up lock-out 
notices at all the mills of the members of the North 
and North-East Lancashire Cotton Spinners’ and 
Manufacturers’ Association, the notices to take eflect 
next Wednesday. 


The monthly report of the Associated Blacksmiths 
and Ironworkers’ Society for the four weeks ending 
December 2 shows that trade continues good in all 
the branches, and everything points to a continuance 
of this desirable state of affairs for a considerable 
time. The membership continues to increase, being 
returned as 3285 this month. There was also en 
increase in the income for the month of 191/. 2s. 10}0. 
over the previous month. The expenditure amounted 
to 532/. 10s. 24d., made up of the following items :- 
Unemployment benefit, 77/7. 6s. 10}d.; superannuation 
benefit, 157. 19s.; sickness payments, 139/. 17s. 744.; 
funeral claims, 45/.; and management expenses anc 
grants, 112/. 6s. 83d. 
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THE MEIJER STEAM THROTTLE-VALVE. 
CONSTRUCTED BY MESSRS. FREDERICK A. PULLEN AND CO., LONDON. 
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Fie. 5. 


Ir is quite unnecessary for us in these days of high, It is also particularly well adapted for the speed 
steam pressures to point out the advantages of | governing or manceuvring of marine engines. 
balanced valves, or valves that admit or shut off; On reference to Figs. 1 and 2, which are respec- 
steam in such a way as to reduce as much as ible | tively a section through the valve parallel with the 
the labour of the operation. The chief thing is | plane of the spindle, and a sectional plan, it will be 
to select a valve that is really efficient in this way. | seen that the valve consists of an outer casing or 
There are, of course, many of these valves on the/| chest A, which has either a solid or renewable face B 
market, and our attention has recently been called to|(in the present case it is solid), and on the top of 
one which is now being introduced into this country | this face is a rotating disc C, in which are radial 
by Messrs. Frederick A. Pullen and Co., 25, Laurence | ports D, Fig. 3. These ports are cast in the disc to 
Pountney - lane, Cannon - street, London, E.C., and | correspond with the ports E in the valve-face. On the 
is illustrated above. The chief advantages claimed | upper side of the disc C a beam or bar F (Figs. 1, 3, 
for it are: that it is very easy to operate ; it occupies and 4) rests, and is held down by the spring G, 
less 8 , and weighs much less, than any other| which bears at its central part against the under side 
throttle-valve of the same size ; it remains absolutely | of the cover H. In the valve shown, the spindle I 
tight after long periods of work; it will not jam | passes up through a stuffing-box and enters a bushed 
or seize in working ; the valve-seat and the valve are | recess in the cover, the recess acting as a guide for 
available for inspection or attention without disturbing | the spindle. The part of the spindle that passes 
the steam-pipe ; there is no scoring of the valve-faces, | through the bar F is square, so that the latter is 
and the valve is specially suited for superheated steam. | actuated by any rotary motion of the spindle. The 





disc C is, however, free.to turn on the spindle as 
indicated in Fig. 1. 

The action of the valve is as follows :—On the spindle 
being turned the bar F moves towards the projection K 
on the disc C (see Fig. 3), and in doing so uncovers the 
two by-pass ports J in the disc and admits a small quan- 
tity of steam to the engine, at the same time balancing 
the disc. If the motion of the spindle is continued, 
the bar F comes in contact with the projection K, and 
the disc C is rotated on the valve-seat and the ports E 
are uncovered to any desired extent until the projec- 
tion K comes in contact with the stop-screw L, in which 
position the valve is fully opened. It will be seen 
that owing to the shape of the ports D and E at the 
commencement of the opening movement of the valve 
the steam passage will be very small and will gra- 
dually increase with the continued rotation of the 
diss C. The edges of the ports in the disc and 
the valve-face act as a shear and will cut any 
foreign substance that may accidentally come between 
the valve and its seat. The valve is balanced 
by recessing the face of the dise C between the ports 
D, which also effects a considerable reduction in fric- 
tional surfaces. For large valves it has been found 
desirable to have the by-pass ports left open until the 
main ports have been closed. This is achieved by 
causing the bar F to wedge in the notch K, which 
in this case is made of a different shape from that 
shown in our illustration. In the shutting movement, 
the bar F carries the disc with it, the wedge action 
being sufficient to hold the bar in the notch until the 
stop K! reaches the stop L', when the continued motion 
of the bar F closes the by-pass port. When the valve 
is closed the bar F is, of course, in contact with the stop 
K', having moved the disc C back. Smaller valves than 
the one shown, up to about 3 in. in diameter, are made 
without the bar F, as no by-pass ports are required, 
gradual admission of steam being secured by the disc 
alone. The valve we illustrate is 6 in. in diameter, 
and has two inlet pipes, as may be seen in Fig. 2. The 
largest size made up to the present time is 8 in. in 
diameter. In Fig. 5 we illustrate in perspective one of 
these valves dismantled to show the various parts ; it is, 
however, one with the spindle arranged over the valve, 
and not below it, as in Figs. 1 and 2. 








Co.ours FoR Piper Systems 1n Works.—The question 
of deciding on standard colours for pipe systems has been 
taken up the Verein Deutscher Ingenieure, the Asso- 
ciation of Miners in the Dortmund District, and the Central 
Unions of German Heating Engineers, and of German Re- 
vision Engineers, and they have come to an understanding 
on the matter. The Zeitschrift des Vereines Deutscher 
Ingenieure of December 2 publishes the agreement. Green 
is to indicate water ; yellow, gas; blue, air ; white, steam; 
black, tar; pink, lyes ; pink with a red ring, acid ; brown, 
oils; and grey, vacuum. A black ring or band indicates 
impurity, a red ring danger; thus a green pipe with a 
black ring carries refuse water, a white pipe with a red 
ring carries superheated steam, a yellow pipe with a 
brown ring oil-gas, a yellow pipe with a blue ring pro- 
ducer gas, with a n ring water-gas, &c. It is not 

roposed to paint the whole pipe, which would indeed 
2 impracticable in many cases, because the colours 
would soon be spoiled. It will be better to fix a kind 
of label of sheet metal at suitable spots and intervals ; 
these labels may also indicate the direction of flow and 
further particulars. 





Tue Export or LapLanp Tron Ore.—The exports of 
iron ore from the large surface iron-ore deposits at Kiruna- 
vaara, in Lapland, via the Norwegian port of Narvik, in 
Ofoten, have been fairly steadily increasing, and the 
market for this ore has materially extended, America now 
also being a buyer. Contracts with large iron works in 
the States have been concluded for considerable quanti- 
ties, and extend over several years. The following table 
shows the exports from the time the Ofoten Railway was 
completed, November, 1902 :— 


Tons. 
1903 oe oe oe ee oe oe 786,210 
1904 ™ ‘ oe be ‘ i 1,182,422 
1905 - és “ a F i 1,493,370 
1906... ; y obi ; ics 1,649,948 
aa ae a a ; ; 1,401,375 
1908 os - oe oe , - 1,517,827 
1909 ti. me i é ea 1,570,676 
1910 - ; » 2,000,000 (about) 


The iron ore from Kirunavaara and Luossavaara has an 
unusually high percentage of iron, and the greater part 
of it contains in addition a considerable amount of 
apatite. The ore generally sold, as a rule, contains no 
less than 97 to 98 per cent. iron ore (magnetite, &c.) and 
apatite. In addition it may contain 1 to 2 per cent. SiOz, 
0.15 to 0.8 per cent. TiO,, 0.2 to 1 per cent. Al,Os, 
0.4 to 1.2 per cent. MgO, 0.15 to 0.5 per cent. MnO, 
and 0.015 to 0.05 per cent. S. In the apatite is a fair 
amount of lime, about 3 per cent. CaO for each 1 r 
cent. of phosphorus. The Kirunavaara ore is scheduled 
in several classes—viz. :— 


A ore, less than 0.5 per cent. P .. about 68 per cent. Fe 


B ,, maximum 0.10 percent. P.. o m = 
C ,, maximum 0.60 percent. P.. » 8 ow pea 
D ,, 0.75 to about 2.5 per cent. P 6tob0 ,, a 
F ,, 2to3percent.P .. 2 

G ” more than 2.5 per cent. P toss ,, ” 


The bulk is D ore with about 1.5 per cent. phosphorus and 
63 per cent. iron. 
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THE PAYSICAL SOCIETY OF LONDON. 


At the meeting of the Physical Society of London, held 
on November 24 at the Imperial College of Science, a 

per on ‘The Maximum Value of the Electric Stress 
js all Two Unequal Spherical Electrodes” was read by 
Dr A. Russell. 

The experiments carried out by F. W. Peek (Journal of 
the American Institution of Electrical Engineers, 1911) 
for the General Electric Company of America prove con- 
clusively the value in practical work of a knowledge of 
how to compute the maximum value of the electric stress 
between high-pressure conductors. With equal spherical 
electrodes the electric stress between them can easily be 
computed from known tables. When, however, they are 
unequal, the calculation becomes so laborious that it is 

rohibitive to nearly every experimenter. The author 
aes formule for this case, by means of which, and 
of the formule for the capacity coefficients given in a 
recent paper to the Society, the calculation is very appre- 
ciably shortened. When the distance between the spheres 
is very small compared with the diameter of either, the 
following approximate formula for Rinax. (the maximum 
value of the electric stress) can be used 


Rinax.=(V/2)[1 + (2b —a)x/(Sab) + { 4(a - 0)? +ab }22/(450%2)], 


where V is the maximum potential difference between the 

electrodes, x their distance apart, a the radius of the 

smaller, and 4 the radius of the larger sphere. In this case 

a knowledge of the values of the capacity coefficients is not 
uired. 

r. E. H. Rayner stated that the value of Rinax. found 
by the General Electric Company was 10 per cent. lower 
than that given by some experiments of his own. 

Professor C. H. Lees py that experimentalists must 
try and verify Dr. Russell’s formula, and asked whether 
the presence of ions between the spheres would alter the 
value of Rinax. appreciably. 

Dr. R. 8. Willows asked how the maximum stress found 
by Dr. Russell agreed with the stress required to produce 
ions. He further pointed out that the os potentials 
are different according as to whether the small sphere is 
positive or negative. . : . 

Mr. Appleyard pointed out the simplification of the 
formula wie the two spheres are equal. 

Mr. W. Duddell observed that now that continuous 
current at from 50,000 to 100,000 volts, with plenty of 
power behind it, was available in London, further experi- 
ments on sparking potentials should be made. 

The author, in reply, stated that he had read Mr. Peek’s 
paper, and that his results agreed with Poynting’s ionic 
experiments to 2 or 3 per cent. With a small Wimshurst 
machine there was a difference of 3 or 4 per cent. in the 
sparking potential, according to whether the small sphere 
was positive or negative. hen the small sphere was 

,0sitive, the electric strength of the air was weaker. This 
ifference, he thought, would disappear if there were more 
power available. 

A paper on ‘‘ The Cubical Expansion of Fused Silica” 
was read by Mr. F. J. Harlow. 

The author described experiments in which measure- 
ments of the cubical pr 2 vw of expansion of fused 
silica from 0 deg. Cent. to 100 deg. Cent., and from 0 deg. 
Cent. to 184 deg. Cent., were made by the weight thermo- 
meter method. The values obtained were 9Sjo) = 99.8 x 
10-5, and oSig, = 144.7 x 10-8. The fundamental coeffi- 
cient is considerably less than that calculated from 
previous linear measurements, whereas 9S), is only 
slightly less. A low value of the fundamental coefficient 
is to be expected, since the coefficient has been shown to 
change sign at about —80 deg. Cent. Observations of 
the ice point before and after heating showed that no 
permanent change in the volume of the bulb occurred 
through heating, thus confirming the utility of fused 
silica for thermometric purposes. 

Dr. G. W. C. Kaye said that the above results should 
be useful now that mercury-in-silica thermometers are an 
accomplished fact, and bid fair to revolutionise mercurial 
thermometry. He pointed out that Mr. Harlow’s results 
did not agree with the linear expansion found by Chappuis, 
Holborn and Henning, or Randall and Scheel. Some 

reliminary results on a silica meter-bar at the National 
hysical Laboratory confirmed these other workers. 

he President remarked that he had found that the 
expansion of silica was practically linear with no ge 
liarities up to 1400 deg. Ceat., though there might be 
some below Odeg. Cent. He pointed out that the cubical 
expansion may not be three times the linear, since silica 
cannot be perfectly annealed. If kept at 900 deg. Cent. 
for a considerable time it devitrifies. 

The author, in reply, said it was . ats possible the 
cubical expansion could not be dedu from the linear. 
He was endeavouring to extend his results to a higher 
temperature. 

A paper on ‘‘ The Temperature Coefficient of Diffusion” 
was read by Mr. B. W. Clack. 

The paper describes further experiments carried out by 
the author with an improved ferm of the apparatus 
previously described (Proceedings of the Physical Society, 
vol. xxi., e 374), by means of which the value of the 
coefticient of diffusion of salts through water can be found 
at various temperatures. 

Special flasks, similar to those already employed, were 
filled with the solution under investigation, and one was 
suspended from each arm of the balance ina large bath of 
distilled water maintained at constant temperatures in a 
thermostat room. The diffusion tubes of both flasks were 
of equal length, but their cross-sections differed consider- 
ably, and a method of differential weighing was used to 
compensate for any small changes in temperature. 

From the rate at which the flasks change in weight 
the value of the coefficient of diffusion of the salts is 





deduced. Figures are given for this value in the case of 
KCl and KNO, at various concentrations and at different 
temperatures, and from these figures the temperature 
coefficient of diffusion is found. , 

Dr. Griffiths remarked that the time taken to attain a 
steady state could be reduced to one-ninth by filling the 
tube for two-thirds of its length with a solution of two- 
thirds strength, and filling the remaining third with water, 
and suggested the use of several narrow tubes instead of 
one wide one. He also suggested the liquids should be 
sterilised. 

Professor C. H. Lees said that Dr. Griffiths’s suggestion 
of using several narrow tubes was important. We were 
much in need of further experimental data regarding 
diffusion. : 

Dr. H. Borns asked whether the apparatus consisted 
entirely of glass. 

The author, in reply, attached great importance to Dr. 
Griffiths’s suggestion. The apparatus was almost entirely 
made of glass. 

A paper on “‘ The a Particles Emitted by the Active 
Deposits of Thorium and Actinium,” 5 | Messrs. E. 
Marsden and T. Barratt, was read by Mr. T. Barratt. 

In a previous paper (Proceedings of the Physical Society, 
August, 1911) the authors showed that if a particles are 
counted on a zinc sulphide screen at a mean rate of u per 
second, then the probability of occurrence of a time- 


interval, of length between ¢ and ¢ + dt, is we ~ #% 
This formula may be applied to test whether two a par- 
ticles are given off simultaneously from a disintegrating 
atom, or whether in any source of a particles there exist 
two successive a-ray products, the latter being of short 
life. 

In the previous paper uranium and polonium were 
shown not to give such irregularities, and in the present 
paper the same result has nm found for actinium and 
thorium active deposits, although experiments of various 
investigators pointed to the probability of positive results. 

The experiments further suggest a lateral disintegration 
in thorium active deposit, and this is proved to be the 
case by results which show that the two a-ray products 
in Thor. Act. Dep. (Th. C, and C,) do not give an equal 
number of a — when the active deposit is in equi- 
librium, which is required by the ordinary disintegration 
theory. Thus it is concluded that of the atoms Th. C, 
35 per cent. give rise toa particles of 4.8 cm. range, and 
65 per cent. to a particles of 8.5 cm. range, with probably 
the intermediate emission of 8 particles. Various cognate 
questions are also discussed in the paper. 

A paper on *‘ The Magnetic Transition Temperature of 
Cementite,” by Messrs. 8S. W. J. Smith, W. White, and 
S. G. Barker, was taken as read. 

The temperature at which cementite (carbide of iron) 
loses its ferro-magnetism is determined sufficiently accu- 
rately for purposes of thermo-magnetic analysis, and 
examples are given to show the possibility of using the 
thermo-magnetic properties of cementite to determine 
— that substance is present in any iron-carbon 
alloy. 

Professor S. P. Thompson wrote expressing his interest 
in the problem Paina. 5 the authors, and suggesting 
that it would be interesting to know whether structurally 
free cementite differs thermo-magnetically from the 
cementite extracted from pearlite. 

The secretary replied that this, amongst other ques- 
tions, had m considered. The paper contained an 
account (intentionally very brief) of a few only of the 
experiments they had made. It was worth remembering 
that under ordinary circumstances two forms of cementite 
probably could not exist in equibrium with iron except 
at one particular temperature. 





COLONIAL AND FOREIGN ENGINEERING 
ROJECTS. 
_ WE give below a series of colonial and foreign engineer- 
ing aye wr Further particulars concerning these projects 
can be obtained from the Commercial Intelligence Branch, 
Board of Trade, 73, Basinghall-street, London, E.C. 
Australia: According to the bulletin of October 23 of 
the South Australian Intelligence Bureau, the Broken 
Hill Proprietary Company, Limited, have been making 
inquiries as to the advisability of establishing iron works 
in connection with the iron-ore deposits, in which the 
Py en | are interested, at Iron Knob, about 40 miles from 
the head of Spencer’s Gulf. At this place there is stated 
to be a quantity of iron ore estimated at 21,000,000 tons. 
The Argus, Melbourne, publishes the text of the Austra- 
lian Premier’s budget speech, from which it appears that 
provision is made for the expenditure in 1911-12 of 
4,306,365. for new works, buildings, &c., the following 
being among the chief items :—Construction of fleet, 
1,515,000/.; Federal capital at Canberra, 100,000/.; wire- 
less telegraph stations, Pennant Hills, and Fremantle, 
16,800/.; telegraphs and telephones, 1,300,000/.; warlike 
stores, 300,000/.; four batteries of field artillery, 45,0002. ; 
rifles for senior cadets, 65,000/.; reserve of gun ammu- 
nition, 31,700/.; armament and stores for fixed defences, 
55,600/.; buildings, &c., in Northern Territory, 26,900/. 
Orders are shortly to be placed for the supply of material 
for three torpedo-boat destroyers of the ‘‘ River” class, 
to be constructed in Australia. Provision is made for 
placing two 9.2-in. guns on North Head, Sydney, and 
also for fortifying Goode Island, which is adjacent to 
Thursday Island. As noted above, an expenditure of 
100,000/. is set apart towards the establishment of the 
Federal capital city. It is er to acquire the 
privately-owned lands within a radius of 7 miles of the 
city site and other ——. upon which works for 
various purposes will be constructed, such as pipe-lines, 
reservoirs, ee weirs, &c. Provided these lands are 
acquired immediately, a sum of 50,000/. could be profitably 





expended on necessary works during the year. These 

works embrace the construction of a weir on the Cotton 

River, a bridge over the Murrumbidgee River, laying of 

water-pipes, construction of a reservoir, a temporary rail- 

way from A egg so to the centre of distribution of 
material, power plant, brickmaking plant, supply of 
timber, road-making, &c. Provision for the connection of 

Papua with Australia by wireless telegraphy has again 

been included in the Estimates. The Budget also pro- 

vides for new postal works and buildings, 1,531,214/.; new 
defence works, 2,510,980/.; and special defence material, 

468,700/. 

Italy.—The Gazzetta Ufficiale (Rome) contains a decree 
ome to the Societa Anonima della Tramvia Milano- 

fagenta-Castano a concession for the construction and 
working of another section of steam tramway in the 
neighbourhood of Castano Primo. 

Mexico.—H.M. Minister at Mexico City reports the 
publication of a contract between the Mexican Govern- 
ment and Sefior Luis B. Arias for the construction of a 
line of railway, 74 miles long, in the Federal District 
(t.¢e., Mexico City and neighbourhood). The gauge is to 
be somewhat less than 1 metre, and steam or other means 
of traction may be employed. The line is to be com- 

leted within a year from the early part of November. 

Jonstruction material, &c., may be imported free of duty. 
Argenti Republic: The Boletin Oficial publishes 

decrees as follows:—No. 8455, authorising the executive 

authorities to draw up plans for extending the Argentine 

Central Northern Railway from San Javier to Recon- 

quista, and earmarking 50,000 pesos (about 4400/.) for 

carrying out the surveying operations. No. 8440, autho- 
rising the same authorities to extend the Salta - Tala- 

Pampa line, belonging to the Argentine Central Northern 

Railway system, from Tala-Pampa to a point called 

eo de las tas, and earmarking a sum of 810,000 
pesos (about 71,000/.) for this purpose. No. 8439, grant- 
ing to Sefior Mariano J. Paunero a concession to con- 
struct and work a railway from Mar del Plata, Province 
of Buenos Aires, to the Chilian frontier in the 
direction of Antuco, passing by way of Carhué, 

General Acha, and Chos- Malal, with a branch to 

Bahia Blanca; nine years are allowed for the com- 

pletion of the whole undertaking. No. 8368, granting 

to the Compajiia Francesa de Fefrocarriles de la 

Provincia de Santa Fé a concession for the construction 

and working of a railway from Reconquista to the 28th 

og passing by way of the colonies of Avellaneda, 
as Garzas, Ocampo, San Antonio, Toscas, and 

Florencia. Nos. 8443, 8437, and 8444, empowering the 

executive authorities to draw up plans for the erection of 

bridges (1) across the River Perucho Verna, on the road 
which goes through Colén (Entre Rios) in the direction 
of Concordia; (2) across the River Parand, with the 
object of opening up direct communication between the 
provinces of Entre Rios, Corrientes, and Territorio de 

Misiones and Buenos Aires ; (3) across the River Yaucha, 

and also further bridges across the Rivers Papagayos, 

La Paja, Hondo, Carrizalito, Diamante, Atuel, and 

Salado, on the road which runs from San Carlos (Province 

of Mendoza) in the direction of the Neuquen Territory. 

No. 8454, authorising the executive authorities to arrange 

for the building of (1) a bridge across the River Guachipas, 

on the road from Veiia to Guachipas, at a cost of 340,000 

= (about 31,000/.), and (2) a bridge across the River 
aqueros, on the road from Salta to Jujuy, at a cost of 

265,000 pesos (about 23,000/. ). 

Brazil ; The Diario Official publishes a decree, No. 9077, 
approving the plans submitted by the Ministry of Ways 
and Communications for the construction of a section of 
line from Apord (on the Timbé-Propria Railway) to the 
40th kilometre, forming part of the extension from Timbo 
toSipé. The cost of these 40 kilometres (about 25 miles) 
of line is estimated at 1,483,300 milreis (about 99,000/.). 

Chili : With reference to the paving works at Santiago 
de Chili, the Commercial Intelligence Branch of the 
Board of Trade is now in receipt, from the Chilian 
Legation in London, of a copy of the specification, state- 
ment of conditions, &c., in connection with the laying at 
Santiago of 70,000 square metres of asphalt paving, for 
which tenders will be received at the Intendencia, San- 
tiago de Chili, up to 10 a.m. on March 10, 1912. A 
deposit of 2 (1s. 9d.) for each square metre of 
paving is required to qualify any tender. The contractor 
1s to leap te paving in good repair for a period of five 

ears. 

. Peru: El Perwano states that permission has been 
ranted to the Peruvian Corporation to extend the Paita 
iura Railway along the right bank of the River Piura 

up te a point opposite Catacaos. 











THE MARINE TERMINAL OF THE GRAND 
TRUNK PACIFIC RAILWAY, PRINCE 
RUPERT, BRITISH COLUMBIA.* 


By Frank E. Kirpy and WittiaAm T. DONNELLY, 
Members. 


WHEN, in 1910, the authors of this paper were retained 
to visit the Pacific Coast for the purpose of studying the 
shipping and marine repair facilities and to visit Prince 
Rupert, the western terminus of the Grand Trunk Pacific 
Railway, they were at a loss how to proceed, for not 
only was Prince Rupert beyond their geographical know- 
ledge, but it also failed to appear upon any available map 
or chart. However, with an abiding faith in the Grand 
Trunk Pacific, they undertook the commission. 

Proceeding to the Pacific Coast over the Northern 





* Abstract of paper read at the eighteenth neral 
meeting of the Society of Naval Architects and Marine 
— held in New York, November 16 and 17, 
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ENGINEERING. 


(Dec. 15, 1911. 





that on account of the high price of labour on the Pacific 
Coast, ample provision for the use of power in every way 
possible should be made. This has resulted in the design 
of an electric power generating-station, with ample capa- 
city for all present needs, and with a large possibility of 
extension. 

As the plans were laid out in such a manner as to make 
the development progressive, constructing those parts 
first which could, when completed, be used in the con- 
struction of the remainder, this outline will be followed 
in the description. 

The first work to be undertaken will be the ‘Pier 
No. 1.” This will be 420 ft. in length and 60ft. in 
width, the piling being on 10-ft. by 5-ft. centres. The 
pier will require about 600 piles. At the same time 
there will be built the platform at the shore end of this 
pier 80 ft. wide by 950 ft. long, having an area of 74,400 
sq. ft., and requiring about 1600 piles on 5-ft. by 10-ft. 
centres. 

At the western end of this platform there will be an 
extension off shore 350 ft. long by about 100 ft. wide, 
and at right angles to this an extension 560 ft. long by 
80 ft. wide for the attachment of the floating ~- ock. 
A double line of diagonal bracing is used in the pile 
work. This is on account of the excessive rise and fall 
of tide at Prince Rupert, which for spring tides is 25 ft. 
The tops of the piles are thoroughly secured by double 
6 by 12 clamps, and connected by 12 by 12 caps. The 
decking is to be of 4 by 12 planking. Piles are to be 
creosoted. The total area of the platform and pier-work 
will be 181,400 sq. ft. The completion of this work, it is 


There will be two main engines of 900 horse-power 
each, and while vertical reciprocating compound engines 
are specified, using steam at 175 lb. pressure and 258 
revolutions per minute, turbine engines will be considered 
as an alternate. 

Jet condensers are specified, but alternate figures will 
be taken for surface condensers. The type to be used 
will depend upon local conditions as to the cost of water 
at the time of installation. Condensing water will be 
obtained through the rock cutting and shaft sunk within 
the power-house, the circulating water being handled by 
a vertical centrifugal pump operated by an electric motor. 

Electric generators are to oe a capacity of 600 kw., 
3-phase, 25-cycle, 550-volt alternating current. For these 
generators there will be provided two steam-driven 
exciters, one of 50 kw. and one of 25 kw. capacity. These 
machines are to be direct current, 220 volts, There is 
also to be a motor-driven exciter of 25 kw. capacity, the 


25-cycle 550-volt alternating-current squirrel-cage type 
motor. 

There will be provided for the erection of this machi- 
nery in the power plant a 15-ton overhead travelling 
crane. This will be operated by electricity, and the 
current supplied will be from one of the steam-driven 
exciter sets. 

For omen | compressed air to the shops of the 
plant, there will be provided a compound Corliss air- 





compressor, having a displacement of 1580 cub. ft. of free 
air per minute when operating at 150 revolutions. This 
compressor is to be designed for a steam pressure of 175 1b. 
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expected, will provide ample space for the landing and 
handling of materials for the rest of the plant. 

In front of the main platform, east of the pier, there 
will be built a launching platform for side launching. 
This will be 80 ft. wide by 440 ft. long, and will 
carried on 16-in. piles on 5-ft. by 10-ft. centres, braced 
and reinforced by heavy piling along the edge over 
which the launching will take place. The outer half of 
the building platform has a slope of 1} in. to the foot, 
which is approximately the launching grade for side 
launching. . 

Electric power is to be furnished for operating the 
pumping machinery of the floating dry-dock, for com- 
pressing air, ‘and to operate machinery in the various 
shops, also for furnishing electric lighting for the plant. 
The building is to contain both boilers and power plant 
under one roof, with fireproof dividing walls, and is to 
be 104 ft. wide by 148 ft. long, having a covered area of 
15,392 sq. ft. The building will be of modern steel-frame 
construction, the walls and roof to be of reinforced 
concrete. 

There will be installed six 400-horse-power water-tube 
boilers, supplied with automatic stokers, chain-grate 
type, such as are known to give good satisfaction with 
Pacific Coast coals. Provision is made for adding two 
extra boilers. There is also a provision for the installa- 
tion of an economiser, in case it is ‘ound that the load- 
factor warrants the expense. Draught will be obtained 
by a steel or concrete chimney 175 ft. high and 11 ft. in 
diameter. An overhead trolley is provided for handling 
coal from storage to hoppers above the stokers, and also 
for handling ashes. 

Provision is made for receiving coal both by water and 
rail. Coal by water will be received at the outer end of 
the pier, for the unloading of which there is provided a 
standard grab-bucket installation, so arranged as to load 
cars beneath the hoppers, the cars to be handled by small 

ard locomotives to the coal pocket of 1000 tons capacity, 
ocated adjacent to the boiler-house. Coal received by 
rail will be delivered direct from the cars of the Grand 
Trunk Pacific Railway, which pass at the rear of the 
property, to the coal pocket approached by an incline. 
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motor for this machine to be a 35-horse-power 3-phase | 


A 15-ton overhead travelling crane will be provided for 
both boiler and machine-shops. The building will be 
supplied with compressed air and a special room will be 
fitted up for the repair and care of air tools. The loca- 
tion of the machine-shop is such that ready access may be 
obtained from the dry dock and water front, and provi- 
sion is made for entering the boiler and machine-shops 
with railroad cars. Provision is also made for the exten- 
sion of these shops as the business develops. 

On account of the excessive rainfall in Prince Rupert, 
it will be necessary to do the work of building the pon- 
toons for the floating dry-dock under cover. In laying 
out the general plan for the property and in view of its 
future development, the ibihty of shipbuilding was 
carefully considered, and while there is no immediate 

rospect for the building of steel vessels so far from the 
pase of material, it was thought advisable, in preparing 
for the building of the pontoons under cover, to make 
the construction of a permanent nature, suitable for ship- 
building, to be used in the immediate future for wooden 
shipbuilding, and later on for steel shipbuilding. The 
building is located over the launching platform and over 

rt of the general platform extending eastward from 

ier No. 1, with foundations carried down to the rock. 
The property is laid out for side-launching, this being 
the only practical development that was possible under 
existing natural conditions. The building about to be 
described is the result of these conditions. 

While side-launching is unusual in Europe and gene- 
rally in America, it is practically universal on the Great 





Lakes, and the general design of this structure is the 











owe in. and for an air pressure of 100lb. The distri- 
ution of the air will be by means of underground piping 
through the yard. 

The entire system of light and power throughout the 


the main floor of the power-house. 

The ground is very difficult, all the property either 
having to be cut down or raised to grade [ “fill.” The 
location of the power-house was determined by the condi- 
tion of the ground, which, at this location, is of roc 
which will have to be reduced to the grade required. The 
cut and fill work is intended to go forward at the same 
time as the pier work, and the power plant will be com- 
menced as soon as the site can be levelled. The rock cut 
for the power-house and yard grading will amount to 
18,000 cub. yards ; the rock-fill for retaining-walls, 57,000 
cub. yards ; and the earth-fill for grading, 73,000 cub. 
yards. The dredging between the pier and the dry-dock 
bulkhead will amount to 100,000 cub. yards to obtain a 
depth of water of 20 ft. at low tide. 

he combined boiler and blacksmith shop is to be 
76 ft. wide by 150 ft. long, the central part to be 33 ft. 
wide, provided with a 15-ton travelling crane. The 
design is of the usual steel-frame shop construction, and 
will, in this instance, be covered with wood. The flooring 
will be of concrete with heavy foundations for the large 
tools. The tool equipment will be very complete, com- 
rising heavy punch and shears, rolls, plate-planer, 
anging clam &c., heavy steam-hammer, and a full 
== of blacksmiths’ tools. 
he building for the machine-shop will be constructed 
from the same set of plans as the boiler and blacksmith’s 
shop. The flooring will be of concrete with special foun- 
dations for la: tools. Ample provision is made for 
thorough lighting and the building will be steam-heated 
throughout. A very complete equipment of machine- 
tools will be provided, comprising all machinery neces- 
sary to handle the heaviest crank and other shafting of 
large steamers ; also boring, drilling and turning machi- 
nery for repairing all the secondary machine equipment 





of steamships. tools will be driven by individual 
motors, the smaller tools being arranged for group driving. | 


( 


result of experience there. The shipbuilding portion of 
the structure is designed to have a covered width of 86 ft. 
by 300 ft. long, with a clear height under cranes of 50 ft. 
and under girders of 56 ft. The shop section of this 
building is to have a width of 80 ft. and a length of 
300 ft. The ground floor will be used for machinery, 
and the upper floor will be used asa laying-out floor. 
The equipment of wood-working machinery will be 
most complete, comprising large re-saw band saw, timber- 


k, | sizer, rip and cross-cut saws, and other wood-working 


and finishing machinery. 

There will be an office and administration building 
40 ft. wide by 100 ft. long, constructed of wood, two and 
one-half stories high. This will be fitted up with draught- 
ing-room, accounting and book-keeping department, and 
private offices. The exact location of this building has 
not been determined, as this will depend largely upon the 
opening and grading of streets approaching the property. 

Referring to Figs. 1, 2, and 3, there will be seen the 

meral design drawing of a 20,000-ton pontoon floating 

ry dock, description of which has been reserved until 
the last from the fact that, as previously stated, it was to 
be almost entirely constructed at and by the plant of which 
it is to be the principal feature. 

This dock is to have an over-all length on keel-blocks 
of 604 ft. 4 in., a clear width of 100 ft., and a width over 
all of 130 ft. The lifting power is the aggregate of twelve 
pontoons of timber construction, each 130 ft. long, corre- 
sponding to the width of the dock, 44 ft. wide in a 
direction corresponding to the length of the dock, and 
15 ft. deep. These pontoons are to be united by steel 
side walls or wings 38 ft. high, 15 ft. wide at the bottom 
and 10 ft. wide at the top, the walls being divided so that 
the whole structure may be used under ordinary conditions 
as three separate docks, one of six pontoons, with an 
over-all length of 269 ft., and two of three pontoons each, 
with an over-all length of 164 ft. each. The largest com- 
mercial ship upon the Pacific Coast at the present time 
is the Minnesota, the outline of which is shown on the 
dock. This vessel would have a dead weight in ordinary 
unloaded condition of approximately 18,000 tons. 

The machinery for pumping the dock will consist of 
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centrifugal pumps operated by electric motors, the capa- ' 
city of the equipment being sufficient to pump the entire ' 
lifting power of the dock in less than two hours. A | 
detailed description of the pumping machinery will be 
given later. : 

The structure as a whole is secured to the shore by the 
engagement of clamps on the dock with a vertical truss 
secured to the pile platform or pier in such a way that it 
is free to rise and fall with the tide, and when being 
raised or lowered with a ship. The location of these 
attachments is such that when it is desired to use the dock 
in three separate sections, the bow section may be de- 
tached and moved around the corner of the pier work 
located as shown on the general plan alongside the plat- 
form, and secured in the same manner as provided for in 
its original position. To make the other two sections 
available as separate docks, it is only necessary to detach 
the middle section, comprising six pontoons, from the 
pier work and advance it the length of the detached 
section, when the sliding clamps upon the wings will 
coincide with those used for the previous section when 
the dock was operated asa whole. This will allow ample 
space between the centre and stern sections for the over- 
hang without interference of vessels which may be docked 
on them. 

As the feature of asectional dock, to be used as a whole 
or separately, is somewhat new, it is desired to call atten- 
tion to the fact that the three largest commercial docks in 
the United States—namely, the 10,000-ton floating dry 
dock of the Tietjen and Lang Dry-Dock Company, built 
in 1900; the 12,000-ton dock of the Morse Dry-Dock 
Company, built in 1902 (both in New York Harbour) ; 
and the 10,000-ton dock of the port of Portland, Portland, 
Oregon—are sectional docks in five sections each. All of 
these docks are of timber construction, and are giving 
excellent service. : 

As previously stated, the pontoons for this dock are to 
be twelve in number, constructed entirely of timber. By 
referring to Figs. 4 to 7, there will be seen the design 
and construction plan of these pontoons. They are to be 
130 ft. by 44 ft. by 15 ft. deep, with a crown of 3 in. at 
the centre, and will have 15 trusses spaced on 3-ft. centres. 
There will be a centre water-tight bulkhead 12 in. thick, 
and above this bulkhead the centre will be reinforced for 
carrying keel-blocks. There will be three partial bulk- 
eat on each side to stiffen the pontoons. All diagonal 
braces are heavily reinforced with anchor-stocks. The 
arch brace is made up of planking through-bolted with 
screw-bolts, and is intended to take the reverse stresses 
when the dock is floating light. This is a considerable 
amount when it is considered that the wings are super- 
imposed weights carried at the extreme ends of the 
trusses, supported by an evenly distributed pressure 
over the entire bottom. Deck beams, 6.in. by 12-in., are 
worked across the upper and lower truss members, carry- 
ing the 5-in. deck and bottom planking parallel to, and 
reinforcing the truss members for the maximum stress. 
This construction also makes it possible to get in double 
vertical tie-rods alongside of bulkheads in such a manner 
that they may be replaced at any time. The whole 
structure is made water-tight by caulking with white 
pine wedges. 

To protect the exterior from teredo and other marine 
worms, it is first thoroughly graved with tar poisoned with 
arsenic, then sheathed with two layers of hair-felt, each 
thoroughly saturated with tar and arsenic, and then 
with creosoted lumber, also treated with arsenic and 
thoroughly secured with galvanised nails. This treat- 
ment, together with the facility for inspection afforded 
by the possibility of detaching and docking any pontoon, 
has been found to give satisfactory protection. 

Each pontoon will require approximately 330,000 board 
feet of lumber, or a total, including outrigger or prow on 
the end pontoons, of 4,000,000 board feet. The whole 
of the lumber will be of selected grade of Oregon pine or 
Douglas fir. 

As previously stated, it is the intention to have these 
pate built upon the launching-platform under the 

uilding-shed, using the tools and equipment provided 
for the plant. Sufficient room has been allowed to build 
three pontoons at the same time. As soon as they are 
launched, they will be moved into the basin between the 
pier and dry-dock platform, and temporarily united 
together in correct relative position by timber clamps, 
when they will be ready for the erection of the steel 


ings. 

For further information relative to the use of wood for 
the construction of floating dry docks, parties interested 
are referred to a paper on “ Fioatin br Docks in the 
United States—Relative Value of V om | and Steel for 
their Construction,” appearing in the Proceedings for 
1910 of the Society a Naval Architects and Marine 
Engineers, 

From Figs. 1 to 3, showing the completed structure, 
and from the details of the wing trusses and plating in 
Figs. 8 and 9, a general idea will be gained of the con- 
struction of the wings. They consist of channel and 
angle frames on 3-ft. centres, corresponding to the trusses 
of the pontoons, and a covering of plating varying in 
thickness from 4 in. to ;; in. The construction is greatly 
facilitated by reinforcing the plating against water 
pressure on the outside by horizontal angles. This does 
away entirely with troublesome intercostal connections 
and gives the material used very much greater value in 
the construction as a whole. 

For the construction of the wings for the completed 
pontoon there are required about 2200 tons of steel. ere 
the wing meets the deck of the pontoon there is a steel 
shoe secured to the frame of each pontoon, and a corre- 
sponding shoe riveted to each frame of the wing. These 
are connected together by a steel link about 15 in. long, 





and pins, the upper one of which is tapered. } in. to the 
foot. The driving of this pin wedges the pontoon and 





wing together. At the point of contact, the bottom of , 


the wing is reinforced by a 12-in. by 4-in. plate, and made 
water-tight by canvas packing saturated with red-lead. 
On the outer side of the wing the method of securing is 
similar, except that the shoe on the pontoon is replaced 
by a cast-steel strap through-bolted to the pontoon. 
Provision is made for multiple punching on uniform 
centres of 3 in. and 6 in. throughout, and the intention is 
to have the material fabricated in Europe or the eastern 
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part of the United States, all frames assembled and 
shipped by water to Prince Rupert. The erection of 
the first section is to be commenced as soon as the first 
three pontoons are launched, the compressed-air machi- 
nery of the plant being used for pneumatic riveting. 

The dock will be pumped by twenty-four 12-in. cen- 
trifugal pumps, one in each end of each pontoon. By 
referring to the illustrations given, the general arrange- 
ment and detailed construction of these pumps will be 
seen. The pump suction will take water from the bottom 
of the pontoon, the suction being protected by a liberal 
area of screen. Delivery will be directly through the 
flood-gate used in lowering the dock. 

The pumps will operate at approximately 275 revo‘u- 





tions per minute, being driven by a vertical shaft. All 
the pumps on each side of each section will be driven 
through gearing and horizontal shafting by one electric- 
motor, as shown in Figs. 2and 8. A jaw-coupling is pro- 
vided in the wing at about the level of the top of the 
pontoon for disconnecting the vertical shaft when the 
pontoon is removed for self-docking. 

For determining the level of water in the wings, a 
water-level indicator is provided. This consists of 
a counterweighted float in vertical guides and a ver- 
tical rod extending through the deck of the wing. As 
the water enters the wing the float rises, and the height 
of the rod above the deck will indicate: the depth of the 
water in the wings. 

A similar device, not shown, is provided to show the 
depth of the water in the pontoon. The flood-gates are 
operated to control the lowering of the dock, and also to 
control the pumping collectively and individually of the 
different pumps, 1t being understood that with the pumps 
running, no water will be delivered if the flood-gates are 
entirely closed, and that, by a regulation of the gates 
without altering the speed of the pumps, any degree of 
control or any distribution of control can accom- 
plished. In case one side is rising too rapidly, the 
partial closing of the gate on that side, without dis- 
turbing the operation of the machinery, will effect the 
control, or the gates may be left at the same opening and 
the machinery stopped. 

By this method a much quicker and more powerful 
control may be obtained, as not only will the discharge 
of water from the dock stop, but will immediately com- 
mence to enter, thus doubling the power of control which 
would be obtained by closing the gates. 

As previously explained, the group of pumps on each 
side of each section of the dock will be operated through 
horizontal and vertical shafting by one electric-motor. 
Thus for the two smaller sections of three pontoons each 
there will be required four 100-horse-power motors, and 
for the larger section of six pontoons there will be required 
two 200-horse-power motors. The motors are to be alter- 
nating-current, three-phase, 25-cycle, 550-volt, and will 
operate at approximately 500 revolutions per minute. 
They are to have wound rotors and slip-rings for variable- 
speed control. The armature-shaft is to be extended on 
both ends, and will operate the distribution - shafts 
through reduction-gearing at a speed of approximately 
275 revolutions per minute. 

While steam-driven air-compressors are provided in 
the power plant to furni-h compressed air for the shops, 
it was deemed inadvisable, on account of ditticulty due to 
the extreme rise and fall of tide, to make flexible air- 
connections to the floating dry dock, and to provide an 
electrically-driven air-compressor upon each section. 

Electric current for operating the air-compressors will 
be taken from the circuits supplying the motors for 
pumping the dock ; and as air will be used only after the 
dock is pumped up, the capacity of these circuits will be 
more than ample. 

Referring to Fig. 3, there will be seen the arrange- 
ment of keel-blocks and bilge-blocks. The keel-blocks 
are to be of oak 12 in. by 16 in. by 4 ft. long, and are to 
havea heightof 4ft. The bilge-blocks are tu be on about 
12-ft. centres, and operated, according to the usual Amer- 
can practice, by means of a galvanised chain on the floor 
of the dock, and a leading rope through 6-in. sheaves 
secured to the wing near the deck, leading up and return- 
ing over the pipe railing around the tops of the wings. 
The return rupe leads to the tail-dog, and is used in 
tripping the dog and pulling the block vut when the ship 
is leaving the dock. The bilge-blocks are provided with 
an elevating-screw, which has been found to be of great 
service for removing blocks one at a time for painting. 

in the American practice of handling floating dry docks 
side shoring is not used. There is a general practice, 
however, ui using centering trams for locating and steady- 
ing the vessel in position until firmly at rest upon the 
keel and bilge-blocks. The arrangement of these trams 
can be seen in Figs. 2 and 3, showing the general design 
of the dock. 








Messrs. ANSALDO - ARMSTRONG. — We read in the 
Giornale dei Lavori Pubblict e delle Strade Ferrate that a 
new type of armour-plate has recently been tested at the 
Castagna proving-ground. The plate was manufactured 
on the Marrel patents, and gave excellent results. The 
Ansaldo Company have paid, so it is said, 40,000/. for 
the patent. The results of the proving-ground experi- 
ments, it is added, fully justify this expenditure. The 
thickness of the plate, the number of rounds fired, and 
the striking energy are not stated ; the weapon used was 
a 203-mm. (8-in.) gun ; the projectiles broke up on impact 
without perforating the plate. 

Tue) Fire-Bricgape Hanp-Book.—Mr. James Comp- 
ton Merryweather, M.1.M.E., has prepared a second 
edition of this hand-book, which was first published in 

This, as is stated on the title , isa manual of 
the organisation and equipment of fire brigades, for the 
use of volunteer firemen and others. Owing to the great 
changes which have occurred ia the service since the 
first edition appeared, and due to legislation affecting 
fire brigades, the introduction of motor fire apparatus, 
horsed escapes, chemical engines, the growth of the 
National Fire Brigades’ Union, and so forth, the author 
decided to re-write a considerable portion of the book. 
This is very interesting reading, and the book will not 
only be found useful by persons interested in fire brigades, 
whom we may style, in this connection, the ‘‘ active” part 
of the public, but also by the “‘ passive” part of the public 
—4.e., householders, owners of works, factories, and other 
property, and tenants in general. It is published b 
Messrs. Merritt and Hatcher, Limited, 2, Grocers’ Hall- 
court, Poultry, E.C. 
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EXPERIMENTS ON THE STRENGTH AND 
FATIGUE PROPERTIES OF WELDED 
JOINTS IN IRON AND STEEL.* 


By T. E. Stanton, D.Sc., M. Inst. C.E., and 
J. R. PANNELL. 

THESE experiments were undertaken at the su tion 
of Sir John Wolfe Barry, in 1908, the object being to 
obtain a comparison of certain properties of welded joints 
—made by different processes and by different makers— 
with the corresponding properties of the unwelded 
material from which the joints were made, It was Me 
that by this means some estimate of the general relia- 
bility and efficiency of modern welding processes might 
be arrived at. In order to obtain material for the work a 
circular letter was sent from the National Physical Labora- 
tory to various engineers, inviting them to submit 
specimens of welded joints for testing. Sixteen firms 
er to this invitation, and the total number of 
welded joints received was 167. The method of welding 
and treatment of the joints was left entirely to the 
makers, the only condition being that all specimens should 
be made from bars 1} in. indiameter. The tests to which 
the joints were subjected were : first, a tensile test ; and 
secondly, a fatigue test by the Wéhler method. The 
former included determinations of the elastic limit, the 
yield point, the maximum stress, the total elongation, and 
the general and local elongations. 

For the rapid carrying out of the fatigue tests a machine 
was constructed in which the specimen was rotated at a 
speed of 2200 revolutions per minute. Owing to the 
results of a previous investigator with another type of 
machine having shown a decided reduction of fatigue 
strength with increased rapidity of stress alternation, 
preliminary experiments were carried out to determine 
the amount of this effect for the particular type of 
machine used. The results showed that for speeds of 200 
and 2200 reversals per minute there was practically no 
difference in the fatigue strength. The assumption was 
therefore made that the apparent reduction of fatigue 
strength with rapidity of alternation in the case referred 
to was a characteristic of the machine used. 

The mean results of the tensile tests on the welded 
joints, expressed as a percentage of the strength of the 
original material from which the joints were made, were : 


Per Cent. 
Hand-welded iron = 89.3 
” steel ... ues eae ‘a 81.6 
Electrically-welded iron... a wee 89.2 
a - steel ... ‘it _ 93.4 


Joints made by the oxy-acetylene process were also sub- 
mitted by two makers, but the results were not com- 
parable with those obtained by the hand or electric 


TOCeSSES, 

The various determinations made in the tensile tests 
showed a distinct want of uniformity in the material in 
the ae of a weld, but the results of the fatigue tests 
proved that this does not materially affect its resistance 
to reversals of stress. hen failure under alternating 
stresses of low value takes place, it is invariably due to 
a defect in the actual weld itself. The number of defec- 
tive joints which were discovered in the whole investi- 
gation, however, leads to the broad conclusion that in 
re work, where the failure of any particular 
welded joint may involve serious damage to the struc- 
ture, the subjection of each joint to a proof-load is still 
desirable. 





THe Dust Prosiem 1n Founpry Practicer.—At the 
monthly meeting held in Berlin on November 25 of the 
Verein Deutscher Giessereifachleute, Berlin Section, Mr. 
Ernst Danneberg referred in detail to the danger to 
health of the smoke, dust, and acid vapours which were 
very frequently produced in large quantities in the iron 
and brass foundries, the ee ops, and sand-blast 
cleaning installations. He stated that the best means of 
fighting the evil was to B ws down dust-collecting and 
ventilating apparatus, and he illustrated his lecture by a 
number of lantern-slides. In this connection we may 
refer our readers to our illustrated description (on page 
84 antec) of Messrs. Sulzer’s plant for this same purpose. 





Tue THOMAS TRANSMISSION-GEAR FOR Mortor-Cars.— 
In our issue of May 5 of this year we gave a description 
of the combined electrical and mechanical gearing for 
motor-cars, which is known ar the ‘‘ Thomas Transmis- 
sion.” At that time a 2000-mile R.A.C. reliability trial 
was being carried out on a Leyland lorry fitted with the 
gear, and since that time a heavy rail-car with the trans- 
mission has been shipped to South Africa. Particulars 
are now to hand of an R.A.C. trial run from London to 
Edinburgh and back of a 13.96 horse-power Delahaye 
touring-car fitted with the gear. The car was two years 
old, and had before the trial already run a distance of 
24,000 miles. The whole run was completed in four days, 
necessitating a considerable amount of night driving, and 
on the first and last days the weather was wet and the 
roads heavy. On the night of the third day two hours were 
spent travelling through a dense fog. e@ average speed 
throughout (running time only) was 9.15 miles an hour, 
and the petrol consumption was 35.73 miles per gallon, 
and 67.92 ton-miles per gallon, the total running weight 
being 4258 lb. The lubricating oil consumed was 4.495 
pints, equivalent to 1417.35 miles per gallon. Throughout 
the trial, which, it will be seen, was very satisfactory, the 
engine was started electrically through the medium of the 
transmission , and the electric ps were supplied 
with current from the same source. 





* Abstract of paper read at the ordinary meeting of the 
Institution of Civil Engineers on Tuesday, December 12. 





CATALOGUES. 


Pulley - Blocks, Overhead Cranes, and Runways.—We 
have received from the Derome Standard Pulley-Block 
and Crane Manufacturing Company, 78, Southwark-street, 
S.E., a small catalogue giving particulars of worm-gear 
pulley-blocks, hand-power and electric overhead travelling 
cranes and runways. Prices are stated for the pulley- 
blocks and cranes. 

Pumps.—From Messrs. W. H. Bailey and Co., Limited, 
Albion Works, Salford, Manchester, we have received a 
copy of their list of power-driven pumps. The list 
includes vertical and horizontal three-throw ram-pumps, 
arranged to be driven by belt or by an electric-motor. 
These pumps are especially suitable for nogenens, 
bollenteodinn, fire service, water supply, &c.; the hor- 
zontal type is made for heads up to 1000 ft. Par- 
ticulars are aleo given of centre-packed ram-pumps, 
double-acting piston-pumps, and other types for all 
purposes. 

Locomotives, Steam-Engines, Pumps, &c.—From the 
Hannoversche Maschinenbau A.-G., formerly Georg 
Egestorff, of Hannover-Linden, Germany, we have re- 
ceived a book containing some effective illustrations of 
their works and productions. The latter include ~ 
senger and g locomotives, tramway and fire 
locomotives, steam-engines and boilers, pumps, and 
apparatus for drying sewage sludge. The titles to the 
iccnationn are printed in the English, French, German, 
Spanish, and Portuguese At the end of the book 
a number of clearly-printed tables for converting British 
weights and measures to the metric system, and vice versd, 
are given. 

Electro-Magnets for Lifting.—Messrs. E. G. Appleby 
and Co., 10, Victoria-street, Westminster, 8.W., who 
have taken up the sale of the ‘‘ Phcenix ” electro-magnets 
for handling rails, girders, plates, pig iron, scrap, &c., 
have sent us a pamphlet illustrating and describing the 

ets and some of their applications. These magnets 
can be used with any type of crane, and can deal with hot 
or cold material. They can be fitted with a safety device 
by means of which the load is sustained in the event of 
the current supply being accidentally cut off. The 
a gives particulars, with prices, of six sizes, for 
ifting from 12 cwt. to 5 tons of girders, rails, and similar 
sections. 


Railway Switches, Crossings, &c.—Messrs. Thomas 
Summerson and So Limited, Albert-hill Foundry, 
Darlington, have sent us a copy of an attractive catalogue 
they have issued to illustrate the class of work they 
undertake. The illustrations in the catalogue show a 
few of the standard types of switches and crossings, 
switch-levers, turntables, &c., and also give some examples 
of ‘‘ lay-out” work, of which the firm make a speciality. 
They also undertake the complete construction of railway 
sidings of all descriptions, and supply rails, fish-plates, 
bolts, chairs, and other permanent-way material. Iron 
castings up to 6 tons in weight are also made for all 
purposes. 

Chains. — We have received from Messrs. Alfred 
Phillips and Co., Atlas Works, Tipton, a copy of the 1911 
edition of their catalogue, giving full particulars, with 
— of chains, &. The catalogue deals with short- 
ink chains of different qualities, in sizes ranging from 
fs in. to 2 in., as well as with single and double slings or 
ashing chains, slip or collar sling chains, and endless 
slings. Prices and particulars are also given of short-link 
and stud-link chain cables, and of various hooks, stretch- 
ing screws, and other accessories. The firm also under- 
takes the annealing, testing, examining, and repairing of 
= age 1? the catalogue states the prices charged for 
this work. 


Pure Metals and Alloys.—From Thermit, Limited, 
27, Martin’s Lane, Cannon-street, E 





3 E.C., we have received 
a leaflet giving some particulars of metals and alloys 
produced by the alumino-thermic process. The metals 
include chromium, manganese, molybdenum, vanadium, 
and titanium; various alloys of these and other metals 
are also listed They are stated to be very uniform in 
quality, and absolutely free from carbon. Another leaflet 
from this firm deals with ‘‘Titanium Thermit” for use in 
iron and steel foundries. It is claimed that this substance, 
when added to the contents of the ladle, cleanses the 
metal, renders it more fluid, and produces close-grained 
castings free from blowholes. 


Signalling Apparatus for Mine Winding.—Messrs. 
Siemens Brothers and Co., Limited, Caxton House, West- 
minster, 8.W., have sent us a copy of a pamphlet which 
illustrates and describes their bell-signal indicator for use 
in connection with mine winding and haulage. This indi- 
cator, which can be used with any bell-signalling system, 
is arranged to show at a glance the number of strokes 
given by the bell. The indicator comprises a pointer 
moved over acircular dial by means of an electro-magnet, 
the pointer moving over one numbered division of the 
dial fer each stroke of the bell. Mechanism is provided 
so that the pointer can be set back to zero, after the 
signal is — either by hand or automatically by 
the engine. The pamphlet illustrates and describes the 
— of the indicators to shafts with one or more 
eve 


Locomotives.—The American Locomotive Company, of 
New York, U.S.A., have issued a four-page pamphlet 
giving some particulars, with illustrations, of a Mallet 
compound locomotive, ten of which have recently been 
purchased by the Baltimore and Ohio Railroad. The 
mg se which are of the 0-8-8-0 type, weigh about 

British tons, without the tender, and are capable of 
exerting a maximum tractive force of nearly 47 tons when 
working compound, or about 56 tons when high-pressure 





steam is admitted to the low- cylinder. The high- 
pressure and low-pressure cylinders are 26 in. and 41 in. 
in diameter respectively, the stroke in both cases being 
32 in. Steam is generated at a pressure of 210 lb. per 

uare inch, and is highly superheated in a superheater 
of the fire-tube type. @ engines are used for pushing 
service on heavy grades. 


Foundation Felt.—Messrs. Mitchells, Ashworth, Stans- 
field, and Co., Limited, 23 and 24, Old Bailey, E.C., 
have sent us a catalogue of their ‘‘ Mascolite” foundation 
felts for reducing the noise and vibration from machinery 
of all kinds. The felt, which is damp-proof and vermin 

roof, is also largely used by underground railways for 
| sow ne noise, felt pads, generally about 3 in. in thick- 
ness, being placed between the chairs and sleepers for 
this purpose. Several other useful applications of the 
material are also illustrated in the catalogue. The felt 
is supplied in sheets, the maximum dimensions of which 
are 48 in. by 32 in., the thickness ranging from 3 in. to 
1 in. instepsof 4 in. It is also supplied built up to almost 
any thickness with alternate layers of felt and cork, or 
felt and rubber. Prices are stated for these sheets, and 
also for discs and washers. 


Air-Compressors and Vacuum Pumps.—We have re- 
ceived from Messrs. W. H. Bailey and Co., Limited, 


ess| Albion Works, Salford, Manchester, a small —e 
he 


of Késter air-compressors and dry vacuum pumps. 

former are two-stage single-acting compressors having a 
single-trunk piston of the differential type, so that the 
two compressions are effected in a single cylinder. During 
the suction stroke the air is admitted to the whole 
volume of the cylinder, and, after having been compressed 
by the return of the piston, it is pat can through an inter- 
cooler, to the annular s; between the smaller part of 
the piston and the cylinder walls, in which s the 
second stage of the compression takes place. e inlet- 
valves are both of the piston type, and are positively 
operated by an’ eccentric, while the delivery valves are 
spring-controlled and air-cushioned. Particularsare given 
in the list of belt-driven horizontal compressors for pres- 
sures up to 150 Ib. per square inch, having capacities 
ranging from 39 to 880 cubic feet of free air per minute. 
They are, however, made in capacities up to 2000 cubic 
feet per minute, and can be arranged for direct driving 
by steam engines or electric motors. The list also deals 
with Késter’s patent slide-valve vacuum pumps, parti- 
culars of both belt-driven and steam-driven pumps being 
given. One of the special features of these pumps is that 
the slide-valve is not enclosed in a valve-chest, but works 
on the outside, where it can easily examined and 
adjusted ; no stutting-box is required for the valve spindle 
with this arrangement. When exhausting a closed vessel 
these pumps are capable of maintaining a vacuum of 
29.8 in. of mercury. For higher vacua, up to within in. 
of a perfect vacuum, a ‘‘double” pump is supplied. 





ARTIFICIAL Diamonps.—In 1910 Werner von Bolton, 
experimenting in the Berlin-Nonnendamm works of 
Messrs. Siemens and Halske, noticed the formation of 
black carbon mirrors and apparently of minute diamond 
crystals, during electric discharge experiments. The 
carbon seemed to be deposited merely owing to the inter- 
action between mercury vapours (rising from sodium 
amalgam) and hydrocarbons Coden e has recently 
tried (Zettschrift fiir Elektrochemie, November 15, 1911) to 
make real diamond fragments grow by this reaction. He 
poured sodium amalgam into a test-tube, smeared the free 
inner glass surface of the tube with sodium silicate, and 
strewed diamond-powder on this coating; the powder was 
amorphous, and showed under the microscope only a few 
minute crystals. The tube was kept in boiling water for 
four weeks, during which moist coal-gas was passed over 
the amalgam. Only a little black carbon was deposited. 
After the silicate had been dissolved by means of hydro- 
fluoric acid and sulphuric acid, the sediment seemed to 
consist almost entirely of minute crystals, which dis- 
appeared when heated in oxygen or when fused with 

ium carbonate. The grains of the diamond-powder thus 
seemed to have formed nuclei for the growth of crystals, 
which were, however, far too small for proper analysis. 





Russian ImpertaL Barcre.—The firm of Messrs. J. 
Samuel White and Co., Limited, of East Cowes, have 
just ship to Russia, for the service of the Imperial 
yacht Polar Star, two very handsome launches. One of 
them is fitted with surface-condensing steam machinery, 
and the other with a Wolseley motor installation. The 
principal dimensions of the craft are:—Length between 
perpendiculars, 44 ft. 9 in.; breadth, moulded, 8 ft.; and 
depth, 4 ft. 3in. For the motor launch the six-cylinder 
petrol marine engine is of a special light type, weighing, 
exclusive of clutch and fly-wheel, some 15} cwt.; the total 
weight, including reverse gear, fly-wheel, and control, 
is 19 cwt. At a speed of 975 revolutions per minute 
130 horse-power is developed. The cylinders have a bore 
of 64 in. and a stroke of 7 in. The starting is effected by 
means of compressed air. The air-compressor is fitted at 
the forward end of the engine, and is driven by means of 
a crank off an extension of the cam-shaft. A reservoir 
capable of withstanding a pressure of 95 Ib. per sq. in. is 
used for storage purposes. The engine is required to 
develop not less than 130 horse-power at a speed of 950 
revolutions per minute for four hours 1g nog, The 
machinery of the steam launch is of Messrs. White’s 
standard type, comprising a compound surface-condensing 
re ag with out-board condenser, and boiler of the direct- 
tube type. Forced-draught arrangements are provided, 
with brass-cased funnel. It may be remarked that 
Messrs. White are the builders of the steam-boat equip- 
ments of the British Royal yachts and also for the — 
yacht Hohenzollern, and have a long record in this class of 
construction for British and other European Royal yachts. 
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ELECTRICAL APPARATUS. 


Ww. 8. S rague and Chamberlain and 
Hoo! Limited, irmingham. Electricity 
Meters. [| Fig.) May 17, 1911.—In prepayment mechanism 
for electricity meters, the escapement lever, which is operated by 
the meter to control the movement of and cut-off of supply by the 
prepayment mechanism, is operated by a weight released by the 
meter and returned by a spring or weight wound up by hand. A 
toothed wheel a is mounted upon a shaft b to which is attached 
one end of a spring c. Engaging with the wheel a is an escape- 
ment d carrying a levere. f is a dise driven from the meter- 
train and carrying a ping. h,k are two trip-levers pivoted so 
that the ends of their arms m, n are engaged by the pin g as it 
ivoted in a ition to rest normally 


11,929/11. 
kham, 


revolves. w is a weight ; 
upon the upper end of either the lever A or k, engagement with 
the former, in the construction shown, being made through a 


The weight w also carries an arm on which is a pin q 
which engages the end of the lever e. In addition, there is a 
lever r having at one end, which engages the wheel a, a pawl t 
hinged so as to allow the wheel a to be rotated anti-clockwise, 
but to be itself depressed by the wheel @ revolving clockwise. 


pin p. 





The other end of the lever r engages the weight w when the 
latter is allowed by the levers h, k to fall. The operation is 
as follows:—The wheel a is rotated on the insertion of coins 
by the engagement of the coins with its teeth. The spring c 
is thus tensioned. The return movement of the wheel a can 
only take place as allowed by the p td. A ing that 
the wheel @ has been rotated some distance by the insertion of 
coins and that the nieter is in operation, the disc f will be driven 
by the meter train, and the pin g will eventually engage the arm 
n, the lever k will be lifted, and the weight w allowed to fall so 
that the pin p rests upon the lever 4. Further revolution of the 
disc f will, in turn, trip the lever h, and the weight w will be 
allowed to fall clear of both the leversh,k. This movement of 
the weight w causes the pin gq to move the escapement d, and 
allows the wheel a to rotate one tooth in a clockwise direction 
under the action of the spring c. The movement of the wheel a 
depresses the one end of the lever r, the other end, as it rises, 
meeting the falling weight w, and returning it to its original 
position resting on the top of the lever k. (Accepted October 18, 





1911.) 
76/11. The British Thomson-Houston Company, 
London (General Electric Company, Schenectady, 
U.S.A.). Brushes, (3 Figs.) January 2, 1911.—A flexible 


conductor is fastened to a brush of a dynamo electric machine by 
forming a recess or hole in the brush, inserting the conductor in 
this recess or hole, and then filling the remainder of the recess 
with an expanding cement. When the cement hardens, the con- 
ductor is pressed into intimate contact with the brush. 1 repre- 
sents a carbon block or brush. A recess is formed in one side of 





the block, and is arranged near one of the upper corners thereof, 
A pas 2 leads from the recess to the upper end of the block 1. 
The flexible conductor 4 has a 
loop, placed in the recess, and another portion passing through 
the passage 2. The loop is spread out as much as possible in the 
recess, and is held in place by cement 7, which expands upon 
hardening, so that the flexible conductor is pressed into intimate 
contact with the block 1. The cement fills the part of the recess 
not occupied by the loop, and is placed therein under pressure. 
(Accepted October 18, 1911.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


23,549/10. T. W. S. Hutchins, Stockton-on-Tees. 
Gas-Producers, (3 8.) October 11, 1910.—In a gas-pro- 
ducer having its generati chamber divided into com 
ments, the blast is admit during one working period into 
one of the compartments and during the next working period 
into the other compartment, this alternation being continued so 
long as the producer is in operation, and the take-off of the gas- 
producer being similarly alternated. A valve gear having rotary 
valves for effecting the alternation of both the air and the gas 
wtomatically by a water motor in a producer of the kind men- 
tioned is already known. The use of rotary valves presents 


rtion, preferably in the form of a 


certain difficulties, and the present invention relates to the con- 
straction of valve gear for producers of the kind mentioned, in 
which the valves have a rectilinear reciprocating movement or 
a rocking movement. The pipes a, a! are connected with the 
gas take-off pipes leading respectively from the two compartments 
of the producer, and pipes b, b! are connected with the air-supply 
pipes leading soapeulivale to the two compartments. Pipes a 
and } terminate respectively in superimposed valve casings c 
and d, while pipes a! and b! terminate respectively in like 
casings cl, dl, Casings c, c! communicate with a box e from 
which the gas produced is taken off by a pipe e!, and casings 
d, @ communicate with the atmosphere. The superimposed 
casings of each pair communicate with each other by a passage 
in which slides a stem common to two disc-valves f, g and 
Ji, gi. These valve stems are supported respectively on the | 


Fig.. 
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ends of a rocking-bar h fixed to a shaft i journalled in a tank 
k. To the shaft ¢ is also fixed a bucket 1 divided into two com- 
partments to form a rocking water-motor of well-known type. In 
the position shown, casing d! is open to the atmosphere, and 
casing c is open to the box e, while the openings of the casings d 
and c! are closed by the corresponding valves. The suction upon 
the producer is drawing air into the casing d! and through pipe 
b) into one compartment of the —_ and gas from the other 
compartment into box e through pipe a and casing c. Water is 
flowing from pipe m into the higher compartment of the bucket 
land when this has become filled to a certain level, the shaft i is 
rocked and with it the lever A, so that the stem of valves f and g 
is lifted and that of valves f1 and g! allowed to fall. Air is now 
drawn into casing d and gas into casing cl. (Accepted October 18, 


1911.) 
GUNS AND EXPLOSIVES. 


16,508/11. Fried Krupp Aktiengesellschaft, E«sen, 
Germany. Ordnance. [4 figs.) April 6, 1911.—This in- 
vention relates to apparatus for inserting the running-out spring 
in ordnance, and is characteri: by the fact that the slide 
carrier of the gun carries, on the one hand, a member for attach- 
ing a rope, and, on the other hand, at least one roller (removable 
if necessary) for guiding the rope, and that at least two rollers 
for the rope are mounted on a removable carrier which is adapted 
to bear against the part provided with the movable abutment of 
the running-out spring. To a slide carrier A is fixed an eye G 
to which a hook on one end of arope K can be attached. The 
rope K is passed over two rollers M, M!, mounted on a 
carrier N which is placed on the free end of a piston-rod.C! 
and the closure O of the brake cylinder B, and over a roller P 
arranged on the slide carrier A. Thecarrier N consists, broadly, 
of a stirrup which embraces the rollers and a cap N! adapted 
to bear against the closure O of the brake cylinder. The run- 
ning-out spring D is inserted in the following manner: After the 
running-out spring has been placed upon the brake cylinder B, 


Freq.  - 





the latter is introduced into the slide carrier A until the running 
out spring strikes against the abutment F. The roller P is then 
= on the slide carrier and the carrier N, with the rollers 

» M!, is placed on the closure © of the brake cylinder. The 
hook on the rope K is then hooked into the eye G of the slide 
carrier, and the rope first over the roller M, then over 
the roller P, and finally over the roller M!. If now the free end 
of the rope be pull — in the direction of the arrow y, 
the brake cylinder B will be thrust into the slide carrier by the 
carrier N, and the running-out spring D stressed. The force 
which acts here on the running.out spring amounts, if the 
friction losses be ignored, to four times the tractive force exerted 
on the rope K. The pull on the rope K is continued until the 
screw-threaded pin 6! on the brake cylinder B has passed through 
the spur E on the gun barrel, and the brake cylinder bears against 
the spur E. By screwing a nut on to the screw-threaded pin b!, 
the brake cylinder B is connected to the spur E. After discon- 
necting the rope K, and taking off the carrier N and the roller 
P from the gun, the slide carrier is closed in front and the piston- 
rod C! connected to this closure. (Accepted October 18, 1911.) 


23,682/10. Sir A. T. Dawson and L. Sil Lon- 
don. Pro ectiles. [5 Figs.] October 12, 1910.—This invention 
relates to projectiles adapted for use against balloons, airships, or 
the like, and provided with members which, when the projectile 
is fired, assume a lateral position with respect to the projectile 
to engage with the fabric of the balloon. According to the 
present invention, the engaging members are so arranged in 
relation to the projectile that they are retained in their normal 
or inoperative position by means of a locking or retaining device 
carried by the projectile, and adapted to be released when the 
projectile is . A is the body of the projectile, and B, B are 
the en ng members pivoted to the movable block ©. The 
movable block © and the members B, B are retained in their 
normal or inoperative position by two plungers c, c disposed in holes 
in the sides of the projectile and engaging recesses in the block C. 
The plungers are ted by arod c*. This rod passes through 
a prolongation a* of the base plug A* of the projectile, and 














through a weight \* disposed in the prolongation, and consti- | 


tuting an inertia device. The weight C* is so arranged that the 
breaking of the rod c* and the liberation of the plungers ¢, c is 
effected by relative movement of the weight on shock of dis- 
charge, the plungers then moving outwardly under the infiu- 
ence of centrifugal force, so that they no longer engage the 
recesses in the block C, and the latter is therefore free to 
be moved to cause the bers B to their engaging 
position. The prolongation a* is made slightly conical towards 
the rear at a, and the movable block C is formed with a corre- 
sponding conical recess, so that when the block is caused to slide 
a — prolongation, and reaches its position with the engaging 
members protruding from the i e, the conical surface of 
the prolongation and the block bind together, thas firmly retain- 
ing the block in this position. The engaging members are normally 
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disposed entirely within the projectile, with their end portions 
directed towards the base and engaging in holes a!, a! formed in 
the sides thereof. The means for effecting the movement of the 
block C comprise an explosive charge D of a slow-burning compo- 
sition contained in a casing D!. The charge is ignited by a 
percussion-cap fired on shock of discharge, a delayed action taking 
place between the firing of the percussion-cap and the ignition of 
the charge D of sufficient duration to give time for the projectile 
to leave the gun before the on explodes. When the explosion 
of the charge occurs, the block C is forced towards the rear of the 
rojectile, and causes the engaging members B, B to protrude 
aterally from the projectile, as shown in broken lines in Fig. 1. 
The bursting charge is arran in the casing A! near the base of 
the projectile and surrounds the prolongation a*. (Accepted 
October 18, 1910.) 


MOTOR ROAD VESICLES. 


107/10. J.B. Hamilton, London. Speedometers. 
(3 Figs.) October 18, 1910.—This invention relates to instru- 
ments for indicating the speed of a vehicle, and consists in the 
combination with means for indicating the speed, of speed- 
limiting means disposed within such ins rument, and comprising 
arelay or reducing gear consisting of intermeshing pinions and 
wheels driven from the same driving means as the firstly-men- 
tioned means, but normally disconnected therefrom, and means 
for ing the tion of said gear with the driving means and 
comprising a clutch, the movable member of which is under the 
control of an actuating device that in one position holds a part 
in the path of a part actuated by the firstly-mentioned means 
in an attitude to acted on thereby, as and when the speed of 
the vehicle rises above a predetermined rate, and to cause the 
actuation of the clutch endl qpeed- tinting menna, and in another 








position has no action on said part with the result that the 
firstly-mentioned means do not actuate the clutch when the 
speed rises above a predetermined rate. The casing of the 
speedometer is of tripartite construction. The cpeed Satioating 
means is driven from one of the road wheels through flexible 
shafting. The speed-limiting means is also driven through 
this shafting, the one end of which extends within the casing, 
and has attached to it a skew-wheel 4 that gears with a 
toothed wheel 5 mounted on the spindle of the governor 7 
forming “ of the speed -indicating means. The toothed 
wheel 5 also gears with a toothed wheel 9, which has attached 
to it one member 12 of a clutch, the other member 13 of 
which is loosely mounted on a spindle 10. The two clutch 
members are normally out of contact. The clutch member 
13 is in connection with the first member 14 of a reducing gear, 
consisting of intermeshing pinions and wheels, the last w 21 
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being connected with a drum 22, on which a flexible connector is 
wound when the gear is put in operation. The flexible connector 
is led to and connected with the motive machinery. The = 
limiting means is not operative unless and until the two clutch 
members are in driving connection, and to bring about the driving 
connection when the speed of the vehicle has attained a pre- 
determined limit, the arrangement now to be described is adopted. 
31 is a circular flange that forms a — for an actuating device 
which has three positions, in two of which it is operative. The 
actuating device is a ring 32, having two laterally extending and 
oppositely arranged arms 33, 34, and a handle 35. The device is 
capable of a partial rotary movement on the flange 31. The 
clutch member 13 is moved into driving connection with the 
member 12 by a lever mounted on a shaft, having at each end, 
and in rigid connection therewith, an arm 41 or 42. Pivotally 
mounted on the lower end of the arm 41 is an arm 43, that 
extends forwards, and terminates in proximity to the speed- 
indicating mechanism 29. 44 is an arm similar to the arm 43 
but pivotally mounted on the lower end of the arm 42. The 
arms 48, 44 are of different lengths, and are so positioned 
in relation to the mechanism 29 that when one or other 
is moved about its connection with the arm (41 or 42), and in a 
downward direction, its end will come into the path of the one or 
other of two arms operated by the mechanism 29 and be acted 
upon thereby. Normally the arms 43, 44 are maintained in such 
itions that they will be clear of the mechanism. When the 
andle 35 is moved to one or other limit of its motion, the arm 
33 or 34 comes into contact with and presses upon the arm 43 or 
44 and forces the end of this arm downward and into a position 
in which it will be in the path of one of the arms of the mechanism 
29. Asthe speed of the vehicle approaches the predetermined 
limit, an arm approaches the depressed end of the arm 43 or 44, 
and when the predetermined limit is attained comes into contact 
therewith and acts thereon, forcing the arm 43 or 44 to move rear- 
wardly. The rearward movement of the arm 43 or 44 causes the 
shaft 39 to partly rotate and the clutch member 13 to be moved 
into driving connection with the member 12, The rotation of the 
flexible shafting will thus be transmitted to the drum 22 and the 
flexible connector wound thereon and the parts of the machinery 
to which it is connected actuated in a manner to cause the speed 
to be retarded. When the speed limiting means have been put in 
operation on the vehicle attaining the predetermined speed limit, 
the means are maintained in operation until the speed falls below 
such limit, and when this happens the clutch members 12, 13 come 
out of driving tion, the y energy for this purpose 
being provided by springs forming parts of the machinery 
actuated and which were stressed. The mechanism 29 also comes 
out of contact with the end of the arm 43 or 44 and allows this 
action. (Accepted October 18, 1911.) 


27,077/10. The non Motor Mantatasng Sam 
, Limited, an Sarginson, Coven ° ua 

eokaniom. (2 Figs.| November 21, ome invention 
relates to clutch mechanism for motor-cycles, and, according 
thereto, the means for adjusting the pressure exerted by the 
springs which operate the clutch may be operated from the outer 
face of the clutch relative to the machine. The cone effecting the 
connection between the hub of the belt-pulley and the road-wheel 
are laterally movable independently of the belt-pulley, and it is 
unnecessary to displace the pulley when operating the clutch. 
That part a! of the axle a adjacent to the bearing on the pulley 
side is adapted to drive the male member ¢ of a deep oe da and 
allow of axial movement of such member while continuing to 
rotate the same. To a flange fon the hub g is bolted a hollow 


















conical shell A, with the internal face of which the male member e 
engages. Also connected to, 1nd locked on, the axle a is the hub 
k! of the belt-pulley k. To retain the clutch members in engage- 
ment a spring m is incorporated, one extremity abutting against 
the male member ¢, the other extremity pressing against a 
disc n secured to the axle, The whole of the parts are so arranged 
that the working faces of the clutch and the spring are entirely 
enclosed and protected. To this end the hub of the belt-pulley 
encircles and extends transversely across the outer member h of 
the clutch. The compression of the spring m is adjusted by 
screws 0, which are inserted in the outer face of the male member 
and receive the thrust of the spring, apertures o! being formed 
in the belt-pulley hub co-axial with the screws. (Accepted Octo- 
ber 18, 1911.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


11,447/11. Croft and Perkins, Limited, 
Lindsay, Bradford. Multiple Disc - Clutches. 
(11 Figs.) May 11, 1911.—The invention relates to multiple disc- 
clutches, and, acco —e thereto, the discs of one or both sets of 
discs are positively interconnected by lazy-tong devices so 
arranged that when the clutch is disengaged the discs are always 
separated by an equal amount from each other. Preferably 
positively operating means are provided for actuating the lazy- 
tong device when the clutch is disengaged, although springs 
may be used for the purpose. @ is the driven shaft, and b is a 
portion of the flywheel on the driving-shaft. The clutch is 


actuated by means of a pressure-plate c operated in known 
manner. The driving and driven discs ¢, f are connected to their 
respective parts by projections entering slots g. The discs of each 


set are also provided with a series of projections h, while the 
driving and driven portions respectively are provided with corre- 
sponding grooves j,k. A series of small jaws are arranged to 
engage the ———- h of the discs, The jaws of each set are 
connected to the pivotal points of a lazy-tong device m, while 
these Peper points are, on the o te side of the lazy-tong im. 
provided with projections n which slide in the grooves j and k 
respectively. In the arrangement shown, it will be noted that 
the outermost disc of the discs f on the right-hand side is rigidly 
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secured to the pressure-plate c, while the outermost disc on the 
left-hand side is rigidly secured to a plate o inmovably connected 
to the driven shaft. When, therefore, the pressure-plate is 
pulled back to disengage the clutch, the distance between the 
discs of the driven set will be increased uniformly, and the discs 
will be positively moved owing to their connection with the lazy- 
tong device. e discs e of the driving set will also, owing tc 
the action of the driven set of dics and the r ctive lazy- 
_ be forced apart uniformly. (Accepted October 18, 
1911. 


476/10. A.C. ping one <- King, Southgate, and 
F. er, Hayes. . [4 Figs.) November 2, 
1910.—This invention relates to power-transmission systems in 
which a prime mover is connec’ with a load through a com- 
bined clutch and variable-s -gear device comprising an electri- 
cally energised member and epicyclic gearing. In particular, the 
invention relates to power-transmission systems in which the 
prime mover rotates one ber of the bined clutch and 
variable-speed-gear device and the load is connected to one 
member of the epicyclic gearing, said member being geared to a 
second member of the combined clutch and variable-speed-gear 
device, and said second member being mounted so as to 
rotatable about its own axis and about the axis of the first 
nber, the arrang t being such that when the first member 
of the combined clutch and variable-speed-gear device is rotated, 
compound rotation is imparted to the second member, the rota- 
tion of the latter about its own axis being retarded more or less 
according to the energisation of the first member. According to 
the present improvements, the electromagnetic retardation of 
rotation of the second member is assisted by friction, and, for this 
urpose, the second member, in addition to having a rotation about 
ts own axis, is also capable of movement along its axis, and carries 
means which engage frictionally with means mounted on, or carried 
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by, a part of the combined clutch and variable-speed-gear device. 
The longitudinal movement in, or of, the second member is effected 
by the magnetic field, and according to the strength of the field, 
so will the pressure between the two frictional members vary. 
lisashaft driven from the prime mover, and 2 is a shaft con- 
nected with the load. The combined clutch and variable-speed- 
wear device is connected with the shaft 1, and one member thereof 
comprises a casing 3, which contains the epicyclic gearing and is 
closed by a cover-plate. 5, 5 are electromagnets ; there are four 
of these electromagnets, and they are secured on the exterior of 
the casing 3 and spaced equidistantly apart. The poles of the 
electromagnets are positioned a little distance from the casing 3 to 
permit of the interposition of parts of the second members in the 

-es thus formed. 6, 6 are the armatures of the electromagnets. 
Each armature 6 is carried by a spindle 7 which extends through 
the casing 3 and beyond the outer face of the cover-plate, and is 
enclosed and supported at one or more points within a hollow 
shaft mounted in bearings in the casing 3 and cover-plate. 
Each hollow shaft carries a circular flange 10. The outer 
end of each spindle 7 is screw-threaded and on each spindle 
is screwed a nut. The flanges 10 are provided on one face 
and around the orifices of the hollow shafts with rings of 
frictional material, and the faces of the nuts on the ends of 
the spindles 7 that come in contact with the material are 








also with frictional material. The nuts are. screwed ' 





up so that the two rings of frictional material are in close 
contact: a ndle 7 and hollow shaft are thus connected 
together, and will rotate as one as long as the forces applied 
thereto are not so great as to overcome the frictional resistance 
between the materials. A ring of frictional material is also 
mounted and secured on the face of each flange 10 and around or 
near the outer edge thereof, and rings of frictional material are 
also mounted on the outer face of the cover plate, and positioned 
so as to be opposite and to coincide with the rings on the 
flanges 10. 16, 17 are the central wheels of the epicyclic gearing. 
The wheel 16 is mounted on a shaft 18, and the wheel 17 on a 
sleeve 19 mounted on the shaft 18. 20 are the planet wheels that 
gear with the wheel 16. The planet wheels that gear with the 
wheel 17 cannot be seen. The planet wheels 20 are mounted on 
the hollow shafts. From what has been said it will be understood 
that there are four hollow shafts and four planet wheels. Of 
these planet wheels, two gear with the wheel 16 and two with the 
wheel 17. The lastly-mentioned planet wheels are not in the 
same plane as the planet wheels that gear with the wheel 16, and 
are positioned on their hollow shafts near the inner side of the 
cover plate. Current for energising the electromagnets is derived 
from a suitable source of energy. The variation of the current 
strength or the tion of the windings will cause variations 
in the oo of the electromagnets, and these variations will 
result in alterations in the drive or transmission of power. 
(Accepted October 18, 1911.) 











An Evxctric Trarn-Licutinc PLaAnt.—A new form 
of electric train-lighting plant is being brought out by 
the India-Rubber, Gutta-Percha, and Telegraph Works 
Company, Limited, of Silvertown, London, E. It is 
made under patents taken out by Messrs. Anderson, 
Russel, and Gray, and is at present under trial by one of 
the large English railways. The arrangement consists 
of a dynamo driven from one of the coach-axles, and 
fitted with a centrif governor which is arranged to 
operate switches which cut in, or cut out, one or other of 
two accumulator batteries. One battery is normally 
connected to the lamp circuits, and the other across the 
armature, so that it may be charged. The dynamo is of 
ordinary type, except that it has differentially wound 
field-magnets, one winding being of the shunt type, and 
connected across the battery which is connec to the 
lamps, and the other of the series type, and arranged so 
that the charging current to the second battery passes 
through it. The two windings oppose each other. In addi- 
tion there is a diverter resistance connected across the 
series winding, and adjustable by hand, so that the amount 
of current passing through the series winding may be 
adjusted to suit the particular conditions of working. 
This allows the series field current to be limited to — 
a@ maximum that it never overpowers the shunt-field cur- 
rent, so that the dynamo voltage never becomes zero. 
The centrifugal governor cuts in the batteries when the 
dynamo speed is such that the voltage would be equal to 
that of the lamps were the field energised by the shunt 
coil only. The object of the differential field is to 
maintain a constant dynamo voltage with any speed of 
the train above that at which the batteries are cut in, 
so that excessive rates of charging are im ible. If 
the charge rate tends to become too great, the voltage is 
automatically reduced by the weakening action of the 
charging current itself. In addition to the gear already 
mentioned, there is a switch on the centrifugal governor 
which changes over the functions of the two batteries 
when the train reverses its direction of running. 
When no lights are being used the two batteries are 
placed in parallel by the act of switching off, and the 
armature current is led part through the series winding 
and part to a special lamp resistance. 


Trranium Raits.—A set of sections illustrating the 
wear of rails laid down on the Kessler’s Curve in 
West Virginia, on the Baltimore and Ohiv Railroad, 
has reached us from Messrs. T. Rowlands and Co., 
Stirling-chambers, Sheffield. The diagrams have been 
drawn out by Messrs. bert W. Hunt and Co., New 
York, for the Titanium Alloy Manufacturing Company, 
Pittsburg, and deal with open-hearth and titanium- 
treated mer rails. The curve on which these tests 
were made is one of 9 d the superelevation of the 
outer rail being 6 in. 90-lb. rails were used. A previous 
test of ordinary Bessemer and titanium-Bessemer rails 
on this curve showed an improvement in favour of the 
latter of 294 per cent. In the present test, the difference 
in favour of the titanium rails is not so great. The test 
extended for 338 days, the loss being measured in square 
inches of sectional area. Of the rails on the inside of the 
track, the open-hearth rails averaged a loss of 0.250sq. in., 
and the titanium rails as follows :—0.03 per cent. titanium, 
0.273 sq. in.; 0.05 per cent. titanium, 0.169 sq. in.; 0.1 per 
cent. titanium, 0.155 sq. in.; 0.15 per cent. titanium, 
0.147 sq. in. The wear was even all across the head, and 
the open-hearth rails thus showed 1.70 times the amount 
of loss of the 0.15 per cent. titanium rails. On the outer 
rails the wear was principally, of course, on the inside 
of the head, the wear being as follows:—Open-hearth, 
0.36 sq. in.; 0.03 per cent. titanium, 0.428 sq. in.; 
0.05 per cent, titanium, 0.39 sq. in.; 0.1 per cent. titanium, 
0.389 sq. in.; 0.15 per cent. titanium, 0.273 sq. in. The 
ratio of wear of the open hearth to that of the 0.15 per 
cent. titanium rails is thus 1.32:1. The average ratio 
for the loss of all open-hearth rails to the 0.15 per cent. 
titanium rails, on both sides of the track, is 1.45:1. It 
may be added that the open-hearth rails were of 0.64 
carbon steel, while the titanium Bessemer rails averaged 
0.47 carbon. <A test carried out some time ago on the 
Chicago, Burlington, and Quincy Railway, lasting for 
nine months and including nickel, manganese, plain open 
hearth, Bessemer, and two makes of titanium rails, showed 
that the titanium rails, of which the extra cost per ton 1s 
only about 2 dols., were equal to the nickel-steel rails, the 
extra cost of which per ton was no less than 40 dols., 
ey moreover, superior to the other makes covered by 
the test. 



































Dec. 22. 1911.] 


ENGINEERING. 


817 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


An ordinary general meeting of this Institution 
was held on Friday last, the 15th inst., at the 
Institution House, Storey’s Gate, Westminster, 
the chair being occupied by the President, Mr. 
E. B. Ellington. 


Dovusie-CuTr'Ne anD HieH-Sprep PLANING 
MACHINES. 

At the last general meeting of the Institution, 
held on the 17th ult., a paper bearing the above 
title was read by the author, Mr. J. Hartley 
Wicksteed, past president, the discussion of this 
paper being adjourned until Friday last. We 
reprinted the paper in full in our issue of the 
24th ult., page 700. Wenow report the discussion, 
which took place on the 15th inst., after the con- 
clusion of the formal business. 

Mr. Wicksteed first remarked that he had given 
in his paper what he thought was a useful specifica- 
tion for any planing machine—namely, expressing 
the power in terms of the pull that the drive was 
capable of imparting to the table. He had stated 
that at the slowest speed the drive of the machine 
described would exert a pull on the table of 15 tons, 
of 10 tons at the middle speed, and of 7 tons at the 
quickest speed. He had thought it of interest to 
exhibit some shavings, in order that members 
might realise the meaning of the pull upon the 
table. The shavings were all similar, being fairly 
heavy cuts from 40-ton steel ; there was nothing 
exceptional about them. To cut one of these 
shavings had required a pull upon the table of 
about 12 tons, this being exerted at the rate 
of about 20 ft. a minute by a continuous running 
motor without any overload. A horse-power was 
represented by 15 ft.-tons per minute ; therefore 
20 horse-power would give 300 ft.-tons per minute. 
He concluded, therefore, that the shavings had 
required about 250 ft.-tons per minute to remove 
them, affording an ample margin, without over- 
loading the motor for friction and other things like 
inertia resistances. In reply to a question by Mr. 
Patchell as to the weight of steel removed per 
minute, Mr. Wicksteed added that the amount re- 
moved was one-tenth part of a square inch multi- 
plied by 20 ft., giving a weight of 6.6 lb. per minute. 

Mr. L Pendred opened the discussion. He said 
that all who were in the habit of visiting work- 
shops would be of opinion that double-cutting 
was very rarely used. He could only assume 
that this was because managers were opposed to the 
slightly extra complexity involved in double cutting. 
It was due to Mr. Wicksteed’s own improvements 
in the planing-machine that double cutting was not 
more employed. In conjunction with the electrician, 
who had done much to perfect the reversing motor, 
Mr. Wicksteed had so improved the planing-machine 
and increased the rate of return that it was now not 
so essential to cut on the return stroke. Formerly 
a great deal of time was saved by cutting on the 
return stroke. One of the great objections to the 
planing-machine was the enormous load at the 
moment of reversal. In 1900 Captain Tressider 
had made some experiments at Messrs. John 
Brown and Co.’s works, some very valuable dia- 
grams being obtained and published. He found 
from Captain Tressider’s figures that in one case, 
where the machine was cutting at 94 ft. and return- 
ing at 19 ft. per minute—it was cutting armour- 
plate with the very small feed of only J,th of an inch 
—the cutting power and the power for return were 
about equal (between 7 and 8 horse-power). The 
meters at the beginning of the cut went up to 
144 horse-power, and at the beginning of the 
return rose to no less than 29 horse-power. 
These tests were made with an electrical drive, 
The improvements that had been introduced 
in the way of regenerative control had done a 
great deal to reduce the enormous power required 
at the beginning and at the end of the stroke ; they 
had also done much to check the introduction of 
double cutting. 

If an ordinary planing-machine were put before 
any engineer to whom it was a new tool, he 
would, he thought, have no difficulty in saying in 
which direction the cut should go. If two tools 
were used back to back, and the cut taken on the 
reverse, the whole tendency would be to lift the 
saddle off the shears, and the pressure of the cut. was 
taken on the inclined face at the back of the slide. 
The shape of the machine generally was designed 





Wicksteed would say whether that point had had 
any influence on the little favour shown to double 
cutting. One of the most important points was the 
modification of Mitchell’s drive which Mr. Wick- 
steed had adopted, and the speaker would be much 
obliged if Mr. Wicksteed could give a comparison 
between a machine fitted with a belt drive, such as 
was described, and a purely electrical machine— 
i.e., @ machine with electrical reversing and unequal 
speed motor. It appeared to the speaker that 
nearly all that was wanted could be obtained from 
the belt-driven machine. The modification of the 
Mitchell drive was an extremely pretty device ; it 
embraced a small diameter of pulley and a low- 
speed belt, and anybody who had calculated the 
waste of power caused by the sudden stoppage of a 
high-speed pulley of large diameter—generally used 
in planing-machines—would appreciate the fact 
that what was wanted was a low-velocity belt and a 
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small-diameter pulley. These things had been 
secured with the device which Messrs, Buckton 
had taken up. 
Mr. J. E. Darbishire desired to emphasise his 
approval of the Sellers drive. He had been con- 
nected with the old firm of Sharp, Stewart, and Co , 
Atlas Works, Manchester. They had at those works 
rack machines with a plain rack, and also machines 
with step racks. There were also screw-driven 
machines made by Whitworth, with revolving tool- 
box. This tool-box had been abandoned for, he 
thought, the very reason that Mr. Pendred had 
called attention to—that it gave a pull on the cross- 
slide which was very difficult to take up, and pro- 
duced an irregular torque. The rack machine and 
the Whitworth screw-machines were all driven by 
single belts. About the year 1864 or 1865 Sellers 
produced his planing-machine. The Atlas Works had 
acquired the eons for this country, and imported 
asmall Sellers machine. The motion was very quiet 
and free from backlash, and nothing could have 
been better. From that time they never made any 
planing-machine excepting the Sellers. Some of 
the first machines they had made were made for 
the Barrow Shipbuilding Company. After some 
ten to twelve years or more, there was a fire, and 
those planing-machines were seriously damaged. 
They were returned to the Atlas Works for re- 
building, were rebuilt, and in some respects im- 
proved, but they had put back into them the very 
same pinions and racks without re-cutting or doing 
anything to them, and the machines were practically 
free from backlash. He had never seen any gear- 
ing wear so well as the Sellers pinions and racks. 
One advantage derived from the Sellers machines 
was that they could be at once speeded up 20 per 
cent. They could be run, even with the tool steel 
of that period, at a cutting speed of something like 
22 ft wd minute, which was then very high. After 
the Sellers patents had run out one of the first to 
adopt that drive was Mr. Wicksteed. 
r. Richard Allen said that it had been remarked 
that some managers of works were opposed to 
double cutting. He did not believe that was really 


to take the thrust, and nota pull. Perhaps Mr.:so, It seemed, however, to have been fashionable 
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for years past to cut in one direction, but he ven- 
tured to think that if an efficient double-cutting 
planing-machine could be placed on the market, 
there would be a very large sale for it. It would 
be obvious, of course, that if the articles to 
be planed were small and intricate, there was 
no great advantage in double cutting. If, how- 
ever, the work were straightforward, advan- 
tage would be derived from double cutting. 
Recently, at Newcastle, he had seen a machine 
specialy constructed for planing the shells of Yarrow 
boilers, the drums of which were made sometimes 
in halves and sometimes in three pieces, the steel 
being planed to a sharp edge in order to get the 
true diameter. This machine did double cutting, 
and it was working exceedingly well, the saving in 
time being considerable. 

He (Mr. Allen) had watched the Vickers drive 
for several years. He had applied it to a fairly 









Fig. 2 





1x 


1: 446 --- 





| 





(eess. 


large planing-machine of 8 ft. square, with a 16-ft. 
table. This drive had been a great improvement 
on the original belt drive, although there were slight 
defects in the apparatus, principally due to the fact 
that the electrical switches were operated by a 
bicycle chain. This chain stretched in time, with the 
result that the switches got out of action, and the 
table had occasionally run off, doing considerable 
damage. In applying electrical devices to a high- 
speed planing-machine, simplicity should be a main 
consideration, with a view to minimising risk of 
breakdown. When he had been, early this year, 
at the Sellers works in Philadelphia, he had found 
that there they preferred, to the so-called electrical 
drive, a system of driving planing-machines through 
clutches operated by compressed air. Machines so 
operated certainly worked exceedingly well. But 
such a machine was at once put out of action if the 
works air-compressor failed. It was his opinion 
that the planing-machine under discussion would be 
the machine of the future. 

Mr. W. Deakin thought the great prejudice 
against double-cutting machines was due to want of 
fair consideration of the subject. In his view, 75 
per cent. of the jobs in many engine works were 
eminently suited for double cutting, and in works 
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of any size there should be ample work to keep a 
double-cutting planer in constant operation. It 
might interest the members if he described a device 
which overcame many of.’ the obstacles hitherto 
existing to double cutting. This is illustrated in 
Figs. 1 to 3, on page 817. The device consisted 
of a pivoted tool-box, to which was given a semi- 
rotary motion, both vertically’ and horizontally. 
The device went half as far as Whitworth, who 
turned the tool all the way round. It had been 
found unnecessary to go all the way round, a prac- 
tice which had the serious objection that consider- 
able space was required. Moreover, with the box 
illustrated, the work could be effectively done by 
one tool instead of two. Mr. Deakin proceeded to 
draw on the blackboard a tool with a double. cutting 
edge, the ordinary relief face being ground at right 
angles to the shank, and thus, when tilted slightly, 
providing the necessary angle of relief. This tool 
could be tilted either way to give a similar angle of 
relief, and might be used for cutting either way. 
This alteration of angle was effected by an addi- 
tional shaft on the cross-slide of the machine, 
which moved at each end of the stroke like the 
ordinary feed motion. One advantage was that not 
only could ordinary surface-cuts be taken, but also 
side-cuts and under-cuts. 

In the speaker’s own works it had been possible 
in practice to beat the milling-machine in the 
under - cutting of slots of machine- tables. The 
tables machined were fairly small, and were just 
milled with the milling-cutter and the under- 
cutter. With the form of tool-box illustrated, 
it was possible to under-cut a slot without lifting 
the tool out of the slot at all. The central piece 
(Fig. 3) provided for the vertical radial motion. 
That was necessary for a side cut, when the edge of 
the tool needed to be twisted alternately either 
way at an angle to the work. That applied to side- 
cutting and under-cutting. One trouble encountered 
had veen the difficulty in adjusting the relative 
angles of the tools usually used in double cutting. 
He was ignorant of Mr. Wicksteed’s system, but he 
assumed that the tools had to be put down on the 
level surface—[To this Mr. Wicksteed assented ]— 
and were not capable of further adjustment. Inthe 
arrangement he was describing there were wedge 
blocks (Fig. 3) between the two shears. By just 
screwing the knobs at the right hand (Fig. 2) the 
amount of oscillation that would take place in the 
tool-box could be determined. The same device 
was shown in Fig. 3 for the semi-rotary motion 
vertically. When the box was being used for 
vertical cutting both the wedges were fixed up 
against the back of the block to prevent any move- 
ment in the horizontal direction. A lever connected 
with the shaft that was placed over the cross-slide 
of the planing-machine was connected with the end 
of the ne shown in Fig. 2, and at each stroke of 
the planing-machine that vibrated, and so gave an 
angle of inclination to the tool. A speaker had 
alluded to the pull of the cross- slide on the 
return stroke. He (Mr. Deakin) did not, how- 
ever, consider the objection on this score to 
be very formidable. There was a torsional strain 
on the cross - slide, and this constituted the 
chief weakness of the planing-machine. If some 
alteration were made in the direction of stiffening- 
up the cross-slide generally, one serious objection 
to double cutting would be eliminated. It was, he 
thought, chiefly prejudice that stood in the way of 
double cutting, and too much was generally made 
of the unsuitability of some jobs to this process. 
This prejudice should be put aside and the double- 
cutting machine made to do all the jobs possible. 
The planing- machine, hke the milling-machine, 
had its function in the shop. 

Mr. Charles Wicksteed said that it was a mistake 
to search for reasons for the non-adoption of the 
double-cutting machine in the form of mechanical 
defects. ‘The real reason was the intense conserva- 
tism of the engineering profession. The inventor 
of new machines or methods had seldom been able, 
notwithstanding years of effor, to get recognition of 
their intrinsic merit from any works of importance. 
The works manager was not usvally the man who had 
so recognised them, but, asa rule, was rather one who 

referred to follow the few adventurous le who 
had launched the inventions and brought them to 
practical success. Anything likely to bother the 
management and involve valuable time in looking 
after men and so on would be shunted. Nothin 
in double cutting =— to the imagination, an 
it was put off year by year. When we should be 


producing as much as possible in the shortest time, 





the advantages of double cutting, more particularly 
in large work, seemed so obvious that, were it not 
for British conservatism, he would be surprised 
at the disfavour shown towards it. If a single- 
cutting machine took three minutes to make a cut, 
and returned in a third of the time, or occupied four 
minutes per cycle, and a double-cutting machine 
required three minutes forward and three back, 
the time occupied per cycle was in the proportion 
4:6. The output would be increased half as much 
again. Shop room occupied was decreased and 
speed of production increased. 

Mr. W. H. Patchell asked the author to give a 
few additional particulars as to size and depth of 
cut, weight of material removed, and the gain in 
speeding-up. Speeding-up without the removal of 
more material was no gain. The author appeared 
to be very keen on jockey-pulleys. Many engi- 
neers had had, however, very unhappy experiences 
with such pulleys. Dr. John Hopkinson, one of the 
greatest advocates of the jockey-pulley, had put 
them in the stations of the Manchester Corpora- 
tion and for the City and South London, but 
their employment entitled the engineers who had 
to work them to a great deal of sympathy. To 
get any life at all with such pulleys, the belts had 
to be link-belts, and link-belts were an abomina- 
tion. There were somany ‘‘ improvements” in 
them that they did not give a proper grip. Makers 
said they gripped properly because the leather was 
edge on. He would rather have less width of 
leather and a more satisfactory pull. He had 
been rather surprised when on the Continent 
to see some 400-horse-power motors running 
with air-compressors and jockey-pulleys, and, 
according to accounts, giving no trouble. He 
had not had an opportunity of seeing the 
machine stopped, and of overhauling the belt, but, 
so far as he could see, the belt was not a laminated 
stitched belt, but a plain belt with stitched joints. 
It was evident that the French engineer who intro- 
duced these belts into Germany had succeeded in 
making a jockey-pulley run much more satisfactorily 
than they usually ran in England. 

Mr. A.W. Marshall, who followed, said it appeared 
to him that the use of a single double-edged tool 
prevented it being shaped to the form which, at any 
rate for planing-machines, used to be recognised as 
correct ; that was to say, one in which the cutting 
edge was not in line with the front of the shank, 
but with the back. When the stress came on such 
a tool it tended to give, and it relieved itself. 
Modern practice seemed to be going away from that 
idea, and the tendency was to shape tools on the 
North country idea of ‘‘ knocking the Jumps off.” 
He thought that the double-cutting arrangement 
must impair the accuracy of work, as with it it was 
difficult to get two cuts alike. The belt-drive just 
referred to was, he thought, that known as the 
Lenix drive, in which the jockey-pulley was gener- 
ally pivoted concentrically with the driving-pulley, 
so that as the belt went round the tendency was to 
wrap the belt further round the pulley. A weight 
was applied to the jockey-pulley. The action was 
automatic and adjusted itself to the drive. In cases 
where it was im ible to pivot the jockey concen- 
trically it was pivoted in a line which gave a nearly 
correct movement. 

Dr. H. 8S. Hele Shaw wished to refer to the forces 
acting on the box and cross-slide. From Mr. Wick- 
steed’s drawing it appeared that the distance from 
the tool-point to the line of reaction at the bottom 
vee might be taken as 1, to the centre line of the 
cross-slide as 2, and to the line of reaction of the 
top slide as 3. If R, was the reaction at the top 
vee, R, that at the bottom vee, and F the force 
on the tool-point, then, taking moments round F, it 
would be seen that R, x 1 = R, x 3, and therefore 
R, = 4 R,, the reaction at the bottom vee. Also, 
taking moments on the line of R,, it would be 
found that R, x 2=Fx1,F=43R,.. It was 
clear, therefore, that a reversal of direction did 
make a considerable difference. 

Professor R. H. Smith remarked that everybody 
knew that nowadays springy tools, such as were 
referred to by the last speaker but one, had been 
given up except for quite special work ; except 
under special conditions they were not useful for 
accurate cutting. He wished, further, to indicate 
why the use of two separate tools was better than 
the use of a single tool tilted backwards and for- 
wards. When a single tilted tool was used, the 
cutting action in the two directions could not 
always be exactly equal. If one edge were blunted 
first, it followed that it would not cut so deep as 





a as jn yee gs the cutting 
o lally deep, it would be necessary to 
grind both en. 

Mr. Deakin here pointed out that provision had 
been made for securing equal depths of cut in the 
adjustment of swing allowed to the tool-box shown 
in Figs. 1 to 3. Grinding was just as simple as for 
an ordinary tool. 

Mr. Wicksteed then replied to the discussion. 
He was convinced that it was no good pressing the 
matter of double cutting. He had at one time 
sold a large single-cutting quick-return planing- 
machine to a maker of turbines. Gradually the 
work overtook the machine. He had taken the 
precaution of constructing the machine to hold 
double-cutting boxes, and to hold them pro- 
perly. A proper machine would cut just as well 
backwards as forwards — perhaps better. In 
double-cutting lathes with four rests, usually only 
two were used, and the attendant would use the two 
rests at the back that had the tool inverted. Large 
lathes for turning down ingots and crank-shafts, 
&c., had tools on both sides. The back rest could 
be made as strong as the front, and it made the 
sweeter cut of the two. Instead of jumping up 
and down, the pressure of the tool onl the weight 
of the work were both in the same direction. The 
back cutting-tool did not require to be cranked to 
cut sweetly ; it relieved itself of its own accord. 
The spring was spent in the direction of easing the 
tool, and not in making itdigin. There was abso- 
lutely no objection to cutting on both strokes if the 
work were suitable to the purpose. With heavy 

laning of engine-beds, for instance, there would be 
ess change of tools, not more, because they would 
not require changing until they had finished the job. 

Returning to the planing-machine supplied to the 
turbine-makers, Mr. Wicksteed stated that on being 
consulted he had told the firm to put on double- 
cutting tool-boxes. He was then asked why he had 
not made this suggestion before, and he explained 
that he had done so, but found that they did not 
believe in it, and so he had let the matter drop. A 
new set of double-cutting holders was then ordered, 
with the result that the night shifts were saved. 
The firm had further put in a reversing motor, 
which enabled them to have a quick return, or, at 
pleasure, to cut both ways. 

Conservatism and prejudice did not fairly explain 
the case. It was alban fitting double-cutting 
tool-holders to existing machines unless they were 
to do more work. This they would not do without 
double feed. If the feed were taken at both ends, 
when the machine had made one cycle it had done 
twice as much work. The feed-motion was the 
worst of the whole matter. A good feed was ever 
so much better than speed. The question, there- 
fore, was not merely one of the speed at which the 
table moved, but of the amount of work which could 
be done owing to improved feeds. The taper vees 
were not right for the planing-machine, whether 
the machine was for single or double cutting. 
There was very littlein the point. The vees should 
be made square. If the machine were made strong 
enough to cut one way, it would be strong enough 
to cut both ways. It was not a question of testing 
the breaking strength of the machine. 

The chief difference between electric and belt-driv- 
ing appeared with short strokes. The armature of the 
electric drive was a heavy item with a good deal of 
kinetic energy when revolving at a good speed, and it 
had to be reversed. The pulley made of aluminium 
or wood was a very light item, perhaps weighing 
not more thana tenth part as much, and therefore 
only one-tenth part of the kinetic energy had 
to be first arrested and then re-accelerated. 
That difference was most emphasised on _short- 
stroke work. He thought he would be right in 
saying that with a given length of short stroke—a 
foot, for example—thirty cycles could be taken with 
the belt drive against twenty with anything heavier, 
such as the armature. There was, however, not 
complete agreement on that, and often people did 
not care whether they took a little longer or not, 
so long as they were clear of belts. Such people 
had probably not had experience of br belts 
with inside jockey-pulleys. 

If it were necessary to resort to the link belt, 
that would be an end of the matter. The link 
belt could not do heavy work. Double the width 
was needed where link belts were used, because 
of the alternation of links and s , or only 
half the strength was obtained. To that must 
be added the wear and tear on the soft eyes 
of the belt, Every link was perforated for 
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the skewer to go through, and the space round 
the hole was extremely weak. The pull it was 
desirable to have on a jockey-pulley, say 1 cwt. 
to the inch of face, would result in the eyelets 
being pulled out, and no end of taking up would 
be required. A jockey-pulley drive applied to 
such a belt from the outside had the apparent 
advantage that contrary flexure could be ignored. 
That might be so, but it was a hopeless belt to 
begin with. Possibly the work might be done in 
that way with the Hendry belt, which was made 
of strips sewn together in the neutral axis of 
the piece. Such a belt would bend pretty well 
both ways; but, even so, subjected to contrary 
flexure, the leather would stretch faster and 
wear faster. On a machine taking cuts like 
those exhibited at the meeting, the jockey-pulley 
had not been adjusted since August—that was, 
for four months. If on some occasions the belt 
‘* shirked,” became stalled, and slipped a little, 
it was simply necessary to take a key and tighten 
the jockey-pulley half an inch. There was no need 
to send for the belt-sewer, who would usually pro- 
ceed to cut the laces and tighten the belt up 
at least 1 in. to the next punching - holes, 
making a bad joint, which possessed all the ele- 
ments of self-destruction. It was too much 
strained, and began to tear and stretch itself from 
the very first. In his machine the belt had 
no joints at all, and all that was needful was to 
make the jockey-pulley close up another half-inch 
or so. The effect was such as to eliminate any 
consciousness of the machines being driven.’ by 
belts ; nothing was heard about them, and there 
was never any need to order new ones. He could 
confirm the observations as to the small wear of 
the Sellers spiral pinion; it was quite extra- 
ordinary. He thought there was something quite 
new in the horizontal movement of the double- 
cutting tool-box described by Mr. Deakin enabling 
undercutting to be done ; that was very clever. 


Om-Borninc Locomotives. 


The next paper—read by the Secretary in the 
absence of the author—was one entitled ‘‘ Oil- 
Burning Locomotives on the Tehuantepec National 
Railroad, Mexico,” by Mr. G. R. Aston, Graduate, 
of Rincén Antonio, Oax., Mexico. This paper we 
print in full in another part of this issue. 

The first speaker in the discussion was Mr. T. 
Mein, of the Great Eastern Railway. He represented 
Mr. Holden, who was unable to attend. e wished 
to congratulate the author upon the efficiency of 
the railway upon which he was employed, on which, 
according to his statement, tubes remainedjtight for 
about two and a half to three years. The burner 
adopted by that railway was an inverted type of 
‘* Best ” burner, in which the oil fell down and came 
in contact with a slice of steam. The oil was practi- 
cally shovelled into the fire-box. It was essential in 
liquid-fuel burning that complete atomising of the 
fuel should occur. Towards the close of the paper 
it was stated that when using the Mexican native 
oil a large piece of carbon, or coke-like substance, 
was formed in the fire-box, and grew up from the 
bottom of the pan or grate directly under the 
burner mouth. It appeared to the speaker that 
that meant that complete combustion did not take 
place. Otherwise the cone-like formation would 
not appear. 

The cost of liquid fuel was a bar to its adoption or 
greater use in this country. Freight from the oil- 
fields amounted to 20s. or 21s. per ton, and the 
evaporative efficiency of the oil was 14 lb. of water 
per pound, as against approximately 8 lb. of water 
to a pound of coal. There were thus conditions which 
made it almost impossible to burn it economically in 
thiscountry. The advantages of liquid-fuel burning 
were many. There was less wear and tear on the 
fire-box plates, because there was not the same 
scarifying action of the moving fuel, due to the 
sharpness of the blast necessary for the consump- 
tion of a certain amount of coal. A larger blast- 
pipe orifice could be used, with resultant reduction 
im back pressure in the cylinders. There was also 
an absence of smoke when the admission of air 
and steam and fuel were properly regulated, while 
the very objectionable emission of sparks—now 
such @ serious matter for railway companies—was 
also avoided. Another advantage was the reduc- 
tion of labour for the fireman, who had not to 
shift about 40 Ib. to 45 Ib. of coal every mile that 
was run. Next, there was more rapid steam 
generation and saving in storage room. 

Mr. Mein then exhibited a section of the burner 


used on the Great Eastern Railway, the working of 
which he explained. As the form-of this burner 
is probably familiar to most of our readers, 
and will be found in several text-books on the 
locomotive, we need not give any lengthy de- 
scription of it here. The fitting takes the form 
of an injector with steam cones and a combin- 
ing- piece and discharge - nozzle, through which 
the stream of steam and oil is forced into the box. 
At the same time, owing to the formation of the 
cone, air is introduced, so that at the end of the 
cone air, steam and fuel are mingled. Together 
they pass out of the nozzle. A ring in front is 
used for atomising; there are three small holes 
at the bottom and three at the top of the ring 
through which steam is discharged. The bottom 
holes are so drilled that the steam jet issuing 
from them strikes the main stream about 6 in. 
forward of the nozzle. The holes at the top are 
not sloped to such an extent, and it is claimed 
that by this means, in addition to breaking up the 
mixture, a spiral action is also given to it. There 
was, Mr. Mein explained, in addition, an auxiliary 
supply delivered over the main jet. This allowed 
of an auxiliary supply of fuel if it were not possible 
to get sufficient through the body of the in- 
jector. At the back end of the central air- 
passage was a ball in a pocket, and a cage 
upon which that ball could take its seat. This 
fitting might be coupled to the vacuum-brake gear, 
and used to maintain or assist in maintaining the 
vacuum, air being drawn out of the pipe through 
the mixer. Directly the burner stopped working, 
the ball fell back and sealed the vacuum in the 
pipe. The quantity of fuel got through an injector 
of that kind was about 80 gallons per hour, and the 
Great Eastern Railway Company had been able to 
run an engine over 562 miles without the fire being 
cleaned. The company had fitted boilers provided 
with ordinary fire-grates, so that the change from 
oil-fuel to coal could be made immediately. 

Mr. Pagnand, of the Baldwin Locomotive Works, 
stated that in America a large number of locomo- 
tives had been fitted with oil-burning apparatus, 
although only in the western and south-western 
parts of the States. Oil was only used where the dis- 
tance from the coal-fields was great, and liquid fuel 
was very cheap. With regard to the Tehuantepec 
Railway, the coal consumption with a Baldwin 
20-in. by 26-in. cylinder engine, having a grate area 
of 24.9 sq. ft., was 89.6 lb. per mile, at a cost of 
13.8d. hen they started burning oil, the con- 
sumption, in like circumstances, was 9 gallons, 
the equivalent of 67.5 lb. per mile, and costing 
10.7d.. There was not much saving there. It 
was found in America that unless the cost of coal 
per ton, speaking of short tons of 20001b., were 
three times that of a barrel of oil, the use of oil was 
not worth considering. In America the insurance 
companies would not allow an oil-tank to be placed 
within 30 yards of any building of any description. 
If oil-tanks caught fire, there was an end of them. 
Even with coal-shoots there was a great chance of 
fire. There was but one way of preventing an oil- 
tank being totally destroyed. If the tank were 
covered entirely, so that it could be made air-tight 
at short notice, and then steam were injected 
into the top, it would be possible to put out a 
fire ; but great celerity was needed in this work. 
The cost of changing from coal-engines to oil- 
burning engines, according to the Tehuantepec 
line, was about 118). If this capital charge 
were added to the cost of the oil-burning appa- 
ratus, the capital cost of locomotives would be 
considerably increased. This permanent charge 
ought to be included. The design of the fire-box 
for the Tehuantepec locomotives was more or less a 
deviation from the usual type. There were no 
dampers. In the drawing given of the fire-box 
there was an air space shown between the fire- 
brick wall and the fire-box. Cold air usually went 
up through that space and across the top of 
the fire-box to the top row of tubes, result- 
ing in a cold current of air going right on to the 
top of the oil-flame. In cases where there was 
a large amount of fire - brick and in which the 
brick-pan was moved up into the fire-box, there 
was a considerable reduction of the heating sur- 
face of the fire-box ; if the pan had been —— 
and fastened to the mud-ring, there would hav 
been a larger heating surface. The speaker's 
experience was that oil-fuel considerably affected 
| the stay-bolts, and in America the practice had 
been to taper the stay-bolts, so that if the head 
| were burnt off by the heat, the bolt would not drop. 








The burner described was the Baldwin standard 
type, which had been fitted to several hundreds of 
locomotives. The Southern Pacific Railroad had 
— some interesting figures relating to oil- 

urning. This railroad had more oil-burning locomo- 
tives than any other in the States, and the figures 
were based on about 745 locomotives working on the 
Mountain Division. The calculations were on the 
basis that 152 gallons, or 3.62 barrels of oil, were 
equal to 2000 lb. of coal, the oil being taken at 18,500 
B.Th.U., and the coal at 13,350 B.Th.U., the coal 
being probably soft. The horse-power of the 
Mallet locomotive was 2057, and the pounds of 
water evaporated per square foot of heating sur- 
face per hour were 6.39. The oil per square foot of 
heating surface per hour was 0.51 1b.; per indi- 
cated horse-power it was 1.61 lb., and the equiva- 
lent evaporation per pound of oil was 15.04 lb. It 
was interesting to note that the weight of the 
train was 1056 tons. Undoubtedly the com- 
bustion in the oil-burning fire-box was, in the 
case of the Tehuantepec locomotives, not 
complete ; otherwise it would be unn 
to use so much sand. He considered the chief 
trouble to be the absence of sufficient fire- 
box volume. The average temperature of oil- 
burning fire-boxes was found to be about 2600 deg. 
Fahr., as determined by Professor Gray, of the 
California University. 

The President then announced that the next meet- 
ing would take place on Friday, January 19, 1912. 
Two papers of a very interesting character were 
under consideration. One was by Dr. Diesel on 
the ‘‘ Diesel Oil-Engine,” and the other was by Dr. 
Edward Hopkinson upon the ‘‘ Evolution and Pre- 
sent Development of the Turbine Pump.” One of 
these papers would be read at the next meeting. 

The proceedings then terminated. 





THE GULLSPANG HYDRO-ELECTRIC 
POWER-STATION, SWEDEN. 

Tue Gullspang Hydro-Electric Power-Station is 
one of the most important in Sweden, and was at 
its completion, rather more than a year ago, the 
largest working concern of the kind. The Gullspang 
River is the lower portion of a stream, which at its 
different stages has different names, and which, 
next to the Klara River, is the largest of the 
streams having their outlets into Sake Viinern. 
Prior to reaching this lake, it passes Lake Skagern, 
the river distance between the two lakes being about 
8 miles, and the level of the latter lake being about 
24 m. (79 ft.) higher than that of Lake Vanern. 
There are two falls—the Gullspang Fall, or rather 
rapid, which, over a distance of § mile, has an aggre- 
gate height of about 21 m. (69 5, and the Aras Fall, 
of about 3.5 m. (114 ft.) height. The Gullspang Fall 
had for a considerable time been used for working 
various mills, &c., but these grew less and less im- 

rtant, and in 1906 a company—the Gullspang- 
Munkfors Power Company—was formed for the 
rational exploitation of the two falls, and for supply- 
ing electric current to the towns of Lidképing, 
Mariestad, Kristinehamn, Hiillekis, Bjérneborg, 
Backhammar, &c. 

The combination of the two falls in one power- 

lant was advantageous, inasmuch as the Munkfors 
Fall has no reservoir, whilst the Gullspang Fall 
has the already-mentioned Lake Skagern, with 
its (through regulation) unlimited possibilities for 
storage. By the aid of certain regulating works 
theGullspang power-station could be planned for 
more than 3600 cub. ft. of water per second, although 
the average volume of water may not exceed 2520 
cub. ft. per second, and the low-water volume has 
been as little as 972 cub. ft. persecond. The smallest 
quantity of water that will be available after the 
regulation of Lake Skagern, and its damming up to 
its present high-water level, has been calculated at 
1520 cub. ft. per second, 108 cub. ft. being reserved 
for the passing of fish. There is at present no 
timber-floating in this river. By the further regu- 
lation of some lakes higher up these figures may 
be raised. 

It was first proposed to construct a solid dam, 
which, slightly arched against the water, should 
span the river between the two rocky banks ; but 
when the place had been laid dry it was found 


e|that the rock bottom in the centre was 26} ft. 


below the river bed, and the pro dam, if 
carried down to the firm rock, would consequently 
prove very costly. The construction was there- 
fore altered, and a straight solid dam was built 
on the western shore, and across the western half 
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of the river-bed, where the rock was right up to the 
surface, whilst an arch dam was built across the 
portion where the rock lay deeper, its one end being 
supported by the solid dam, and the other by the 
rock on the eastern shore. By building a short, solid 
dam, also on the eastern shore, the width of span of 
the arch dam could be reduced to 131 ft. and its 
radius to 110 ft., an arrangement which entailed a 
considerable saving of masonry. The upper portion 
of the dam, to a height of 64 ft., is constructed of 
strong reinforced concrete, the mixture used being 
1:2:3. The reason for this strengthening lies 
in the fact that the arch dam, in order to provide 
sufticient outlet for the water, like the solid dam, 
had to be constructed with apertures separated by 
intermediate pillars, which support the necessary 
beams for the regulating-sluices. The interme- 
diate pillars of the solid dam obtain sufficient 
stability by having their bases extended in the 
direction of the water pressure ; in the arch dam, 
on the other hand, the intermediate pillars must 
be calculated as being inserted in the arch, which 
has to receive the water pressure both on the 
sluices and the intermediate pillars. The pressure 
on the concrete of the reinforced arch, with a 
water-level of 764 ft., amounts to 228 lb. r 
square inch. This part of the arch is, besides, 
subject to changes of temperature and to one-sided 
strains from the sluices, which circumstances, under 
unfavourable conditions, made it necessary to 
reckon upon a pressure of 40 kilogs. per square 
centimetre (572 fh. per square inch). 

The concrete dam is coverel with masonry on all 
surfaces exposed to the water, except the back 

rtion of the intermediate pillars of the arch 

m, which would only have n weakened by 
being faced with stone. The mixture used for 
these pillars is 1: 3:5. The front side of the dam 
is faced with cement, and in the solid dam there 
are drainage canals. In order to by-pass floods, 
the dam contains fifty wooden sluices, in 
ten outlets ; in the middle of the dam provision is 
made for the passage of the ice. All these outlet 
arrangements are so constructed that the level of 
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the water at the dam can be raised to the highest 
level of Lake Skagern. There are efficient pro- 
visions for the passage of fish. 

For the laying dry of the river-bed during the 
construction of the dam, a temporary tunnel of 
50 sq. m. area (537 sq. ft.) and. 50 m. (164 ft.) 
length was blasted in the rock on the left shore. 
This tunnel took all the water of the river for more 
than a year ; it was rather an expensive affair, but 
the arrangement entailed very material advantages 
in connection with the building of the dam. It was 
considered that tests with concrete laid under water, 
undertaken elsewhere, had demonstrated that con- 
crete so laid, even when fairly strong mixtures are 
used, was a very unreliable material. Entirely dif- 
ferent results are obtained by pure cement amongst 
stones. The cement fills all the voids, and, left to 
itself, gradually hardens. After exhaustive tests, it 
was decided to use this method for the final closing 
of the tunnel, which had in the meantime been 
closed by a very strong arrangement of iron and 
wooden beams. 

The inlet canal at Gullspang is principally blasted 
in the solid rock, and is in its upper portion pro- 
tected by low earthen walls, and in its lower by 
high concrete walls, ordinary solid walls, mixture 
1:5:7, with inserted stones, except at the front 
side, which is made of asomewhat stronger mixture. 

The power-station and the distribution basin 
are situated together, as shown in Figs. 1 and 2, 
above. The turbines are placed, in open instal- 
lation, in vertical metal cylinders, an arrangement 
which, both as regards the fixing and the inspection 
of the turbines and their efficiency, entails distinct 
advantages, but which, on the other hand, when 
it is a question of such considerable height of fall as 
exists here, materially increases the cost of instal- 
lation. When, however, the volume of water per 
system is fairly large (720 cub. ft. per second), as in 
this case, and the conditions are otherwise favour- 
able, the advantages may be said to outweigh the 
additional cost, which becomes smaller in Pee 
tion to the increase of the volume of water. e 
vertical metal cylinder is of 5.5 m. (18 ft.) diameter 
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and 13 m. (43 ft.) height, with an upper chamber 
of reinforced concrete. Each turbine-chamber is 
independent, without any connection with the next, 
and rests on intermediate pillars of concrete erected 
between the plate-cylinders, but not directly on 
the rock. The necessary provisions for expansion 
have been made at all places. 

The power-station, with its three stories, is 
located in a cavity blasted in the rock to a depth of 
10m. (32 ft.) below the surface. The outer walls of 
the buildings are entirely free of the surrounding 
rock, so as to avoid, as far as possible, damp- 
ness in the machinery hall. On the bottom floor, 
which rests on the rock, the electric generators 
are installed, direct coupled to the turbines, 
under which, in the longitudinal direction of the 
power-station, is formed the outlet tunnel, into 
which are takén the pipes from the turbines, as 
shown in Fig. 1. These suction-pipes are cast into 
strongly reinforced-concrete beams, which have to 
sustain the pressure from the plate cylinders and 
from the volume of water in and above these. The 
lower ends of the suction-pipes are also encased 
with concrete so as to protect them from rust (see 
Fig. 1). 

The outer walls of the bottom story of the power- 
station are made entirely of concrete, partly 
because this material better resists the damp and 
partly because the load, especially on the longi- 
tudinal walls, is considerable. The wall towards 
the turbine chambers is built with a number of 
arches, supported by the intermediate pillars, and 
having the rock for outer support. The outer 
walls are made of reinforced concrete, and there 
is efficient provision for ventilation through open- 
ings to the respeetive turbine chambers, and ample 
exit through windows, &c. The transformers and 
high-voltage instruments are installed in the second 
story, and further instruments in the third story. 
The beams and floors are of reinforced concrete ; 
the former were construeted when the girders had 
been brought in position, whilst the floor, so as to 
advance the work, was formed in advance in cop- 
veniently sized slabs, 
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The exciting turbines are placed in insulated 
vertical plate-cylinders, of 2. m. (6 ft. 6} in.) 
diameter, to which the water is led from the dis- 
tribution basin through horizontal pipes of 1 m. 
(3 ft. 3g in.) diameter. Opposite the exciting plant 
there is a lower two-storied structure, along the 
longitudinal wall of the power-station, which con- 
tains the necessary low-voltage appliances, the 
switchboard forming the partition wall between 
the upper story and the machinery hall. 

The power-station is at present built for four 
units, but the east-end wall is only a temporary 
one, made of wood. The distribution basin has, 
however, been designed and the blasting work carried 
out with the final capacity in view, so that extensions 
can be undertaken at any time. The power-station 


and the distribution basin are also placed suffici- | 


ently low to allow of a future junction with the 
Aras Fall, which will then be removed by blasting ; 
this, with some regulation of the intermediate 
stream, will increase the present height of fall 
20 m. (654 ft.) by additional 2 m. (6 ft. 6} in.) 
at least. The first three units each have a turbine- 
shaft capacity of 4000 horse-power, the fourth of 
4500 horse-power. The capacity of the exciting 
units is 200 horse-power for each. The outlet canal 
is partly constructed as tunnel, partly as open 
canal, and mostly blasted in the rock ; owing to 
the possible future junction with the Aras Fall, it 
has been made 2.25 m. (74 ft.) lower than would 
otherwise have been necessary. 

The cost of the Gullspang Power-Station has 
considerably exceeded the calculated figure, which 
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was admittedly too low, in addition to which various 
circumstances have added to the expense—amongst 
others, the rapidity with which the work had to 
be pushed ahead. Still the actual cost comes out 
reasonably, as will appear from the following 
table :— 








Cost. 
Effective 
First Stage. Turbine 
| Horse- Power. | Per Horse- 
Total. Power. 
kr. kr. 
Installed 16,500 3,175,000 192 
(176,0002.) (10%; 138. 4! ) 
Exclusive of reserve | 12,000 3,175 65 


3,175,000 

(176,0001.) (142. 148. 5 5.) 
500,000 

(194,4442.) | (72. 188. 4d.) 
500, 167 

(194,4441.)| (91. 58. 7d.) 


Fully completed 25,000 


Exclusive of reserve 21,000 


The above full capacity figures are a fraction 
| below those for the large State power-station at 
Trollhattan, and include the preparatory work for 
the junction with the Aras Fall already referred to. 

The design and the execution of the engineer- 
ing and constructive work has been carried out 
by the well-known Stockholm firm of Vattenbyg- 
nadsbyran, several of whose works have already 
been exhaustively dealt with in this journal. The 
turbines have been supplied by the Kristinehamn 
Engineering Company, Kristinehamn, and the 
electric plant by the General Swedish Electric 
Company, Westeras. The hydro-mechanical instal- 














Fie. 5. Hypraviic Power Governor. 


lation, according to the plans of Mr. H. Th. Holm, 
with the turbines placed in open plate cisterns, is 
of special interest, and has worked very satisfac- 
torily. 

According to contract, three of the large turbines, 
with 20 m. (66 ft.) effective height of fall, and 
250 revolutions per minute, should develop at least 
4000 horse-power each, and possess a mechanical 
efticiency of 79 per cent. with full load, 78 per cent. 
with three-quarter load, and 72 per cent. with half 
load ; there is also one turbine yielding 4500 horse- 
power, with an efficiency of respectively 78, 79, and 
72 per cent. at the loads previously mentioned, The 
contract contained the clause that for each per 
cent. the average efficiency was short of that 
guaranteed the manufacturers should pay a penalty 
of 2000 kr. (1111.) per turbine, and for each per cent. 
by which the efliciency exceeded the figures of 
the guarantee the manufacturers were to have a 
premium of 1500 kr. (83l.) per turbine. 

It was specified that the hydraulic governors 
should maintain the speed variations within 


+ 15 percent. with 100 per cent. power variation, 
+ 6 ° 50 ” ” 


+ 3 ” 25 ” ” 


provided that the rotating portion of the generators, 
coupled to the turbines, was of a specified weight. 
The test was not to be considered as passed until 
these regulating conditions had been complied with. 

The turbines, shown in Figs. 3 and 4, have 
been constructed as double Francis turbines, placed 
in open plate cylinders of 5.5 m. (18 ft.) dia- 
meter, and run at 265 revolutions per minute 
when developing 4000 horse-power, which is com- 
paratively quick running. he guide-rings are 
fitted with eighteen movable blades of cast steel, 
and regulating-rings, likewise of steel, are attached 
to the middle of the guiding-rings. The motion 
from the governors is transmitted through two 
strong shafts, connected with each other by 4 system 
of arms in the power-station. The turbine shafts 
are of nickel steel and rest in three Babbitt-lined 
bearings, lubricated with grease, each from its own 
mechanically-worked lubricator. This lubricating 
arrangement, which had not previously been applied 
to such large turbines, acts most satisfactorily. The 
wheels are made of cast iron, with twenty blades of 
12-mm. (4 in.) steel plates cast on. The inlet dia- 
meter of the wheels is 1135 mm. (3 ft. 9 in.), and 
their internal diameter at the ring 1350 mm. 
(4 ft. 6in.). The general construction of the tur- 
bines otherwise is shown in Fig. 3, which is a 
section. 

The governors (Fig. 5) are of the hydraulic type, 
with cylinders 330 mm. (13} in.) in diameter ; the 
stroke is 450 mm. (18 in.), and the angle of the regu- 
lating shafts 60 deg. A servomotor, with oil-cistern 
and pendulum, besides hand-regulation, is attached ; 
whilst the pump of the governor, with its air-bell, 
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is mounted on a separate foundation plate. The 
pumps are of the rotary type and deliver 3.5 litres 
(6 pints) of oil per second. 

Phe height of fall was measured direct by means 
of afloat in the outlet tunnel, and a gauge inserted 
in the turbine pool. 

The results of the tests are shown graphically in 
Figs. 6 and 7, page 821, which show the output of 
the turbines at various openings of the guide-rings 
and revolutions per minute and with 20 m. (654 ft.) 
height of fall. From these it will appear that 
tarbie No. 1, with 250 revolutions per minute and 
20 metres (654 ft.) height of fall, develops 4410 
horse-power, and the turbines ‘Nos. 2 and 3, under 
the same conditions, 4460 horse-power each. 

The diagram also shows that the power and the 
openings of the guide-rings correspond for all 
the turbines, so that the measurement of the water 
was confined to No. 1 turbine. The result of this 
measurement will appear from the appended table : 
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25.5 256. 3190, 6.26 21.82 | 1780 1025 0.576 
88 253 «3.150 | 9.09 21.82 | 2584 | 1979 0.766 
54 «-253.«8.150 | 1253 | 21.30 | 3560 | 2991 0.840 
70 | 258 8.140 | 16.00 | 21.25 | 4535 | 3870 0.853 
125 | 252 2997 | 22.20 | 20.96 | 6207 | 4743 0.764 


From this it will appear that the efficiency of the 
turbines is :— 


Atfullload... 3 ‘e 82 per cent. 
», three-quarter load ... sia ... 85 Pe 
» half load... “ss id on i 
As the guaranteed figures for the efficiency were 


respectively 79, 78, and 72 per cent., the efficiency 
actually obtained exceeds the one guaranteed by 
5.67 per cent. The turbine No. 4, of 4500 horse- 
power capacity, was originally installed with slightly 
different wheels, but this was altered in acco: .. .nce 
with those of the other three turbines, and the 
makers obtained the premium stipulated for all 
four turbines. 

All the governors were subjected tv tests, at 
which the speed variations were recorded by means 
of a self-registering voy em The results will 
appear from the subjoined table :— 

| | 
Sudden 





} Leod Greatest | Corre- 
Turbine No. | om } Abberel’ Speed sponding 
| , Soree-Power, Variation. Guarantee 
|kg. per sq. cm. per cent per cent. 
- 1000 s 11 
} + 1000 3s 64 
| 48 | 7; ¢ i} 6 
Large—1 | (186 Ib. per + — : | J 
| 6q. in.) j 
+ 3000 8 
~ 4000 10 \\ 15 
+ 4000 ll if , 
— 1000 | oe 
] 10 + 1000 8 \f 
Large--2 (148 Ib. per + | + = : | 6 
8q. in.) | 
-- 4000 12 \ 15 
| 4000 is if 
- 1000 2 } - 
10 + 1000 8 
Large--3 (143 Ib. per ~ 18 é } 6 
in.) + 2000 6 
> - 4000 12 \ 1b 
+ 4000 sy 





The governors will consequently be seen to 
answer fully the conditions of the contract and 
work, free of hunting, at all loads. The figures 
representing the efficiency are particularly good, 
and possess special interest on account of the tests 
having been carried out with the greatest care. 
The results correspond most satisfactorily with 
those obtained at the Kristinehamn Works, and 
are the outcome of several years’ systematic testing 
of different types and constructions ; they fully bear 
out the accuracy of the methods of calculation 
adopted. 





New TunNEL NEAR CHRISTIANIA.—-At the end of the 
present year (1911) work will commence on the new 
tunnel for the railway from the Puselék road to Majorst- 
nen, which will materially shorten the distance from the 
Aker district to Christiania. The work is to com- 
The tunnel partly 8 

y through loose soil, of which 
ve evidenced more than had been 


pleted by May 17, 1914. 
through rock and 


latter the borings 
anticipated. 
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Jahrbuch der Schiffbautechnischen Gesellschaft. Vol. XII. 
_Berlin: Julius Springer. [Price 40 mar 
Tue twelfth volume of the Jahrbuch der Schiffbau- 
technischen Gesellschaft, an elegant small quarto 
volume of 503 pages, profusely illustrated, as its 
predecessors, contains the proceedings of the 
twelfth annual meeting of the German Naval 
Architects, held at Berlin on November 17 to 19, 
1910. The usual summer meeting of the Society 
was postponed till 1912 in view of the fiftieth 
anniversary meeting of our Institution of Naval 
Architects. A further increase in the membership 
had hardly been expected, since the leading ship- 
builders had all joined. Yet the year 1910 closed 
with a roll of 1571 members of all classes, 17 more 
than in 1909 ; 20 members had died and 41 resigned, 
while 78 new members had been enlisted. Among 
the deceased were Hans Richter, manager of the 
engine department of the Germaniawerft, Kiel, 
formerly connected with the construction of large 
as-engines at Nuremberg and rebuilder of the 
yssen Steel-Works at Miilheim, who died in 
his forty-second year ; Consul-General Axel John- 
son, of Stockholm; General Enrique Garcia de 
Angulo, of Madrid; Isidor Loewe, brother and 
partner of Ludwig Loewe, of Berlin, a man of emi- 
nent capacity and energy; Franz Clouth, founder of 
the well-known rubber works at Céln-Nippes ; and 
Heinrich Mehtis, of Berlin. whose name we shall 
mention lower down as one of the contributors of 
papers to the meeting ; he died in his thirty-eighth 
year. 
At the Berlin meeting of the Society the chair was 
taken either by the Honorary President, the Grand 
Duke Friedrich August of Oldenburg, or by the 
President, Professor C. Busley. As regards the 
tenor of the discussions, it might, perhaps, be said 
that the German engineer proceeds at once to a 
critique, without wasting words on compliments and 
on congratulating the meeting ; there is not much 
difference otherwise between British and German 
discussions. 

Several of the communications brought before 
the congas * have already been noticed in our 
columns. e commented upon Professor Frahm’s 
important paper on ‘‘New Tanks for Preventing 
the Rolling of Ships” in our issue of December 16, 
1910, and upon the communication of Dr.-Ing. 
Gebers on ‘‘The Development of a New Type of Tug 
for Canals by Means of Model Experiments ” in our 
issue of June 23, 1911.* With respect to the 
anti-rolling tanks we have to add that Dr.-Ing. 
Horn, of the Germania-werft, has contributed a 
special memoir on ‘‘The Theory of Frahm’s Tanks” 
to the volume, in which he explains his views 
more fully than he did at the meeting. Dr. Horn 
starts in his deductions from Féppl’s ship’s top, 
and he regards the resonance phenomena between 
the oscillations of the ship and of the waves, which 
Frahm, in Horn’s opinion, considers the chief factors 
to be studied, as secondary. This statement was 
not accepted by Professor Frahm, and the purely 
theoretical considerations of Horn will less appeal to 
the engineer than Frahm’s exposition, which is based 
on experiments and confirmed by observations on 

rd. 

The first paper brought before the meeting was 
one by Professor J. Stumpf, of Charlottenburg, on 
“‘The Further Development in the Consiruction of 
the Uni-Directional-Flow Steam-Engine,” men- 
tioning the construction of railway locomotives and 
of marine engines by the Stettiner Maschinenbau- 
Gesellschaft Vulcan, Messrs. Frerichs and Co., 
Gebriider Sachsenberg, of Céln-Deutz, and others. 
Professor Stumpf was criticised by several speakers 
during the discussion. Dr. W. Schmidt, of Kassel, 
thought that the ring for the exhaust-ports cooled 
the cylinder in radiator fashion, and he could not 
understand why superheated steam at 325 deg. Cent. 
should require jacketed cylinders ; Mr. Gerdau, of 
Diisseldorf, asked why the cooling effect of the large 

iston of the Stumpf engine was altogether neglected 
in the calculations ; Mr. Lichtensteiner, of Mann- 
heim, thought that Professor Stumpf’s comparative 
locomotive trials had not been conducted with com- 
parable engines, and Mr. Henkel, of Kassel, objected 
that Professor Stumpf had made a change of front, 
inasmuch as he had, a year previously, demanded 
superheated steam for his engines and now recom- 


* Compare ENGINEERING, vol. xc., page 832, and 
vol. xci., page 828 





mended them for saturated steam. Professor 
Stumpf in his reply claimed the right of making 
progress in the course of a year. Engineers were 
immerged in dogmatism. He had in vain approached 
thirty German firms five years ago and had had to 
go abroad to get his first engines constructed; now 
he had engines aggregating half a million horse- 
power running or under construction. 

The paper by Captain K. Thorbecke, of the 
German Navy, on ‘‘The Construction of Heavy 
Gun-Turrets on Board Ship” is noteworthy, because 
naval gunnery experts rarely express more than a 
very guarded general opinion in public meetings, 
and because firms like Messrs. Krupp do not often 
consent to the publication of drawings, such as they 
had placed at Captain Thorbecke’s disposal. Captain 
Thorbecke would prefer three-gun turrets even for 
35.5 cm. (14 in.) guns to two-gun turrets, and 
electric power to hydraulic power, on the biggest 
warships, at any rate ; an efficient electrical training 
of the men would, of course, be required, but that 
was generally desirable on warships, and, it was 
acknowledged during the discussion, seemed to 
have been secured in the German Navy. 

The paper by Mr. Th. Saiuberlich on ‘‘ Marine 
Diesel Engines” describes and illustrates very fully 
the engines of two boats built by Messrs. J. Frerichs 
and Co., of Osterholz-Scharmbeck, the tug Frerichs, 
driven by a four-cylinder Diesel engine of 200 
horse-power at 360 revolutions, and the herring- 
tug Ewersand, driven by a two-cylinder 90 horse- 
power Diesel motor at 330 revolutions. There was 
no technical discussion of this communication ; the 
only speaker, Professor Flamm, regretted that his 
inquiries about Diesel engines addressed to other 
firms had elicited replies demanding high prices, 
while declining sufficient guarantees. 

A paper on ‘‘Superheated -Steam Plants and 
Valve Engines for Marine Propulsion,’ comp led 
by Mr. Heinrich Mehlis, of Berlin, was, owing to 
the serious illness of the author, who died shortly 
afterwards, supplemented and read by Mr. L. 
Lichtensteiner, of Mannheim. Mr. Mehlis had 
dealt with the same subject in a previous com- 
munication of 1906, and he described now recent 
constructions, comprising those of 6000 horse- 
power tandem-engines for torpedo-boats, and the 
installation on board the yacht Lensahn of the 
Grand Duke of Oldenburg. All these engines are 
fitted with Schmidt superheaters and with Lentz 
valve-gear, and Mr. Lichtensteiner claimed for 
them that they required less oil with superheated 
steam than they would want with saturated steam. 
These and other claims found support in the meet- 
ing, though Professor Mentz, of Danzig, considered 
superheaters as objectionable on board ship, since 
the superheater could not be safely cut off at once 
when the engines had to be stopped, and because 
there was no time for repairs with marine engines ; 
there had been trouble, moreover, he thought, 
on the Navy tender Drache with the lubrication. 
According to Mr. Henkel, of Kassel, the Geneva 
Steamship Company had actually realised a saving 
in oil whenever they ed from running with 
saturated steam to running with superheated steam 
in their stationary engines, and the oil consumption 
on the boats of the Oldenburg-Portuguese Steam- 
ship Company and of the Argo Line, which were 
provided with superheater installations, only wanted 
oy gramme (half a grain) of oil per horse-power hour, 
something like ? kg. every 24 hours. The valves 
of the marine engines as built by the firm of 
Heinrich Lanz, of Mannheim, were the same as 
those of their railway engines, except that the valves 
were horizontal on the locomotives. The Drache, 
it was pointed out, was not perfect in its auxiliary 
machinery, but it answered its purpose. The Grand 
Duke of Oldenburg admitted that he had so far 
needed a good deal of oil on his yacht (two 580 
horse-power engines at 180 revolutions, driven by 
steam at 400 deg. Cent.); but that defect was being 
cured, and he would not part from his new engines, 
which would reverse almost more rapidly than he 
could himself manipulate the hand telegraph ; there 
was no trouble whatever about cutting out the 
superheater when the engine was stopped. 

he strong recommendations of electric thermo- 
meters of various kinds which Mr. Otto Weiss, of 
Berlin, gave in his lecture on ‘‘ Temperature 
Measurements on Board Ship,” indicated that the 
lecturer was better acquainted with his apparatus 
than with marine practice, and induced Dr. Max 
Wittenberg, of Hamburg, to stand up for the old 
mercury thermometer. For certain observations 
automatic temperature recorders are, of course, 
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indispensable ; but if the sailor on the whole prefers | 
to rely upon personal supervision at regulated 
frequent intervals, instead of trusting a number of | 
dials, public safety will not be endangered. 

The most instructive discourse on ‘‘ Movements | 
Accompanying Shooting,” i.e., movements of the 
projectile, the gun, the powder and gases, the air, 
and the object struck, delivered by Mr. C. Cranz, of 
Charlottenburg, stands apart from the aare. 
In spite of the wonderful ingenuity displayed in the 
improvement of firearms by mathematicians as well 
as by practical experts, the artillerist has still to rely 
upon empirical rules in many simple problems, as 
regards the trajectories, ¢.g., because he cannot 
supply the mathematician with sufficient data for 
the determination of his constants. Mr. Cranz 
makes in his studies extensive use of the photo- 
graphic method introduced by E. Mach in 1885, and 
of the modern kinematograph. By means of spark 
photographs the velocity of the projectile and 
indirectly, hence, the air resistance and its depend- 
ance upon the shape of the sg can be investi- 
gated. Apart from the recoil, the rifle or gun oscillates 
longitudinally, transversely, and torsionally while 
being discharged. Mr. Cranz has only been able to 
observe the transversal vibrations, which may be said 
to correspond to a fundamental oscillation and to 
its harmonics. The fundamental oscillation and the 
first harmonic, he finds, have a common node, the 
position of which can be fixed photographically and 
also with the aid of Chladni figures. The upper 
harmonics in particular tend to deflect the gun 
upward or downward, so that the target is hit at too 
high or too low a spot; fortunately these effects 
become weaker with increasing initial velocity. Mr. 
Cranz also showed, by the photographic method, how 
some unburnt powder grains were scattered about, 
so that the gases rushing in front of the projectile 
might make or break a chronograph circuit before 
the projectile itself acted, and that the cartridge of 
a magazine rifle might enter the explosion chamber 
obliquely instead of horizontally. The exact posi- 
tions of parts of the locking mechanism during the 
discharge may also be ascertained by photographic 
means. 

The air resistance and the air waves in front 
and in the rear of the projectile are studied with 
the aid of Mach’s interference refractor, and Mr. 
Cranz has been able to prove that the attempts 
made to reduce the air resistance by perforating the 
projectile longitudinally are futile. Very little is 
definitely known about the deflections which the 
projectile undergoes in its trajectory. The rifling, 
which steadies the motion by rotating the projectile 
about its longitudinal axis, introduces a kind of pre- 
cession effect, for instance, which has not, so far, been 
measured, A projectile, to mention an interesting 
case of another kind, sent vertically upward with 
a velocity of 890 m. per second, struck the ground 
again, still in the same vertical position, with a 
velocity of only 30 or 40 m. By his concluding 
demonstrations Mr. Cranz illustrated the explosive 
effect which high-speed projectiles produce in the 
object struck, lumps of clay, bones, bladders filled 
with water, &c.; it is as if the projectile ignited 
some blasting agent contained in the object. The 
Emperor William IT., who was present during the 
discourse, referred to this point in his contribution 
to the discussion ; for years he has had observations 
and measurements taken on the deer which he 
shoots. Mr. Cranz ascribed the terrible destruc- 
tion wrought by the bullets partly to the nutation 
of the projectile, which reacts against impediments 
in the manner of a spinning-top. 
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A CHIMNEY-STACK OF REINFORCED 
CONCRETE. 
By Oscar Fazer, B.Sc. A.M.I.C.E. 

A cHIMNEY recently erected by the firm of 
G. Trollope and Sons and Colls and Sons, Limited, 
of 5, Coleman-street, E.C., to whom the writer is chief 
engineer, has several features which it is thought are 
of sufficient general interest to justify the publication 
of a brief account. 

The chimney was erected to the order of a company 
in London on a site near Drury-lane, W.C., the object 
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of the stack being to carry the exhaust gases from 
internal-combustion engines to such a height from the 
ground that they cannot constitute a nuisance in the 
surrounding neighbourhood. The stack is erected to 
replace four steel pipes having a total height of 85 ft. 
from the ground, which were found to be insufficient 
to effect the above-mentioned purpose. The decision 
of the company to erect a new stack was also largely 
due to the installation of several additional units in 
their generating station. 4 

The new shaft is 144 ft. 9 in. in height, measurin 
from the top of foundations, which coincides wit 
basement-floor level. As the volume of gases to be 
carried up is comparatively small, an inside diameter 
of 2 ft. 6 in. was considered sufficient. 

It will be of interest here to explain the considera- 
tions which led to the erection of the chimney in re- 
inforced concrete, since, though the advantages of this 


| material are frequently lauded in a general way, the 


rticular chimney under consideration could hardly 
ave been built in any other material. The chimney, 
if built of brick, would have to er with the 
ng Building Act of 1894, Section 65, which enacts, 
inter alia— 


(1) Every shaft shall . . . taper gradually from the 








base to the top of the shaft at the rate of at least 
24 in. in 10 ft. of height. 

(2) The thickness of brickwork at the top of the 
shaft . . . shall be at least 84 in., and shall be in- 
creased at least one half-brick for every 20 ft. measured 
downwards. 

(6) The width of the base of the shaft . . . shall be 
at least . . . if the same is round. . . one-twelfth 
of the height. 

(7) Any fire-bricks built inside the lower portion of 
the shaft shall be provided as additional to, and inde- 
pendent of, the thickness of brickwork prescribed by 
those rules, and shall not be bonded therewith. 

It will be seen from these that the minimum dimen- 
sions permissible for the brick-shaft would be :— 


Outside diameter at top ... 4 ft. 
~ “ base ... 12 ft. 
Wall thickness at top 9 in. 
o base 3 ft. 


Allowing a wind pressure of 25 1b. per sq. ft. on 
the projected area of the chimney (this pressure being 
assumed to include the reduction factor for circular 
cross-section), it will be found that the overturning 
moment 


1,748,000 ft.-Ibs., 


and the weight 
638,000 Ib. 


Whence 


the eccentricity e = 2.74 ft. 


If the brickwork were capable of resisting tension, 
the maximum compressive stress would be 


C= 638,000 1,748,000 
~ $4.75 158.8 
= 7530 + 11,000 = 18,530 Ib./ft.2, 
or 128 lb. /in.?. 


This figure would only be justified if the brickwork 
were capable of resisting a tensile stress of 3470 lb./ft.* 


or 24.1 Ib./in.? 


The exact calculation of the maximum pressure when 
the tensile strength is ignored is not a simple matter, 
although it may determined in the same manner as 
that advocated for reinforced-concrete chimneys in the 
article by Messrs. Taylor, Glenday, and the writer, 
which appeared in ENGINEERING, March 13, 1908, It 
is obvious, however, that it would exceed 128 lb. per 
sq. in., whereas 125 lb. per sq. in. is the limitin 
stress allowed by the London County Council for ha 
brick in cement mortar. It will be seen, therefore, 
that an outside diameter of 12 ft. is not only the least 
permissible by the London Building Act, but is also 
the least which a prudent engineer would care to erect. 

This size of chimney, though small in comparison to 
its height, is, however, considerably greater than could 
be erected at Short’s Gardens, owing to great scarcity 
of room. The alternatives were therefore reduced to 
a self-supporting chimney of steel or reinforced con- 
crete. The first of these could not be passed as a 
permanent structure by the London County Council, 
owing to the corrosion of the steelwork, and only a 
reinforced-concrete chimney would meet the case. 
When it is seen that the diameter at the base was 
kept down to 5 ft., it will be seen how effective was 
the substitution of reinforced concrete for brick. 

The site occupied by the chimney is shown by Fig. 1, 
annexed, while the details of the design are illustrated 
by the engravings on page 824. From these it will be 
seen that the lower portion of the chimney, up to flue 
entrance, is 1 ft. 3 in. thick, and above that 6in. thick. 
Above the flue entrance a lining of firebrick 5 in, 
thick is provided, with an air-space 4 in. thick between 
it and the outside shell. Vent-holes are left near the 
flue entrance, through which acurrent of air is induced 
in the air-space between the liner and the outer shell. 

Experience with several chimneys of this type has 
shown that the concrete shell is liable to weed: badly 
under the heat of the chimney, and this fact has no 
doubt hindered to no small degree the employment of 
reinforced concrete for this purpgse. Some theoretical 
calculations of temperature stresses led the writer 
to a system of construction in which timber rings 
are embedded at intervals on the inside face of the 
concrete shell, which practically reduces to zero 
the stresses due to expansion. This system of con- 
struction, which is patented by the~writer, was 
adopted by the Associated Portland Cement Manufac- 
turers ina chimney built by them at their works at 
Burham, on the Medway. This chimney has now 
been in use several months, and is quite free from any 
cracks due to temperature stresses. The chimney 
forming the subject of this article was also built on 
this system, though, of course, its success here cannot 
be ee at the time of writing. 

The ightning conductors are four in number, and 
are screwed on to the tops of four of the longitudinal 
bars, thus ss the copper strip down the length of 
the chimney. Electrical connection was made between 
the lower ends of the bars and earth, and a test of the 
resistance between the spikes of the conductor and 
earth showed that the connections were all they 
should be. This is of interest, as no special precau- 
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CHIMNEY-STACK OF REINFORCED CONCRETE. 


CONSTRUCTED BY MESSRS. G. 


TROLLOPE AND 











Fia. 2 


tions were taken to ensure good contact where the 
longitudinal bars lapped with those of the higher tier, 
the bars being simply lapped and held together by 
}-in. UJ-bolts. The reinforcement used in the chimney 
was indented bars. 

The foundation had to be taken down 15 ft. below 
basement level, which is itself 14 ft. 9 in. below ground 
level, and as it was necessary to underpin the existin 
walls under which it was built, it was made a soli 
block of concrete 16 ft. 6in. by 14 ft., thus serving 
































SONS AND COLLS AND SONS, LIMITED, CONTRACTORS, 


e- g-w 
BRICKS TOFIT EACH 
OTHER THUS. 


PLAN ON EF. 


R20 OF ADJACENT BUILDING 








r| 
4 
! 
Yj 1 
| 
; | 
| 
' 
! 
! 
| 
| 
i 
H 
Pe ®| 
" 8| 
i! 
| 
| 
a 
1] 
1} 
1 | 
| 
1] 
|. 
| > 
ls 
i< 
11 
1 | 
| 
i 
| 
I 
11 
11 
1 | 
1 | 
| 1 
it 
1 
1 
{| 
j! 
| 
I 
| 
Vy 
! 4 
;F 
js! 
112 
i; 
Il 4 
HY 
1 | 
ie 
hy 
ie 
it | 
tid 
1t 
1] 
a) 
fit 
iy I 
mf 
| | 
211 
ad 
i! 
119 
il, 
it 
it | 
1) | 
ly 
He 
i | 
GRanD| 
hb t 
11! 
wl} 
SI! | 
S| 
yt 
Hi 
I} 
east 
a 
aa | 
' i 
1} 
1 
for the underpinning also. A staircase | o 
is formed out of the foundation block |‘ 
for giving access to the engine-room, | * 
which is below the yard. 1} 
The firebrick lining consists of jaémy------ 


special firebricks made with a raised 
rib, 2in. by # in., fitting into a corre- 
sponding recess in the next course. 


To ensure the 
lining remaining concentric with the outer shell, 
special bricks are used at intervals 10 ft. apart, with 
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side projections. Aboutfg-in. clearance is left between 
these projections and the outer shell to allow for 
expansion of the firebricks. 
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MECHANICAL STOKERS AT THE MINES DE DOURGES CO.’S WORKS, FRANCE. 


CONSTRUCTED BY MESSRS. ED. BENNIS AND CO., LIMITED, ENGINEERS, LITTLE HULTON, BOLTON. 
A . 
Fig.1. WA Fig.2?. SECTION E .F. 
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We have from time to time described in our pages 
installations of furnace plant fitted up by Messrs. 
Ed. Bennis and Co., Limited, Little Hulton, Bolton, 
in connection with steam boilers, and we now illustrate 
another plant by the firm which has recently been 
installed at the works of the Mines de Dourges Com- 
pany, France, which contains some special features. 
A general view of the installation is shown in the 
half-tone engraving, Fig. 5, while detail views of one 
of the furnaces may be seen in Figs. 1 to 4, above, 
these being respectively a front elevation, a transverse 
section, a longitudinal section, and a sectional plan. 

In the course of 1902 and 1903 the Mines de Dourges 
Company tested one double mechanical stoker under 
a semi-tubular boiler of 250 sq. m. (2687 sq. ft.) 
heating surface, and they carried out a number of 
comparative tests between hand-firing and the Bennis 
stokers with various grades of fuel, ranging from the 
best qualities produced at their collieries down to the 
lowest grade washings. As a result of these tests, the 
company began to erect, in the year 1909, a central 
electric power-house, which includes the following 
plant :—EKight Buttner water-tube boilers working at 
a pressure of 200 Ib. per sq. in., each boiler having a 
heating surface of 270 sq. m. (2900 sq. ft.). Attached to 
each boiler there is a superheater of 85 sq. m. (914 eq. ft. ) 
area, formed of solid-drawn weldless tubes of 38 mm. 
(14 in.) outside diameter, and 4 mm. (0.16 in.) thick. 
By means of this superheater the temperature of the 
steam can be raised to 325 deg. Cent. In addition, the 
boiler plant is supplied with four Green’s economisers, 
one to each pair of boilers, each economiser consisting 
of 192 cast-iron tubes, 10 mm, (0.4 in.) thick, 2.72 m. 
(9 ft.) long, and having an internal diameter of 99 mm. 
(4 in.). These tubes are jointed into twenty-four 
‘** elements,” or groups, by special cast-iron boxes. 
The heating surface of each economiser is 178 sq. m. 
(1910 sq. ft.), and the boilers are fed usually by an elec- 
Fie. 5. tric centrifugal pump of the Rateau type. There is also 
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a double-acting steam pump driven by two ——— 
steam cylinders, and automatic valves are fitted, 
which regulate the admittance of the water to the 
boilers in such a way as to ensure a constant water- 
level. 

Coming now to the mechanical stoker, which is a 
special part of the installation, and was fitted by 
Messrs. Ed. Bennis and Co., Limited, it will be seen 
by Fig. 1 that there is a shaft A carrying a cone 
pulley in the gearing bracket B, the shaft receiving 
its motion from another shaft driven by an electric 
motor, not shown in the drawing. The motion of 
the shaft A is communicated to the feed-shaft and 
to the bar-shaft of the machine by means of worm 
gearing, and the feed-shaft in turn turns the scroll 
cams C which work the pushing-shovel for the fuel, 
and give to it a reat and forward motion which 
forces the required quantity of fuel over the grate 
according to the regulation of the scroll cams. Mean- 
while the four-arm cam D, which is also fixed on the 
same shaft, draws back the throwing-shovel, and by 
moving a piston in the pneumatic cylinder E com- 

resses the air within that cylinder while the coal, to 
be thrown on the grate, is falling in front of the throw- 
ing-shovel. This throwing-shovel was fully illus- 
trated and described by us on page 95 of our last 
volume, and we need not, therefore, devote much 
space to it here. We may, however, say that as soon 
as the lever of the throwing-shovel escapes from the 
cam D the shovel is rapidly drawn forward by the 
compressed air in the pneumatic cylinder E and strikes 
the tuel, which it throws forward to a certain distance 
all over the grate. Since the arms of the cam are 
unequal, four different throws are given to the shovel, 
and four different sections of the grate are successively 
covered with fuel. The distance to which the fuel is 
thrown at each turn is regulated, according to the 
quality of the fuel, by adjusting the pneumatic cy- 
lmnder. 

While the fuel is. being fed, as described above, the 
grate is itself operating as follows :—The shaft driv- 
ing the bars is actuated by gearing which takes its 
movement from the cone pulley seen in Fig. 1. The 
end cams of each set of seven fire-bars press on the 
heels of the side bars F and G, Fig. 4. These bars 
move about 7 cm. (2% in.) out of the furnaces, and then 
remain stationary. ‘The cam which actuates the middle 
bar H then comes in contact with the wearing-piece 
on that bar, and withdraws it the same distance. 
After this the cams belonging to the bars I, J, K, and 
L cause these bars to move forward in a similar way 
in succession. Thus each bar is moving between 
two stationary bars. When the side bars F and G 
move forward, an iron bar, which is placed between 
two projections on the upper surface on these bars, 
comes forward with them, and the intermediate bars 
then move forward until the projections on their upper 
surface touch this iron bar. The cam-shaft continuing 
to tura, the other cams belonging to the movable bars 
F and G come into action, and force these bars into 
the furnace again, and by means of the iron bar men- 
tioned above and the projections the intermediate bars 
go in simultaneously. 

The same series of movements is repeated at ever 
turn of the cam-shaft, the object being to beoek 
up clinkers on the grate, to separate the clinker from 
the coal, and to cause the whole to move gradually 
towards the end of the grate, where the ashes finally 
fall into a chamber provided between the end of the 
grate and the bridge of the boiler. The ashes are 
withdrawn at intervals during the day by means of 
conveyors or by hand. The k is separated from 
the space beneath the bars by a partition, in order to 
avoid the admission of cold air, the partition having 
hermetically-closed doors. The fuel being thrown 
intermittently in small quantities and on different 
pwts of the grate, each feed varying according to 
circumstances from 300 to 500 —- (0.66 lb. to 
1.1 1b.), the coal lights up rapi ly. and the fire is 
always bright, being ey cleaned from ashes 
and clinker. The maximum efficiency appears to be 
obtained by means of rapic and complete combustion, 
which, it is said, results in the complete abolition of 
black smoke. 

The fuel is brought in trucks into the mixing-room, 
where it is placed in towers provided with an arrange- 
ment similar to ploughshares, which ensure the intimate 
mixture in proper proportions of the various qualities 
of fuel to be pa al Ate 5 The mixed fuel is then fed 
into the hoppers of the mechanical stokers by means 
of an elevator and conveyor. The fuel at present used 
at these works is made up of tae following mixture : 
—75 per cent. of mixed washings. including very small 
nuts of coal and a lot of fine dust, which is not easily 
separated from it ; 25 per cent. of small matter, car- 
bonaceous earth, and of material from the walls of the 
mine. The analyses of these fuels were as follow: 
—Small cvual—moisture, 15 per cent. ; ash, 35 to 37 per 
cent.; volatile matter, 16 to 17 per cent. Refuse— 
moisture, 24 percent. ; ash, 25 to 28 per cent, ; vola- 
tile matter, 23 to 24 per cent. he engine-room 
a two turbo-alternators, of an output of 3000 kw. 
each. 





THE CHINESE TRAINING CRUISER | 
“YING SWEI.” 


SpeciAL interest attaches to the drawings repro- 
duced on our two-page plate this week, as they illus- 
trate the views of one of our leading naval construc- 
tion firms as to the type of ship best suited for the 
training of officers oak men in connection with modern 
munitions of naval warfare. The successful completion 
of the trials of the ship this month also foreshadows 
the beginning of a revival of the naval prestige of the 
Empire of China. This vessel is the Ying Swei, built 
by Messrs. Vickers, Limited, at their naval construc- 
ap a at Barrow-in-Furness. While having ~ 
the fighting capacit ible in a ship of the draught 
(13 ite) ane is Wisdeed Ginslnconent (2400 tons) pre- 
scribed by the Chinese authorities to meet certain har- 
bour conditions, she excels in the comprehensive 
character of the provisious introduced by the designers 
for the effective training of Chinese officers and men. 
Messrs. Vickers, Limited, are responsible for the 
design, which, like the plans for many of the later 
warships, has been prepared by Mr. T. G. Owens, the 
naval constructor and a special director of the company. 
The special features of the design are :—(1) The great 
variety in the size of the -_ fitted—6-in., 4-in., 
14-pounders, 3-pounders, and 1}-pounders—all intro- 
duced primarily for instructional purposes ; but inci- 
dentally making the cruiser a formidable fighting ship. 
(2) The different types of boilers on board-—cylindrical 
and water-tube—so that the Chinese stokers may 
acquire experience. (3) The adoption of alternative 
systems of auxiliary machinery, as far as is consistent 
with efficiency, for the education of Chinese officers 
and crew. (4) The unusually large quantity of ammu- 
nition carried: 160 rounds for each of the two 6-in. 
guns, 200 rounds for each of the four 4-in. guns, and 
1000 rounds for each of the smaller guns, which 
permits of extensive battle practice, and confers the 
advantage in the maintenance of a long engagement 
in war. (5) The embodying of an unusually thick 

rotective deck—14 in.—in such a light cruiser. (6) 
The ensurance of a speed of 20 knots under easy 
steaming conditions and without exacting that care 
and organisation in the stokehold which come only 
with prolonged experience. 

The principal dimensions of the ship are as follow :— 


Length between perpendiculars 330 ft. 
Breadth, moulded __... a 39 ft. 6 in. 
Depth, moulded ; - .. 23 ft. 9in. 
Mean draught ... ia a oe 13 ft. 
Displacement (about) ... a 2500 tons. 
Speed (about) ... on me 20 knots. 


The hull, as shown by the longitudinal section 
(Fig. 2), is divided into numerous compartments by 
strong water-tight bulkheads and flats, the forecastle, 
or collision bulkhead, being made specially strong. A 
double bottom extends throughout almost the entire 
length of the vessel, in which stowage is provided for 
feed-water and oil-fuel for the boilers. 

The armament consists of two 6-in. quick-firing 
guns, one carried on the forecastle deck (Fig. 3), and 
the other on the poop-deck (Fig. 3); four 4-in. quick- 
firing guns placed on the upper deck (Fig. 4)—two at 
the aft end of the forecastle and two at the fore end 
of the poop: at the sides of the ship; two 14-pounder 
quick-firing guns, one on each end of the upper deck 
amidships; six 3- pounder quick-firing guns, three 
carried on each side of the upper deck in the waist 
(Fig. 4), and two 1}-pounder quick-firing guns placed 
on the bridge (Fig. 3). 

Two 18-in. revolving deck torpedo-tubes are carried, 
one on each side of the upper deck aft (Fig. 4). The 
guns and torpedo-tubes are controlled in accordance 
with the latest practice. 

The vital parts of the vessel are protected by an 
armoured deck of the usual shape, fitted in the vicinity 
of the water-line and extending throughout the entire 
length of the vessel (Fig. 2). The steering-gear and 
the engine in connection with the capstan-gear are 
owen under the protection of this deck. The coal- 

unkers are so arranged along the sides of the vessel, as 
shown in Figs. 5 and 7, both above and below the 

rotective deck, as to give a maximum of protection 
rom gun-fire. 

The ammunition for the large guns is taken through 
armoured tubes on its way to the guns, and an 
armoured conning-tower is built on the forecastle 
deck (Fig. 2), while an armoured tube protects the 
gear-rods, &c., passing from the conning-tower to 
under the protective deck. The range-finder platform, 
searchlight platform, and navigating bridge are placed 
over the aft.end of the forecastle deck, above the | 
conning-tower -(Fig. 3). 





A searchlight platform is | 
also.fitted over the fore end of the poop. The larger | 
guns are served by electric bollard-hoists. 
Accommodation is provided for 230 officers and men 
and 40 cadets. A long forecastle and poop are built | 
above the upper deck at the ends of the vessel, which 
rovide accommodation for the crew, &c., forward, and 
or the captain and chief officers aft (Fig. 4). 
The two masts are made suitable for taking a 


| wireless telegraph installation of wide range. 


Under the upper deck forward accommodation is 
provided for the crew, their wash-places being built 
in the casing amidships. The quarters for the officers 
and the school-room and quarters for the cadets are 
placed aft (Fig. 5). 

The galleys are placed in the casings on the upper 
deck amidships, and the steam and other boats are 
carried on skid-beams and in davits along the sides of 
the upper deck. 

Under the protective deck forward and aft (Fig. 7) 
are placed the magazines, shell-rooms, store-rooms, 
fresh water, &c. A cold store for the preserving of 
meat, vegetables, and fish is placed under the protec. 
tive deck forward. The ship is lighted throughout by 
electricity on the latest system. 

The propelling machinery is of the Parsons turbine 
type, with three lines of shafting, and one propeller on 
each shaft. ‘The turbines are arranged in one engine- 
room (Fig. 7). The high-pressure ahead turbine is on 
the centre shaft, and a low-pressure ahead on each 
wing shaft. The wing shafts are arranged for work- 
ing astern, a reversing turbine being incorporated in 
each of the two low-pressure turbine casings. In 
addition to the main steam connections to the high- 
pressure ahead turbine, separate steam connections 
with regulating-valves are fitted to each of the low- 
pressure ahead and astern turbines. For economical 
working at low speeds a cruising element is fitted in 
the high-pressure end of the high-pressure turbine. 
All the turbine bearings and shaft bearings are 
arranged for forced lubrication, pumps being supplied 
for this purpose, together with an oil-cooler and tanks, 
&c. The shafting throughout is of forged steel, and 
the various lengths filleted into one another. The 
ar agen are three-bladed, the bosses and blades 

ing cast solid of manganese bronze ; the wing pro- 
pellers are arranged to work outwards when going 
ahead. 

There are two condensers—one in each wing of the 
ship (Fig. 7). They are cylindrical in form, with the 
casings built up of steel plates and angles, and with 
conical ends made of gun-metal. The circulating 
water is supplied by. two pumps of the centrifugal 
type, driven by independent single-cylinder engines ; 
these pumps are also arranged to draw from the bilges. 
The main air-pumps are independent, direct-acting, 
two in number, one for each condenser. 

The distilling and evaporating machinery supplied 
is of ample capacity, two evaporators being fitted 
capable of supplying 35 tons of water per 24 hours, 
and one distilling condenser capable of condensing all 
the steam from the evaporators. The evaporators are 
arranged to work under the closed exhaust system, 
the steam pressure in the generating coils being 25 lb. 
per square inch, taken from the auxiliary exhaust 
system or the auxiliary steam service. 

There are six boilers arranged as shown in Fig. 7. 
These include water-tube, cylindrical boilers and gene- 
rators of the White-Forster type. The latter are 
arranged to burn oil fuel as well as coal. There are 
four water-tube boilers, and these together are capable 
of producing steam for about two-thirds of the total 
horse-power. The cylindrical boilers are of the single- 
ended return-tube type, designed to work under the 
forced-draught closed-stokehold system. The total 
heating surface is 12,900 sq. ft., and a total grate 
surface of 287 sq. ft. Air is supplied to the stokehold 
by six steam-driven fans of the double-inlet type, the 
engines being of the enclosed type, fitted with forced 
lubrication. The feed-water is supplied to the boilers 
by four feed-pumps of Weir’s direct-acting type. 

The vessel, as shown, has two funnels and two 
masts, and the steam and other boats are carried on 
skid beams and in davits along the sides of the upper 
decks. 

The Ying Swei carried out a complete series of 
trials, which terminated on the 2nd inst. These trials, 
which were undertaken in the presence of technical 
members of the Chinese Embassy, included twenty- 
four hours’ coal consumption trial at about 12 knots 
speed, during which time six runs were made on the 
measured mile; a full-speed trial of six runs, also on 
the measured mile; and progressive speed runs on the 
measured mile. In addition, there were steering-gear 
trials, ahead and astern, the latter at two-thirds of 
the full-speed ; hand - steering tests, circling trials, 
anchor-gear tests, and gun and torpedo-firing trials. 
At the full-power trial the vessel attained a speed of 
21.214 knots as the mean of the six runs on the mea- 
sured mile, three with and three against the tide ; the 
mean boiler pressure was 190 lb., and the turbines, 
running at an average of 556.4 revolutions, developed 
6300 horse-power. Oa the twenty-four hours’ trial 
the average was 12.35 knots, with a steam 
pressure of 147 lb., and with the turbines running 
at 311.1 revolutions. In all respects the conditions 
of the contract were met. 





AvusTRIAN Mrne-Owners.—In order to stimulate the 
federation of Austrian mine-owners a committee has met, 
and has resolved to arrange for a — miners’ festival to 
take place in Vienna during the latter half of September, 
1912. 
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INDUSTRIAL NOTES. 


AccorDING to the Board of Trade Labour Gazette, 
issued on the 16th inst., the state of the labour market 
in November was as follows :— 

Employment was, on the whole, much about the 
same as in October. There was some increase in 
employment in the metal, engineering, shipbuilding, 
and boot and shoe trades, and the printing and 
bookbinding trades showed a seasonal improvement. 
On the other hand, there was a seasonal decline in the 
brick-making, building, and furnishing trades. As 
compared with a year ago, there was a general improve- 
ment in most of the principal industries, but there was 
a decline in employment at blast-furnaces and in the 
printing, linen, ard jute trades. 

In the 394 trade unions, with a net membership of 
800,532, making returns, 20,540 (or 2.6 per cent. )mem- 
bers were unemployed at the end of November, 1911, 
compared with 2.8 per cent. at the end of October, 
1911, and 4.6 per cent. at the end of November, 1910. 

Returns from firms employing 450,979 workpeople 
in the week ended November 25, 1911, showed an 
increase of 0.3 per cent. in the amount of wages paid 
compared with a month ago, and of 4.5 per cent. com- 
pared with a year ago. 

The changes in rates of wages taking effect in 
November affected 23,300 workpeople, and resulted in 
a net increase of 1500/. per week. Amongst those 
whose wages were increased were 2500 coal-miners at 
Bristol, and 10,200 workpeople in the engineering and 
shipbuilding trades at Belfast. 

The most important disputes in progress during the 
month were those involving 9900 mvtor-cab drivers, 
washers, cleaners, &c., in London, 2500 coal-miners at 
Bristol, 2300 machinists, filers, tool-setters, &c., at 
Birmingham, 2000 oil-millers at Hull, 1100 coal- 
miners near Wakefield, and 300 cotton operatives near 
Manchester. The number of disputes beginning in 
November was 60. ‘The total number of workpeople 
involved in all disputes in progress during the month 
was 37,076, or 21,452 less than last month, and 55,885 
less than in November, 1910. The total number of 
working days lost by these workpeople was 409,500, 
or 35,100 less than the previous month, and 1,403,900 
less than the corresponding month of last year. 

Cases dealt with under the Conciliation Act include 
those affecting railway workers of the United Kingdom, 
seamen and firemen, and also share fishermen at Hull, 
locomotive workers at Horwich, tramway workers at 
Ashton-under-Lyne, &c., carters at Greenock, confec- 
tionery workers in London, shoe and slipper-makers at 
Rossendale, boot and shoe operatives at Anstey and 

at Hinckley, copper-smiths, sheet-metal workers and 
braziers at Southampton, shipwrights and joiners at 
Belfast, crane slingers and drivers at Scunthorpe, 
pottery turners at w, and workers in the steel 
trade in the West of Scotland. 





The monthly report of the United Society of Boiler- 
makers and Iron and Steel Shipbuilders for November 
shows ai increase in membership during the month of 
297. So far, the year has proved a satisfactory one for 
the society, which, collectively, is laying up the 
wherewithal with which to provide against the pro- 
verbial rainy day. The members signing the “ idle P 
book at the end of November numbered 2206, against 
2404 at the end of October. The number of members 
on the sick fund was the same at the end of each of 
these months—namely, 1179; members on super- 
annuation at the end of November totalled 2463 ; and 
at the end of the previous month, 2466. There was a 
decrease of 334/. Os. 6d. in the expenses for November as 
compared with October, theamounts being 5614/. 15s. 9d. 
and 5948/. 16s. 3d. respectively. 





The employees in the Nelson and Colne district of 
the Lancashire cotton industry have only themselves 
to thank if they are locked out before Christmas, 
owing to the practice, which is becoming intolerable, 
of striking at the shortest notice and refusing to 
work with non-union men who have quite as much 
-_ to work as have the men who belong to the unions. 
Of course, the union will blame the masters for the lock- 
out, shutting their eyes to the fact that the employers 
are only doing their duty as a means of protecting men 
in their employ over whont the unions tyrannise. On 
Wednesday last week the operatives’ officials advised the 
men to remain at work, but the weavers in the district 
appeared determined to take the risks of a lock-out, 
and continue their campaign against the non-unionists. 
Notices were posted in all the mills owned by the 
North-East Lancashire Spinners and Manufacturers’ 
Association, and all existing wages contracts came to 
an end on Wednesday last. Official notices were sent 
out by the secretary of the Accrington and District 
Weavers’ Association involving eight cotton mills. 
The trouble has spread to Blackburn and Preston. At 
the time of going to press the lock-out was looked upon 
as inevitable. 





A conference in connection with the taxi-cab dis- 


of the Board of Trade, under the erenamg wy ad Sir 


George’ Askwith. It was agreed between the London 
Motor-Cab Proprietors’ Association, Limited, and the 
London Cabdrivers’ Trade Union, to have considera- 
tion given to the question as to the fair and proper 
conditions of service and payment under which the 
taxi-cab drivers should work on the assumption that 
the existing fares remain unaltered This is without 
prejudice to either party being entitled to show what 
en mad might be expected if a change in fares 
either by increase or decrease were made. The Board 
of Trade is to appoint a court of arbitration of three 
members to decide the question, and the Board of 
Trade may accept the adhesion of other associations 
other than those mentioned in this agreement. 


The result of the railwaymen’s ballot as to the accept- 
ance or otherwise of the conditions laid down in the 
report of the Railway Commission will not be made 
public, as it was decided at the end of last week that, 
in the face of the recent agreement between the 
representatives of the companies and the unions, it 
would be unwise to issue further figures. 

If we are to judge by reports from various centres, 
the recent Board of Trade settlement with regard to 
the railwaymen’s dispute does not appeur to have given 
complete satisfaction, and the situation has not been im- 
proved by the decision of the union railwaymen’s joint 
executive committee not to publish the result of the 
recent ballot of the men on the question of the accept- 
ance of the report of the Inquiry Commission. In 
some cases the immediate resignation of the leaders is 
calledfor. Mr. J. H. Thomas, M.P., however, speak- 
ing at Nottingham on Sunday last, repudiated the 
insinuation that the workers had been “ sold” by their 
leaders. ‘ihe broadest view had, he said, been taken 
of the situation, and a settlement had been secured 
which embodied many advantageous points. Although 
he knew the result of the ballot, he would not publish 
it after the joint conference that had taken place. 
It is still the lack of what they claim—full recognition 
—that troubles the men. It is to be hoped that all 
this lingering dissatisfaction will soon pass away 
when the new arrangements have been given a fair 
trial. 





A definite decision has been come to by the prin- 
cipal railway companies arding the increase to be 
made on the excursion oa season fares now in force, 
and the increase will come into force on January 8, and 
not on January 1, as was formerly mentioned. Excur- 
sions over New Year’s Day will therefore escape, and 
any inconvenience will be avoided. 


The Scottish Coal Conciliation Board held a meeting 
in Glasgow on Thursday in last week to consider the 
miners’ demands regarding wages. The claims of the 
men which were made by the miners’ representatives 
at the previous meeting were again pressed forward. 
These were (1) an individual district minimum wage 
to be paid in all circumstances to all men working at 
the coal face ; and (2) the standardisation of wages to 
all on-cost men and boys and youths on a definite scale. 
The reply from the coal-owner members to these 
joa was that (1) they could not agree to them, 
and that the arrangement mae at the Board of Trade 
on July 30, 1909, must be adhered to; (2) that they 
(the masters) could not agree to the standardisation 
of the wages of on-cost men and boys and youths 
on the lines pe and that they adhered to the 
agreement already referred to; and (3) that they are 
willing to recommend the establishment of permanent 
machinery to deal with the disputes in the collieries 
regarding the rates to be paid in abnormal places 
where any dispute affects twelve or more miners, and 
to reccmmend the classification, according to age and 
experience, of boys and youths working at the coal- 
face. No definite conclusion was come to. 








There was a largely-attended conference of the 
Scottish Miners’ Federation in Glasgow on Saturday 
last, at which it was decided to send nine delegates to 
attend the conference of the Miners’ Federation of 
Great Britain to be held in London on the following 
Wednesday. They had instructions to support the 
proposal for a national strike. 

On Monday a meeting was held at the Westminster 
Palace Hotel, London, between the representatives of 
the coal-owners and the workmen on the Conciliation 
Board for the Federated Districts of Great Britain, 
after which the following statement was handed by 
the coal-owners to the men’s representatives :—‘‘ That 
after the further explanations given by the miners’ 
representatives to-day as to the conditions they would 
assent to be associated with the minimum wage, which 
have put a different aspect on the proposal, the matter 
should be again submitted to the districts for further 
consideration, the date of a further meeting to be 
arranged by Sir Thomas Ratcliffe-Ellis and Mr. Thomas 
Ashton.” The meetingon Monday was the third of a 
series, and both sides went to it in a conciliatory 
spirit, and the men’s representatives are said to have 





pute was held on Friday in last week at the offices! 





a minimum wage, to discuss means by which the 


‘ owners should be protected against the possibility of 


their suffering from either the inability or the indis- 
sition of the men to perform a fair day’s work. The 
ifficulty, however, of deciding on some scheme 
whereby this could be done is by no means small. The 
meeting was adjourned till Wednesday, but was again 
adjourned without settlement until yesterday, and 
there seems <7 likelihood of a ballot being ordered 
to ascertain whether the men favour a national strike. 
The two old propositions were before the Federation on 
Wednesday—namely: (a) Whether Rule 21 of the 
Federation, which enables this conference to order a 
general stoppage, shall be put into operation ; or (b) 
whether negotiations shall be continued for a further 
period. There appeared to be three sections in the 
conference—the moderates, whoare opposed to drastic 
action, and who include most of the miners’ members 
df Parliament ; the extremists, who demand the im- 
mediate enforcement of Rule 21, and who are composed 
chiefly of the South Wales leaders and certain northern 
delegates ; and a third section of men who are not 
very decided about any definite course, 





With regard to the cost of labour in coal-mines, Mr. 
D. A. Thomas, speaking at a debate at Cardiff Uni- 
versity Settlement on the minimum wage, said that 
the cost of living had not increased since the last 
agreement was signed, as had been claimed by some 
people, that the value of the coal mined was 1,250,000/., 
and that there were 23,000 more colliers at work than 
last year. If the cost of living had increased 20 per 
cent. since 1897, the¢ ost of labour had increased 75 per 
cent. The average wage of the collier above and below 
ground, in 1909, was from 32s. to 33s., and at the 
coal face from 42s. to 45s. a week, and many colliers 
earned @ open a day. The minimum wage meant 
considerably over 1s. a ton, which would more than 
extinguish the profits on the ordinary shares of the 
collieries with which he was concerned. 





Dundee has been the scene of serious rioting this 
week in connection with a strike of carters and dock 
labourers, the condition of things becoming so bad in 
the town that the authorities had to appeal to the 
War Office for soldiers to quell the disturbances. 
Consequently 300 infantry were sent from Edin- 
burgh without delay, and arrived in Dundee late on 
Tuesday night, where they were quartered in the 
Drill Hall. It is said that many factories were 
compelled to cease work owing to lack of fuel and 
material, and the men who were thus rendered idle 
joined the rioters. 








Tue German Navy Estimates.—These have now 
been published in the German Press, and show that pro- 
vision has been made for the second instalment of the cust 
of three battleships and one cruiser which belong to the 
financial year 1911, for the third instalment of the 
cost of three battleships and one cruiser which belong 
to the 1910 financial year, and for the fourth instalment of 
the cost of three battleships and one cruiser which belong to 
the financial year 1909. The programme for which « first 
instalment is to be provided in 1912 includes one 
battleship, the Ersatz Brandenburg, and one cruiser, 
the Ersatz Kaiserin Augusta. Provision is also made for 
two small cruisers, and for the first instalment of the cost 
of « torpedo-boat flotilla. The sum for submarines 
remains the same as last year—t.e., 750,000/. A sum of 
150,000/. will be provided towards the cost of the new 
Admiralty building, Berlin. For keeping the ships in 
commission a sum of 175,850/. in excess of last year’s 
amount is provided, an excess which is said to be due to a 
more extensive commissioning of large units; this leads 
also to an excess of 118,150/. in the provision for ammu- 
nition as compared with last year. 





Swepisu Strate Rat.ways.—The report for the Swedish 
State Railways during 1910, which has now been made 
available, contains some interesting particulars about 
their working, &c. The railways for which the gross 
receipts exceed the working expenses amcunt to an 
aggregate of 3305 km.—that is, 75.5 per cent. of the 
total of the Swedish State railways, which have cost 
417,210,000 kr.; whilst the sections of the State railways 
on which the gress receipts do not cover the workin 
expenses amount to an aggregate of 1071 km., o 
which the cost: of building amounts to 88,590,000 kr. The 
aggregate net revenue of the former portion amounts to 
18,500,000 kr., or 4.4 per cent. of their cost, whilst the 
ag ate ‘oss on the latter was 2,160,000 kr., or 2.4 per 
cent. of theircost. The most favourable results are shown 
by the iron ore railways in Lapland and by the east, south, 
and west trunk lines. The Gellivara-Riksgriinsen line 
heads the list with 10.65 per cent., and then come the 
Katrineholm-Nassjé line with 7.61 per cent., the Lulea- 
Gellivare line with branch lines to Malmberget and 
Koskullskulle, with 7.32 per cent., the west trunk line with 
6.11 per cent., and the south trunk line with 5.42 per cent. 
The lines which have given a —— result are mostly 
branch lines to the different trunk railways, the Skéfde- 
Karlsborg Railway being at the bottom of the list with 
4.03 per cent. on the wrong side. The State railway ferries 
average 1.12 per cent., the Trelleborg-Sassnitz railway 
ferry having yielded 2.4 per cent., whilst the Malmo- 





own 4 willingness, in the event of the adoption of 





Copenhagen railway ferry shows a loss of 2.84 per cent, 
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THE REFRIGERATED-MEAT INDUSTRY 
OF SOUTH AMERICA. 


Tue first freezing plant on modern lines for dealing 
with meat for oversea transport put down in South 
America was built as early as 1885, by Messrs. Sulzer 
Brothers, Winterthur, for the Compania Argentina de 
Carnes Congeladas, San Nicolas. It was situated on 
the right bank and quite close to the Parana River, 
means being provided for the rapid carriage of the 
frozen-meat quarters on board ship. It contained 
eventually three Sulzer compressors of about 200,000 
calories (capable of abstracting 794,000 B.Th.U.) 
per hour, and it dealt with about 800 sheep per day. 
The plant has remained idle since 1898. It is shown 
in Figs. 1 and 2. 

The largest and most interesting plant of this kind 
existing at the present day is that of the Compania 





Sansinena de Carnes Congeladas ; the machinery for 
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(600,000/.) in shares. The daily production of the 
three installations is the following :— 
La Negra, Cuatreros, Frigor. 
Buenos Bahia Uruguaya, 
Aires. Blanca. Montevideo. 
Carcases. Carcases. Carcases. 
Oxen—300 kg. (661 1b.) 800 200 600 
Sheep—25 kg. (55 1b.) 3000 2500 2000 
The La Negra Installation, Buenos Aires.—This is 
located on the Riachuelo. It covers an area of about 





installation was put down at Bahia Blanca owing to 
the satisfactory local conditions. In the first p 

vessels can steam up the harbour quite close to the 
plant, and there are also in close proximity extensive 
pasture lands on which the cattle can be raised. The 
slaughterhouses are at a distance of 3 km. (2 miles) 
from the town of Bahia Blanca. The company owns 
a harbour, in which the steamers for exporting the 
frozen meat are berthed. Loading is facilitated by a 
system of narrow-gauge railways. The company also 
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this has also been built by Messrs. Sulzer Brothers. 
The company was formed in 1884 by Mr. Gaston S. 
Sansinena. It owned at first a slaughter-house, La 
Negra, in the vicinity of Buencs Aires, which dealt 
exclusively with the preparation of potted meat. The 
first freezing plant was put down in 1891. In 1902 
the La Negra installation was enlarged and a new 
plant was put down at Bahia Blanca, the southernmost 
point on the Argentinian Railway system, at a distance 
of 600 km. (370 miles) from Buenos Aires. On July 1 
of the present year the Compania Sansinena was 
further extend by the purchase for a sum of 
7,500,000 francs (300,0000.) of the slaughter-house 





me of the Frigorifica Uruguaya, Montevideo. The 
‘ompania Sansinena has a capital of 34,000,000 francs 
(1,360,°007.) in 5 p*r cent. bonds and 15,000,000 francs 


37,000 eq. m. (398,000 sq. ft.) and occupies 1200 men. 
The sanitary conditions are supervised by two veteri- 
nary surgeons. Ata distance of 5 km. (3.1 miles) the 
company owns pasture land sufficient for 5000 oxen 
and 20,000 sheep. The installation contains seven freez- 
ing plants of 1,700,000 calories (capable of abstracting 
6,749,000 B Th U.) per hour, and 11 boilers capable 
of supplying steam for a total of 2800 horse-power. 
There are further 16 refrigerating - rooms, having 
together a floor area of 3325 sq. m. (35,800 sq. ft.), 
and a capacity of 11,208 cub. m. (395,000 cub. ft.), and 
37 cold-storage rooms, of 5950 sq. m. (64,000 sq. ft.) 
floor area and 16,513 cub. m. (582,000 cub. ft.) capa- 
city. This installation is illustrated in the diagram, 
Fig. 3, and in the views, Figs. 9 to 12, on e 832. 

he ** Cuatreros” Plant, Bahia Blanca,—The second 





owns a steamer fitted with cold-storage holds for deli- 
veries along the coast. The installation gives occupa- 
tion to 450 men, and is conducted on the same lines as 
that of La Negra ; the sanitary conditions are supervised 
by a veterinary surgeon. The cattle are first led into a 
covered corral, whence they are driven into the slaughter- 
house. This consists of the slaughter-room, and of a 
second room, in which the carcases, after dressing, are 
allowed to hang for five or six hours, exposed to an 
air-current for drying and cooling. By this means the 
refrigerating-rooms remain much dryer than otherwise 
would be the case. From the drying-room the meat 
is conveyed over the bridge F (Fig. 7) by means of an 
overh line, to the freezing chambers of the building» 
Dand E. The sheep carcases are generally conveye~ 
six at a time, three at top on short hooks and three + 
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THE “CUATREROS” REFRIGERATED-MEAT PLANT AT BAHIA BLANCA. 


CONSTRUCTED BY MESSRS. SULZER BROTHERS, ENGINEERS, WINTERTHUR, SWITZERLAND. 


Fig6. 
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bottom on long hooks suspended from a horizontal 
bar. The refrigerating-plant connected to the refri- 
gerating-rooms is located under the roof of each of the 
two buildings (Fig. 8, page 829). The rooms con- 
taining the plant in question communicate with the 
refrigerating-rooms liana by air-passages. The 
height of the storey of the building D beneath the 
refrigerating-plant is 4.4 m. (14 ft. 5 in.), the storey 
being divided into four refrigerating-rooms ; the refri- 
gerating-rooms of the building E are also situated 
underneath the corresponding refrigerating-plant, but 
are 2.2 m. (7 ft. 3 in.) only in height. When the meat 
is refrigerated——i.e., about three days after the com- 
mencement of the process—it is lowered through 
openings to the cold-storage rooms. The meat is 
delivered from the latter direct to the ships, load- 
ing taking place mostly at night-time in order to 
take advantage of the lower night temperature. The 
cold-storage holds on board the ship have simply to 
maintain the meat in its refrigerated state as it comes 
from the cold-storage rooms on land. We illustrate 
this installation in Figs. 6 to 8, page 829. 

The refrigerating-plant is of Messrs. Sulzer’s ammonia- 
compression type. Compound compressors, combined 
with after-coolers, are used, the latter raising the 
efficiency of the plant. The arrangement is shown in 
Fig. 3, e 828. The condenser A is located over 
the power-driven compressors in the engine-room ; the 
after-cooler B is placed in any suitable position, and 
the various expansion sets C are distributed under the 
roof of the building in which refrigeration takes place. 
The fluid liquified in the condenser A (see diagram, 
Fig. 3) flows, with a view to lowering its temperature 
still further, to the after-cooler B, through the pipe 
b, and thence to the expansion sets C. A small pipe, 
marked c, opens into the connecting-pipe 6 and forms 
a serpentine inside the after-cooler B. A small pro- 
portion of the fluid from the condenser A flows through 
this pipe c; it vaporises inside the serpentine of the 
after cooler B, thereby expanding to the pressure of 
the low-pressure cylinder. 

The plant works as follows :—The vaporised refri- 
gerating agent is drawn by the pipe b into the low- 
pressure left-hand cylinder (Fig. 3), where it is partly 
compressed. It is then compressed to its final pressure 
of 8 to 14 atmospheres (117 Ib. to 205 lb. per sq. in.) 
in the right-hand cylinder, whence it flows through the 
pipe a to the condenser A. Water is made to dri 
constantly over the tubes forming this condenser, an 
this, by cooling the gaseous refrigerating agent, causes 
it to liquefy. ‘The liquid ammonia then passes through 
the pipe b to the evaporisers or freezing sets C, flowing 
on its way, as aforesaid, through the after cooler B, in 
which it is cooled down to about 0 deg. Cent. (32 deg. 
Fahr.). A small portion of the refrigerating agent— 
10 per cent. at the most—is branched off through the 
pipec. The refrigerating agent enters the pipe c at 
& pressure up to 14 atmospheres (205 lb. per sq. in.) ; 
as this pipe c ends at the low-pressure cylinder, in 
which the pressure is considerably below that figure, 
this 10 per cent. of the refrigerating agent vaporises 
almost instantaneously in the serpentine of the after 
cooler B, and leads to an effective cooling down of the 
main portion, 90 per cent. of the refrigerating agent 
a round the serpentine in question. Regu- 
lating valves are fitted in the pipes b and c. The 
compressors are each coupled to a Sulzer trip-valve 
engine, having cylinders 360 mm., 600 mm., and 
900 mm. (14.17 in., 23.62 in., and 35.43 in.) in dia- 
meter, with a 700 mm. (27.56 in.) stroke. The engines 
run at a speed of 62 to 75 revolutions. The high- 
pressure and intermediate cylinders are at one end 
of the engine, and the low-pressure cylinder, with a 
surface-condenser of 35 sq. m. (377 eq. ft.) cooling 
surface, at the other end. For steam condensing, the 
overflow water from the ammonia condensers is used. 

Two Sulzer-valve compound engines are used for 
generating current for light and power; these have 
cylinders 230 mm. and mm, (9.05 in. and 15.75 in.) 
in diameter, with a 700 mm. (27.56 in.) stroke. They 
run at a speed of 130 revolutions. The surface-con- 
denser is located below the high-pressure cylinder. 
Each engine is direct coupled to a Siemens and Halske 
110-volt 550-ampere dynamo. 

A neighbouring shop for maintenance and repairs 
contains a number of machine-tools, driven by a 
10-horse-power steam-engine. 

The boiler-house contains four horizontal Sulzer 
boilers, each having about 58 sq. m. (625 sq. ft.) 
heating surface, and working at 114 atmospheres 
(169 lb. per sq. in.) grew. A fifth (smaller) boiler 
is also available. he plant contains, further, two 
condensing-pumps, having a capacity of 11,000 litres 
(2420 gals.) per hour ; a Green economiser is also pro- 
vided. The necessary draught for the boilers is 
insured by a chimney 40 m. (130 ft.) high. 

Refrigeration takes place by indirect air cooling. As 
above stated, the freezing sets for cooling the air are 
located directly underneath the roof of the buildings 
Dand E. The air cooled in the plant sinks through a 
conduit into the refrigerating-rooms, surrounds the 
quarters of meat which are suspended in the latter, 
*‘yields up gradually its low temperature,” becomes 





lighter, and rises back to the cooling sets above, where 
its temperature is again lowered, the same process being 
repeated. The air circulation in the building D is 
increased by a fan for each separate room containing 
a freezing set C, which draws the less cold air from the 
refrigerating-rooms containing the meat. This means 
of obtaining an artificial circulation of the air has 
not been adopted in the building marked E, mainly 
because, owing to the lesser height of the refrigerating- 
rooms containing the meat, 2.2 m. (7 ft. 3 in.), a 
natural air circulation is sufficient. Each building, D 
and E, contains eight refrigerating batteries arranged in 
sets of four. The total cooling surface of each battery- 
room of the building D is 265 sq. m. (2850 sq. ft.) ; 
that of each battery of the building E is 247 sq. m. 
(2660 sq. ft.). As dampness is removed from the meat 
during the freezing process, there occurs a continuous 
ae and the pipes of the freezing sets C 
ave to be periodically freed of the rime which covers 
them. For this purpose the refrigerating sets are 
isolated from the refrigerating-rooms, and the tem- 
rature in the latter is not increased in any way 
uring the interval for removing the rime. 

The cold air circulation is regulated by valves 
inserted in the air-conduits. Each of the refrigerating- 
rooms in the building D measures 17.5 m. by 95m. 
(57 ft. 5in. by 31 ft. 2in.), giving an area of 166 sy. m. 
(1787 sq. ft.). The height being 4.4 m. (14 ft. 5 in.), 
the cubic contents equal 731 cub. m. (25,800 cub. ft.). 
The two refrigerating-rooms in the building E measure 
each 35 m. (114 ft. 10 in.) in length, 9.5 m. (31 ft. 2 in.) in 
width, equal to a floor space of 332.5 sq. m. (3575 sq. ft. ); 
and the height being 2.2 m. (7 ft. 3 in.), their cubic 
contents is the same as the former ones, or 731 cub. m. 
(25,800 cub. ft.). Each one of the four rooms of the 
building D can contain 2500 sheep or 200 ox carcases ; 
each room in the building E can take double those 
numbers. The temperature in the rooms varies from 
+ 35 down to — 15 deg. Cent. (95 to5deg. Fahr.). The 
working of the refrigerating-rooms depends in a t 
measure upon the temperature and dampness of the 
atmosphere for the time being. The diagrams, Figs. 4 
and 5, page 828, give a comparison of the readings 
taken at different periods, during which carcases were 
put into and taken from the refrigerating-chambers. 

Both the ground floor and the first floor of the build- 
ing D are divided into cold-storage rooms. The storey 
underneath the refrigerating-rooms of the building E 
is 2.2 m. (7 ft. 3 in.) in height—the same height as the 
refrigerating-rooms on the storey above—and is divided 
into two cold-storage rooms. The temperature in the 
cold-storage rooms varies between + 5 and — 8 deg. 
Cent. (41 deg. to 17 deg. Fahr.). The cooling pipes of 
the cold-storage rooms are located in the rooms them- 
selves ; they serve to maintain the meat in its refri- 
gerated state. As there is no dampness to deal with 
in these rooms, there occurs no rime precipitation on 
the cooling-pipe coils. 

All the buildings are carefully insulated. The walls 
are provided over their whole height with air spaces 
80 cm. (30 in.) in width. The outside walls are pro- 
vided with windows, so as to enable an energetic 
ventilation of the air insulation spaces; this means 
has been taken owing to the fact that the ground- 
water level is comparatively high, and the risk of 
flooding had to be reckoned with. The partitions, 
floorings, and ceilings are also carefully insulated by 
means of layers of impermeable cardboard and layers 
of cork covered by wood panels on both sides. 

The ‘* Frigorifica Uruguaya” Plant, Montevideo.— 
This plant was installed on a large scale in 1903. 
The two large double-acting compressors of the original 
plant have a capacity of 300,000 calories (capable of 
abstracting 1,190,000 B.Th.U.) per hour each. A 
third double-acting compressor of 550,000 calories 
(2,180,000 B.Th.U.) was put down in 1908, the total 
—T being, therefore, of 1,150,000 calories (4,560,000 
B.Th.U.) per hour. A fourth, similar one is being 
completed which will raise the capacity of the plant 
to 1,700,000 calories. 





Tue INSTITUTION OF AUTOMOBILE ENGINEERS.—The 
third meeting of the session of the Institution of Auto- 
mobile Engineers was held on the 13th inst , when a very 
able paper was read by Mr. L. H. Pomeroy, Wh. Ex., on 
‘* Engine Design for taking advantage of Horse-Power 
Rating Rules,” the author basing his claims on actual 
experience with engines constructed and run by the 
Vauxhall Motor Company. Interesting particulars were 
given of an engine with a bore of 3.12 in. but with a 
stroke of no less than 8 in. 





Yarrow Bor.ers ror ITALIAN BATTLESHIPS.—We are 
pleased to learn that the Italian Government have decided 
to adopt Yarrow boilers in their two latest battleshi 
These ships are each to be fitted with 20 boilers, and the 
work of +recting and fitting them on board will be carried 
out by Messrs. Ansaldo, Armstrong, and Co., at Genoa. 
The complete designs for the boilers are being prepared 
by Messrs. Yarrow and Co., who are also to manufac- 
ture the most important of the boilers, including 
steam-drums and water tors complete. These are 
the first large Yarrow installations adopted by the 
Italian authorities, and the preference for them is due to 
the success of the boiler in other vessels. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Saw-Manufacturers’ Combine.—An important step is 
contemplated by the leading saw manufacturers of Shef.- 
field and district. At a meeting a week or two ago, pro- 
that the price of circular-saws, hand-saws, and 
ong-saws be in by 5 per cent. all round received 
the support of about 80 per cent. of the firms repre- 
sented, and as the Saw Manufacturers’ Association are 
backing up the movement, it is practically certain that 
the advance will be made, and customers will probably 
be advised about Christmas. A few firms have shown a 
tendency tostand out, but their position is not sufficiently 
important to influence the others. It is stated that the 
increase in price has become necessary owing to the 
growing costs incidental to manufacture, principally 
charges under the Workmen’s Compensation Act, the 
claims of the new Insurance Act, and heavier taxation 
generally. It is about five years since a similar rise in 
price took place, and it was then due largely to the higher 
cost of raw materials. 


South Yorkshire Coal Trade.—The ition in the 
steam-coal market is rather interesting. In spite of the 
advancement of the winter season, shipments have been 
going away very well, and the demand for hard coal for 
industrial purposes has been stronger than ever. Conse- 

uently, collieries are well placed and prices are firm. 

sually pits are working on short time close to Christ- 
mas, but this year they are working well, and there are 
practically no stocks held. The exceptional call from 
manufacturers, of course, explains the satisfactory posi- 
tion‘of hard coal. The gas companies are taking very 
large deliveries on contract, and the shipments of this 
class of fuel are good. Slacks are active, and there 
is pressure for deliveries. Contracts are being renewed 
at small advances. The coke trade is good. A freer 
movement has been noticeable in house coal. Orders 
have come to hand better at pits and dépéts, and some of 
the merchants are well occupied. The pits are working 
good time, and prices are kept up. For forward 
business colliery owners, who are not very anxious to 
book, are asking considerable advances. he prices on 
the Sheffield Exchange on Friday were :—Best branch 
hand-picked, 14s. 6d. to 15s. 6d.; Barnsley best Silkstone, 
12s. to 13s. ; Silkstone, 11s. 6d. to 12s. 6d.; Derbyshire 
house, 10s. to 11s.; la nuts, 9s. to 10s.; small nuts, 6s. 
to 7s. 6d.; Yorkshire hards, 9s. 6d. to 10s. 6d.; Derby- 
shire hards, 9s. 3d. to 10s. 3d. ; washed nuts, 8s. to 9s.; 
rough slacks, 5s. 6d. to 7s. 6d.; seconds, 4s. 6d. to 5s. 6d.; 
smalls, 2s. to 3s. 


Iron and Stecl.—A certain amount of quietness was not 
unexpected in the iron market. The near approach of 
Christmas has had the usual effect of restricting buying 
and deliveries, and slackness is further due to large orders 
being given out just recently, when prices were moving 
steadily upwards, covering the requirements of consumers 
for the immediate future, and accounting for a good deal 
of the output of the-iron-makers for the next month or 
two. Prices all round continue firm, and it is not at all 
unlikely that further advances will take place in the 
New Year. The work at present in the hands of steel 
manufacturers is sufficient to keep them busily occu- 
pied for a considerable time to come, ne ey a me | 
the maintenance of a big demand for hematites is assured. 
After insisting on premiums for several weeks, the Lin- 
colnshire iron-producers have added these to their asso- 
ciation rates, and are now quoting correspondingly higher 
figures, No. 3 being offered at 51s. 6d. to 52s., and forge 
at 50s. 6d. to 51s. This is still somewhat below the 
Derbyshire figures. There is a big consumption of basic 
iron, and the billet trade is very good. Heavy buying 
has taken place recently in anticipation of price advances 
which are likely to come about owing to the growing cost 
of raw materials. Continental competition in billets is 
almost negligible. Amongst the important branches of 
the Sheffield steel trades, which are in a particularly 
favourable position just now, must be mentioned rail- 
way steel. Further orders have come in to the local 
manufacturers, and they have now sufficient work to 
keep them busy for a few months.. With all the 
rae on big production, the Christmas stoppage this 
year will only be a short one. The brief respite 
will be welcome for more than the usual reasons. 
Machinery has been kept so fully employed for several 
months that overhauling and repairing will be very neces- 
sary. All the tool-makers sre exceedingly busy, a state 
of things largely due to the revival in engineering. What 
is practically a new industry in Sheffield has been started 
by a firm who are manufacturing gas-engines and plant. 
The future of the venture will be watched with interest. 








Tue INSTITUTION OF MINING AND METALLURGY.— 
The Council have accepted, on behalf of the Institution, 
an invitation from the Canadian Mining Institute to hold 
a joint meeting in Canada early in 1912. The meeting, 
for the reading and discussion of papers, &c., will occupy 
three days—Wednesday, Thursday, and Friday, March 6, 
7, and 1912. The annual dinner of the Canadian 
Institute will be held on Friday, March 8, and on Satur- 
day, the 9th, an excursion to the mining districts of 
Cobalt and Porcupine will be arranged, — a suffi- 
cient number of the members of the Institution from 
England express a wish to visit those localities. Should 
any of the members of the Institution individually desire 
to visit mines in other localities, the secretary of the 
Canadian Institute will be glad to make the necessary 
arrangements to enable them to do so, provided he is in 

ion of their wishes well in advance. Further 
etails can be obtained from Mr. C. McDermid, secretary, 
Salisbury House, E.C. 
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NOTES FROM THE NORTH. 
Gtascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 


ig-iron market was fairly active, and 11,500 tons of | been 


Yeveland warrants were put through at 48s. 114d. cash, 
48s. 11d. thirteen days, 49s. ld. twenty-two days and 
nineteen days, 49s. 3d. one month, 49s. . February 20, 
and 49s. 9d. and 49s. 10d. three months. Closing sellers 
quoted 49s. cash, 49s. 3}d. one month, and 49s. 104d. 
three months. One lot of hematite changed hands at 
65s. three months, with cash sellers over at 64s. The 
market became very strong in the afternoon, when 
10,000 tons of Cleveland warrants were done at 49s. 24d. 
and 49s. 3d. cash, 49s. 44d. and 49s. 64d one month, 
50s. and 5ls. ~ three months, 50s. March 6, and 50s. 04d. 
and 50s. March 8. At the close sellers quoted 49s. 34d. 
cash, 49s. 7d. one month, and 50s. 14d. three mont 
Hematite was firmer at 64s. 3d. cash sellers. On Friday 
morning the upward mcvement continued, and Cleveland 
warrants were dealt in at 49s. 6d. cash, 49s. 9d. twenty- 
four days, at 49s. 94d., 49s. 9d., and 49s. 94d. one month, 
and from 50s. 6d. to 50s. 4d. to 50s. 5d. three months. 
The turnover amounted to 15,000 tons, and closing prices 
were 49s. 6d. cash, 49s. 94d. one month, and 50s. 5d. 
three months sellers. Hematite was firmer at 64s. 6d. 
cash, and 65s. 6d. three months sellers. The after- 
noon market was also active, and about 13,000 tons 
of Cleveland warrants were done at 49s. 74d., 49s. 8d., 
and 49s. 74d. cash, 49s. 103d. and 49s. 11d. one 
month, and at 50s. 7d. three months. Closing sellers 
uoted 49s. 8d. cash, 49s. 114d. one month, and 50s. 64d. 
thee months. A feature of the session was the deal- 
ing in hematite, which totalled 5000 tons, at 64s. 6d. 
cash, 65s. and 64s. 114d. one month, with closing 
sellers at 64s. 74d. cash and 65s. one month. On Monday 
morning the market was again very active, and some 
35,000 tons of Cleveland warrants were put through at 
from 49s. 64d. to 49s. 8d. to 49s. 7d. , from 50s. to 
49s. 10d. to 49s. 114d. one month, at 50s. 24d. two months, 
and from 50s. 7d. to 50s. 6d. to 50s. 7d. to 50s. 54d. 
three months. At the close sellers quoted 49s. 84d. 
cash, 50s. one month, and 50s. 7d. three months. 
Hematite was the turn easier at 64s. 44d. cash, 
at which figure 500 tons changed hands, with buyers 
over and sellers at $d. more. The tone of Cleveland 
warrants was easier in the afternoon, and 6000 tons 
were dealt in at 49s. 84d. and 49s. 7d. cash, 49s, 64d. 
four days, 49s. 9}d. eight days, 49s. 10d. one month, and 
at 50s. 6d. and 50s. 54d. three months. The closing quota- 
tions were 49s. 7d. cash, 49s. 104d. one month, and 
50s. 54d. three months sellers. On Tuesday morning the 
market opened a little weak, but became firmer. Cleveland 
warrants advanced from 49s. . to 49s. 64d. cash, and 
the turnover of 17,500 tons included dealing at 49s 5d. 
seven days, 49s. 10d. one month, and from 50s. 3d. to 
50s. 54d. three months, and closing sellers quoted 49s. 7d. 
cash, 49s. 104d. one month, and 50s. 6d. three months. One 
lot of hematite was done at 64s. cash. In the afternoon 
the tone was very like that of the previous session, and 
2000 tons of Cleveland warrants were py t through at from 
49s. 5d. to 49s. 7d. cash, and from 49s. 84d. to 49s. 10d. 
one month. At the close sellers quoted 49s. 74d. cash, 
49s. 11d. one month, and 50s. 6d. three months. When 
the market opened to-day (Wednesday) Cleveland war- 
rants continued on the upward movement, and 17,500 
tons were done at from 49s. 64d. to 49s. 8d. cash, 
49s. 10d. to 49s. 114d. one month, and at 50s. 6d., 
50s. 54d., and 50s. 6d. three months. Closing sellers 
uo 49s. 8hd. cash, 50s. one month, and 50s. 74d. 
three months. Hematite—1000 tons—changed hands at 
64s. 4d. one month, with cash sellers at. 64s. 04d. In 
the afternoon the market was strong and active, and 
dealings amounted to 17,500 tons of Cleveland warrants 
at 49s. 9d. and 49s. 10d. seven days, 49s. 8}d. six days, 
50s. one month, 50s. 14d. January 18, 50s. 2d. two months, 
and from 50s. 6d. to 50s. 9d. three months. Closing prices 
were 49s. 11d. cash, 50s. 2d. one month, and 50s. 94d. 
three months sellers. Hematite, 1000 tons, was done 
at 64s, 5d. six weeks, with closing buyers at 64s. 4d. one 
month. The following are the market quotations for 
makers’ (No. 1) iron :—Clydeand Calder, 64s. ; Gartsherrie, 
Summerlee, and Langloan, 64s. 6d. ; and Coltness, 82s. 6d. 
(all -—o~ at Glasgow); Glengarnock (at Ardrossan), 
65s. ; Shotts (at Leith), 64s.; and Carron (at Grange- 
mouth), 65s. 


Sulphate of Ammonia.—There has been practically no 
change in the sulphate of ammonia market of late, and a 
fairly steady demand still exists. The —_ for prompt 
delivery is quoted at 14/. 5s. per ton, Glasgow or Leith, 
and the total amount. exported from Leith Harbour last 
week was 4234 tons. 


Scotch Steel Trade.—The Scotch steel trade is at present 
very active, and, with specifications in plentiful supply, 
makers are turning out a large tonnage of material. 
One notable feature just now is the falling off in Con- 
tinental competition, the German producers being so 
busy on home requirements that lots for this country 
are many weeks overdue. Quite a satisfactory business 
is passing in export orders, and some decent lots 
of ship and boiler-plates and angles have been put 
through for ey to North Euro ports, while 
general material is in uest for India, Australia, 
South America, and the Far East. Light plates and 
structural sections are in good demand for ship- 
ment, while the all-round demand for black sheets is 
as brisk as ever. Makers are being kept fully employed, 
and with order-books so well filled they cannot promise 
delivery for a month or two ahead. heir prices are 
very firm. 


Malleable-Iron Trade.—The prevailing conditions in the 
malleable-iron trade of the West of Scotland are certainly 





much better of late, and works are very well employed at 
postens. Quotations are again stronger, and for forward 
ots of crown bars sellers are now asking 6/. 10s. per ton, 
less 5 per cent. The negotiations which have recently 
going on for the formation of a combine or amalga- 
mation in the trade have been so far successful, and at 
a@ meeting of the makers in the West of Scotland, held 
in Glasgow last Saturday, terms were fixed. The 
preliminary agreement was signed HA a number of 
the firms, while several others, unable from various 
reasons to join, are in full sympathy with the move- 
ment, and have promised honourable co-operation with 
the amalgamated firms. The capital is to be 900,000/., of 
which 300, 000/. will be guaranteed debentures, 250,000/. pre- 
ferenceshares, and 350,000/. ordinary shares, the latter being 
taken by the vendors or makers. The valuation of the 
works in the Coatbridge and Motherwell districts will be 
made A independent auditors during the time these 
establishments are closed for the New Year holidays. 
In well-informed circles it is considered that there is now 
neg nothing in the way to prevent the new scheme 
ing fully adopted. 


Scotch Pig-Iron Trade.—The Scotch pig-iron trade is a 
trifle easier this week, as local consumers have been cur- 
tailing their demands. The export business, however, is 
very good, and buyers in the South have been sending 
p nee number of orders. Hematite is active, and the 

emand is better than it has been for some time back. 
The current quotation is now 68s. per ton, delivered at 
the local steel works, and a fair amount of buying is re- 
ported at that figure. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Notwithstanding that the 
Christmas holidays are right at hand, there is a fair 
amount of business passing. Usually there is little or 
nothing doing at this time of year, but on the present 
occasion buyers are a good deal in evidence, and show 
anxiety to place forward business at higher rates than 
rule on early account, but sellers are not disposed to 
commit themselves ahead, as they have confidence in the 
future, and believe that higher prices and great activity 
will be experienced in the spring. Values of Cleveland 
pig-iron are higher than they have been since the early 
part of January last. No. 3 g.m.b. is fully 50s. f.o.b., 
whilst No. 1 is 53s. Gd. to 538. 9d.; No. 4 foundry, 
49s. 6d. to 49s. 9d.; No. 4 forge, 49s. 3d. to 49s. 6d.; and 
mottled and white iron, each 49s.—all for early delivery. 
For next quarter buyers offer 9d. above the foregoing 
quotations. East Coast hematite pig shows further 
upward tendency, and producers have committed them- 
selves as far ahead as they care to go in a rising market. 
Nos. 1, 2, and 3 stand at 65s. for immediate delivery, 66s. 
is the price for January, and 67s. 6d. for delivery over 
the first quarter of next year. Foreign ore is strong, but 
after heavy transactions of a little while ago there is 
very little selling. Market rates are based on 21s. 6d. to 
22s, ex-ship Tees for Rubio of 50 per cent. quality. Fur- 
nace coke is practically unobtainable for prompt delivery. 
Up to 17s. has been paid for average kinds delivered over 
periods next year. 


Stocks and Shipments of Pig Iron.—Stocks of pig iron 
continue steadily to decrease. Cleveland pig iron is this 
month being taken from the public warrant stores at the 
rate of over 800 tons per working day, and the stock now 
held there—which is practically the only stock in exist- 
ence—is down to 543,000 tons. Shipments of pig-iron are 
unprecedented. To date this month they average no less 
than 5426 tons per working day, as compared with a daily 
average of 3151 tons to the same date last month, and an 
average of 3093 tons per working day for the correspond- 
ing part of December last year. 


Manufactured Iron and Steel.—Excellent accounts are 
given of nearly all branches of the manufactured iron and 
steel industries. Many firms have contracts made which 
will keep them in full swing over the whole of next year, 
and good orders are still in the market. Under these 
favourable conditions values naturally show a marked 
upward tendency, but the only actual upward movement 
this week is in galvanised sheets, which have followed 
steel plates in advancing 5s. per ton. Market rates now 
stand :—Common iron bars, 7/.; best bars, 7/. 7s. 6d.; best 
best bars, 7/. 15s.; packing-iron, 5/. 15s.; iron ship-plates, 
61. 10s.; iron ship-angles, 7/.; iron ship-rivets, 7/. 7s. 6d.; 
iron girder-plates, 6/. 15s.; iron boiler-plates, 7/. 7s. 6d.; 
steel bars, 6/. 5s.; steel ship-plates, 7/.; steel ship-angles, 
6l. 12s. 6d. ; steel strip, 62. 10s. ; steel hoops, 61. 12s. 6d.; 
steel joists, 6/. 10s. ; cast-iron railway chairs, 3/. 12s. 6d.; 
light iron rails, 6/. 10s.; heavy steel rails, 5/. 12s. 6d.; steel 


. 





railway —— 61. 10s.; and iron and steel galvanised 
corrugated sheets, 11/. 10s.—sheets less 4 per cent. f.o.b., 
railway material net, and all other descriptions less 24 per | 
cent. discount. 


Cleveland Ironstone Miners’ Wages.—A joint meeting | 
between the Cleveland Ironstone Mineowners’ Associa- | 
tion and the Cleveland Miners’ Association was held at 
Middlesbrough this week. The men’s executive recently 
submitted to the owners a list of basis rates which they | 
wished to be a — to the various classes of men | 
employed in the 6 veland mines, and to this the owners | 
a as follows :—‘‘The Cleveland Mineowners’ Asso- | 
ciation are not prepared to accept the basis rates sub- 
mitted, but have no intention of seeking to reduce the 
rates now prevailing in the various mines in Cleveland 
for the various classes of labour plus the amount awarded 
by Sir David Harrel,” 


NOTES FROM THE SOUTH-WEST: 


Cardiff. —Steamers have in been delayed by rough 
weather, and this has considerably affected business in 
both large and small steam-coal. Colliery owners have 
been badly off for empty trucks, as the result of chartered 
vessels not arriving in time. As regards Jater deliveries, 
they have been quoting prices as firmly as ever, The 
best Admiralty large has brought 17s. to 17s. 6d. per ton, 
while secondary qualities have ranged between 15s. 6d. 
and 16s. 9d. per ton ; best bunker smalls have made &s. 9d. 
to 9s., a ome smalls 6s. 6d. to 7s. 3d. per ton. The 
house-coal trade has shown no great change; the best 
emt — have made 15s. 6d. to 16s. 6d. ; No. 3 
Rhondda large, 17s. to 17s. 6d.; and smalls, 9s. 9d. to 10s. 
per ton. No. 2 Rhondda large has been quoted at 13s. 
to 13s, 3d., and smalls at 6s. 3d. to 6s. 9d. per ton. 
Foun coke has realised 17s. 6d. to 20s., and furnace 
ditto, 15s. 6d. to 16s. 6d. = ton. As regards iron ore, 
Rubio has made 20s. to 21s. per ton, = a basis of 
50 per cent. of iron, and charges, including freight, 
insurance, &c., to Cardiff or Newport. 

Blaenavon Company, Limited.—The annual meeting of 
this company was held on Monday at the Cannon-street 
Hotel, London. The directors, in their report for the 
year ending September 30, recommended that of the 
credit balance of 17,209/., 15001. should be devoted to the 
payment of a half-year’s preference dividend, and that 
15,7091. should be carried to the credit of the current ha)f- 
year. The directors stated that during almost the whole 
of the past ra the iron trade had been in a depressed 
condition, while prices in the coal trade remained at a 
low point. The directors added that the result of an 
experimental working of the steel works and mills did not 
justify them continuing to operate those departments. 


Dowlais.—The Dowlais works have shown a fair activity, 
especially considering that we have arrived at the close 
of the year, when trade is often a little sleck. Steel 
sleepers, tin bar, &c., have been turned out upon a large 
scale in the Goat Mull; the Big Mill has becn engaged 
upon light rails and other colliery requisites. The col- 
lieries have not been fully occupied. 

Bristol Docks.—Before his recent appointment as general 
traffic manager of the Bristol Docks, Mr. D. Ross-Johneon 
was for five years secretary of the Indian Railway Con- 
ference Association, which is equivalent to the Railway 
Clearing House of this country. He first went to India 
in 1880, and entered the service of the Madras Railway 
Company, now absorbed in the Madras and Southern 
Mahratta Railway Company, which serves Madras bar- 
bour. He eventually became general traffic manager of 
the Madras and Southern Mahratta system. 

Abertillery.—At the last sitting of the Abertillery and 
District Water rd, tenders were received for the 
construction of a dam and pipe-lines at Grwyne Fawr, 
and pipe-lines to and in the Western Valley. They were 
referred to the engineer. 





Heaviest CONCRNTRATED RAINFALL ON ReEcORD. — 
According to the Engineering News the Catholic meteo- 
rological station at Manila, P.I., reports an exceedingly 
heavy rainfall as having occurred in Western Luzon last 
July and August, which is said to have been the greatest 
ever recorded. There were in that district three typhoons 
between July 11 and August 2, 1911, the heaviest of 
which raged from July 11 to 17, during the first three 
days of which the total rainfall recorded at Bagnio was 
88 in., 22 in. of which is said to have fallen during the 
first twenty-four hours. Bagnio is the mountain resort 
in the province of Banquet, at an elevation of several 
thousand feet above sea-level. The road leading to it 
was built a few years ago at a great expense, and is re- 

rted to have suffered considerably from the floods that 
ollowed the storm. Previously a remarkably heavy rain- 
fall had occurred in Jamaica, which was at the time 
regarded as the heaviest on record. It took place in 
1909, and amounted to 48 in. in four days. 





Factory AND ComMMERCIAL Property Saues, 1911.- 
Messrs. Leopold Farmer and Sons, London, report that 
the year now closing has shown better results than was 
the case in 1910 in the disposal of factory property, 
wharves, land, &c. Values have been maintained and 
sales transacted at good-times prices. The prices realised 
might not convey to the reader that the standard of 
ed has been kept up, as hardly two factory properties 
are alike. The tendency, however, is for the price to rise, 
consequent on the improvement by development in 
certain manufacturing districts, which have special ad- 
vantages in rail, water, and other facilities. There is 
a migratory movement amongst manufacturers to dis- 
tricts outside large towns, where the lowest possible cost 
of manufacture can be obtained. It is difficult to say 
which branch of any particular manufacture has pro- 

d more than any other in the year 1911 ; one which 
is, however, very noticeable is the manufacture of 
electric filament lamps, and several companies interested 
in the business have acquired factories and are carrying 
on large businesses. Development has taken place in the 
motor and rubber a factories having been opened in 
consequence for manufacturing pu . Acquisition 
of factories, &c., and the building of works, consequent 
on reorganisation and extension in trades, are always in 
progress; those in the engineering, milling, chemical, 
and spinning trades have been well to the front in 
development in the year under review. The effects of 
the Patents and Designs Act are still pronounced ; 
foreign holders of English patents are still on the look 
out for factory pre rty to comply with the requirements. 
There is every likelihocd of a great emcunt of prosperous 
activity in the industrial world, 
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armies cannot be kept in the field indefinitely, 
owing to the enormous expense, and to the fact that 
calling out all the reserves means the withdrawal of 
the workmen from the various productive industries 
of the country. Unless such an army can attack, 
it must be eventually dishanded, and peace made 
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While this is all we may, perhaps, expect at 
the present time, the rapid progress of the aero- 
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THE AEROPLANE IN WAR. 


One of the most interesting features of last 
summer’s military manceuvres in France, and also 
of the conflict in Tripoli, is the lesson they have 
given of the influence of the aeroplane in war. 
Briefly, it has been found that it is impossible to 
conceal any movements from an enemy possessin 
a force of aeroplanes. The effect of this will be 
most far-reaching, and it is interesting to speculate 
on the results. 

If we assume that two armies are of fairly equal 
numbers and equally well supplied with informa- 
tion by their aeroplanes, it seems that it is ible 

Dain. ane 


Y|for a sort of stalemate to ensue. 


army would attack the other, massing a suflicient 
number of troops at the decisive point to give it a 
large numerical superiority there. It is now gene- 
rally admitted that it is useless to attack, at a given 
point, an army supplied with modern long-range 
weapons unless there is a very great numerical 
superiority at that point. Such massing of troops, 
however, absolutely depends on keeping the enemy 
in ignorance of the intended movements, for if 
they are aware of the number and position of the 
troops moved, they can equally well mass troops 
for the defence. It seems quite possible, there- 
fore, that neither side could dare to take decisive 
action. It is, however, not the least likely that any 
two armies would be equally well supplied with 
information by their aeroplane corps. Tan as one 
army is usually able to penetrate or force back the 
cavalry screen of the other, and to obtain valuable 
information, so one army, by dint of superior 
forces of airmen, or by greater daring, will generally 
be better supplied with information than the other, 
and will have a proportionate advantage. 

It is, however, quite possible, in fact probable, 
that the matter may go much further than this. 
It appears to be assumed by many writers that each 
side will allow the other to use aeroplanes for 
reconnoitring purposes without any opposition, save 
that which can be offered by shooting at them from 
the earth. This, however, is to ignore all the teach- 
ing of history. The art of war lies greatly in antici- 
pating the enemy’s movements, cither by intuition 
or by obtaining information, and also in leading 
him to form incorrect opinions as to the locus of the 
attack to be made on him. Wellington said that 
he had spent his military life in guessing what was 
happening on the other side of the Sil. The 
principles of strategy are constant, and it is certain 
that no commander can ever hope for success who 
tamely views his opponent inspecting his lines and 
makes no effort to frustrate im. Just as every 
battle has hitherto been preceded with skirmishes 
of outposts, followed by an artillery duel, so in the 
future there will be fights in the air before the 
men on the ground come into contact. The side 


s35| with the greatest force of aeroplanes will never 


let an enemy’s machine fly over their own posi- 
tion without sending a superior force of aero- 
planes to capture or destroy it. As defeat in the 


in many cases surrender would be preferred, and 
in this case a very short time would see one side in 


| 


__. |in the future. 
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results of an equally rapid increase in its efticiency 
The money hitherto expended in 
constructing aeroplanes has been measured in 
thousands, but if this were increased to a very few 
millions, it is quite possible that in the near future 
aerial fleets capable of carrying several thousand men 
with light guns and a supply of explosives could be 
produced. In the face of such a force any army 
without aeroplanes would be useless, for it would 
be unable to keep up its communications. In fact, 
it would be unable even to protect its base. The 
aerial fleet could roam about the country at will 
destroying the railways, telegraphs, and other 
means of communication. The recent railway 
strike has shown us what the interruption of rail- 


g| way communication means even. for a few days, 


and it is quite certain that a very short spell of it 
would reduce any country to making peace. 

It is of the utmost importance that we should 
thoroughly appreciate the importance of these 
points. Owing to the smallness of our population, 
and the fact that,we do not have conscription, 
it is quite impossible for us to keep uR a huge 
army as do the Continental Powers. We have 
hitherto kept command of the sea, and it is now 
becoming equally important to have complete com- 
mand of the air. tt is therefore high time that 
we determined that we will do so, and that, 
however many aeroplanes any other Power builds, 
we will build more, just as we do with the ships. 
Further, that however many men any other 
Power trains to flying, we will train more. We 
have plenty of men who would make as good, or 
better, flying-men than any if it were made worth 
their while; but we must have a really good 
Government school and flying-ground, and reason- 
ably good pay must be given. It is also necessary 
that construetors should be encouraged to put up 
factories in England at which aeroplanes can be 
turned out in numbers, to provide for the wastage 
of war. 

We therefore welcome, as a preliminary to moe 
important developments, the fact that the War 
Office have published the conditions of a competi- 
tion for aeroplanes, to be held about the middle of 
next year. As we have already said, it is un- 
doubtedly high time that something was done to 
encourage military aviation in this country, and we 
are therefore very glad that this competition has 
been decided upon. 

A list of the prizes offered, and a statement of 
the conditions of the competition, are printed on 
page 840 of the present issue, and it is unneces- 
sary, therefore, to repeat them here. Taking 
them all round, these conditions appear very fair. 
It is, however, to be regretted that more money is 
not being spent on prizes for British-made machineg, 
and that there appears to be no encouragement to 
the use of British engines. It is just as im- 
portant that we should build our military aero- 
planes in this country as our fighting ships, and 
therefore the sooner a substantial amount of money 
is spent on fostering the industry the better. 

With regard to the technical conditions there 
appears to be little fault to find. There are, how- 
ever, several points which may entail a good deal 
of modification in existing machines. Thus it is 
not at all certain that the landing chassis of the 
ordinary aeroplane will comply with the conditions 
laid down as to alighting and starting on rough 
ground. There is no doubt that in this matter 


40/air means certain death, it may be presumed that | many machines are capable of a great deal of 


improvement. We have before commented on this 
and on the very small wheels generally fitted. If 


possession of complete command of the air, and | the standard wheels will not comply with the con- 
therefore able to get all the information it required | ditions, however, it seems likely that the principal 


. without allowing the enemy to get any. 


This might in itself render even a very large 
army perfectly helpless, as every endeavour to 
advance would only lead it into carefully prepared 


4| positions, On the other hand, the smaller army could 


always find out the weak points to attack. If the 
numerical superiority of the enemy were too great 
for attack to be made at all, stalemate might 
result; but it must be remembered that huge 





alteration required will be an increase in the size «f 
the wheels, or some modification of the skids. 

The requirement that the aeroplane shall carry 
two persons, and that it shall be capable of being 
controlled by either, may necessitate some modifi- 
cation of existing machines, but this will not be 
great. The condition that the view of the country 
should be as open as possible both to the pilot’and 
to the observer may not be easy to fulfil in some 
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t , especially when taken in conjunction with 
the stipulation that the men are to be shielded 
from the wind. The usual position occupied by the 
pilot in a monoplane ome ies with the latter con- 
dition very well, but not altogether with the former. 
On the other hand, the position of the pilot at the 
front edge of the front plane in a biplane affords 
an excellent view, but exposes him to the wind. 
It appears possible that the best view of any would 
be obtained from a monoplane with the wings set 
out about a foot from the body. The increased 
stress due to this would be very small, and the 
view in every direction very good. There may, of 
course, be some practical objection to this plan, 
but it seems worth a trial. 

If the condition that the engine must be capable 
of being started by the pilot alone means that he 
must be able to set it in rotation without assist- 
ance in holding the aeroplane, it implies either 
some form of anchorage or else brakes sufficient 
to prevent the machine from moving. Possibly the 
latter will be necessary to ensure stopping in the 
space specified. There does not seem to be any 
theoretical difficulty in fitting brakes to hold the 
machine with the engine running. If it be pre- 
ferred not to have these, it would be quite easy to 
arrange for an anchorage with a trip-gear to release 
the aeroplane when required. 

While there appears to be little to criticise in the 
conditions, it is perhaps a pity that a definite 
date for the competition was not announced, so 
that competitors should know exactly when their 
machines are to be ready. There is also no indica- 
tion of what relative importance will be attached 
to the various points. Probably this is wise, as it 
leaves the committee a freer hand in their awards, 
and it is only by experience that the relative 
importance of different features can be ascertained. 








DIRECTED RADIOTELEGRAPHY 
WITHOUT VERTICAL ANTENN 2%. 

AN important contribution to the problem of 
the propagation of Hertzian waves in radiotele- 
graphy was presented to the Deutsche Physika- 
lische Gesellschaft at Berlin on October 20 by 
Dr. Franz Kiebitz, of the research staff of the 
German Telegraph Department. High vertical 
antennve are at present used because the waves are 
supposed to travel essentially through the atmos- 
phere. At the same time it is generally admitted 
that the earth plays some not well-understood part 
in the phenomena. Kiebitz now proves experi- 
mentally that efticient radiotelegraphic communica- 
tion can be maintained without any aerials, merely 
with the help of earth avtennz —i.e., wires 
stretched horizontally near the earth’s surface, 
above it or embedded in it, and that the waves 
can be directed with such arrangements. Hori- 
zontal antenne are, of course, not novel. They 
have been tried by several investigators. On 
board ship wires are stretched high up between 
the mast-heads, and at Clifden parallel horizontal 
wires are supported by double rows of high 
poles or masts. But a suspension high above 
ground has been considered necessary,* and these 
antenne are charged with strong currents at 
very high =~ which render the insulation 
very difficult. The earth antenn can be carried 
close to the ground or be buried in it, and they are 
charged with weak current whose insulation does 
not cause any difficulties. The experiments so far 
made are not conclusive, of course ; and it may be 
that the great simplicity of the installation will 
vanish as the system develops, finally to be, pos- 
sibly, again reacquired. But it looks as if high 
vertical aerial antenne could certainly be dispensed 
with in certain cases, because the earth takes its 
share in propagating the electric waves. 

That this is so was already believed years ago. 
Since two stations separated by the curved earth can 
communicate with one another, it was assumed that 
the electric vector of the propagating waves was 
essentially vertical to the earth’s surface. E. Lecher 
argued, in 1902, that radiotelegraphy was based 
upon the spreading of electric charges on the earth’s 
surface, and that it would be possible to telegraph, in 
weer directions, with two earth antennx. Pro- 
essor L. Zehnder, of Halensee, near Berlin, patented, 
in 1905, a simple arrangement for this purpose. 
The principle of this arrangement, which is the 
same as that adopted by Kiebitz, is the following :— 





Two earth plates, C, and C,, are connected by wires 
with a source of alternating currents of moderate 
frequency A; the lengths of the two wires C, A and 
AC, are l, and /,, and the relation between them 
and the wave-length A, given out by A, is such 
that (1, —1,)/A + x/A, = 4, where « is the distance 
between the two earth-plates, and A, the length of 
the wave corresponding to A when passing through 
the earth. The whole wire system is tuned to 
wave-length \ ; the corresponding A, will be con- 
siderably smaller than \ [the waves are shorter in 
metals, water, &c., than in air], and it will there- 
fore be ible to make the distance C, C, = A/2, 
without letting this distance become inconveniently 
large. Asa rule, |, and 1, will each be about equal 
d/4. The C, and C, are in reality earthed condensers. 
Zehnder was quite aware that the want of homo- 
geneity in the earth strata would complicate the 
phenomena and would disturb the tuning, because 
the waves would be diffracted and refraeted, and 
that mountains, rivers, valleys, and heavy local 
rains would affect the propagation of the waves; he 
also pointed out that when earth-plates were inserted 
ina lake, islands situated between them would make 
a difference. Zehnder has recently* ascribed the fact 
that the radiotelegraphic range is shorter in daytime 
than at night to the circumstances that the sunlight 
heats and dries the earth and the air, and causes 
winds and convection currents in both these media, 
and that electric waves would irregularly be refracted 
and reflected just as light waves. 

We pass to the experiments of Kiebitz. They 
were undertaken with the assumption that Hertzian 
waves in the air and electric-charge waves in the 
earth’s surface must mutually influence one another, 
and that the electric field is essentially vertical 
to the earth’s surface, already close to the trans- 
mitter, as he demonstrated in 1908. He con- 
siders that the earth antenne—i.e., straight 
lengths of wires—behave like metallic cores em- 
bedded in a semi-conductor, that these cores have 
a selective conductivity for certain wave-lengths, 
and that it is hence possible to generate stationary 
waves in them, which will be radiated out. The 
phenomena are therefore those of selective emission 
and absorption. 

Kiebitz made his experiments last summer on a 
sandy heath near Belzig, situated 65 km. south-east 
of Berlin; the lakes or broads of the winding Havel 
River are to the north of the straight line Belzig- 
Berlin and partly near it. The station consisted of 
a shed S, and earth antennz or wire lines were laid 
in different directions, but always in straight lines 
E, E,, E, E,, &c., and such that the shed S was in 
the middle of the E, E,. The lines ended in earth- 
plates which were not always in circuit, however ; 
these earth-plates consisted of seven or four zinc 
sheets, embedded in the moist sand in pits, 4 metres 
indepth. Earth-plates werealso arranged symmetric- 
ally around the shed S. The lines themselves were 
of different kinds and lengths: bronze wires, 1.5 mm. 
in thickness, stretched on china insulators fixed on 
wooden poles, 1 metre above ground, or insulated 
with gutta percha and placed in a shallow conduit; or 
0.8-mm. copper wire, stretched on poles, 8 metres in 
height ; or copper ribbon, 2cm. in width, 0.2 mm. in 
thickness, mounted like the bronze wire. In and near 
the shed where the lines crossed, insulated copper 
wires, 1.5 mm. in thickness, were used. The nature 
of the line did not make much difference on the 
whole ; but the copper ribbon on 1-metre poles fre- 
quently came out best. Near each terminal was 
mostly a battery of Leyden jars. The two lines, the 
1, and l, of Zehnder, were joined in the shed to 
a split coil, connected in the middle toa variable 
condenser ; the circuit comprised a contact-detector 
(a crystal of galena pressed against graphite) and a 
telephone. e intensity of the signals received 
was estimated, as usually, by the parallel-ohm 
method ; a resistance free from self-induction is 
coupled parallel to the telephone, and this resist- 
ance is diminished until the signals cease to be 
audible. When this minimum resistance is 20 ohms, 
e.g., it would be said that the operator was receiving 
with 20 ohms. 

Signals from the station at Schéneberg (Berlin), 
situated in the exact continuation of the earth 
antenna (or line) E, E,, 65 km. away, were best 
heard (with 6 ohms) when the insulated wire in the 
conduit or the copper ribbon were used. Swine- 
miinde, 230 km. to the north, at an angle of 23 deg., 
was easily heard. The great station at Norddeich, 


* See Verhandlungen Deutsche Physikalische Gesell-| ° rane Zeitschrift, November 2, 1911, 
page 1101 


schaft, 1911, page 876. 





405 km. to the west, was also heard, even when— 
without making use of the just-mentioned earth 
antenna—an insulated wire, 700 metres in length, 
was simply placed on the ground in the direction 
of Norddeich—i.e., east-west. The Eiffel Tower 
signals (810 km.) were distinctly overheard; there 
a wave-length of 1000 metres appeared to be used. 
The Admiralty station in Whitehall was overheard 
day and night, with the earth antenna of 240 
metres length, while the radiotelegraph station 
at Schéneberg, Berlin, which is equipped with 
an aerial 40 metres in height, can only under- 
stand these signals at night time. Poldhu was 
also overheard. The experiments seemed to show 
that Poldhu used a wave-length of 2800 metres, 
and Whitehall a wave-length of 3400 metres. In 
order to facilitate receiving from Clifden (1550 km.) 
and Glace Bay (in Canada, 5100 km.), a wire-line 
of a length of 1270 m. (? mile, roughly) was 
laid in the direction of Glace Bay; the insu- 
lated wire rested partly on the ground and 
partly on the lower branches of the trees of a bush 
adjoining the heath ; the earth terminals were 
formed of wire netting. The receiving apparatus 
was the same as before, but it could be tuned to 
wave-lengths ranging from 3000 up to 8000 metres. 
Clifden was easily listened to in the third Sept- 
ember week ; Glace Bay was occasionally heard 
between 6 a.m. and 7 a.M.; but thunderstorms 
greatly disturbed these signals. The determina- 
tions of the wave-lengths gave 5600 to 5800 metres 
for Clifden, and 5800 to 6000 metres for Glace Bay. 
Atmospheric and earth currents very frequently 
caused trouble, especially in July, when, with a 
perfectly clear sky, distant thunderstorms were 
often heard. 

Further experiments were made with the object 
of fixing the influence of the direction of the trans- 
mitting station by the aid of the radiogoniometer 
of Bellini and Tosi. For this purpose an antenna- 
cross was used, consisting of two lines, one north- 
south, the other east-west, crossing at the station- 
shed S. In many instances the direction of the 
transmitting station (e.g., Poldhu and Paris) was 
correctly estimated within 3 deg. But there were 
curious anomalies. Schéneberg (only 65 km. dis- 
tant) sometimes appeared to be in a direction 
wrong by 8 deg. when waves of 1400 metres were 
used, and wrong by even 10 deg. when waves of 
2900 metres were used. The direction of Nord- 
deich was correctly estimated on some days, and 
appeared deflected by up to 7 deg. on others. 

or the transmission experiments current was 
generated by a 2-kw. alternating dynamo giving 
currents of from 400 to 700 periods. These currents 
were transformed up, and the primary was closely 
coupled with the secondary coils of the previous 
arrangement. Schéneberg was easily reached ; 
waves of 1350 were received at Shéneberg with 
an intensity of 40 ohms. Swinemiinde was like- 
wise reached. Norddeich could hear faint signals 
when the 1270-metre wire and waves of 3500 metres 
were used, and currents of 1 kw. supplied to the 
antenna, although the insulation of the long wire 
was very poor. But Schéneberg, although much 
nearer, could not hear these signals, the reason 
being that this antenna made an angle of 8 deg. 
with Norddeich, but an angle of 122 deg. with 
Schéneberg. 

From these and other experiments Kiebitz con- 
cludes that horizontal earth antennze, close to the 
ground or in the ground, could be used for radio- 
telegraphy. Earth-plates would not be necessary, 
but may be abate; the antenna must be of 

reat length, however, and such that the pressure 
be its maximum at the ends, and the current its 
maximum in the middle. In some respects a line 
with insulated ends, half a wave in length, close to 
the ground, would be best ; but such a line would 
be unsuitable for close coupling. It would therefore 
be better to let the system oscillate with two half 
waves, such that loops form at the outer ends of 
the two wires and at the variable condenser, and 
nodes at the inner ends of the wires. In any case 
the horizontal antenna arrangement would offer 
many advantages. It would be much cheaper than 
the vertical antenna and less exposed to atmo- 
spheric disturbances, though more sensitive when 
tuned to long waves, a rather unfortunate cir- 
cumstance. The ibility of working with close 
coupling and yet feeble currents (4 amperes were 
used in the transmission Belzig-Swinemiinde, ani 


_| the antenna gave only very small sparks) of alte: 


nating generators was, on the other hand, a great 
advantage. Small stations and ship stations for 
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small wave-lengths would probably retain their 
vertical aerials, Dr. Kiebite thinks ; for —_ 
stations using waves of lengths a 1 
metres the horizontal earth antenna would be pre- 
ferable. 

In conclusion we would like to refer to a sugges- 
tion made by Zehnder. He accentuates that his 
arrangement sends out directed signals, and further 
that the much-desired secrecy of radiotelegraphic 
messages can be secured in a very simple way. 
Any code can be deciphered, he points out, if used 
for some time, because certain letters occur far more 
frequently than others. If, however, the code were 
changed at intervals, deciphering would become 
impossible. The message should simply be typed 
out on a special machine. When the typist begins, 
the characters a, b, c, d, e, f would correspond to 
x, m, 0, 8, &, g, for instance. When a line has been 
typed, the type-wheel is turned through one tooth ; 
then the characters a, b, c, d, e, f mean m, 0, 8, a, 
g. v, and soon. The same machine would decipher 
the received message, and similar devices could be 
added to other typewriters without necessitating 
the adoption of separate keyboards, which would 
likewise solve the problem, but in a less simple way. 
Zehnder would also use horizontal antennz, with 
terminals dipping into the sea, on board ship ; con- 
sidering the length of modern ships, waves of suffi- 
cient lengths would be applicable. 








THE IRON AND STEEL INDUSTRY. 

A RETURN has just been issued by the Board of 
Trade showing the output in the iron and steel 
industries of the world up till and including 1910. 
It is computed in this return that the combined 
output of iron ore for the world in 1909 amounted 
to about 130 million tons. So far as available 
figures allow of an estimation, this. figure was 
exeeded in 1910. The increase in output in the 
case of several countries was very marked. For 
instance, the United States, producing 56,890,000 
tons in 1910, had an output 11 per cent. greater 
than the year before. France increased her output 
by 21.5 per cent. over 1909. In the case of 
Germany and the United Kingdom the increase, 
though appreciable, was not so marked. Of the 
more important countries, the United States, of 
course, easily heads the list with an output of ore 
more than twice as great as that of Germany, 
including Luxemburg. The United Kingdom had 
an output of 15,226,000 tons, or slightly more than 
half that of Germany, and about one million tons 
more than France. The figures for Spain and Russia 
are not yet available for 1910, but those for Spain 
are 42 per cent: over the previous year, in which, 
however, a large drop from the figures for several 
previous years was recorded. Of the minor ore- 
producing countries, Newfoundland and Cuba and 
Algeria continue to be the more important, the 
latter having exports amounting to 1,048,000 tons. 
The two former countries have outputs of 
1,125,000 and 1,418,000 tons respectively. The 
output in British India fell off from 83,000 tons in 
1909 to 55,000 tons in 1910. China has increased 
her output at a phenomenal rate. In 1906 and 
1907 she produced about 104,000 tons. A slight 
increase was recorded in 1908, but in 1909 the 
amount of the previous year was more than doubled, 
and last year (1910) it more than doubled again, 
amounting then to 713,00 tons. 

In 1910 the United Kingdom imported for home 
consumption 6,970,000 tons of ore, exporting 
9000 tons of native ore, having thus a balance 
of imports over exports of 6,961,000 tons. In 
Germany the balance of imports over exports was 
5,002,000 tons, and in Belgium 3,465,000 tons, while 
the United States imported 1,079,000 tons more than 
she exported of native ore. The supplies came 
principally from Spain, which had a balance of 
exports over imports of approximately 8,183,000 
tons ; from Sweden, with a balance of exports of 
3,635,000 tons ; and from France, with imports of 
1,572,000 tons, and exports of native ore of 2,970,000 
tons. In addition to these there are, of course, 
supplies from Russia and the minor producing 
countries. 

_ The aggregate output of pig-iron for the world 
in 1910 is put at 65 million tons, which is above 
any previous year by about five million tons. Again 
the United States heads the list with an output of 
27,304,000 tons, next to which comes Germany 
with an output of 14,556,000 tons, with the 
United Kingdom third with an output of just over 
10,000,000 tons. The important countries have 


more than recovered frqm the year of small output 
of 1908. The pig available for consumption differs 
but slightly in amount from the pig produced in 
the various countries. 

The world’s output of steel in 1910 is esti- 
mated at between 59 and 60 million tons, the 
combined output of the United States, Germany, 
and the United Kingdom having exceeded 46 
million tons, divided between these three countries 
in the proportion of 26:135:6.5. The United 
Kingdom showed the smallest increase of the three. 
Outside the usual countries it may be stated that 
China, producing only 23,000 tons of steel in 1908, 
turned out in 1910 no less than 60,000 tons. Of 
the 26,095,000 tons produced in the United 
States in 1910, 15,641,000 tons were open-hearth, 
of which 14,858,000 tons were basic. Bessemer 
acid ingots were produced in that country to the 
amount of 9,354,000 tons. In Germany, which 
has only a small acid output, 7,903,000 tons were 
produced by the Bessemer basic process, and 
4,894,000 tons by the open-hearth basic, out of 
a total of 13,479,000 tons. In Great Britain, how- 
ever, the acid production preponderates, and out of 
a total of 6,515,000 tons, 4,155,000 tons were acid, 
against 2,219,000 tons of basic steel. Of the acid 
steel, nearly three times as much was produced by 
open-hearth furnaces as by the Bessemer process, 
the proportion being very nearly the same also for 
the baile steel. 

In view of the drastic proceedings being taken 
at the present time in the United States to dissolve 
the big corporations, it is interesting to note that 
in 1910 the United States Steel Corporation pro- 
duced 54 7 per cent. of the total steel output of 
that country, whereas for the period 1901-5 it 
turned out 63.1 per cent. of the total. The 
charge that this corporation has eliminated com- 
petition can scarcely be maintained, in view of 
the increased activity of the so-called indepen- 
dent companies. In nearly all items except pig 
iron and rails has the proportion of the inde- 
— companies increased since 1901. The 
argest change is noticeable in black and coated 
sheets. Of these, the Steel Corporation produced 
67.3 per cent. of the total in 1901; now the 
independents produce 61.1 per cent. In seamless 
tubes the Steel Corporation, in 1901, controlled 
82.8 per cent. of the total; the proportion is 
now 55.3 per cent. from Steel Corporation works, 
and 44.7 per cent. from the independent com- 
panies. Black plate produced in tin mills was 
divided, in 1901, so that 79.8 per cent. came 
from the Steel Corporation; now only 52.9 per 
cent. is so produced, the proportion of the 
independent works having, of course, risen from 
20.2 per cent. to 47.1 per cent. In all cases of 
steel ingots and castings, structural shapes, plates, 
wire-rods, &c., the independent concerns have 
largely increased their output, and do not there- 
fore appear to be suffering from the ill-effects which 
are supposed to follow on the activity of large 
corporations. 

Compared with exports the imports of steel into 
the United Kingdom are not large, but in actual 
amounts they are considerable. e largest class 
of net imports is that embracing steel ingots, blooms, 
billets, slabs, &c., coming chiefly from Germany 
and Belgium, and amounting to 558,973 tons in 
1910. Pig iron to the amount of 171,491 tons was 
imported in that year, chiefly from Sweden and 
Germany. No other class of imports attained to 
100,000 tons, though the four classes of wrought- 
iron bars, steel girders, plates, and wire rods each 
reached amounts approaching that figure. It is 
noticeable that the imports of rails were smaller 
in 1910 than in any year since 1906. 





THE LATE SIR JAMES C. INGLIS. 

ENGINEERS will learn with profound mT" of the 
death of Sir James Charles Inglis, General Manager 
and Consulting Engineer of the Great Western 
Railway, and past-president of the Institution of 
Civil Engineers. Sir James was not only an 
admirable exponent of engineering, but a strong 
advocate, on the one hand, of maintaining the 
dignity and efficiency of the profession, and, on 
the other hand, of developing fuller recognition on 
the part of legislative and administrative bodies 
of their responsibilities in ensuring the satisfactory 
design and effective supervision of public works 
under fully accredited engineering advisers. Indeed, 
if he had done no more than to plant the germ of 








the idea that such recognition was most highly 





desirable in the interest of the public he would 
have deserved high credit, and there can be no 
doubt that the seed thus planted will fructify and 
give vigour to a new era in connection with the 
— of public money. 

ir James Inglis, who died late on Tuesday night 
at Rottingdean—the direct cause being pneumonia 
and exhaustion—had only reached his sixty-first 
year, having been born in Aberdeen in 1851. He 
received his early education at the grammar schol 
there, and, with a view of following an acad mic 
career, was sent to Aberdeen University, where he 
studied for three years—from 1867 to 1870—taking 
prizes in natural science and mathematics. The 
call of engineering, however, came to him early, at a 
time when steam engineering and railway construc- 
tion appealed tothe public mind and offered a great 
field for enthusiastic and capable youths, and Inglis 
entered the workshops of Messrs. Norman, Cope- 
land, and Co, well-known millwrights and engi- 
neers in the St. Rollox district of Glasgow. Here 
the youth—equipped with high mental qualities, 
as the result of his liberal education, and eager 
energy—came into contact with a great variety of 
mechanical problems, and gained good experience 
in general mechanics, the late Mr. John Norman 
recognising the need for soundness in all work. 
Observing his great ability, some of his friends, 
notably the late Dr. Alex. C. Kirk, advised him to 
adopt railway engineering as his speciality, and 
young Inglis became a pupil of the late Mr. James 
Abernethy, Past-President of the Institution of 
Civil Engineers. From 1871-74 he was mostly 
engaged under Mr. Abernethy on dock and harbour 
works—notably in the construction of the Alexandra 
Docks at Newport, Mon. 

From this time onwards Mr. Inglis (as he then 
was) was closely associated with the West country, 
and on its railways and harbours he left a strong 
impress, doing much for the prosperity of Devon 
and Cornwall. When he left Mr. Abernethy, he 
became assistant, in January, 1885, to the late Mr. 
P. J. Margary, who was chief engineer of the South 
Devon and Cornwall Railways, which, later, became 
part of the Great Western system. Under Mr. 
Margary, Mr. Inglis was engaged in the construction 
of Plymouth Station, the harbour railway there, and 
the widening of the Newton to Torquay line. It 
was in 1887 that he first joined the staff of the Great 
Western Railway, and became resident engineer of 
the dock works at Millbay, being responsible there, 
under officers of the company, for works totalling in 
value 120,000/. At this period he did not continue 
long on the staff of the Great Western Railway, but 
took up practice on his own account. The connection 
with the railway, however, was not completely 
severed, as during the next few years he continued 
to carry out important work for the company upon 
commission. He occupied several important posi- 
tions in the district, and carried out many interesting 
undertakings. 

Thus in 1878 he was appointed engineer to the 
Cattewater Harbour Commissioners, and built the 
Mount Batten breakwater at Plymouth, 950 ft. 
long, and terminating in a depth of 20 ft. at low 
water of ordinary spring tides; this work cost 
27,0001. Similarly, as engineer to the Sutton 
Harbour Company of Plymouth, he designed and 
carried out a large fish-market there. In 1882 
he became engineer to the Compton - Gifford 
Local Board, with the special object of carrying 
out extensive sewerage and outfall works. About 
this time also he was engaged in the construction 
of a fishing harbour at Seen, which involved the 
building of a pier for protecting the harbour, the 
length being 720 ft., and on it was erected a 
wrought-iron lighthouse tower. This was a most 
beneficial undertaking, as several attempts had been 
made to provide safe harbourage for the fishing 
fleet, and the Public Works Loan Board, becoming 
interested in the scheme, assisted in the provision 
of the harbour, embracing many acres, and costing 
60,0001. This harbour now yields a revenue of 
30001. perannum. He also carried out the Torquay 
harbour works under Mr. Abernethy as consulting 
engineer. Among the work done on behalf of the 
Great Western Railway during this period was the 
construction of the Princetown Railway from Devon- 
se 103 miles long, through very heavy country. 

e was resident engineer on this undertaking, and 
it occupied a large part of his time between 1881 
and 1883. His next work for the Great Western 
Company was the construction, also as resident 
engineer, of the Bodmin branch, 4} miles in — g~ 





which was completed in 1887. He continued in 
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practice until 1892, and further suggestion of his 
wide interest is found in the help he rendered in 
the construction, in 1888, of the laboratory of the 
Plymouth Marine Biological Association. 

It was in June, 1892, that he became assistant 
engineer to the Great Western Riilway, the late 
Mr. French being his immédiate superior. Four 
months afterwards (October, 1892), Inglis was 
appointed chief engineer of the line. From this 
time onwards an active engineering policy was 
pursued, the average sum spent per annum on the 
system, in maintenance and new works, amounting 
to about two million sterling. What this meant in 
the way of design and 
supervision to a man 80 
conscientious in his work 
as was Sir James Inglis 
will be appreciated by 
the technical reader. It is 
not, however, our inten- 
tion to make an elaborate 
review of the work, but a 
reference may be made 
to the two outstanding 
events—namely, the con- 
version of the line from 
the broad to the standard 
gauge* in 1892, and the 
reconstruction of all the 
old timber viaducts in 
Cornwall. The first of 
these two undertakings 
afforded evidence of his 
great organising ability, 
the second of his un- 
doubted mechanical in- 
genuity and foresight in 
providing — contin- 
gencies. any of these 
viaducts, which were 
monuments of Brunel’s 
great skill and boldness 
as wellas of his originality 
of design, were of very 
considerable length, and 
it was important that the 
traffic should be main- 
tained during the pro- 
gress of the work. The 
original viaducts were 
found to be perfect as 
staging for putting in the 
steel girders on the stone 

iers where such existed, 
but in many cases the 
piers were also of timber, 
and many expedients had 
to be devised to enable 
the work to be done. 
Certain problems arose 
in connection with the 
design of the new bridges, 
so that the transverse 
girders could be _ got 
through at exactly the 
a level below the 
xeams carrying the rail- 
way ; but these and all 
other difficulties were 
overcome a8 a conse- 
quence of the versatile 
and extensive experience 
possessed by the subject 
of our memoir. Another 
direction in which con- 
siderable knowledge and 
ingenuity were required 
was in connection with 
railway subsidences due 
to coal-workings. The 
extent of these on the 
Great Western line is indicated by the fact that 
some 60,000 or 70,000 yards of filling per annum 
were required throughout the system. 

In 1903 Sir James Inglis was appointed the 
general manager of the Great Western Railway, a 
position which he well merited, not merely for 
the services which he had rendered, but because 
of his administrative ability. At the time general 
satisfaction was expressed by the appointment 
of a leader of the profession to the full control 
of an undertaking in which engineering pro- 
blems bulked so largely. In this the Great 


* See ENGINEERING, vol. liii., pages 657 and 690. 


Western Railway Company followed the prece- 


dent set by the Lancashire and Yorkshire Rail- | 


way in promoting Mr. J. A. F. Aspinall, formerly 


their chief mechanical engineer, to be the general | 


manager. Other railways have since taken the same 


course, @ circumstance which was, in some measure, | 


| due to the success of Mr. Aspinall and Sir James 


|Inglis in their control of the lines under their | 


| charge. 

An outstanding event in the management of the 
Great Western by Sir James Inglis was the con- 
struction, involving seven years’ work, of the 


, Fishguard Harbour, in North Pembrokeshire,* and 





From a Photograph by Thomas Fall. ° 


THE Late Sir James CuHaR.LeEs INGLIS. 


| the establishment of a fast service, by means of 
‘high-speed turbine steamers, with Rosslare, in 


Ireland, the connection there being with the Great | 


Western and Great Southern and Western Railways 
of Ireland. The harbour, for which Sir James was 
engineer, involved the construction of a quay-space 
half a mile in length and 250 ft. in average width, a 
wall 1100 ft. long, and a breakwater 2000 ft. in 
length, as well as the provision of an extensive 
station and sidings. This new connection with the 
South of Ireland has been a great boon, not only 


* See ENGINEERING, vol. Ixxx., page 178, and vol. lxxxii., | 


| page 106. 


in developing Irish agriculture, but in bringing the 
most-favoured resorts of Ireland within easy reach 
of the Metropolis. There was also great advantage 
from the construction of the South Wales direct 
line via Badminton, and of the joint line of the 
Great Western and Great Central Companies, the 
latter shortening materially the route of the former 
company’s railway to Birmingham. 

Sir James served the profession in many capa- 
cities. He was lieutenant-colonel in the Railway 
Staff Corps, and a member of the Engineering Stan- 
dards Committee. Along with Sir William Matthews 
he was arbitrator for the purchase of the Tanjong 

agar Docks, Singapore. 
He was a member of the 
Royal Commission on 
Canals and Inland Navi- 
gations. In recognition 
of his services to the pro- 
fession and the country, 
he was madea Knight in 
January of this year by 
King ree He also 
possessed the insignia of 
the Order of the Crown 
of Italy, and the insignia 
of the Third Class of the 
Prussian Order of the 
Red Eagle. 

Sir James Inglis had 
the distinction—rare in 
recent years — of being 
for two sessions Presi- 
dent of the Institution of 
Civil Engineers, from 
1908 to 1910. From the 
beginning of his profes- 
sional career he was 
closely identified with the 
Institution. Asa student 
he won a Miller prize in 
the early ‘seventies for 
a paper on ‘‘Theory and 
Practice in the Construc- 
tion of Tanks ;”’ he be- 
came an associate in 1876, 
a member in 1884, and 
was elected to the Coun- 
cil in 1897, and to the 
vice-presidency in 1906. 
Excepting his presiden- 
tial addresses,* which 
were concerned with the 
responsibilities of the 
engineer, and of public 
authorities spending 
money on engineering 
works without the assist- 
ance of accredited engi- 
neers, his only contribu- 
tion to the proceedings 
was a paper on ‘ The 
Design of Permanent Way 
and Locomotives for High 
Speeds,”’t as an introduc- 
tion to a discussion at one 
of the conferences. He 
frequently spoke in de- 
bate, and his remarks 
were confined, as a rule, 
tothe review of the lessons 
of practical experience, so 
that they were ever wel- 
come. 

He was eminently prac- 
tical, with a mechanic’s 
instinct to recognise that 
which rang true. We can 
recall his strong advocacy 
of Baker’s view that when 
they followed engineering 


| principles to their fullest limits engineers had no 
need to fear the strictures of the ssthetic critic. 


Every scheme which was presented to him had to 
comply with the one standard—utility and practica- 
bility; but no detail was too trivial to be considered 
if it had a direct bearing on the ultimate issue. He 
was thorough ; broad in his views, alike in engineer 
ing and in his more private opinions ; and thus 
although a Liberal in politics, he was an Imperialist 
in the highest sense of the word. He was large- 


* See ENGINEERING, vol. Ixxxvi., pages 622 and 630 
vol. Ixxxviii., pages 619 and 623. 
+ See ENGINEERING, vol. lxxv., pages 821 and 830. 
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rted, and in business and in private did much 
pee encourage others, but he hada short way with 
the dilettante and ‘“‘humbug.” He was not an 
orator, if that term be applied, as it too often is, to 
the maker of fine phrases ; but the members of the 
Institution welcomed him as the official exponent 
of their views, because of the directness and prac- 
tical soundness of his language, simplé as it was in 
diction. Of this proof was afforded notably at the 
ceremony of laying the foundation stone of the new 
building of the Institution in October last year. In 
council and committee work his administrative 
services were of great value, while in the semi- 
public social functions he was genial and ever 
kindly in his comments. His death will undoubtedly 
be deeply regretted by a wide circle of professional 
and private friends. es. 

The funeral of Sir James Inglis will take place 
to-morrow (Saturday), the memorial service being 
held at St. James’s Church, Paddington, at 
11 o'clock, while the interment will be at Kens- 
ington Cemetery, Hanwell, at noon, or shortly 
thereafter. 





THE PHYSICAL SOCIETY’S EXHIBI- 
TION OF SCIENTIFIC APPARATUS. 
Tue seventh annual exhibition of electrical, 

optical, and other physical apparatus, arranged by 

the Physical Society of London, was held in the 

Imperial College of Science and Technology, South 

Kensington, last Tuesday afternoon and evening. 

The very convenient alphabetical order was retained 

in the catalogue this year, and, with the aid of the 

plan of the location of the exhibitors, every exhibit 
could easily be found. A few of the exhibits had 
been shown last year; these were dealt with in 
our issues of December 23 and 30, 1910, on pages 

866 and 888. 

We will first mention the two discourses pre- 
pared for the occasion. Professor the Hon. R. J. 
Strutt, F.R.S., gave a discourse on ‘‘ Electric Dis- 
charge and the Luminosity that Survives it,” twice, 
in the afternoon and evening. The luminous pheno- 
mena which accompany electric discharges in 
general cease as soon as the discharge is stopped. 
Sometimes a certain luminosity, an after-glow, 
persists, and Professor Strutt has within the last two 
years presented several papers on these after-glows 
to the Physical Society. What he demonstrated on 
Tuesday was new, however. He made use of two 
apparatus. In the first nitrogen gas was. drawn 
through a horizontal discharge-tube and passed then 
through a wider horizontal glass tube or bulb, about 
3 in. or 4 in. in diameter ; other gases were intro- 
duced into this second tube, in which they therefore 
arrived without having been exposed to the dis- 
charge, but mixed with the nitrogen, which had 
been submitted to powerful discharges ; there were 
several large Leyden jars in the circuit. When 
nitrogen alone was circulating, the wide bulb glowed 
with a pale orange colour, and the whirls of the 
gas could distinctly be seen. The spectrum of this 
luminosity resembled the band spectrum of nitrogen, 
as to the position and structure of the bands, under 
discharges at high current density, such as Professor 
Strutt applied ; but they were only a few of the 
nitrogen bands in this luminosity spectrum, which 
the lecturer likened to a defective set of teeth. Pro- 
fessor Strutt said that he regarded this luminous 
nitrogen as an active moditication of nitrogen, 
which was very unstable, and that the luminosity 
was evidence of the change of active nitrogen back 
into common nitrogen. He was not able to enter 
into a full explanation of’ his reasons. But his 
second experiment supplied one of the arguments. 
Through a side tube he introduced into the wider 
bulb some nitric oxide (NO) in the way pointed out 
above. The luminosity, so far orange in colour, 
at once turned green and changed in char- 
acter ; the gas mixture of nitrogen, nitric oxide, 
and the resulting products was passed through a 
U-tube standing in liquid air. It was shown that 
a blue liquid condensed in this tube, which became 
filled with brown-red fumes when the tube was 
slowly heated afterwards. Now the blue liquid and 
the brown vapours suggested the presence of the 
higher oxide, NO,, and it would thus appear that 
nitrogen and nitric oxide together produce a higher 
nitrogen oxide under the discharge conditions, in- 
stead of yielding a lower oxide, as one would expect. 
Thus nitrogen behaved, in this case, like oxygen, 
and this was one of the reasons why Professor Strutt 
thought that his nitrogen, having passed through 


and capable of transferring some of its energy to 
the other gas. The reaction —_ be expressed 
by the formula, N + 2 NO = NO, + N,, which 
was hypothetical, however. 

In another experiment Professor Strutt intro- 
duced. some tin chloride vapours into the wide 
bulb, through which the active nitrogen was 
being drawn. The colour of the luminosity (pale 
orange) changed into a beautiful blue. The spec- 
trum of this blue luminosity consisted of a broad 
band between the yellow and blue, which could 
be resolved into several bands resembling those of 
uranium salts ; two blue tin lines were also notice- 
able, and some tin might, therefore, be reduced 
during the reaction ; but an explanation of these 
phenomena could not yet be offered. 

Professor Strutt finally made an experiment with 
the second apparatus. A wide, horizontal glass 
tube, several feet in length, was filled with nitrogen 
under reduced pressure. Near its one end the 
tube was encircled with a few turns of insulated 
wire, joined, as in the other experiments, to an 
induction apparatus with Leyden jars in circuit, 
The tube had no electrodes. When the discharge 
passed through the coil, a pink ring - discharge 
(known to our readers from our accounts of Sir J. J. 
‘Thomson's discourses) was seen inthetube. When 
the room was darkened, and the discharge stopped, 
an orange-yellow luminosity was seen to travel 
towards the far end of the tube. This after-glow 
remained quite distinct for more than a minute, 
and much longer probably, though it became 
fainter. Professor Strutt then remarked that, if a 
piston were introduced into the tube, the after-glow, 
already faint, would revive as the piston advanced, 
in the compressed portion of the nitrogen, to die 
out completely immediately afterwards. Instead of 
using a -piston, he admitted some nitrogen into the 
tube, from a flask joined to it at the short (coil) 
end. It was very striking to watch how a dark 
space advanced from this end when the tap of the 
flask was opened, and that acushion of intensified 
luminosity seemed to travel in front of the dark 
space, unti] the whole tube turned completely dark 
—all within the space of a second or two. 

In describing the exhibition we follow the alpha- 
betical order of the catalogue. Messrs. R. and J. 
Beck, of Cornhill, exhibited the holophane lumeter 
of Dow and McKinney, which we have noticed on 
previous occasions. The new instrument is a flat 
ebonite box, a few inches in dimension ; by means 
of an electric light and a graduated shutter, the 
brightness of a surface may be determined ; the 
pointer on the one outside face marks brightness 
trom 0.01 up to 200 foot-candles. In a new ‘‘ handle- 
model” microscope shown by the firm, the limb is in 
the shape of a handle, by which the microscope can 
be lifted without disturbing the adjustments, and 
an iris diaphragm is set in the thickness of the 
stage, so that a diaphragm remains for use when 
the sub-stage is swung aside. 

The Cambridge Scientitic Instrument Company 
was strong in novelties. The Duddell oscillograph 
outfit, for 50,000-volt cireuits, had just arrived 
back from the Turin Exhibition. 1tis intended for 
power-stations, and was demonstrated at work on 
the 100-volt circuit of the College. Fig. 1, page 838, 
shows the whole apparatus except the resistance, 
which would tind room under the table. The oscil- 
lograph proper is mounted in a porcelain insulator, 
the cylindrical porcelain cover of which has been re- 
moved in the photograph. The resistance of half 
a million ohms consists of asbestos and constantan 
ribbon. Between the oscillograph and the photo- 
graphic box is a glass plate, of fingerthickness ; the 
chimney-like tube on the box is the fall-tube for the 
photographic plate ; when’the simultaneous current 
and potential waves are only to be watched, the ob- 
server stands on the far side of the box, next to the 
arc-lamp lantern, whose light’ is reflected on to the 
plate. There is no ormer, therefore, which 
might distort the wave-form, and non-inductive 
high resistances can be employed without having to 
dissipate a large amount of electric energy. The 
oscillograph contains two vibrators. The essential 
parts of a vibrator are two very fine flat strips of 
copper stretched on a bronze frame-piece over 
ivory guides and pulleys in such a way that the 
portion of the strips which lies in the gap of 
the permanent steel magnet has a length of 
1 cm. and a free period of 0.0001 second. The gap 
is vertical, and in order to reduce the clearance as 
much as possible, a very small width of steel is left 
between the two copper strips. The current to be 





the discharge-tube, was’in an active condition 





measured passes through the strips. The two 





vibrator frames of an oscillograph are vertically 
mounted by the side of one another in the oscillo- 
graph, the upper portion of which is filled with oil ; 
the frames can turn about adjustable pivots. The 
photographic plate drops out of a black silk bag 
which is pulled over the chimney, and falls into, 

similar bag below. Beautiful curves were shown. 

The Paschen galvanometer, of the Cambridge firm, 
is an instrument of exceedingly high sensitivity, 
designed for bolometer and radiometer work. It 
is of the moving-magnet type, in which the magnets 
are arranged in two groups after the manner of a 
Thomson galvanometer. The instrument is the 
result of the investigations of Paschen, Menden- 
hall, Waidner, and Abbott. The two groups, 
an upper and a lower group, each of thirteen 
quite short and small magnets, of the magnet 
system are arranged alternately on two sides of 
a fine glass stem, suspended by quartz fibre. The 
astaticising of the system is so — that periods 
approaching ten seconds ¢an obtained. Each 
group is between the two galvanometer coils of a 
pair, and the chief task of Paschen and the other 
Scientists -has been to secure the maximum effect 
for a given resistance of copper by winding with 
different sizes of wire, beginning with the smallest 
sizes, and winding each layer in such a manner 
that it lies within a surface, of which the polar 
equation is r? = d?sin 6, where r is the length of 
radius making an angle @ with the axis of the coil, 
and d the value of r when 6 = 90 deg. The 
theory of this winding was given by Maxwell, and 
Paschen winds the coils with six sizes of wire on 
an elliptically-shaped former, which shape yields 
an efficient field and permits of using the greatest 
number of magnets. 

The Paschen thermopile, also exhibited, is a 
tubular instrument, a modification of the type with 
which H. Rubens has been conducting his remark- 
able researches on Reststrahlen and on waves» 
from the two extremes of the spectrum. The fifteen 
couples consist of copper and constantan, and the 
hot junctions are all in the middle. To reduce the 
heat capacity the wires have been rolled down fiat ; 
the temperature increase due to radiation is 98 per 
cent. within 2 seconds, and is practically completed 
within 4 seconds. 

The cathetometer, Fig. 2, page 838, has a height of 
about 24 ft., and the total vertical range of the tele- 
scope is 20 in. The whole pillar turns about its 
vertical axis, and the telescope slides up and down 
the pillar, and can be clamped in any position with 
the aid of a five-point bearing. Micrometrically the 
instrument can be raised through a vertical range 
of 2.5 cm., and the micrometer head allows of read- 
ing this range within 0.005 mm. 

The new laboratory chronograph of the Cam- 
bridge Company, illustrated in Fig. 3, traces curves 
on a band of Morse paper 1 in, in width, which is 
drawn under three styles by the aid of a sinall electric 
motor, whose pulley can be seen on the left side of 
the figure. The styles are attached to the rocking 
armatures of three electromagnets ; the one pen is 
connected with a contact clock, the other two record 
the curves. It will be seen that the whole upper 
part of the frame is pivoted, so that the styles may 
be lifted off the paper without stopping the motor ; 
the paper movement may also be interrupted 
while the motor runs on. 

Fig. 4, page 839, is a photograph of a recording 
electro-meter for meteorological investigations, de- 
signed by Mr. J. Patterson, of the Meteorological 
Office, Toronto, and the Cambridge Scientific Instru- 
ment Company. It is essentially a quadrant electro- 
meter, provided with two sets of quadrants and a 
double needle. The needle is made of aluminium, 
and is fitted with an extra vane for magnetic damp- 
ing. A boom, which is free to swing over the 
moving chart, is attached to the needle, but insu- 
lated from it. At intervals a horizontal bar is 
allowed to drop and to force this boom on to the 
chart ; a dot is then produced, and the dots are 
close enough to one another to form a curve. 

The new modification of the Féry radiation pyro- 
meter, which is illustrated in the photograph, 
Fig. 5, and the diagram, Fig. 6, is due to 
Mr. R. S. Whipple, of the Scientific Instrument 
Company. The modification is intended for 
measuring the very high temperatures of technical 
practice. The blind-end tube A is made of fire- 
clay, plumbago, steel, or quartz, and is inserted 
into the molten metal, salt, &.; C is a steel 
tube, F a screen to shut off the heat; at D the 





steel tube is bolted to the pyrometer head E, which 
contains the mirror M, on which the radiations 
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of the black body A fall to be focussed on the | 
thermo-couple E; H is the handle, and the leads | 
L join the couple to the direct reading tempera- | 


ture-scale ; the instrument does not require any 
focussing, and may be used in any position. For 
the demonstration the tube A was pushed into an 
open muffle furnace heated by a Méker burner, 


A.M.I1.E.E., and U. A. Oschwald, B.A., also ex- 
hibited by Messrs. Cox, is intended for studying 
the flux distribution in the air-gap of a generator, 
&c., and has been used for some time at the South- 
Western Polytechnic, 8. W. 

The flux-meter may be described as a flat ex- 
ploring needle, which, in experimenting on the 


two notches. Through silver filaments the 
ends of this coil are connected to terminals, 
so that a weak current of about 0.03 ampere 
can be passed through it. The small shaft 
also carries a fine hair-spring, which controls 
its deflection, and a small square brass block, on 
the four sides of which mirrors are mounted. The 
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when a temperature of 790 deg. was indicated. 
If the tube A, which may be several feet in 


length, should break, this aoe could easily be! 


replaced ; there is no risk of injury to the other 
par’s. We reserve a description of the Rosenhain 
portable potentiometer for use with thermo-couples ; 
it has a range of 40 millivolts. 

Messrs. C. F. Cassella and Co. showed some new 
meteorological exhibits, rainfall recorders, &c.; also 
their theodolitesand surveying instruments Messrs. 
A. C. Cossor, Limited, of 54, Farringdon - road, 
E.C., showed their new patent electro-mechanical 
high - vacuum pump for engineers, which, they 
claim, will produce as good a vacuum as a Gacde 
= in a shorter time. It is intended for ex- 

austing lamp-glubes, X-ray tubes, &c. The 
machine—a kind of beam engine with fly-wheel— 
is driven: by an electric-motor, and comprises two 
oil-pumps coupled in series, an auxiliary pump and 
a vacuum pump. In the vertical cylinder of the 
latter an iron-rod piston moves up and down under 
the influence of the attraction of the solenoid-box 
surrounding it, which is raised and lowered by the 
machinery. The upper valve is kept open during 
a fourth of the down stroke to allow the oil to 
return ; the auxiliary pump keeps the oil deaerated. 
The rod is introduced into the cylinder through a 
ground-metal joint, which is oil-sealed. 

Messrs. Harry W. Cox and Co., Limited, of 47, 
tray’s Inn-road, exhibited the portable apparatus 
for the analysis of the air of mines, which Dr. J. 8S. 
Haldane, F.R.S., designed, tan years ago, in the 
form which the new regulations of the Home Office 
render obligatory. The glass apparatus determines 
the carbon dioxide, carbon monoxide, methane, 
and oxygen by absorption and combustion tests, 
and fits into a wooden case, 19 in. by 12 in. by 
2} in. A smaller apparatus, for determining small 
percentages of CO, in the air of factories, was also 
shown. 

The flux-meter of Messrs. B. H. Morphy, 
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Fie, 3. Lasoratory CHRONOGRAPH. 


pole-gap flux, would be held parallel to the arma- 
ture, being attach 
carried by the armature shaft. The needle forms 
itself a mirror galvanometer. It consists of a 
slender shaft which is provided with needle-points 
at each end ; a coil of twenty turns of a very fine 


copper wire is wound longitudinally between | 


ed to a radial arm which is) 


whole movement is held between brass bearings 
inside a brass tube, which has a width of } in., in- 
creasing to § in. in the portion which surrounds 


|the mirrors and springs. Windows are cut in 


this wider portion of the tube, through which 
the light of a small osram lamp falls on to 
the mirrors, and is reflected on to a scale. The 
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lamp and the scale are supported by the radial 
arm already mentioned. In making a test the arm 
is moved through the gap, and a current 
through the small coil, first in the one and then 
in the other direction. The apparatus brings out 
the flux variations near the armature teeth very 
well. 

Messrs. Crompton and Co., Limited, of Chelms- 
ford, exhibited in addition to the Crompton potentio- 
meter, switchboard instruments, and series trans- 


a small drum carrying wire. The wire passes from | observer from above, with the aid of a telescope 
the drum under a guide-pulley — the jaws |and the mirror, and the actual height of the cross 


of a friction device across the 


and over | lines from the road is then read off on a scale fitted 
uide - pulleys mounted on the other support,| with a vernier. 
g pulley: Ppo 


A set of readings is taken in 


where it terminates in a hook from which a/| different positions, the stick being shifted across 


weight is suspended. The same wire and weight 
being always employed between supports at fixed 


positions, the wire will form a datum line, 
apart from 





small temperature variations, for | 


| the road, the wire remaining in position. The 
reading device is due to Messrs. Stanley and Co., 
lof Great Turnstile, Holborn, W.C. 

Messrs. J. H. Dallmeyer, Limited, had several 


which, we suppose, allowance might be made if | instruments on view displaying their noted accurate 
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formers for operating automatic switch-gear, the 
road-wear measuring-machine used by the Road 
Board. The idea is that a wire is stretched across 
the road, and that the distance of this wire from 
the road is measured. Pairs of cast-iron sockets, 
about 2in. square, are let into the sides of the road, 
where their foot-plates rest on small concrete bases ; | 
the sockets of a pair are placed immediately opposite | 
one another. Ordinarily the sockets are closed 
by screw plugs to keep out the dirt. The parts 
which support the wire are mounted on mild- 
steel spindles which are provided with. shoulder- 
pieces. One of these supports has mounted on it} 

















WuippLe-Fféry Rapiation Pyrometer. 


the roads were smooth enough to study accuracy 
to this extent. Measurements are made with 
the aid of a measuring-stick whose foot-plate is 
placed on the road. A small arc-shaped piece of 
sheet-metal projects from the stick, and a mirror 
is fixed on the inside of the arc, opposite which 
are two cross lines, which are attached to the 
central sliding-piece of the measuring-stick. The 
arc forms a kind of a hook-recess for the wire when 
the stick is placed near it, and the slide is raised or 
lowered by means of a handle carrying a rack and 
pinion, until the cross lines are immediately oppo- 
site the wire; the adjustment is made by the 


workmanship. Their snapshot telephoto lenses 
| work at the apertures f/10, f/6, and f/4.5, and give 
a on a scale 24 and 5 times those obtainable 
y ordinary lenses. Their iris diaphragm comes very 
near the theoretically possible maximum opening, 
which, according to C. F. Lan-Davis, is 82 per cent., 
whilst they claim to realise 76.5 per cent. with their 
24-leaved shutter. The firm has also introduced 
auto-catches to prevent, or to make unlikely, 
| double exposures of a plate. They also demon- 
strated the use of proof-planes and a large right- 
angle prism for determining true plane surfaces. 
| Messrs. Elliott Brothers showed the latest form 
of the Wimperis recording accelerometer, which 
we described some time ago; the C. W. triple 
testing set (measuring amperes, volts, and watts) 
for direct and alternating currents, and a new 
pattern of their well-known ‘‘Century” testing set, 
distinguished by lightness and compactness. 


(To be continued.) 2 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, December 13. 

Heavy purchases of pig iron continue to be made in 
all markets east and west. The prevailing low prices, 
coupled with an exhaustion of stocks, and the practical 
certainty of a continued demand and an upward ten- 
dency, accounts for the present activity. Besides, pro- 
duction has not increased. The output of coke and 
anthracite iron for No: »smber was 1,999,433 tons, as 
compared to 2,102,147 cons in October. The Baldwin 
Locomotive Works have purchased 11,000 tons of 
foundry grades this week, the Pennsylvania 5000 tons, 
and eastern cast-iron pipe-makers 25,000 tons. Basic 
iron is also moving more freely than for months. Fur- 
nace-makers are avoiding where they can deliveries f6r 
the second quarter of next year, as they anticipate an 
improvement in prices. _ Steel billets have gained con- 
siderably in activity. The general pig-iron outlook is 
much better. Messrs. Jones and Laughlin have pur- 
chased 40,000 tons of basic. No. 3 Homestead plant of 
the Carnegie Steel Company has had a record run, pro- 
ducing in the twenty-four hours 8961 tons of open- 
hearth steel. All of the mills in Western Pennsy]l- 
vania are working to fuller capacity than for a year. 
The Pittsburg Steel Company is inquiring for 60,000 
tons of Bessemer, and the American Rolling-Mill 
Company for 15,000 tons of basic. Wire products 
have dropped another dollar per ton, and this has led 
to very heavy buying. Open-hearth plants are increas- 
ing their output, and a large amount of new business 
is being submitted for acceptance. The general feeling 
is that the present activity will continue for an 
indefinite period. The car-builders report a large 
additiun in the volume of business pending, and in the 
bookings for the past two months. Tin-plate exports 
for October were 15,941,983 lb., worth 533,997 dols. 
The imports for the same month were 1,286,870 lb., 
worth 48,284 dols. 








SuPERHERATER Patents.—The Fuel-Economiser Com 
pany. of Wakefield, have withdrawn the patent action 
rought by them against McPhail and Simpson, Limited, 
the well-known steam-superheater manufacturers, also of 
Wakefield, which was down for trial before Mr. Justice 
Eve, in the Chancery Division, and bave been ordered to 
y the costs, including the costs of an action which 
McPhail and Simpson, Limited, brought to restrain the 
Fuel-Economiser Company from threatening their custo- 
mers with proceedings for alleged infringement. The 
tent in question was for improvements in feed-water 
eaters for use in connection with steam-generators, 





Prrsonat.—Messrs. Blichfeldt and Co., 16, Water- 
lane, Great Tower-street, E.C., state that they have 
decided, for family reasons, to convert their business into 
a private limited. company. under the title of Messrs. 
Wettern Brothers, Limited. There will be no change in 
the management.—Growth of business has compelled the 
Armorduct Manufacturing Company, Limited, to make 
considerable extensions to their Witton Works. These 
extensions, when complete, will practically double the 
present capacity of the works, thus enabling the company 
greatly to increase their present utah. —Wer the conve- 
nience of their electrical customers in London, the 
Adams Manufacturing vamnasag’s London business has 
been transferred to Balfour House, Finsbury Pavement, 
London, E.C., to which address all communications 
regarding Adams Igranic motor - controlling apparatus 
should be directed. 
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MILITARY AEROPLANES. 


WE give below a list of the prizes offered by the War 
Office for military aeroplanes, together with a specifica- 
tion of the requirements which the competing aeroplanes 
will have to fulfil. An article dealing with this compe- 
tition appears on page 833 of the present issue. 
Conditions laid down and Prizes offered by the War 

Office for a Competition to fulfil the Requirements of the 

Accompanying Specification for a Military Acroplane. 
The prizes to be awarded by the War Office on the recom- 
mendation of a Committee, which will judge the tests, 
and will decide whether any machine submitted is to be 
subjected to any test. 

A. Prizes open to the World for Acroplanes made in any 
Country :— 


£ 
First prize a ii = rer .-. 4000 
Second prize... me ; . 2000 


B. Prizes open to British Subjects for Aeroplanes Manu- 
‘actured wholly in Great Britain, except the Engines :— 


£ 
First prize des ae bu a ... 1500 
Two second prizes... ...(each) 1000 
Three third prizes __... a Ps 


No competitor to take more than 5000/. The War 
Office to reserve the right to vary the proportions of totals 
under ‘‘A” and ‘‘B” between the various prizes if the 
merits of the machines warrant it, or to withhold any 

rize if there isno machine recommended for it by the 

esting Committee. 

The War Oftice to have the option of purchasing for 
1000/. any machine awarded a prize. 

The owners of ten machines which are submitted to all 
the flying tests and are not awarded a prize to receive 
100/. for each machine so tested. 

Oil and petrol to be supplied free for the tests. 


The place of delivery of aeroplanes entered for the | 50 


competition will be announced later. 
War Office, December 14, 1911. 


Specification for a Military Aeroplane. 

The following conditions are those required to be 
fulfilled by a military aeroplane :— 

1. Be delivered in a packing-case suitable for trans- 

ort by rail, and not exceeding 32 ft. by 9 ft. by 9 ft. 

he case must be fitted with eye-bolts to facilitate 
handling. 

2. Carry a live load of 350 Ib. in addition to its equip- 
ment of instruments, &c., with fuel and oil for 44 hours. 

3. Fly for 3 hours loaded as in Clause 2, and maintain 
an altitude of 4500 ft. for 1 hour, the first 1000 ft. being 
attained at the rate of 200 ft. a minute, although a rate 
of rise of 300 ft. per minute is desirable. 

4. Attain a speed of not less than 55 miles per hour 
in a calm (loaded as in Clause 2). 

5. Plane down to the ground in acalm from not more 
than 1000 ft. with engine stopped, during which time a 
horizontal distance of not less than 6000 ft. must be 
traversed before touching. 

6. Rise without damage from long grass, clover, or 
barrowed land in 100 yards in a calm, loaded as in 
Clause 2. 

7. Land without damage on any cultivated ground, 
including rough plough, in a calm, loaded as in Clause 2, 
and pull up within 75 yards of the point at which it first 
touches the ground when landing on smooth turf in a 
calm. It must be — of being steered when running 
slowly on the ground. 

8. Be capable of change from flying trim to road 
transport trim, and travel either on its own wheels or on 
a trolley on the road ; width not to exceed 10 ft. 

9. Provide accommodation for a pilot and observer, 
and the controls must be capable of use either by pilot 
or observer. 

10. The pilot and observer’s view of the country below 
them to front and flanks must be as open as ible, 
and they should be shielded from the wind, and able to 
communicate with one another. 

11. All parts of aeroplane must be strictly interchange- 
able, like parts with one another and with spares from 
stock. 

12. The maker shall accurately supply the following 
particulars, which will be verified by official test :— 

(a) The horse-power and the speed given on the 
bench by the engine in a six hours’ run. 

(b) The engine weight, complete (general arrange- 
—_, drawing), and whether air or water- 


cooled. 

(c) The intended flying speed. 

(d) The gliding angle. 

(ec) Weight of entire machine. 

(f) Fuel consumption per hour at declared horse- 
wer. 

(g) Oil consumption per hour at declared horse- 


E. W. D. Warp. 





power. 
(kh) Capacity of tanks. 
13. The engine must be capable of being started up by 
the pilot alone. 
14. Other desirable attributes are :— 
(a) ay —_ with — sunning agg pang 
eld. Engine preferably capable of being 
started from A, nee) 

(b) Effective silencer fitted to engine. 

(c) Strain on pilot as small as ible. 

(d) Flexibility of speed ; to allow of landings and 
observations being made at pls if 
required, while reserving a high eration 
for work in strong winds, 


(e) Good glider, with a wide range of safe angles 
of descent, to allow of choice of landing 
places in case of engine failure. 

(f) It isdesirable that the time and number of 
men required for the change from flying 
trim to road trim, or packed for transport 
by rail, and vice versd, should be small, and 
these will be considered in judging the 
machine. The time for changing from road 
trim and packed condition to flying trim to 
include up to the moment of leaving the 

und in flight, allowance being made for 
ifficulty in starting engine. 

(g) Stability and suitability for use in bad weather 
and in a wind averaging 25 miles per hour 
30 ft. from the ground without undue risk 
to the pilot. Stability in flight is of great 


importance. 

(hk) The packing-case for rail transport to be easily 
dismantled and assembled for use, and when 
dismantled should occupy a small space for 
storage. 








** SHORT-STROKE WORK ON PLANING- 
MACHINES.” 
To THE EprToR OF ENGINEERING. 

Sir,—Re the article, title as above, in your issue of 
December 1, describing the ‘‘ Vulcan ” clutch, as a 
by Messrs. Cecil E. Lugard and Co., Limited, of 
Chester, the writer, who has spent the last seven years 
on the application of reversing motors to — &e., 
would like, if your space allows, to make the following 
remarks :— 

Considering the question of the reversing motor used 
to Fe the comparative time efficiency tests with the 
“Vulcan” clutch, the armature of this appears to be of 
exceptionally massive design. Taking an armature as 


supplied nowadays by most makers, and one giving | P 


horse-power at 588 to 900 revolutions per minute on 
220, 440, or 500 volts direct current, and calculating the 
stored energy at these two speeds, net are found to be 
8150 ft.-lb. and 19,000 ft.-lb. respectively. These stored 


energies when compared with the figures put forward— | P 


t.e., 17,605 and 41,445 ft.-lb.—show a remarkable differ- 
ence. Therefore, according to Messrs. Lugard’s theory, 
if the motor was of a reasonable size the time efficiency 
would be vastly improved. It is, of course, also probable 
that the acceleration of the motor when starting up is 
very slow, because the starting resistance takes too long 
to cut out. This remark, of course, only applies if the 
motor is of the type where the main current is reversed 
ey he ‘“Lancash for pl 

ing the ‘‘ Lancashire” equipment fér planer- 
driving, &c., as made by the Lan ire > hm and 
Motor Company, Limited, Manchester, this consists 
primarily of the ecules po 

Planer motor, motor-generator set, reversing switch, 
and, when required, a speeding-up switch for use between 
faces, or else for accelerating and decelerating the 
cutting s when the tool has entered and is leaving 
the metal respectively. The action of this switch enables 
high cutting speeds to be used by lessening the shock on 
the tool, and also enables better-class work to be pro- 
duced in cast iron, owing to preventing the trouble of 
breaking off casting edges. 

On testing various sizes of this type of equipment, 
varying between, say, a 4-ft. planer at cutting speeds of 
30 ft. to 120 ft. per minute and returning at 180 ft. per 
minute, and a 10-ft. by 10-ft. by 30-ft, planer, cutting 
25 ft. to 75 ft. per minute and returning 100 ft. to 140 ft. 
per minute, the following points have been verified :— 

1. The planers will reverse toa line on both strokes, 
and in many cases are now being used for planing up to 
a dead end, which, as all practical men know, is one of 
the worst possible tests for a planing-machine. In fact, 
an instance occurred lately where a face on a bedplate 
had been omitted, and this was machined ,'; in. deep 
out of the solid, the tool both starting and stopping 
in the metal. The speed of cutting in this instance was 
45 ft. per minute, and the speed of the return was 175 ft. 

r minute, the size of the planer being 6 ft. by 6 ft. 

ry 18 ft., and the total weight of table and job approxi- 
mately 14 tons. 

2. arding the ‘“‘overrun,” this word by itself is 
ambiguous, if it "ie to the overrun of the job past the 
tool at the ends of the strokes; this can be reduced to a 
minimum by closing in the main dogs. With most up-to- 
date planers for general work, the feed is put on by either 
a part or a whole revolution of one of the shafts, and 
therefore necessitates an overrun of approximately 3 in. 
at the end of the return stroke, the feed being generally 
applied at the beginning of the cutting stroke, so as to 
save the tool rubbing on the work. If the term “‘ over- 
run” means the distances the table travels after the full 


can be made to give the shortest stroke required for any 
practical purpose, and, in fact, can be reversed by hand on 
a 1-in. stroke. 

5. With reference to the question of stored energy in 
the planer motor armature, this does not to any appreci- 
able extent affect the actual time of reversal, for the 
simple reason that as soon as the reverse action com- 
mences the motor regenerates, thus giving a perfect 
brake and cushioning effect. With this point in view it 
may be easily understood that the greater the speed of 
the motor the greater the braking effect. 

6. Reverting to the question of time lost at reversal 
from a theoretical standpoint, this should be reduced to 
the absolute minimum; but when considered from the 
practical side, as pointed out above, it is not advisable to 
reverse the machine too quickly. 

A test was made on a 10-ft. by 10-ft. by 25-ft. planer, 
having a table weight of 22 tons and with a job of 
35 tons being planed, the total weight on the bed- 
slides being 57 tons. The machine in question was a 
fairly old machine, und when tested was cutting 50 ft. 
= minute and returning 100 ft. per minute. The 

klash in the gears was considerable, and therefore 
reduced the efficiency somewhat. On a 2-ft. 6-in. stroke 
the time efficiency of the machine was 65 per cent., and 
on a-5-ft. 6-in. stroke the efficiency was 80 per cent. 

7. Considering the current consumption of the three 
machines: which are necessary for the ‘‘ Lancashire” 
system, it has been stated that the efficiency of same 
must be very low. This, however, is a statement which 
has been proved several times to be erroneous. 

For a comparative test two machines were taken, one 
being a motor-belt-driven planer, and the other a reversing 
motor-driven planer. Similar jobs were done on both 
machines, and the total current consumption by a watt- 
hour meter taken on both. The cutting and return 
speeds were the same in both cases, and the same amount 
of metal was removed in an equal time. There was 
ractically no difference in the current consumption, and, 
a this was in favour of the reversing motor 

rive. 

The explanation of this lies in the fact that witha 
eg motor an efficient regenerating action takes 

oreover, the motor can be direct coupled to the 
machine without belts, and also with a minimum of 
gearing and shafts, &c. 
Yours truly, 
W. HARGREAVES. 








ENDURANCE OF METALS AND 
; ANNEALING. 
To THE EpiTor or ENGINEERING. 

Srr,—I believe I am right in saying that in the recent 
paper read before the Institution of Mechanical En- 

meers, on ‘‘The Endurance of Metals,” and in the 

iscussion which followed, reference was made to anneal- 
ing only in regard to its effect on material so treated by 
the manufacturers, and no reference was made to the 
question of the periodical annealing of material subject 
to shock and vibration, such as in chains and connecting- 
rod bolts. 

The writer would be very glad to hear some further 
opinion expressed on the question. Is annealing liable to 
disintegrate and seriously weaken wrought iron, and can 
it be said to cancel the effect of vibration or ‘‘ fatigue” in 
material, and give it a ‘‘fresh lease of life”? The deter- 
mination of ‘this question is of more practical value than 
the question as to whether the ultimate strength or the 
elastic limit is lowered. iT 

. 50. 








Lossgs IN STEAM PLANT DUE TO CONDENSATION.— 
This subject was dealt with by Messrs. Geo. Wilkinson, 
M.I.E.E., M.I. Mech. E., and J. Rendell Wilkinson, 
B.Sc. (Lond.), on December 13, in a paper read before 
the Association of Engineers-in- Charge. Different 
methods of returning condensed water from steam-pipes, 
jackets, traps, &c., back to the boilers automatically, and 
with as little loss of heat as possible, were described, 
including the author’s own system. 





Tue Battic Exurpition, MAumé, 1914.—The work in 
connection with this Exhibition, which will comprise the 
countries bordering upon the Baltic—that is, Sweden, 
Denmark, Germany, and Russia—is being pushed ahead 
with much energy, and the well-known Swedish architect, 
M. Ferdinand berg, has prepared some interesting 
designs for the building. M. Boberg was also the architect 
of the Stockholm Exhibitions in 1897 and 1909. The 
Exhibition, which will be the largest held in Scandinavia, 
will have ample ground at its disposal, south-west of the 
town of Malmé, but within a convenient distance. The 
site is somewhat undulating, and comprises two small 





travel of the knocking-off lever has been acquired, these 
can be regulated according to the requirements of the | 
machine, and depend upon the design of the moving | 
members and the load on the table, &c. 

3. The reversal of a planer at anything like high speeds 
without shock is oa known to be one of the most | 
important features, and when adjusted properly should | 
give the best combination of absence of shock and 
minimum reasonable loss of time at reversal, 

With a reversing motor, if found necessary, the table 
could be —— practically dead ; and as regards the 
starting up, this could be practically instantaneous; but 
from a practical standpoint this is extremely undesirable. 

4. Regarding short-stroke work, the limit of this is only 
found by the necessary travel required by the knocking- 
off lever, which is often used for working the reversi 
switch. If the lever is so designed as to be quick enou 
in its action, a planer motor on the ‘‘ Lancashire” system 








lakes. The three foreign countries will each have their 
own building, that of Denmark being placed in the centre. 





Tur InstivuTiOn oF CiviL ENGINEERS: NTUDENTS 
MeetinG.—At the Students’ meeting held at the Institu- 
tion on Friday, the 15th inst., at 8 p.m., Mr. John J. 
Webster, M. Inst. C.E., in the chair, Mr. E. F. Hunt, 
B.E., Stud. Inst. C.E., read a paper on ‘‘ Tests of Rein- 
forced Concrete.” The paper gave the results of the 
author’s experiments on reinforced-concrete beams and 
columns carried out at Liverpool University, ther 
with a careful comparison of the ultimate calculated com- 
pression stress in the beams, and the ultimate strength 
of plain concrete cubes. Mr. R. W. Brims opened the 
discussion, which was continued by Messrs. A. J. 
Hart, G. A. Clark, H. J. F. Gourley, J. E._ Burk- 
hardt, C. Mitchell, T. J. Taplin, H. V. Hutt, and G. R. 
Shaddick, 
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THERMOFEED REGULATOR FOR BOILERS. 
MESSRS. RONALD TRIST AND CO., LIMITED, ENGINEERS, LONDON. 
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WE illustrate herewith a boiler-feed regulator which 
is being placed on the market by Messrs. Ronald Trist 
and Co., Limited, 4, Lloyd’s-avenue, E.C. This regu- 
lator is a development of one for which this firm has 
fulfilled a large number of orders in recent years. It 
embodies some interesting features. It consists of a 
float-chamber attached outside the boiler, and in com- 
munication with the water and steam spaces of the 
boiler by means of the connections a and »b respec- 
tively. Above the float-chamber is a relay-valve 
i. a control- valve on the feed-pipe to the 
boiler. It is one of the special features of this new 
pattern of regulator that this relay-valve is in a vertical 
position, and is far removed from the water surface. 

The valve is attached to a stem or rod operated 
by the float through toggle-levers. At the lower end 
these levers are attached to the float. Near the upper 
end of the upper limbs they are attached by fulcrum- 
pins to the adjustable sleeve c. From these pins the 
levers have short arms extending towards each other, 
and overlapping and working on a pin within a stirrup 
attached to the valve-rod bi Any movement of the 
float in the chamber below consequently tends to move 
this valve-rod up or down, the direction being the 
reverse of that in which the float moves. If the water- 
level sinks, and the float falls, the valve ¢ is pressed 
on to a seat formed for it in the block f. At 
the same time the valve g, which is fixed to the lower 
valve, and is also, therefore, operated by the rod d, 
moves off its seat on the block /. This opens a con- 
nection between the pipe 4 and an exhaust-pipe /. The 
valve m is a double valve. It may either be screwed 
down on to its lower seat, thereby cutting off com- 
munication between the pipe h and the float relay 
valve, and simultaneously opening a n to the 
atmosphere, or it may be screwed up, its normal 
position, so as to shut off the latter, and put the float 
relay valve into communication with the feed-control 
valve p. The latter is a double-seated valve, nor- 
mally held open by a spring shown surrounding the 
spindle above it. To a continuation of this valve 
spindle is fitted a piston working in a cylinder, as 
shown at r. The piston is provided with a S.E.A. 
Ring cup. An indicator arm qg gives a visible indica- 
tion of the working of the regulator valve. 

_ The operation is as follows :—If the water - level 
in the boiler falls, the float falls, and the toggles, 





being extended, force the valve-rod d up and the| ing parts areall of non-rustab, 
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valve ¢ on to its seat. With the valve m on its upper 
seat this puts the top part of the cylinder r into com- 
munication with the exhaust-pipe / by way of the 
valve g, which is likewise raised by the movement of 
the rod d. The upper side of the piston in the cylin- 
der r being relieved of pressure, the spring forces the 
valve up into the full-open position, and the full feed 
is supplied. 

As the water rises in the boiler the float rises, and 
the valve-rod d is then pulled down, the valve g being 
brought on to its seat, and e being pulled off its seat. 
Communication with the exhaust-pipe / is now cut off, 
and in its stead connection is made between the steam 
space in the float-chamber and the upper side of the 
piston in the cylinder r, by way of the pipe h. This 
overcomes the pressure of the spring and forces the 
feed-control valve operating in p to descend, thus 
curtailing the supply until the float falls again slightly. 
The relay is constantly in motion, but it is claimed 
that the level of the water is kept within jth of 
an inch. The valve m is provided so that if it should 
be desired for some purpose to raise the water-level 
of the boiler temporarily, the relay control may 
be cut out and the main feed-control valve p be 
kept open by the spring. To adjust the float and 
relay to changes in water-level, intended to be of 
a permanent character, the sleeve c is made so 
that it can be raised or lowered for a range of 
several inches. For this pu it is screwed on the 
outside and works in the gland nut of a stuffing- 
box in the float-chamber cover. The upper threads of 
this nut are cut away so as to take the mn of a die, 
for the purpose of cleaning up the sleeve thread before 
it enters the nut proper. is is to prevent damage to 
either thread if the sleeve thread has become foul 
through disuse of this adjustment. The details of 
the valves ¢ and g and the seat-block / are particularly 
neat. This little double valve and seat is made up 
as one piece, the block / being solid and the two 
valves being made so as to join together, carrying 
f between their faces. A pin prevents the upper valve 
from turning round, except when the upper part is 
unscrewed purposely for removal. 

It will be seen that the relay-valve is far removed 
from the water-level, and no dirt or sediment should 
therefore reach it. In addition its vertical position 














| tends to ensure the seat bein kept clean. The work- 
fe metals and keep quite 





clean of deposit. The float is made of -spun copper 
with a bismuth soldered joint surrounded by a ring of 
electrolytically-deposited copper, thus ensuring her- 
metical sealing and non-porosity of the metal. 





OIL-BURNING LOCOMOTIVES, 


Oil-Burning Locomotives on the Tehuantepec National 
Railroad, Mexico.* 
By R. Goprrey Aston, of Rineén Antonio, Oax., 
Mexico. 


THE object of this paper is to give an account of liquid- 
fuel burning in the locomotives of the Tehuantepec 
National Railway, showing some of its advantages over 
coal, and giving a general description of facilities for 
handling and storing this fuel-oil, the methods of burning 
it, and a few results gained, which are taken from the 
monthly performance of locomotives. The author does 
not intend to deal fully with costs, &c., as it is too large 
a subject for so short a paper, but will confine himself to 
& more practical point of view. 

The Tehuantepec Railway is a trans-continental line 
of standard gauge (4 ft. 8} in.), 304 km. (189 miles) long, 
ay | across the Mexican Isthmus of Tehuantepec 
from the port of Puerto Mexico (Coatzacoalcos) on the 
Atlantic, to the port of Salina Cruz on the Pacific, with 
grades varying from level to 2.15 per cent,, and abound- 
ing in curves up to 11 deg. 28 sec., or 100.10 metres 

ius, and where the speed of trains is limited to 24 km. 
(15 miles) per hour. 

Storage Facilities.—All fuel-oil for the company is 
received at the terminal of Puerto Mexico, where the 
main storage tanks are situated ; these comprise three 
cylindrical steel tanks, each com of six tiers of steel 
plates riveted together and a light steel roof, with three 
manholes, and a ventilator in the middle, through which 
gases arising from the oil can a. Two of these tanks 
are 95 ft. in diameter and 37 ft. 6 in. deep, each with a 
capacity of 46,996 barrels of 42 U.S. gallons (35 British 
gallons).t The third tank is 92 ft. in diameter and 29 ft. 
9in. deep, and has a capacity of 35,138 U.S. barrels. 

These tanks are all enclosed in separate earthen em- 
bankments and are connected together by an 8-in. pipe- 
line, which enters the tanks 1 ft. 6 in. from the bottom, 
this s being required for water, &c., settling out of 
the oil, and which can be drawn off through a 3-in. valve 
at the bottom of the tank. The pipe-line runs down to 
the wharf, where it is fitted with an 8-in. check-valve, 
and it is from there that vessels delivering cargoes of oil 
can pump straight into any tank, the two largest tanks 
being about 2 km. (1} miles) from the wharf. At con- 
venient places in the pipe-line near to the round-house 
are stand-columns for Fifing engine-tanks, tank-cars, &c., 
and near the round-house is also a supply -tank of 
28,000 U.S. gallons ar erected upon a structural 
steel frame, also used for giving oil to engines, &c. 

The terminal of Salina Cruz is laid out in the same 
manner, except that there are only two storage-tanks, 
95 ft. diameter and 37 ft. 6 in. deep, of 46,996 barrels 
capacity. The capacity of all these storage-tanks has 
been calculated out in U.S. barrels of 42 gallons for every 
6 in. of depth, allowance being made for all internal 
stays, supports, &c. The fuel-oil is shipped from Puerto 
Mexico to the other fuel-stations in specially constructed 
double-truck steel-frame tank-cars of 6600 U.S. gallons 
capacity, the gallons per inch of depth of these cars being 
known, so that the exact amount contained in each car 
can be credited to the station to which it is shipped. 

Fuel-Oil.—The_ fuel-oil used by this company is pur- 
chased from the Texas Company of Port Arthur, Texas, 
at about 974 =e per barrel of 42 U.S. gallons, deli- 
vered at Puerto Mexico, and pumped into the railway 
company’s tanks by the delivering vessel. This fuel-oil 
is generally delivered in tank steamers, sometimes towing 
barges, which come right up alongside the railway com- 
pany’s wharf ; the coupling between the vessel and the 
company’s land-pipe line is made with a flexible rubber 
or steel hose, which is —— by the vessel. 

This fuel-oil is quite thin and flows readily through 
pipes of any diameter; it is sometimes nearly black in 
colour, and sometimes a dark brown with a green fluor- 
escence. The railway company stipulates in its contracts 
with the Texas Company that the flash-point (closed) 
shall not be under 110 deg. Fahr., as a lower flash-point 
than this is liable to be dangerous, on account of the vola- 
tile gases and fumes which arise from the oil at compara- 
tively low temperatures, and the author has seen the oil 
catch fire from a torch which was some 10 ft. or 12 ft. 
away from it. Some oils may be used in the crude state 
as uel, while others have to be passed through the 
refinery ; after the lighter oils, &c., have been taken off, 
the by-product or residuum is used in a satisfactory 
manner as fuel, and as such has been, and is, used in 
Mexico, Fuel-oil contains no power of spontaneous com- 
bustion, and, unlike coal, does not deteriorate if stored 
in tanks or reservoirs. 

The specific gravity of this oil varies from 0.790 to about 
0.942, and its weight per U.S. gallon from 6.4 lb. to 
7.75 lb. The British thermal units vary from 17,000 to 
20,000, the ave being from 19,500 to 19,800, and 
between this and the best steam coal there is a very great 





* Paper read before the Institution of Mechanical 
Engineers, December 15, 1911. See also paper by Louis 
Greaven, read before the Institution of Mechanical Engi- 
neers in April, 1906, reprinted in ENGINEERING, vol. 


lxxxi., 597. : Si 

2? us gallon = 231 cub. in. 1 British gallon = 
277.27 cub. in. U.S. gallon = § British Imperial gallon. 
The value of the Mexican dollar is assumed throughout 





this paper to be 2s. 
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difference. The analysis of two samples of the oil as used 
by this company for fuel is as follows :— 


Specific gravity at 60 
deg. Fahr 


; ie ee 0.931 0.881 
Baume gravity at 60 deg. 

Fahr. ... ai ... 20.5 deg. 29 deg. 
Flash-point (closed) ...  130deg. F. 135 deg. F. 
Flash-point (open) ... 160 ,, a 
Fire test ... ss ... 220 deg. Fahr. 224 deg. Fuhr. 
Setting point ... — ig 20 - 
Viscosity at 100 deg. F. 200 seconds 78 seconds 

(Redwood) (Redwood) 
Sulphur ... ns ... 0.77 percent. 0.26 percent. 
Calorific value ... . 10,688 calories 11,000 calories 
Colour ... ey ... Dark brown Dark brown 
Water and dirt ... 1 per cent. 0.25 per cent. 


The standard temperature for the measurement of fuel- 
oil is 60 deg. Fahr., and expansion is allowed for at the 
rate of 1 per cent. for every 20deg. Fahr. increase in tem- 
perature above 60 deg. Fahr., and contraction at the same 
rate for decrease in temperature below 60 deg. Fahr. 


over with fire-brick. No brick arch or baffle-plate is | 
used. 

As mentioned in the preceding paragraph, the burner | 
is placed 4 ft. 2in. from the flue-sheet, and midway 
between the sides of the fire-box, so that both in front 
and behind the burner or atomiser there is a flat bricked- 
| over area of fire grate; and as the burner is placed 
parallel to the lower grate, there is a 4-in. space between 
the front and back grates, this 4-in. space being left open 
to admit air, extending from one side of the fire-box to 
the other. ; | 

Brickwork.—This should be of the very best material | 
and workmanship, as it is subject to 2 much greater heat 
than from a coal fire; if this 1s not done, the walls will 
not stand, and engine failures will occur ; moreover, the | 
failure of only one brick will mm necessitate new | 
brickwork throughout, thus ey running up ex- 
penses. There is no reason why the brickwork should 
not stand from four to six months, and perhaps longer, if 
due care be taken from the start. 

A good brick should contain about 80 to 85 per cent. of 
silica and from 20 to 15 per cent. of alumina, and should 








TEHUANTEPEC NATIONAL RAILWAY 
FRONT-END O/L-FUEL BURNER ARRANGED IN LOCOMOTIVE FIRE-BOX. 


Fig.1. 


35 26x % 





SECTION SECTION 
AT A.B. AT C.D. 


Ins.2 6 O 47 # 8 4Fo. 
(2593.4) 








Burne” StemPipe 8X 


z TEHUANTEPEC NATIONAL RAILWAY. 
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Locomotives. —The locomotives in use on this road are 
_ of the Baldwin consolidation type, the main dimensions of 
which are :— 


Cylinders ... aaa 20 in. by 26 in. 

Wheels (drivers) ... 53 in. diameter on tread 

Fire-box .. Length inside, 108 in.; width 
inside, 334 in. 

Flues 239 of 2 in. outside diameter 

Grate area ... st 24.94 sq. ft 


Fire-box, 147 sq. ft.; ‘flues, 1700 
sq. ft. Total, 1847 sq. ft. 
Boiler pressure 170 lb. per sq. in. 


The oil-tank is fitted into the coal-space of the tender, 
and its contents calculated for every 4 in. of depth. 
Most oil-tanks have a capacity of 2000 gallons, and the 
oil is fed from the tank to the burner or atomiser through 
suitable connections and flexible brass ball-joints. 

Fire-Box Arrangement.—The company’s practice, after 
trying various t of burners and atomisers, is to use 
wet is called a ‘‘front-end burner ” (Fig. 1 and 2); that is, 
the burner-mouth points towards the back of the fire-box 
or fire-box door-plate ; the burner is placed, in a 9-ft. fire- 
box, 4 ft. 2 in. from the flue-sheet, the flame playing 
against a brick wall built up to the level of the fire-box 
door opening. Between this brick wall and the fire-box 
back-plate is a 4-in. air-space extending the whole width 
of the fire-box and right up to the top of the brick wall. 
Brick walls are built up on each side of the fire-box from 
the height of the brick wall at the back, ually slopin; 
downwards ; the floor of the grate or ash-pan is laid all 


Heating surface ... 





be as free as possible from alkalies, which cause fluxing. 
A good brick becomes surface-glazed though remaining 
rough and porous ; it should be perfectly dry when built 
up In a fire-box, otherwise the heat will cause it to crack ; 
if possible, the fire-bricks should be fired at a tempera- 
ture as high as that to which they will be exposed when 
in use. 

Burner or Atomiser.—There are many and various 
kinds of hydro-carbon burners, and after a trial of various 
types, including the Baldwin and “ Best” burners, this 
company is using with considerable success a burner which 
is made in their own shops, and which is really an inverted 
‘* Best” burner (Figs. 3to6, above). It is a simple device, 
which allows the oil to fall from an orifice 3 in. wide by 
rs in. deep over the top of a flat steam-jet 3 in. wide and 
sy in. deep, the steam picking up the oil and sending it 
into the fire-box in the form of a spray ; the underneath 
jet of steam delivers the spray of oil at an angle so that 
it strikes the brick wall in the middle, in of shoot- 
ing out from the burner parallel with the bottom of the 
ash-pan. This burner may be called an outside atomiser, 
and although it is in general use, it has its drawbacks ; 
but it has been found to be more efficient than any other 
they have used. 

The most essential points about a burner or atomiser 
are :— 

1. Its atomising capacity. All fuel-oil is heavy, and 
will burn in the form of a vapour er spray only when mixed 
with air. The object should be to fill the fire-box with 
a soft and voluminous flame, and not to impinge it in any 
one place. 





2. Its facility for keeping clean and free from clogging. 

3. Its yg in giving the right direction to the 
flame or spray, and regulating the proper proportion of 
oil and the agent, either steam or air, used for atomising. 

A burner which will vaporise or atomise the oil at the 
point of expansion of the agent used for that purpose, 
and which is easily handled, and which will atomise th« 
greatest amount of fuel with the least possible energy, is 
the highest and most efficient that can be designed. On 
this railway steam is used as the atomising agent, because, 
after various experiments, it was found to be superior to 
air. The steam to a very great extent heats the oil as it 
flows into the burner before delivery in the form of « 
vapour spray. The flame from the burner should not bi 
too long, or it will into the flues and ome extin 
guished. Gases which are only partly consumed wil! 
re-light in the smoke-box. 

Inghting up an Oil-Burning Engine.—In each round- 
house of this company is a stationary boiler, always in 
steam, used for the washout and other pumps, as well as 
for lighting up dead engines. From this boiler is laid a 
2-in. steam-line to points between each engine road or 
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stall. From there a connection can be made to a locomo- 
tive through a three-way cock or T-piece in the steam-pipe 
leading from the steam-stand on top of the fire-box to 
the burner; by use of this steam the burner can be 
started and kept going until the boiler has generated 
enough steam to keep the burner going itself. A piece 
of oily waste is lighted and thrown into the fire-box just 
in front of the burner from which the spray ignites. Con- 
nections can be made to any other engine all ready in 
steam should the stationary boiler not be available for 
any reason. ‘ 

Firing and Cleaning Flues on Road.—With an oil-burn- 
ing engine there is always a fire of equal intensity and 
one which on dirty, so that good steaming is 
practically ensured. It is a popular idea that it is a 
very easy matter to fire an oil-burning engine, but this 
is not the case, as both skill and care are required, so 
that the author thinks it best to lay down a few of the 
most important rules :— 

1. See that the oil-tank is full, and if heaters are used, 
that they are in operation, and that the temperature of 
the oil is as it should be. 

2. See that the sand-box on the foot-plate is full, and 
that tke scoop is in its place. 

3. Before starting the fire see if the temperature of the 
fire-box is below igniting point, which is a dull read, and 
if so, open dampers (if used), start the blower, and open 
the atomiser-valve fairly hard ; then put a piece of satu- 
rated oily waste on the bottom of the grate after setting 
it alight, close the dampers (if used) and fire-box door, 
and turn on the oil very light. When the oil has ignited, 
reduce the blower and atomiser to a light feed, also the 
oil until the chimney is quite clear of smoke. 

4. See that the fire is burning brightly, and that there 
is no oil on the bottom of the pan, also that the brickwork 
is in good condition, and that no bricks or any other 
obstructions are on the bottom of the grate or pan so as 
to obstruct the flame or jet on its way from the burner 
to the brick wall. 

5. As regards cleaning flues on road, it is best to sand 
frequently if the engine is being worked hard—say ever) 
15 km. or 20 km. (9 or 124 miles); but if the engine is 
being worked light, every 50 km. or 60 km. (31 or 37 
miles) will be sufficient. 

6. Having attained a fair rate of speed, fill the scoop 
with about a quart of sand, close dampers (if used), and 
put reverse-lever near full stroke, then open regulator 
wide, insert the end of the scoop in the round hole in the 
fire-box door, and allow the sand to be drawn out of the 
scoop through the fire-box and flues and out of the chim- 
ney ; sanding is best done when the engine is working 
hard up a grade. : 

7. Black smoke shows incomplete combustion, and 
should never be allowed to be emitted from the chimney, 
as it only fills up the flues with carbon, besides being a non- 
conductor of heat, and it is also a great waste of fuel. If 
a bluish-coloured smoke or fumes are seen coming from the 
chimney, it is a sign that the burner is cut down too fine. 

8. When putting out the fire the oil-valve should always 
be closed first, then the atomiser-valve (in their case 
steam), then the blower. Theoil-valve is always the last 
to be turned on and the first to be turned off. 





9. Never go near an open tank with a lighted lamp 
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or torch, as at any time an explosion may occur, espe- 
cially if the oil used has a low flash-point. — : 

Round-House or Shed Work.—An oil-burning engine has 
a great many advantages over a coal-burner, but this is 
specially noticed in the round-house or shed when squaring 
up an engine after a day’s run; there are no fires to be 
raked out, no flues or smoke-box to be cleaned (the smoke- 
box door of an oil-burnitig engine need be opened only 
once every three or four months for cleaning purposes) ; 
there is no cual to be sacked, weighed, or otherwise 
handled, and oil-burning engines do not carry fire-rakes, 
prickers, flue-brushes, shovels, or picks, so that all these 
things, besides other minor details, represent a great 
saving in ue equipment. A ; ; 

Among other advantages are the rapidity with which 
steam can be raised, and the facility with which the boiler 
can be forced when greater calls are made ; the author has 
in a special case of necessity raised steam in a dead engine 
to a pressure of 130 lb. per sq. in. in 50 minutes from cold 
water, without any serious effects on the boiler, whereas 
in a coal-burner from 2 to 3} hours is needed to raise 
steam if no jet froma live engine is used. 

Another very great advantage is in switching, or shunt- 
ing, or standing pilot, when engines poy have to 
stand in steam for hours at a time. The burner can then 
be cut down or extinguished, thus effecting a great saving 
in fuel, as an engine will always retain a sufficient amount 
of steam to start the burner or atomiser again ; and an 
danger of the fire-box or crown-sheet being injured throug 
the water getting too low is entirely obviated. The heat 
lost while standing is the same whether coal-fired or oil- 
fired. 

Effects of Oil-Burning on Fire-Box, Flues, &c.—Oil- 
burning is no more injurious to a fire-box or flues, &c., 
if ordinary care be used, than coal-burning ; in fact, from 
the author’s experience, it is not so hard on a fire-box as 
coal-burning, for it is quite noticeable in the fire-boxes 
of coal-burning engines that stay-heads, nace flue- 
ends, and crown bolt-heads show signs of wear, corrosion, 
or burning, but in their oldest oil-burning engine not any 
of these signs are noticeable, everything being clean and 
in good condition. 

his company uses steel boxes with wrought-iron tubes 
and copper ferrules. A set of tubes will last, and remain 
perfectly tight, from 24 tc 34 years, when they may have 
to be taken out to be re-ended ; some of the engines are 
working to-day with tubes over four years old, many of 
which are as tight as es were on the day they were put 
in. Some of the wrought-iron tubes are being rep) 
by mild steel, because, after the holes in the tube- 
sheet get worn, tubes of steel stand the expanding better; 


data of fuel consumption on atensage teks as no records 
are kept of the company’s freight hauled over the road, 
although it is considerable ; but the average loaded - 
senger and freight cars hauled 1 kilometre per unit of fuel 
from January 1 to December 31, 1910, was 330.89, and 
from Jan 1 to June 30, 1911, 333.60. The average 
loading weight of freight-cars is approximately 30 tons. 
In August this year (1911) the company received the 
first cargo of a native or Mexican fuel-oil, under a con- 
tract with the Campafiia Mexicana de Petroleo, El 
Aguila, 8.A., at a price of 1.75 dols. (Mexican) (3s. 6d.) 
per barrel of 42 US. gallons delivered into railway 
me my he tanks at Puerto Mexico. This oil, which is 
in its crude state as fuel, is jet black in colour, thick, 
and has a heavy — base, and or the company 
has not used it sufficiently | to be able to compare it 
with the Texas oil, it may be of interest to state a few of 
the difficulties met with when first they began to use it. 
As this oil is thicker than Texas oil, heaters have to be 
used in the ine-tanks, but it has been found that if 
this oil is heated up to about 150 deg. Fahr. (which can 
be done with Texas oil), great difficulty is experienced in 
getting the burner spray to light, and the oil settled 
very thickly at the bottom of the tank ; it would not run 
through the pipes to the burner, and could only be burnt 
effectively by mixing a fresh supply of oil with it. In 
order to burn this Mexican native oil successfully, it 
requires to be only just warmed. When using this, a 
large piece of carbon or coke-like substance is formed in 
the fire-box, and grows up from the bottom of the pan or 
te directly under the burner-mouth. This may vary 
rom 6 in. by 4 in. by 4 in. to 12 in. by 10 in. by 8 in. in 
size, growing up in such a manner as almost to smother 
& burner-mouth. The analysis of this substance is as 
‘ollows :— 


Per Cent. 
Sulphur... es a ae sp > ae 
Carbon ... a od a. soe ... 90.86 
Asphalt... fet _ _ oe os a 


It shows, to a certain extent, that there is incomplete 
combustion, which can be remedied by admitting more 
air; but this cannot very well be done without affecting 
the steaming qualities of the engines. However, by 
raising the burner slightly, these lumps of carbon have 
decreased in size, and it is hoped eventually to adjust 
thi in such a manner as to prevent their forming 


at ° 
The analysis of two cargoes of this Mexican crude fuel- 
oil is as follows :— 


but at present those that are in service have not been in , , No. 1. No. 2. 
use long enough for one to form an opinion of them as Specific = at 60 
compared with wrought iron. deg. Fahr.  ... = 0.944 0.942 
Some peeoene ss the opinion that more than 2 per Baume gravity at 60 4 asd 
cent. of sulphur in fuel-oil is injurious to the fire-box, but jo One. ae Jat fob 1 a _~ Toh 
as the amount of sulphur in the Texas oil the ony ed Flash-point (closed) ... 78 deg. r eg. Panr. 
has been using is below 0.75 per cent., nd ill-effects have Fire % (open)... 104 ” 1 ” 
been noticed ; but as there are coals which show as high Vine test ... ose oe le 180 /- 
as 3.5 per cent. of sulphur, the author does not see why 3 aati at 100deg.f 1 ay cusenae o acon 
sulphur should be more injurious in oil than in coal. s rm Be coe = ove A. wood) a wood ) 
Engine Performance.—Although the engine tonn Calo ‘fe ay oo & —_— io 61D os ww 
has practically doubled since 1908, the author gives the Colou OC VALUES ... . a 0, Bek 
following statistics, Fig. 7, for each month from Janu- Ww our ... “ ve Ni ac 
ary, 1907, to Aagust, 1911 :— Asphalt = a _ 1 0.5 per cent. 
(1) yn per barrel of 42 gallons (Mexican Galen tube - rs — 
(2) Cost per Eivnctes for fuel (Mexican currency); and} It may be explained that the 37 per cent. asphalt is 


(3) Kilometres run per barrel of oil ; 

but it must be understood that since about the middle of 
1909 all engines are loaded down to their aps. single 
trains averaging 750 to 800 tons behind the draw-bar. As 
the road- is by no means level, helper engines are used 
over certain sections where the grades are longand heavy, 
so that this will explain the decrease in kilometres run 
per barrel of oil between 1908, 1909, 1910, 1911, as the 
tonnage per engine has been increased to the maximum. 


Ou-Fuel. Monthlu Averages. 














Cost of Oil per Distance Run 
Darvel. | Cost for Fuel. per Barrel. 
During ————— 
| | 
Dollars Shil- | Cents | Pence | ws 
(Mexican). | lings. [per Km. per Mile. Km. | Miles. 
19007 | 2585 | 5.17 | 28476 10.99 | 9.546 | 5.928 
1908 | 2.957 5.91 | 27.161 10.48 11.04 6.855 
1909 2.502 5.01 | 25.19 9.73 9.999 6.209 
1910 | 2.356 4.71 | 25.02 | 966 | 9.41 5.843 
1911 | 1.990 3.98 | 22.23 | 8658 8.89 5.520 
8 months)} 


| 


The cost of fuel-oil per barrel of 42 U.S. gallons 
(231 cub. in.) as charged out every month is made up of 
the following items, and also depends upon whether there 
is any shortage or ove’ when the inventory is taken at 
midnight on the last day of each month; this accounts 
for the variation in prices :— 

1. Price ‘of oil per barrel f.o.b. in ships’ tanks at 
delivering port (Puerto Mexico). 

Commission to purchasing agents in United States. 

3. Consular invoices. 

4. Inspection fees for inspecting cargo in ships’ tanks 
at shipping port. 

5. Stamps. 

Items 2, 3, and 4 only refer to oil purchased out of 
Mexico. 

Based on tests which have been made, the company 
reckons 34 barrels, or 147 U.S. gallons, of oil as being 
equal to 1 Sen of coal er 1880 kg., or 2204 Ib. or 34 barrels 
of oil equal one unit of fuel. 





obtained by distilling off the distillates from the crude 
until only 37 per cent. residue is left, which consists of 
asphalt. The 12 per cent. coke is obtained by distilling 
this 37 per cent. down to 12 per cent. residue (on the 
crude); so that if they get 37 per cent. asphalt, they do not 
get the 12 per cent. coke ; and if they get the 12 per cent. 
coke, they do not get the 37 per cent. asphalt. 

The author regrets that at this time he is unable to go 
deeper into this subject, but he hopes that what little 
information he has m able to with regard to oil- 
fuel burning in the Tehuantepec locomotives will be of 
interest to others working in the same direction. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


TENDERS FOR ConTRACTS ABROAD. 

WirT# reference to the colonial and foreign engineering 
projects, the par ny BS we give every week, we 
are requested by the of Trade to call the attention 
of British manufacturers and contractors to the fact that 
tenders on any variation from the specification on 
which the contract is offered are usually disallowed. If 
it be desired by a tenderer to introduce any variation 
whatever, it would be well for him to put in two tenders 
—one adhering strictly to the specification, and the other 
based on such variations as he desires. The variations 
should be such as will: enable him (a) either to tender at 
a lower cost than in his first tender, while showing 
that the variations do not materially affect the efficiency 
of the work to be done, or (b) to tender at the same cost as 
in his first tender, while showing that the variations 
make for increased efficiency. 





We give below a series of colonial and foreign engineer- 
ing jects, for several of which tenders are asked. 
Further data concerning these projects can be obtained 
from the Commercial Intelli Branch, Board of Trade, 
73, Basinghall-street, London, E.C. aie 

Canada: His Majesty’s Trade Commissioner has for- 
warded an extract from the Monetary Times, Toronto, 
the following particulars from which may be of interest 
as a suggestion of some of the openings t exist for 





The author is unable at this time to give any reliable ,; contractors in British Columbia, and as showing the 








way in which United States firms are taking advantage 
of these openings :—The contract for paving Granville- 
street from the Vancouver city limits to Eburne, a dis- 
tance of 4 miles or more, was given last year to the 
Columbia Bitulithic Company, which for purposes of 
convenience has offices in Vancouver, though it is vir- 
tually and thoroughly American. A contract valued at 
5,000,000 dols. (about 1,028,000.) has recently been 
awarded to a firm at Portland (Oregon) for the construc- 
tion of a section of the Canadian Northern Railway 
beyond Kamloops. With considerable development going 
on in British lumbia, United States firms, ever on 
the alert, see the opportunities for business, and are 
on the spot when there is an important undertaking. 
They either incorporate a local company, naming as 
directors prominent men, or they register as ‘‘ extra-pro- 
vincial”’ companies ; but the real seat of operations is either 
in Seattle or Portland, where the head offices are situated. 
Material and everything else is brought from the United 
States. American neering firms are getting nearly 
all the work that is going. One of the most recent cases 
is the award toa Seattle firm, with an office in Vancouver, 
of the reclamation of 30,000 acres at Sumas Lake, Chilli- 
wack district, at a cost of about 1,000,000 dols. (about 
205,000/.). The Imperial Trade Correspondent for Ontario 
reports the contemplated extensions of the water-works 
system and of the hydro-electric system of a town in that 
vince, at an estimated cost of 650,000 dols. (about 
33,600/.) and 1,108,378 dols. (about 227,800/.) respec- 
tively. © water-works extension will include the con- 
struction of a new reservoir, for which a sum of 120,000 
dols. (about 24,600/.) will be allotted. 

South Africa: The Union Gazette publishes the text of 
regulations for obtaining supplies and services required 
by the South African Government, and for disposing of 
public stores. The regulations do not, however, apply to 
the Department of Railways and Harbours. It is pro- 
vided that a tender beopdl shall be established. Con- 
tracts for public works of a value of over 1000/., and for 
other non-recurrent services of over 100/., and recurrent 
services of over 50/., are, with certain exceptions, to be 
put up by the Tender Board to public tender. Wherever 
possible, the Tender Board, other factors being equal, is 
to call for tenders for, or give preference to, articles 
produced or manufactured within the Union. 

Hong Kong: According to the Hong Kong Weekly 
Press, the Governor of Hong Kong, in his statement on 
the estimates for 1912, announced that it is intended to 
construct a new water supply reservoir at Tytam Tuk, at 
a cost of 2,000,000 dols. (about 183,300/.), of ‘which 
100,000 dols. (about 9200/.) is to be expended in 1912. 

Egypt : With reference to a call for tenders for the con- 
struction of the Kaid Bey branch of the East Port break- 
water at Alexandria, H.M. Consul-General at that place 
pow reports that the time for the receipt of tenders has 
been extended to April 2, 1912. Tenders should be 
addressed to the President of the Municipal Commission, 
Alexandria. Particulars and plans may be obtained from 
the Technical Office of the Municipality, Alexandria, on 
deposit of E£5 (about 5/. 2s. 7d.). 

mark: The Licitationen, Copenhagen, notifies that 
the harbour authorities of Fredericia invite tenders for 
the carrying out of harbour works, the plans of which, as 
well as the terms for the issue of a loan to meet the ex- 
pense involved, are to be approved by the State. Tenders 
will be received, up to mid-day on Seateiee 20, at the 
Borgmesterkontoret, Fredericia. Although this con- 
tract will doubtless be awarded to a Danish firm, the exe- 
cution of the works may involve the purchase of some 
materials and plant out of Denmark. 

Italy: The Gazzetta announces that tenders will be 
opened on December 29 at the offices of the Ferrovie 
dello Stato, Rome: (1) For the construction of a section 
of railway from Favara to Bivio Margonia, a distance 
of 9 miles, forming part of the Sicilian Complementary 
Railway System: the upset price is put at 2,208,000 lire 
(88,320/.) ; (2) for the construction of two sections of line, 
one from lia to Briga, a distance of nearly 1} miles, 
and the other from Rioro to San Dalmazzo di Tenda, 
about 14 miles, both forming part of the Cuneo-Venti- 
miglia — ; the upset price is put at 6,084,000 lire 
(243,3607.). A though the contracts will doubtless be 
awarded to Italian firms, nevertheless the carrying out 
of the contracts may necessitate the purchase of some 
materials out of Italy. 

Spain: The Gaceta de Madrid announces that Don 
Ignacio Coll y Portabella and Don Julio Bielsa y Perim 
have applied to the Ministry of Fomento, Madrid, for a 
concession for the construction and working of a rail- 
way from Puerto de la Luz to Agaete (Grand Canary). 
HLM. Consul-General at Barcelona reports that a new 
—— has been formed in Northern Spain to supply 
electric light and power in that province, including the city 
of Barcelona, developed particularly by water power, but 
partly by a steam-generating plant. 

Portugal: The Diario do Governo notifies that tenders 
will be opened on January 28, at the offices of the Con- 
selho de Administracio do Porto de Lisboa, Lisbon, for 
the yg | out of harbour works, consisting of improve- 
ments to the Alcantara dock and the construction of a 
breakwater west of the Santos dock. A deposit of 50,000 
milreis (about 10,000/.) will be required to qualify any 
tender. 

Argentina: The Boletin Oficial publishes a decree 
(No. 8445) notifying that the Argentine executive autho- 
rities have arran, for surveying operations to be car- 
ae on —— to the Ce ene an oo from 

atguia(Nort' mtine Railway) to na, passi 
by way of —o-s Villa Union, Villa Castelli, Vie 
py and the Hermoso Valley; and allocating a sum 
of 200,000 pesos (about 17,500/.) for ing out the 
survey. The Boletin also publishes decrees as follows in 
No. 8461, granting to the Compania Carbonifera de Chcs 
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Malal a concession to construct and work a railway from 
either Puerto Belgrano or Bahia Blanca up to the Chilian 
frontier, passing by way of Chos Malal. Seven years are 
allowed for the completion of the work. No 8450, grant- 
ing to Sefior Luis Stremitz a concession for the construc- 
tion and working of a railway from Embarcacién to 
a Two years are allowed for the completion of 
the work. 


AUTOGENOUS CUTTING AND WELDING 
OF METALS.* 
By F. CARNEVALI. 


Ir is well known to every one who takes an interest 
in autogenous melting and welding processes that the 
existing opinions as to the value of the processes and the 
—— results obtained differ widely. The chief ground 
or the uncertainty that exists in regard to them lies in 
the fact that these new pane have only recently been 
introduced in industrial practice, and rest entirely upon 
empirical bases. Although the autogenous a of 
iron is now extensively practised, and is of great theo- 
retical and practical interest, it has never been made the 
object of systematic and exhaustive research. With 
the object of remedying this state of affairs, and of 
supplementing the existing knowledge of the subject, the 
author has undertaken investigations on the autogenous 
melting of various metals in general use. In doing so he 
endeavoured carefully to adhere as closely as possible to 
the conditions which accompany the ordinary works 
practice, and he therefore limited his researches to the 
oxy-acetylene process, which, after a preliminary study 
of other processes, he was compelled to rd as the best 
and most practical. The advantages and disadvantages 
of the various processes of autogenous melting may be 
summed up as follows :— 

1. The electrical process requires costly installations 
which are cumbersome and inconvenient, whilst, on the 
other hand, owing to the difficulties involved in control- 
ling the high temperatures attained, the results are un- 
certain. In addition to this, the high temperatures are 
restricted to very narrow zones of the metal. 

2. The oxygen process is subject to many serious draw- 
backs owing to the variation in the volumes of the mixed 
gases, the presence of water vapour, and of other gases 
likely to prove injurious to the metals, while the low tem- 








' perature attained, which rarely exceeds 1600 deg. Cent., 


prevents rapid working. 

3. The oxy-hydrogen process does not permit of easy 
control of the melting flame, while the variable amounts 
of free oxygen present occasion injurious oxidation of the 
metal. On the other hand, such free hydrogen as may 
from time to time be present is occluded by the molten 
metal, leading to the formation of blow-holes. The dis- 
sociation of the water vapour formed in the flame also 
lowers the temperature considerably. 

4. The thermit process is only suitable in a limited 
number of cases. Fes action is not thorough, and it is 
difficult to control. 

5. The oxy-acetylene process, on the contrary, when 
properly worked, possesses numerous marked advantages 
over the other processes mentioned. In the first place, 
the operating flame can be easily controlled, and the tem- 
perature attained at various zones can therefore be readily 
regulated. In the second place, the work can be readily 
accomplished, owing to the high temperatures (nearly 
3500 deg. Cent.) which can be reached by the combustible 
gases, and by the dissociation of an endothermic gas like 
acetylene. Other advantages arise from the employment 
of pure gases, which have no injurious effect on the 
metal, by the fact that the products of combustion 
(hydrogen and carbon monoxide) do not dissociate, and 
from the great economy of the method as compared with 
others, as this permits of high temperatures being attained 
with a minimum cost, while the appliances are easy to 
handle and reliable in operation. 

The researches which have hitherto been published on 
this subject are more or less exclusively connected with 
the melting of mild steel, and bear for the most part on 
the manufacture of large boilers. This limitation is 
singular when it is considered that autogenous melting 
can readily be applied to all the most commonly occurring 
metals, and might be employed in ae important 
directions. It is useless to give a lengthy bibli phy 
of the subject, as it would almost inevitably relate to 
mere advertisements of some particular method. All 
that need be done in this direction is to refer briefly to 
some of the most important recent publications on the 
subject. Professor h and Mr. Baumann,t of the 
Stuttgart Polytechnic, have published a series of researches 
on plates and boiler parts of mild steel. It is, however, 
to be remembered that these researches dealt only with 
samples of previously prepared meltings, while the study 
of the melting process itself, which should have proved 
in practice the most interesting feature, has been neglected. 
The researches of Mr. H. Rinne} are more complete in 
this respect, although they are once again limi rinci- 

ly to mechanical trials made on boiler plates soldered 
the exp eotusone process. The excellent results 
obtained by Mr. Rinne§ show that satisfactory welds can 
be obtained in practice with mild steel ; although, as a 
matter of fact, he operated under bighly favourable con- 
ditions, which cannot be expected in ordinary practice. 
Further researches of the same nature were made in con- 
nection with boiler plates by C. Diegel,|| the results being 


* Paper read before the Iron and Steel Institute. 

+ Mitteilungen iiber Forschungsarbeiten, 83-84 Hefte, 1910. 

t.Verhandlungen des Vereins zur Befirderuwng des 
Gewerbeficisses, Hefte 1-45, 1911. 

§ Stahl und Eisen, vol. xix., 1909. 

|| Verhandlwngen des Vereins cur Befirderung des 
Gewerbcficisses, Hefte 1-45, 1911. 





similar to those of Professor Bach, and supporting the! 3. The provision of an absolutely neutral zone in the 
latter’s conclusions. : melting flame. ? ; 

The literature relating to the oxy-acetylene melting of 4. The use of a pure cementing material of well-defined 
carburised steel, pig iron, and other metals commonly composition, similar to that of the metal to be melted, in 
employed in works practice, such as ipa oraluminium, the form of small rods, of such a size as to be rapidly 
or their more important alloys, such as brasses and melted without hindering the simultaneous heating of 
bronzes, is very scanty. Mr. B. Springer* reports the adjacent parts. ° 
good results obtained in connection with bronze, pig iron,| 5. Care should be taken that the edges should be free 








Fig. 1. 





Fic. 3, 





Fic, 4, Fic. 5. 




















Fig. 6. Fic. 9. Fig. 10, Fic. 11. 


and aluminium castings, but he brings forward no experi- 
ments in support of his conclusions. 
The most important conditions for securing good 


from impurities, and that, whenever possible, they should 
be arranged at an angle to each other so as to alow the 
4 neutral zone of the flame to penetrate well into the inside, 
results in oxy-acetylene melting are :— and so completely melt the two surfaces before the extra- 

1. The use of the purest acetylene obtainable. neous peor | is introduced. 

2. The use of a blow-pipe so designed as to ensure; 6. The use of deoxidising and fluxing powders for the 
careful adjustment in the proportions of the mixed gases, | purpose of eliminating the oxides present, together with 
and to secure their exit at a velocity capable of maintain- | the incidental impurities. In view of the unavoidable 
ing the metal sufficiently fluid without the melting flame | oxidation of the metal subjected to the melting process, 
being too rigid. | it is necessary to bear in mind the relation between the 
ee aes a —-— | temperature of the melting-points of the oxides and that 

| of the metal itself. 





* The Foundry, vol. xxv., 1909. 
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7. Rapidity in melting, in order to avoid excessive 
heating, which will not only alter and deteriorate the 
original structure of the metal, but would even favour 
the occlusion of gas—particularly hydrogen—and so 
occasion the formation of blow-holes in the melted zone. 

In addition to these conditions, care should be taken to 
see that no sudden cooling should take place owing to an 
sudden projection of the flame, whilst, on the other hand, 
the conaitions must, of course, be modified with regard to 
the conductivity and specific dilatation of material, as well 
as with regard to the thickness, size, and shape of the 





pieces operated upon. These precautions were observed 
as far as possible by the author while conducting his 





Fie, 12. 


from amongst those most commonly fised, such as copper 
and its more important alloys, bronzes, brasses, and alu- 
minium. ; 

The experiments made on the first, second, and third 
of the above groups are given in detail. Those relating 
to the fourth group will be published separately. 


GROUP I. 
Oxy-ACETYLENE WELDING OF MILD STEELS. 

The first series of experiments was conducted on boiler 
plates of 7 mm., 10 mm., and 20 mm. in thickness (indi- 
cated below by the letters A, B, and C). 
composition of these plates was as follows :— 














Fig. 18. 


experiments, whilst, on the other hand, his researches on 
the weldings effected were directed to the changes in the 
chemical composition and the mechanical properties 
caused by the welding process, and to ascertain the best 
ways of avoiding such alterations chemically, thermally, 
or mechanically, and endeavouring to ascertain from a 
careful examination of the melted zone what the original 
structure of the material might have been. These experi- 
ments were supplemented by chemical and mec! anical 
tests, and by microscopic and macroscopic examination 
both of the melted zone and of the neighbouring parts. 

Experiments were, moreover, carried out on molten 
metals both before and after subjection to mechanical 
stresses and deformation, in order to ascertain to what 
extent, if any, the various constituents of the metals are 
influenced by the process. : were simul- 
taneously carried out on the mechanical properties of 
various metals when subjected to the strong heat of the 
melting flame without being melted, and for the same 
period of time as might be required for the autogenous 
melting of pieces of the same size. These experiments 
were also extended to various qualities of material used 
for the pur of filling the cavities during the auto- 
genous melting of various metals. e researches were 
grouped in four classes, special regard being paid to the 
iron-carbon alloys as being the most interesting, and most 
ay employed in practice. These classes were as 
ollow :— 

1. ‘The oxy-acetylene melting of steels containing a low 
percentage of carbon. 

2. The oxy -acetylene melting of steels containing 
medium and high percen of carbon. 

3. The oxy-acetylene melting of pig iron. 








4, The oxy-acetylene melting of other metais selected 
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Plate. A. B. ( 

per cent. per cent per cent 
Carbon ° 0.23 0.105 0.11 
Manganese .. 0.64 0.61 0.54 
Silicon ws 0.07 0.024 0.022 
Phosphorus .. | 0.060 0.025 0.050 
Sulphur - “ 0.079 0.053 0 064 





The metal used for the weld was homogeneous iron of 
a very pure description, the composition of which was as 


follows :— 
Per Cent. 
Carbon pa 0.125 
Manganese ... 0.4 
Silicon = 0.047 
Phosphorus ... 0.037 
Sulphur 0.021 


Swedish iron wire is not employed, as the quantity of 
olag it contains remains partly in the molten pieces. 

n practice, care was taken to maintain ordinary 
practical conditions as far as possible, although bearing 





The chemical | 
| was taken from the molten zone, and from the neigh- 








in mind the theoretical considerations needed for obtain- 
ing the best results. 

Samples were taken from each plate in the direction of 
the rolling, and each sample was cut into two pieces, the 
edges arranged V-wise at an angle of about 45 deg., and 
after the melting had been effected some of the samples 
were cooled in air, while others 3 special heat 
treatment and mechanical operations. nally, mecha- 
nical tests were made on rough, unmachined samples of 
the welds and upon finished pieces, care being taken to 
see that the weld was well in the middle of the sample. 
Before and after the mechanical tests, a piece of metal 





Fic, 16, 


bourhood of the weld in each sample, for the purpose of 
a microscopic examination. In Table I., page 846, the 
experiments and observations made in connection with 
the first series are given. 

The microscopic examination of the samples carried 
out on material from the three zones—the melting zone, 
the intermediate zone, and the unaltered metal in this 
first series—confirms the fact of the one undergone in 
the mechanical properties of the metal by welding, and 
the profound alteration in the structure. This is shown 
on comparing Figs. 1 and 2, which show sections of the 
material (etched with an alcoholic solution of 4 per cent. 
picric acid, and as seen undera magnification of 80 dia- 
meters). Fig. 1 shows the original structure of Plate A, 
and reveals the deformation i from the stress which 
the metal underwent in the immediate neighbourhood of 
the fracture. (Sample 2, see Table I.) 

Fig. 2 shows the structure in the molten zone of sample 
4A, which resembles that of samples B and C, which 
underwent the same treatment. he structure of this 
metal, which is absolutely slag-free, so far as simple macro- 
scopic observation of the surfaces of fracture go, is charac- 
teristic of the cast metals, and also shows the reduction 
in carbon which the cementing metal underwent during its 
brief melting period. This reduction, as will seen 
later, varies considerably with the conditions of welding. 
The loss corresponds to very nearly 44 per cent. of the 
original carbon (repeated analyses of the melted portions 
gave as an average 0.07 per cent.), although for this type 
of metal the loss cannot be said to have much effect. These 
alterations are even more evident in Fig. 3 (etched with 
4 per cent. alcoholic pieric acid, and seen under a magnifi- 
cation of 80 diameters) relating to sample-7A (Table I.). 
They occur exactly in the zone between the original and 
the cementing metals. The figure shows a similar structure 
to that of samples 6B and 4C (Table I.), and was taken 
longitudinally from the sample employed for mechanical 
tests from a section in the immediate vicinity of the 
surface of fracture, which happened to be in the molten 
zone. On examining this figure, as well as on comparing 
it with Fig. 2, which relates to a structure which did not 
undergo mechanical treatment, no deformation of any 
single constituent is found as the 1esult of the mechanical 
stress a although such deformation is plainly 
evident in Fig. 1, which refers to the structure of the 


origina] metal after having undergone mechanical stress. 
he mechanical treatment leads to a resemblance of 
the structure of the molten zone to that of the original 
metal, as shown in Figs. 4 and 5, Fig. 4 being the original 
structure of the plate, and Fig. 5 that of the sample 
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TABLE IV.—Tue Oxy-AckTyLene WELDINe or Cast Iron. 


j MECHANICAL Tests ON SAMPLES, DiaMETER, 20 MM.; 


(30 to 40 minutes), so that the interior stress can be nearly 
wholly eliminated. Further, the other thermal processes 
(quenching, &c.) have the greatest influence on high- 
carbon steels. 











Original | Lenern, 120 Ma. 3. A remarkable ry on the eae Cnet 
No. of | Diameter | _ (more especially of the latter steels) is to be attributed to 
. * jof Sample! Thermal Treatment. Notes. : - A 

Sample. 4 Mill | Average Tensile po Brinell Hardness ae | ae aos the slowest cooling being the best and 
metres. | Strength, 1000 Kg.; Ball 10 mm. in } 4A tf . in ti ‘ bontend rti 

| | Kg/mm.* Jiameter. t } . Apart from the alteration in mechanical properties 

| | — a (the principal of which is the change in the ngeen, 

1.) 2] - “ 15.2 166... - |Unwelded. very important modifications take place in the chemical 

. 35 Same as Table L., A3 °F _ SS ° |Unweldied. constitution, especially in high-carbon steels. These 

3 35  |After melting, air-cooling t 16.2 171, ~ =. trom the weld {Same as Table IIL, P5 — eg coy bm ae , & 3 per- 

218, into the wel e- e+] entage) ¢ on, anganese. Dn varia- 

227, into the intermediate zone. . | tions, which are proportional to the percentages ree | 

4 85  |Same as Table II, 3 ” cs 16.7 | Be Same as above. present in the steel, are, it is very easy to understand, 

5 35  |After melting during 30 minutes 14.8 168, 30 mm. from the weld .. Same as above. caused by the strong oxidising influence to which the 

cee, 1 90 Ge tn So a at ene meta ia sujet during the melting, and come meses 

6 25 Slowly cooled ae 16.5 oe in “"|Same as above. by the different methods emplo in this process. It is 


easy to remedy this defect by using as a cementing 





* See note, Table I. 


+ The Brinell tests were carried out on the longitudinal flat sections of the samples after the stress trials. 


TABLE V.—Britt.eness Tests WITH CHARPY APPARATUS ON Pia IRON SAMPLES OF THE CHARPY TYPE 





(30 x 30 x 160 Mm.); Distanog or Frxep Pornts, 120 Mm, 











Resiliance per | AVERAGE CHEMICAL | 











ANALYSIS, * 
. | 100 mm.2 Cal- 
v ee Angle of | Work of ee 
No. of | Initial Size of | Thermal Treatment. | ther Indi- Breaking | culated for a | | 
Sample. Sample. cator Kgm. | tion of | Metal ‘used Notes. 
. 4 450 mm.°, | r Cent. Zone per 
| Kgm. pe f ent. | 
deg. | 
1 | Square sticks | 80 7.90 1.75 | Unwelded. 
| of, 35mm. | R ” 
2 Ditto | 7 an 79 13.31 2.73 - ak Unwelded. 
3 | Ditto \Sameas Table I.,A3 .. 79 | 13.81 2.73 | ds ad | Unwelded. 
4 | Ditto Sameas Table Il., 3 .. 79 13 31 2.73 | Ot 2.94 Ct 2.21 Welded; fine structure. 
| | Ce0.338 Cc 0.67 
| | 814.50 | 818.7 
} | Mn 0.87 n 
5 Ditto |After melting, cooled 79 | 18.81 2.73 Ct 2.94 Ct 2.68 (Same as above. 
| rapidly to the air | | Cc0.33  Oc0.43 
Si 4.50 Si 3.61 
| Mn 0.87 Mn 0.56 
6 Ditto /Tempered after melting 79 13.21 2.73 Ct 2.94 Ct 2.62 |Unwelded; intermedial 
| —s 15 minutes to | Cc0.38 Cc 0.35 structure between 
800 deg. and slowly | $i4.50 Si3.41 unwelded and pre- 
cooled Mn0.87 Mn 0.48 ceding samples. 
7 Ditto Same as above .. ‘“ 79 13.31 2.78 ‘a a Same as above. 














* The chemical analysis of the metal in weld was done on the drillings taken with a little drill in the melting zone of the 
samples used for brittleness tests after breaking. 


seen under a magnification of 1.5 diameters) shows the 
external part, and Fig. 8 the longitudinal section (as seen 
under a magnification of 2 diameters, and etched with a 
5 per cent. solution of nitric acid in amylic acid)—the 
first-named showing the deformation in the melting zone, 
and the second the nearly complete homogeneity (which 
is perfectly uniform in all samples of the same treatment) 
between the original and the cementing metal. 


GROUP ILI. 
Oxy-ACETYLENEK AUTOGENOUS WELDING OF MEDIUM 
AND HicH-CaRBon STEELS. 
The experiments were made on round samples of three 
different types—M, N, and P—whose chemical composi- 
tion was :— 





| 





— | M. | N. P. 
per cent. | per cent. per cent. 
Carbon ‘ we 0.48 | 0.70 1.09 
Manganese .. int 0.81 } 0.93 0.79 
Silicon $e a 0.141 | 0.19 0.09 
Phosphorus .. es 0.054 | 0.049 0.041 


Sulphur = os 0.079 | 0.057 | 0.060 





As a cementing metal for M and N steels, little steel 
rods of the following composition were used : 


Per Cent. 
Carbon... ~_ om a _ — 0.60 
Manganese... es me és ‘iio 0.91 
Silicon ... bas ea vie = “se 0.20 
Phosphorus ... me ate ae ms 0.067 
Sulphur = = on wis ova 0.051 


This material had a composition similar to, yet inter- 
mediate between, that of the steels with a high percent- 
age of manganese and silicon to compensate partially for 
the loss of these elements which takes place during the 
melting (see Table III.). In the present experiments the 
same precautions were employed as for Group I., the 
same conditions required, and the same type of samples 
and tests were made. During the melting a large 
amount of deoxidising and descorifying powder was used, 
in the form of sodium carbonate and bicarbonate mixed 
together (owing to the fact that the mixture of oxides 
formed has a melting point very near to that of the metal 
itself), so as to avoid inclusion of oxide in the weld. 

Table III. shows the results of this second group. 

_ The remarks made wepaas the microscopic examina- 
tion of the fusion zone of the first group again apply here. 
The stronger carburisation of the metal and the affect of 
the profound modification by the sudden heating and 
the rapid melting of the metal are, of course, more in 
evidence, and the phenomena of oxidising during the 
melting is strongly pronounced in the fusion zone. Fig. 9 
represents the type of the three steels which had under- 
gone the same preparation and treatment (samples 2M 
and 2P, see Table/ III.) It is seen under a magnification 
of 80jdiameters, etched with picric acid, and refers to the 
intermediate zone between the molten metal (lower part 





of figure) and the original metal in 4 N sample (upper part 


of figure) (See Table ITI.). The alteration of the structure 
and chemical composition are shown clearly, and the 
chemical analysis is given. The mechanical treatment 
and short tempering bears out what was found with mild 
steels ; the fused zone was reduced like that of the original 
metal. Fig. 10 confirms this; it refers to sample 4 M (as 
seen under a magnification of 80 diameters, etched with 
picric acid), and shows the zone referred to between the 
cementing material and the metal (the structure of which 
is represented by the upper portion); sample 4 M being 
fairly typical for all three steels subjected to the same treat- 
ment. evertheless, the internal strain undergone by 
the metal is such that it does not retain any malleability, 
and consequently no deformation under mechanical 
stresses results in the portion which has been subjected 
to the sudden shock of the melting process. 

This is clearly shown by the examination of Fig. 10, 
representing the structure in the immediate neighbour- 
hood of the fracture in the stress test. In the fused zone 
(lower part of the figure) the constituents do not show the 
least deformation (which is, however, very pronounced in 
the upper part, and the zone of metal immediately next 
to the molten zone), and are unaffected by the melting. 
The figure shows further the decarburisation which has 
taken place in the metal during the melting, which is con- 
firmed by chemical analysis (see Table ITI.). 

Fig. 11 (as seen enlarged 80 diameters, and etched with 
picric acid) refers to sample 4P, and shows the three 
zones—the fusion zone, the intermediate zone, and the 
original metal zone—which may serve as typical of the two 
other steels. The sudden passage from one to the other 
of the two zones of various structure and composition 
accounts for the bad results of the stress tests. 

Finally, Fig. 12 (as seen e 80 diameters, and 
etched with picric acid) refers to sample 5P. The 
left-hand portion reproduces the initial structure of 
the metal, while the right-hand portion shows the struc- 
ture in the middle of the zone of fusion. From a com- 
parison of the two zones it is evident that the treatment 
undergone by the sample has made the structure of the 
zone of fusion very like that of the initial metal, thus con- 
firming the good results obtained by the mechanical tests. 

The results and observations summarised in these two 
groups of experiments show that :— 

1. The violent heating and the sudden melting under- 
gone by the metal alter peteney its quality. This 
alteration becomes specially manifested by an internal 
strain of the metal (meaning by this mate an injurious 
modification of the metal’s mechanical properties, caw 
by thermal and mechanical phenomena, owing to the 
high temperature of the process) as the stress and hard- 
ness tests show, although uninfluenced by modifications 
in the chemical composition (steels). e absence of 
deformation in the individual structural constituents in 
stress tests is a further confirmation. 

2. The alteration in the mechanical qualities (tenacity 
and elasticity) cannot be remedied by simple hammering 
on the molten zone—which often proves to be most 
injurious to high-carbon steels—but must be coupled by 
proper thermal treatment, such as annealing, which is 
much more efficient when prolonged over a sufficient time 





material a steel of analogous composition to the pieces 
intended for welding, but containing higher percentages 
of the more easily oxidised elements. 

5. The mechanical properties are, owing to the short 
duration of the process, only ae altered when, instead 
of the fusion process, a simple heating with the flame is 
substituted, as is easy to foresee. As the metal durin 
the melting is subjected to a — internal stress, wit 
every increase in the depth of the fused portion, the 
efficiency of the remedial heat treatment, undergone 
after the melting, rapidly decreases. 


GROUP III. 
Pia Tron. 

The experiments on pig iron were limited to y 
varieties, their extension to the very rarely used white 
varieties being deemed useless. Phosphoric pig iron cast 
into well-dried sand moulds in the form of round and 
square bars, in order to secure a uniformly homogeneous 
structure, was selected as material for the experiments. 
The pig iron had the following composition :— 

otal carbon, 2.94 per cent. ; silicon, 2.42 per cent. 
Total carbon in combination, 0.33 per cent. ; manga- 
nese, 0.87 per cent. 
Total graphitic carbon, 2.61 per cent. ; phosphorus, 
1.47 per cent. ; silicon, 0.09 per cent. 

The high percentage of phosphorus is evident in Fig. 13 
(asseen under a magnification of 80 diameters, and etched 
with picric acid), representing the structure of this pig iron. 

As a cementing metal, little rods of the same com- 
position as the pig iron were used, only modified in their 
silicon erep bringing it up to about 4.5 per cent., 
because of the above-mentioned oxidising influences and 
the losses caused by them in the melting process. The 
tests were made on cast samples just as they came from 
the foundry, every precaution being employed as before. 
Care was taken during the melting to use plenty of de- 
oxidising and de-scorifying powder as used in the ~ To 
ments on carbon steels, because the melting-point of the 
mixed oxides is higher than that of the metal, which 
might have caused considerable blow-hole formation. 

me of the samples were submitted to several coolings, 
and some to careful annealing ; after which they were 
reduced to the required size for the mechanical tests. 
These were divided into tensile and hardness tests. These 
tests having been carried out, the samples were cut 
longitudinally in the middle, and on sections thus 
obtained hardness tests were made, after polishing and a 
microscopic examination. The hardness tests were made 
on the fused and on other zones. The hardness test- 
pieces (after the microscopical examination) were also 
analysed in order to study the alterations in composition 
at the fused zones, and the microscopic examination of 
each sample completed the researches. In Tables IV. 
and V. are described the conditions under which the 
experiments took place, and the results of each. 

he very appearance of the fractured surfaces in the 
brittleness tests demonstrates at once that the melting 
process produces a finer and more compact structure than 
the original in the molten zone of the metal. This is 
evident in Fig. 14 (as seen under a magnification of 14 dia- 
meters), relating to three samples, in which the welding 
was, as usual, carried out in the centre of the pieces. 
The first shows the original metal (sample 2, Table V.), 
the second the broken surface of the welded piece 
rapidly air-cooled after melting (sample 4, Table V.), 
and the third the welded pig iron, annealed at 800 deg. 
after melting, and slowly cooled (sample 7, Table V.). 
It is, moreover, evident that the effect of the an- 
nealing on the structure of the metal is very marked, 
even if the process be a short one. The grain becomes 
coarser and more com as shown from the exami- 
nation of sample 3 (broken). The microscopic examina- 
tion of the welded samples affords fresh confirmation of 
this statement. The structure of the pig iron investi- 
gated can be referred to three fundamental types shown 
in Figs. 15, 16, and 17 (as seen under a magnification 
of 80 diameters), representing the from the 
molten zone to that of the pig iron unsubjected to the 
melting. The first type, which, as the then two, does 
not present any sudden passage in the structure, refers to 
the welded samples rapidly cooled in the air (sample 3, 
Table IV., and sample 4, Table V.). In the structure 
of the metal one observes that, on account of the sudden 
variations of temperature (the upper part of the figure 
refers to the structure of the original metal not 
having undergone melting), the patches of ferrite pre- 
existing in the pig iron employed (see Fig. 13) are no 
longer visible, while the graphite crystals (not well shown 
in the figure) persist, although a — portion of the 
carbon has passed into solution as combined carbon. 

The same features are to observed in the zone of 
fusion, where, on the other hand, the modifications in 
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the ‘structure are influenced by the effects of the rapid 
cooling and of the variation in the chemical composition. 
Indeed, the percentage of total carbon is notably dimi- 
nished, as shown in Table V., simultaneously with the 
percentage of silicon, notwithstanding the large amount 
of the latter element contained in the cementing metal. 

The second type of structure relates to welded pig iron 
subsequently subjected to slow cooling after fusion 
(No. 4, Table IV., and No. 5, Table V.). This confirms 
the observed fact of the strong influence of melting, not- 
withstanding that the diminished loss in silicon (sample 5, 
Table V.) has had an influence in reducing the amount of 
combined carbon and of segregating in a free state the 
previously existing graphite crystals, with the conse- 
be formation of appreciable quantities of ferrite as 
shown in the figure. 

Finally, the third type of structure represents that of 
the fusion zone in a sample which, after welding, has 
been annealed at 800 deg. and slowly cooled (sample 5, 
Table IV., and samples 6 and 7, Table V.). In this 
instance the hovel treatment restores the original 
structure of the pig iron (see Fig. 13) in the immediate 
vicinity of the zone of fusion into which the cementing 
metal has been poured. Notwithstanding that, in this 
zone the fine structure, observed in the previous types and 
resulting from the rapid solidification of the metal, is 
maintained. There is a marked diminution in the amount 
of combined carbon, and numerous patches of ferrite 
appear round the patches of tempered carbon. This cannot 
be seen in Fig. 17, but is well shown in Fig. 18, which 
refers to the same fused zone, but represents the surface 
simply etched. Further, froma collective examination of 
Figs. 15, 16, and 17, the ual transition in the struc- 
ture without sudden variations indicate that the welding 
has taken place with the complete fusion of the two 
parts to be united, whilst the modification of the com- 
position of the cementing material permits of the special 
type of structure of the pig iron om a oy in the experi- 
ments being maintained throughout the whole zone of 
fusion. 

Fig. 19 shows longitudinal sections which were taken 
from Nos. 3 and 5, Table IV., after the tensile tests. On 
comparing the surfaces, which were polished and subse- 
quently etched with an alcoholic solution of picric acid, 
confirmation is obtained of the influence of annealing on 
the internal structure (sample 5, Fig. 19). This is also 
shown by the coarser structure of the portions in the 
immediate vicinity of the zone in which the union has 
occurred by fusion, showing that the original structure 
of the metal has undergone further modification, owing to 
the high temperature to which it has been subjected. 


Conctusions. 

The results obtained and the observations made in this 
third group of experiments show clearly :— 

1, That the rapid oe and cooling of the pig iron 
subjected to the oxy-acetylene process causes, as might 
have been foreseen, a fine compact structure in the zone 
of fusion. 

2. That owing to the high temperature and to the 
energetic conditions of heating which take place ae 
the process of welding, the composition of pig iron (an 
therefore of its internal structure as well) undergoes con- 
siderable modification, chiefly owing to the loss in carbon 
and silicon (as shown in the analyses in Table V.), elements 
both of which strongly influence the structure of the 
metal. This loss, of course, varies with the different 
melting processes employed. An easy method for partly 
remedying this loss is to employ an appropriate cementing 
material, which will supply the elements eliminated by 
oxidation. 

3. The mechanical properties of the metal are not 
greatly influenced by oxy-acetylene welding, when pro- 
perly carried out. The internal stress suffered by the 
metal confers greater hardness on the zone of fusion, as 
shown by the Brinell tests. The brittleness tests, although 
they reveal the good quality and homogeneity of the 
metal, do not appear to be affected by the slight varia- 
tions due to the melting of the metal. 

4. The heat treatment and the cooling conditions, 
though they exert considerable influence on pig iron su 
jected to the process, do not appreciably modify the 
mechanical properties, and are of interest onlv when it 
becomes necessary to take into consideration the dilata- 
tion of the metal in relation to its low thermo-conduc- 
tivity in the melting of special engine parts in which the 
physical properties are of great importance. 





Ocran Crursine Yacur “‘ ArcApIAN.”—A more than 
usually interesting vessel left the works of her builders, 
Messrs. Harland and Wolff, Belfast, on the 16th instant, 
for Southampton, there to take up her station as an ocean- 
going cruising yacht. This vessel, the Arcadian, has been 

wuilt specially for such cruises, and the passenger accom- 
modation has been arranged in a very luxurious style, the 
absence of cargo hatches and cargo appliances greatly 
improving the appearance of the vessel, and conducing 
to the comfort of the passengers. The vessel is of con- 
siderable'size, being over 500 f;. in length, of 14,120 tons 
displacement, and 8780 tons gross register. The upper 
promenade deck has a length of 260 ft., while the main 
promenade deck extends right fore and aft for the 
complete 500 ft., and arran centrally upon it is an 
open space 35 ft. by 55 ft. for an open ball-room. The 
dining-saloon occupies the whole height of two decks, 
with a gallery round the intermediate height, so that the 
ceiling is 15 ft. above the deck. There are also in the 
ship a tiled swimming-bath, 35 ft.long, with dressing-rooms 
adjoining it, and a large gymnasium, with all the latest 
appliances for exercise. vessel will make her first 


cruises in the West Indies, and in the summer will be 
engaged in Norwegian tours. 





CATALOGUES. 


Boilers.—From Messrs. Robert Jenkins and 
therham, we have received a copy of a cata- 
logue giving rices and particulars of all kinds of welded 
and rive’ ilers, and various accessories for heating 
greenhouses, public buildings, &c., by means of hot 
water. Prices are also stated for iron and copper range- 
boilers, cisterns, circulating cylinders, steam-jacketed 
pans, &c. 

Electric Generators and Motors.—We have received 
from the Phenix Dynamo Manufacturing Company, 
Limited, Thornbury Works, Bradford, copies of two of 
their recent bulletins. One of these illustrates and fully 
describes the construction of Phoenix direct-current 
multi-polar generators and large motors. The other 
bulletin relates to alternators, and, besides dealing with 
their construction, gives outputs, efficiencies, and other 
particulars of machines, with capacities ranging from 
12.5 to 200 k. via. 


Fans, Ventilating and Dust-Collecting Plant.—A small 
catalogue recently received from Messrs. John Gibbs and 
Son, 72, &c., Duke-street, Live’ 1, contains prices and 

iticulars of air-propelling poe ventilating fans driven 

y belt or by electric motors; similar fans, driven directly 
by small steam-engines, can be supplied. Some par- 
ticulars of ‘‘ Peerless” blowing and exhausting fans are 
also given, and prices are stated for small dust-proof 
electric motors and interlocking starting switches. The 
latter are arran so that it is impossible to switch on 
the current unless all the resistance is in circuit. The 
catalogue also contains numerous illustrations of installa- 
tions for collecting dust and removing fumes from factories 
and workshops. This firm also manufactures westher- 
proof ventilators for ships, and some illustrations of these 
are included. 

Heating and Ventilating Workshops. — Messrs. 
Matthews and Yates, Limited, Cyclone Works, Swinton, 
near Manchester, have published a little booklet relating 
to the application of their ‘‘ Cyclone” system of heating 
and ventilating to industrial buildings. Both exhaust 
and plenum systems are dealt with, but the latter 
system is generally recommended. On the plenum 
system, air supplied by a ‘‘ Cyclone” centrifugal fan is 

over an air heater, consisting of a battery of 
gilled steam-pipes, and then distributed through ducts to 
the various rooms. If necessary the air, before it reaches 
the fan, may be passed through an air-filter, consisting 
of a rectangular framework filled with small coke, over 
which water is allowed to trickle. The pamphlet also 
deals with humidifiers, particularly suitable for use in 
textile factories, and with apparatus for extracting 
steam and noxious vapours from dye-houses, &c. The 
application of the system to drying-rooms is also 
touched upon, 


Lathes and Screwing Machines.—From Messrs. J. Arch- 
dale and Co., Limited, Ledsam-street, Birmingham, we 
have received a copy of their latest sectional catalogue 
dealing with high-speed capstan lathes, engine lathes, 
and screwing machines. The catalogue gives full par- 
ticulars of a 9-in. centre capstan lathe with ‘‘all-gear” 
headstock, and another with 7-in. centres, having a 
friction-geared headstock. Smaller sizes, with cone- 
pulley drive, are also dealt with. A standard outfit of 
tools for bar or chuck work on these lathes can be sup- 
plied, and particulars of these tools are included. The 
catalogue also deals fully with sliding, surfacing, and 
screw-cutting lathes, ranging from 6-in. to 16-in. centres, 
for high-speed work. hese lathes are supplied with 
either ‘‘all-gear” or cone - pulley headstocks. Parti- 
culars are also given of pipe-screwing and cutting-off 
machines, and bolt-screwing and nut-tapping machines. 
—- illustrations are given of all the tools dealt 
with, 

Power-Transmission Accessories.—We have received 
from Messrs. Frank Wigglesworth and Co., Limited, 
Clutch Works, Bradford, a copy of a useful catalogue of 
various appliances for the transmission of power by 


Heati 
Co., of. 


b. | mechanical means. The catalogue is divided into nine 


sections, of which the first four deal with shafting, loose 
collars, shaft-couplings, rigid and swivelling plummer 
blocks, sole-plates, hangers, wall-boxes, stools, and other 
accessories for line-shafting. The following sections give 
particulars of belt and rope-pulleys, right-angle drives, 
ae pn toothed ring, friction clutches, and 

aulage gears. The friction-clutch section, which is 
especially noteworthy, deals with clutches of the rim, 
band, shell, disc, and Seymour types, giving particulars 
of each, and illustrating numerous applications. The 
catalogue is — illustrated throughout, and also con- 
tains some useful notes and data which should help to 
render it of service to those engaged in designing and 
estimating for all kinds of millwrights’ work. Prices are 
quoted for most of the appliances dealt with. 


Heavy Lathes.—From the Niles-Bement-Pond Com- 
pany, 111, Broadway, New York, U.S.A., we have 
received a catalogue of heavy engine and gun lathes 
designed for use with tools of high-speed steel. The 
catalogue illustrates double back-gearéd engine lathes 
in four sizes, ranging from 24-in. to 36-in. swing, and also 
a 36-in. triple-geared lathe, giving the leading dimensions 
of each size, together with a neral specification. 
Similar particulars are also given of lathes from 42-in. to 
72-in. swing with all- headstocks. The foregoing 
tools are arranged for ayy | either by belt or by an 
electric-motor. When the latter form of driving is 
employed the motor is completely controlled from the 
saddle, so that the operator need not leave the work. 
In the larger sizes the leading screw is oe on 
re bearings, which are automatically picked up by 
the 





dle as it advances, and replaced at equi-distant , 


gm along the bed on the return journey. This cata- 
ogue also gives general particulars, without illustrations, 
of larger engine lathes, with swi ranging from 84 in. 
to 120 in., and of gun lathes from 53-in. to 108-in. swing. 
The London address of the Company is 25, Victoria. 
street, Westminster, S.W. 


Insulation Cutter for Commutators.—A leaflet illuse 
trating and describing a handy tool for recessing the 
mica insulation between the commutator ents of 
electric generators and motors, has come to hand from 
the Maschinenfabrik Oerlikon, whose London address is 
Oswaldestre House, Norfolk-street, Strand, W.C. The 
apparatus consists of a bronze casting, provided with two 
handles, and carrying a small milling-cutter operated 
through a nae by means of an electric motor, 
The tool, when p on the commutator, rests on two 
supports, which can be exchanged or separated, more or 
less, to suit the radius of the commutator. For use, the 
supports are so arranged that the cutter penetrates to the 
required extent into the insulation, and the tool is then 
drawn slowly along by hand from the windings to the end 
of the commutator, so that a slight groove is cut between 
each pair of segments. One of the handles is made 
hollow, so that, if desired, a flexible tube from any avail- 
able exhausting apparatus can be connected to it for 
the pur of drawing off the dust produced by the 
cutter. For operating the tool the company recommend 
one of their portable drill motors, which can, of course, 
be used for drilling when required. The pamphlet 
states prices for the tools, motors, and various spare 
parts. 

Air-Heaters for Boiler Furnaces—From the Underfeed 
Stoker Company, Limited, of Coventry House, South 
Place, E.C., we have received a pam hlet relating prin- 
cipally to the ‘‘Usco” air heaters, which are primarily 
intended for heating the air supplied by mechanical 
means to boiler furnaces; they may, however, also be 
used in connection with installations for heating buildings 
and drying materials. The heaters consist of a number 
of narrow, semi-circular chambers, constructed of sheet 
steel, and placed side by side, a small distance apart, in 
any convenient position in the path of the waste furnace- 
gases which pass between theseparatechambers. By means 
of a fan the air is drawn or forced through these chambers 
on its me to the furnace, travelling in the opposite direc- 
tion to that of the hot gases. In this way the air ex- 
tracts much of the heat from the waste gases, and returns 
it to the furnace, thereby economising fuel and improving 
combustion. The soot which is deposited on the heater 
is removed by means of steam-jets from perforated pipes, 
one of which is situated between each pair of chambers. 
These pipes radiate from a central trunnion-pipe, and are 
arranged so that they can be turned round at intervals to 
sweep over the entire heating surface. The pamphlet 

ives a general illustrated description of these heaters 
which were dealt with in our issue of August 5, 1910, on 
page 200), and points out the advantages they possess 
over economisers ; their application to different types of 
land and marine boilers is a illustrated. The pamphlet 
also contains some general notes on the subject of mecha- 
nical draught, pointing out its advantages over natural 
draught, and dealing briefly with its production and use. 








THE MECHANICAL DESIGN OF, AND STRESSES IN, TURBO- 
ALTERNATORS.—A lecture was delivered on November 23 
before the Keighley Association of Engineers on ‘The 
Mechanical Design of Turbo-Alternators,” by Mr. H. 
Rolfe, M.I. Mech. E. After describing various types 
of machine now in use, the lecturer gave an account 
of the stresses set up in the various parts, and of the 
assumptions that had to be made in computing them. In 
some cases the stresses were largely indeterminate, either 
inherently so or else due to exigencies of design and 
manufacture. Hence, rigorous mathematical treatment 
was not always feasible, and formule and curve diagrams 
suitable for actual designing were given. One of the 
difficulties that confronted the mechanical designer and 
constructor was the fact that a metallic connection 
between the field-coils and the rotor-core was impossible, 
insulation always intervening, In a set of steam turbo- 
alternators, large and pent the centrifugal pull of a 
pound at the periphery might range from 1 Ib. to 
4500 lb., the lecturer pointing out that the amount 
depended on the diameter and revolutions per minute, 
and not on the peripheral speed merely, as was sometimes 
thought. The outward throw of the coils was thus seen 
to be very great, and as all such pulls were transferred to 
the rotor, the interposition of mica, cloth, shellac, &c., 
between the several turns of a coil, and between the coil 
and the rotor, was a source of trouble. Granted that an 
initial running balance was obtained, the machine might, 
sooner or later, speed up 25 per cent. or more, due to a 
temporary failure of the governor; this would increase 
the pressure on the insulation by more than 50 per cent., 
and cause the coils to ‘‘creep ” outwards = f If the 
insulation were homogeneous, the balance woul main- 
tained ; but as there was certain to be weak spots—more 
shellac in some places than in others—the coils would not 
move out uniformly, and an unbalance would result. 
This referred less to former-wound coils than to certain 
others in which there might be 100 or more turns wound 
on the flat. End bells for restraining the end windings 
should be centered on the shaft, and not merely be carried 
by the coils; any unbalance in the bell would then be 
taken up by the shaft instead of surging to and fre on the 
coils and thereby disintegrating the insulation. Another 
difficulty of the mechanical engineer was that his and the 
electrical engineer’s requirements as to material usually 
differed. The former could not always use the strongest 
or stiffest material at his disposal, but must have regard 
to the necessary qualities of permeability in some cases, 
and of non-magnetism in others. 
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ABSTEAOTS OF RECENT PUBLISHED SPEUIFI- 
OATIONS UNDER THE AOT OF 1907, 

The number of views given in the Specification Drawings is stated 
tn each cae; here none is mentioned, the Specification is not 
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ELECTRICAL APPARATU?P. 


17,208/11. Siemens Brothers and Co., Limited, 
London. (Siemens and Halske Aktiengesellschaft, Berlin, 
Germany.) Current- Transformer. Figs.) July 27, 
1911.—The invention relates to current -transformers for high 
voltages in which the primary circuit is surrounded by two insu- 
lating cylinders which may be stepped down in known manner, 
arranged side by side, and, according thereto, one of the cylinders 
is surrounded by a ring-shaped iron core carrying the secondary 
winding. The primary consists either of a continuous conductor 





surrounded by the two parailel insulating cylinders cl, c?, 
arranged side by side, or of two groups of conductors a!, a*, a% 
and b!, b2, b3, which are inserted in the cylinders and joined at 
the ends, or J-shaped conductors may be collected into a bundle, 
inserted into the insulating cylinders and connected in series at 
their free ends. The central part of the cylinder c! is surrounded 
by a wy iron core e which carries the secondary windin 
8. The cylinders c! and c2 are surrounded by the straps A whic 
serve to connect them to the wall brackets & which support the 
transformer ina vertical position. (Accepted October 25, 1911.) 


14,127/11. Siemens Brothers o Works, 
L’ mited, London, (Siemens-Schuckertwerke, G.m.b.I1., Berlin, 
Germany.) Arc-Lamps. [2 Figs.] June 14, 1911.—The inven- 
tion relates to electric arc-lamps employing practically non-com- 
bustible electrodes, and, according thereto, the electrodes are 
formed in a manner such that overhanging the projecting tip of 





the electrode is a rim giving rise to eddies in the ascending stream 
of gases. @ denotes the lower electrode, and b the upper elec- 
trode. Near the tip of the electrode b is formed an overhanging 
rim h, with depression g. When the lamp is in operation, the 
ascending gases impinging on the lower end of b are deflected 
sideways by the rim h, eddies being formed which prevent the 
climbing of the arc. (Accepted October 25, 1911.) 

16,514/11. A. P. Lundberg, G. C. Lundberg, and 
PR. J “Gand . London. Electrical Terminals. 
[2 Figs.] July 18, 1911.—This invention has relation to terminals 
for connecting the ends of electrical conductors with the parts of 
electrical apparatus, and in accordance therewith a terminal com- 
prises a terminal-plate provided with a known construction of 
terminal, consisting of a screw positioned between two upstanding 


lugs, and a tube-like ber. This ber is screw-threaded 








externally at one end, and this end is adapted to engage a tapped 
hole in the terminal-plate. The arrangement is such that the 
terminal-plate forms the nut which holds the tube-like member in 
position on the electrical apparatus, and also, it may be, holds in 
tion a connector or other part of the electrical apparatus. 

e electrical conductor through the tube-like member, 
and its end is secured to the terminal on the terminal-plate. 1 is 
a base of insulating material, 2 is the tube-like member, screw 





threaded at one end, and at its other end qetend with a flan; 

8. 5 is the terminal-plate having a hole tapped to receive the 
screw-threaded end of the member 2, and upstanding lugs 7, 
bet which is ther ta hole to receive a terminal screw 
9. The hole 10 in the base 1 is formed with a shoulder 12 against 
which the flange 3 may abut. In assembling the parts, the ter- 
Te 5 is placed on the base 1, the member 2 is then 

wre of the hole 10 and screwed into the hole in the terminal 
plate 5, its flange 3 coming into contact with the shoulder 12. The 
terminal-plate thus acts as a nut to the member 2, and the 
member 2 acts to fix all the parts mentioned ther. The 
electrical conductor passes from the underside of the base 1 
through the member 2, and is then bent over and its end passed 
under the head of, and around the shankjof, the screw 9, which, 
when screwed down, tightly holds the conductor in place. (Ac- 
cepted November 1, 1911.) 


25,076/10. §S letti, Limi: and V. E. Joyce, 
London. § es. [5 Figs.) October 28, 1910.—In elec- 
tric switches of the quick make-and-break type and in which 
the switch-blades are frictionally held in their “on” or “off” 

ition, the switch-blades are, according to this invention, held 
in their ‘‘ on” or “‘ off” position by forming in the arm carrying 
the switch-blades concavities, each adapted to be engaged by a 
a, rated retaining device located on the bracket carrying 
the spindle upon which the switch-arm turns. The handle 1 and 
switch-arm 2 are supported on a spindle about which they can 
independ ntly turn. Theswitch-arm 2 is provided, at its forward 

















end, with a forked extension, the arms of which are supported on 
the spindle, and between these arms the lower end of the handle 1 
is loca’ Each arm 4 of the forked extension of the switch-arm 
has two spherical recesses 9, 10, adapted to be en by a spring- 
pressed ball ; the recess 9 is engaged when the switch is “ off,” 
while the recess 10 is engaged when the switch is “ton.” On 
operating the handle 1, the balls are pressed outward from the'r 
recesses against the action of the spring and lie against the outer 
faces of the arms 4 until the movement of the switch has been 
effected, when the balls enter the other recesses in the arms. 
(Accepted November 1, 1911.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


1316/11. P. A. Poppe, Coventry. Carburettors. 
(3 Figs.] January 18, 1911.—This invention relates to carburettors 
of the single-lever type, having a variable jet interconnected with 
the throttle. According to this invention, a butterfly throttle- 
valve is used, and the spindle controls the jet outlet. For this 

urpose, the throttle-spindle is drilled to form a fuel passage, and 
it lies within a bush or casing provided with holes, so that as the 
throttle is moved to decrease the passage through the carburettor 
the jet outlet is decreased, and vice versd. For instance, the 


throutle-spindle may project outside the throttle-chamber, and the 
fuel outlet, constructed as described, may communicate with a 
small air-chamber, which may be in communication with the 
throttle-chamber at any suitable point, either so as to be closed 
partially by the throttle-disc or not. Preferably the intake to 
this small air-chamber is adjustable. 


Fig.1 


The petrol is maintained 





dno 





wy 




















AY] 
A-U-H 
SSIs: yes 
LPMOOMMLSL I MLL, 6 6 Cy a4 
SE ANY 
LULL MMMM DDB Sot Ps os 4 
NSS oy YE 
N AY 
N Yj 
N A 
N AY 
Sy Z 
N Cc | 
N 44 
\ j 
N 





at or about the height of the dotted line by means of a float-feed 
mechanism. The throttle-spindle A carries a disc, which is 
actuated by a control-lever C. The throttle-spindle A is extended, 
and this projecting part is provided with a fuel passage D. The 
poeeins — lies in a short bush E provided with a hole on 
ts underside communicating with the suppl. yeanee F. The 
bush E is formed on its upper side with the fuel outlet G, 

from it the petrol issues into a small air-chamber H. The air 
enters the air-chamber by means of a tube J, the inlet to which 
may be varied by adjusting a needle-valve. The outlet from the 
chamber H is by way of a L, and it may communicate 
with the main spraying-chamber M. For instance, it may enter 
the ying-chamber at M2 at a point where it is acted on by 
the throttle-disc, or at N, where it is not so acted on, or it may 
lie at an intermediate position O, where it is partially closed when 





the throttle-disc is shut right down. The position of the inlet to 
the throttle-chamber may thus be varied according to the results 
required. When it is arranged at N or O paw the holes 
D, G are so set that they are not completely closed when the 
throttle is ehut. Thus, with the ew through the spraying- 
chamber closed, a small yarn ! of carburetted air can be drawn 
through the pesmages J, L, sufficient to keep the engine running 
slowly. In this manner a kind of by-pass is formed around the 
throttle-valve. (Accepted October 25, 1911.) 


17, 1, F. H. Royce and Rolls-Royce, Limited, 
Der y- ternal - Combustion es. [3 Figs.) 
July 27, 1911.—In high-tension distributors for electric-ignition 
systems for internal-combustion engines, the ends of the contact- 
pieces between which the current passes are formed, in accord- 
ance with this invention, of pieces of platinum wire, one piece 
being arran; so that it lies parallel to, or approximately 

lel to, the axis of the distributor, and the other so that it 
jes at right angles, or approximately at right angles, to the first 
piece. The ring forming the body of the distributor is constructed 
of non-conducting material, and carries terminals, to which the 


Figs. — Fig.2. 
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leads of the sparking-plugs,are connected, and contact-pieces C, 
the terminals and contact-pieces being equally spaced around the 
cireumference of the ring. The contact-pieces C each consist of 
a rod of conducting material, the sparking end of which carries 
a piece of platinum wire E. The revolving contact consists of a 
central part P of non-conducting material driven by gearing from 
the crank-shaft of the engine and of a T-headed contact-piece R, 
the head r of which is the arc of a circle whose centre is the axis 
about which the part Prevolves. The contact wire 8 is embedded 
in the head of the T-piece R in a similar manner to the wire E in 
the contact-piece 0. (Accepted November 1, 1911.) 


24,255/10. Sir A. T. Dawson and G. T. Buckham, 
London. Automatic Guns, [4 Figs.) October 19, 1910,—This 
invention relates to automatic guns and has particular reference 
to the shutter for closing the aperture in the bottom of the 
mechanism casing through which the empty cartridge-cases pass. 
According to this invention, the shutter isso constructed that when 
in its closed position the gun cannot be loaded, thereby preventing 
the gun from being fired with the aperture closed. For this purpose, 
the shutter is manually operated, and when in its closed position 
will arrest the downward movement of the cartridge-carrier and 
thereby prevent the gun from being loaded. A is the mechanism 
casing, B the lock-casing, and B! the cartridge carrier. OC is the 
shutter. The base of the mechanism casing is provided with a 
bottom plate A!, formed with an aperture of substantial length 








and width beneath the lock-casing when in its advanced position. 
The forward part of the mechanism casing is formed with the 
usual ejection opening. The shutter C is in the form of a plate 
slidable in longitudinal grooves in the plate A!, and the forward 
end thereof is furnished with a vertical projection O' which, when 
the plate covers the aperture in the bottom plate Al}, will close 
the ejection opening. The shutter C is provided with a catch for 
retaining it in its closed and open positions. If, when the shutter C 
is in its closed position, an attempt is made to load the gun, the 
lower part of the cartridge-carrier B! will come into contact 
therewith and its downward movement will be arrested. When, 
however, the shutter is moved rearwardly to its fully open 
position, the cartridge-carrier B! can complete its descent and 
the gun can be loaded by reason of the lock-easing B being free 
to move in the ordinary manner. (Accepted October 25, 1911.) 


24,232/10. Sir A. T. Dawson and G. T. Buckham, 

don. Automatic Guns. [6 Figs.) October 19, 1910.- 
This invention has particular reference to those Maxim guns of 
rifle calibre in which the recoiling plates are connected together 
at their forward and rear ends by cross-connecting members to 
form a solid recoiling guide, the forward of the members being 








a) 
24232)\e 


connected to the barrel. According to this invention, the rear 
connecting member is in the form of a segmental bridge-piece, 
whose inner surface is an arc struck at such a radius from the 
crank axis as to conform to the diameter of the boss of the crank. 
A, A are the recoiling plates, B is the barrel, C the crank, A!, A® 
are cross-connecting members. The rear connecting member A” 
is in the form of a segmental bridge-piece, whose inner surface a* 
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is an arc struck at such a radius from the crank axis as to conform 


to the diameter of the boss c of the crank C, so that the thrust | perf 


due to recoil is taken up by the bridge-piece. The crank is shown 
as provided with a hexagonal hole for the reception of the journal 
c*, which may be solid with the crank-handle O*. (4 
October 25, 1911.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


23,574/10. F. Humphris, Bosticigh. Toothed Gear- 
ing. [10 Figs.] October 11, 1910.—This invention relates to 
toothed gearing-of the any —— = pot —- on = 

ber are engaged by correspondingly on the 
other member, and wherein each of the recesses is provided with 
& removable cup or sleeve. According to this invention, each 
recess is provided with a liner presen the requisite wearin, 
surface, and projecting through the rim of the wheel and adap 
to be secu at the inner periphery thereof. The rim a of the 








(23574) 


wheel is bored with sockets for the reception of the liners b, each 
socket being flared towards the outer periphery of the rim, and 
being circular in cross-section throughout its radial depth. Each 
liner 6 consists of a cup of hard and wear-resisting material, and 
fits into ite socket, its inner surface ee | shaped to present the 
configuration necessary for en ment with a tooth on the other 
pom r of the ng. Each liner b 4 eee Hay - — 
yy a cotter-pin d, which passes through holes ¢ e inner en 
of the liner. (Accepted October 25, 1911.) 


MOTOR ROAD VEHICLES. 

24,344/10. The Daimler Motor Company (1904), 
Limited, and F. M. Char Coventry, Automobile 
Vehicles. (2 Figs.) October 20, 1910.—The present invention 
consists broadly in a vehicle body formed in one with the dash- 
board, the whole being flexibly supported on the chassis frame. 
In the type of car having a door a on each side of the driver's 
seat, the car-body is connected to the dashboard b by side-pieces 
c, thus forming a self-contained body with doors complete, which 





poms 





























“Tae Tay 
can be fitted in place on the chassis d, or removed as a whole. 


The body is pivotally connected to the rear of the frame ; the 
body and dash may thus together be tilted about the pivot 


an 

for teapestion urposes by means of the usual -lifter. The 
front part of The body, instead of being idly bolted to the 
chassis frame, merely rests on the latter, with the inte: ition of 
mo devices, such as rubber buffers f. (Accepted October 25, 

RAILWAYS AND TRAMWAYS. 

2268/11. Thomas Green and Son, Limited, and 
Ez. Rh Leeds. Rails. 


Anchoring Tramway ; 
(2 Figs.] January 30, 1911.—An anchoring device for tramway 
rails, according to this invention, comprises sockets formed on the 
anchor girder at right angles to the line of the tramway rail, and 
we adapted to be driven into such sockets so as to bear down 
on the upper side of the bottom flange of the tramway rail. a is 
the tramway rail, and b the short le of anchor — Saw- 
cuts c (Fig. 2) are made on both sides in the top flange of the 
anchor girder, at equal distances from the ends. e portions of 
the ne flange between the saw-cuts and the ends of the girder are 
turned upwards, as shown by the dotted lines, so as to form 






Fig. 
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, (2268) 
sockets 9 Fig. 1). The inner section of these sockets is dovetail 
or semicircular, to correspond approximately with the section of 
the wedges A, which are made of halt-round bars. The width 
between the inner ends of the socket —that is, between the saw- 
cuts c—is slightly greater than the width of the bottom flange of 
the tramway rail, so that this flange can be readily dropped into 
place between the sockets, or lifted out, without having to move 
the tramway rail sideways, whilst this bottom flange has the full 
width of the top flange of the anchor girder between the saw-cuts 
etorest upon. The flat underside of the wedges rest and press 
tightly on the upper side of the bottom flange of the tramway 
rail. (Accepted October 25, 1911.) 


SHIPS AND NAUTICAL APPLIANCES. 
11,028/11. Za Anschutz and On | a ar 
Germany. yrencegte Compasses. b une 11, 
1910.—This invention relates toa 


roscopic com in which 
the axis of the gyroscope is fixed by 


vity in the horizontal 
plane, and therefore makes oscillations about the N.S. direction. 


Simultaneously with these oscillations in the horizontal plane, 
the axis makes small oscillations in the vertical plane. The inven- 





tion comprises a device for damping these oscillations by work 
‘ormed by the gy during the vertical oscillations. T 


adjacent to the lifting and forcing steam nozzle or nozzles, means, 
according to this invention, extend through the delivery 
hamber for positively operating the sliding nozzle and causing 





that end, on the movable system of the gyroscopic pass, in 
the N.S. direction, are arranged two vessels containing a liquid 
and connected by a capillary tube of a given time of passage. 
During the oscillation of the gyroscopic axis, differences of level 
are in the two vesse' Consequently liquid is forced 
from one vessel into the other, and the energy required for the 
purpose, which, during the passage through the narrow cross-sec- 
tion of the tube, is converted into heat, must be supplied by the 
oscillating spindle of the gyroscope. For that reason, the amplitudes 
of oscillation decrease to a corresponding extent. The narrow cross- 
section of tube produces a considerable lag between the oscilla- 
tions of the axis of the gyroscope, and the equalisation of the 
liquid, and that is of paramount importance. The required 





retarded movement of the masses, instead of being produced by a 
liquid, could also be brought about by a ball or a pendulum, which 
has to overcome a resistance in the path of its movements. The 
most favourable case is a time movement corresponding to about 
one-quarter of the time of oscillation of the compass. The drawing 
represents a cross-section through a gyroscopic compass. 3 is the 

roscopic casing, in which the gyroscope must be imagined to 
fe mounted about the spindle a, al. The float icarries the whole 
compass system. To the card bare secured two communicating 
vessels el and e2. The connecting tube 7 is of narrow cross- 
section. The vessels are filled with liquid—for instance, mercury 
—and are rigidly connected by means of a part d to the bearings 
of the gyroscope, and therefore when the compass oscillates, 
ener, aren off by the gyroscope to the liquid, and then con- 
ve into heat in thetube r. (Accepted October 25, 1911.) 


3768/11. R.S. Bagnall and Sons, Limited, and C. L. 
Sunderland. Ships’ udders. (6 Figs.) 

February 14, 1911.—This invention relates to ships’ rudders of 
that class in which the rudder-post and stock are made in separate 
parts detachably connected ther, and refers ——, to 
means for connecting the rudder-post to the rudder-stock, the 
means comprising, according to this invention, the formation of 
the cross- on the rudder and the top gudgeon on the stock, 
each to half encircle the rudder-post, and the provision of vertical 
flanges on both the stay and gudgeon connected by bolts. The 











r end of the post a projects above the lower end of the 
rudder-stock }, and part of the pling for ting the post 
and stock together forms the top gudgeon c of the rudder. The 
gudgeon may be in one piece with the stock as shown, or shrunk 
thereon, or otherwise fixed on it. The top gudgeon extends 
laterally to the rudder-post, and is flanged as at ¢ and shaped to 
half encircle it. The gudgeon is bol! to the inner end of the 
upper cross-stay g of the rudder, which is corre: dingly flanged 
at. and shaped to half encircle the stock. In the top of the post 
an _ is screwed for lifting purposes. (Accepted October 25, 
1911. 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


27,006/10. H. E. Gresham, Salford. ectors. 
(6 Figs.) November 21, 1910.—In injectors of the type adapted 


up 








it 


for lifting and forcing purposes, and having a sliding nozzle ex- 
tending into the overflow and delivery chambers, and automatic 
opening and closing overflow means in the combining nozzle 





the same to be clear of, or abut upon, the combining nozzle for 
lifting and forcing purposes tively. The nozzle a slides 
through a sleeve ) secured in the wallc separating the overflow 
chamber d from the injector delivery chamber e, the inlet end 
of the nozzle a being adapted to abut against the end of the 
combining and delivery nozzles. Further overflow may be 
provided in the end of the combining nozzle which passes 
within the cylinder-like extension on end of the delivery 
nozzle. The combining nozzle also has overflow apertures, 
closed by hanging valves g, at a point adjacent to the steam- 
inlet nozzle j, which serves both for lifting and forcing purposes. 
To positively move the delivery nozzle a, a spindle & is pro- 
vided ; this spindle extends through a stating box in the end 
wall of the a e, and is detachably secured to the 
delivery nozzle. e outer end of the spindle is pivotally 
attached toone end ofa lever m, by actuation of which the delivery 
nozzle @ can be moved away from the combining nozzle f so as 
to allow a very large area for the escape of the steam from the 
steam-nozzle j for water-lifting pu When the injector is 
—— normally, the pressure ip the delivery chamber e¢ acts 
upon the sliding acsvery nozzle a and forces the cylinder-like 
extension of the latter into engagement with the combining 
nozzle, so closing the outlet from the overflow gap or gaps at 
that point. (Accepted October 25, 1911.) 


TEXTILE MACHINERY. 


7722/11. Jonathan Hattersley and Son, Limited, 
Pe and J. Lee, Spinning-Frames. 
(5 Figs.) March 28, 1911.—The invention relates to spinning- 


frames, and has for object to further facilitate the securing and 
detaching of the a ae to and from the spindle. To this end, the 
invention consists in forming the spindle top and flyer-head each 





with a screw-thread of Y or triangular section, or of ‘‘ wire” or 
rounded section, of only two convolutions or thereabouts, com- 
mencing below the spindle-nose and top of the flyer-head respec- 
tively, and extending a short way down these parts, which at 
their lower sections are formed with long conica seatings. ais 
the spindle, b the flyer,’ a!, b! the screw-threads, and a2, 2 the 


conical seatings. (4 October 25, 1911.) 
MISCELLANEOUS. 
8776/11. J. Keith and C. Tuson, London. Centri- 
Fans. [2 Figs.) April 8, 1911.—Centrifugal fans for use 


where a sinall volume of air at a moderate — is required, 
and only hand-power is available, consist of the arrangement or 
combination of parts now to be described. The volute fan casing 
A is made in two parts, poy together by bolts and nuts, with 
packing interposed. CO is the fan runner having curved blades 
yl ; the runner is of comparatively large diameter and narrow 
width, and is secured to a — D mounted in ball-bearings 
arranged in the casing A and in a rotatable crank ber G. 
The casing A is grooved to receive resilient friction-rings H 
which are interposed between the casing and the fan spindle D, 
and are made of a diameter slightly greater than the distance 
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between the bottom of the groove and the periphery of the 
spindle, so that when the. rings are in place they engage and 
transmit motion to the spindle D. The rings H are driven by 
means of wheels mounted on pins on the crank member G, which 
member may be formed in with a spindle K coaxial with the 
— D, and rotatably mounted in a bearing L on the comng S. 
the spindle K having secured to it an operating handle M. e 
arrangement described permits a very high gear ratio to be 
obtained, and when such gear is used in conjunction with a 
narrow fan of comparatively large di ter, it is possible to 
obtain a suitable blast for the purposes mentioned. The resilient 
a self-adjusting and take up any wear, thus dis- 
pensing with the necessity for employing adjusting gear. (Ac- 
cepted November 1, 1911.) 











Srixt Larcer Cars.—The Pennsylvania Railroad 
Company has designed a new freight-car, 52 ft. long and 
of 80 tons capacity, for the hand of certain kinds of 
steel products, such as pipes and tubes, which are made 
in lengths longer than an omets freight-car, so that in 
shipment they have to be loaded across two cars. The 
company proposes to order 200 cars of the new type. 
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THE STEAM-TURBINE. 


(Concluded from page 786.) 

In concluding this series of articles reference 
may. be made to a certain semi-empirical formula, 
by which the principle proportions of a compound 
steam-turbine of any type may be determined with 
great ease and rapidity. The formula was first 
made public by Mr. E. M. Speakman in a paper 
read before the Institution of Engineers and Ship- 
builders in Scotland in 1905 (see ENGINEERING, 
December 8, 1905, page 761). The use of the for- 
mula was explained in somewhat greater detail in 
our issue of December 13, 1907. 

It is based on the hypothesis, which is nearly 
true, that two similar turbines will have same 
efficiencies if the value of N s? is the same for each. 
Here N denotes the number of moving rows of 
blades, whilst s stands for the blade speed measured 
in feet per second. In marine work the constant, to 
which this product is made equal, is often about 
1,500,000, but it is generally much higher in the 
case of turbo-electric generators. For many pur- 
poses the formula is more conveniently written in 

R.P.M. 


the form ‘ies ‘ 
n.(Z).( aa y=» 


where N, as before, denotes the number of moving 
rows of blades, d the diameter of the blade path 
in inches, and R.P.M. the revolutions per minute. 
For reaction turbines d is often taken as the 
diameter of the high-pressure drum. With the 
formula expressed as above, the value of \ ranges 
from 60,000 up to 180,000 or over, though so far as 
our information goes it has never yet reached a 
value of 200,000. Within certain limits the efliciency 
of a turbine is higher the higher the value of A, but 
for a stated number of revolutions the cest also in- 
creases with \ and at a much more rapid rate than 
the efficiency. 

In Fig. 36 the relation between the efficiency ratio 
of a turbine and the value of \ has been plotted as 
acurve. Most of the experimental points for the 
reaction turbine have been deduced from the pro- 
gressive trials of a very large and very efficient set 
of marine turbines. The point marked J refers, 
however, to a large 6000-kw. electric - lighting 
unit, and that marked E to the famous Elberfeld 
turbine. The point B represents the results obtained 
with a 1500-kilowatt unit. This was remarkably 
efficient, considering the size of the machine, and 
the plotted point indicates that if worked with 
the high superheats used by Continental turbine- 
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builders when making tests for publication, the 
machine would have attained nearly record results. 
In all the cases plotted, the “over-all” figure 
has been corrected for the generator losses. The 
two impulse turbines, for which the corresponding 
points fall on the curve, are both 6000-kw. units of 
the same type, but sold under different names. 
The point marked R represents the results attained 
with a 150-kw. impulse machine of rather an old 
pattern. It could, no doubt, be bettered now. 
The points given for the velocity-compounded tur- 
bines are based on guarantees, and are not the 
results of actual tests. The one with the higher 
efficiency is a 4000-kw. unit, whilst the other is a 
small 400-kw. set. The most notable feature about 
the curve is, perhaps, the remarkable way in which 
with turbines of all types the same value of \ gives 
about the same efficiency. 

It has, however, to be observed that in the case 
of the velocity-compounded wheel it is probable 


that any further considerable increase in the value 
of A would probably result in a diminution of 
efficiency, and to a lesser degree the same may, 





perhaps, be the case with the impulse type, whilst 
the etticiency of the reaction machine would con- 
tinue to increase for values of A much beyond the 
limits of the diagram. 

In applying the curve to practice there is a 
‘*size” factor to be taken into account. With 
small machines a reasonable efticiency seems to be 
more easily attained with velocity-compounded 
turbines than with rival types. The importance 
of this size factor is well shown by the fact that 
with a small reaction turbine a value of \ equal to 
180,000 gave only 0.63 efficiency ratio when reduced 
to the standard of Fig. 36. This machine had, how- 
ever, very large tip clearances. Similarly, the point 
for the 150-kw. impulse unit is very much below the 
normal for larger machines. 

All the results plotted in Fig. 36 have been 
reduced to the same standard conditions, the 
steam below the governor-valve being: taken as 
dry saturated, and its pressure as 165 Ib. abso- 
lute, whilst the condenser pressure is equivalent 
to a28-in. vacuum. If the steam were super- 
heated, the efficiency ratio would be increased, 
a point which should always be borne in mind in 
making comparisons between turbine tests. It is 
sometimes stated that the difficulty of securing a 
high efficiency ratio is greater, the greater the avail- 
able heat, but the very reverse is the case, if the 
increase in the available heat is obtained by super- 
heating. Turbines of all types seem to have practi- 
cally the same superheat corrections, so that all 
can easily be reduced to the standard of dry satu- 
rated steam. 

High vacua, on the other hand, generally lower 
the efficiency ratios, though they diminish the con- 
sumption per kilowatt-hour. The vacuum correc- 
tion is, however, not the same for all turbines, 
since, if a firm cares to try for a record, regardless 
of commercial considerations, the low-pressure end 
of the turbine can be built with a view to utilising 
very high vacua with good efficiency. For ordinary 
commercial practice, however, the correction curves 
given in Fig. 22, page 661 ante, may be taken as 
pretty generally applicable, but in tests of import- 
ance the true vacuum correction should be deter- 
mined by direct tests of the turbine. 

The method used in reducing to standard con- 
ditions the various tests plotted in Fig. 36 was to 
reduce the actual test figures to the case of dry 
saturated steam at the same pressure by means of 
the curves in Fig. 22 ante. A correction to the 
pressure of 165 lb. absolute was then made, by 
assuming (what is substantially true) that with a 
given turbine the efficiency ratio is constant for a 
given pressure ratio. Thus, if in a trial the observed 
pressure was 185 lb. absolute and the back pressure 
1 lb. absolute, the back pressure which would give 
the same efficiency ratio with an initial pressure of 


165 lb. absolute is ine x 1 = 0.892 lb. absolute. 


The consumption under these conditions can then 
be calculated, and finally corrected to a 28-in. 
vacuum, for which the curve, Fig. 37 (taken from 


EFFECT OF VACUUM UPON S1kam GVONSUMPTION OF STEAM= 
TURBINE OF L000. K.W. TURBO-GENERATOR. 
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Sir C. A. Parsons’ paper before the Institution of 
Naval Architects, April 9, 1908), was used for points 
outside the limits of Fig. 22, page 661 ante. 

The use of the coefficient \ can be illustrated as 
follows :—Suppose it is required to design a reaction 
turbine to have an efficiency ratio under the standard 
conditions of about 68 per cent. This will require, 
the curve shows, a value of \ of about 100,000. In 

F ad R.P.M. F 
racti = : 
i) ce the value of 10° ~ 100 for the high 
pressure end ranges from 18 to 29, the latter corre- 
sponding to a drum speed of about 127 ft. per 
— and the lower figure to one of 78.6 ft. per 
second, 





The highest blade speed is commonly associated 








with the highest valueof A. Forelectric-light turbines 
d@ RP.M. i. often about 27, and if we take this 
10 100 

value we get 


Whence 


N x 272 = 100,000. 
N = 138. 


If we decide to construct the turbine of twelve 


groups with a common rate of ,/2, this value of N 
must be increased to 144, or lowered to 132, so as 
to get a number divisable by 12, making \ equal to 
104,300 in the first case, and to 95,800 in the second. 

If we accept the first alternative, we will have 
twelve moving rows per group, or twenty-four stages, 
reckoning each row of blades, whether fixed or 
moving, as a stage. 

In order to keep down the length of the turbine 
and the length of the low-pressure blades, it is 
usual to build an electric-lighting turbine in three 
sections—viz., a high-pressure, an intermediate, 
and a low-pressure section, the former doing each 
one-fourth of the total work, whilst the low- 
pressure section is accountable for the remainder. 
Since the whole turbine is to consist of twelve 
groups, the high-pressure and intermediate sec- 
tions will each consist of three groups, and the low- 
pressure section of six. Further, the respective 
drum diameters are commonly made in the ratios 


of 1: V2:2. The number of rows in each group 
is made inversely proportional to the squares of 
these ratios, so that the high-pressure end will 
consist of three groups having each twelve rows of 
moving blades, the intermediate of three groups 
having each six rows of moving blades, and the 
low-pressure of six groups having each three rows 
of moving blades. The steam speed at entrance to 
the first row of the intermediate section is taken to 


be V2 times of what it was at the entrance to the 
high-pressure end, whilst thecorresponding figure for 
the low-pressure end is 2. Hence the blade height 
at entrance to the intermediate section is made 
equal to the blade height at the second group of 
the high-pressure section, and the blade height at 
entrance to the low-pressure section is equal to the 
blade height of the third group of the high-pres- 
sure section. 

It only remains to find the height of the first 
row of blades at the entrance to the high-pressure 
section. This will, of course, depend upon the 
output of the turbine and the revolutions specified. 
Assuming this is to be 2000 kw. at 1500 revolutions 
per minute, we have since 


= 18 in. 


The efficiency ratio being about 0.68, and the 
available heat about 320, the consumption under 
the standard conditions will be about 15.6 Ib. per 
kilowatt measured at the turbine shaft, or about 
16} lb. at the switchboard. 

Of this amount about 8.5 per cent. may be taken 
as flowing through the high-pressure dummy, so 
that about 15.5 lb. per kilowatt-hour will pass 
through the high-pressure blading. From Table I., 
on page 245 ante, the velocity of flow will be about 
217 ft. per second. The volume of steam passed per 


second is “00 x ae x Re 23.7 cub. ft. ; so 


that the area needed will be a 


15.74 
sq. in. 

If, allowing for tip clearance, we take the effective 
area as one-third the annulus, the annular area re- 
quired is 47.22 sq. in. The standard blade height 
most nearly corresponding to this is { in., giving 
an area about 10 per cent. greater than is needed. 
This may be adjusted in several ways if desired. 
The number of rows of blades, for instance, may be 
increased by 20 per cent., making A = 125,000, with 
a corresponding increase in efticiency, but involving 
a considerable increase in the length of the turbine. 
We may alternatively make the diameter 17 in.; 
then a blade height of { in. will be about right. 
This would reduce the value of A to 96,500. 
Actually we shaJl rely on the by-pass valve, and 
use # in. blades on 18} in. diameter, shouldering up 
the drum by this amount, so as to maintain the end 
balance when the by-pass opens. The make-up of 
the turbine thus becomes as shown in the first three 
lines of Table X., page 852. 

Some writers, in applying rules similar to the 
foregoing, calculate the speed of the steam into 
the first row of blades at the high-pressure end 
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TABLE X.—PROPOSED 2000-KW. TURBINE FOR DRIVING ELECTRIC GENERATOR; DESIGNED INITIAL PRESSURE 


AT FIRST ROW, 


165 LB. ABSOLUTE ; 











Hicu-Pressure Section. WEIGHT | INTERMEDIATE SECTION. 


REVOLUTIONS, 1500 PER MINUTE. 





























| Low-PREssuRE SECTION. WEIGHT THROUGH BL. 
THROUGH BLADES = 8.39 Lz. | WRIGHT THROUGH BLADES. a ADES, 
PER SECOND. 882 LE. PER SECOND. ” 9 LB. PRR SEconp. 
Group No. im th 1 * 3. 4. 5. | 6 7. 8. 9. 0 | 1. 12, 

1. Drum diameter Shy set es . ie ae 18 18 25} 2} | 5h 36 36 36 36 | 36 36 

2. Number of moving rows per group .. is ne 12 12 12 6 6 | 6 3 3 3 3 3 3 

%. Blade height h .. a oe ae oo. a q | 1 14 1 | 14 2h 1t | 23 3 4} 6 6* 

4. Clearance c ; a ee ” 0.020 } 0.020 0.020 0.025 | 0.025 | 0.030 0.050 | 0.060 0.060 0.070 0.080 0.080 

5B. h-e me ee] 0.730 | 0.980 1.480 0.975 | 1.475 2.005 | 1.450 2.065 2.940 4.180 5.920 5.92 

ie OA ee eee eee ve, eel 1.043 | 1.543 | 1.054 | 1.554 | 2190 / 1.607 | 2254 3.129 4.406 6.171 | 6.128 

7. Net area through blades (Qt .. : oe -. 8q, ft, | 0.1033 0.1860 | 0.2062 0.1917 0.2875 0.4150 0.4135 | 0.5860 0.8375 1.201 1.775 | 2.865 

8. Pressure on discharge from group Ps ot Ib. per 8q. in. | 2 124.0 86.10 | 42.22 29.10 20.40 14.21 9.65 6.35 3.908 2.381 1.470 

9. Volume o 99 a i x cub. ft. per lb. 3.628} 5.012 6.612 | 9.600 13.29 18.382 | 25.33 | $5.94 52.60 82.6 127.0 | 200.0 
10. Velocity 9 #9 on Or “s ft. per sec. 0 | 309.0 279.0 442.0 407.5 389.2 | 561.0 552.0 564.5 616.0 643.0 620.0 
lL. pa Vy oe co oe as 449.5 | 431.8 416.0 | 405.5 | 386.8 873.5 | 360.0 346.8 334.0 $21.3 302.8 294.0 
12. Mean blade speed ¢ ft. per =. 124.2 | 124.2 127.6 | 173.6 | 176.6 180.9 245.2 | 249.4 251.2 263.6 276.0 | 275.0 
13, 8 = = - | ee | a | 04s 0.39 ass | 046 046 | 0.45 0.45 0.48 0.48 0.44 

ON | 
t entrance to grou | | | | = 
14 ¢ = Pee = = .. 1.390 | 1.440 1370 | 1.490| 1.450; 1495 | 1495 | 1475 | 1.520/ 1.625] 1.640 | 1.620 
15. B (from Fig. 21, page 661 ante) 0.851 | 0830 | ose | ost2 | 0835 | 0.840 | 0.830 | 0,825 0.815 0.788 0.778 0.788 
16.N+1.05loga2 .. a . 24.14 24.15 24.14 | 12.18 12.17 12.16 | 6.17 6.18 6.19 6.22 6.225 6.22 
17. vx Bcos a(N + 1.05 log 2) -| 5735.0 | §880.0 /5500.0 4150.0 3960.0 | 3776.0 | 2681.0 | 2673.0 2700.0 2865.0 | 2960.0 | 2635.0 
18. “ os - -| 1490.4 | 1490.4 |1681.2 | 1041.6 1059.6 | 1085.4 | 735.6 748.2 753.6 790.8 825.0 825.0 
19. Q = line 17- line 18 ee wid ee -| 4244.6 4389.6 |3968.8 | 3108.4 2900.4 | 2690.6 | 1945.4 1924.8 1946.4 2074.2 2035.0 1810.0 
~ 8 | | | | > ~ 
20. Work done per lb. = s < se Q ft. Ib. ee -| 15,070 | 16,410 | 15,090 | 15,500 | 15,100 13,850 14,800 | 14,070 14,270 16,180 15,960 14,930 
Oe ee oes ed ee Pa B.Th.U.| 19.36 | 21.00 19.40 19.95 | 1940 | 17.80 | 1905 | 1810 ; 20. 20.52 19.40 
22, Total heat in 1 lb. of steam on discharge .. 90 1189.26} 1168,17 1148.77 1128.82 | 1109.42 | 1091.62 1072.57 | 1054.47 1026.12 1015.32 994.8 75.4 
23. Sensible ,, y ” ” ” oe ” 314.40 | 286.59 265.0 | 239.61 217.59 197.90 179.20 | 160.27 141.19 120.4 101.0 83.36 
24. Actual latent ,, ” ” ” * ” 874.86 | 881.58 883.77 | 889.21 | 891.83 893.72 893.37 894.20 894.93 894.92 893.8 892.0 
25. Latent heat of dry steam at same pressure oe 9 871.9 | 891.54 | 906.67 924.38 939.8 953.4 966.5 | 979.73 993.02 1007.6 1021.0 1033.4 
26. Volume of Pa »” a o cub. ft. per lb. 3. 5.067 | 6.790 | 9.865 14.00 | 19.54 | 27.40 | 39.39 58.38 92.39 147.0 231.7 
| } 























* Semi-wing blades. 


from the total heat available between the initial 
pressure and the exhaust. They assume that this 
velocity of inflow is directly proportional to the 
square root of the available heat, but this is incorrect 
unless the turbine is specially designed for the 
particular value assumed for the available heat. In 
fact, an increase of vacuum from 27 in. to 29 in. will 
increase the total heat of the steam by nearly 17 per 
cent., and on the hypothesis in question such a 
change in the vacuum should increase the speed 
into the first row of the turbine by about 8} per 
cent. Actually there is no measurable change of 
speed accompanying such an alteration in the 
vacuum. However the latter changes, the speed of 
inflow into the first row of the turbine is unaltered, 
and the same remark is nearly true when the 
initial pressure of supply is altered. Reducing the 
steam pressure in front of the first row of blades 
from 160 lb. down to 40 Ib. hardly affects the 
velocity of inflow into the first row of the turbine. 

Having obtained the general proportions of the 
turbine, a detailed analysis of it may be made by 
means of the curves in Figs. 18 to 21, e 661 
ante.* The whole calculation is shown in Table X., 
above. A 10-in. slide-rule has been used for 
effecting the various multiplications and divisions 
involved, and each individual result may therefore 
be slightly in error. Owing to the fact that com- 
putation is started at the exhaust end, any such 
error in an individual result tends to be eliminated 
in making the next calculation. Thus, if the value of 
x (line 14) for group 5, say, is too high, through a 
slight arithmetical error, this means that the value 
of p, for group 4 will also be too high, and hence the 
volume V, for group 4 will be too small. In that 
case the velocity of flow will be too small, and the 
value of x found for group 4 will be smaller than 
it should be, thus compensating for the too high 
value taken for group &. Where the calculations 
are made the other way about, starting at the high- 
pressure end, the reverse of this would be the case. 
Any error then made would be increased on making 
the calculation for the succeeding group, and thus be 
multiplied again and again all the way down the 
turbine. 

The flow of steam through the low-pressure 
blading was taken as 9 lb. per second. Calculation 
gave the low-pressure dummy leakage as 0.21 lb. per 
second, that of the intermediate dummy as 0.39 Ib. 
per second, whilst the high-pressure dummy passed 
0.82 Ib. per second. Hence 8.39 Ib. per second 
through the high-pressure blading, and 8.82 Ib. 
through the intermediate blading. The process of 


* A misprint occurs in Fig. 19, where for 


o=[in N+u 
100) Px Vx 

ty N+uzu 
read | 50 ot ae 


Pass | curve, Fig. 36, page 851. 


+ Q = mean circumference x (h + o ¢) X sina + 144. 


calculation was explained in detail on page 661 ante, 
and need not be repeated here. 

The final result is that to get the assumed flow 
underthe conditions premised at the exhaust end, the 
initial pressure should have been 172.2 lb. absolute 
(x py = 1.39 x 124.2) ata superheat of 25 deg. Fahr. 
The work done in the high-pressure section is 19.36 + 
21.09 + 19.40 = 59.85 B.Th.U. per pound of steam 
passing through the blade, which is equivalent to 


= —— = 55.1 B.Th.U. per pound of total 
steam. In the intermediate blading the work done 
was equivalent to 54.65 B.Th.U. per pound of total 
steam, the corresponding figure for the low-pressure 
seetion being 113.80, making a grand total of 
223.55 B.Th.U. per pound of total steam. Hence 
the consumption per ‘‘indicated” kilowatt is 
a 15.25 lb. As the total weight passed is 
9.21 Ib. per second, the indicated capacity of the 


machine is aa = 2180 kw., which, with 
a 28-in. instead of a 27-in. vacuum would be in- 
creased to about 2280 kw. 


If the generator efficiency is taken as 94 per cent., 
and the mechanical efficiency of the turbine as 
97 per cent., the consumption per kilowatt at the 
switchboard will be 16.75 lb. per kilowatt. The 
equivalent consumption of dry steam at the same 
initial pressure will be 17.18 lb. per kilowatt. 

The designed initial pressure is, however, 165 lb., 
and not 172.2lb. Hence to get the same efficiency 
with steam at this lower initial pressure, the pres- 
sure at discharge must be diminished from 3 in. of 
mercury to $ “5 = 2.875, equivalent to 
a@ vacuum in the exhaust-pipe of 27.125 in. A 
vacuum of 28 in. in the condenser corresponds at 
full load to one of about 27.9 in the exhaust-pipe. 
Correcting the vacuum to this figure by the curve 
given in Fig. 22, e 661 ante, the consumption 
will be 16.52 Ib. per kilowatt. Taking gland leak- 
age as 600 lb. per hour, the total will be increased 
to about 16.8 lb. per kw. measured at the switch- 


board, giving an over-all efficiency fom 


electric 

per cent. With a generator efficiency of 94 per 
cent., the efficiency ratio (turbine only) becomes 
67.2 per cent., which agrees very well with the 


As will be remembered, our preliminary calcula- 
tion indicated that the height of blading adopted 
would be on the small side, and the results of the 
analysis made in Table X. above shows that, with 
steam at 165 lb. per sq. in. (absolute) before the first 
| row of blades, the turbine would only just be about 
| equal to giving the desired 2000 kw. at the switch- 
| board. As has already been stated, with an in- 








creasing initial pressure the efficiency of the turbine 


t Superheated steam. 


will be unaltered if the exhaust pressure is raised 
in the same proportion. On the other hand, how- 
ever, the output will be increased in the same 
ratio, so that, with an initial pressure of 185 lb. 
absolute, the proposed turbine would have a 
good margin of power available. Again, the 
by-pass may be used to increase the output by . 
admitting steam direct to the second group, in 
which case the first rotates idly. The effect of this 
on the efficiency of the turbine can be ascertained by 
reference to the curve, Fig. 36, page 851. Cutting out 
the first group reduces the value of \ by one-twelfth 
—i.e., from 104,300 to, say, 88,460. The former value 
on thecurvecorresponds to anefliciency ratio of about 
68 per cent., and the corresponding figure for \ = 
95,600 is about 66.7 percent.,so that the consumption 
per kilowatt under the standard conditions will then 


16.8 x 68 


© 66.7. = 17.2 lb. per kw. at the switchboard. 


Under normal conditions the eleven groups now 
active did about eleven-twelfths of the whole work, 
and with 165 lb. initial pressure, the pressure in 
a of the first row of the second group was 
124.2 x 165 

172.2. = 119 lb. The output with the by- 
pass open will therefore be increased approximately 


: . 165 
in the ratio 449 < jo = 1.27, or by 27 per cent. 


As matters go there is a marked tendency to 
increase the speed of rotation of electric generator 
turbines so as to obtain the same output at a lower 
cost. Such difficulties as arise are mainly due to 
the generator, since turbines can be built to run at 
almost any speed. Generators of 2000 kw. capacity 
have been built to run at 3000 revolutions per 
minute, and such a speed for 1000-kw. units is now 
common. If with the same value of A we make 
the turbine speed 3000 instead of 1500 revolutions 
ae minute, the diameter at the high-pressure end 

ecomes only 9 in. ; but the length of the turbine 
and number of rows will be the same as before. 
The stiffness of the rotor is correspondingly dimin- 
ished, and hence there would be a considerable 
advantage in replacing the high-pressure end of the 
turbine by a velocity-compounded wheel to do 
about one-third the total work. 

Taking the blade path of the latter as 42 in. in 
diameter and the number of moving rows as two 
per stage, a complete velocity-compounded turbine 
would consist of three wheels with a total of six 
rows of moving blades. Hence 

42\2_ /3000\2 " 

h=6x (3) x (Tp) = 98.700, 

for which an efficiency ratio under the standard 
conditions of about 65 per cent. might be expected 
Actually, owing to loss by disc friction, the 
efficiency of the first of these wheels would be 
considerably less, since a 42-in. wheel, with two 
rows of moving blades, running in steam of 40 lb. 
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pressure, absorbs about 40 kw. to 50 kw., so that to 
bring up the efficiency of a turbine consisting of one 
velocity-compounded wheel followed by a reaction 
turbine doing two-thirds of the work, the value of A 
for the latter must be increased, say, to 120,000. This 
is best done by increasing the diameter of the low- 
pressure end rather than by increasing the number 
of rows. With a low-pressure end only 18 in. in 
diameter, 6-in. blades would be much too long, and 
there would be hardly room to provide for a double- 
i —— end. About the maximum value of 
d .M. é , 
10° 100 yet used for this part of the turbine 
is 81, and if we adopt this we get 27 in. as the 
diameter of the low-pressure drum. The number 
of moving rows needed for a complete turbine with 
A = 120,000 is 18.3. Hence for two-thirds of the 
turbine we may use 12 rows, divided into six groups 
of two moving rows each. Since a complete turbine 
would comprise nine such groups, the blade height 
ratio of successive groups may be made equal to 
64' = 1.59, and this, speaking roughly, will also be 
the value of x for the first group. Taking the steam 
there as at 404 lb. absolute, with a specific volume 
of 9.678, the speed of inflow into the group will be 
given by equation (1), page 246 ante, as about 500 ft. 
per second. This division of the turbine into groups 
with so high a common ratio of blade height does 
not tend to economy, but it is worth while adopting 
in this case, simply as an illustrative example. 
Calculating in the same way as in Table X., we get 
the results shown in the Table XI. 

For 165 lb. initial pressure, expanding down to 
39 Ib., the velocity-compounded wheel should be 
about 37 in. disc diameter, so as to give a blade- 


speed equal to i times the steam speed. Using 


Dr. Lasche’s curves given in Fig. 35, page 785 ante, 
it appears that this wheel would convert into work 
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Fic. 578 to 580. Hyprautic Moutpinc-Macuine 
HAVING THE RAM IN THE PresseR-Heap; THE 
BapiscHE MAsCHINENFABRIK UND ETISENGIES- 
SEREI, DURLACH. 


under the best conditions about 67.5 B.Th.U. per 
aoe of steam passed, which for this section may 

e taken as 9.21 1b. persecond. The reaction section 
as calculated does work equivalent to 143.8 B.Th.U. 
per pound of steam through the blading, or about 
140.2 B.Th.U. per pound of total steam. The sum 
of these two quantities is 207.7 B.Th.U., so that 
the consumption per indicated kilowatt with a 
26.9 in. vacuum is 16.45 lb. per hour, equivalent 
to, say, 18.1 lb. at the switchboard. Reduced toa 
28 in. vacuum, this is equivalent to about 17.1 lb. 
per kilowatt-hour at the switchboard, or not quite 
so good as was obtained with the “ straight” 
reaction turbine in spite of the higher coefficient. 


Taste XI.—Reaction Portion of 2000-Kw. Combined 
Turbine. Steam Pressure in Front of First Row oy 
Blades, 39 Lb. per Sq. In. Absolute; Volume, 10.16 
Cub. Ft. per Lb. ; Drum Diameter, 27 In. ; Six Groups 
with Two Moving Rows per Group; R.P.M. = 3000; 
9 Lb. of Steam Passed per Second. 








et. ~ als > & 1 ei) 6.1m 1% 





Blade height in| 2] | | | a | oat 
Clearance .. > | 0.030 | 0,080 | 0.040 | 0.045 | 0.050 | 0.050 


Work done per pound 
of steam —_— the) | 
blades .. B.Th.U.| 23,52 24.92 | 24.25 28.22 | 19.95 21.72 


* Semi-wing blades. + Wing blades. 

With 180 1b. to 200 1b. initial pressure a 42-in. 
wheel could be used, and a better return obtained 
from this part of the turbine. The deficiency 
shown is in part due to the use of rather too 
high a ratio for successive blade heights, and in 
part to the use of wing blades for the last section, 
these being relatively inefficient, but practically 
unavoidable in this case, as longer blades than 
44 in. cannot well be used on a 27-in. drum. 
Indeed, were it proposed to actually construct the 
turbine in question, it would be necessary to in- 
vestigate the safety of these blades under centri- 
fugal forces, and under the bending moment due to 
the drive and the pressure drop. In some cases 
where very high speeds and relatively long blades 
have been used in reaction turbines, the rotor has 
been built up of a number of solid discs, and the 
blades have n thickened at the bottom. The 
latter is an expensive procedure, and could be 
avoided by using a stronger metal for the blades and 
making them wider, so as to reduce the bending 
stresses. There seems no real necessity for using 
a disc construction for drum speeds of 370 ft. per 
second or so, since a not unreasonable thickness 





of drum gives an ample factor of safety. If the 
blades are not thickened at the root, the stress on 
the longer ones in the turbine as above propor- 
tioned, due to centrifugal action alone, would be of 
the order of 5300 Ib. per sq. in. of section at the 
root, and in addition they have to take a bending 
moment there. This moment is due in part to 
the drive on the blades and in part to the drop of 
pressure through them. 

As stated at the outset, the method of propor- 
tioning, based on such a curve as Fig. 36, is semi- 
empirical, and if accurate results are wanted in the 
absence of actual test figures of turbines of approxi- 
mately the same kind and dimensions, the methods 
of analysis already described in these articles 
should be employed, and these will sometimes point 
the way to improvements in blade proportions. 

Some firms still ‘‘ gauge” their blades ; that is 
to say, they do not keep all the rows of a group 
identical, but increase the discharge angle every 
few rows, so as to keep the steam velocity approxi- 
mately constant from row to row. Unless the 
total number of groups is small, this plan is dis- 
advantageous. The efficiency of a blade is not 
dependent solely upon the ratio of blade speed to 
steam speed, but also on the cosine of the angle 
of discharge. In opening out the space between 
the blades, what is gained by keeping down the 
ratio of the steam speed to the blade speed is lost 
by the corresponding decrease in the cosine of the 
angle of discharge. Under the usual conditions of 
working any considerable departure from the usual 
ratio of width of opening = } pitch seems to lead 
to inefficiency. Again, with ‘‘ gauged” blades of 
the same height as ungauged blades the amount of 
energy abstracted per group in the high-pressure 
and intermediate sections is reduced, thus crowding 
work on to the wing and semi-wing blades, which 
are less efticient than the normal type. 





FOUNDRY PLANT AND MACHINERY. 
No. XXXVI. 
By JosrrH Horner. 

A NOVEL design of machine by the Badische 
Maschinenfabrik und Eisengiesserei, of Durlach, is 
shown by Figs. 578 to 580, on the present page. 
It resembles hand-machines of the same general 
construction ; but, in order to quicken the rate of 
operation, the hydraulic cylinder is incorporated, 
being set in the unusual position seen, in the top 
cross-head. A box measuring 500 mm. square by 
90 mm. in depth can be accommodated. The table 
A is of the non-turnover type, bolted to the up- 
rights of the machine. On the table the pattern- 
plate B is mounted, receiving the box C with its 
sand-frame. Copes and drags are rammed sepa- 
rately, though, when a large volume of work is 
being done, the double machine, Figs. 581 to 583, 
page 854, on which both copes and drags can be 
arranged, offers better facilities. The box is lifted 
off by the studs D, D, of which there are four. 
The mechanism by which the ramming and lifting 
are actuated is as follows :— 

When the box part C is being placed on the 

ttern-plate and filled with sand, the presser- 

ead E is swung back out of the way by hand. 
This is rendered easy of — peer by the 
counteraction of the springs F, F attached at one 
end to levers on the rock-shaft G, and anchored at 
the other to lugs on the uprights. When the 
presser-head is swang back, its rods rest against 
the studs a in the ends of the bars H, H attached 
to the uprights. When brought into the vertical 
position for pressing, they rest against the studs b 
in the same bars, which studs are adjustable. 

When the sand has been filled in level with the 
top of the sand frame, and the presser-head brought 
over it, the lever J of the hydraulic valve is opened, 
by which the ram in the head is actuated. Pressing 
done, the handle is reversed, and the coiled springs 
anchored inside the crosshead E pull the ram back 
instantly out of the way, and the head is then 
swung back. Flexible metallic tubing is necessary, 
as shown, to connect to the ram, on account of this 
swinging movement. The hand-lever L is now 
lifted, moving a link M which lifts the frame N. 
This, sliding on pillars attached to the underside of 
the table A, lifts the studs DD, and delivers the 
box C from the pattern, thus completing a half 
mould. 

The double machine, shown by Figs. 581 to 583, 
page 854, is built substantially on the same design, 
the details of which need not be repeated. The modi- 
fications are, that the moulding-boxes are carried 
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Figs. 584 tro 586, Deer Parrerns To ILLUSTRATE 
DIFFICULTIES IN RAMMING. 





on opposite ends of a single main casting, and are 
rammed and delivered as just stated (the same refer- 
ence-letters being retained), but the presser-head 
serves both box parts in turn, being ran along on 
tracks OO, which flank the machine. The lever J 
which actuates the valve is double-ended, so that two 
men can be operating the ram in turn, oue at each 
box part, without moving from their positions. 
These and minor details are clearly shown by the 
drawings. 

We have now seen enough of ordinary standard 
machine types to appreciate the fact stated earlier 
in the series—that of the immense variety which 
exists in the practice of machine moulding. It is 


this extensive variation which renders the system 
adaptable to the requirements of nearly all foun- 
dries, of the small and general shops, as well as the 
large, highly specialised ones. There need be no 
difficulty in selecting a suitable machine for the 
first kind; but in the latter several matters must 
be weighed well before a final conclusion is arrived 
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at. In fact, in the large foundries, where speciali- 
ties are handled, machines of more than one design 
are usually installed. Machines of standard types 
are also modified and built specially to deal with 
certain products only. Often, again, the machines 
are wholly specialised, as we hope to show later, 
some indeed very much so. But even when the 
standard designs of machines are going to be laid 
down, their selection is not always an easy matter, 
while their satellite equipment often becomes a 
problem of equal importance with that of the 
choice of the machine themselves. And, further, 
these matters lie mostly outside the question of the 
methods of operation themselves, whether by hand, 
air, steam, or water Some consideration may now 
be given to these aspects before illustrating some 
machines and systems which are in many respects 
different from those previously described. 

With respect to the pattern-work and its method 
of mounting and delivery, each system which is 
commonly practised has been already illustrated, 
the case of some very special kinds excepted. 
We observe that the revolving machine - table 
divides favour with the non-turnover table ; 
and the solid table, again, with the open frame ; 
and the separate pattern-plate also with the 
system of attachment of the pattern parts directly 
to the machine-table. Also that methods of 
withdrawal vary, being sometimes upwards, some- 
times downwards, and these may be due to a 
movement of the machine-table itself and the 
pattern, or to that of the moulding-box only. These 
numerous differences are not of a captious or 
indifferent character, notwithstanding that on the 





bordering areas, which are very wide indeed, 
almost any one method would be as suitable as 
another. But when differences become very marked, 
and when large quantities of castings are in question, 
the choice of one method or system in preference to 
another becomes a matter for serious consideration. 
Little has been said about the actual preparation 
of pattern-plates, the details of which hardly come 
within the scope of this series. They have been 
touched on briefly, and illustrated. But we have 
seen enough to show that they are intimately re- 
lated to the numbers required off a given pattern or 
patterns. Patterns ‘of iron or brass or aluminium 
are used when large quantities of moulds have to be 
taken. But, in recent practice especially, much 
more attention has been given to the cheapening of 
patterns without sacrifice of durability. ron pat- 
terns screwed to, or cast with, iron plates are 
expensive, because of the cost of accurately getting 
up such patterns. The custom is growing, there- 
fore, of employing plaster-of-paris for plates, poured 
into iron frames. Into these the metal patterns, 
made separately, can be fitted, or prepared solidly. 
Figs. 584 and 585, annexed, illustrate a turnover 
late used on one of the hydraulic machines of the 
ondon Emery Works Company, which is seen fitted 
with pattern-plates and moulding-boxes rammed up. 
The pattern here are of white metal set in 
plaster-of-paris. These patterns, though deep, are 
rammed by hydraulic pressure on a turnover table 
type of machine, in which the pattern is lifted from 
its box. But plaster-of-paris is also often used, 
as just stated, for patterns themselves, prepared 
in one with the plate, and these, like the odd sides 
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or matches, which are made of sand tempered with 
linseed oil, are very durable, and are much less 
costly than the metal plates and patterns. But 
for absolutely permanent service the latter are 
superior to any others. 

The screwing of divided patterns to opposite 
sides of the actual machine table, though not so 
suitably adapted to the most permanent work, is 
of high utility in the general shop, where a few 
scores or a few hundreds of similar articles only 
are wanted in a twelvemonth. These can be 
moulded, and the patterns removed, and others 
substituted several times over during the course of 
a year on the same plate. But when large quan- 
tities are required, the patterns must be perma- 
nently mounted, either on the machine tables or 
on intermediate plates. Frequently, too, copes and 
drags will be rammed adjacent on one machine or 
else on separate machines. 

The question of the relative suitability of hand 
or of power-operated machines must be determined 





generally not only by the character of the work 
done, but also by reference to the power equipment 
which is available in a foundry. Obviously, though 
power machines are especially desirable in some 
classes of work, the heavier particularly, the 
power plant suitable may not be already in- 
stalled, and its initial cost may be too heavy 
to be seriously contemplated. Fortunately, hand- 
machines are admittedly qualified to deal with 
all light and medium heavy work, and numbers 
are also made quite suitable for heavy duty. 
In these, compound and toggle-levers are used, 
worm - gears, and well - counterbalanced rts ; 
yet they cannot be so economically handled as 
hydraulic machines, which are the best possible 
for massive work and for quick manipulation. 
The hydraulic system is also equally well adapted 
for lighter machines and moulds, so that where 
this is installed it is not worth while looking for 
any other power agent. The pneumatic system 
would have preference in many foundries, because 





compressed air is already in use for hoists and other 
mechanisms, chipping - tools, and sand - blast for 
cleaning castings. Where pressure water is not 
available, and compressed air is, the latter is a good 
agent, for the utilisation of which many machines 
are constructed. But its utilities have not so wide 
a range of application as the hydraulic system has, 
and the same observation applies to steam-power. 
The needs of the majority, perhaps, of foundries 
would appear to be better provided for by a good 
selection of hand-operated machines than by those 
using compressed air. General rules are hardly 
applicable in cases of this kind, but the special con- 
ditions and requirements of individual shops must 
be well weighed before laying down extensive 
machinery and plant of any kind. 

The economies of machine-moulding, regarded 
mainly from the point of time-saving—that is, 
irrespective of the great value of uniformity in the 
dimensions of castings—involve several distinct 
problems. These relate to ramming, delivery, 
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mending up, and the service of the machines. Let 
us look briefly at these in turn. 

The difference which is most obvious when com- 
paring moulding-machines lies between those in 
which the ramming is done by hand and those in 
which it is performed by power agencies. The 
question of ramming affects differently patterns of 
various forms. On methods of ramming the greatest 
emphasis is usually laid by manufacturers of the 
more advanced machines, notwithstanding that in 
many excellent designs hand-ramming is still 
adopted. The application of wy to ramming has 
presented great difficulties in the development of the 
moulding-machine, simply because there are cases 
in which its adoption is not wholly satisfactory. 
There are the cases of deep patterns with vertical 
sides, of patterns with very irregular contours, and 
patterns having projecting portions standing out 
laterally, above the lower parts of the pattern. Flat 
and shallow patterns, and deep patterns with convex 
sides offer nu difficulties whatever, but each of the 
others do. 

In moulds which are rammed by the pressure of 
the machine head alone, the sand is simply 
shovelled in, or fed in, and compressed either by 
one squeeze of the presser-head, or by a rapid 
succession of jars. The first is adopted in the hand- 
operated and hydraulic machines, the second in 
steam and pneumatic machines, and in the jarring 
or jolt, and the gravity machines. In all power 
ramming done thus, there are difficulties and risks 
due to two causes—namely, unsuitable shapes of 
patterns, or those which are ill-adapted to receive 
equal pressure of sand from top and bottom, and 
the risk of the sand lacking homogeneity. The 
second really results from the first, because the 
shape of the mould is such that uniformity of pres- 
sure cannot be imparted to the sand throughout, 
and therefore it will lack the homogeneity which is 
favourable to its stability. 

With regard to deep patterns, the troubles are 
that the sand when rammed wholly with a presser- 
head is denser nearer the head than it is next the 
lower parts of the pattern, though the opposite 
condition is desirable, and the result may be frac- 
tured moulds, or lumpy or scabbed castings. These 
facts illustrate the desirability of making presser- 
heads roughly approximating to the contours of 
deep moulds. This, however, can be avoided by 
hand-ramming the lower strata first, and then 
finishing with the presser-head. The same remark 
applies to patterns which have very irregular con- 
tours, in which some portions stand up consider- 
ably higher than others, the case being analogous 
to the previous one. The lower portions can then 
be rammed by hand, and the higher parts squeezed. 
If the numbers required off will pay for it, a 
presser-head is properly prepared, corresponding 
approximately to the contour, and the sand is 
squeezed thus with equal pressure. Many interest- 
ing devices of this kind, some very curious, have 
been patented and tried with varying degrees of 
success or failure. In some of these devices for 
distributing the pressure equally over the sand 
elastic diaphragms have been made filled out with 
compressed air. In others, adjustable groups of 
rods of wood have been disposed vertically. In 
others, again, gutta-percha has been moulded to 
the shapes required. But usually blocks of wood 
are cut roughly to the approximate contours 
required. The reason why contour-pressers are 
required for deep moulds which have also uneven 
surfaces is that pressure is not transmitted through 
amass of sand as it would be through a liquid, 
because there are spaces between the sand grains. 
When a moulder is ramming by hand he has to 
consolidate all the lower strata with the narrow 
pegging rammers before treating the upper strata 
with the flat rammers. He also often takes advan- 
tage of the character of the sand by ramming some 
portions harder than others where the conditions 
require it. 

A method which is commonly adopted to avoid 
the use of contour-heads is to remove some of the 
sand, after dumping, from the higher portions, so 
that there is an uneven layer left on the top of the 
mould. Then, naturally, when applying the squeeze, 
the sand is pressed harder on the higher parts and 
softer over those portions from which the sand has 
been removed. The operator soon learns what quan- 
tity to take away. Thus in the example shown, 
Figs. 584 and 585, e 854, the sand should be 


tucked in by hand at the bottom part of the deep 
recess between the two cover patterns, and a couple 
of handsful taken away from the top of the higher 





pattern, after which the mould would be filled up 
with sand and compressed. The example, Fig. 586, 
should be treated similarly, but Figs. 587 and 588, 
page 855, might be pressed at once. Regarded from 
this aspect, the shallow moulds never offer any 
difficulty ; while deep moulds, and especially those 
having sides perpendicular or nearly so, do. The 
moulds, therefore, which are the easiest to deliver 
are the easiest to ram. But the depths of moulds 
machine-rammed are much greater than formerly. 

Of late years the jar or jolt ramming-machines 
have been employed with considerable success in 
these classes of moulds. In this design, the table 
on which the pattern and mould are carried is 
lifted and dropped on an anvil beneath, being 
- aggnen very rapidly, generally by compressed air. 

he result is that the sand is packed closely next 
the lower parts, and less densely above, so that 
venting is not usually necessary. This method is 
better adapted for deep moulds than for shallow 
ones. The upper stratum of sand is gone over with 
the hand-rammer to consolidate it where it is least 
dense. The conditions are thus the reverse of 
presser-ramming. 

When patterns have portions standing out 
laterally from the body, no method of mechanical 
ramming can deal with these portions satisfactorily. 
They must be rammed by hand, though the upper 
portions can still be pressed or jar-rammed. This 
may be got over in another way by putting prints 
on the sides underneath projections, and coring. 

The time occupied, or saved, by the adoption of 
either of these power methods has to be set oft 
against that of ordinary hand-ramming. In a 
machine where hand-ramming absolutely is em- 
ployed there may still be some economy in time 
due to the fact that the moulder often occupies a 
position more favourable for working than he does 
when moulding work on the floor, with much con- 
sequent stooping. This last, however, is largely a 
matter of convenience and comfort; but the real 
essential economy of time is seen to result when 
hand and machine-ramming are contrasted. There 
are stages in the latter. The first stage is that in 
which some hand-ramming is combined with the 
use of the presser-head. ‘The latter saves the hand- 
ramming of the upper strata of sand, and the use 
of the loose-sand frame saves time otherwise spent 
in shovelling in uncertain amounts of sand, as the 
top ramming proceeds. When the shapes and 
depths of patterns are such that the presser-head 
can be used without any hand-ramming, then the 
total saving is that which equals the difference in 
the time occupied by hand-ramming, and pressing, 
or oreo | nearly the whole of the time of hand- 
ramming. This increases directly with the dimen- 
sions of moulds, so that in large moulds the 
economy will be measured not by minutes, but by 
hours. This explains why so much attention has 
always been given to the problem of ramming 
moulds, and especially to those of large dimensions, 
by mechanical pressure, and to overcome the 
limitations imposed by the shapes of patterns, as 
has been previously explained. We therefore 
arrive at the conclusion that methods of compress- 
ing sand are related to depths of mould and shapes 
of patterns. That hand-ramming is suitable for all 
shapes, but its cost increases as the dimensions of 
moulds increase. That moulds with loose projec- 
tions must have these portions dealt with by hand- 
ramming or by core prints. That deep moulds with 

lenty of slope can be treated by any power methods. 

oulds having very irregular upper faces can, with 
suitable precautions, be rammed by mechanical 

ressure, either by removing the sand from the 

igher parts, or by making contour presser-heads. 
Very deep moulds with vertical, or nearly vertical, 
sides offer some difficulties inall mechanical pressing- 
machines, however operated. In these kinds, there- 
fore, the new jar-ramming machines find the most 
satisfactory sphere to a far greater extent than in 
the shallower moulds. Very deep and heavy 
moulds are now regularly made on these machines, 
to be illustrated in an early article. 

We next consider the delivery of patterns by 
machine. Delivery is not economical of time. It 
occupies practically no longer when done by hand 
than when performed by the machine. A minute 
or two suffices for any patterns. But that is not 
at all the way in which to regard the economy 
afforded by the machine lift over hand-lifting. 

Mending-up so frequently follows a hand-lift 
that the two must be considered together. And, 
along with the fracture of portions of moulds which 
entails the mending-up, there occurs the variation 


from the pattern dimensions produced by rapping. 
So that though no real time is saved by mechanical! 
delivery if regarded alone, a great deal of time, 
often one or two hours, is saved by the contingent 
and practically inseparaLle sequel of mould repairs. 
Because of this very few machines outside the 
simple mould-presses are built without provisions fcr 
mechanical delivery. This is so important a func- 
tion that the best machines make provision for the 
take-up of wear in the sliding parts, and introduce 
—_— coverings to preserve these vital parts 
rom damage by the sand. 

With regard to the methods of delivery which 
are adopted on different designs of machines, the 
following is a brief statement of their broad utilities. 
The commonest method employed is: (a) To with- 
draw the mould downwards away from the pattern; 
or (b) the pattern is withdrawn downwards from the 
mould, along with its plate or machine-table ; or 
more often (c) in this case through a stripping-plate ; 
or (d) the pattern and its plate are lifted from the 
mould ; or (e) the moulding-box is lifted off the 
pattern ; or (f) the top and bottom moulds are with- 
drawn simultaneously up and down respectively 
from the pattern parts carried on one plate. 
Another method, which will be described later under 
the head of ‘‘ Special Machines,” is a lateral with- 
drawal in a horizontal direction. It might seem 
that if the delivery between pattern and mould is 
effected, the method of delivery could not be of 
much consequence ; neither is it on the bordering 
lines. But elsewhere the method selected is of 
great importance, and on the special machines some 
one method is adopted in preference to others. 

To withdraw moulds downwards (a) is a method 
which is suitable for all patterns, deep as well as 
shallow, as also is (e) the lifting of the mould from 
the pattern. Provided that the shape of the pat- 
tern does not interfere with withdrawal, in which 
case method (c) must be selected, which is simply 
a modification of (a). Method (a) is used in ma- 
chines with turnover tables, since the mould must 
be rammed when uppermost, and turned over 
before the pattern can be withdrawn. It is also 
adopted in non-turnover tables employing method 
(f), where the sand is pressed in top and bottom 
simultaneously. The methods (b) and (d) are only 
suitable for shallow patterns; within that sphere 
the work is simplified by the adoption of these 
methods. 

The foregoing—namely, the pattern mounting, 
its ramming and withdrawal—are elements which 
receive most attention in the design of machines. 
They are, of course, of first importance ; but they, 
nevertheless, concern the machine only, its output, 
the accuracy of the mould, and so forth. But there 
remains the service of the machines. There are 
here three elements involved, besides the speed 
and accuracy in actual moulding, which can be 
achieved on any machine. There are the supply of 
sand and flasks, and the removal and the handling 
of the moulds. There is no advantage in having a 
|big mould rammed and delivered in a minute if 
several minutes are lost in bringing up flasks, 
fetching and shovelling sand, and carrying away 
the finished moulds. Benes the popularity of the 
small cheap hand-ramming and hand - delivery 
machines, and portable types in many small shops, 
in which with small capital outlay a very large out- 
put is obtained with no wasted time. 

In the old foundries, where hand moulding alone 
was done, the need for conveying systems did not 
exist. In the majority of foundries to-day the only 
methods of transportation of sand, boxes, moulds, 
and castings are the trolley tracks, of floor or over- 
head types, or the various cranes, supplemented by 
barrows. Only with the growth of moulding- 
machine practice do these provisions become inade- 
quate. When, as is often the case, the day’s out- 
put for a single machine is from 100 to 400 moulds, 
something better than these devices becomes essen- 
tial. In some cases the moulds are laid on the 
edges of bars leading from the moulding-machines 
to the casting area, along which edges they are slid 
by the labourers. A much better method to be 
seen in many shops is the turntable, or ‘‘circus,” on 
which the moulds are placed, and which carries 
them round in succession to the moulding area. One 
of these is illustrated by Fig. 589, page 855. But 
this is not a complete system, neither is it suitable 
for heavy work. In a perfectly adequate system 
provision is made for bringing the sand and boxes to 
the machines as well as for taking the moulds away 
These must always be designed with special regard 
to the requirements of the foundry. But they can 
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only be dealt with adequately by conveying systems. 
Generally these are wholly extraneous to the 
machine, but in some few instances the sand supply 
is partially embodied in the construction itself, as 
in the gravity-fed machines. : : 

Up to one stage the large output of machines is 
met by having plenty of helpers, some bringing 
sand, others removing moulds, others coring and 
closing, and pouring them. The railway chair and 
brake shops afford familiar illustrations of this 
kind, whether they work on the plate-moulding 
system or utilise machines. In the next stage the 
portable machines, of which large numbers are 
made, meet the difficulty in another way. To save 
the labour of conveying sand, boxes, and moulds to 
and from a fixed machine, the sand is laid in a long 
heap, over or beside which the machine is moved 
on smooth wheels, and the boxes are arranged in 
rows alongside. The machine is travelled up and 
down the ranks, and as fast as the boxes are 
rammed they are laid in rows adjacent for casting. 
Although this system is mainly suitable for the 
lighter classes of work, some rather heavy machines 
are made portable. The economical limit, how- 
ever, is soon reached, and then the conveying 
systems must come in. They are chiefly associated 
with the hydraulic methods of operation. Rail. 
tracks and trolleys supply the service, and there is 
no carrying at all for the men to do. The same 
occurs in the feeding systems for the jar-ramming 
machines. Less than a minute is occupied in jar- 
ramming the largest moulds containing several 
hundredweights, often a ton, of sand. So that, 
apart from a rapid conveying system, such machines 
cannot be worked to their full capacity. The need 
for prompt and adequate supply is increased when 
the work of a mould is divided between two 
machines, as is often done, one man preparing the 
cope, the other the drag of the mould. Usually, 
too, another man cores, closes, and pours. Thus 
the work of one man doing hand-moulding is fre- 
quently divided between three, in addition to the 
economy afforded by the use of the machine. All 
these conditions have to be weighed in considering 
the maximum economies which can be effected by 
machine moulding. 








SIMPLIFIED METHODS OF CALCULAT- 
ING REINFORCED-CONCRETE FLOOR- 
SLABS. 

By Ricnarp Covutson, Jun., Assoc. R.C.Sce.I. 


THE following article shows a simple method of 
obtaining the thickness of a reinforced-concrete 
floor-slab, the superload and span being given. 
The case of slabs having a tension reinforcement 
only is dealt with, and the formulze make an exact 
allowance for weight of materials of construction. 


Notation. 


A —Area of reinforcement in square inches. 
E. —Modulus of elasticity of concrete in compres 
sion. . 
—Modulus of elasticity of reinforcement. 
—Span of slab in feet. 
—Moment of load on 12-in. width of -slab in 
pound-inches. 
—Moment of resistance of 12-in. width of slab in 
pound-inches. 
—Total thickness of slab in inches. 
—Arm of resistance couple in inches. 
—Maximum compressive stress in concrete in 
pounds per square inch. 
—Tensile stress in reinforcement in pounds per 
square inch. 
—Bending-moment factor. 
—E, /Ee . 
—Thickness of slab from upper surface to centre 
of tensile reinforcement in inches. 
w —Load onslabin hundredweights per square foot. 
we —Weight of reinforced concrete in pounds per 
cubic foot. 
x —Proportionate depth of neutral axis from upper 
surface of slab. 


The following assumptions are made :— 

1. That the moduli of elasticity in both concrete 
and steel are constant. 

- That the tensile strength of the concrete is 
nil. 

_3. That the compressive stress in the concrete is 
directly proportional to the distance from the 
neutral axis ; therefore any cross-sectional plane in 
an unloaded slab will remain plane when load is 
applied. 

4. That the stress in the reinforcement is con- 
stant over a cross-section. 

At equal distances from the neutral axis the 
stress in the reinforcement is + times the stress in 
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the concrete; so that if f, be the stress in the 
reinforcement, the corresponding stress in the 
concrete is f,/r ; then, from Fig, 1, 


wt:t=fe:(fe +fs/r) 
r= t fo : . 
r fe + fs 


From assumption 3 the average compressive 
stress on the concrete will be $ f,, so that the com- 
pressive resistance of a 12-in. width of slab will be 
6 xt f,, as shown in Fig. 2, where the equivalent 
eee area is represented by the shaded tri- 
angle. 

he arm of the resistance couple is the distance 
between the centres of gravity of the equivalent 
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resistance area and the reinforcement ; there- 
fore 
a=t(1-42). 

The moment of resistance of a 12-in. width of 

slab will be 
6at. te . ad 
or 
2 rfe2(Qr fe + 3fe) 
(r fe + Js 

Substituting the values recommended by the 

R.1.B.A. Joint Committee—namely, f. = 600.f, = 


16,000 . r = 15. 
R = 1140 @ Ib.-in. (3) 


The bending moment due to a uniformly dis- 
tributed load of w cwt. per square foot on a slab 
of span L, using a bending-moment factor m, will 


R= (2) 


1344 wT? bb.-in. per 12 in, width. 


The bending moment due to weight of slab of 
span L, using a bending-moment factor m, will be 


tc TH? thin. per 12 in. width. 





Therefore 
(4) 
Substituting the values w, = 150, T = ¢ + } in. 

m=" [1344 w + 150 (t+ 9) . 


Equating (3) and (5). 

L? 
t 

m 
Solving the quadratic, and neglecting the first 

term under the root sign (which is small in com- 

parison with the others), 


l2 1 
+L J* (1.18 w + 0.1) 


Mm 


L2 
M= (1344 w + we T) 
m 
(5) 


2 
1140 2 = 150 + ~ (1344 w + 112.5). 


t = 0.066 (6) 


Denoting if 1 (1.18 w + 0.1) by C; for slabs 
wm 


supported at ends (m = 8), equation (6) becomes 
t = 0.0083 L? + C. L (7) 
for slabs partially fixed at ends, or continuous over 
supports (m = 12), equation (6) becomes 
t.= 0.0055 L? + C. L (8) 
Diagram Fig. 3 gives values of C corresponding 
to various values of w, for m = 8, and for m = 12. 


Exampte I. 

A slab of 10 ft. span supported at ends is to 
carry a load of 1 cwt. per square foot; find th 
thickness of the slab. 

From the diagram the value of C for m = 8, and 
w = 1, is 0.4; therefore 

t = 0.0083 L? + 
= 0.83 + 4 
= 4.83 in. 

t = say 4g in., T = 5§ in. 


0.4L 


Examp.e IT. 

A slab of 12 ft. span, partially fixed at ends, is to 
carry a load of 3 cwt. per sq. ft.; find the thickness 
of the slab. 

From the diagram the value of C for m = 12, and 
w = 3 is 0.55. 

Therefore 
0.0055 L? + 0.55 L. 

0.79 + 6.6. 
= 7.39 in. 
t = say 7fin., T = 84 in. 

Area of reinforcement : 

In a 12-in. width of slab the total tension must 
equal the total compression ; therefore 


As fs =6at. fe 


t= 


or 
6trfe? 


4 2D seetee . 9 
Se (r fe + fe) ” 
The number of rods in a width of 12 in. will be 
12 
spacing of rods in inches’ 
which must be equal to 
As 
area of one rod 
Therefore, spacing of round rods in inches will be 
(diameter of rod)? x LOVhI rf +h) | (9) 
t rfe a 
Using }-in. diameter rods, and substituting for 
r, f., and f, as before. 
Spacing of rods = ° in. 
Which gives 


For example I., spacing of 4-in. rods = 6 in. 
For example II., spacing of 4-in. rods = 3{ in. 





(11) 





OVERHEAD SINGLE-PHASE RAILWAY 
EQUIPMENTS ON THE CHEMINS DE FER 
DU MIDI. 

ALTHOUGH much work has already been done in the 

electrification of railways on the single-phase system 

with an overhead conductor, the amount of experience 
in practical running is, none the less, small as com- 
pared with that relating to the third-rail continuous- 
current form of construction. One result of this is 
that there is yet no general consensus of opinion 
among engineers responsible for single-phase work as 
to the form many of the mechanical details which are 
peculiar to the system should take. The question of 
the nature and method of suspension of the overhead 
conductor illustrates this, and the number of different 
forms of construction in use almost equals that of the 
number of electrified railways. There is little doubt 
but that such construction will ultimately settle 
down into a more or less standard form, but for 
the moment it would appear to be impossible to say 
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what that standard form will be. The whole problem, 
which is, of course, almost purely a mechanical one, is 
of much interest and importance, and is certainly well 
worth the study which is being given to it. 

It is well known that in some cases in America 
the form of overhead construction adopted gave much 
trouble at first, although subsequent modification 
has resulted in satisfactory systems; while in other 
cases, a8, for instance, the Brighton electrification in 
this country, the overhead conductor appears to have 
worked with every satisfaction without modifications 
of the form adopted at the outset. In most of the 
single-phase equipments which have been installed, 
the work would appear to have been carried through 
without any comparative experiments on an extensive 
scale between different forms of construction, and such 
procedure has in many cases undoubtedly resulted 
very satisfactorily. Nonetheless, the policy adopted 
by the Midi Railway of France is an interesting one, 
and should certainly lead to the final adoption of a 
very satisfactory form of suspension. This railway, 
which has’ decided on an extensive electrification 
scheme in the neighbourhood of Toulouse, is at the 
present time actually proceeding with the work for 
the conversion of some 175 miles of single track, and 
in order to obtain an entirely satisfactory form of 
overhead construction, has equipped six sections of the 
line, each some 2 to 3 kilometres in length, with six 
different forms of gear, so that practical and fair trials 
may be made of each on an adequate scale. 

We are not in this article concerned with the whole 

of these equipments, nor with the experiments to be 
made with them, and propose only to describe the 
details of two of the forms of construction adopted. 
The gear built in accordance with these two forms 
has been supplied by Messrs. Vedovelli, Priestley, et 
Cie., of Paris, whose ¥ ¢x agents are Messrs. 
Laing, Wharton, Limited, of 7, Great Newpurt-street, 
W.C. The first of the forms is to the design of 
M. Paul, chief engineer to the railway company, while 
the second is of Messrs. Vedovelli, Priestley’s own 
pattern. M. Paul’s gear is illustrated in Figs. 1 to 5, 
annexed, and it will be at once seen from these 
figures that the arrangement is a somewhat unusual 
one, and that a rigid girder-like structure takes the 
place of the more common semi-flexible conductor. 
‘his girder structure is made up in lengths of 124 
metres, and as the distance between the supporting 
pillars, or towers, is 50 metres, there are four lengths 
to each section of the line. The girder is carried from 
a steel catenary cable suspended above it, and con- 
nected to it through insulators at the points formed 
by the joints between the various lengths. The 
normal height of the lower side of the girder above 
the running rails is 54 metres, rising to 6 metres at 
level-crossings, and falling to 44 metres at some of the 
bridges and tunnels. These dimensions are general 
throughout the line, and apply to the Vedovelli- 
Priestley as well as to the Paul gear. 

The construction of the conductor girder will be 
easily followed from Figs. 1 to 5. 1t is triangular in 
section, having angle-irons at its upper corners and a 
round-bottomed rail at its lower. ti e angle-irons and 





rail are fastened together with small angle-iron lattice- 
The various lengths of the girder 


work riveted on. 






(2570.c) 


are built up complete in the shops, and on erection 
are secured together with fish-plates, which are 
arranged with oval holes to allow for expansion and 
contraction. The conductivity of the girder is in- 
creased by running a bare aluminium cable along its 
upper side, this cable being connected to it at intervals 
by clips. No allowance for temperature difference is 
made in the suspending cables, as their expansion or 
contraction only results in the slight lifting or lower- 
ing of the position of the girder. It is obvious that 
the construction will present a very uniform surface 
for contact with the collector bow, and that there 
will be no hard points at the places where the suspen- 
sion wires connect to it. The towers or pillars are 
built up with braced steel sections, and are of simple 
form, as will be seen from Fig. 5. 

The Vedovelli-Priestley gear is illustrated in Figs. 
6 to 11, on page 859. The construction in this case 
is radically different from that employed by M. 
Paul, and consists of a simple catenary type of sus- 
pension, with droppers connecting the catenary with 
the copper contact wire. The steel catenary is 
attached to the contact wire by droppers, the vertical 
examples of which consist of small rigid bars of 
cruciform cross-section, while the inclined ones are 
made from round rod. The features of greatest novelty 
in the gear have reference to the compensating devices 
which are fitted to both the conducting wire and the 
catenary. These devices are not fitted uniformly 
throughout the line, since a trial is being made of 
different methods and combinations, in order to ascer- 
tain the most satisfactory arrangement for the work 
in hand. Thus in Fig. 9, in which it will be seen that 
the conducting wire in the neighbourhood of the left- 
hand supporting post is attached by vertical droppers, 
while that in the neighbourhood of the right post is 
attached by inclined ones, the two different arrange- 
ments are necessitated by the fact that while the con- 
ductor wire close to the right-hand post has a tension 

ear, in the neighbourhood of the left-hand post it 

as none. 

Two systems of compensating gear are employed, in 
the first of which a weight suspended by a chain acting 
over fixed pulleys maintains a constant tension on both 
the catenary and the 0! wire. This arrange- 
ment is shown in Figs. 6 to 9. In the second, a similar 
weight is employed, but acts only on the catenary, the 
constant tension in the conductor wire being maintained 
by spiral springs as shown in Fig. ll. The general 
lines of the tension gear will be followed from Figs. 6, 
7, and 8. The arrangement consists in essence of a 
horizontal pulley carried by the fixed arm of the post. 
This pulley has two diameters, one relatively small 
and the other of 840 mm., as shown in the figures. 
The tension weight acts on the large diameter 
through a chain and pulley system, as shown, while 
the catenary or conductor-wire is attached to the 
small diameter in such a way that the pull of the 
weight on the larger diameter, tending to rotate 
the pulle , maintains a constant tension on it. The 
details of the gear will be followed from the illus- 
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ulley in Fig. 7 showing the position of the collector 
ee when it is passing the gear. Various different 
forms of pole are being tried in connection with this 
installation, and mention may be made of the interest- 
ing ferro-concrete example shown in Fig. 11. 

The insulators used for all positions of tension 
throughout this system, as also for the Paul gear, are 
of Messrs. Vedovelli-Priestley’s special type, which is 
illustrated in Fig. 10. It would be difficult to describe 
the form of this insulator in words, but it is not neces- 
sary to try, as it is well shown in the figure, and it need 
only be said that the insulators are strung together by 
wire-rope links to form a chain of any length required 
to suit the voltage which is being dealt with. The 
appearance ot such a chain is well shown in Fig. 11, 
and in this connection it should be mentioned that the 
whole of this gear has been designed to deal with an 
overhead conductor tension of 12,000 volts. 








ALTERNATING - CURRENT CABLE TELEGRAPHY. — Bela 
Giti, of Budapest, has resumed his researches on the use 
of alternating currents for rapid cable-telegraphy with a 
view of refuting the objection that the signals would run 
into one another even at moderate frequencies. While 
experimenting on the use of heavy-current microphones 
for telephoning on telegraph lines, he had occasion to 
study the disturbing noises with the aid of yo 
and he shows, in a communication published by the 
Vienna Zeitschrift fiir Elektrotechnik und Maschinenbau 
of last October, by means of oscillograph curves that the 
lengthening of the signals, which causes them to run into 
one another, can only occur with direct currents. The 
experiments were made with artificial cables several 
thousand kilometres in length. He refers particularly to 
the different views held K. W. Wagner, who, Gati 
objects, commits the seas of regarding, for the sake 
of simplicity, alternating currents as alternating-current 
impulses, suddenly made, existing for a short period at 
maximum potential, and suddenly unmade again. Rapid 
ocean telegraphy with cables of 10-2henry self-induction 
would, in Gati’s opinion, be possible and should be tried 
on new lines, 
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and such as is available is nearly always confined to a 
few districts where contact with Europeans has neces- 
sitated the compilation of some figures for local commer- 
cial purposes. Nothing comprehensive has been achieved 
hitherto, but we understand that those responsible for 
this book, one of whom (Mr. H. T. Montagu Bell) has 
been at work on it at Pekin, have been able to interest 
the Chinese official world in the matter, and have thus 
received valuable assistance in their “7: The 
present jmternal movement in China can have but one 
end as regards the opening up of the country to com- 
merce, and to ideasof Western civilisation. This opening 
to foreign trade cannot much longer be delayed, since now 
the movement is receiving impetusfrom theinside. For- 
merly, when it was a question of adopting ideas suggested 
by foreign people, it was only necessary to appeal to 
prejudice to hamper very effectively any attempted pro- 
gress. The movement has other backing now, and once 
a large section of the people are determined to support 
the cause of progress, no Chinese Government will be 
able to stop it. It behoves our manufacturers, therefore, 
to be prepared for the opaaey which will shortly 
angele present itself of securing a very considerable 
trade in this or vay and it is to be hoped that they will 
not let themselves be out-distanced by other countries 
which have already had the sagacity to put themselves 
already in the field in expectation of the good things to 
come. By sending out carefully chosen men, and aioe. 
ing them oe pe as > done by other oe 
, our manufacturers, especially in the engineering branches 
Fie. 11. Frrro-Concrete Pore anp Tension Gear. of trade, should be able to secure a good foothold in these 
. . prospective markets. Under these circumstances the 

A Yrar-Boox on Cu1na.—We understand that Messrs. | will constitute the first attempt to compile a comprehen- | year-book to which we have referred above, if carried 
George Routledge and Sons, Limited, 68, Carter-lane, | sive year-book in connection with this great —— out in a thorough way, should prove of considerable 
E.C., have in preparation a year-book on China. This} Empire. Statistical and other definite information relat-| service to our manufacturers. We hope to review the 
book, it is hoped, will be published in January next, and | ing to China is extremely difficult to procure as a rule, | volume when it is issued. 
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INDUSTRIAL NOTES. 


Tue threatened lock-out in the cotton trade in North- 
East Lancashire came into force on Wednesday, and 
practically the whole trade has been brought to a 
standstill. The effecc will be best understood by a 
brief study of some figures. In the Blackburn and 
Burnley districts about 164,000 work-people are 
locked out, and as the spinning mills are only to work 
half-time, the total number of operatives affected is 
somewhere about 300,000. In Oldham alone there 
are more than 350 large mills, employing more than 
50,000 operatives. In addition, many more mills in 
other parts of the country will be silent. This is an 
extraordinary state of affairs in a trade that is just 
now experiencing a wave of prosperity, consequent 
upon trade-union tyranny in not allowing free men 
to work without binding themselves to the unions. It 
is feared that if the lock-out lasts more than a few 
days, the mills in the Oldham district will have to be 
closed down whether the employers are agreeable or not. 
At present South-East Lancashire has nothing to do 
with the quarrel. If, however, they take sides with 
the employers in North-East Lancashire, the situation 
will probably become more serious, for the operatives 
in the former district will probably bring up a number 
of old-standing grievances which the men would 
try to have remedied before they would commence 
work again. Put briefly, the whole of the Lancashire 
cotton trade is threatened. On Tuesday there were 
meetings on both sides, and the committee of the 
Federation of Master Cotton-Spinners’ Associations 
held a meeting in Manchester on Wednesday. At this 
meeting the following resolutions were adopted :— 

1. That in consequence of the threatened stoppage 
of looms in North and North-East Lancashire, and 
the inability of disposing during such stoppage of the 
whole of the production of yarn, this general com- 
mittee strongly recommend members of the Federation, 
until further notice, to close their mills each Saturday, 
Monday, and Tuesday, commencing Saturday, De- 
cember 30. 

2. That the above resolution applies to all spinnin 
firms whose spindles are engaged in the production o 
yarn for looms stopped in consequence of the present 
dispute. 

3. That a meeting be called as early as possible of 
the signatories of the Brooklands Agreement for the 
— of considering the position of spinners created 
y the present pepe dispute. 

4. That a meeting of this general committee be held 
next Tuesday to consider the position further. 

The spinners’ interest in the situation arises from the 
fact that if manufacturers in North-East Lancashire 
stop their looms, there will be no demand for the yarn 
spun in South-East Lancashire, of which Manchester 
is the centre and the market. 

After the usual Christmas holidays all the Rochdale 
mills commenced work on Tuesday, but on Wednesday 
morning notices were posted in practically all the local 
cotton-mills where weavers are engaged. While 
locked-out, trade-union weavers will, it is announced, 
receive 10s, a week from the funds of their associa- 
tions, the Amalgamation and the General Federation 
of Trade Unions, which have been officially notified of 
the dispute. 

As was expected might be the case, the Miners’ 
Federation ot Great Britain have decided to order 
a national strike ballot to be taken on the minimum- 
wage question. This was the outcome of a special 
conference which took » nae on Thursday in last 
week at Caxton Hall, Westminster, under the chair- 
manship of Mr. Enoch Edwards, M.P. The number 
of delegates present was 164, and they represented 
between 600,000 and 700,000 miners. The conference 
was adjourned till the following Wednesday, as the 
executive council wished to analyse the reports sub- 
mitted on the negotiations which had taken place 
between masters and men on the minimum-wage 
question in different districts. 

At the conference on Thursday in last week it was 
announced that the following resolutions had been 
carried :—‘‘(a) That a ballot vote be taken. (b) That 
the ballot vote be taken on January 10, 11, and 


12, 1912. (c) That no half- members be allowed 
to vote. This resolution refers to miners who pay 
half the erdinary subscription to their union. They 


are usually boys below a certain age, which, however, 
is not uniform in all districts. (d¢) That the result of 
the ballot in each district be seat to Mr. Ashton not 
later than January 16, 1912. (e) That in case the 
ballot vote results in a two-thirds majority in favour 
of a national stoppage, notices be given in every 
district so as to terminate at the end of February, 
1912. (/) That each district send to Mr. Ashton a 


tabulated statement of what it desires to be its mini- 
munr wages, and that the executive of the Federation 
meet to consider these statements, and report to a 
national conference to be held in Birmingham on 
January 18,1912 (g) That the form of the ballot-paper 
should be as follows: —Are you in favour of giving notice 
to establish the principle of a minimum wage for 





every man and boy working underground in the mines 
of Great Britain? (h) That during negotiations special 
machinery he set up in each district fur dealing with 
exceptional cases, such as old and infirm workmen. 
Resolution (¢) aims at a simultaneous laying down of 
tools in every part of Great Britain. It was decided 
that the question of the abolition of the three-shift 
system should not be mixed up with that of the mini- 
mum wage.” From these resolutions it is now pretty 
clear that there is nothing to preventa national stop- 
page of work in the coal-fields of Great Britain early 
next year except the failure of the ballot to show a 
two-thirds majority. The day has so far been won 
by the extreme party, whose stronghold is South 
Wales, and if the rest of the country allows itself to 
be governed by this party there is little doubt that 
there will be a strike. In Lancashire and Yorkshire 
also many extremists are to be found. Some of the 
miners’ Members of Parliament are, however, strongly 
opposed to a national strike. 

Jt was announced early this week, however, that un- 
expected complications had arisen which might pre- 
vent the ballot of the men on the strike issue being 
as clear and emphatic as such a verdict should be. 
There is, particularly in South Wales and Lanca- 
shire, a growing disposition to criticise the leaders 
because of the circumstances under which the ballot 
came to be taken. It is claimed that the executive 
have full power to declare a national stoppage 
without a ballot, and that the latter is not necessary. 
It is urged that, if the leaders must have a ballot, 
the vourse they should take would be to hand 
in notices in time to expire on February 1, and take 
the ballot while the notices were running out. The 
feeling against the leaders is said to be very bitter in 
Northum 
tion of Great Britain to make a referendum on the 
three-shift system. The result of this feeling is that 
there is an inclination to boycott the proposed ballot. 
By the time the ballot is to be taken it is quite possible, 
however, that a good deal of this irritation may have 
passed away. If not, it may materially affect the 
result. 





Labour troubles have again broken out at Llanelly, 
for 100 tramwaymen struck work on Thursday in 
last week, and in the evening the car service was 
stopped. Efforts were made to carry on the service 
with non-union labour, and these efforts were, to a 
certain extent, successful during the daylight hours, 
but failed when darkness came on. The men have, it 
is stated, pledged themselves not to return to work 
until terms as fair as those in operation at Swansea 
have been granted. 





The strike of carters and lorrymen at Dundee is at 
an end, and on Monday last the town resumed its normal 
aspect, work being again in full swing. Great efforts 
were made on Sunday to get long-delayed supplies to 
their destination, and at midnight on that day coal 
contractors rushed Jarge quantities of fuel to the mills, 
factories, and other works which had been closed down 
in consequence of the strike. During Monday work 
was resumed at most of the factories. Work was 
also busy at the docks, where a congested state of 
affairs existed owing to the heavy accumulation of 


goods. 





Some time ago certain hands were discharged from 
the works of Messrs. Huntley and Palmers, of Reading. 
On Friday last Sir Rufus Isaacs, M.P. for Reading, 
receivéd a deputation from these workpeople, as he 
had interested himself on their behalf. He told them 
that he had seen the directors of the firm, and had 
received from them the following intimation :—‘*‘(1) 
No person has been, or will be, discharged simply 
because of having joined a trade union; but if any 
servants of the company, whether trade-unionists or 
not, show disloyalty to the company by circulating 
false statements relative to theiremployers or employ- 
ment, by impeding the ane discipline of the fac- 
tory, or neglecting their work, by intimidating fellow- 
workers, by employing the time for which they are 
paid in the factory upon purposes other than their work, 


they will not be retained in the service of the company. 
(2) At the recent shortening of hands no persons 
unless 


— temporary hands) have been dischar 
they have given rise to dissatisfaction in one. or the 
other of the particulars mentioned in paragraph 1. 
No man is taken on at the factory at a lower w 

than 19s, per week. Wages are considered by the 
directors themselves twice a year, when every em- 
ployee has a chance in a personal interview of urging 
any claims which he may have. In addition to this, 
it has always been, and is, a tradition of our com- 
pany, faithfully observed, that all employees have the 
right of access to their directors upon any subject con- 
cerning their interests and the welfare at the factory.” 





A special meeting will be held to-day to consider the 
question of a closer union between the four railway 
trade unions—the Amalgamated Society of Railway 


rland because of the refusal of the Federa- h 





Servants, the Associated Society of Locomotive En- 
ineers and Firemen, the General Railway Workers’ 
Jnion, and the United Signalmen’s and Pointsmen’s 

Society. There is a very strong feeling among the 

rank and file of the four unions in favour of amalgama- 

tion, but it is doubtful whether the statutory two- 
thirds majority can be obtairied in all the unions. 

Amalgamation is looked upon as more necessary now 

than ever since the amended conciliation scheme out- 

lined by the Royal Commission report has been 
accepted, and it is understood that a draft scheme has 
been prepared providing for the pooling of funds, 
standardisation of benefits, and other changes neces- 
sary to give effect to the desire for amalgamation. 

The executive council of the Associated Society of 

Locomotive Engineers and Firemen do not care to go 

so far as to recommend amalgamation, but have pre- 

pared a scheme for the federation of the unions as an 
alternative ; it is not thought likely that this will 
be accepted by the Amalgamated Society of Railway 

Servants. 


It is proposed by the Carpenters and Joiners and 
Furnishing and Cabinet-Makers’ Societies of London to 
make a number of important alterations in their work- 
ing rules. An increase of 14d. an hour in wages is to 
be stipulated for, bringing the minimum rate up to 1s. 
ad hour. A reduction of the working hours in summer 

rom fifty to forty-seven hours a week, and payment 
for overtime at the rate of double time is in the pro- 
gramme. The Master Builders’ Association have had 
the new rules submitted to them, and if they are 
approved they will come into op2ration in June next. 
Such new rules certainly appear strange after the long 
spell of depression through which the building trade 
as passed. 





In connection with the agreement arrived at on 
December 15 at a conference held under the chairman- 
ship of Sir George Askwith, between the London 
Motor-Cab Proprietors’ Association, Limited, and the 
London Cabdrivers’ Trade Union, a court of arbitra- 
tion has been appointed, consisting of Viscount 
St. Aldwyn (chairman), Mr. L. A. Martin (a managing 
director of Henry Tate and Sons, Limited), and 
Mr. C. W. Bowerman, M.P. (secretary of the Parlia- 
mentary Committee of the Trade Union Congress). 
The question to be referred to the court is :—‘* What 
are the fair and proper conditions of service and pay- 
ment under which the taxicab drivers should work, on 
the assumption that the existing fares remain un- 
altered ; without prejudice to either party being 
entitled to show what improvements might be expected 
if a change in fares, either by increase or decrease, 
were made.” 








THE Hornsby O1n-ENGINE: ErratuM.—In our notice, 
on e 772 of our last issue, of this engine as exhibited 
at the Smithfield Show, we stated that it was now built 
to develop as much as 270 brake horse-power. Messrs. 
Richard Hornsby and Co., of Grantham, inform us that 
this is an under-statement, and that they have supplied 
engines of 370 brake horse-power. 





Contracts.—Messrs. J. W. Brooke and Co., Limited, 
Lowestoft, state that amongst recent important orders 
received for Brooke motors is one just to hand from the 
Greek Government for six sets of 25-horse-power Brooke 
marine motors, and full equipment of reverse gears, tail- 
shafts, propellers, &c., for revenue boats for use amongst 
their islands, and for six search-light plants to consist of 
4-horse-power Brooke marine motors with dynamos on 
cast-iron base-plate, switchboards, and 6000 c.p. pro- 
jectors.—In our last issue, on 799, we stated inad- 
vertently that Messrs. Ed. Bennis and Co., Limited, had 
recently secured contracts for sixteen of their stoking 
installations; the figure should read one hundred.— 
The Maschinenfabrik Augsburg-Nurnberg A.-G., whose 
London office is at Caxton House, Westminster, S.W., 
state that between October 1 and November, 30, 1911, 
they have received orders for a total of 29,030 brake 
horse-power of high power Nuremberg gas-engines, eleven 
engines in all, for Germany and France. 





PERSONAL. — Messrs. Moncrieff P. Ford and Co. 
engineers, Birmingham, state that their steadily in- 
creasing business led them to secure premises within 
five minutes’ walk from the Midland and London and 
North-Western stations. Their full address, on and after 
January 1, will be 12, Bromsgrove-street, and 64 and 65, 
Dean-street.—Messrs. H. W. Ward and Co., Limited, 
machine-tool makers, Birmingham, state that they have 
made arrangements with the purchaser of the freehold 
of the Lorraine-Dietrich Works, Bournbrook, for their 
occupation, to relieve the congested state of their present 
works. and afford greater facilities for the manufacture 
of their products. They have put down new machinery, 
and intend commencing operations immediately. Their 
head offices and show-rooms will remain, as before, in 
Lionel-street, Birmingham.—We are informed that Mr. 
Kk. C. Reed, chief publicity writer to the Westinghouse 
Companies’ publishing department, has been appointed 
sales manager to Messrs. Miles, Sykes, and Sons, of 
Calder Works, Sowerby Bridge. Mr. will take 
up his new duties early in the new year. 
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DOUBLE CANTILEVER 120-TON FLOATING 
CONSTRUCTED BY THE PRAGER M \SCHINENBJU ACT 
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SCropting, see Page 861.) 
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DOUBLE CANTILEVER 120-TON FLOATING 
CRANE AT THE POLA DOCKYARD. 


WE illustrate in our present issue a floating crane of 
exceptional size, which is now in use at the Austrian 
Nwval Dockyard, Pola, on the Adriatic. The crane is 
designed to deal with the heaviest weights in ship 
construction and also, on an emergency, to raise sunken 
submarines. It was built by the Prager Maschinenbau- 
Actien-Gesellschaft, Prague, to whom we are indebted 
for the drawings from which our engravings have been 













































































































the whole height of the pontoon forward, through which 
the ropes from the rear crab can be led for lifting a 
sunken submarine. In this case, the ropes from the rear 
crab, passing down through the hatchway in question, 
would be secured round the aft end of the submarine, 
those from the front crab being secured round the 
forward end. By this means, the submarine could be 
raised sufficiently out of the water for rescuing the 
crew through the conning tower, when the necessary 
steps could be taken with more leisure for salving the 
submarine itself. The lifting gear and tackle are so 
designed that a sunken load can be raised in one 
operation from a depth of 40 m. (131 ft. 3 in.) and, on 
an emergency, from a depth of 50 m. (164 ft.). After 
carefully considering the advantages and disadvantages 
of both chains and wire ropes for the floating crane in 
question, it was decided to use wire ropes, made of 
galvanised steel wire. 

The principal dimensions of the crane are given in 
Figs. 1 to 3 on Plate LXVI. The maximum height 
of lift above water-level is 24 m. (78 ft. 9in.). The 
rear crab can, as above stated, occupy a position 
of 1.5 m. (5 ft.) maximum from a line corresponding 
with the front edge of the pontoon when the front crab 
is under its maximum load. Under these conditions, 
a 240-ton load can be raised, the vertical axis of the 
load being at a distance of 3.6 m. (11 ft. 10 in.) from 
the front edge of the pontoon, and the crabs working 
together as shown in Figs. 10 and 11, page 862. 
During the tests of the crane each crab was made to 





the capstan drum amounted to 31,300 kg. (75,000 Ib.) 
under the test load above referred to. 

The ropes were manufactured by the St. Egyder 
Eisen- und Stahl-Industrie, Vienna. The strands are 
double, one on the other, so arranged that each part 
acts against the tendency of the other to twist ; this 
ensures the rope remaining perfectly even and there 
is no risk of its turning. e two lifting ropes are 
each 800 m. (2625 ft.) in length, they are 55 mm. 
(2.16 in.) in diameter, and are made of 1.4 mm. 
(0.051 in.) cast-steel wire ; the steel is stated to have 
a breaking strain of 160 kg. per sq. mm. (101 tons per 
> in.) which would give to the rope a breaking strain 
of 192,000 kg. (460, Ib.). The ropes weigh 11.4 kg. 
per metre length (7.7 lb. per ft.). The factor of 
safety, under the tests above referred to, works out 


192, 


the section, Fig. 4, of our two- plate, and consist, 
as will be seen, of nine strands wound round a core 
formed of a tarred hemp rope ; round these nine strands 
are wound fifteen others of similar make ; each of the 
24 strands is made of 1.4 mm. (0.051 in.) cast-steel 
wire in three layers round an iron core. The two 
lifting ropes weigh 18,260 kg. (43,800 lb. ). 

The traversing ropes are shown in section in Fig. 5. 
They have a breaking strain of 70,000 kg. (168,000 1b. ), 
and are 34.5 mm. (1.357 in.) in diameter. They are 


therefore at = 6.1. The ropes are shown in 





| practically similar in make to the lifting ropes. 













































































prepared. i. 1 to 3, on Plate LXVI., are respec- 
tively a side elevation, an end elevation, and a plan of 
the crane ; Figs. 4 to 7 on the same plate are sections 
through the various lengths of rope, to which we shall 
refer later. Figs. 8 and 9, above, give details of the 
winding gear. The lifting gear is illustrated in Figs. 
10 and 11, on page 862, Fig. 12, on the same page, show- 
ing diagrammatically the arrangement of the winding 
and crab-traversing ropes. Fig. 13, on page 863, is 
a view of one side of the cantilever jib in course of 
erection on land, and Fig. 14, on page 866, is a general 
view of the crane afloat in Pola Dockyard. 

According to the specification, the crane had to be 
provided with two crabs, each having a lifting capacity 
of 120 tons, the crabs. being so designed that both 
could be used simultaneously, especially for the lifting 
of submerged loads, in which case the rear crab has to 
work at a maximum distance of 1.5 m. (5 ft.) from a 
line corresponding with the front edge of the pontoon, 
the front crab being close against it. A kind of hatch- 
way, measuring 7.6 m. (25 ft.) in length and 3.4 m. 
(11 ft. 2 in.) in width (see plan, Fig. 3) is cut through 





carry a load of 150 tons, the rear orab being at a distance 
of 1.5 m. (5 ft.) and the front crab at a distance of 
14.5 m. (47 ft. 7 in.) from a line corresponding with 
the front edge of the pontoon. 
When, in normal dockyard work, the front crab only 
is used, this can lift 120 tons at a distance of 14.5 m. 
(47 ft. 7 in.) and 90 tons at 18 m. (59 ft.) from the front 
edge of the pontoon. The arrangement of the ropes is 
shown in Fig. 12, page 862; as will be seen, all the 
ropes are placed symmetrically and all the forces con- 
verge towards a common centre. The traversing ropes 
are double for each crab and each direction of travel ; 
| they are on the endless system and run round the pulley 
at the forward end of the cantilever, Fig. 12. At first 
| sight, the arrangement of the ropes appears somewhat 
‘complicated ; but since both crabs travel on one and 
the same tracks, and the traversing and lifting ropes are 
designed to work simultaneously, provision had to be 
made for the ropes to run free one from the other. 
| For the same reasons the tackle was designed wider 
than is usually the case. The purchase of the lifting 
tackle is 1 in 8, and the greatest pull of the rope on 





The upper sling ropes of the lifting gear, shown in 
Figs. 10 and 11, are of cable type, and are illustrated in 
section in Fig. 6 of our wore: late. They consist 
of a tarred hemp core, round which are wound six wire 
ropes; each of these ropes is formed of eighteen strands, 
wound round a tarred hemp core, each strand consisting 
of fourteen cast-steel wires, 1.25 mm. (0.049 in.) in dia- 
meter. The rope itself is 82 mm. (3.228 in.) in diameter, 
and has a 278,000-kg. (667,000 lb.) breaking strain. 
The lower sling ropes, shown in section in Fig. 7, 
are of similar make, of 1:1 mm. (0.042 in.) wires; they 
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are 68 mm. (2.677 in.) in diameter, and have a breaking 
strain of 185,000 kg. (444,000 Ib. ). 

The winding gear, Figs. 8 and 9, contains the three 
drums A, B, and C, for traversing the crabs ; these are 
shown also in the diagram, Fig. 12. The drum A 
operates the forward crab, while those marked B and C 
operate the rear one. There are on each side of the 
winding gear three endless screw and wheel sets, 
of which one serves for traversing the crab, the two 
others operating the lifting mechanism. The six end- 
less screw and wheel sets are closed in by a casing. 
The bearings of the worms and wheel gearing are 
adjustable for wear. The worm-shafts are hollow, 
and through them runs another shaft, which rests on 
separate bearings, also adjustable for wear. The inner 
shafts are each provided with three friction couplings, 
the corresponding half of each coupling being keyed 
to the worm-shafts. 

One of the two inner shafts—the lower one in Fig. 9— 
remains coupled to the steam-engine, and operates the 
forward crab both for traversing and lifting. The 
second, ——— shaft is operated by a friction-coupling 
close to the steam-engine by a bevel-wheel set and an 
intermediate shaft ; this means motion is trans- 
mitted to the gear working the rear crab. 

The ends of the two lifting-ropes are secured at 
the rear end of the cantilever-jib (see diagram, Fig. 12). 
From thence they run over the pulleys in the crabs, 
round the lifting tackle, and the horizontal guide- 
pulley a at the front end of the cantilever, back to the 
rear end of the cantilever, thence over a guide-pulley, 
downwards round the winding-drums D (Figs. 8, 9, 
and 12). Nine turns are taken round these drums, the 
rope being then led on to the pulley E on the top 
of the latticed tower, then round the pulley F, pro- 
vided with a counterweight, round pulley G, also at 
the top of the latticed tower, thence round the roller H 
to the drum J on which it winds. The total lift 
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of the crane being 64 m. (210 ft.)—i.e., 40 m. 
(131 ft. 3 in.) below, and 24 m. (78 ft. 9 in.) above 
water-level—and since the purchase is in the ratio of 
1 : 8, each lifting-drum has to wind 8 x 64, or 512 m. 
(1680 ft.) of rope. The winding-drums are operated, 
according to the load, either by the endless screw and 
wheel K (Fig. 9) and the spur-wheel L, when the speed 
is a comparatively low one and the endless screw and 
wheel M runs loose, or the latter gear M is made 
to work, thus driving the spur-wheel N, when the 
ear K runs empty and the lifting speed is increased. 
he various couplings are set and released, and the 
change from slow to high speed are effected hydrauli- 
cally from the driver's stand. The engine-room con- 
tains an hydraulic accumulator ; the pressure-pum 
connected with this is driven by a shaft with tocthed. 
wheel gearing from the circulating-pump engine, from 
which it can be disconnected at will. Dial-plates 
show all the positions of the crabs and the loads. The 
crab-traversing mechanism is automatically cut out 
when the crabs have reached their extreme positions. 

The crabs are shown on & small scale in Figs. 10 and 
11; they are each carried on eight wheels cast in 
steel, means being provided to prevent all eccentric 
strains on the structure. There are four pulleys on 
each side of the vertical axis of each crab; three of 
these are steel castings, and the fourth, which serves 
only to carry the hoisting-rope from one crab to the 
other, is of cast iron. 

The crane proper, and the pontoon, are built 
throughout of ship-quality steel, having a strength 
of from 44 kg. to 55 kg. per sq. mm. (28 to 35 tons 
per sq. in.), and a minimum elongation of 20 per cent. 
on 200 mm. (8 in.). The legs of the crane are join 
on the deck of the pontoon, as shown in Figs. 1 to 3. 
On the deck are fitted four steam-capstans, of 5 tons 
each, two of which work in conjunction with a 
windlass, The boiler-room is below deck; it con- 
tains three steam boilers and two steam feed-pumps. 
The engine-room contains two engines for propel- 
ling the crane, a small electric - lighting plant, a 
condenser, an air-pump, a steam-driven centrifugal 
cold-water pump, and a double-acting steam-driven 
centrifugal ballast-pump. The boilers are of the 
marine return-tube type, each of 94.3 sq. m. 
(1015 sq. ft.) aor surface, working at a pressure of 
8 atmospheres (117 lb. per sq. iu.). 
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The engines for propelling the crane are compound, 
having cylinders 350 mm. (13.78 in.) and 600 mm. 
(23.6 in.) in diameter, with a 380 mm. (15 in.) stroke, 
each developing 255 indicated horse-power at 165 re- 
volutions. The cooling-water pumps have a capacity 
of about 1 cub. m. (220 gals.) per minute ; that of the 
ballast-pumps is about 8 cub. m. (282 cub. ft.) per 
minute. The condensing plant serves both for the 
propelling engines and the crane engines. The latter 
are twin-engines, with cylindrical slide-valves and 
link-motion reversing gear. 

The pontoon was Built by the Danubius Company, 
Fiume ; it is divided into ten compartments. The aft 
compartments are for the ballast ; a part of this is 
fixed ballast, consisting of concrete, and so propor- 
tioned that the crane when under no load floats 
approximately horizontally. The loads are balanced by 
adding water-ballast. Besides the bulkheads forming 
the compartments, longitudinal and transverse gitders 
serve to strengthen the pontoon underneath the leg 
joints and the winding-drums. When the crane is under 
no load the pontoon has 1.8 m. (5 ft. 11 in.) freeboard, 
and the latitudinal metacentre of 22 m. (72 ft. 2 in.) ; 
when the crane carries a load of 240 tons, this latter 
is 14.83 m. (48 ft. 8 in.). 

The following are the crane speeds :— 

For lifting a load up to 30 tons f 4.5 m. 
in weight \ (14 ft. 9 in.) per min. 
For lifting a load up to 120 tons { 1.5 m. 
in weight (4 ft. 11 in.) per min. 
For lifting a load up to 240 tons { 0.75 m. 
in weight \ (2 ft. 5 in). per min. 
These speeds during the tests were exceeded by 20 to 


ted | 25 per cent. 


he crane can be propelled afloat at a speed of 
about 3.4 knots. 

We have taken the above data from the ‘‘ Mittei- 
lungen aus dem Gebiete des Seewesens,” Pola, draw- 
ings for the illustrations having, as we have already 
stated, been put at our disposal by the builders, the 
Prager Maschinenbau Actien-Gesellschaft. 








THe Trinity House Sreamer “ AtErt.”—Messrs. 
Ram and Ferguson, Limited, launched on the 21st 
inst. the steel twin-screw steamer Alert for the Honour- 
able Corporation of Trinity House, London. The dimen- 
sions are: Length, 198 ft.; beam, 32 ft.; depth moulded, 


15 ft. 6in. She is propelled by two sets of triple-expan- 
sion engines, having cylinders 12 in., 19} in., and 31 in. 
in diameter by 24 in. stroke, supplied with steam from 
two large boilers working at 180 lb. pressure. She is the 
third steamer built by Messrs. Ramage and Ferguson 
for the Corporation of Trinity House. 





TrapE Review.—We have received from Messrs. 
Bolling and Lowe, 2, urence Pountney-hill, E.C., an 
advance proof of their ‘‘ Trade Review for 1911.” This 
deals with the British coal and iron trade in general, with 
the copper and tin markets, and aiso with the situation 
in the iron and steel trades in the United States and in 
Germany. The opening statements in regard to the 
British trade are of a pessimistic nature, but the closing 
ones are very hopeful. The authors find at the present 
time ‘‘the political horizon to be clearer,” there being 
besides *‘a feeling of confidence and cheerfulness as to 
the trade outlook for the coming year.” This statement 
in regard to the trade outlook is a very satisfactory one. 





Tue Suipwricuts’ Company.—At the recent meeting 
of the Educational Trust Fund Committee of the 
Worshipful Company of Shipwrights, the annual grants 
were made to the following Universities and Institutions 
for the purpose of providing scholarships and prizes to 
students in naval architecture:—The University of 
Glasgow, a scholarship given by the Worshipful Com- 
pany of Fishmongers; the Royal Naval College, Green- 
wich, a scholarship given by the Worshipful Company of 
| Skinners; the University of Durham (Armstrong College), 
|a scholarship. Sums of money for prizes, to be spent in 

books and instruments, were voted to the Portsmouth Edu- 

cation Committee, Devonport Municipal School of Science 
and Art, Sunderland Technical College, Glasgow and West 
| of Scotland Technical College, the Edacation Department, 
|Chatham, Sheerness Higher Education Committee, 

Clydebank Technical Institute, Sunderland Technical 
College, Dumtarton School of Science and Art, London 
County Council School of Engineering and Navigation, 
and the Technical Classes at Wallsend. Among those 
members of the committee who were present at the 
meeting were the following: Sir William H. White, 
K.C.B., F.R.S., chairman; Mr. T. L. Devitt, Chair- 
man of Lloyd’s; Sir Philip Watts, K.C.B., F.R.S.; Pro- 
fessor J. H. Biles, LL.D.; Dr. Clement Godson, V.D. ; 
| Mr. J. Bell White; the Right Hon. Sir Edward Clarke, 
|K.C., P.C., and Mr. 8. J. P. Thearle, D.Sc., the chief 
ship surveyor of Lloyd’s. Application for assistance from 
young men studying naval architecture were laid before 
| the committee, but owing to lack of funds had to be 
| refused. 
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GRINDING AND POLISHING-MACHINE. 


Tue use of the microscope in connection with metal- 
lurgical work has remit, so much during late years 
that any appliance which lends itself to the reduction 
of labour in the production of specimens for examina- 
tion under the microscope is worth consideration. We 
append an illustration of a simple and handy machine 
of thistype. It has been designed and manufactured by 
Messrs. R. and J. Beck, Limited, 68, Cornhill, London, 
E C., for grinding and polishing microscopical speci- 
mens for metallurgical work, and is shown in part 
sectional elevation in our illustration. 

The spindle A is made of.steel, and is bored out at 
the upper end to receive the disc upon which the 
polishing or grinding material is placed ; the lower end 
is hardened to prevent undue wear. On this spindle is 
a speed cone F, with grooves of different diameters, 
driven by means of a cord from the driving-cone G, 
which is, in turn, rotated from the electric motor 
mounted at the end of the frame, as shown in our 
illustration. By shifting the belt on the cones a ran 
of speeds varying from 300 to 1000 revolutions per 
minute may be obtained. The grinding disc B is made 
of brass, and fits into the spindle A by means of a 
tapered boss, which allows of its easy removal, and 
at the same time ensures accuracy in running. The 
grinding or epee | material is prevented from enter- 
~— ring by the projecting lip E. 

he polishing-cloth or the emery paper for grindin 
is fixed to the disc in a very simple way. A groove 4 
is made in the edge of the disc, and the cloth or the 
paper is stretched over the surface of the disc, and is 
held there by means of a garter made of a stiff brass 
spiral spring ring which embraces the material and 
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presses it into the groove. It is found that with this 
arrangement the cloth or paper, no matter what its thick- 
ness may be, is held in close contact with the disc. In 
order to collect the spent polishing materials, a catcher 
C is placed round the disc. This catcher can be easily 
removed for cleaning, as it simply rests on a conical 
central support as shown. On to the top of the catcher 
C is fitted a guard-ring D, which, being wide, forms 
a rest for the hand. In addition, this guard-ring is 
continued downwards below the surface of the dise C, 
and as it nearly touches its edge, any specimens that 
should slip from the fingers while being polished are 
prevented from falling into the catcher. This ring is 
also used for stretching the paper or other material 
on the disc in the followin: way :—The catcher C 
being removed, the paper or polishing material is 
placed on the disc B, and the ring D is pressed over 
the paper until it is about gy | down the edge of 
the dies B. The a is then stretched over 
the edge, and the rin is pressed right down around 
the disc, and forces the garter spring home into the 
groove. Should it be desired to remove a piece of 
paper that has been fitted to the diso without dis- 
turbing the folds of the paper, the garter s — 
should be removed downwards, and the paper je se 
be replaced in the manner described above. A cover 
is provided to protect the revolving disc from dust: 
when it is not in use. Stauffer lubricators are provided 
at J. 

Should a very delicate range of s s be required, 
a rheostat can, in the case of direct current, be 
supplied to vary the speed of the motor. A switch H 
is supplied with the standard machine, and a flexible 
connecting - wire, with plug-adapter attached, for 
fitting to any ordinary electric lamp-holder. The 
motor can be supplied suitable for any direct current 
between 100 oa 220 volts, or, if desired, it can be 
arranged to run on alternating current. 





Empire TRADE AND Finance.—A series of addresses 
on the trade, industry, and finance of the British Empire 
will be delivered early in the new year by Mr. Ben. H 
Morgan, F.S.S., F.R.O.1., at the London School of 
Economics (University of London). The first address 
will be given on January 24, and the subject will be 
‘Problems of Empire.” Five further addresses will be 
delivered fortnightly from the date mentioned, and will 
respectively deal with the material development of 
**Canada and Newfoundland,” ‘Australia and New 
Zealand,” ‘South Africa,” ‘‘ India and the Crown 
Colonies,” and ‘‘ The Empire’s Resources,” and will be 


open to men having business relations with the Empire 
over-seas, a3 well as to the students of the school, 


THE TWELFTH INTERNATIONAL 
CONGRESS OF NAVIGATION. 

Tus will be held in Palledeigtin, beginning May 
23, 1912, and H. E. William H. Taft, President of the 
United States, has acce the invitation to be Head 
Patron. He will officially open the sessions in Phila- 
delphia and receive the visiting scientists, engineers, and 
official representatives of foreign nations. e eleventh 
congress was held in St. Petersburg in 1908, under the 

tronage of the Czar. Popular interest in waterways 

evelopment has largely increased in the United States 
within the last few years, and has resulted in the forma- 
tion of a National Rivers and Harbours Congress, a body 
devoted to the general improvement of the waterways 
of the whole country. 
ides this there are specia] associations for the 
promotion of sectional improvements. One of these 
associations seeks to obtain the improvement of the 
Mississippi River, from the Great Lakes of the north 
to the Gulf of Mexico. Another is the Atlantic Deeper 
Waterways Association, which is promoting a system 
of inland canals to connect the navigable rivers 


Z° |} along the Atlantic coast, as well as the deepening of 


these rivers. Many t engineering projects of this 
character are now under way in the United States, in- 
cluding the Cape Cod Ship Canal, which will cut off oné 
of the most dangerous parts of the coastwise route along 
the stormy Atlantic coast, the deepening of the Delaware 
Channel above and below the — of Philadelphia, and 
& great canal connecting ke Huron and Lake 
uperior. 

t has been arranged that the delegates to the twelfth 
congress may see a number of these great engineering 
projects as guests of the Government, Excursions to 
the Cape Cod Canal, to the Great Lakes, and to other 
places have been planned. The proceedings of this con- 
gress will have an unusual importance, since it will be 
the last meeting before the opening of the Panama Canal, 
which will largely alter the shipping map of the western 
world. The papers and discussions will be divided 
between two general sections, one relating to ocean navi- 
gation and the other to inland waterways. The subjects 
to ba covered are the maintenance and improvement of 
waterways, charting and protection of maritime routes, 
dimensions and construction of canals, docks and wharves, 
handling of water-borne commerce, &c. The offices of 
the United States Executive Committee are Room 344, 
The Bourse, Philadelphia, Pa. 





Tue Royat Mam Stream Packet Company’s NEw 
INTERMEDIATE Twin-Screw STEAMERS.—The Royal Mail 
Steam Packet Company have at present under construc- 
tion at Messrs. Harland and Wolff, Limited, Belfast, 
three large twin-screw steamers, the Deseado, Demerara, 
and Desna, for the passenger service to Brazil and the 
River Plate. The second of this new class, the Demerara, 
was launched on the 2Ist inst.; her dimensions are :— 
length, 517 ft. 3in.; breadth 62 ft. 3 in.; gross tonn 
about 11,200 tons. The engines are arranged on the 
“balanced ” principle. 


THe AIR RESISTANCE OF WIRES AND Ropgs.—With 
reference to the ‘‘Communications from the Gottingen 
Model-Testing Institute,” published on page 548 of our 
issue of October 20th last, Dr.-Ing. Otto Féppl, the 
author of the notes on experiments on the air resistance 
of wires and ropes there dealt with, asks us to add that 
the results given in the Zeitschrift fiir Flugtechnik are 
only to be regarded in the light of a provisional abstract. 
The complete data concerning the results of tests with 
wires are published in the Jahrbuch der Motorluftschif- 
Studien-Gesellschaft, 1910-1911, which was published in 
July last. 





Tue British Fire- Prevention ComMitrer.— Some 
tests were undertaken by this committee on Wednesday, 
the 13th inst., at their Regent’s Park Testing-House 
Station. These comprised two high-temperature tests, 
with a thin metal fire-resisting partition, and with two 
thin - metal fire-resisting doors. The former was the 
14-hour standard fire-test, and the latter the 2-hour stan- 
dard fire-test, both of them being followed by the appli- 
cation of water from a steam fire-engine. There was a 
large attendance of members and subscribers, including 
representatives from the Home Office, Admiralty, His 

ajesty’s Office of Works, London County Council, and 
other public bodies, and the American Consulate was 
represented by its Vice-Consul, as the object under test 
was of American origin. An official report will be issued 
next month. 





O1-Enei1ng-Driven Boat.—The German Petroleum 
Company has recently ordered a twin-screw boat from 
Messrs. J. Frerichs and Co., Limited, Osterholz-Scharm- 
beck and Einswarden (Oldenburg), which is to be pro- 
pelled by crude-oil motors. The vessel will havea length 
of 94.8 m. (312 ft.) between perpendiculars ; 13.4 m. (44 t) 
beam ; and a moulded depth of 8 m. (26.2 ft.). Her to 
freight capacity is to be 4000 tons. She will be a full- 
decker, and will carry crude oil in bulk. The engines 
are to be installed at the aft end. They will consist 
of two reversible crude-oil marine motors, of approxi- 
mately 1500 horse-power, giving the ship a speed of 
10 knots. The engines are to be of Professor Junkers’s 
type, for the construction of which Messrs. J. Frerichs 
and Co. have taken out a license. We gave an illustrated 
description of this engine on 698 ante. The ship 
will be provided with a funnel to carry off the exhaust 
om n auxiliary boiler will be fitted for heating and 

or various other purposes. The ship is being built chiefly 





for the Roumanian gil trade, 


NOTES FROM THE NORTH. 

Giascow, Wednesday. 
ow Pig-Iron Market.—Last Thursday morning 
Cleveland warrants continued to advance, and dealing 
amounting to 10,500 tons took place at from 50s. 3d. to 
50s. 5d. cash, 50s. 6d. six days, 50s. 7d. twenty-one and 
twenty-five days, 50s. 84d. and 50s. 9d. one month, and 
from 51s. 3d. to 5is. 4d. three months. The closing 
quotations were 50s. 54d. cash, 50s. 9d. one month, 
and 51s. 44d. three months sellers. Hematite was 
quoted by sellers at 65s. cash and 66s. 1d. three 
months, and there were buyers for the latter posi- 
tion at 65s. 6d. The afternoon session was quiet, 
but Cleveland warrants were again on the rise, and 
3500 tons were done at 50s. 64d. cash, 50s. 10d. one 
month, and 5ls. 14d. February 13. Closing sellers 
uoted 50s. 74d. cash, 50s. 11d. one month, and 5ls. 64d. 
three months. On Friday morning the market opened 
strong, but the close was weak, with sellers of Sioee- 
d warrants at 50s. 14d. cash, 5d. one month, 
and 51s. 14d. three months. The business consisted of 
11,000 tons at 50s. 5d. and 50s. 4d. cash, 503s. 2d. ten days, 
50s. bs gs and 50s. 9d. one month, and from 5ls. 4d. to 
51s. 2d. three months. One lot of hematite was done at 66s. 
three months, with closing cash sellers at 64s. 8d. In 
the afternoon the tone was a little firmer, and 1500 tons of 
Cleveland warrants were dealt in at 50s. 24d. cash, and 
50s. 6d. one month, and sellers’ closing prices were 
50s. 34d. cash, 50s. 64d. one month, and 51s. 24d. three 
months. Buyers of hematite offered 65s. one month and 
65s. 9d. three months, and sellers quoted 65s. cash and 66s. 
three months. Monday was a holiday, being Christmas 
Day, and the market also remained closed on Tuesday. 
When business was resumed to-day (Wednesday) the 
market was quiet, but Cleveland warrants were strong. 
The dealings totalled 5000 tons, at from 50s. 5d. to 
50s. 64d. cash, at 50s. 104d. one month, and 51s. 5d. and 
51s. 54d. three months, with closing sellers over at 
50s. 64d. cash, 50s. 10d. one month, and 5ls. 54d. three 
months. Hematite was firmer, and 500 tons changed hands 
at 65s. 04d. one month, with sellers over at 64s. 9d. cash, 
and 65s. 14d. one month. In the afternoon the market was 
ain strong, and 9500 tons of Cleveland warrants were put 
through at 50s. 7d. and 50s. 84d. cash, 50s. 9d. seven and 
nine days, 50s. 10d. fourteen days, 51s. 6d. March, 
and 51s. 6d. and 51s. 64d. three months. Closing sellers 

uoted 50s. 84d. cash, 51s. 0}d. one month, and 51s. 7 
three months. Hematite—1000 tons—changed hands at 
64s. 9d. cash, and 66s. three months, with sellers over for 
the latter position. The following are the market quota- 
tions for makers’ (No.1) iron :—Clyde and Calder, 64s.; 
Gartsherrie, Summerlee, and Langloan, 64s. 6d.; and 
Coltness, 82s. 6d. (all shipped at Glasgow) ; Glengarnock 
(at Ardrossan), 65s. ; Shotts (at Leith), 64s. ; and Carron 

(at Grangemouth), 65s. 6d. 


Sulphate of Ammonia.—The demand for sulphate of 
ammonia has 1 ot been quite so urgent of late, owing to 
the holidays, but the price is well maintained. The cur- 
rent quotation is given as 14/. 5s. per ton for prompt 
delivery, Glasgow or Leith. Last week the total amount 
ship from Leith Harbour was 303 tons. 


Scotch Steel Trade.—The Scotch steel-makers are at 
present in the midst of a very busy time, and from all 
sides they are being inundated with pressing demands 
for delivery of material before stopping for the annual 
New Year holidays. Shipbuilders are uiring plates 
and angles in large quantities, and in endeavouring to 
overtake the demand producers are this week turning 
out a very aay tonnage. Light steel material is also in 
good request, while sheet-makers are as busily employed as 
ever. The mene inquiry is not so heavy at the moment, 
which is perhaps due to the Christmas holidays, but one 
or two satisfactory lines have been fixed up for different 

rts, including some of the Continental ports. The 
atter is mainly shipbuilding sections. Prices are very 
firm and the official quotations are being strictly adhered 
to. The holidays will commence on Friday evening of 
this week and work will not be resumed until the evening 
of Sunday, January 7, although some makers would have 
liked to make a re-start on Wednesday, January 3, if they 
could have been sure of getting the men in. 


Malleable-Iron Trade.—There is little fresh to report in 
connection with the malleable-iron trade of the West of 
tland, and makers are experiencing a fair amount of 
activity. The pressure for delivery before the holidays is 
keeping the various works well employed this week. The 
stoppage will be similar to that in the steel trade. 


Scotch Pig-Iron Trade: Advance in Prices.—At the 
end of last week the makers of Scotch pig iron raised their 
prices for prompt lots of the Nos. 1 and 3 qualities by 1s. 
per ton. Even at the advanced prices business in the 
ordinary qualities has been on a fairly heavy scale since 
last report. The bookings on local account have been 
done for the first three months of the New Year, and on 
English account for the first half of 1912, but sellers are 
not desirous of fixing up too much of their output at pre- 
sent values, as further advances are not improbable. 
Hematite is less active this week, but the current quota- 
tion is firmer at 68s. 6d. per ton. 





British CoLumpia Exectric Rartway.—The 
earnings of the British Columbia Electric Railwa - 
pany in 1910-11 show an increase of 1,323,028 dols., or 
43 per cent. The net income, including the amount de- 
rived from investments and subsidiaries, and allowing 
for renewals, shows an increase of 369,521 dols., or 34 per 
cent. For the quarter ending September 30 there was a 
further increase in the gross earnings of 401.783 dols., or 
45 per cent., and in the net earnings of 63,283 dols., or 





17 per cent, 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

A> Link with the Past.—In Sheffield the association of 
an industry with particular families through successive 
generations is no uncommon thing, but even in Sheffield 
a connection which extends back into the seventeenth 
century is rare. Such an industrial link with the 

t is about to be broken by the shutting-down of 
the works of Messrs. Thomas Staniforth and i 
Limited, scythe and sickle manufacturers, of Hacken- 
thorpe, a village two or three miles outside the city’s 
borders. Amongst earliest records of manufacturing in 
Sheffield the name of Staniforth is to be found, and a 
trade-mark in this name was one of the first to be 
in Sheffield of which any trace can be found. The oldest 
trade-mark at present in use by the firm is the ‘‘T. 8.,” 
which was ted to a Thomas Staniforth in 1743. At 
one time Messrs. Staniforth did the biggest English trade 
in sickles with the Russian market, and turned out as 
many as 1000 dozen of these implements per week. It 
was only quite recently that they also took up the manu- 
facture of edge tools. The village of Hackenthorpe was 
formerly almost entirely dependent on the firm, which is 
now going into liquidation. In 1897, about the time of 
the death of the last surviving member of the family, 
Mr. William Staniforth, the firm was turned into a limited 
company. 

South Yorkshire Coal Trade.—The coal trade locally 
remains in a very firm position. The small attendance 
on the Sheffield Exchange at the week-end was, of course, 
accounted for by the proximity of Christmas. Business 
in hard steam is very brisk, and the amount of work in the 
hands of the local manufacturers ensures a steady demand 
for some time to come. With the coal crisis looming on 
the near horizon, the exceptionally heavy buying in some 
quarters is easily understcod. Shipments also are much 
bigger than at this time a year ago. Gas fuels are 
similarly well-placed, and a good deal of stocking is 
being done. All this activity means pressure at the 
collieries, and there is eoaengneaty no great quantity of 
coal on the open market, whilst prices are strongly held. 
In house ous although there has been an improvement 
in inquiries both at pits and dépdts, the fact that the 
Christmas tonnages sent out are not on the usual large 
scale may be explained by the heavy buying during 
October. Mild weather has also, of course, exerted a 
considerable influence. In expectation of a rush of busi- 
ness within the next week or two, prices are being kept 
up, and there is likelihood of advances. Latest quota- 
tions are :—Best branch hand-picked, 14s. 6d. to 15s. 6d.; 
Barnsley best Silkstone, 12s. to 13s. ; Silkstone, 11s. 6d. 
to 12s. 6d.; Derbyshire house, 10s. to 11s.; large nuts, 
9s. to 10s.; small nuts, 6s. to 7s. 6d.; Yorkshire hards, 
9s. 6d. to 10s, 6d.; Derbyshire hards, 9s. 3d. to 10s. 3d. ; 
washed nuts, 8s. to 9s.; rough slacks, 6s. to 7s. 6d.; 
seconds, 5s. to 6s.; smalls, 2s. to 3s. 


Tron and Steel.—As holidays have taken up most of the 
week under review there is little that is fresh to be said 
of the trade in iron and steel. But the Christmas stop- 
page this year is only a short one, so that there is no 
chance for any of the industries to lose ground, and, in 
fact, in many cases firms will resume work on orders which 
were due to be completed earlier, but have been held back 
by various circumstances which are so familiar to anyone 
interested in the local industries as not to need repeti- 
tion. They include, of course, the effects, which are 
still felt, of the railway disturbances, and the pres- 
sure which was suddenly brought to bear on ali de- 
partments, when the stemmed-up tide of orders was 
allowed to flow again. —< back on the year there 
are few departments of Sheffield industry that have not 
abundant cause for satisfaction. Starting under good 
auspices, 1911 has proved in many ways a remarkable 
year. The armament firms, as it were, gave the lead, 
and the work in the hands of the three Sheffield firms b’ 
the second month in the year, estimated to be wort 
about 18 millions sterling, assured a solid foundation of 

srosperity for many months to come. That work has 

m increased by orders both from the home and foreign 
Governments and, latterly, it is of particular interest to 
note there has been marked activity in the projectile 
departments. A distinct revival in general engineering 
and in railway steel have also been aces of the past 
twelve months, whilst the tool-makers have had one of 
the busiest periods in their history. So far as it is safe 
to make forecasts the first half, at any rate, of the New 
Year holds a rich store of prosperity. The iron 
market is strengthening its tone, and there is a stiffer 
tendency about hematite pr; Some makers have 
sold their output for months ahead, but there is 
a disinclination to quote too far forward as better prices 
are expected in the near future. Both the Derbyshire 
and Lincolnshire common-iron makers are doing well, 
and hold only light stocks. Bar iron also is active. New 
orders for all kinds of steels are coming in steadily, both 
on home and foreign account, and it is very probable that 
the New Year will see a general advance in the prices of 
many steel products. he railway steel firms are 
amongst the branches which are working overtime, as 
the companies are pressing for deliveries on contracts. 
The activity extends through the file trade, edge-tools, 

icultural and mining implements and machinery, and 
all the lighter branches. 





CanapiaN Mera.turcy.—The Morgan Construction 
Company, of Worcester, Massachusetts, has been en- 
trusted with the construction of a blooming mill, a con- 
tinuous billet mill, and a continuous bar and rod mill for 
the Steel Company of Canada. The new mills are to be 
added to that company‘s plant at Hamilton, Ontario, 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—For the year 1911 the 
estimated output of Cleveland ironstone was 6,250,000 
tons, which is well up to the average of recent years. 
The largest output in twelve months was 6,756,055 tons 

in 1883 ; and the smallest, 4,625 530 tons in 1893. Forei 
iron imported to the Middlesbrough district during the 
past twelve months is estimated at 1,730,000 tons, as com- 
pared with 2,091,624 tons for the previous year. During 
1911 the highest price paid for best Rubio ore was 22s. 6d., 
and the lowest 19s. The total consumption of iron ore 


ted | in the Middlesbrough district during the past year reached 


7,980,000 tons. The estimated production of pig iron in 
the North of England in 1911 is given at 3,600, tons, 
as compared with 3,862,725 tons for the previous year. Of 
the 114 furnaces built in the North-Eastern district, 78 are 
in blast. The t quantity of Cleveland pig iron ever 
stocked in the public warrant stores was 750,095 tons, at 
the end of 1906; and the smallest since the early days of 
the establishment of the stores in 1876 was 10,463 tons, 
in 1900. The stock of hematite pig iron in the public 
warrant stores disappeared altogether in March, 1906, 
and there has been no warrant hematite since. 


Manufactured Iron and Steel.—All branches of the 
finished iron and steel trades are full up with orders, 
but this week holiday - making was pretty general. 
Prospects are bright and encouraging. Common iron 
bars are 7/.; best bars, 7. 7s. 6d.; best t bars, 7/. 15s.; 
packing-iron, 5/. 15s.; iron ship-plates, 62. 10s.; iron ship- 
angles, 7/.; iron ship-rivets, 7/. 7s. 6d.; iron girder-plates, 
61. 15s.; iron boiler-plates, 7/. 7s. 6d.; steel bars, 6/. 5s. ; 
steel ship-plates, 7/.; steel ship-angles, 6/. 12s. 6d. ; steel 
boiler-plates, 77. 10s.; steel strip, 62. 10s.; steel hoops, 
61. 12s. 6d.; and steel joists, 6/. 10s., all less the cus- 
tomary 24 per cent. discount. Cast-iron columns are 
61. 10s. ; cast-iron railway chairs, 3/. 12s. 6d.; light iron 
rails, 61. 10s.; heavy steel rails, 5/. 12s. 6d.; and steel rail- 
way ——, 61. 10s., all net at works. Iron and steel 

vani corrugated sheets, 24 gauge, in bundles, stand 
at 117. 10s., less 4 per cent. f.o.b. 





THE HumBoipr Coau-ScREENING AND WASHING PLANT. 
—The British Humboldt Engineering Company, Limited, 
Dixon House, Lloyd’s Avenue, E.C., are at the present 
time exhibiting at the Science Museum, South Kensing- 
ton, the model of a coal-screening and washing plant 
built by them at their Cologne works for the Pit 5 of the 
Rheinpreussen Collieries, Westphalia. This plant washes 
the coal previous to classification. It consists of two 
units of a total capacity of 200 tons per hour. The 
model at the Kensington Museum is an exact reproduc- 
tion of the actual installation, showing both the screening 
and the washing plant, the railway tracks, coal-towers, 
&c., and contains all the — appliances made use of, 
as, for instance, Humboldt jigs, double-crank screens, 
long fine-coal draining-belts, distributing-tables for coking 
coal, &c. 

CoLureRY DEVELOPMENT NEAR DoncastTER.—The Barns- 
ley bed has been reached at the Bulcroft Main Colliery, near 
Doncaster, at a depth of 657 yards, and the seam is 8 ft. 11in. 
in thickness. The Bulcroft Main Colliery is one of the Sir 
A. B. Markham group, and sinking began in May, 1908. 
After going down 70 yards the sinkers were overpowered 
by a rash of water. The freezing process was introduced 
in November, 1910, and the progress made by the sinkers 
when they in got to work was slow, owing to the 
hardness of the rock, which had to be excavated. In 
March, this year, the sinkers through the strata 
which had been frozen, after which their progress became 
much more rapid. The result of the sinking see the 
theories of mining experts with r to the disposition 
of the eastern extension of the South Yorkshire coalfield. 
The Bulcroft Colliery Company was formed in April, 
1908, to work the Barnsley seam under the estates of 
Messrs. Cooke, Anne, and others. The area to be worked 
comprises some 12,000 acres, and it is intended to sink 
two pairs of shafts. 





Tue German ExxcrricaL Inpustry.—The German 
electrical industry, or, in any case, the Siemens and 
Halske and Siemens-Schuckert Werke, has done excerd- 
ingly well during the last financial year. The two 
concerns are very closely allied, the former company, 
which has a capital of 63,000,000 marks, holding the 
greater part of the shares in the latter—viz., 45,050,000 
marks—whilst the smaller part—viz., 44,950,000 marks— 
is held by the Elektricitiits Aktien Gesellschaft, vormals 
Schuckert and Co. Siemens and Halske, according to a 
preliminary notice from the Board, have had net profits, 
during the last financial year, amounting to 12,328,743 
marks, against 11,504,258 marks for the previous year. 
As during the t few years, the dividend will be fixed 
at 12 per cent. The following table shows the continuous 
growth of the profits during the last eight years :— 

Net Profits. Dividend. Share Capital. 


marks p-c. marks. 
1910-11... ee 12,328,743 12 63,000,000 
1909-10... és 11,504,258 12 63,000,000 
1908-09... os 11,429,009 12 63,000,000 
1907-08 .. oe 9,688,263 ll 54,500,000 
1906-07... = 8,717,368 ll 54,500,000 
1905-06 .. he 7,964,729 10 54,500,000 
1904-05... ° 6,988,788 9 54,500,000 
1903-04 .. es 5,537,404 7 54,500,000 





As far as Si Schuckert Werke is concerned, last 
year shows a still larger increase in the net profits—viz., 
13,430,067 marks, against 10,602,481 marks for the pre- 
vious year. The dividend will again be 10 per cent., 
2,500,000 marks being placed to a new reserve fund, 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—Business in steam-coal has, of course, been a 
_ deal affected by the holida Tonnage arrivals 

ve continued scanty. Sellers have, however, been 
holding firmly for early shipment, as they expect that 
steamers delayed will shortly reach dock. A feature of 
the market has been an inquiry for tonnage for Italy, for 
loading, after the holidays. Smalls have been held for- 
ward firmly. The best Admiralty large coal has made 17s. 
to 17s. 6d. per ton, while secondary qualities have ranged 
between 15s. 6d. and 16s. 9d. per ton ; best bunker smalls 
between 8s. 9d. and 9s. 3d.; and smalls between 
6s. 6d. and 7s. 3d. per ton. Ho has been scarcel 
so firm; the best ordinary qualities have made 15s. 6d. 
to 16s. 6d. per ton; No. 3 Rhondda large between 17s. 
and 17s. 6d. per ton ; and smalls between 9s. 9d. and 10s. 
per ton. No. 2 Rhondda large has brought 13s. to 13s. 3d. 
per ton; smalls, 6s. 3d. to 6s. 9d. per ton. Foundry 
coke has been quoted at 17s. 6d. to 20s. per ton, and 
furnace ditto at 15s. 6d. to 16s. 6d. per ton. As regards 
iron ore, Rubio has made 20s. 6d. to 21s. per ton, upon a 
basis of 50 per cent. of iron, and charges, including 
freight, insurance, &c., to Cardiff or Newport. 

Aberpergwm Pits.—An undertaking has been registered 
under the style and title of the Aberpergwm Collieries, 
LIamited. The company, which is to have a capital of 
60,000/., will adopt an agreement with Mr. G. R. J. 
Williams, of St. mat’s Castle, Llantwit Major, with 
respect to the Aberpergwm collieries. 


Neath Water Undertaking.—A Bill has been deposited 
for the consideration of Parliament next session to extend 
the time for the construction of the works authorised by 
the Ystradfellte Water Act, 1902, and to confer further 
powers upon the Neath Rural District Council. By the 
Act of 1902 the Couneil was authorised to raise 162,300/. 
for lands and works, but that sum has been found insuffi- 
cient, and a further 144,000/. is required. 


Coastwise Coal Shipments.—The shipments of coal coast- 
wise from Bristol Channel ports in November were 367,913 
tons cargo and 19,983 tons bunkers, as compared with 
395,287 tons cargo and 23,266 tons bunkers in November, 
1910. In last month’s shipments Cardiff figured for 
208,693 tons cargo and 8654 tons bunkers. 


Gauge Conversion Experience.—The death was announced 
on Monday of Mr. T. I. Allen, who, as superintendent 
of the line upon the Great Western Railway, and pre- 
viously as a divisional superintendent, had a good deal to 
do with gauge conversion upon that important system. 
The conversion was commenced in 1868, and was not 
finally completed until 1892. In the first-mentioned year 
the Great Western Railway Company had 700 broad- 
gauge engines running over 1456 miles of track. Not 
only was the gauge changed, but longitudinal sleepers 
were algo abandoned for cross sleepers. Mr. Allen passed 
his whole business life as a Great Western Railway 
official. He retired in 1903. 





AmeRIcCAN Meratiurcy.—The production of pig in 
the United States in the eleven months ending Novem. 
ber 30, this year, was 21,269,115 tons, as compared with 
25,069,958 tons in the corresponding period of 1910, and 
22,748,783 tons in the corresponding period of 1909. The 
total of 21,269,115 tons, representing the output to 
November 30, this year, was made up as follows :—First 

uarter, 5,724,946 tons; second quarter, 5,745,108 tons ; 
third quarter, 5,696,807 tons; and October and November, 
over 4,100,000 tons. 





Tue STANDARDISATION OF CoprER TuBEs.—The Bir- 
mingham and District Branch of the National Association 
of Master Heating and Domestic Engineers have drawn 
up a scale of tables of standardisation, which has been 
submitted for consideration at a meeting of the joint 
committee of the National Association and of the Institu- 
tion of Heating and Ventilation Engineers, whose 
address is 12, Great James-street, Bedford-row, London 
W.C. The tables, which deal with light, medium, an 
heavy tubes, are receiving the consideration of the Engi- 
neering Standards Committee. 





CanapiAN Rar.way Extensions.—The Grand Trunk 
Pacific Railway Company has built, this year, 98 stations 
upon its newly-develo line ; 27 more stations are in 
course Of construction. The C ian Northern Railway 
Company has considerably extended its system. during 
the last twelve months. Steel rails have been laid to a 

int 61 miles west of the Sudbury and Port Arthur 

ivision, and a daily passenger service is being run to 
that point; there is also a tri-weekly freight service. 
Steel-rail laying on the last section of the Athabasca 
landing-line of the Canadian Northern Railway was com- 
menced in November at Stoney Creek, 58 miles north of 
Edmonton. An unusually large working force is being 
maintained on the section, and it is expected that rails 
will reach the landing early in the new year. Notwith- 
standing that the equipment of Canadian railways is 
better and more extensive than at any former period, a 
car shortage has been experienced by farmers and grain- 
shippers in many parts of the Canadian West. The 
Valley Railway from St. John to Grand Falls is to be 
worked as part of the Inter-Colonial system, and will 
connect with the Grand Trunk Pacific Railway. A con- 
tract for the construction of the line is to be signed 
shortly, complete arrangements having now been made 
hetween the Provincial and Federal Governments. 
Freight from the West coming over the Grand Trunk 
Pacific Railway will reach St. John over the Valley 
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RECENT PROGRESS IN WARSHIPS 
AND MACHINERY. 

Tue number and power of warships launched in a 
given year form as good an index as any of the extent 
to which provision is being made to conserve our 
sea supremacy, provided there are no abnormal con- 
ditions. This year there has been uninterrupted 
progress in connection with naval construction work, 
and as a result the warship tonnage launched has 
not been so high for many years, while the amount 
of new work ordered is satisfactory. Five battle- 
ships and three battle-cruisers have been launched, 
and this contribution of eight capital ships in one 
year must be reckoned as quite a good record, 
although two of the battle-cruisers are respectively 
to be the flagships of the Australian and New 
Zealand units of the Pacific Squadron, and are 
therefore not directly utilisable in the scheme of 
naval strategy in European waters. To take the 

ace of these ships in the building-berths, four 
Patlechips have thet been ordered, one each 
from the Devonport and Portsmouth ‘dockyards, 
one from Messrs. Vickers, Limited, and one from 
Messrs. Wm. Beardmore and Co., Limited; a 
fifth ship—a battle-cruiser—will be ordered before 
the end of March. The light craft of the Fleet 
has been augmented by the launching of two pro- 
tected and two unarmoured cruisers, twenty-three 
torpedo-boat destroyers, and five submarine-boats, 
while there are about to be ordered three un- 
armoured cruisers and six submarine boats, and 
there have already been ordered one protected 
cruiser and twenty torpedo-boat destroyers. 

Forty-one fighting ships in all have thus been 
launched in 1911 for His Majesty’s Fleet, being 
three more than in the previous year and twelve 
more than in 1909. The aggregate displacement 
tonnage of the ships launched in the year now 
closing makes up 220,980 tons, which compares 
with 130,851 tons in the previous year, and with 








| 97,044 tons in 1909. The horse-power of the pro- 
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pelling machinery shows an equally marked increase, 


|due to the steady advance in the speed of ships, 
| notwithstanding their great size and, therefore, the 


— driving power required. Thus the collective 
horse-power of the engines of all the fighting ships 


‘of this is of the internal-combustion type for driving 
submarine-boats, but the preponderating part is 
turbine machine The total is 130,000 horse- 
itn more than in the previous year, and 324,000 

orse-power more than in 1909. The ships launched 


° | this year will, when completed, represent approxi- 


| mately a value 17,820,0001., whereas last year the 
| figure was about. 11, 000, 0001. ., and that for the 
| previous year 8,700, 0001. The detailed figures for 
several years are given in Table I. on page 868. 

The battleships included in this year’s list are 
the King George V. and the Centurion, launched 
g7@ | respectively at Portsmouth and Devonport, and 

by the Parsons 
gso| Marine Steam-Turbine Company, Limited, and 
|Messrs. Hawthorn, Leslie, and Co., Limited. 


| Three ships of the line were also launched from 





rivate works—the Thunderer, by the Thames 
ron- Works and Shipbuilding ag Limited ; 
the Conqueror, by oom. Wm. Beardmore and 
Co., Limited; and the Monarch, by Sir W. G. 
Armstrong, Whitworth, and Co., Limited. The 
two dockyard ships named belong to a new 
class ; the three others are of the Orion ¢ All 
of them are fitted with 13.5-in. guns. It must 
be accepted as creditable and perhaps comforting 
that we have obtained such a great lead among the 
nations in the fitting of these more powerful 
weapons in our ships, as we have now afloat— 
all rapidly approaching commission —-ten ships 
fitted with this new gun, while two others will 
launched in a few months. The weapon proved on 
the trials of the Orion to be all that was desired, 
and it is further gratifying to know that notwith- 
standing the increase of power of attack, neither the 
defensive efficiency nor the speed of the ships has 
been adversely affected. The newer ships, in addi- 
tion to mounting ten of the 13.5-in. guns, will 
have more powerful torpedo-repelling guns than 
any of their predecessors, and these, moreover, will 
be so arranged as to enable them to be effectually 
protected behind armour. It is not desirable at 
this juncture to say more than this. 

The battle-cruisers launched are the Princess 
Royal, built by Messrs. Vickers, Limited, Barrow, 
the New Zealand, built by the Fairfield Shipbuild- 
ing and Engineering Company, Limited, Glasgow, 
and the Australia, built by Messrs. John Brown and 
Co., Limited, Clydebank, the turbines in each 
case being supplied by the builders of the ship. 
The two latter vessels are being built, under 
Admiralty supervision, to the order and at the 
expense of the Colonies, and they will serve as 
flagships for the units of the Pacific Fleet, to be 
maintained by the respective Governments for whom 
the vessels are being constructed. The colonial 
ships are of the Indefatigable class, their dis- 
placement being 18,800 tons (see ENGINEERING, 
page 70 ante). The Princess Royal is of the 
same type as the Lion, for which also Messrs. 
Vickers, Limited, have provided the machinery. 
This latter vessel is now at sea on her trials, and 
these will be watched with the greatest interest, 
as the ship is not only the most powerful cruiser 
yet built, but has an installation of turbine machi- 
nery which is only equalled by that in the Maure- 
tania and Lusitania, so that her speed performance 
is expected to show a considerable advance on any- 
thing yet done by armoured fighting ships. A 
third battle-cruiser of the class—the Queen en 
has been laid down this year at the works of the 
Palmer Iron and Shipbuilding Company, Limited, 
Jarrow-on-Tyne, and a fourth will be ordered in a 
few months. These vessels are 660 ft. long between 

perpendiculars and of 89 ft. beam, their displace- 
ment tonnage being 27,000 tons. They have 
armoured protection and a broadside gun-fire equal 
to any of our battleships. 

Of protected cruisers there have been launched 
four, three of the ‘*Town ” class—the Dartmouth, 
by Messrs. Vickers, Limited, the Yarmouth, by the 
London and Glasgow Shipbuilding and Engineering 
Company, Limited, and the Chatham, from Chatham 
Dockyard, the machinery for this last bein by the 
Thames Iron- Works. The fourth cruiser included in 
the list of the year’s launches is of lighter type, 
the Active being about 3400 tons, with turbines of 
18,000 horse-power, by Messrs. Hawthorn, Leslie, 
and Co. Quite a succession of these vessels have 
come from the Pembroke Dockyard, their feature 
being their high speed, their designed rate of 
25 knots having in all cases been exceeded. The 
earlier boats were equipped with 4-in. guns, of 
which they carry ten, but in the later boats there 
has been an advance in this respect. Indeed, 
it might be said of almost all our ships that 
periodically there seems to have been exer- 
cised, voluntarily or compulsorily, a determination 
to reduce size, and it has not infrequently 
happened that in this reduction gun-power has 
suffered ; thus, alike with battleships,’ armoured 
cruisers, scouts and destroyers, during the last few 
years, each successive ship has grown, in order that 
heavier guns might be installed. This upward trend 
continues. The higher results are achieved with a 
surprisingly small addition to displacement, without 
any diminution in speed, and with a comparatively 
small augmentation of the power of the propelling 
machinery. 

In regard to destroyers, twenty-three have this 
year been launched, including one for the Colonies. 
Messrs. Denny, of Dumbarton, launched five—the 
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Sheldrake, Badger, Beaver, Defender, and‘ Druid : 
and Messrs. Yarrow, Scotstoun, Glasgow, five also 
—the Archer, Attack, Firedrake, Lurcher, and 
Oak. Messrs. Thornycroft, Woolston, launched 
three—the Minstrel, Acheron, and Ariel ; Messrs. 
Hawthorn, Leslie, and Co., Newcastle-on-Tyne, 
three—the Nymph, Jackal, and Tigress ; Messrs. 
John Brown and Co., Clydebank, two—the Hind 
and Hornet ; and Messrs. Cammell Laird and Co., 
Birkenhead, two—the Lapwing and Lizard. One 
each was launched by Messrs. Vickers, Limited 
(the Phoenix); Messrs. Wm. Beardmore and Co., 
Limited, Dalmuir (the Goshawk); and Messrs. 
Swan, Hunter, and Wigham Richardson, Wallsend- 
on-Tyne (the Sandfly), this last being engined by 
the Wallsend Slipway and Engineering Company, 
Limited. There was launched also a coastguard 
cruiser by Messrs. Hall, Russell, and Co., of Aber- 
deen ; two tenders for submarine depét-ships—the 
Adamant and Electra—of 830 tons displacement, 
1400 horse-power and 15 knots speed, by Messrs. 
Cammell Laird and Co., Limited, Birkenhead; and 
a surveying vessel. These latter, however, are non- 
fighting ships and are not included in the table 
already referred to. 
TABLE I.—Fighting Ships Launched. 








| | Value of 
| | Horse- Ships 
Pons | No.| Tons. | power. Com- 
| pleted. 
| £ 
In 1911. Dockyards “e ..-| 6 | 65,600, 106,200 4,370,000 
Private yards(H. M.S.) 35 | 165,380 616,100 | 13,460,000 
a », (foreign) 3| 5,494] 17,000 700,000 
— | 
Total in 1911 .| 44 226,474 | 739,300 | 18,520,000 


: .| 6 | 6%,852/ 116,200 | 3,075,000 
Private yards (H.M.S.)) 83 | 77,999! 476,600 7,890,000 

is » (foreign) 3 | 1,836 | 20,200 230,000 

Total in 1910 ..| 41 | 182,187] 613,000. | 11,195,000 

In 1909. Dockyards 6 | 46,320} 109,200 4,390,000 


Private yards(H.M.S.) 23 | 50,724] 288,800 | 4,315,000 
pm » (foreign) 9 | 28,016 96,600 2,920,000 


In 1910. Dockyards , 











Total in 1909 .| 38 | 125,060 | 494,600 | 11,625,000 


Total in 1908 .»| 86 | sr | 219,850 | 8,235,000 





Total in 1907 ‘| 33 | 1325679 | 3881835 | 13,612,000 
Total in 1906 |_| 27 | 108,040! 217,200 | 10,636,000 
Total in 1905 —-_.| 27 | 129;945| 260,600. | 12,047,000 
Total in 1904 — _.| 40 | 127,452 | 363/200 | 10,737,000 
Total in 1908 |_| 42 | 152’983| 337,290 | 12,600,000 
Total in 1902 ..| 22 | 98,044| 198,550 | 7,076,000 
Total in 1901 || 39 | 211,542 | 436/700. | 16,243,800 


The vessels launched for foreign navies included 
two cruisers for China—one by Messrs. Vickers, 
Limited,* and one by Sir W. G. Armstrong, 
Whitworth, and Co., Limited, and a _ torpedo- 
boat for Denmark by Messrs. Yarrow, Limited.t 
The amount of foreign warship work in progress 
is greater than for a long time, and includes four 
capital ships, a battleship for Turkey, and a battle- 
cruiser for Japan, being built at Barrow ; a battle- 
ship for Brazil, and one for Chili, being built at 
Elswick. These four ships represent the highest 
step yet taken in warship design in their respective 
classes, and establish the fact that our contracting 
firms are capable of leading the world in this 
branch of applied science. In addition there are a 
number of foreign torpedo-boat craft in progress. 

The year has oes a particularly busy one for the 
department of the Engineer-in-Chief, owing to the 
large number of important steam trials of new 
ships. The results of the trials of armoured and 
protected ships are set out in Table II., and of 
torpedo-boat destroyers in Table III. Before 
alluding to these trials, a word may be said regard- 
ing the remarkable success achieved, alike in the 
dockyards and in the contractors’ works, in main- 
taining progress up to the completion of ships 
according to time estimates, and to the facility 
with which battleships are built in two years. 
The case of the Orion may be taken as typical, 
as she was the first of a new class, and is the 
prototype of the ships with 13.5-in. guns. In her 
case the keel was laid at Portsmonth on November 
29, 1909, and the vessel was launched on August 20 
following. The guns and gun-mountings, for which 
the Vickers Company were the contractors, involved 
new departures, particularly to ensure the same 
rapidity of fire as with the lighter projectile of the 
12-in. gun, and to minimise not only the area of 
the barbette, but the weight of the ordnance 
machinery. The gun-mountings for the ten large 
guns were completed on board the Orion by June 
last. The whole of the armour was fitted in the ship 





. See page 826 ante, 


t+ See page 525 ante. 





between May, 1910, and June, 1911, the vessel for 
this purpose being placed in one of the dry docks at 
Portsmouth Dockyard. The propelling machinery 
was supplied by the Wallsend Slipway and Engi- 
neering Company, and equally rapid work was 
achieved by them. The contract was formally 

laced with the company on December 3, 1909. 

Vhen it is stated that the machinery developed 
29,000 horse-power at the full power trial, a full 
measure of credit will be given to the contracting 
company for the construction of this machinery 
within eleven months, the machinery being 
assembled complete at the works by November 29 
of last year. It was finished on board by August 25 
last, six days in advance of the specified date. The 
steam trials were completed on September 18 last, 
and the acceptance trial was run on November 24. 
The vessel will be formally passed into the Fleet on 
January 3. These dates, of themselves, carry con- 
viction regarding the remarkable organisation of the 
dockyard, which, like all the other Government 
establishments, is in charge of Sir James Marshall, 
K.C.B., Director of Dockyards. When one recalls 
the time taken to build ships fifteen or twenty 





practical experiments in all types of ships, in 
order to ascertain the most efficient propellers; 
this is most economically done by arranging for 
differently proportioned propellers in ships of the 
same class, so that results of running over a 
lengthened period, under service conditions, 
can be utilised to collate data. The propeller 
best suited for ships of given size and form is 
thus determined, and opportunity is taken, in 
renewing propellers, to fit the ships with the most 
suitable screws. This is the most reliable method 
of studying the problem, which can scarcely be 
solved accurately by the ordinary means of ex- 
perimenting on models in tanks. As the possible 
gain in economy is considerable, the ultimate 
advantage in increased speed for a given power 
compensates liberally for the expenditure incurred 
in such trial of different propellers in the ships of 
a class. As regards the coal consumption of the 
battleships on the list, it will be seen that on the 
long trial at what is called high power the average 
is 1.8 lb., while on the full-power eight hours’ test, 
when both coal and oil are used, the consumption, 
stated’ in terms of coal, averaged 1.7 lb. per shaft 


TABLE II.—Sream Triats or His Mavesty’s ARMOURED AND PROTECTED SHIPs IN 1911. 





| Low-PowER | Hieu-Power | Fuii-Powkr 








| | | | TRIAL, | TRIAL. TRIAL. 
| Dis- | eo. oe ae 
Name of Type of Builders of Makers of | place- | Typeof | g 4 } & 2 Tes 
Vessel. Vessel. Vessel. Machinery. ment, Boilers. | ere 2. gon 5 
| ie |e | ghs| % hel = gaat 
A ‘Teel A < 4 3 cv) 
| | ORR) g Stn ge SFhs 
| a a see 
Neptune . | Battleship { i — } Harland and Wolff { 19,900/ Yarrow | 7,745) 31 | 18,373 | 1.7 27,721 | 14 
Hercules .. Ditto Palmers | Palmers 20,000 Ditto 12,571; 2.4 18,063 2.1 '26,599 | 20 
Orion .. Ditto Portsmouth | Parsons \ 22,500 ae) .. | .. | 18,966 =—«1.8 29,108 | 1.6 
Colossus .. Ditto Scotts } Scotts — $20,000 Ditto 6,454) 2.4 19,175 1.7 29,317 1.6 
Monarch .. Ditto Armstrong Co. { —-* ata } 22,500 Yarrow 19,128 18 28,555 19 
Indefatig- : f Devonport | John Brown lagers, Babcock P ” » Lene de 
able = Cruiser fl Yar | and Co. f 18,750 & Wilcox } — 2.1 31,717.9 1.6 (47,135 1.5 
Falmouth { |“*comt-clems|{ Benton = } 6,250 Yarrow 13,985 1.6 | 18,374 | 18 (6311.7) 1.4 
g | | 
Dartmouth Ditto Vickers, Ltd. Vickers, Ltd. 5,250 Ditto 14,287; 1.7 | 18,839 1.7 |23,467 1.8 
Weymouth Ditto Armstrong | Parsons 6,200) Ditto (13,661 1.6 | 18,076 1.4 |23,532 14 
Blonde { = — Cammell |} 3,860, Ditto | 4,889, 20 | 15,883 | 16 |18,770 | 1.5 
Active ..| Ditto Ditto { Hawthorn, Leslie, | 3,500, Ditto | 4,044 1.9 | 15,885 | 14 |19,498 1. 


| 


TasixE III.—TZrials of Turbine Torpedo-Boat Destroyers 
tm 1911. 











Name of | Builders of Vessel and Makers of | Speed - 
Vessel. | Machinery. | 3 — 
} knots 
Nautilus .| Thames Iron-Works Company 26.7 
Alarm* | J. Brown and Co, 27.2 
Brisk”. . Ae Ditto 27.6 
Goldfinch* .. Fairfield Company | 23.0 
Fury*.. ee A. and J. Inglis | 27.3 
Hope*.. Sa Swan, Hunter, and Wigham 27.1 


Richardson ; Machinery by Walls- 
end Slipway and Engineering Co. | 


Martin* ‘ hornycroft and Co. 28.9 
Minstrel* . Ditto 28.9 
Nemesis* Hawthorn, Leslie, and Co. 27.0 
Nereide* i %.8 . 
Nymph* Ditto 27.6 
Rifleman* J. 8. White and Co. 26.6 
Ruby* vit 29.3 
Sheldrake* Denny, Dumbarton | 28.3 
Staunch*... Ditto 23.6 
Acheron ‘ Thornycroft and Co. 29.4 
Ariel .. Ditto 29.4 
Defendert .. Denny and Co., 28.3 
Ferrett = J. 8. White and Co. 30.1 
Forestert .. Ditto 29.8 
Hindt a J. Prown and Co. | 28.1 
Jackalt és Hawthorn, Leslie, and Co. | 26.9 
Sandflyt we Swan, Hunter, and Wigham 27.2 


Richardson ; Machinery by Walls- | 
end Slipway and Engineering Co. 


years ago, it will be conceded that the Royal yards 
have been enormously improved, much to the 
financial and material benefit of, the Service. 

Five battleships, including the Orion, have passed 
successfully through their trials this year, two of 
them being Portsmouth Dockyard ships, while the 
others are by the firms named in Table II. The 
conditions attending the trials vary, and it would 
be a mistake to establish a close comparison be- 
tween the performances. Moreover, the displace- 
ments of the ships differ: the Orion and the Monarch 
are of greater displacement than the others, and con- 
sequently greater power was required to ensure that 
the same Figh speed as in the earlier battleships 
would be realised —namely, between 21 and 22 knots. 
As typical of speed results, it may be noted that 
the last of the battleships tried—the Monarch— 
attained a mean of 21.88 knots on the measured- 
distance runs during the full-power eight hours’ 


| horse-power per hour. 





As every safeguard is 
adopted to secure service conditions, these results 
must be reckoned as satisfactory ; the fuel required 
to generate steam for all the auxiliary machinery 
is included. 

The Indefatigable is one of the large-powered 
ships, with a legend speed of 25 knots, which was 
far exceeded on the trial; in this case the fuel 
consumption at full speed worked out at only 14 Ib. 
per shaft horse-power per hour. There are three 
of the ‘‘ Town ” class of cruisers included in Table I. 
These are ships also of the legend speed of 25 
knots, but on trial they each steamed practically 
26 knots, and here the consumption, notably at full 
power, was remarkably low, being 1.4 lb. in the 
case of two of the vessels. The Blonde and the 
Active, built at Pembroke, have already been 
referred to, and both vessels, like their prede- 
cessors, have proved most economical ships, the 
consumption averaging, at both the high-power and 
full-power trials, 1.51b. In their case also the 
— was practically 26 knots. In the case of all 
these ships the propelling machinery was of the 
Parsons turbine type. 

Table III. records the results of the trials of 
the twenty-three torpedo-boat destroyers which 
have been passed into the Service during the 
year. Here, again, we deprecate any attempt 
at comparison. The destroyers which have an 
asterisk opposite to them have been built to 
the same design and specification, prepared by 
Sir Philip Watts, K.C.B.; but the machinery 
differs in many instances, and the conditions of 
trials varied. These vessels have a length of 
240 ft., a beam of 25 ft. 6 in., and at a draught 
of 7 ft. 10 in. displace 780 tons. The machinery 
was designed to develop 13,500 horse-power, 
which, it was anticipated, would give a speed of 
27 knots. It will be seen that this was exceeded 
in most cases, the rate ranging up to 29.3 knots. 
Allowance, however, must be made, not only for 
the weather conditions, but also for the depth of 
water over which the measured-mile speed trials 
were made, as this has time and again proved to be 
a factor greatly influencing results. An important 
fact, however, brought out by the table is that no 


trial. The Admiralty are very wisely making | difficulty has been experienced in getting under 
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service conditions the » anticipated in the 
design. The vessels marked with a dagger have 
also been designed by Sir Philip Watts, and belong 
to the 1910-11 programme. ere also the results 
are obviously affected by depth of water. 

Interest attaches to the Acheron and Ariel, 
included among the British torpedo-boat destroyers 
tried in 1911, as these two vessels are the first to be 
fitted with the Parsons compound impulse and re- 
action turbine. At the same time two vessels, the 
Attack and Archer, ordered from Messrs. Yarrow, 
are to be fitted with the Brown-Curtis turbine ; 
while two others, the Badger and Beaver, to be 
built by Messrs. Denny, of Dumbarton, are being 
fitted with special turbine arrangements. All of 
these vessels are of the twin-screw type, and interest 
will attach not only to the speed attained, but to 
the fact that in each case the builders of the boat 
are the designers of the hull as well. This 
introduces a variant which somewhat affects the 
determination of relative efficiency, but gain will 
result from the point of view of experience, as the 
Admiralty will G placed in possession of reliable 
data when the vessels are in service, not only in 
respect of the fuel economy, but also of the 
propulsive efficiency. The tendency is distinctly 
towards the adoption of twin screws, both in 
destroyers and the smaller cruisers; all of the 
vessels of this class ordered this year have turbine 
machinery arranged in two separate units, and 
the trials of the three pairs of vessels already 
referred to must influence design in the future. 
At the same time, as has already been recorded, 
the engineering department at the Admiralty are 
vigilantly watching developments in the marine 
oil-engine, and work is proceeding with the 
building of a destroyer corresponding to those 
referred to, but fitted with an oil-engine on the 
centre shaft and turbines on the wing shafts. Other 
experimental work is in progress, and although the 
action taken may not be so rapid as the irrespon- 
sible critic contends for or the imaginative journalist 
records, it must be remembered that ibilities 
of failure. in the machinery of a warship involve 
certainty of disaster, which would have a far-reach- 
ing effect. What, therefore, is required at the 
Admiralty in connection with the provision of 
material for the Fleet is progress tempered with 
that caution and discretion without which absolute 
reliability cannot be guaranteed. We have never 
lagged behind in the design of hulls, and in the 
provision of the most powerful armament, of effec- 
tive armour, or of the most satisfactory propelling 
machinery, and absolute reliance can be placed, in 
the future, as in the past, on the technical officers 
responsible for this work, notably upon the Engi- 
neer-in-Chief of the Fleet, Sir Henry Oram; while, 
on the other hand, there is equal certainty that 
under Sir William Smith, the new Director of 
Naval Construction, as under Sir Philip Watts, the 
high traditions of the Royal Corps of Naval Con- 
structors will be maintained. 








NORWAY’S IRON-ORE DEPOSITS. 

Ir is only within the last few years that the 
importance of Norway’s iron-ore deposits, thanks 
to more rational methods of handling them, has 
been duly realised ; and it is particularly the elec- 
tric smelting processes which have evidenced the 
value of the vast Norwegian iron-ore deposits. Some 
time ago the Department for Commerce, Shipping, 
and Industry appointed a special committee to 
investigate the question, and a very full and 
interesting report, or rather, two reports, is the 
result. The second portion, drawn up by Pro- 
fessor I. H. L. Vogt, deals with the above subject. 
The different kinds of Norwegian iron-ore are 
scheduled ina number of different classes, according 
to their geological origin. 

The first class is ore more especially adapted for 
the concentrating process, as it only averages some 
35 per cent. iron = about 50 per cent. magnetite, 
or specular iron ore, the rest being principally 
quartz. These deposits contain only magnetite, as 
in the vast deposits in South Varanger, or a mixture 
of magnetite and specular ore, as in the group of 
deposits in Fiskefjorden -Blokken -Gullesfjorden- 
Oksfjorden, in Vesteraalen and Lofoten. 

The second class comprises ore richer in iron— 
from 50 to 55 per cent. and 65 per cent., and in some, 
but not all, deposits with a high percentage of 
apatite or phosphorus. Geologically, but not as 
regards extent, these deposits resemble the Gelli- 





number of less important deposits in Lofoten. The 
Solberg mine, near Nis Iron Works, the Lyngrot 
mine (with much apatite), and the Sdftestad 
deposits, with an average of 59 to 60 per cent. of 
iron. 

The third class refers to iron ore in monzonite, 
at Hindé, with practically none, or a very small 
percentage, of titanium, several small deposits with 
50 to 55 per cent. iron, and several larger deposits 
with concentration ore. The fourth class comprises 
iron-ore deposits in the pyrite districts, and geolo- 
gically often in close connection with pyrite de- 

its. They are found in several places. Titanic 
iron constitutes classes 4 and 5; the former, 
ilmenite, occurs, for instance, in the large deposits 
at Ekersund ; and the latter, titano-magnetite, in 
numerous deposits in various parts of the country. 
Iron ore, free from titanium in its various forms, 
accounts for classes 7 to 14, and refers to a number 
of deposits in some of which the ore is of excep- 
tional quality, but the extent of the ore is often 
limited. Although the rational exploitation of the 
Norwegian iron-ore deposits may be said to be 
still in its infancy, the output (and export) has been 
many times doubled during the present century, the 
highest figures given, for 1907, being respectively 
136,000 tons and 132,593 tons. 

In Northern Norway, in the Tromsé district, 
there are some very important iron-ore deposits 
of the Dunderland-Salangen type, all of which 
only contain concentration ore, and the same, with 
less important exceptions, also applies to the South 
Varanger deposits in East Finmarken, and to the 
Hindén deposits. In Lofoten-Vesteraalen and 
adjoining districts there are several, mostly smaller, 
deposits of iron ore, free from, or at any rate very 
poor in, titanium; iron-ore deposits with titanium are 
also found in the locality. Inthe area, some 5 miles 
broad, between the Langfjord and the Pasvik River 
there is, in the striped gneiss-granite, an immense 
quantity of iron-ore deposits, more especially in a 
strip some 9 miles long and 1} to 2} miles broad, 
within which the South Varanger Company owns 
deposits of all sizes from 1 mile in length or more, 
and up to a depth of 170 m. to small pockets, a few 
feet in extent. The ore is markedly striped, resem- 
bling the Swedish Striberg ore. In some places 
the iron ore forms large surface mounds—at Urfjeld, 
for instance, where it rises to a height of 168 m. 
above sea-level. The avera r cent. of iron in 
the deposits likely to be ou ranges between 35 
and 37 per cent., that of phosphorus from 0.01 to 
0.07 per cent., averaging about 0.04 per cent. The 
sulphur percentage is generally 0.01 to 0.07 per 
cent., and that of manganese only 0.1 to 0.4 per 
cent., the percentage of titanium likewise being 
low, 0.04 to 0.35 per cent. At the Bjérnevand are 
some large deposits, in the shape of a V, the two 
legs being respectively 1.2 and 1.5 kilometres 
long; it is continued beneath the level of the 
Bjornevand ; the horizontal thickness varies from 
170 m. to 30 m., averaging 90 m. The area 
is 240,000 sq. m. above the level of the 
Bjérnevand, to which must be added the area 
under the water, measured magnetometrically to 
amount to 100,000 to 117,000 sq. metres. This 
submarine quantity can also be exploited, inasmuch 
as the lake can be emptied. By surface working 
down to 80 m. above the level of the sea, the 
available quantity of ore is carefully calculated at 
about 32,000,000 tons, in addition to which several 
million tons of ore can be worked at a lower level 
than 80 m. The percentage of iron in this ore 
averages 35 to 37 per cent. soluble in acid. The 
aggregate area of the South Varanger Company’s 
iron-ore deposits is estimated at 1,250,000 sq. m. 
Confining the calculations to deposits more than 
300 m. long, an average depth within this length 
of at least 25 m., and an iron percentage of not 
less than 34 per cent., the area may be reduced 
to some 750,000 sq. m. In addition there are 
deposits of 6000 sq. m. with ore containing 52 to 
53 per cent. iron. From these 750,000sq. m., some 
100,000,000 tons of ore containing 35 to 37 per cent. 
iron can be broken by surface working. Of this 
ore some 2.3 tons make 1 ton of concentrate 
containing about 67 per cent. of iron. According 
to this, the residue, 1.3 tons per each ton of con- 
centrate, will contain about 12 per cent. iron. 
With a calculated production of 600,000 to 700,000 
tons concentrate (with 67 per cent. iron) in the 
year the company has ore deposits large enough 
to last for 75 years, with surface working more 
than 80 m. above the level of the sea. When this 





(with what remunerative results must be left an 
open question); but for every metre down working 
over the area of 750,000 sq. m., 2,500,000 tons ore, 
containing 35 per cent. iron, may be reckoned upon ; 
that means 250,000,000 tons of ore for every 
100 m., or rather more than 100,000,000 tons con- 
centrate, with about 67 per cent. iron. The average 
height of the deposit above the sea is about 110 m. 

e rich ore at Ornevand has a length of 400 m. (of 
compact ore), and a breadth of 10 m. on the average, 
that is about 4000 sq. m. area. Each metre of vertical 
working means about 20,000 tons, and 100 m. con- 
sequently 2,000,000 tons. This ore is expected to 
penetrate to a depth of 200 m., perhaps 300 m., 
with same area, which means 4,000,000 or 6,000,000 
tons, or, under favourable conditions, 8,000,000 tons 
of ore, containing 52 to 53 per cent. iron. ° The 
working of these Mabcies deposits will probably 
be left in abeyance for the present, pending in- 
creased means of transport, the straight-line dis- 
tance to the end of the company’s railway being 
9km. Along the south side of the Varanger fjord, 
further west, there are also iron-ore deposits, though, 
so far as known up to the time of drawing up the 
report, of much smaller dimensions. There are also 
deposits in other parts of the Finmarken district, 
though of minor importance. 

Of deposits of the Dunderland-Salangen type, in 
the Nordland and Tromsé districts, a large number 
are known, one or two of which were worked for a 
short time upwards of a hundred years ago; but 
it was not until about 1890 that the Dunderland 
deposits began to attract attention. Some dis- 
coveries are of quite recent date, and there is reason 
to believe that also in the future there will be found 
other iron-ore deposits in these regions. The class 
of iron ore found in this group of deposits is prac- 
tically only fit for concentration. The percentage of 
iron for a deposit varies gonerally from 30 to 36 
per cent., sometimes not fully 30 per cent. ; in 
some places from 38 to 40 per cent.—only in excep- 
tional cases beyond that. The percentage of 
apatite or phosphorus in iron ore of the Dunderland- 
Salangen class, on the average, is fairly high—as 
a rule 0.2 or 0.25 per cent. phosphorus, in some 
cases as much as 1 per cent. ; it varies considerably 
even within a narrow compass. For the Dunder- 
land ore the percentage of phosphorus is about 
0.2 per cent.; at Tomé, Bogen, and Salangen, 
0.25 per cent. ; at Dolstad-Aasen an average of 
0.5 per cent. ; at Sjaafjiildet and Melkedalen even 
an average of 1 per cent. The percentage of 
sulphur, on the whole, is very low—in the Dunder. 
land ore often 0.01 to 0.03 per cent. ; at Sjaafjiildet 
and Melkedalen the percentage of sulphur, how- 
ever, averages 0.1; at Salangen, 0.1 to 0.15; and 
at Bogen, 0.1 to 0.2 per cent. The percentage of 
manganese is generally very low—generally 0.15 to 
0.4 per cent., more rarely 0.5 to 1 per cent. MnO 
in the raw ore. There are, however, places where 
the ore contains 3 to 5 per cent. MnO, and at 
Osmark, in Ofoten, right up to 14 per cent. MnO. 
The percentage of titanium is practically none—that 
is, as a rule, below 0.1 per cent. titanic acid. 

The deposits, especially in the Dunderland Dale, 
often have a length of several hundred metres, and 
a depth of 50 metres or more ; there are, however, 
also a number of smaller deposits. The percentage 
of iron generally lies between 30 to 36 per cent. 
iron, and from most of the deposits in question 
3 tons of ore will make 1 ton of concentrate with 
an average of 65 per cent. of iron. The drawback 
of these deposits is principally the necessity of sepa- 
ration before the ore becomes saleable, while the 
advantages are that the capacity is so large that 
it allows of exploitation on a large scale, that the 
ore, on the whole, is cheap to break, and that it is 
easy or cheap to crush. Some very erratic reports 
have been published about the capacity of some of 
these deposits. In one case a foreign mining engi- 
neer made a certain deposit to contain 30,000,000 
tons of ore, a subsequent colleague of his came 
down to 5,000,000 tons, whilst Professor Vogt 
says 750,000 tons for certain, probably 1,000,000 
tons, and under favourable conditions, 1,500,000 
tons. 

The ore district in the Dunderland Dale proper 
extends from the vicinity of Vesteraali to a point 
called Hatten, some 4 km. north of Meath sony 
The distance between the two extreme points being 
about 20km. Most of the deposits are on the 
north side of the dale, a few on the southern, also 
some smaller ones at other parts. 

The Dunderland Iron Company owns, in addition 
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575,000 sq. m., calculated to yield, with surface- 
working to a depth of 30 m. to 60 m., an aggregate 
of 89,200,000 tons of iron ore; including other 
deposits not yet fully surveyed, the total capacity, 
with surface working, may be estimated at 
100,000,000 or 110,000,000 tons of iron ore. De- 
posits owned by other than the Dunderland 
Company bring the aggregate area to about 700,000 

.m., and, if including smaller or narrower 
deposits, though not less than 5 m. broad, a total 
of 1,000,000 sq. m. is arrived at. Only about 
700,000 sq. m. can be considered of practical import- 
ance oy present day, which area, by working 
downwards, would yield about 2,250,000 tons of 
ore for each vertical metre, or for each 100 m. 
225,000,000 tons—a figure which is of no actual 
significance at the present moment, but which may 
become so in another generation or two. 

The percentage of iron, apart from the small 
Krutmeyer deposits, with, its 53 per cent., and a 
poor deposit at Stordfjord, varies from 36.5 to 
42.2 r cent., or on an average 39 per cent., 
according to some analyses furnished by the Dun- 
derland Company, but Professor Vogt puts the 
average at 33 to 35 per cent., and for a few deposits 
as much as 36 per cent. The Dunderland Company 
from 1905 to July, 1908, when working was discon- 
tinued, broke 565,407 tons of iron ore ; at the con- 
centration works at Storforshej there were separated 
366,345 tons of iron ore, from which there were 
produced 84,189 tons of briquettes and 3353 tons 
of concentrate, the former containing 64 to 65 per 
cent. of iron, the latter 1 per cent. more, about 
4.2 tons of ore being aeateal tes 1 ton of briquettes. 
Professor Vogt states that the Dunderland Com- 

ny had spent 29,000,000.kr., but he thinks that 
improved methods will enable the company to turn 
out perhaps some 300,000 tons of concentrates, 
containing about 65 per cent. of iron, and 0.03 or 
0.04 per cent. of phosphorus per annum. 

The Salangen deposits at Renan and Ren- 
haugen reach to a height of 657 m. to 670. m. above 
the level of the sea; length, about 1600 m.; breadth, 
300 m. to 400 m.; the depth of the ore deposits 
may be put at an average of 30 m. The ore is 
somewhat intermixed with slate, &c., but each 
85 per cent. of the broken substance is expected to 
be ore. The average percentage of iron is put at 
about 30 per cent., and when some of the poorest 
ore is removed, at 32 to 33 per cent.; a few portions 
will show somewhat higher ; on an average there 
is 0.25 per cent. phosphorus, 0.1 to 0.15 per cent. 
sulphur, and 0.1 to 0.5 per cent. manganese, 
locally somewhat more manganese. The quantity 
of iron-ore at the above deposits is calculated at 
about 25,000,000 tons for surface working, likely 
to yield 7,000,000 to 8,000,000 tons of concentrate, 
with about 65 per cent. of iron. The separator works 
are built to produce annually 200,000 tons of con- 
centrate when fully completed. Close to Storhaugen 
are some smaller, but well-positioned, deposits, at 
Leibivaama, which are not fully surveyed yet. In 
the same locality lie the Generalhaugen deposits, 
calculated to contain some 2,000,000 tons of ore 
with surface working ; the Laukostjokka deposits, a 
little further down the fjord, are but little known, 
but ee to contain, for easy working, 4,000,000 
tons of 30 per cent. iron ore. 

In the Bogen Bay, Ofoten, are a number of iron- 
ore deposits, of which the majority belong to the 
Ofoten Malmfilt Company, which has installed 
concentration works. Taking the practically service- 
able ore area to be 100,000 sq. m., which for each 
metre working would give some 270,000 tons of 
ore, the production would be 90,000 tons concen- 
trate, with about 64 per cent. iron, for each metre. 
A likely surface working of 25 m. depth represents 
2,250,000 tons concentrate ; a similar quantity of 
ore can probably be broken by working deeper, 
making a total of 10 to 15 million tons of ore with 
comparatively cheap working expenses. 

Of other deposits of the Dunderland-Salangen 
type there are the Eiteraadalen deposits in Vefsen, 
covering an area of some 200,000 sq. m., the ore 
containing about 30 per cent. iron, but they are 
not fully surveyed. There are also deposits at 
Dolstadaasen and Hégaasen, some of the ore being 
richer in iron, and a quantity of other deposits of 
but minor importance, and in many cases but 
incompletely surveyed and known. 

In Ofoten there are also numerous, mostly small, 
iron-ore deposits, those at Balangen, calculated 
to cover an area of about 86,800 sq. m. At 
Skriverfjeldet, Rolléen, are some deposits, expected, 
in the first place, to contain 5,600,000 tons of ore, 





with an average of 32 per cent. iron ; experiments 
to turn it into concentrate have given good results. 

In the Sérreisen district there are many iron-ore 
deposits, though none of special importance ; nor 
is the working of some of the Lofoten iron-mines 
likely to prove remunerative, although at Mad- 
moderen, for instance, ore containing as much as 
66 per cent. iron has been found ; expensive instal- 
lations, railway, &c., have been built there by 
foreign capital—somewhat rashly, it would seem, 
as the deposits had not been duly investigated, and 
the ore-breaking, as a matter of fact, speedily came 
to an end. The same applies to the Smorten- 
Jérendal-Jendal deposits, and to the Bjérk6 mine. 
In the Hindé Island there are several iron-ore 
deposits, the Vestpoltind being estimated to contain 
5,000,000 tons, or perhaps considerably more. 

The Selvaag deposits are calculated to contain 
15,000,000 tons of iron ore, containing probably, on 
an average, 32 to 35 per cent. iron and 4 per 
cent. titanic acid; the conditions for magnetic 
separation are considered very favourable. 

n the Drontheim district only less important 
iron-ore mines have hitherto been known, but 
recently extensive discoveries of iron-ore deposits 
have been made, and the district can now be said 
to contain the largest deposits in Norway of non- 
titanic iron ore. The ore from the Beitstaden- 
Aufjorden iron-fields, which have only been known, 
in part at least, for a couple of years, contains a 
high percentage of iron (51 to 61 per cent.). The 
only mine which so far has been worked here is 
the Malmo mine, simply because it was first dis- 
covered. The mine contains at least 200,000 tons 
of ore, possibly considerably more. Further west 
there are deposits, as yet incompletely examined, 
which for certain contain 7,500,000 tons of ore, 
probably at least 15,000,000 tons, and perhaps 
20,000,000 tons or more. Conditions for working 
are not unfavourable, and there is considerable 
water-power in the vicinity ; an important mining 
industry may therefore be developed. 

Most of the iron-ore deposits on the so-called 
Vestlandet are titanic, although some to such smal] 
extent that the ore may be looked upon as iron-ore, 
whilst others have as much as 40 per cent. titanic 
acid. The Rédsand deposits, from which export to 
England takes place, contain some 150,000 to 200,000 
tons good ore (50 per cent. iron and 8 per cent. titanic 
acid) and some 50,000 tons of ore requiring concen- 
tration. The Solnérdal deposits are estimated to 
contain probably at least 2,000,000 tons, perhaps 
5,000,000 tons iron ore, containing 50 to 52 per 
cent. iron. There are, besides, a large number of 
smaller deposits. Titanic ironstone (ilmenite) con- 
taining generally 40 to 47 per cent. titanic acid, and 
from 36 to 43 per cent. iron is found at Ekersund 
and Soggendal, and from the Ankerhus and adjoin- 
ing mines some 100,000 tons have been exported to 
England. The Storgangen, east of Riigefjord, may 
be expected to yield 150,000 tons separated ore for 
each metre vertical working, and 20 m. to 30 m. 
depth can be attained with cheap surface working. 

Among the iron-ore deposits east and south are 
the old mines in the Arendal district, which have 
been worked for many years, and probably yielded 
some 2,300,000 tons of ore, and the Langé mines 
at Krageré some 450,000 tons of ore. From the 
Fehns district, where iron-mining likewise has been 
going on for a very lengthy period, export of ore 
has been going on for many decades, the aggregate 
export for the last decade being 355,000 tons, and 
altogether some 600,000 tons of iron ore have been 
broken here ; another 500,000 tons, or, perhaps, 
1,000,000 tons of ore can probably be taken here. 

The apatite deposits at Séftestad may be expected 
to yield 750,000 tons, or, under favourable condi- 
tions, twice that quantity. There are in various 
parts of Norway iron ore deposits of minor import- 
ance, and as the most important iron ore deposits 
in Norway have only been discovered within the 
last few decades, there is reason to believe that 
further discoveries may be expected. 





THE PHYSICAL SOCIETY’S EXHIBI- 
TION OF SCIENTIFIC APPARATUS. 
(Concluded from page 839.) 

Tue Evershed —_ - indicator of Messrs. 
Evershed and Vignoles, of Acton Lane Works, 
Chiswick, W., depends for its action on the varia- 
tion of pressure in a magnetic generator driven by 
the mechanism, the speed of which is to be indi- 
cated. Since the pressure generated by such a 
machine is proportional to the speed, an ordinary 





voltmeter, suitably calibrated, may be employed as 
an indicator. The instrument therefore consists 
of two parts: a transmitter or generator and the 
speed-meter itself, which is a galvanometer. The 
generator shown was fitted into a cast-iron case, 
about 1 ft. long, rubber packing having been 
moulded into the grooves for the lid to render the 
case watertight ; all the glands were also packed 
with rubber. The bearings inside the case are of 
the standard Hoffmann ball-bearing type. The 
permanent magnets have a very high coercitive 
force, and special attention has been paid to their 
ageing. In the commutator air insulation is alone 
used, no mica being applied ; the circuit leakage- 
paths ave been made very long ; the segments are 
of wrought copper, and the brushes are of carbon 
and supported on wires stretched by springs. 
The necessary pressure on to the commutator is 
supplied by a backing of rods of pure rubber, in 
order to ensure contact under strong vibrations, 
The driving-pulley has its bearing outside the 
casing ; it is also a ball-bearing, and quite indepen- 
dent of the generator-shaft bearing. The indi- 
cator is of the Evershed moving-coil galvanometer 
type. The small generator exhibited could be run 
at speeds up to 800 revolutions ; but the range of 
the instrument depends, of course, on the pulley 
ratio. 

The Foster Instrument Company, of Letchworth, 
Herts, has improved its fixed-focus pyrometer, 
which has been noticed in our columns. The tube 
of the ‘‘inspector’s outfit”’ consists of two halves 
screwed into one another, so as to fit into a 
small case 17 lb. in weight, and the indicator 
is provided with two scales, one in black for the 
fixed focus and a range of 700 to 1400 deg. Cent., 
and the other in red for the thermo -couple and 
the range 200 to 900 deg. Cent. The Hoskins 
base-metal thermo-couples of the firm consist of a 
nickel-chromium alloy and constantan; they can 
be used at temperatures up to 1360 deg. Cent., and 
are said to give an exceptionally high electromotive 
force. Such a couple is held in contact with a 
—— of steel in the small-recalescence point 
outfit, another exhibit, which is simply a stand for 
the test-piece and a Bunsen burner, joined to 
a portable direct-reading indicator, The use of 
this instrument was demonstrated; a recording 
instrument marking a dot every minute on a 
24-hours chart was also on view. 

The strain-meter of Mr. C. E. Foster is a very 
simple instrument for the determination of the 
actual strains in any part of a ship, bridge, &c. The 
instrument fits into a small wooden case, less than 
1 ft. long. . Two holes are drilled into the respective 
plate to be observed, 8 in. apart ; the studs of the 
strain-meter are screwed into these holes. When 
holee cannot be drilled the studs can be fixed with 
the aid of clamps supplied. Each stud carries a rod 
about 4 in. in length. The one of the rods is rigidly 
connected to an hydraulic chamber made of metal, 
which is closed on the far side by a diaphragm of 
rubber; the other rodslides in its stud, and is brought 
up close to the diaphragm, against which it will bear 
with a certain pressure. From the chamber 
extends upwards a graduated tube. The pressure 
of the second rod will force the liquid up in this 
tube to a certain height, which forms the zero for the 
particular observation. When a stress is put upon 
the plate or bar under examination—the pressure 
of the finger, e.g.—the liquid at once rises. The 
zero can be adjusted with the aid of a screw, and 
the glass tube can be swung round parallel to the 
rods. The magnification used is 580: 1, and one 
division in the tube corresponds to 0.000136 in. 
and to 0.221 ton per sq.in. It will be understood 
that in the instrument in use the two rods form a 
straight line, the hydraulic chamber being in the 
middle. The instrument has, we are informed, 
been used near propellers on ships out at sea, and 
also for the purpose of measuring the strains to 
which ships and the scaffolding are exposed during 
launching. 

Messrs. Gallenkamp had several optical and 
physical apparatus for instruction on view, including 
the apparatus which Mr. Darling recently exhibited 
at the Physical Society for the study of drops form- 
ing within other liquids, and Manley’s protector for 
balance-beams. Messrs.Gambrell Brothers exhibited 
A. E. Moore’s new wattmeter of the ‘‘straight- 
through” dynamometer pattern, in which the 
current coil is able to take 1000 amperes without 
errors due to skin effects and eddy currents. They 
also showed Dr. Lowndées’s thermo-slectric 
potentiometer (designed for measuring small 
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electromotive forces), having, with one accumulator] is also used, the wave-length, degree of coupling, 


cell, a range up to 5000 microvolts, and the’ capacity, or inductance. 


standard low resistances and potential terminals of 
Professor C. H. Lees. In these terminals a fine 
cross cut, made with a saw, keeps the main current 
off the potential terminal. The low resistance 
shown consisted of four parallel bars of manganin, 
fixed edgeways in terminal clamps which were 
provided with the just-mentioned cross saw-cut ; 
these bars are to be used in connection with millivolt- 
meters. ‘ J 

Mr. F. Harrison Glew gave some interesting 
radioactive demonstrations. His radioactive = 
are twisted copper wires coated with the sulphates 
of barium and (a little) radium ; when one of these 
spirals was fixed on one pole of a Wimshurst 
machine (e.g., the positive pole) and the other on 
an electroscope, the electroscope would become 
positively charged, and Mr. Glew pointed out 
that this charging with electricity of the same 

larity was sometimes overlooked, when people 
thought they were merely observing discharge 
effects. A little actinium mixed with charcoal 
was contained in a glass tube, which was at one 
end connected to asmall rubber balloon, and at the 
other to a flat glass tube, lined with zinc sulphide 
and open at the farend. A puff of air sent up 
this tube liberated enough actinium emanation 
to make the zinc sulphide fluoresce, the light 
travelling up the tube; a few seconds later 
enough emanation would have been re-formed 
to repeat the experiment; the half period of 
this emanation was four seconds. . Glew 
also had some mesothorium in a brass cup; 
this salt, he said, was 300 times as active as 
radium, and 2 milligrammes of it cost only 20I.; 
the salt made a zinc sulphide screen fluoresce in a 
beautiful green. 

Messrs. John Griffin and Sons, Limited, had 
various furnaces on view, comprising the Rosen- 
hain electric muffle furnaces and his combustion 
furnaces for the determination of carbon in steel. 
We have noticed these furnaces in our report on 
the work of the National Physical Laboratory. The 
quartz-mercury thermometers also shown came 
from Germany ; the thermometers are all quartz, 
the scale included, and mercury, and the tubes, if 
a little wavy, are perfectly clear quartz-glass. 

The India-Rubber, Gutta-Percha, and Telegraph 
Works Company, of Silvertown, showed the newest 
form of Dittmar’s decade Wheatstone bridge. As 
a rule the ebonite slab of a bridge carries a number 
of brass blocks connected by plugs ; in this form 
the arrangement is reversed, the plugs are fixed to 
the slab, and connections are made by travelling 
sockets. A longer path is provided across the 
ebonite, and leakage is reduced. The E. Raymond- 
Barker two-tone transmitter was mentioned last 

ear. 

. Messrs. E. Leitz, of 9, Oxford-street, Wetzlar, 
and other places, showed several of their beautiful 
lantern apparatus in use. All their lanterns are 
provided with lamps having their carbons at 
right angles to one another, which arrangement is 
to give a brighter and steadier light than the 
ordinary vertical disposition. Their micro-metallo- 
graph serves for the examination and the photo- 
micrographic analysis of the surfaces of metallic 
specimens, The Edinger drawing and projection 
apparatus are due to Professor Edinger, of the 
Physikalische Institut, Frankfort. A mirror is 
placed above the eye-piece, so as to project the 
image on a drawing surface—e.g., a horizontal 
plate of ground glass; the lantern is above, and 
underneath the stage is a nose-piece, into which 
different objectives can be screwed. The whole 
apparatus shown was mounted on a sliding stand, 
into the vertical guides of which a photographic 
camera could be fitted. As shown, the apparatus 
served for the drawing of biological specimens, but 
it can also be used for the projection and magnifi- 
cation of diagrams. The new ultra-condenser of 
Messrs. Leitz is a cavity fitted with two reflecting 
spherical glass surfaces. In the demonstration 
some cigarette smoke was blown through a small 
tube into the cavity; crowds of moving smoke 
particles were seen in the brilliant light. 

The decremeter of Marconi’s Wireless Tele- 
graph Company, Limited, is an instrument which 
measures the rate of decay of the amplitudes in the 
electrical oscillations of high-frequency circuits. 
The ag of the complete instrument are contained 
in a box, and a table fixed in the inside of the lid 
enables the operator to read off the decrement, and 
in similar measurements, for which the instrument 





The principle is that the 
capacity of a coil and variable-condenser circuit is 
adjusted to the respective wave-length until a 
double-head telephone sounds. Resonance is indi- 
cated by the aid of a detector, consisting of a carbo- 
rundum crystal (which need not have any particular 
or regular shape, of course) held between two 
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Fie. 8. APPARATUS FOR THE DETERMINATION 
or CO. 


upright, flat brass clips ; crystals more than a centi- 
metre in length are used. The wave-length is 
deduced from the condenser readings by means of 
the table, both in the decremeter and in a smaller 
wave-meter, which was likewise exhibited. Flat 
waves are difficult to tune up ; for making measure- 
ments in such cases the instruments are provided 
with a sliding contact and a coil mounted on a 
switch. 

The valve-receiver of Marconi’s Company, now 
a standard instrument, was described by Professor 
Fleming during last year’s exhibition. It consists 


of three inductively coupled circuits, each adjust- 
able, combined in one instrument with a sensitive 








oscillation valve detector and its potential-regulat- 
ing device. The multiple tuner, introduced by 
Marconi’s Company two or three years ago, com- 
bines also three adjustable inductively connected 
circuits for the purpose of strengthening the in- 
coming electromagnetic impulses of the desired 
wave-length, and to weaken all others. The 
instrument has a range from 100 up to 2500 
metres, which covers ship installations and also 
small and fairly large land stations. In the 
** Std.-bi” (stand-by) arrangement a change-over 
switch connects the aerial to the detector cir- 
cuit, which will then be ready to respond to 
impulses of all wave-lengths. A magnetic y 2 orang 
the standard ship instrument, is preferably used 
with this arrangement. In this detector (which is 
not novel, of course) a steel tape belt is moving 
continuously (by clockwork) over two pulleys; it 
passes through a small glass tube surrounded by 
a coil ; the coil consists of a primary winding for 
its oscillating impulses, and a secondary winding 
joined to the telephone. One or two horse-shoe 
magnets are fixed above the glass tube to produce 
the field. 

The instructional buzzer, also exhibited, is an 
instrument devised for training operators, and 
especially for teaching them to_read Morse signals 
when very weak. For this purpose the inductive 
coil of the receiving (telephone) circuit has very 
simply been so mounted that the coupling can be 
changed by turning a handle, and the signals can 
thus be more and more weakened. The company 
also showed a model, about 20 ft. high; of their 
hydraulic pressed-steel tubular masts, their actual 
standard pattern ; the mast is built up in sections, 
and a new section is added below, when further 
— is desired; the top portion is always in 
w 


Messrs. Nalder Brothers and Thompson, Limited, 
showed insulation testers for high-tension circuits 
on the dynamometer principle, portable precision 
galvanometers for direct and alternating currents, 
and their ‘‘ ohmer”’ circulation measurer ;° this 
instrument is fitted with reeds for two definite 
pressures (500 and 1000 volts, e.g.), syntonised to 
vibrate vigorously when the — of the generator 
corresponds to the required voltage ; the maximum 
range was 0 to 100 megohms, reducible by a switch 
to 0 to 10 megohms. 

The fine partly historical colleetion of meteoro- 
logical and other apparatus of Messrs. Negretti and 
Zambra_ compri deep-sea thermometers, the 
Anemo-biagraph, a new wind direction recorder, 
Lowne’s electrical recorder for cup anemometers 
(pressure and total miles), and the ‘ folding 
minim,” a novel prism binocular. 

Messrs. Newton and Co. showed, in addition to 
their demonstrator lantern (in which the mirror 
forms a fixture to the swing front), gyroscopes, 
harmonograph, &c., Dr. Leonard Hull’s oe 
vision apparatus. This apparatus is a kind of 
optical bench on which two identical prisms are 

rojected on to a pane of ground glass, the spectra 
ing adjustable as to size, position, and illumina- 
tion. The person under examination marks the 
extreme ends of the spectra such as they appear to 
him. There is also a screen for each spectrum, 
which obscures a whole spectrum, except a disc of 
red or green, &c., and the patient is asked to 
match the two discs of the two spectra. 

The unipivot dynamometer hesass-ccnple indi- 
cators, &c., of Mr. R. W. Paul, of New Southgate, 
N., were noticed last year in connection with the 
Brussels Exhibition. The slide potentiometer of 
Mr. Paul is an inexpensive instrument which is 
provided with double-pole circuit-selecting switch, 
also arranged for reversing the polarity in cases of 
accidental wrong connection, seventeer. potential 
points, coils adjusted toa standard value, and slide- 
wire adjusted to the same value by means of an 
internal shunt, from which the switch zero is 
tapped off. The ranges of the instruments are 1.8, 
0.18, or 0.036 volt. The special feature of the 
ohmmeter of Mr. G. W. Harris, also exhibited by 
Mr. Paul, is the moving-coil system, the coils being 
made wider than the pole-faces, so as to cover 
170 deg. of arc ; up to four times the usual number 
of turns may thus be employed in the windings. 
The instruments are e for all ranges—from 
microhms to megohms—and are fitted with a 
direct-reading resistance-thermometer indicator. 

Messrs. . G. Pye and Co., of Cambridge, 
demonstrated the use of several instruments for 
the testing-room, the laboratory, and lecture-hall. 
The ‘‘Granta” extensometer (patent pending) 
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—shown as working on a single-lever testing- 
machine—measures the extension or compression 
of test-bars of definite length and any section to 
a in. The multiplying power is obtained by 
means of an optical lever, and the deflection of a 
mirror is watched through a telescope, or the light- 
spot is thrown on a scale. With the aid of various 
adjuncts such measurements can be taken on pillars 
and piers under construction. The Robinson 
centrifugal-force machine is an apparatus for de- 
monstrating and measuring centrifugal force correct 
within about 1 per cent. As the speed of a hori- 
zontal rotating bar increases, balls sliding on a 
bridge move outward, until their force is balanced 
by a weight, the string of which is carried over a 
pulley and connected with the balls. 

The Reason Manufacturing Company, of Lewes- 
road, Brighton, exhibited only Murday clocks 
driven by dry cells; three cells would hold out for 
two years, it was stated. The tempered steel 
spring forms a horizontal spiral, to which an 
invar steel ring is attached; this ring carries the 
armature for the electromagnet, and also a toggle- 
piece, which interrupts the circuit, as the spring 
oscillates to and froin the horizontal plane. 

The processes of the Ribbon Metals Syndicate, 
50, City-road, E.C., have several times been men- 
tioned in our columns. The products exhibited 
comprised gold, silver, and copper ribbon (not so 
smovth as the zinc and tin ribbon), aluminium and 
cadmium ribbon, and sheet metal, very uniform 
ribbons of solder (lead-tin), tin, and zinc, up to a 
foot in width and up to several millimetres in 
thickness. The lead ribbon is very convenient for 
producing a uniform white lead without exposing 
the workers to lead poisoning when handling heavy 
plates, and the ribbons of the noble metals are used 
in the electrolytic separations. Two apparatus 
were shown at work. Inthe one an upper and a 
lower receptacle for fused metal were joined by 
a curved tube so as to form a closed system ; 
both receptacles were heated by Bunsen burners, 
and the molten metal passed, under hydrostatic 
pressure, from the lower cylindrical vessel through 
six perforations on to a brass cylinder (cooled 
by water circulation) revolving at moderate speed ; 
six ribbons were thrown off in parabolic curves. 
The other apparatus also consisted of two heated 
vessels, but they were separated, the upper dis- 
charging through a feeder pipe into the lower 
open vessel, which was pushed up close to the 
revolving cylinder of steel. The molten metal 
overflowed from this lower box-shaped receptacle 
over a weir, 1 in. in width (the width determines 
the width of the sheet, of course), on to the 
cylinder; the thickness of the resulting sheet is 
adjustable within limits. 

he Sanitas Electrical Company had a large 
collection of X-ray apparatus, Ie. on view, fitted 
with ‘* Sanax ” interruptions ; a very clear photo- 
graph of the intestines of the human body was 
prominent among the exhibits. Their ‘* multostat’”’ 
universal apparatus for administering currents to 
the body can be worked from any light circuit with 
the aid of a Leduc interrupter. 

Messrs. Siemens Brothers and Co. exhibited, 
among other novelties, a wireless telegraphy set on 
the quenched singing-spark system, for simple 
experiments and demonstrations, a copy of 
a station apparatus, consisting of transmitter, 
receiver and antenna ; two such apparatus would 
be required for an interchange of signals. The 
current of an accumulato1 battery (12 volts) is sent 
to a hammer induction apparatus for 350 inter- 
ruptions per second, in which a thin U-shaped 
steel spring makes contact with the hammer ; the 
practically undamped oscillations give a clear note. 
The vertical spark-gap consists of five separate 
sections, four of which may be cut out by means 
of clips ; there are also clips (three fixed and one 
cis on the primary self-inductance for obtain- 
ing three different (and also intermediate) wave- 
lengths. The vertical coil for aerial lengthening is 
ar ar ys with a sliding contact and tuned with the 

elp of a helium tube. The antenna is built up of 
two vertical tubes, each 3 ft. in length, supporting 
a horizontal cross at the top ; this cross is a square 
of copper wires with brass rods as diagonals and a 
metal eye. The guaranteed range of the set is 
1100 yards ; double the range is obtained under 
favourable conditions, and a range of 5 miles 
secured with an antenna of 30 ft. height. 

The ‘* oscillothermsx ” of Messrs. Siemens 


Brothers may be described as an X-ray apparatus 





(for therapy, fluoroscopy, and radioscopy) worked 
with electric oscillations on the quenched arc 
system of radiotelegraphy, from alternating-current 
supply or from direct-current supply and a small 
rotary converter. The apparatus consists of dia- 
thermy apparatus with spark-gap and milliampere- 
meter on one table, transformer coil and coupling 
on a second table, and a high-tension cable, a yard 
in length, leading over to the cathode of the X-ray 
tube which is carried on a stand ; the tables run on 
rubber wheels. The ray coil lies inside the self- 
induction coil of the Tesla transformer ; its lower 
end is earthed, and the upper end joined (by the 
cable) to the X-ray tube, which has only one ter- 
minal on the Pfliiger-Peukert method. About 
10 amperes at 110 volts are required. 

The two other instruments exhibited were fre- 
quency indicators. The first of these, a Frahm 
reed resonance indicator, was shown in operation 
by mechanical and electrical means, and also as a 
neat model, illustrating the way in which vibrations 
are picked up. On the top of a ring were fixed six 
reeds, and a heavy fly-wheel, mounted in the ring, 
was set spinning. The oscillations of the instrument 
would first be taken up by the shortest reed, the 
amplitudes of the oscillations increasing slowly at 
first and then rapidly, to go down again ; then the 
second reed would begin to oscillate in the same 
way, and soon. Thesecond instrument of Messrs. 
Siemens Brothers, the vibragraph of Mr. Pollard 
Digby, forms a square wooden case with a saddle 
roof ; a small electric lamp is fixed in the one side 
of the roof, in the other a pane of ground glass ora 
photographic plate. On the bottom of the case 
stands a cup filled with mercury, on which floats a 
mirror, which is pivoted so as to avoid lateral move- 
ment. When the flooron which the instrument stands 
is steady, the reflected lamp marks a light spot on the 
ground glass; when the floor is vibrating, the spot 
describes more or less regular curves, because the 
mirror is vibrated by the mercury ripples. Each 
mercury cup has its own constants, and three types 
of cups are calibrated for vibrations ranging from 
0.3 mm. to 0.02 mm. A steady-running motor 
will produce a long ellipse, nearly a straight line, a 
two-crank engine a peculiar spiral, a motor-car an 
ill-defined blot consisting of a confused mass of 
curves. Although the cup is a sensitive piece of 
mechanism, it may be tilted and transported with- 
out difficulty. 

The beautiful collection of moulded and blown 
transparent quartz-glass articles of the Silica Syndi- 
cate, Limited, of 82, Hatton Garden, attracted 
considerable attention. There were prisms, com- 
plex chemical apparatus consisting of tubular and 
spherical parts, coils, dishes, watch-chains, &c., all 
- suciecily clear quartz, as regular as if made of 
glass. 

We can only mention the astronomical regulator 
of the Synchronome Company ; the varied chemical 
and physical apparatus of Messrs. Townson and 
Mercer; and the A.-C. switchboard instrument, 
dynamometer, and testing sets of the Weston 
Electrical Instrument Company. 

Messrs. Alexander Wright and Co., of 1, West- 
minster Palace-gardens, exhibited several novel 
instruments for the control and analysis of gas- 
works products. The continuous automatic indi- 
cator of the gas density (Simmance and Abady) is 
really a balance, in which the coal-gas or other gas 
is weighed against air by the aid of a floating bell. 
The gas enters a cylindrical chamber surmounted 
by a long tube (Fig. 7, page 871) at the top of 
which the gas is burned after passing through the 
chamber ; the burner is not very distinct in the 
photograph. The bell is suspended from below, 
and rises or falls in its oil-seat, as the gas is 
heavier or lighter than the air, and the specific 
gravity of the gas is indicated by the pointer, 
which is attached to the bell, on the open scale, 
which reads to 0.0025. The instrument is also 
made recording. In the recording calorimeter this 
density indicator is furnished with a valve and 
combined with a recording differential thermometer. 
One end of the thermometer is influenced by the 
temperature of the air, the other end by the tem- 
— of the air together with that of the com- 

ustion products of the gas. If the gas-flame were 
supplied with gas at a rate which remained con- 
stant, however much the density of the gas varied, 
then the chart of the recording thermometer might 
be calibrated in heat units. Hitherto, it is claimed, 
the problem of a gas-feed at an unvarying rate has 
practically been impossible, because a change of 
rate must inevitably follow a change of density. 





Messrs. Simmance and Abady now control the rate 
by. making the specific-gravity indicator actuate 
a valve which opens and closes the passage of the 
gas exactly in ratio to the increase or decrease in 
the gas density. The instrument is thus free from 
all measuring devices, and when set on gas of one 
density will accommodate itself to gas of any other 
density. The engineer who makes any kind of gas 
—producer, water, Mond, blast-furnace gas—can 
thus obtain a continuous record of the calorific 
value of his gas in heat units. 

The two other apparatus concern the deter- 
mination of carbon monoxide, and are due to Mr. 
Leonard Levy. The CO has so far been deter- 
mined either by absorption with cuprous chloride 
or by exploding a residual after analysis; the 
former method is uncertain, the latter tedious. 
The direct determination of carbon monoxide, 
although of importance to engineers in power gas- 
plants, mines, &c., has rather been neglected for 
this reason. The apparatus by which Mr. L. Levy 
determines the percentage of CO in about five 
minutes is illustrated in Fig. 8, page 871. The gas 
passes through two vessels, A, in which all the un- 
saturated hydrocarbons are absorbed, and B, which 
retains any fumes coming from A and also the carbon 
dioxide (CO,). The gas then flows through the 
drying-tubes C, indicated in dotted lines, and the 
selective oxidation tube D, and, further, the three- 
way cock E, one branch of which is a by-pass, while 
the other leads to the decolorisation vessel F. The 
flow of the gas is regulated by the discharge of 
water from the graduated aspirator G. In the 
oxidation tube the CO is oxidised by means of 
iodine pasnaite (I,0;), which is a white crystalline 
mass that can be handled without risk ; it forms 
the anhydride of iodic acid. The CO is oxidised 
to CO,, and the CO, is determined by changing 
the colour in the vessel F from red to white; 
20 cub. cm. of CO, would effect this change, and 
the scale reading on the aspirator indicates the 
—— of CO, and thus of the CO. The oxi- 

ation of the CO has to take place within certain 
temperature limits; the tubes D are therefore 

laced in an air bath H, which is heated by a small 

unsen burner. The apparatus fits into a portable 
glass case. In the other apparatus, the carbon 
monoxide recorder, the oxidation is effected in the 
same way, and records are obtained as in the 
Simmance-Abady combustion recorder on a circular 
24 hours’ chart. 

Messrs. Carl Zeiss, Limited, exhibited a larger 
type of the new levels, which we described last 
year. The magnification is 36 diameters, the 
tripod stand is remarkably light and rigid, and the 
other advantages are retained. The bubble is seen 
without parallax, the final adjustment is rapidly 
made, the collimation may be tested within a few 
minutes from a single station, and the telescope 
can quickly be used in the reversed direction, and 
also be turned about its longitudinal axis. They 
also showed two new projection lamps, in one of 
which a five-ampere lamp gives sufficient light to 
cover a 10-ft. screen when a photographic objective 
from 15-cm. focus upwards is used as a projection 
lens. This apparatus is fitted with a triple-lens 
condenser, while in the apparatus for experi- 
menting with polarised light an aplanatic condenser 
is used; beautitul effects are produced in both cases. 








NOTES. 
JAPANESE FINANCES. 

THE large numbers of ple in this country 
interested in the future welfare of Japan were 
all much gratified to learn that there was no 
truth in the somewhat alarmist reports with 
regard to the state of the finances of that country, 
and to be assured that the Minister of Finance 
had taken a very firm stand in the matter of 
naval and military expenditure, and, in preparing 
the Budget for next year, had determined to cut 
down all unproductive outlay. There are some 
necessary increases, but, on the whole, the Budget 
has been framed on principles restricting the 
undue expansion of expenditure, maintaining the 
sinking fund, abstaining from fresh borrowing, 
and avoiding any increase of expenditure for any 
new schemes. The ordinary revenue is esti- 
mated at 500,500,000 yen, and the extraordinary 
revenue at 53,800,000 yen, making a total re- 
venue of 554,300,000 yen (the yen is approx!i- 
mately 2s.). The increase over the current 
year is 5,600,000 yen in ordinary revenue, and 
3,300,000 yen in extraordinary revenue, making 4 
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total increase of revenue of 8,900,000 yen. The 
total expenditure is estimated at 571,000,000 yen, 
of which the ordinary expenditure is 409,500,000 
yen, and the extraordinary expenditure 161,500,000 
yen. The ordinary expenditure having diminished 
by 600,000 yen, and the extraordinary expenditure 
increased by 2.700,000 yen, the total expenditure is 
estimated at 2,100,000 yen over that of the current 
year. The excess of the total expenditure over 
the total revenve, amounting to 16,700,000 yen, 
will be met out of the realised surplus from 
the previous year, so that no recourse either to 
increased taxation or to borrowing is necessary. 
In Japan the announcement of the Budget is 
welcomed by public opinion as a fresh proof of the 
sound financial policy which the new Cabinet is 
determined to uphold, and it is felt that Japan’s 
financial standing is stronger than it was last year. 
The Government’s financial position, as well as 
the prosperity of the country, are better to-day. 
With regard to the naval estimates, it should 
be pointed out that the navy scheme decided 
upon last year was drawn up with a view of 
keeping pace with the industrial and commer- 
cial development of the country, and from this 
scheme there will be no departure. The main 
principle was that the general development of the 
country should not be hampered by undue expen- 
diture. If the Finance Minister has not been able 
to comply with the subsequent demands of the 
navy, this has no reference whatever to the general 
status and efficiency of the navy, as already settled 
by the Government. 


A Rapium Perpetuum Mopsite. 


In 1903 a new kind of perpetuum mobile was 
described by Mr. R. J. Strutt in the Philosophical 
Magazine. It was a gold-leaf electroscope, which 
was charged up by the § rays coming from radium 
bromide, until one of the defiected leaves touched 
an earthed contact ; the leaves collapsed then for a 
moment, but soon diverged again under a new 
charge. The vacuum of the vessel in which the elec- 
troscope was contained had to be maintained very 
high, otherwise the air remaining in the vessel would 
have become ionised, and would have allowed the 
charge to become neutralised. A more convenient 
modification of this little apparatus has been devised 
by Mr. H. Greinacher, of the University of Zurich. 
This new perpetuum mobile consists of two parts— 
a binant electrometer, which works in ordinary air, 
and a cylindrical portion fitting into the tubular 
upper portion of the electrometer and serving for 
the introduction of the rays. This latter cylinder 
contains, completely embedded in paraffin, a brass 
plate, from which a wire extends downward through 
the paraflin, ending below in a hook. The brass 
plate is near the top of the cylinder, and is 
separated by a very thin layer of the paraffin from 
the cover of the cylinder, a disc of aluminium, 
only 9.015 mm. in thickness. The radium salt is 
placed on the top of this aluminium disc, so that 
the rays are not much obstructed before they strike 
the brass plate. The negative charge imparted to 
the brass plate travels down the wire from the 
took of which the electrometer is suspended. The 
very fine suspension wire (made after Wollaston’s 
method by drawing out a silyer-coated platinum 
wire and dissolving the silver with the aid of nitric 
acid) supports a fine horizontal needle of silver. 
When the needle is deflected, it is drawn into the 
space partly enclosed by the sectors of the elec- 
trometer, until it touches an earthed contact, when 
it returns. The period of the apparatus of 
Greinacher is about 8} minutes, when the experi- 
ment is first started; but it decreases slowly for 
several reasons. The needle begins to be re-charged 
on its return, so that the zero position of the needle 
is a little nearer the contact than it was at first ; 
there is also some accumulation of the charge in the 
— column, and leakage through it to the wire. 

he play of the needle is said to be very regular, how- 
ever. When some radium salt is held close to the 
electrometer box, the period is prolonged, and the 
needle will remain stationary when the charge 
brought from above is balanced by the discharge 
through the ionised air. The apparatus, which is 
useful for comparative experiments with various 
kinds of rays, is supplied by the firm of G. Zulauf 
and Co., of Zurich. 


Dancer FRoM Exectric SHock. 
There is no doubt that with the increasing higher 
electric potential now in use the increasing danger 
to life, particularly among linemen and others 





whose work brings them in contact with high- | 
tension plant, will have to be more carefully con- | 
sidered. The persons who run the greatest risk are 
the linemen, owing either to poor construction or to 
ignorance on the part of the men. With regard 
to this ignorance, Mr. C. A. Copeland points out 
in the Journal of Electricity that in the United | 
States, at any rate, itis a fact that the vast majority | 
of linemen know absolutely nothing about resusci- | 
tation after shock, and he is also of opinion that | 
this applies to other classes of electrical workers as | 
well. Telephone linemen are said to be the most | 
careless class of all electricians, which is probably | 
due to companies employing men who have not been | 
accustomed to work with voltages higher than 50, | 
nor with amperages above unity. These men, | 
being put to work among circuits carrying 2000 to | 
30,000 volts or more with no previous knowledge | 
of them, not only run great risks themselves, | 
but may cause great danger to other better- 
informed men who are working with them. A 
suggested remedy for this is to have a company | 
physician or superintendent, or both, who will once | 
a year at least, but oftener by preference, make | 
trips and give proper instruction to every outside 
worker, so as to demonstrate how to resuscitate 
a person who has received a severe shock. The 
question has often been asked, What voltage will 
kill? As pointed out, however, this question as it 
stands is futile, and one might as well ask how many 
pounds falling on a person’s head will prove fatal, 
so much depending on the velocity of the weight. 
A case is noted of a healthy man who, while in 
his bath, received a severe shock (from which he 
suffered for several weeks) while turning on the 
incandescent light, the pressure being only 27 
volts. Mr. Copeland recounts a case of a student 
at Stanford, U.S.A., who was killed on a 110-volt 
circuit, while other persons have received shocks 
from 33,000 volts which have not proved fatal. 
There have also been, we believe, cases of direct 
ground shocks due to 60,000 volts which have not 
caused death, though many deaths have occurred 
from 2000 volts. From this Mr. Copeland con- 
cludes that currents of 30,000 volts are safer than 
those of 2000 volts. Such a conclusion, however, 
we cannot accept altogether until we know the 
exact circumstances of each case. The reason for 
this belief given by Mr. Copeland is that the higher 
voltages seem to exert their energy on the surface 
of the body instead of within—‘‘a sort of skin effect 
as applied to a human conductor.” 


Normat Licur Mercury-Vapour Lamps. 


Mr. Cooper Hewitt has recently succeeded in 
improving his mercury-vapour lamps, and in turn- 
ing their somewhat ghastly bluish-green light into 
a normal light, white with a slight suggestion of 
pink. The chief rays emitted by the mercury arc 
are a yellow ray (wave-length 0.578), a green ray 
(0.546 »), a blue ray (0.436 ,), a violet ray (0.404 ,), 
and several ultra-violet rays, of which only one 
(wave-length 0.366 ») penetrates through the glass 
tubes of the Hewitt lamps. Various attempts have 
been made to supply the deficient red rays, Mer- 
cury-arc tubes charged with nitrogen appeared 
pink when plunged into ice ; but at ordinary tem- 
perature the mercury-arc tint preponderated again. 
Tubes filled with argon and helium behaved 
similarly. When potassium amalgam was sub- 
stituted for mercury, part of the tube appeared 
reddish. Heraeus obtained a certain amount of 
success with an amalgam containing about 20 per 
cent. of lead ahd the same proportion of bismuth 
in addition to about 0.5 per cent. each of zinc 
and cadmium ; but these alloys, as well as those con- 
taining thallium and antimony, practically yielded 
mercury arcs again, rich in ultra-violet rays. Mr. 
Hewitt therefore tried to produce the missing 
red rays outside his lamp by combining a mercury 
arc with an incandescent carbon filament; the 
complicated lamps were inefficient. He then 
turned to fluorescence, and succéss has been 
obtained with the aid of fluorescent screens. Fluor- 
escent substances the peculiar property of 
absorbing light of certain wave-lengths, and 
emitting light of another wave-length ; as a rule, 
the emitted light is of greater wave-length than the 





received light. Since there is absorption, there is 
always a loss of energy ; if, however, the emission 
can be secured at the expense of ultra-violet rays, 
which are invisible to the human eye, and thus) 
useless for illumination, this loss does not count. | 
The tint of the emitted light varies with the| 


Substance employed ; the fluorescent light of | 


quinine is bluish, and that of fluorescein bright 
green. Mr. Hewitt experimented with rhodamine 
(meta -amidophenol - phthalein) ; this compound 
gives a pink solution in water, alcohol and acetic 
acid, which shows a brilliant orange fluorescence, 
particularly when the last-mentioned solvent is 
used. When such a solution is illuminated by 
the spectrum, the yellow and green, and again 
the violet and ultra-violet rays, are absorbed, 
while the red and blue ; the transmitted light 
hence appears pink. The chief absorption takes 
place about wave-length 0.555 » (green), the 
yellow and green rays of the mercury arc being 
absorbed. The blue mercury ray previously men- 
tioned is reflected and is only slightly affected, 
assuming a mauve shade. The ultra-violet rays cause 
a red fluorescence. Rhodamine thus appeared pro- 
mising. Mercury-are tubes, surrounded with gauze 
veils dyed with rhodamine, were first applied ; 
but the efficiency of the lamp was poor, and the 
effects of the transparent light were not pleasant. 
Experiments were then made with rhodamine 
reflectors placed behind the mercury tube, and 
by varying the shape and dimensions of these 
reflectors, a light of a pleasing tint was pro- 
duced. Unfortunately, rhodamine, like fluor- 
escein and eosin, to which it is chemically re- 
lated, is not fast to light. A screen dyed with 
rhodamine loses its effectiveness after an exposure 
to mercury rays for about twenty-four hours. It 
was hence necessary to incorporate the rhodamine 
with some substance in order to render it more 
durable without interfering with the fluorescence. 
Such a substance has recently been found, we are 
informed by the Westinghouse-Cooper Hewitt Com- 
ny, of 151 and 152, Great Saffron-hill, Holborn, 
.C., and paper screens are now coated with a solu- 
tion of rhodamine by a complicated process. Objects 
appear of the same tint, it is claimed, when 
examined in daylight and in the light of these new 
mercury arcs fitted with rhodamine reflectors. 








H.M. Torrepo-Boat Destroyer “ Atrack.”—This 
destroyer was launched on the 2ist inst. from Messrs. 
Yarrow’s yard. She is the second of the five special 
destroyers which they have under construction for the 
British Admiralty. Her dimensions are 240 ft. long 
by 25 ft. 7 in. beam; she is propelled by twin screws, 
driven by turbines of the Brown-Curtis type, which have 
been built by Messrs. Yarrow. Steam is supplied by 
three Yarrow water-tube boilers burning oil-fuel, and 
fitted with a new form of superheater designed by them. 





Montreat Harsour.—An expenditure of 400,000/. is 
to be made in 1912 in the improvement of Montreal 
Harbour. Work will be started with a view to providing 
sufficient new piers to furnish space for the docking of 
fourteen ocean-going ships. The piers will be of concrete 
and of the high-level type, Permanent and fireproof 
sheds are also to be provided. The business of the port 
of Montreal shows a satisfactory increase. The total 
quantity of grain exported during the t navigation 
season was 2),388,339 bushels, as compared with 26,349,514 
bushels in 1909-10. Flour exports were almost doubled. 





Tue Socrery or Enorvgrers (INcorporatrep).—The 
second annual general meeting of the Society of Engi- 
neers (Incorporated) was held at the Society’s offices, 
17, Victoria-street, Westminster, on Monday, the 11th 
inst., Mr. John Kennedy, vice-president, being in the 
chair. The report of the scrutineers of the postal 
ballot for the election of council and officers for 1912 
showed that the following had been duly elected :— 
President, John Kennedy; vice-presidents, A. Valon, 
H. C. H. Shenton, Norman Scorgie ; members of council, 
Henry Adams, C. T. Walrond, Percy Griffith, T. E. 
Bower, H. C. Adams, J. R. Bell, 8. Cowper-Coles, H. P. 
Maybury, B. H. M. Hewett, F. H. Hummel; associate 
member of council, E. Scott-Snell; hon. sec. and trea- 
surer, D. B. Butler. It was announced that premiums 
for papers read at meetings and published in the Journal 
during 1911 had been awarded as follows :—The presi- 
dent’s gold medal to Mr. W. R. Baldwin-Wiseman, for 
his paper on “‘The Administrative Aspect of Water 
Conservancy ;” the Bessemer Premium of books or instru- 
ments to the value of 5l. 5s., to Mr. R. W. A. Brewer, 
for his paper on ‘‘ Two-stroke Cycle Engines ;” the 
Clarke Premium, value 5/. 5s., to Mr. T. J. Gueritte, for 
his paper on ‘‘ The Mechanical Installation and Upkeep 
of Permanent Way on Railways;” a iety’s Premium, 
value 3/. 3s., to Mr. E. Kilburn Scott, for his paper on 
‘‘Nitrogen Products made with the Aid of Electric 
Power ;” and a Society’s Premium, value 3/. 3s., to Mr. 
Frank G. Woollard, for his paper entitled ‘‘Some Notes 
on Drawing-Office Organisation.” A resolution was passed 
thanking the other gentlemen who had presented papers 
during the year, some of whom, being members of council, 
were not eligible to receive premiums. Messrs. W. B. 
Keen and Co. were appointed auditors to the society 
for the ensuing twelve months. , Votes of thanks were 
passed to the retiring council and officers, to the scru- 
tineers of the a eg my for the election of council, and 
to the hon. solicitors, for their respective services. 
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NEW ZEALAND HEMP. 
To THE Eprtor OF ENGINEERING. , 

Srr,—As a result of my letter appearing in your issue 
of October 27 last, several inquiries have been made to 
me by engineers, machinists, and chemists, to all of whom 
I have replied. It will, I am sure, be as gratifying to you 
and to your numerous readers to learn, as it is to me to be 
the means of this communication, that the recommenda- 
tion I made as Trade Commissioner in 1898 has at last 
borne fruit; and the Hon. Thomas Mackenzie, the present 
Minister of Agriculture, has now issued under the date 
September 22, 1911, full particulars of the New Zealand 
Government offer of a bonus, which has been raised from 
2000. to the substantial amount of 12,000/. on exception- 
ally favourable conditions, which must attract many bona- 
fide competitors for this valuable prize, apart al ther 
from the increasing annual revenue to be derived by the 
successful inventor. 

I attach hereto the pamphlet referred to, and would 
respectfully direct attention to the extension of time 
granted—up to November 30, 1913. ; , 

As a loyal New Zealander, I hope an Imperialist will 
win this great reward. . 

Yours faithfully, 


JOHN HOLMEs. 
14-18, College-street, York-road, Lambeth, S.E., 
December 15, 1911. 





Particulars of the New Zealand Government's Offer of a Bonus 
of 12,0001. (nearly 60,000 Dols.) in Connection with New 
Zealand Hemp. 

The New Zealand Government has agreed to pay 12,000/. as a 

bonus or bonuses for improvements in connection with— 

1. The extraction and dressing of fibre from the New Zealand 
hemp plant (Phormium tenaz); or 

2. rhe utilisation of the by-products obtained during the 
processes of extracting the fibre; ‘ 
on condition that the machine or process in regard to which the 
whole or any part of the bonus is to be paid shall be recommended 
by the New Zealand Flax-Millers’ Association, and approved by 
the Government. 

The 12,0007. will be paid, wholly or in part, for any of the 
following—viz. :— 

1. A process of extracting and dressing the fibre of New Zealand 
hemp (Phormium tenax), whether by machinery or otherwise, 
whereby there shall be obtainable (a) a greatly improved quality 
of fibre marketable at a higher price, or (b) a substantial reduction 
in the cost of producing the fibre. 

2. Any such process that shall produce a fibre fit for use in 
manufactures other than rope and twine-spinning. 

3. Any such process that shall render unnecessary any of the 
present operations involved in extracting and dressing the fibre, 
such as stripping, docking, or scutching. 

4. Any improved method of separating the n envelope or 
the flinty or coloured matter from the green leaf of the phormium 
plant so as to produce a strong white fibre, the whole of which 
can be saved with little or no tow or waste. 

5. Any means whereby the by-products obtained during the 
processes of extracting and dressing New Zealand hemp-fibre— 
such as the gum, dye, stri pper-slips, tow-dust, or waste vegetable 
matter—shall be converted into a marketable commodity. 

Applications for the bonus must be addressed to the President of 
the New Zealand Fiaxmillers’ Association, Palmerston North, New 
Zealand, and must reach him not later than noon of November 30, 
1912. They must be enclosed in an envelope clearly marked 
‘* Application for Bonus.” 

Each applicant shall state what lump sum (including the bonus 
of 12,0001, or any part thereof) would be required to purchase the 
New Zealand rights of his machine or process in the event of such 
rights being acquired by the New Zealand Government for free 
use hy the hemp-millers of this Dominion ; or, if any applicant is 
unwilling to sell his rights, he shall state what amount of bonus 
(not exceeding 12,0002.) and what royalty he would require for the 
use of his machine or process. 

As soon as possible after the expiry of the time for receiving 
applications for the bonus (November 30, 1913) the Flaxmillers’ 
Association shall appoint a committee, of not less than six of its 
members, to open and examine the applications, to test such of 
the competing machines or processes as it considers worthy of 
trial, and to ake recominendations to the Government as to the 
payment of the bonus. 

On completion of all the demonstrations it deems necessary, 
the committee shall consider the whole of the machines or 
processes submitted for competition for the bonus, and in doing 
so shall take the following matters in connection with each one 
into consideration :— 

Rs amount of the lump sum or royalty required for the 
rights. 

2. The cost of purchasing, installing, and operating. 

3. The labour and time occupied in operating. 

4. The labour and time required after the operation and before 
the product is ready for packing. 

5. The cost of producing the fibre, tow, or other product. 

6. In the case of i or processes for extracting and 
dressing the fibre, the percentage of fibre, and tow, if any, 
produced from a given weight of green leaves. 

7. In the case of hi the simplicity, durability, and 
safety of the working parts. 

After considering the whole of the applications in the above 
respects, the committee shall forthwith submit to the Honourable 
Minister of Agriculture a report showing— 

1. A complete list of all the applications received, giving the 
name and address of the applicant ; the nature and purpose of 
the machine or process; the nature and value of the product ; 
the quantity produced ; the lump sum or royalty required for the 
rights ; the estimated cost of purchasing, installing, and operat- 
ing ; the estimated labour and time occupied in operating ; the 
estimated labour and time required after the operation and 
before the product is ready for packing ; the estimated cost of 
producing the fibre, tow, or other product ; the percentage of 
fibre, and tow, if any, from a given weight of green leaves ; and, 
lastly, the simplicity, durability, and safety of the working ts. 

2. Whether they consider any machine or process worthy of 
the whole bonus, and, if so, which one. 

3. If they do not ider any hine or process worthy of 
the whole bonus, then, whether they consider any machines or 
eo entitled toa part thereof, and, if so, which ones and 

ow much. 

For the information of persons who are interested in the above 
announcement, but who have little or no knowledge in regard to 
New Zealand hemp (or, as it is often called, New id flax), it 
may be pointed out that Phorinium tenaz is entirely different from 
any other hemp or flax plant. The leaves from which the fibre has 
to be extracted are sword-shaped, and about 4 ft. to 9 ft. long; 
they are moderately pliable, and of great tensile strength. The 
fibre is embedded in tough vegetable matter, containing a gum 








is 








and a staining substance, and the greatest difficulty in the process 
of extraction is the removal of the vegetable refuse, gum, and dye 
without damaging or staining the fibre. 

Specimens of New Zealand hemp (Phormium tenax) can be seen 
in many botanical gardens all over the world. 

It would be of little use to send samples of the leaves outside 
New Zealand, as when cut they soon wither and become stiff and 
brown, and altogether useless for treatment by any known process. 

Tuomas MACKENzIz, Minister of Agriculture. 

Department of iculture, Commerce, and Tourists, 

Wellington, New Zealand, September 22, 1911. 





AN ACCURATE SUN-DIAL IN FERRO- 
CONCRETE 


TE. 
To THE Eprror oF ENGINEERING. 
Sir,—Electric si; will not be available everywhere 


just yet, and, for the regulation of clocks and watches, 
sun dials of an accurate type are by no means at the end 
of their service. For many, too, there will remain a 
certain satisfaction in a direct personal reference to our 
prime regulator. 

It is curious that the method of calibration, in combi- 
nation with pinhole images and a series of parallel 
straight lines on a flat surface, does not appear to have 
been applied to sun-dials. By applying it even an 
amateur may construct for a few shillings a dial which, 
with a single addition or subtraction, will give, within 
three or four seconds, standard time for ever after, and 
at any moment over several hours of the day. Correc- 
tions for longitude and refraction are, in effect, made by 
the dial it-elf. 

The sun’s image through a pin-hole falls upon the same 
straight line at the same Socal aa>tine every day of the 
year, irrespective of the changes of declination, provided 
the line is parallel to the earth’s polar axis. With 10 in. 
to 12 in. between pin-hole and screen the time of the 
bisection of the image by a line oan be read to within 
three or four seconds. Thus readings closer by 400 or 500 

r cent. than those of ordinary dials are obtained. 
ixpensive engine dividing is avoided, because straight 
lines on a flat surface, the spacing of which does not 
matter, can be drawn by anyone. Not only does this dial 
show the time after being set up, but it finds its own time 
to a few seconds in the first place. A knowledge of the 
latitude taken from the map, a spirit -level, and a 
Se nae inch or centimetre rule are all that are required 
orthis purpose. By adding or subtracting the longitude 
the dial is then set once for all to give any standard time. 
Needless to say, it does not compete with the telescopic 
methods of transit, theodolite, or sextant used in astro- 
nomical or topographical work. In this dial the strong 
point of modern clocks and watches, phenomenal accuracy 
over short periods, is made use of for its calibration, 
while the dial itself, once so calibrated, removes the weak 
point of clockwork-—the inability to keep time unaided 
for more than twenty or thirty consecutive days. 

To embody these ideas the writer devised in 1909 a 
dial named the “‘ B.D. Time-Box.” It isnot made for sale, 
and is unpatented. It may be a rectangular box some 
10 in. to 15 in. from base to open mouth, and made of 
ferro-concrete, or built up or cast in metal. The base 
carries a flat screen of dull celluloid, upon which are 
scratched and numbered parallel straight lines square to 
its top edge. Across the mouth of the box are plates 
pierced with one or more pin-holes, also numbered if 
they are many. The box tipped up, with its base and 
screen-lines rallel to the earth’s polar axis and its 
open end and pin-holes facing south, is fixed to a 
rigid pillar or wall. It is calibrated by the watch 
by reading to a second or two, and noting the times 
when the numbered screen-lines bisect the image of the 
sun as it passes over them. These readings do not fall at 
even hours and minutes, but this, of course, is of no con- 
sequence. From each reading the ‘‘ equation of time” 
for the day is subtracted, and there results a table from 
which, by the simple addition or subtraction of the 
‘‘equation” on any other day, the time is recovered. If 
later on standard time becomes more accurately known, 
a fresh table is produced at once by merely adding the 
correction. Errors due to refraction are eliminated by 
making, say, three other partial calibrations, and result- 
ing tables at different seasons. These are correlated by 
taking a reading or two near the meridian in each case, 
as the effect of refraction is there nil. 

The annexed diagrams will aid in explaining the instru- 
ment. Fig. 1 is a diagram of a time-box, with central 
row of numbered pin-holes P, P—say 20 per inch—stag- 
gered, requiring two screen-lines I, I only, one on left and 
one on right of screen. The box, say, of ferro-concrete, 
two sides preferably movable to facilitate setting up. 
P, P of gun-metal, bolted across the mouth. Another 
row of pin-holes, one on each opposite side (not shown), 
as from P to D, and a narrow screen with one screen- 
line K, and the same on the opposite side; give the hours 
from 6 a.m. to 10 a.m. and from 2 p.m. to 6 p.m. 

Fig. 2 is a diagram of essential elements. W S screen 
tipped up at the angle of the latitude L to the horizontal. 

umbered screen-lines I, I, spaced alternately—say 4 in. 
and ,; in.—to prevent confusion of one line with its neigh- 
bour. Lines are accurately square to top edge W, W. 
Image crosses them parallel to W, W from left. to right 
between, say, 10 a.m. and 2 p.m. Image passes from 
W, W at midwinter to E, FE at the equinoxes, and §, 8S at 
midsummer. Pisasingle central pin-hole. Plane N N P 
normal to screen, and in the meridian. 8S, 8S and W, W 
horizontal. 

There are two types of dial; in one the pin-holes are 
few and the lines many, and in the other vice versé. In 
both types the height of the screen may be halved by sub- 
stituting a row of pin-holes at both top and bottom for a 
single central row. The pin-holes may be carried down 
the sides of the box, thus giving readings between 6 a.m. 
and6p.m. Space forbids further discussion of details, 
but construction and setting up are both simple. 





Ingenious dials are made, and are the best for the 
public, in which the correction for the equation of time is 
effected by a cam (Gibbs’s “‘ heliochronometer”), or by a 
sliding scale (Homan’s ‘‘sun-clock”), set to date by the 
observer. They are necessarily expensive, and are subject 
to errors of 18 or 20 seconds, in addition to those due to 
refraction, because the equation differs so much for the 
same day in different years—e.g., for 1897 and 1910, on 
January 1 the difference is + 35 seconds, on February 13 
0 second, towards the end of December — 38 seconds ; 
the differences are so irregular from month to month 
and year to year that mechanical correction for them is 
impossible, and when they happen to be additive to those 
due to refraction the total error may be well over the half 
minute, even for observations restricted to three hours 
from the meridian. A current almanack is therefore 
necessary, and the use of a shilling “‘ Whitaker,” kept 
handy, is but a trifling trouble. 

It may be said that errors of half a minute or a minute 
even are near enough for ordinary purposes. That is 
true ; it is aleo true, however, that such errors spoil the 
regulation of good clocks and watches (unless tested at 
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inconveniently long intervals), and thus reduce their effec- 
tive value from good to poor. It is, indeed, the accuracy 
of the modern timepiece which demands accuracy in the 
dial, and it is that same accuracy which is in effect trans- 
ferred to the dial by the method now advocated. 

The errors are as follow :—Let L = latitude, H = the 
angle at the pinhole between a ray inclined and the ray 
normal to the screen, and let the time-box be about 13 in. 
in each dimension. 

_ The only error possible in setting up is that the screen- 
lines may not be parallel tothe polar axis :—(a) in the 
plane of the screen ; (b) in the plane normal to the screen 
and containing the polar axis. An error in (b) is due to 
incorrect setting at the latitude, and matters only in so 
far as it produces an error in (a). A error in (a) means 
that a line is out of its direction on the surface of the 
screen, and the error is reckoned as a displacement at one 
end, so that readings at midsummer and at midwinter 
are discrepant by this amount; 0.001 in. corresponds to 
about 1 second (time) at mid-screen, and decreasing as 
cos? H becomes 0.75 second when H=30 deg., #.¢., at 
10 a.m. or 2p.m. .If ¢ seconds = error in (a) due to 
0.001 in, dispiacement in (b), ¢ = cos? H.tan H = 4 sin 
2H, and is zero at the meridian. This gives errors of 
0.5 second at 10 a.m., and 0.25 second at lla.m. Read- 
ings before 10 a.m. and after 2 p.m., if desired, are taken 
on & screen square to the other, and from pinholes in 
plates in sides of the box. For them (b) errors vary as 
cos? H, and are about double the above. 

_ When standard time cannot be brought on the watch, 
it may be found as follows :—Set up as nearly in the 
meridian as possible, say by com (c) Level the 
screen’s top edge. An error in ond of 0.001 in. produces 
a noon error of 8 seconds, where 8 = sec. L = 1 sec. at 
lat. 5 deg., 1.2 sec. at 30 deg., 1.6 sec. at 50 deg. (d) Set a 
hair stretched across the screen to bisect the image 
horizontally in the morning. Alter the other end until 
it is truly a with the top edge. Compute the 
correction for hourly variation in declination (see 
““Whitaker’”), or choose a season when it is less than 40 
seconds of arc. If the image through the same pin-hole 
continues bisected to the other edge of the screen in the 
afternoon, the pin-hole ray normal to the screen is due 
south, and shows local noon. If not correct, halve the 
error by rotating the dial on its base. An error of 
0.001 in. between the true path of the image and the hair 

roduces a noon error of r = tan L secs. = 0.09 sec. at 
at. 5 deg., 0.6 sec, at 30deg., and 1.2 sec. at 50 deg. 

Thus the errors amount to a few seconds only, and the 
required accuracy is well within the compass of spirit- 
level and rule. 

For rating purposes the small errors due to faulty 
setting up are the only ones, and they are spread over six 
months, and are thus greatly discounted. 

It should be said that the angle H is measured on the 
plane of the equator, and is the projection on that plane 
of the actual angle between the rays, and equal to it only 
at the equinoxes. A ‘‘constant” is absent in all the 
equations, because, for the size of time-box taken, 0.001 in. 
corresponds to 1 second of time on the screen. In deriving 
the equations, the usual] approximations for small angles 
were utilised, resulting in errors of much less than 0.01 
second for small displacements. 

It will be found that, although for oblique rays the 
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image is elliptical and, except at the equinoxes, on the 
skew as oa its bisection can be timed ing as 
closely as when the image is circular. his and the 
accuracy of timing ible to the pin-hole method may 
be tested at once by anyone. A piece of cardboard 
pierced with a pin-hole is placed facing the sun and 
parallel to and about 12 in. from a screen of smooth 
paper, upon which a line is ruled (dull pencil is better 
than ink) roughly pointing to the pole. Both must be 
propped up, so that vibration is excluded and the screen 
ee sy This shading is important, especially in ym | 
weather ; it is done in the time-box by its sides, and, 
say, by the ‘‘ Whitaker” held at its mouth. The material 
of the screen is also important; metal is ns empavee f 
and dull celluloid probably the best. Mr. Gibbs would 
find a strip of this an improvement in his ‘‘ heliochrono- 

meter,” which, with its elegant compensator, I admire. 
Since the mean distance between pin-hole and screen is 
the radius, and not the diameter, of the virtual circle of 
reference, a time-box, 12 in. to 15 in. long, is equivalent 
to a 24-in. to 30-in. circular dial. This, together with the 
fact that a pin-hole image at that distance is a disc with 
well-defined margin, instead of a blurred shadow edge, 
explains its great advance over the ordinary dial in accu- 
racy ; and also, remembering its rigidity and the absence 
both of moving parts and uated limb, why it ap- 

proaches even the accuracy of telescopic instruments. 
Your truly, 
W. J. Bremner Davis, 

Assoc. M. Inst. C.E. 








‘““GAS-ENGINES FOR COLLIERY POWER- 
STATIONS.” 
To THE EprTor oF ENGINEERING. 

Sir,—I wonder how many readers of your issue of the 
15th inst. appreciated the full value of your remark that 
** electrical transmission has probably made the most pro- 
gress of recent years, and for gas-engine driving it is likel 
that many people would be inclined at first sight to thin 
that no competitive system need be considered.” ’ 

May I make the additional remark that electrical 
winding-engines operated by gas-engine-driven dynamos 
would be comparatively inefficient alongside ordinary 
winding- engines operated by gas-engine-driven air- 
compressors. 

To electricians and engineers in a hurry such a state of 
affairs is quite unthinkable. To the engineer who takes 
time to think it will have some significance. 

Of course, were they operated in the usual isothermal 
open-circuit method, such engines would be very wastefu 
indeed, but even to propose doing so would be ridiculous. 

If, however, they were operated on an adiabatic closed- 
circuit system with high artificial atmosphere, every 
advantage at present claimed for electrical winding- 
engines would be realised, and the running costs as we 
as all other costs would less. Briefly described, an 
‘*adiabatic closed-circuit” installation would consist of a 
pair of high-pressure winding-engines, the exhaust-pipe 
of which would be connected to the inlet pipe of a gas- 
engine-driven air-compressor. The delivery-pipe of the 
air-compressor would be connected to an air-heater, from 
which the winding-engines would obtain their — of 
air. The air-heater would be connected to the exhaust- 
pipe of the gas-engine. The capacity of the winding- 
engine eerong > would be equal to the capacity of the 
air-compressor delivery-pipe and of the air-heater. The 
total capacities for a given power would depend on the 
length of the wind and the duration of the stoppage for 
banking purposes. The gas-engine would run at a con- 
stant speed and for a working pressure of 150 lb. a 
pressure of 751lb. would be maintainéd in the genes 
engine exhaust-pipe, while a pressure of 225 lb. would 
be maintained in the air-compressor delivery-pipe and air- 
heater. 

Just what these figures and ‘closed-circuit ” operation 
signify may be understood from the following calcula- 
tions. 

The approximate heat distribution of a gas-engine is :— 

30 per cent. converted into useful work at its crank-shaft. 

30 per cent. Jost in the water circulated in the cylinder 
jackets. 

40 per cent. lost in the exhaust 

This latter figure means that a quantity of sensible heat 
equivalent to ik times the total power of the engine will 
pass through the air-heater. To understand the possible 
effects of this heat it is necessary to make some air-com- 
pressor calculations. The compression curves of gas- 
engme and air-compressor indicator diagrams have a 
common characteristic n = 1.33, or, as I generally use it, 


‘If p 
P 
wpe 
t 


= pressure of air oteing cylinder in pounds 

per square inch absolute. 

= pressure of air leaving cylinder in pounds 
per square inch absolute. 

working pressure of air = P -p. 

temperature of air entering cylinder in 
deg. Fahr. absolute; t.c., = 61 + 461 
= 522, say. 

temperature of air leaving cylinder in 
deg. Fahr. 

c = compression period as a fraction of stroke. 

d = delivery period = 1—c. 

M P» = mean pressurethroughoutstroke in pounds 
per square inch for characteristic condi- 
tions. 

mean pressure nen stroke in pounds 
per square inch for isothermal condi- 
tions. 

per cent. of work — due to isothermal 


Pe - M P* 


| 


sy 


M Pi 


WwW L = 


conditions ; t.c. = 
M P* 





then . 
T= ( t4/P) — 461 
Pp 
_vGy-! 
VR) 
M P* =4p(A F-1) 
MPi = p( + hyp. log of *) — p. 


The results of these calculations for a working pressure 
of 150 lb. on open and on closed circuit respectively are 
compared in the following table :— 











Result, Open Circuit. | Closed Circuit.” 
Pp 15 90 
4 165 240 
we 150 150 
t 522 522 
T 489 deg. 205 deg. 
c 83 per cent. 51 per cent. 
d ° 7 ” 4 » 
MPr. 49.26 99.72 
MP. 35.96 88.04 
WL. 26.99 per cent. 11.71 per cent. 





The first fact that becomes evident from the table is 
that by operating on closed circuit the rise of temperature 
is very much less than on open circuit. That is to say, 
on open circuit the temperature rises almost 24 times as 
much as it does on closed circuit. 

Similarly, the compression periods differ, with the 
result that the delivery period on closed circuit is almost 
three times as long as the delivery period on open 
circuit. This means, of course, that correspondingly 
smaller cylinders will be used on a closed circuit com- 
pressor, and that the cut-off in the motor or winding- 
engine cylinders for complete expansion would correspond 
exactly with the delivery periods. With regard to com- 
plete expansion it may be noted that on open circuit, if 
the cut-off is longer than the delivery period, there will 
be a loss from incomplete expansion, while on closed 
circuit there can be no such thing as incomplete expan- 
sion. The cut-off in the motor-cylinder may be longer 
or shorter than the delivery period, with corresponding 
differences of mean pressure in the motor-cylinder, but 
any expansion not completed in the motor-cylinder will 
be completed in the compressor-cylinder. 

The mean pressures for characteristic conditions show 
that for a given size of cylinder over twice as much power 
will be delivered on closed circuit as compared with open 
circuit, thus demonstrating considerable constructional 
advantages for closed-circuit operation. 

The mean pressures for isothermal conditions serve to 
show that the percentage of work lost under these condi- 
tions is in exact relation to the temperature difference. In 
other words, almost 24 times as much work is lost on open 
circuit as is lost on closed circuit. 

On closed circuit, however, the air at a temperature of 
205 deg. is passed through a heater in which exhaust gases 
of a temperature of 1000 deg. are also passing. The result 
is that the air, instead of losing any heat whatever, is 
further heated under constant-pressure conditions, and so 
has imparted to ita ter capacity for developing power 
than it had when leaving the compressor cylinder. It 
is here air transmission becomes more efficient than elec- 
trical transmission. If it is assumed that only one-sixth 
of the exhaust heat is imparted to the air, that the effici- 
ency of the gas-engine compressor is 80 per cent., and the 
winding-engine efficiency is 90 per cent., then the over-all 
¢ fliciency of an ‘‘adiabatic cl -circuit ” system would be 


(0.80 + 0.85 


7) x 90 = 88.99 per cent. 

_If the same gas-engine driving a dynamo has an effi- 
ciency of 85 per cent. and the dynamo and motor have 
each an efficiency of 93 per cent., then the over-all effi- 
ciency of an electrical transmission would be 


0.85 x 0.93 x 93 = 73.51 per cent. 


These figures would apparently show that some com- 
petitive system should be considered. 
Yours truly, 
Jas. DUNLOP. 
69, Armadale-street, Dennistoun, Glasgow, 
December 16, 1911. 





THE ‘ HAWKE”-“‘OLYMPIC” COLLISION. 
To THE Eprror or ENGINEERING. 

Srr,—The immediate cause of the collision appears, by 
the whole evidence given, to depend on something excep- 
tional and abnormal, and therefore an appropriate su 
ject for discussion in a scientific engineering journal. 

Let us commence at the point when the Hawke was 
abeam of the Olympic, and going faster on a 15 deg. con- 
verging course. They approached until they came finally 
into practically a el course, by which time the 
Olympic had gathered way, and had become the faster 
vessel. Captain Blunt truly remarks that they must then 
have been much less than 300 yards apart, or ‘the 





Hawke could not have struck the Olympic under any 
helm,” and he might, with equal truth, have said, under 
any swerve. Captain Blunt 


ts the distance before the | 
swerve at ‘‘a shade under half a cable.” Then the swerve | 


commenced, and the Hawke was given 15 deg. port helm, 
but mocked at it, and swerved still more to port. 

The Admiralty and its learned men plead “suction,” 
but the evidence of Captain Pritchard (Cunard) and of 
Mr. R. Lewis, first class Liverpool pilot, cannot be 
regarded as anything but absolutely contradictory to 
such a theory. Mr. Lewis said that “he had been passed 
by the Caronia, 20,000 tons, at nearly her full speed, 
within 100 ft., without any trouble,” but the size of his 
vessel was not stated, and comparative size is very impor- 
tant, as the Olympic and Hawke collision clearly indi- 
cates. A paces A small vessel swerves and collides, 
and is ‘‘spun round like a top” (Captain Blunt), whereas 
on the large vessel Colonel Saxon-White ‘‘did not feel 
the shock,” this immunity being due, firstly, to the 
Olympic’s side being easily a, and, secondly, to 
her enormous inertia in the direction of her course. 

Mr. Lewis agreed to something akin to suction abaft a 
moving vessel, and called it ‘‘displacement,” and no doubt 
meant the motion of water into the wake of a vessel to 
fill her displacement, thereby causing following eddies. 
But thisaction again is counterpoised by the water thrown 
back by a steamer’s method of propulsion. In the case of 
deeply-immersed screws, each screw throws back a cylin- 
drical bar of water, which, by induction, mes conical, 
until the whole is arrested ; and the weight of the water 
thrown back x distance thrown each unit of time must 
equal the weight of the ship thrown forward x distance 
thrown. 

The water that is seen to follow a steamer is conse- 
— mainly on the surface, and a ——s vessel of any 
raught would get a good deal more backlash than tow. 

In sailing ships, of course, there is no backlash, as their 
propulsion is caused by an extraneous force. 

Assuming that ‘‘suction” on the side of a vessel at 
speed is all moonshine (in any waters except a narrow 
canal, and then only for steamers giving backlash that is 
replaced by the side waters), and assuming that the 
evidence on the Hawke is true—viz., that she never had 
any starboard helm at all—what caused the swerve ? 

At this point I Mr. Haigh’s letter published in 
ENGINEERING of November 24 ; but his solution, although 
a causa vera under the conditions of his diagram, certainly 
se 2ms to fail as a causa sufficiens. Moreover, his diagram 
shows the vessels much closer than even Captain Blunt’s 
evidence indicated, and it seems necessary to look for the 
true cause further afield, say at least 350 ft. away from 
the Olympic, and the centres of the ships nearly abeam. 
Evidently, therefore, the wake of the Olympic could not 
act on the port screw of the Hawke. 

On the 28rd inst. I wrote to a friend suggesting bow- 
wave action as causing the swerve, and again on the 25th 
as follows :—‘*‘ Hawke steamed for some time parallel to 
Olympic and abeam of her.” 

‘Then Olympic outspeeded Hawke, . . . so Hawke 
would now drop into Olympic’s port bow wave stern first, 
and be struck by it on her (Hawke’s) port quarter.” .. . 
‘There would, moreover, be a great confusion of water 
at the intersection of the two bow waves. . . causing 
a troubled sea due to waves of interference.” ‘ This 
hubbub would also strike the Hawke on her port after- 
body, and the two combined would tend to turn the 
Hawke to port.” 

‘*The troubled water would also, a few seconds later, 
cause a very troubled helm on the Hawke.” 

This may also be an insufficient cause, but it seems odd 
that it has apparently received no consideration whatever 
during the trial. 

In the model experiments at Teddington the Hawke 
swerved to port or to starboard, according to her longi- 
tudinal position with regard to the Olympic. This is 
precisely what one would anticipate if the swerve be due 
to bow-wave action. 

If one may judge by Professor Boys’ photographs of air 
disturbances due to the e of projectiles at high 
velocity, bow-wave action (at about 36 deg.) is more 
powerful by far than the ripple action or suction apparent 
in the wake of the projectile. 

These shotegnenie indicate no suction whatever on the 
ic of a projectile. 


Yours 5%. 
J. T. BuCKNILL, 
November 26, 1911. 


Lieut.-Colonel. 





To THE EpiTor oF ENGINEERING. 

Srr,—Re the question of suction in the Olympic and 
Hawke collision, in my humble opinion there are two 
extremes. The one steaming in the open sea with many 
hundred fathoms of water beneath you, where the lateral 
suction is nil practically ; and the other, which has been 
aes to any seaman going East via the Suez Canal, 
where the water way is of the narrowest, and the suction, 
therefore, very t. 

I went through the Canal in 1878, when it was not as 
broad or deep as now, and have passed through many 
times since. The effect of suction then was more appa- 
rent, the canal being narrower; from about abreast the 
bows on each side the water began to stream aft and 
towards the ship, leaving the banks bare for about 2 ft., 
while on each quarter followed a small wave or ‘‘ bore,” 
which filled the channel up again. 

The effect of suction was most plainly shown by the 
buoys which mark the channel, whose moorings are prac- 
tically *‘up and down;” as we passed them they were 
drawn astern and towards us. In those days there was 
no travelling at night ; every ship gared atdark. So we 
had an instance which I do not suppose is ever to be had 
now. Our cruiser being new, and having done over 16 
knots on trials. a high speed for those days, our captain 
wanted to get through into the “ Bitter Lakes” before 
dark, so he increased the revolutions ; I believe I remember 
the pilot strongly objecting on the und of the damage 
we should do to the banks, and I don’t think he was 
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wrong. We had been going 6 knots before how many 
revolutions we got I forget, but we got up to 7 knots over 
the ground, and no faster could we go however fast the 
enginesran. Though the rush of water off the banks was 
more, the size of the quarter-wave increased in proportion, 
and the bnoys nearly under water were d towards 
the ship. tah J ae é 

I should like to have a scientific opinion on the point. 
I think that in such a narrow channel the water in front 
of the ship has got to get behind her somehow, and that 
the screw draws it there, causing an increase of pressure 
on the bows more than the thrust of the screw can make 
up for; in fact, the action of the screw practically gives a 
strong foul tide. In the Olympic-Hawke collision the effect 
was something of the same sort, I believe, though modified, 
as the channel was broader. With her enormous displace- 
ment ing down, for her, a comparatively narrow 
poll pee none too deep for her draught, increasing as 
she doubtless did her revolutions when she straightened 
up on her course (else why did the Hawke no — gain, 
but drop astern), there was, no doubt, an increase of suction. 
This would continue until she gathered the speed due to the 
increased revolutions, which she would have done sooner 
had she been in broader and deeper water, when there 
would probably have been no collision, the Hawke being 
simply drawn over across her wake. Suction is perfectly 
mow oo Pen in the Canal. So vessels are gared in bard. 

Even then you have to attend your hawsers fore and 
aft, especially should a bigger vessel than usual pass ; they 
would part if you did not, even though the passing 
vessels go dead slow or stop their engines altogether in 
order to lessen it. Personally speaking, I am surprised 
that no mention of the Suez Canal as an extreme case 
has been made at the trial, giving as it does the practical 
experience of 40 odd years’ observation of suction in a 


narrow waterway. 
Yours ae | 
.N. Rerirep. 





CARBON DEPOSITS IN CYLINDER 
STEAM PASSAGES. 
To THE EpIToR OF ENGINEERING. 

Sir,—Might we ask, through the columns of your 
valuable journal, for a remedy for removing carbon from 
the steam-ports of a compound road-locomotive ? 

We have three road-engines—one a Burrell compound, 
which has always given satisfaction; but this engine 
recently began to work badly, and shortly afterwards 
stop dead. Upon investigation we found that the 
firm of whom we bought oil for years had sent us a cask 
of inferior cylinder oil, which had completely choked the 
steam-ports leading from the high-pressure cylinder to 
the low-pressure steam-chest with carbon deposit as hard 
as blue brick or iron. 

It is important to note that the blocked steam-ports 
are not accessible to any tool, and the makers, who con- 
sider this case unique, say the only way they know of 
removing the deposit will be to drill holes in the front of the 
cylinders, afterwards plugging same ; but, they add, care 
will be necessary to avoid ruining the cylinder by ons 
nurs steam-ports. Thislooks serious for us. Weh 
thought of simply Plugging up all exits with corks or 
w plugs, then filling the cylinders with paraffin, and 
letting the engine stand for a week or fortnight, to see 
if that would soften or remove the carbon. 

Can any of your readers tell us of anything better than 
paraffin which would remove the deposit without damag- 
ing the cylinder surfaces? Never having heard of a 
similar case, we thought it of sufficient interest to ask 
you kindly to publish this inquiry, and invite the favour of 
comment on the same. 

Yours faithfully, 
James W. Harris AND Son. 

Hook Norton, Banbury, December 20, 1911. 








SwkpisHh Mininc Propertixs.—The Commercial In- 
telligence Branch of the Board of Trade has received from 
His Majesty’s Consul at Stockholm (Mr. H. M. Villiers, 
M.V.O.) a translation of parts of the Mining Law of 
Sweden of May 16, 1884, Cap. 7, Sec. 61, and Cap. 8, 
Sec. 68, and a translation of Sec. 57 of the Swedish td 
pany’s Law of August 12, 1910. In view of a ‘‘ certain 
activity” which ‘‘ exists at present in the sale and pur- 
chase of mines in Sweden,” Mr. Villiers considers that it 
is of the utmost importance that the widest possible 
circulation should be given to Swedish laws affecting the 
ownership of mines in Sweden. The following are the 
translations received—viz.:—Mining Law of May 16, 
1884 (Cap. 7, Sec. 61):—‘*‘ When two or more persons take 
part in the same mining industry, itis necessary for them 
to appoint annually a manager for the mine, who shall 
carry out all the uirements and liabilities which the 
law prescribes. Such manager can only be a Swedi 
subject resident in the country.” Mining Law (Cap. 8, 
Sec. 68):—‘*A foreigner may not in the country lay claim to 
a mineral deposit, neither may he, without the King’s con- 
sent, own or work a claimed mineral deposit, or engage in 
mining industry, in consequence of which all claims or 
mining industry which a foreigner, without such per- 


mission, might possibly carry out, or allow to be carried 
out, shall be without effect as regards the protection of 
his or anyone else’s rights in this respect. t is thus 


rescribed does not “pply, however, to such rights as a 
oreigner may concessions prior to this date 


(1884). Members of the Direction shall be Swedish 
subjects residing in the country, unless the King, for 
special reaso’ ows a certain proportion, not exceeding 
one-third of the whole number, to be subjects of another 


country, or Swedish subjects residing in a foreign 
country.” 





THE ROYAL METEOROLOGICAL SOCIETY. 


THE monthly meeting of this Society was held on 
Wednesday evening, the 20th inst., at the Institution of 
Civil Engineers, Dr. H. N. Dickson, President, in the chair. 

A paper on ‘‘ Solar Halos and Brocken tres” was 
communicated by Mr. W. Larden. In this he described 
some phenomena round the sun which he had observed at 
St. Moritz in the Engadine. These included (1) brilliant 
colours not arranged in rings ; (2) a series of rings ; (3) the 

halo of 22 deg. radius; and (4) parhelia, &«. He 
gave a description of a complicated system of halos and 
parhelia which he had observed on one occasion at Silva- 
plana in the Engadine. 

Mr. W.H. Dines, F.R.S., read a paper on ‘* The 
Statical Changes of Pressure and Temperature in a Column 
of Air that accompany Changes of Pressure at the Bottom.” 
It appears on investigation that the ch will depend 
on the manner in which the change at the earth’s sur- 
face is produced, and also upon the initial vertical dis- 
tribution of temperature. urthermore, it is necessary 
to assume that the air column is bounded laterally by 
some rigid boundary, otherwise the pressure produced at 
any given height could not be maintained. The place 
of such a boundary is probably taken in nature by the 
lateral acceleration of strong winds, although we do not 
know how such winds are originated. e do know, 
however, that in the lower strata the differences of pres- 
sure that occur are on the ave just balanced by this 
acceleration, and we may reasonably infer that it is also 
the same at higher levels. 

Mr. Dines stated that the term “ascending current of 
a cyclone” has been used, but it appears to be incorrect. 
The actual phenomena seem rather to be a bulging upward 
of the strata between 1 km. or 2 km. and the isothermal, 
a bulging downward of the strata above the isothermal, 
accompanied with a lateral expansion of the strata 
below the isothermal. 





Competition 1N SHIPBUILDING.—According to the 
Otago Witness the Dunedin Harbour Board has accepted 
the tender of a New firm—Messrs. Stevenson 
and Cook—for the construction of a new tug and salvage 
steamer, ‘“‘provided it is built in Dunedin or Port 
Chalmers,” the amount of the tender being 22,778/. 16s., 
whereas other tenders ranged from 18,500/. upwards. 
Naturally the other firms are disappointed and claim 
that there is thus ‘‘provided an example of protection 
in a British colony” and of unfair treatment of British 
shipbuilders. The contention of the colonists is that 
although they are paying 4278/. more than the sum 
quoted by the lowest tenderer, the Board is doing ‘* what 
it can for the workers in Dunedin,” and assisting in 
establishing shipbuilding. It was computed, too, that 
inspection at home instead of at a distant port would save 
10007. The firms and their tenders are as follow, and the 
list is significant, because it is headed by a Hong Kong 
firm :—The Hong Kong and Whampoa Dock Company, 
18,5007. ; Hawthorns and Co., Limited, Leith, 19,035/. ; 
J. P. Rennoldson and Sons, South Shields, 20,100/. ; 
Taikoo a Company, eo ey 21,0000. ; 
Ferguson Brothers, Port Glasgow, 21,500/.; Bow McLach- 
lan and Co., Paisley, 22,044/.; Fleming and Ferguson, 
Paisley, 22,350/.; Stevenson and Cook, Port Chalmers, 
22,7781.; J. McGregor and Co., Dunedin, 22,965/. ; 
John I. Thornycroft and Co., Limited, Southampton, 
23, 250/.; J. T. Eltringham and Co., South Shields, 23,465/.; 
and the Ailsa Shipbuilding Company, Troon, 24,000/. 





D1aGRAMS OF VALVE AND IGNITION SkTTING FOR 
Four-CYLINDER AND Six-CyLINDER PrTROL-ENGINES.— 
Some very simple and ingenious diagrams have been 


brought out by the Autocar as an aid to the correct | h 


setting of the valves and ignition of petrol engines, and 
as a means of ascertaining the stroke upon which any 

iston of any of the cylinders is travelling at any instant. 
We have had two of these sent us for inspection, one for 
a four-cylinder petrol-engine and the other for a six- 
cylinder engine. Each of these card diagrams measures 
Bb in. by 5 in. and consists of a disc about 5 in. in diameter, 
which is centred between two other cards and is free to 
revolve between them. The disc is marked with the 
different parts of one cycle of each engine—namely, 
suction, compression, working and exhaust, and these 
can be brought in succession under a zero line, and so 
the different positions of the crank can be ascertained 
from angles marked on the circumference of the disc. 
As the disc is turned round clockwise, the particular 
event going on in each cylinder is shown by following 
the vertical side of a opening in the card, differently 
coloured circles on the disc representing the working 
of the different cylinders, the suction, compression, 


working, and exhaust of each cylinder agg own in 
ish | turn; what is occurring in on cylinder being seen 


at tht same time. Near the centre there is a small 
round opening, in which ap a diagram indicating 
the ition of the crank, while at an orifice at the top 
of the card, marked “‘ degrees,” the amount the flywheel 
has rotated can seen, in order that the valve- 
setting position may be clear. The ition at which 
the spark occurs in each cylinder is indicated, and 
it is known when the spark is retarded and when it is 
advanced. As a means of setting the exhaust-valve 
cams on an engine the cards should be very useful. 
In order to facilitate setting by the fly-wheel, a table is 
printed on the back of the cont which gives the amount 
a 12in. diameter fly-wheel must be turned in order to 
equal different _ to which the wheel may be turned 
on the shaft. ese cards are published by Messrs. 
lliffe and Sons, Limited, 20, Tudor-street, London, E.C., 
the price being 1s. net each. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


WE give below a series of colonial and foreign i- 
neering jects, further data concerning which can 
obtained from the Commercial Intelligence Branch, Board 
of Trade, 73, Basinghall-street, London, E.C. 

Australia : According to the Australian Mining Stan- 
dard, provision is made in the Budget recently presented 
to the New South Wales Legislature for the expendi- 
ture, during the present financial year, in connection with 
the steam railways and electric tramways of the State 
of 1,290,000/. on works of a reproductive nature. 

Russia.—The Official Messenger notifies that Messrs. 
Stakhovitch, Nikitin, and Yalovetz have applied to the 
Russian Committee for New Railways for a concession 
relative to the construction and working of a section of 
the proposed Donetz-Baltic Railway system—viz., from 
Lgof to Mitaa, with a branch to Dunaburg. The pro- 
jected line will comprise a distance of about 700 miles. 

he sum earmarked for the construction of lines giving 
connection between Donetz and the Baltic Sea amounts to 
84,000,000 roubles (about 8,870,0007. ). 

Servia : The Curier Financiar, Bucharest, announces 
that the Servian Government have awarded to Mr. 
Taburno, a Russian engineer, a contract for the construc- 
tion of the port of uievet, opposite Gruia. The 
harbour will built on modern lines, and will be deep 
enough for small seagoing vessels. This port will be the 

int of oe for the Trans-Balkan Danube- Adriatic 

ilway. ousands of workmen are en; on the 
construction of this line between Nish and Cneajevatz, 

rticularly on the tunnels at Gramada and Cneajevatz. 
This section wil] shortly be ready. 





Beieian Coat-Mininc.—The production of coal in 
Belgium in the first half of this year amounted to 
11,546,970 tons, as compared with 11,828,990 tons in the 
corresponding period of 1910, a decrease of 282,020 tons, 
attributable to the contraction of working hours. 


Tue So.ipiricaTion oF AN Iron CASTING IN THE 
Movu.p.—Before the London branch of the British - 
Foundrymen’s Association, on December 8, an illustrated 
lecture on ‘* The Solidification of an Iron Casting in the 
Mould,” was delivered by Professor Thomas Turner, 
M.Sc. A.R.S.M., F.1.C. Professor Turner, after re- 
marking on the variations in the shrinkage experience 
with the different grades of iron, the shrinkage being 
greatest with a white iron and least with an open grade 
such as No. 1, defined the term “Solidification,” which 
for practical work implied the cooling of the metal to the 
point at which it was stable enough to remove from the 
mould. At the conclusion of the lecture Professor Turner 
gave, among other information, the following as a suit- 
able composition for general foundry work :— 





Graphite carbon .. 2.7 
Combined carbon 0.35 
Silicon aA a 1.5 
Phosphorus 0.7 
Sulphur ‘ 0.08 
Manganese 0.5 to 0.6 or 0.7 


For inereased hardness the silicon should be reduced, and 
for softness it should be inc q 





“Orro” Perrot Locomorive For 2-rt. Gaucr.—It 
may be remembered that we recenty described (page 696 
of our last volume) a petrol locomotive made by the 
Gasmotoren Fabrik Deutz, Cages Down, and exhibited 
at, the Manchester Colliery Exhibition in May last, by 
Messrs. W. Silverstein and Co., 147, Cannon-street, 
London, E.C. This locomotive has, we understand, 
been working since then in a gypsum mine in Notting- 
ire, and we have before us some figures relating to 
its performance during the time. The locomotive has 
been used for transporting gypsum from the mine to the 
wharf at the River Trent, the length of the line inside 
the mine being about 700 — and the length of the 
portion outside the mine about 14 miles. With the pre- 
vious horse traction one a to and fro on the ad 
line occupied over two hours, including shunting at the 
wharf, and hauling a train of ten load ms of about 
20 tons total gross load. The locomotive does one trip 
with the same number of wagons in three-quarters of an 
hour generally, and in some cases in 35 minutes, making 
the output therefore more than double. The line is 
for the most part level, partly in favour of the load, 
and with the steepest gradient of 1 in 130 for full 
and 1 in 25 for empty wagons. The locomotive is fitted 
with two-speed gear in either direction—that is, for 
3? and 7} miles per hour. At the slow speed, which is 
used for starting and negotiating gradients and curves, a 
tractive effort of 600 lb. on the draw-bar was teed, 
whilst the dynamometer during the trials registered over 
800 Ib. At the higher speed the tractive effort was 350 Ib. 
The consumption of petrol during twenty-seven working 
days was 38 gallons, which equals 1.4 gallons per day from 
7 a.m. to 5 p.m., and during this time 1274 net tons ol ene 
were hauled. This was hauled over a mile and a half of 
track, the net average hauling per gallon being 334 tons, 
which, at a tare of 10 cwt. per wagon, represents a total 
gross load of 47.6 tons on 1 gallon. Thus 71.4 ton-miles 
were thus covered with 1 gallon of petrol. The above 
locomotive has, we understand, replaced six horses, which 
cost 60s. per week in fodder alone, in addition to which it 
did away with four boys, the locomotive requiring only one 
driver, while there is one boy for shutting gates a cross- 
ing roads. The petrol consumption per week amounts to 
about 84 — which, at 8d., excluding rebate, amounts 
to about 5s. 8d. per week. The driving is very simple, and, 
as the starting occupies only a very little time, during 
long intervals the engine can be stopped to save petrol, 





878 


ENGINEERING. 





[Dec. 29, 1911. 








MASSEY’S EXPANSION VALVE GEAR FOR STEAM-HAMMERS. 


CONSTRUCTED BY MESSRS. B. AND 8S. MASSEY, LIMITED, OPENSHAW, MANCHESTER. 














_—_ j 





Fig. 1. 


WE illustrate on this page a piston-valve which has 
been designed and patented by Messrs. B. and S. 
Massey, Openshaw, Manchester, who also manufacture 
it. In our illustrations it is shown applied to a steam- 
hammer, for which it is particularly suitable. The 
valve as applied to a steam-hammer may be seen in 
the half-tone engraving, Fig. 1, and in the line engrav- 
ing, Figs. 2 and 3, while Figs. 4 to 7 are sections 
illustrating different positions of the valve at varying 
points in the stroke. The main features of the hammer 
with this valve applied are, it is claimed, steam 
economy and easy control, two very important points 
in steam-hammer work. 

The action of the valve is as follows :—On reference 
to our illustrations it will be seen that on moving the 
valve to the position shown in Fig. 4 the steam 
will be admitted to the bottom side of the piston 
for the commencement of the up stroke, and at 
the same time the top of the cylinder is opened 
to the exhaust. Following this admission the 
hammer rises, and in so doing rotates the valve by 
means of a roller mechanism, which is shown in 
Figs. 2 and 3, into the position Fig. 5, cutting off the 
steam and closing the exhaust. 

The steam below the piston is, after this, used 
expansively, and the compression above the piston 
produces a cushion which checks the movement of 
the hammer and brings it to rest. The arrange- 
ment of the valve is such that when the hammer 
is at the top of the stroke just sufficient steam is 
admitted below the piston to keep it suspended. 
When it is required to admit stear: to the upper side 
of the piston, the valve is moved to the position 
shown in Fig. 6, which opens the bottom of the 
cylinder to the exhaust, and the hammer is forced 
down. As the tup descends the valve is rotated round 
again until at half-stroke the steam is entirely cut 
off, and the steam is used expansively for the remainder 
of the stroke. When the hand-lever is placed a little 
below the middle position, some supplementary ports 
in the valve come into action, and the tup can be 
held down. These supplementary ports pe serve 
for giving short strokes to the hammer; they are, 
however, closed when a long travel is given to the 
valve during ordinary work. 





Fig 4. vatve toweReD 
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It is claimed that this gear gives an economy of 
30 to 40 per cent. compared with ordinary valve gears, 
the reasons for which are that the steam is used 
expansively on both the up and down strokes ; the 
serious loss caused by what is known as “‘ after-flow ” 
is largely prevented. Clearance is also, to a great 
extent, avoided, owing to the automatic compression 
occurring at the end of the up stroke, and direct leakage 
of steam t the valve when ‘holding up” is pre- 
vented, for the valve is so arranged that during this 
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operation it occupies the position in which the lap is a 
maximum. In the usual form of construction the 
valve, when in mid-position, has the minimum lap, 
and consequently a very short leakage path from the 
steam side to the exhaust. It is claimed that the 
control is as simple as in an ordinary hand-worked 
hammer, and that less skill is required. There is also 
no danger of the piston striking the cylinder cover, 
and the hammer can be held up at the extreme top of 
the stroke, and stamping can be easily curried out. 

The hammer we illustrate is classed as a 3-ton 
hammer for axle forging, and is very strongly con- 
structed. The tup is a steel casting and works 
between forged-steel slides, which are separated from 
the stendants and can be accurately adjusted to take 
up wear. The piston-rod is of large diameter and is 
connected to the tup by means of a ball-and-socket 
joint held in place by two large cotters. The stroke 
of the hammer is short, as it has been found that 
quick, short blows are preferable for this class of work. 
The automatic rotary motion of the valve is gained by 
means of the gear shown, which takes the place of 
the tripper usually employed on hand-worked hammers 
in order to prevent the piston rising too high and 
striking the cylinder cover, and the tripper is not 
always sufficient to prevent this, and great care has to 
be exercised by the operator even with it fitted. 








ArricaNn Rattways.—The railways of Africa formed the 
subject of the issue of the Railway Gazette which appeared 
on November 28. There were articles on the Egyptian 
State Railways, Nigerian Railways, Uganda Railway, 
the New Cape Central Railway, the Rhodesian Railways, 
the Cape to Cairo Railway, the Benguella Railway, the 
railways in the — Congo, the Sierra Leone Rail- 
way, the ‘os Railway, the Gold Coast Railway, the 
French and German Railways in Africa, and many others, 
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CATALOGUES. 


Welded-Steel Tanks and Pipes.—We have received from 
Messrs. T. Toward and Company, Limited, St. Lawrence 
Iron Works, Ouseburn, Newcastle-on-Tyne, a leaflet 
illustrating a group of welded-steel fuel tanks, — 
shaped for use on a large motor-boat. The leaflet also 
illustrates some welded wrought-steel jacketed exhaust 
pipes for oil-engines. 

Milling-Machines.—We have received from Messrs. 
James Archdale & Co., Limited, of Ledsam-street, 
Birmingham, a copy of their sectional catalogue of high- 
speed milling-machines. Vertical, horizontal, and 
universal machines are dealt with, illustrations and 
general particulars being given of a large range of sizes 
in each type. Particulars of accessories such as arbors, 
circular tables, machine vices, dividing headstocks, &c., 
are also included. The catalogue, which is well printed 
and illustrated, also deals with a machine for grinding 
milling-cutters, reamers, &c. 


Petrol-Motor Road-Rollers.—The Austin Manufacturing 
Company, of Chicago, U.S.A., have sent us a copy of a 
catalogue illustrating and describing their motor road 
rollers, and pointing out their superiority over steam 
rollers. The motor rollers are made in five sizes, from 
7 to 15 tons in weight, each being driven by a single- 
cylinder slow-speed petrol-engine. Numerous illustra- 
tions show the rollers at work in various parts of the 
world rolling and scarifying roads, and also driving 
stone-breakers and other machinery. A large number of 
testimonials from users are reprinted. 


Electric Wires and Cables.—A price list of insulated 
wires and cables, for electric lighting and other purposes, 
has been issued by the India Rubber, Gutta Percha, and 
Telegraph Works Company, Limited, of Silvertown, E. 
This list deals with different grades of single, twin, and 
concentric vulcanized cables, with various covering 
materials, and also includes particulars of single and 
twin flexibles for motor-cars, electric lighting, &c. 
Prices are also quoted for high-tension cables for working 
pressures of 2200 and 5500 volts. All the cables 
dealt with are manufactured in accordance with the 
rules of the Engineering Standards Committee. 


Petrol-Gas Lighting.—The “‘Litz” Safety Gas Company, 
Limited, Lawkholme Works, Keighley, have sent us a 
copy of a catalogue illustrating and describing their 
system of producing petrol-gas, and pointing out its 
advantages. The gas-generator, which is driven by means 
of a falling weight, is automatic in action, starting as 
soon as the first burner is turned on, and stopping when 
the last light is put out. It is stated that, ‘with petrol at 
1s. 2d. a gallon, 1000 candle-power hours cost 17d. Prices 
are stated for seven plants, the capacities of which range 
from 12 to 150 burners, each of 40 candle-power. The 
catalogue illustrates a number of country residences in 
which Litz petrol-gas is used for lighting, heating, and 
cooking, and also includes several testimonials from users. 


Steam-Turbines and Turbo-Pumps.—From the South- 
wark Foundry and Machine Company, of Philadelphia, 
Pa.,U.S.A., a pamphlet relating to Rateausteam-turbines, 
as manufactured by them, has reached us. The pamphlet 
points out the advantages of the Rateau turbines, c aim- 
ing that they are simpler, the clearances greater, and 
the efficiency less affected by wear, than is the case 
with turbines of the reaction type. Exhaust-steam and 
mixed-pressure turbines are also dealt with, and the 
principle of the Rateau mixed-pressure vernor is 
explained. We have also received from this firm another 
pamphlet illustrating and describing Rateau turbo- 
pumps for water supply, boiler feeding, and hydraulic 
service. Several examples of these pumps, oe 
steam-turbines and also by electric motors, are illustrated. 


Power-Plant Accessorics.—Messrs. T. Sugden, Limited, 
180, Fleet-street, E.C., who are the agents in this country 
for Messrs. Hiibner and Mayer, of Vienna, have sent us 
a copy of a very comprehensive catalogue of boiler mount- 
ings and power-plant accessories made by the latter firm. 
The catalogue, which is printed in German, contains 300 
pages, and is bound in cloth covers. Full particulars, 
with prices, are given of a great variety of apparatus, 
such as pressure-gauges, pyrometers, thermometers, water- 
meters, steam - meters, injectors, water - level indica- 
tors, safety - valves, stop- valves and cocks, isolating- 
valves, ucing-valves, temperature regulators, steam 
and oil-separators, steam-traps, lubricators, &c. Some 
we and interesting devices are included in this cata- 
logue. 

Primary Cells and Carbon Goods.—Messrs. James 
McMillan and Co., Clun House, Surrey-street, Strand, 

-C., have sent us a catalogue of primary cells and 
carbon goods manufactured by Rylander and Rudolphs 
Fabriks Aktiebolag, of Henriksdal, Sweden. Prices are 
stated for various forms of wet and dry Leclanché cells 
and accessories for operating bells, telegraphs and tele- 
phones, and for use in connection with shot-firing, elec- 
tric ignition, &c. The carbon goods dealt with include a 
great variety of brushes for electrical machinery, contact- 
pe for circuit-breakers, filament moulds for glow- 

mp manufacture, packing-rings for turbine-glands, cores 
for foundry work, carbon discs for microphones, and 
lightning-arrester carbons. Prices are stated for some of 
these articles. 


Brazing Cast Iron.—Messrs. Wasserman and Co., of 
Lausanne, Switzerland, whose London address is 13, 
Fenchurch Buildings, E.C., have issued a pamphlet de- 
scribing their process of brazing cast iron, especially 
for repairing castings. The substance employed is called 
“*Castolin,” and with this material it is claimed that a 
broken casting can be repaired on a smith’s hearth or 
portable forge with no more difficulty than is eaused by 





an ordinary brazing job. It is also stated that the joint | 


has a tensile strength of 10 tons per sq. in., and that a 
casting repaired by this process will not break again in 
the same place, the joint oo stronger than the original 
me Numerous testimonials are reprinted in this 
pamphlet, and examples of repairs carried out on castings 
of all shapes and sizes are illustrated. 


Electrical Apparatus.—Messrs. Johnson and Phillips, 
Limited, 12, Union-court, Old Broad-street, E.C., have 
sent us a copy of an illustrated price-list of switch-gear, 
fuses, motor-starters, measuring instruments, and other 
electrical apparatus manufactured by them. In ous 
through the list we notice eg oil switches an 
accessories for pressures up to 30,000 volts, isolating- 
switches, current and potential transformers, choking- 
coils and lightning-arresters, ammeters and voltmeters of 
the moving-coil, moving-iron, and hot-wire ty battery 
switches, ironclad switches and fuses, distribution 
boards, tubular switcl’ fuses, quick-break knife switches, 
circuit-breakers, and various starters for direct-current 
and alternating-current motors. Full particulars are 
given of all these and other appliances. 


Chains for Mortising-Machines.— Messrs. Hans Renold, 
Limited, Progress Works, Brook-street, Manehester, have 
recently brought out a new series of short-pitch cutting 
chains for wood-mortising machines. With these new 
chains it is possible to cut mortices only ? in. in length, 
whereas previously about 14 in. was the minimum length 
for chain mortising. Prices and full particulars of chains, 

ide-bars, and sprockets for mortice lengths of ? in., 

in., 1 in., and 1} in,, and widths ranging from } in. to 
“; in., are given in a four- leaflet, a copy of which 
By reached us. We have also received a catalogue of 
long-pitch chains, guide-bars, and sprockets, which are 
made in all sizes for cutting mortices up to 3 in. long 
and 1m. wide; metric sizes are also listed. The cata- 
ao also includes notes on grinding and repairing the 
chains. 


Aluminium.—We have recently received from the 
British Aluminium Company, Limited, 109, Queen 
Victoria-street, E.C., several leaflets, &c., illustrating 
the application of aluminium to electrical and other 
work. Some of these leaflets illustrate overhead power- 
transmission lines employing aluminium wires ; others 
deal with aluminium battery connections, feeder connec- 
tions, bus-bars for switchboards, &c. A small pamphlet 
included among the number reprints an interesting 
paper by M. A. Mariage, read at the Brussels Congress 
of the Permanent International Tramways Union, on the 
use of aluminium wire for winding the field coils of trac- 
tion motors. Another leaflet gives instructions for 
polishing, satin finishing, and frosting aluminium, while 
two others deal respectively with aluminium fittings for 
railway carriages and plant for chemical manufacturers. 


Mortising-Machine.—From Messrs. J. Sagar and Co., 
Limited, Canal Foundry, Halifax, we have received a 
pamphlet illustrating and fully describing their combined 
chain-cutter and hollow-chisel mortising-machine. With 
the chain-cutter, mortices ranging from } in. to 1 in. 
wide, and from ‘ in. to 24 in. long, may be made at one 
cut, while the hollow chisel can be used for mortices 
from } in. to ? in. square. The hollow-chisel mechanism 
can also be employed for boring circular holes. The 
machine is fitted with an exhaust fan for removing chips 
and dust, and is also provided with a device for prevent- 
ing the wood from splintering at the part where the 
cutting-chain runs out. This device consists of a 
specially-shaped hardwood block attached to a weighted 
rod, which presses it firmly down on to the work at the 
edge of the mortice. Several other special features of 
the machine are pointed out in the pamphlet, which also 
contains numerous testimonials from users. 


Vibratory Rectifier for Alternating Current.—We have 
received from the Adnil Electric Company, Limited, 
of Adnil Building, Artillery-lane, E.C., a pamphlet 
describing their vibratory rectifiers for charging accumu- 
lators and working direct-current ap tus for alter- 
nating-current circuits. Four sizes are listed for 45 to 60- 
cycle circuits from 100 to 250 volts, the direct-current 
output being either 2.2 amperes at 7.5 volts or 1.2 
amperes at 15 volts; larger sizes can, however, be 
supplied. The pulsating current produced can be used 
for non-inductive work, such as charging accumulators 
or lighting incandescent lamps, and, with the addition of 
condensers, inductive apparatus, such as small motors, 
can be operated. We understand also that these recti- 
fiers may be so connected toa three-phase circuit as to 
produce a non-pulsating continuous current. The 
efficiency of transformation, both at no load and full load, 
is stated to be equal to that of a transformer of similar 
output. 


Anti-Rolling Tanks for Ships.— Messrs. Blohm and Voss, 
of Hamburg, have sent us a pamphlet illustrating and 
describing Frahm’s anti-rolling tanks for damping the 
rolling motion of ships. The arrangements were fully 
descri ina r recently read by the inventor before 
the Institution of Naval Architects, and reprinted in our 
issues of April 14 and 21 last. The pamphlet contains 
some notes on the causes and consequences of rolling, and 
then explains the principle of the anti-rolling tanks, 
afterwards illustrating and describing apparatus for test- 
ing the effect of the tanks on models. The results obtained 
on some of the steamers on which the tanks have been 
fitted are illustrated by diagrams taken by means of 
uy designed pendulum apparatus. These diagrams 

ow that a badly rolling boat can be rendered practically 
steady by the tanks. Anti-rolling tanks are to be fitted 
on several vessels of the Hamburg-Amerika Line, in- 
cluding the 50,000-ton steamer Imperator, now under 
construction. The Cunard liner Laconia has also been 





provided with the apparatus as fully described and illus- 
trated on page 803 ante. 


Steel-Sheet Piling.—We have received from the United 
States Steel Products Company, whose London office is 
at 36 to 38, New Broad-street, E.C., a booklet fully 
describing their system of steel-sheet piling, and giving 
numerous examples of its use in connection with coffer- 
dams, trenches, foundations, shafts, sea-walls, dama, &c. 
The piles are rolled with one in the form of a slot 
crescent-shaped in section, and the other edge is swelled 
8o as to fit into the corresponding slot of the adjacent pile, 
thus forming an interlocking joint of the ball-and-socket 
type. A small space is left in the slot so that, if neces- 
sary, a strip of wood can be inserted to make the joint 
perfectly water-tight. Three sections are employed—two 
12 in. wide by 4 in. and § in. in thickness, and one 6 in. 
wide by } in. thick, the latter being suitable for sewers, 
trenches, and shallow pits when the pressure is not great 
and the soil not very stiff. The booklet deals with the 
methods of driving and puiling the piles, and also illus- 
trates the formation of corners, partitions, junctions, and 
other constructional details. It also contains a diagram 
showing the correct spacing of walings for cofferdams to 
support various heads of water. 

Feed - Water Softener and Purifier.—Messrs. Robert 
Boby, Limited, of 212, Upper Thames-street, E.C., have 
sent us a booklet dealing with ‘‘ Neckar” water-softenin, 
and boiler-mud extracting apparatus. One of the speci 
features of this plant is that the feed is heated by mixing 
with it a small quantity of water drawn from the bottom 
of the boiler, together with the sediment. The nt 
consists of two cylindrical tanks, each of which has a 
conical bottom part and contains a filter of wood-wool. 
The admission of untreated water, boiler water, and 
soda solution, which is the only chemical employed, is 
controlled in each case by a simple float-operated valve. 
The crude water and soda solution flow downwards, 
through a central dip-pipe, into the lower part of the first 
tank, where they mix with the hot boiler water, the heat 
of which assists the process of softening. In this part 
of the apparatus the sediment, which would otherwise 
collect in the boiler, is precipitated. The heated and 
softened water then rises through the filter, and flows 
from the top of this tank to the lower part of the next 
one. In the latter it rises through another filter, and 
is finally drawn off by the feed-pump, which is con- 
nected to the top of this tank. Among the advantages 
claimed for this system it is stated that all scale-formin 
material is continuously removed from the boiler, onl 
that costs for maintenance and chemicals are very low. 
It is also pointed out that most of the heat in the water 
drawn from the boiler is utilised in raising the tempera- 
ture of the feed, and that the heat of the water main- 
tains the tiltering medium in the best possible condition 
for entrapping the solids held in suspension. In conclu- 
sion, a number of testimonials from users are reprint d. 





THe Merropo.itan Water Suppity.—The present 
financial year is witnessing considerable activity on the 
part of the Metropolitan Water Board. We only recently 
recorded the opening by the Lord Mayor of the Island 
Barn Reservoir. The Chingford reservoir works are 
approaching completion, and work is progressing with 
the buildings to accommodate the five sets of Humphrey 
internal-combustion gas-pumps to be installed there. At 
the new pumping station at Walton, opened in June last, 
trials of the engines have been proceeding, and, though 
not yet completed, show a steam consumption of between 
10 1b. and 104 lb. per indicated horse-power per hour. The 
pumping station at Hadley-road, Enfield, is complete, 
and the machinery there will be brought into operation 
very shortly. In addition to this constructional work, the 
Board obtained new powers with regard to abstraction 
of additional water from the Thames. 


Tuer Copper Market.—In their report dated the 18th 
inst., Messrs. James Lewis and Son state that the ad- 
vance in the value of copper had made further pi 
stimulated by the very satisfactory American statistics 
for the month of November, which showed a reduced 
production of 2847 tons, with an increased consumption of 
1773 tons and of exports of 3109 tons, resulting in a 
diminished stock of 10,362 tons, as compared with the 
previous month. From 59/, 2s. 6d. on the 1st inst. cash 
Standard fell to 58/. 5s. on the 6th, but subsequentl 
advanced to 61/. 11s. 3d. on the 15th, up to 62/. &s. Od. 
being paid for three months prompt, exceptionally large 
purchases being made by consumers as well as specu- 
lators. Closing values on the 18th were 62/. 6s. 3d. cash 
and 63/. 3s. 9d. three months; the transactions of the 
fortnight amounted to about 25,000 tons. American 
electrolytic had advanced to 14 cents per pound in New 
York and to 64/. per tonc.i.f., with large sales to both 
Americanand Euro manufacturers, most of the chief 
producers being sold out for delivery during the next two 
months, with the result that very little was now offering. 
A large business had also nm done in Lake eopper. 
Sulphate of copper was now held for 23/. 10s. by makers, 
though from second hands it was obtainable at 23/., 
for spring delivery. Stocks in _~ and France had 
dec 1263 tons, and those in Germany and Holland 
1200 tons, during the fortnight. Messrs. Lewis's statistics 
showed an increased European consumption of 29,808 
tons, but a decrease in American consumption of 27,773 
tons as compared with last year. Imports into Europe 
from the United States had increased 27,934 tons, and 
from other countries 960 tons, exports from the United 
States being 18,454 tons and from Europe 662 tons larger. 
American and European stocks were 31,656 tons less than 
twelve months ago. American shipments from the three 
northern ports for the past fortnight were advised as 
15,244 tons. 
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‘* ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTEAOTS OF RECENT PUBLISHED SPECIFI 
OATIONS UNDER THE AOT OF 1907. 


communicated 
Communicators are given in italics. 
may be obtained at the Patent 0; Sale 
Buildings, Chancery-lane, W.C., at 


Where 
hw 


Any person may, at time within two months from the date of 
a ettcmont of the ae y cpertion to the grant of 
qive no ‘a ce 0, a 
poe notie a the Baton Offer of opparton to th 


ELECTRICAL APPARATUS. 


Siemens Brothers and Co., Limited, 

mdon (Siemens and Halske Aktiengesellschaft, Berlin, 
Germany.) Ammeters, [1 Fig.) June 9, 1911.—In ammeters 
of the dynamometer type, provided with an iron core so formed 
that the induction density of the magnetic field varies in the path 
of the moving coil, the inner and outer parts of the iron core are 
arranged so that they can be relatively rotated. The limit of the 
range of the instrument can thus be adjusted. The fixed coil F 
has two windings on a ring r of sheet iron. This ring has an inner 
iron core k. On the base-plate G is a transformer T, the primary 


13,801/11. 

















winding p of which is in series with the fixed coils F, and is in the 


for the exhaust. 
the exterior through the conduit 7, either direct 
sphere or into a silencer. 


made of large size. 


lower part of the sleeve. 

(Accepted November 15, 1911.) 
LIFTING AND HAULING APPLIANCES. 
Adair, . 


25,651/10. W. London. Lifting 
(7 Figs.) November 4, 1910.—This invention relates to 
jacks for motor-cars, and in 


said latter fork being operated by the handle. 
the jack in its proper 


withdrawal of the jack from beneath the vehicle. 


D.to fit the socket E of the lifting-handle. 





circuit whose current is to be measured. The moving coil B is 
connected to the secondary winding s of the transformer. The | 
periphery of one of the iron parts k or r is 80 constructed that the | 
coil B, with increasing deflection, is always moving into a wider | 
part of the air-gap. If one of the iron for example, the 

part r—is turned about its centre, the field in which the coil 

moves is altered. This alteration of field alters the range of the | 
instrument. For this purpose, the iron ring r is provided with | 
slots and clamping screws. (4ccepted November 1, 1911.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


15,825/11. L. Renault, Billancourt, France, In- 
ternal-Combustion Engines. [5 Figs.) July 16, 1910.— 
This invention consists in arranging around the piston between 
its outer wall and the inner wall of the cylinder a cylindrical 
sleeve, which may, or may not, embrace the entire circumference 
of the cylinder, and which is provided at its upper part with a 
flange forming a valve. This valve, which is of very large size, 








rests upon a seat constituted by the upper part of the cylinder 
itself. Owing to the large diameter given to the sleeve, this 
device permits of obtaining a very large for the gases with | 
a relatively emall lift of the valve, while at the same time the | 
arrangement entails no increase in the dimensions of the cylinder. | 


Miners’ 





showing the portion B of the fork fitting between pins G, G on the 
base, the contracted part B! fitting against the wall of the base, 
and thus enabling the jack to be pushed readily into position 
beneath the axle. In Fig. 3 the part C of the fork is shown 
inserted under the crutch J for the purpose of —— it -» to the 
axle. The sides of the fork may be inserted under the side edges 
of the crutch J or under pins at each side of the crutch, one of 
which pins is shown. Pins are also fitted in the nut K, so that 
when the hooks H on the end of the fork-prongs engage there- 
with, and the lifting-handle D, with the fork attached, is moved 
to the right or left, the nut K is caused to partially rotate, and 
the expansible nut K, which is of known construction, is cau 

to open and allow the crutch pillar to fall and the jack to close. 


(Accepted November 15, 1911.) 


MINING, METALLURGY, AND METAL- 
WORKING. 


4722/11. T. Jones and T. R. Davies, Yetsaggyuiate. 
Lamps. (2 Figs.) February 24, 1911.—This inven- 


Fig.1. 






































The gases expelled after the een escape to 

ly into the atmo- 
The inlet valve 8 is arranged at the 
upper part of the cylinder above the piston, and it may also be 
The sleeve is operated by means of a cam 9 
mounted on the cam-shaft 10 acting upon a roller at the extremity 
of the lever 12, pivoted at 13, and also connected at 14 to the 
As regards the inlet-valve, it is con- 
trolled by means of a recker such as is ordinarily employed. 


‘acks. 
lifting- 
rticular to the operating means 
employed, which consist of a fork forming part of the operating 
handle, or of a fork attached to the pillar or lifting stem, the 
The fork shown is 
adapted to effect the following operations :—(1) The plecing of 
tion under the axle ; (2) the raising of the 
crutch pillar to the axle ; (3) the lowering of the jack ; and(4) the 
The fork is 
attachable to the end of the handle used for operating the lifting 
mechanism. Fig. 1 isa plap of the fork, which has three different 
widths of prongs A, B, and ©, and is provided with the plug end 
Fig. 2 is an elevation 


electric lamp — of being detachably secured to the oil- 
container of a safety lamp of the usual kind. In carrying. the 
invention into effect, a circular casing a for the electric lamp and 
battery is provided, and has a screwed upper end adapted to 
engage a : crew-threaded base-ring on the lower end of the oil- 
container b of the miners’ lamp. At one side of the casing a 
there is an aperture provided with a lens and protecting wire- 
gauze. Across the interior of the casing a there is a transverse 
bridge member e upon which is mounted a socket for the electric 
lamp bulb. An accumulator cell A fits in the casing at the rear 
of the bridge ber and is retained at a determined distance 
therefrom by means of stop-blocks ¢! so as to leavea apace fi 
into which may project spring contact members g!, i) lead- 
ing from the terminals hl, and adapted the one to contact with 
the contact of the lamp bulb and the other with the switch con- 
tact i. The casing is locked to the oil-container so that it can 
only be separated from the oil-container by a person authorised 
so to do, (Accepted November 1, 1911.) 


SHIPS AND NAUTICAL APPLIANCES. 





1 1. Aktiengeselischaft Brown, Boveri, 
tzerland. Marine Turbine Installation. 
(2 Figs.) November 18, 1910.—In marine turbine installations 


having higher and lower-pressure turbines distributed over 
various shafts, one or more of the lower-pressure turbines 
are provided, according to this invention, with additional 
stages for smaller outputs, which stages, during increased 
outputs, are by-passed, the steam exhausted from the higher- 
pressure turbines being then directly passed to the lower-pressure 
turbines. One or more low-pressure elements @ is provided with 
additional stages b, which are used during decreased outputs 
of the installation. When a greater output is required, however, 
the additional stages b are rendered inactive by the opening of 
a by-pass valve c, whereby the steam exhausted directly from a 








higher pressure elementof the installation passes therefrom directly 
to the lower-pressure turbine element a. Bysuch an arrangement 
it will be seen that, although the output of the element a is 
increased, the ratio existing nnd the blade velocity and the 
steam velocity remains practically the same as during decreased 
outputs, the efficiency of the turbine elements being thus un- 
altered. Hitherto such additional stages precede the higher- 
pe elements of the installation, and as they thus receive 

igh-pressure steam, the leakage of steam on account of the 
short blades necessary in such stages is considerable. This dis- 
advantage, however, is overcome in the present installation, 
since the blades of the additional stages can be made much longer 
on account of the greater specific volume of the low-pressure 
steam which entere the stages when the latter precede the lower- 
pressure elements. (Accepted November 1, 1911.) 


TEXTILE MACHINERY. 


10,860/11. A. J. Bally and L. Richard, Villeurbanne, 
France. Net and Tulle Machines. (3 Figs.) May 4, 
1911.—In mechanism for automatically stopping net and like 
weaving-looms in the event of a hole or tear occurring in the 
woven fabric, pivoted contact-fingers are used and employed to 
close an electric circuit when the pressure of the fabric on the 
fingers is removed. According to this invention, the fingers are 
arranged closely together in a row, and are simply balanced and 
held out of electrical contact by the pressure of the fabric only, 
so that when the pressure is removed the fingers tilt and close the 
circuit. In the path of the piece of net, immediately above the 
point where the threads are woven together, a cross-bar b is fixed, 
extending from side to side of the loom. This cross-bar has a 
troughlike section, and the fabric passing to the winding-roller is 
Se sagen on the two sides thereof. Behind the fabric, in the 
hollow of the cross-bar, a series of metal contact-fingers c, c is 





arranged, the contact-fingers being articulated on a metal conduct- 
ing-wire supported at intervals by insulators. At the upper part 
of the cross-bar a second conductor e is fixed. The contact-fingers 
are arranged sufficiently close to one another, so that an accidental 
hole in the fabric cannot pass between without meeting them. 
The cross-bar b is so inclined, and the contact-fingers so balanced, 
that any of the contact-fingers c will, when the fabric is not in 
contact therewith, by its own weight lie with its head bearing on 
the conductor e, as shown in Fig. 2. In this position it connects 
the two conductors, and the current then passes from one con- 
ductor to the other and acts on an electro-magnet which stops 
the loom by known means. When the fabric in a sound state 








1 designates the cylinder and 2 ite water-jacket. Between the tion relates to miners’ safety lamps having an emergency electric 


cylinder 1 and the piston 3 the sleeve 4 is arranged, its upper | 
part resting on a seat formed in the cylinder. The sleeve 4 serves i 


THE END OF THE 


ight capable of being used when the main lamp for any reason 
is extinguished, and has for object to provide a self-contained 





NINETY-SECOND VOLUME, 


presses oy the contact-fingers c (Fig. 1), the light pressure 
exercised by the fabric on the lower rounded ends of the contact- 
fingers keeps the fingers out of contact with the conductor e, and 
the loom can continue operating. (Accepted November 1, 1911.) 
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A veling & Porter, Ltd., 


RocuesTer, KENT, 
and 72, CANNON Street, Lonpon. 
STEAM ROLLERS, ROAD LOCOMOTIVES. 
STEAM CULTIVATING MACHINERY. 
STEAM WAGONS, TRACTORS. 
CEMENT-MAKING MACHINERY. 1866 


_ G. Munford | 


CULVER STREET WORKS, COLCHESTER. 

On ADMIRALTY AND War Office Lists. 
ENGINES for Torpedo Boats, Yachts, Launches. 
BOILER FEED PUMPS. 

See Ilustrated Advertisement, page 54. 

PATENT WATER-TUBE BOILERS, 
AUTOMATIC FEED REGULATORS, 


And Auxiliary Machinery as supplied to the 
Admiralty Od 


-) ames Russell & Sons, Ltd., 
Crows Tune Works, WEDNESBURY. 
IRON and STEEL TUBES, and Fittin 
STEAM MAINS. COCKS and VALV 
TRAMWAY and TELEGRAPH POLES, &c., &c. 

WAREHOUSES : 

108, Southwark Street, 8. E. 

2, King Street West. 

8, Temple Street. 1825 

6, Mark Lane, Briggate. 


2179 


for same. 


LONDON - - 
MANCHESTER - - 
BIRMINGHAM - - 
LEEDS - - - 


ranes.— Electric, Steam, 
HYDRAULIC affd HAND, 
of all types and sizes. 
GEORGE RUSSELL & CO., Lrp., 
Motherwell, near Glasgow. 1529 


Rory Cement Machinery. 


ERNEST NEWELL & CO., Lrv., Mistertor, 
GatnsBoro, supply all Machinery for Manufacture of 
Rotary Cement, Chemical Manures, also Elevating 
and Conveying Plant. 1898 


anufacturing. 
We are OPEN TO UNDERTAKE 

THE MANUFACTURE OF ANY MACHINERY 
of medium size. 

Address, 1549, Offices of ENGINEERING. 


P lenty and 
Li!TEp, 
MARINE ENGINEERS, 
NEWBURY, ENGLAND. 9983 


ee’ 8 Hydro-Pneumatic Ash Kjector. 


Great saving of labour. No noise. No dust. No 
dirt. Ashes discharged 20 ft. clear of vessel.—Apply, 
F. J. TREWENT & PROCTOR, Naval Architects and 
Surveyors, 43, Billiter Bidgs., Billiter St., London, E.C. 

4835 


1549 


Son, 


&c., 


Patent 


ank. Locomotives. 


Specification and Workmanship equal to 
Main Line Locomotives. 
R. & W. HAWTHORN, LESLIE & CO., Lap., 
ENGINEERS, NEWCASTLE-ON-TYNE. 1540 


THE WELL-KNOWN 
Fine Red M oulding Gand, 
IRON, BRASS, ALUMINIUM, &c. 


APPLY, — 1000 
er Sand Co., eee 


MANSFIELD, NOTTS. 


ocomotives in Stock.— 
KERR, STUART & CO., Lrp., have in stock 
or in an advanced state of progress at their 
California Works, Stoke-on-Trent, a mee number of 
LOCOMOTIVES, with cylinders from 5 in. to 15 in. 
diameter (inclusive), for all ga from 18 in. to 
4 ft. 8} in. Apply to i SSTUART & CO., =. 
1, Broad Street Place, 


[2vincible Gauge (fiasses. 


BUTTERWORTH BROS., Ltd., 
Newton Heath Glass Works, 


Manchester. Od 9758 
les Limited, 
ENGINEERS, IRLAM, MANCHESTER, 
FEED WATER HEATERS, 
CALORIFIERS, KETTLES 
EVAPORATORS, CONDENSERS. 


ROYLE’S SYPHONIA STEAM 
PA REDUCING VALVES, Ae, 


WATER SOFTENING, FILTERING. 


ROW’S 
PATENTS. 


rrow & Co., Ltd., 


a 
y SHIPBUILDERS AND ENGINEERS, 
GLASGOW (formerly of Popuar, Lonpon). 
SPEEDS UP TO 40 MILES AN HOUR. 
PADDLE OR SCREW STEAMERS OF 


Exceptional Shallow Draught. 


VESSELS PROPELLED BY STEAM 
Turbines or 


Internal Combustion Engines. 


MULTITUBULAR AND 
(Sochran CROSS-TUBE TYPES. 
See page 18. 


Boers. 


¥ achts, Launches or Barges, 


Built complete with Steam, Oil or Petrol 
Motors; or Machinery supplied. 
VOSPER & OO.,. Lrp., 
BROAD STREET, PORTSMOUTH. Od 3551 


r I the Economic Forced Draught 
anp ENGINEERING COMPANY, Lrp., 
5, Cast Le Srreet, LivERPOOL. 1961 
Patent Furnace Fronts for Natural or Forced Draught. 
See Advertisement page 63. 


Purch and Shear Machine 


SPECIALISTS. 2181 
Consult us. {‘The Best and the Cheapest.” Large 
Stock. Satisfaction Guaranteed. Established 1850. 
SCOTT BROS., West Mount, HALIFAX. 


(jate Valves that Will Not 


STICK. 
See our Advertisement in last week’s issue, page 97. 
BRITISH STEAM SPECIALTIES, Lrp., 
Bedford Street, Leicester. 1590 


Bllast Wagons for Sale or 


HIRE. 
HURST, NELSON & OO., Lrp., 
MOTUERWELL. 1776 


Mime Tools, Rock-boring 


MACHINES and DRILL STEEL. 


Od 8759 


1528 











La 
stocks. Prompt delivery.—THE HARDY PAT 
PICK CO., Lap., Sheffield, England. 227 


HIGH-CLASS 
Pete Metal. ENGINEERING ALLOYS. 
Forgings, Castings, Bars, Sheets, Wire, Tubes. 
THE DELTA METAL CO., Lap., 1430 
Offices and Works : East Greenwicn, LON DON, 8.E. 


’ | ‘he Glasgow Railway 
Engineering, Company, 
GOVAN, GLASGOW. Lap. 
London Office—12, Victoria Street, S.W. 
MANUPACTURERS OF 
RAILWAY CARRIAGE, WAGON AND TRAMWAY 
WHEELS AND AXLES. 


CARRIAGE AND WAGON IRONW ORK, also 
CAST-STEEL AXLE BOXES. 1600 


Tue Giascow Rouiine Stock AND PLANT WORKS. 


. 
He: Nelson & Co., Ltd., 
BUILDERS OF RAILWAY CARRIAGES, 
WAGONS, ELECTRIC CARS and LIGHT RAILWAY 
RouuLiInG STOCK OF EVERY DESCRIPTION, 
Makers of WHEELS and AxLEs, RAILWAY PLANT, 
Foremse, Smirn Work, Iron AND Brass Castines. 
Registered Office and Chief Works : Motherwell. 
ManchesterOffice: Northern Assurance Bdgs. , Albert Sq. 
London Offices : 15, Leadenhall Street, E.C. 
See Illustrated Advt. page 63. 3382 


& W. MacLellan, Limited, 
° CLUTHA WORKS, GLASGOW. 
MANUFACTURERS OF 
RAILWAY CARRIAGES AND WAGONS, 
OF EVERY DESCRIPTION, 
RAILWAY IRONWORK, BRIDGES, ROOFING, &c. 
Chief Offices : 129, Trongate, Guaseow. Od 8547 
Registered ( Office : 1084, Cannon 8t., London, E.c. 


R. Sf Pickering & Co., Ltd. 


(ESTABLISHED 1864). 

BUILDERS of RAILWAY CARRIAGES & WAGONS, 
MAKERS of WHEELS and AXLES of all kinds, 
RAILWAY WAGONS for HIRE. 

Chief Works and Offices : 
WISHAW, near GLASGOW. 
London Office : 
3, Vicroria STREET, (WESTMINSTER, S.W. 


[2° Foundr ry. and 
ENGINEERING COMP. 
Railway Plant and General Engineers, 
witches, Crossings, 
Turntables. Water Oranes. 
wi egg eee Roofs, Pipes, Pumps, 
ns, an 
7 Works: NE T, MON. 
London Office : St. MARGARET'S MANSIONS. 
Vicrorié Street, Weerminster, S. W. 





2099 
, 58, 


») ohn Bellamy, Limited, 


MILLWALL, LONDON, E. 1216 
GENERAL CONSTRUCTIONAL ENGINEERS. 


Boilers, Tanks& Mooring Buoys 

Srmis, Perron Tanks, Air~- Receivers, Stee. 

Cumnerys, Riverep Stream anp VENTILATING PrPEs, 
Hoppers, Specia, Work, Rerarrs oF aut Kips. 


Lubes, Iron and Steel. 
Edwin Lewis & Sons, 


148 Gammon st 'é.c, Wolverhampton. 


Devd Rollo and Sons, 
Engineers & Shipbuilders, 


Liverpool. 


1457 


2024 


[lubes and Fittings. 


Stewarts and L}oyas. L4. 


Glasgow and Birmingham. 


See Advertisement page 79. 57438 


D»vev: Paxman & (., L2- 


ENGINEERS, COLCHESTER. 
MAKERS OF 


Steam Engines and Boilers. 
All Sizes up to 3000 HP. 

For ELECTRIC LIGHTING anp TRACTION WORK. 
also FoR WINDING, PUMPING, HAULING, 
AND ALL PURPOSES, 
FRANCO-BRITISH EXHIBITION—GRAND PRIX 
(Hienest AWARD OBTAINABLE). 

2246 
See Advertisement page 37. 


wo Air Compressors (Inger- 

soll. Class A), 14in. steam cyl., 144in. air cyl., 14in. 
stroke, capacity 385 cu. ft. per min., 100 Ib. pressure. 
BOILER, loco. type, 10 N. HP. 150 Ib, press. ; ditto 80Ib. 
press.—A. C. POTTER & CO., Lant St., London, 8.E. 
1680 


ement.—Maxted & Knott, 
Lap., Consulting Engineers, Burnett Avenue, 

Hull, ADVISE GENERALLY on prepenet cement 
works schemes for England and abroad, alterations 
to existing plants and construction of: new works. 
Advice ~~ Lengthy experience. Highest references. 
Established 1890. Tel. 


(Cranes ! (‘ranes | (‘rans ! 


Butters Brothers & Co., 
GLASGOW. 
Makers of all kinds of Steam, Electric, and Hand 
Power Cranes. 
Catalogues and Prices on application. 
See Illustrated Advertisement page 60. 


Vive H. Coates & Co., 


PURCHASE PATENTS and SPECIALITIES, 
the Manufacture and Sale of same.— 
2,N 2, Norfolk | ‘treet, Strand, London, W.C. 1765 


(G8 Engine and Suction Plant 


REPAIRS. 50 tons of Firebricks, all sizes, in 

stock. Skilled mechanics, expert supervision, quick re- 
irs. "Phone: 1350, Zast ; Tel.: rete London. — 
J. DAVIS & CO., Gt. Eastern Rd. Stratford, E. 1794 


« Energy. a 1320 


dress : 


1599 





ocomotive Tank Engines 
designed and constructed by 
MANNING, WARDLE AND COMPANY, Loren, 
e Engine Works, Leeds. Od 2487 
See their lustrated Advertisement page 85, 


Mexhine and Engineering 


WORK of all description undertaken for Manu- 
facturers, Patentees, &c. Also repairs and renewals. 
Best work, epoterate aan — —ROSSER & RUSSELL, 


9 ’s Wharf, Hammersmith. 

PATENTS AOT.—Rosser & Ressru, Ltd., 
are prepared to undertake the manufacture of articles 
at ag eee miade abroad, and will oo poeate to hear 
from firms desiring such work execu 9211 





10 in., 12in., 14in., and 16 in, 
Locomotives 

Ready ' ™i"* Delivery. 

Andrew Barclay,Sons&Co., L® 

Caledonia Works, Kilmarnock. 


Wtone Breakers, Crushers, 


Guanuleénse. 

LEVEL SCREENS AND INSIDE ELEVATORS, 
SAND AND STONE WASHERS AND DRIERS, 
TAR MACADAM AND STONE WASHING 
CONCRETE MIXERS. 


Over 50 Patents in above. 
W. H. Baxter, Ltd., Leeds. 


RAILWAY CARRIAGES, ELECTRIC CARS, &c. 


He Nelson & (Co. I |. 


Tus Giascow Rouuxe Stock aNp PLanr Worns, 
MOTHERWELL. 3883 


team Cranes, Excavators, 


Concrete, Mixers, Steam Winches & Windlasses, 
J. H. WILSON &CO., Lrp. Head Office & Works : Dock 
Road, Seacombe, nr. Birkenhead. London Office: aL 
Victoria St., 8.W. See large Advt., page B4. 


Mitthew pl & Co. L*4. 


Luvexrorv Worss, J] umbarton. 1885 
See Full Page Advt., page 54, December 22. 


Yarrow's Patent 


Witer- -Tube Boilers. 


THE MOST IMPROVED TYPE IS FITTED WITH 
FEED-HEATING TUBES. 


na 
Gl asgow (porLak LONDON. 





Frinance. —Consulting Engineer 


in association with prominent London Financiers, 
arranges Capital, Formations, Amalgamations, De- 
bentures, and all financial matters associated with 
engineering. —Addrees, U 404, Offices of Enaiveertne. 


- . 
Vi auxhall & West Hydraulic 
ENGINEERING OO., Lap. 

MARINE ENGINES (Screw & Paddle), HYDRAULIO 
MACHINERY, PUMPS, &c. Works: Luton, Beda. 
City Office, 45, ‘Leadenhall Street, London, E.0. 1882 


N ewal 





Limit, Standard and 
Screw Thread (j2u8e8 
MEASURING MACHINES AND MICROMETERS, 
NEWALL ENGINEERING QO,, 
Walthamstow, London, E. 2078 


Cement Plants. 


Rotary Kilns, Wet and Dry Grinding Mills, | ad 
Onna Elevating and Conveying Machin 
ROCHESTER ENGINEERING coat, 
WICKHAM, RocHesTER. 


GRAND 


()i! 


HOLDEN 


Rebber 


Valves and Packings 


Tar GUTTA PERCHA & RUBBER MFG. CO, 
or Toronto, Limirep, 


Canada. 


PRIX — TURIN, 1911, 
Separatored 


& BROOKE, 


2105 


Lrpv., MANCHESTER. 


MANUFACTURERS 





Toronto 1767 


Mess Stamps, Brands, Letter 


and Figure Punches, Time Checks, Brass Labels, 
Stencil Plates, Moulders’ Letters and Figures,Seals, Em- 
bossing Presses, Brass Name Plates, Rubber Stampa, — 
EDWARD PRYOR & SON, 68, West Street, ee 
1 


(jentrifugals. 


Pott. Cassels & WV illiamson, 


MOTHERWELL, SCOTLAND, 2087 





See half-page Advertisement, December 8, page 76. 
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anchester Steam Users’ 
ASSOCIATION. 
iN BOILER 


FOR THE PREVENTIO 
EXPLOSIONS, 


Mount Street, MANCHESTER. 
Chief Engince C. E. STROMEYER, M.1,C.E. 
nded 1854 by Sir W. Farrsarry. 1710 
Certificates of Safety issued under the Factory and 
Workshops Act, 1901. Compensation for Damages and 
Liabilities in case of losions. Engines and 
Boilers yan and during construction. 


Assoc. .Memb.&Stud. Inst.C.E. 


EXAMS., toth Feb. and Oct.; also RSs, 
P.W.D., India, é&c., with all Mech. and Elect. 
by a in6, her 8 menthd comvaes by pect. — Sime 
ESON, M. Inst. C.E., &c., at oncg, to Kelvinside, 
caer, Ww. Special faci facilities for those abroad. 1956 


A: M. Inst. C. E.and Stud. 


Inst.C.E, EXAMINATIONS,—Thorough prepara- 
tion by personal tuition or correspondence. Over 
¥0 per cent successful in the. last Examination. 
170 since 1903 with very high percen Full 
mor on application.—Mesers. N IN AND 

WRENCE, 13, Victoria Street, Westminster, 8.W. 
Telephone 3920 Victoria. 1539 


OF 








TENDERS. 
STATE OF NAWANAGAR, INDIA. 


[lenders are “Invited for the 


SUPPLY of 40 lb. STEEL RAILS and Accessories 
og a — of railway now under construction ; f.0.b. 
tish port. right is reserved to reject the 

bam or any Tender. Tenders to be addressed to 
the STATE ENGINEER, care of Ruvrsrn, Hunt and 
Co., Dauntsey House, Frederick's Place, ykanten oie 











BRA8S FOUNDRY BUSINESS FOR SALE. 


[lenders are Invited for the 


old and well-connected BRASS FOUNDING 

and FINISHING BUSINESS, as a Going Concern, 
carried on by ALExanpdeR Ligoat & Oo., Ltd. (in 
Liquidation), Caledonian Brass Works, Barrhead, 
ee. —_ the WORKS and whole PLANT and 
MAOH The Heritable Property includes 
Brass eee an and Finishing Shop, also the necessary 
Dressing and Pe Shops. Extent of ground 
2 roods 20 poles. Feu-duty £15 12s. 6d. The Ma- 
chinery, the greater portion of which is of modern 
design, is driven by Gas-suction t recently 
installed. The Works are conveniently situated for 
the y markets, and an excellent opportunity is 





[pt. C.E. and all E 


ungineering 
Examinations.—Mr. G. P. KNO A.M.LO. 
F.8.L, &c., PREPARES CANDIDATES personally or 
by corr ndence, Hundreds of successes. Courses 
for next February and October are . commen: 
Foes a St., Westminster, 8. Tel. No. 1402, 


A. KleminSchmidt, B.Se. 


Y. 
M (Hoxs., Lonvon), Int. where A.C.G.1., an ex- 


perienced coach, a for INST. O.E. 
to UNIVERSITY XAMINATIO) Particulars of 
special Torez Wrens’ Free TRIAL on a 


lication. — 
20, West Cromwell Road, Earl’s Court, 8.W. _ © 946 


A M.I.C.E. and Stud. I.C.E. 
* EXAMS. Cor ip ng by p ractical 
civil engineers ; successes 155 out or 7) sent As to date 
30 successes Feb. and Oct., and Bayliss Prize). 8; 

eatures for foreign candidates. Send for booklet, &c. 
—Address, F 685, Offices of ENGINEERING. F 685 


Bs gineerin Correspondence 
Tutors (Est. 1878), A.M.1.0.E. & B.8c., San. Inst.; 
phe ore’ Inst., Matric. Stud. I.C. E. - Examination Aids, 
—PENNINGTONS, 264, OxfordRd., m7 








~ UNIVERSITY LONDON. 


King 8 College. —Faculty of 
ENGINEERING. 
SPECIAL ADVANCED “LEC ‘TURES AND COURSES. 


“OF 


Mr. W. H. PATCHELL, Vice-President Inst. E.E., 
Member of Council I. Mech, E., M. Inst. C.E., will 
deliver a Course of Lectures on 
“ APPLICATION of ELECTRIC POWER to MINES 

and HEAVY INDUSTRIES.” 

Mondays at 6.80 p.m. Commencing 15th January, 
1912. 

Fee for the Course, £1 1s. 

For further particulars, apply to the SECRETARY, 
King’s College, Strand, W.C. F718 
UNIVERSITY OF LONDON.. 

- 2 ? 7) 
KK ing s College.—Faculty of 
ENGINEERING. 

Complete COURSES OF STUDY, extending over 
either three or four years, are arranged in CIVIL, 
MECHANICAL, and ELECTRICAL ENGINEERING 
for the Engineering Degrees of the University of 
London, and for the Diploma and Certificate of the 
Oollege. 

The four years’ course provides, in addition to the 
Academic Training, opportunity for practical training 
in “ Works.” 5 





* 845 
For full information and prospectus apply to the 
DEAN, or to the SECRETARY, King’s College, Strand. 


attersea Polytechnic, S.W. 
Principan : 8. G. RAWSON, D.Sc. 
DAY TECHNICAL COLLEGE. 

Complete COURSES in Civil, Mechanical and Elec- 
trical Engineering and Applied Chemistry. Fee 
£4 14s. 6d. perterm. TERM COMMENCES 9th January. 

ADVANCED EVENING COURSES in Strength of 
Materials, Heat Engines, Theory of Structures, Machine 
Design, Electrical Engineering, &c., COMMENCING 
MONDAY, 8th JANUARY. 

SPECIAL COURSES : 

In HYDRAULICS :—First Year and Final, 15 
LECTURES each Course, COMMENCING 
MONDAY, 8th JANUARY. 

ELECTRICAL TRANSMISSION OF POWER: 
COMMENCING WEDNESDAY, 10th JANUARY. 

Prospectus gratis on application to the SECRETARY. 

F 838 


[ihe Sir John Cass Technical 


INSTITUTE, Jewry Street, Atpeate, E.C. 








The following COURSES of EVENING LECTURES 
and PRACTICAL WORK on 
FUE 


EL 
ill be given during the LENT and SUMMER 
TERMS, 1912 :— 
PRODUCER GAS PRACTICE, SOLID wa, 
THE VALUATION OF FUELS, AND TH 
CONTROL OF FUEL CONSUMPTION, 
vy J. 8S. BRAME, Lecturer on Chemistry at the Royal 
aval College, Greenwich. 
A Course of Ten Lectures, Monday Evenings, 7 to 
8 p.m., commencing Monday, 15th January, 1912. 


FUEL ANALYSIS, 
by J. S. BRAME, 
A Course of Laboratory Work, Monday Evenings, 
7 to 10 p.m., commencing Monday, 15th April, 1912. 


TECHNICAL GAS ANALYSIS, 
by CHARLES A. KEANE, D.Sc., Ph.D., F.1.C. 
A Course of Laboratory Work, Wednesday Evenings, 
7tol0p.m.,, ¢ ing Ww Y, 17th April, 1912, 





The COURSES of INSTRUCTION are arranged to 
meet the requirements of those engaged in Chemical 
and Engineering Works, or who are concerned with 

the use of Fuel as a motive power. 

DETAILED SYLLABUS of the COURSES of IN- 
STRUCTION may be had at the Office of the Institute, 
or by letter to the PRINCIPAL, F 842 





now afforded for acquiring a thoroughly equipped 
Brass Foundry at a moderate price. 

For tortber ge neem apply ‘to HUGH MUIR, 

Oat Regent “~" Glasgow; or to 

Nin “WATSON & BECKETT, 225, West 

io Street, Glasgow, the latter of whom have the 
Titles to the Propert y: 

Tu CRaNE MAKERS, 


THE DUBLIN PORT AND DOCKS BOARD 
is pre to receive 
[lenders trom 





Crane Makers 


for TWO ELECTRIC FOUR-TONS PORTAL 
WHARF ORANES. 

The ification, together with a Special Form of 
Tender, can be obtained at the Office of the Engineer 
of the Board, Sir Joun P. Grivritn, M. Inst. C.E., East 
Wall, Dublin, on payment of £1 (which will be 
refunded to firms send ng in bona tide Tenders). 

Tenders, with Contractor's Supplemental Specifica- 
tion and Drawings, marked on the outside of the 
cover, ‘‘ Tender for Electric Wharf Cranes,” must be 
delivered by post, sealed, prepaid, and addressed to 
the Secretary, Port and Docks Office, Westmoreland 

Street, — on or before Tuesday, ‘the 30th day of 


January, 
Bu , Be not bind itself to accept the lowest 


The 
or any Tender, 
By Order, 
N. PROUD, Secretary 
Dublin Port and Docks Office, 
9th December, 1911. F 795 
THE GREAT INDIAN PENINSULA RAILWAY 
COMPANY. 





The Directors are prep red to receive 
[lenders for the Supply of the 
following STORES, namely:— 
Rails and Fishplates. Locks, &c. 
Fishbolte and Nuts. Metals. 
Cast-iron Chairs. Station Bells, Bib Cocks, 
Helical and Volute &e. 
Springs. Ropes, Twines, &c. 
Laminated Springs. 


Plate Glass, &. 
Wheels and Axles. Plumbago Orucibles. 
a fications and Forms of Tender be obtained 
Office on payment of the oo for dg Specifica- 
Sor which payment will not be re 
Tenders must be delivered in wo envelopes, 
to the undersigned, marked ‘‘ Tender for 
Rails and Fishplates,” or, as the case may be, 
not later than Eleven ‘o'clock a.m., on Thursday, the 
4th January, 1912. 





e Directors do not bind themselves to accept the | x. 


lowest or any Tender. 
J. l. BERRY, 


Secretary. 
48, Copthall any re dag pe London, E.O. 
22nd December, 1911. F 853 


BOROUGH OF PLYMOUTH. 


NOTICE IS HEREBY GIVEN, that after the ex- 
iration of 10 days from the date hereof, the 
RPORATION intend to enter into 


(Sontracts for the Supply of 
the following GOODS and MATERIALS for 
one year, from the Ist April, 1912 :— 
Schedule No. » Paints. 
$6 6. Ironwork. 
i Petroleum Oil. 
. Broomheads. 
Household Brushes, 
. Iron and Steel. 
. Carbolic Powder. 
Portland Cement. 

. Lubricating Oils. 

. Tar and Pitch, includes refined 
tar for use in the construction 
of tarred macadam roads and 
for tar spraying. 

Painters’ Brushes, 
Explosives, 


Wood Blocks, Soft. 
Creosote. 





. Road Metal. 
—e Fluid( Bacteriological 
‘est, 


). 
Se ee &e. 


von and Tu 
" Refilling Machine” 


Revolving 
rooms, 
33. Benvoline and Motor Spirit. 


> 
India Rubber and Asbestos Goods. 
Tenders must based on the whole of a Schedule 
(with the exception of Schedules No. 22 and 29), and 
ee os any particular item contained therein. 

8 may be obtained on payment of a deposit 
ofaitn in cash for each Schedule. The deposits on the 
Schedules will be returned, provided bona-jide Tenders 
are recelv Should the Contractor withdraw his 
Tender, or fail to send in one, the amount of his 

it will be forfeited, and the Contractor who 
pm ee for the Schedules must do so on the distinct 
yet that he is willing to abide by the terms 


of ertisement. 
Ik ay or any P Tender will not necessarily be 


“Tenders to be delivered not later than Saturday, 
20th January, TAMER "PATON, to the undersigned, 


Borough Eoaincer and Plymouth, 


26th December, 1911. 





CARRIAGE SPRING MAKERS. 


r[enders 3 uired for Semi- 
Elli a 7s 


T SPRINGS. Drawings will be 
sent.— 850, Offices of Exemvmsrine. F 850 


THE Ren HARBOUR BOARD invite 


[lenders for Making the 


necessary ———— to pe ggom 
Alcantara Dock to commercial and for the 
— of a portion of the Exterior @ Quay Wall of the 
tos Dock 4 in Lisbon. Tenders must not exceed 
Z T778.5609000 reis (about £354,500). 
The Plans, Details, and Conditions may be examined 
at the Harbour Board Office, at Caes do Sodré, Lisbon. 
No Tenders will be received after 28th January, 1912, 
at ‘Two p.m. F 196 








APPOINTMENTS OPEN. 


RIBBLE NAVIGATION AND PRESTON DOOK 
UNDERTARING, 








The Corporation of Pre Preston require the 


ervices of a Dredging 


SUPERINTENDENT, to act under the direction 
me control of the Ribble Engineer. 

licante should have practical experience of the 
.. ing of bucket dredgers, sand pumps, hoppers, 
and other dredging plant, and the management of 
= and should be prepared to attend all working 


The salary is £200 per annum. 
Canvassing directly or indirectly will be a 


843 disqualification. 


Applications, endorsed “‘ Dredging Superintendent,” 
stating age and experience, with copies of three 
recent testimonials, to be sent to the undersigned not 
later than Wednesday, the 8rd January, 1912, 

ALFRED HOWARTH, 
Town Hall, Preston, 


Town Clerk. 
20th December, 1911. F 827 
DREDGING SUPERINTENDENT. 


The TYNE IMPROVEMENT COMMISSIONERS 
require the 


ervices of a Competent 
Person to discharge the duties of DREDGING 
SUPERINTENDENT. 

Salary £260 per annum, 

Applications, stating age, present occupationand past 
experience, and accompanied by three recent testi- 
monials, to be sent in to the undersigned under cover, 
marked “ Dredging apo oy rege ” not later than 
Noon, on Friday, the 5th January, proximo. 

The person appointed will be responsible, under the 
Engineer, for be yore ls whole of the Dredging 
carried out by the Commissioners in the River Tyne, 
including the movements of the river craft connected 
with the dredging work. Further information as to 
the duties can be obtained on application. 

Personal canvassing will be a disqualification. 

By Order, J. MCDONALD MANSON, 
General Manager and Secretary. 

Tyne sngeromen Commission Offices, 

ewcastle-upon-Tyne. 

2ist December, 1911. 


RANGOON MUNICIPALITY, BURMA. 


A pplications are Invited for 
the APPOINTMENT of ASSISTANT  ENGI- 
NEER in the Public Works Department of the 
Rangoon Municipality. Applicants must have a 
thorough experience in the construction of roads with 
various materials and the maintenance thereof; in 
water and sewage engineering, in building design, 
construction and maintenance, and the preparation of 
drawings, estimates and reports, They must algo be 
capable of supervising efficiently a staff of overseers, 
Preference shall be given to candidates who, in 
virtue of having obtained a diploma or degree in 
engineering, are recognised by the Institution of 
Civil Engineers or the Institution of Municipal and 
County Engineers, or have obtained a University 
degree or a diploma, or other distinction in engi- 
neering equivalent thereto, or who hold a certificate 
that they have passed the final examination of the 
Civil Engineering Course at the Thomason Civil 
Engineering College, Roorkee, or any other engi- 
neering college approved of by the Committee. 
dition candidates should have at least three 
years’ practical experience in engineering works. 

Applicants must not be under 27 years or over 40 
years of age. The appointment will be, in the first 
instance, for a period of three years on a salary of 
Rs. 600 per mensem. ro Le i must pass a medical 
examination by a medical officer appointed by the 
Municipal Committee or its agents. 

The successful candidate will be required to sign an 
agreement, and will be required to subscribe towards 
the Municipal Provident Fund, according to the by- 
laws in force from time to time. 

Leave and leave allowances will be granted in 
accordance with the rules in force for the Indian 
Services of the Government. 

No exchange, Spbeetioan’t or other allowances 
will be granted. App ications, with certificated copies 
by the applicants of three recent testimonials, should 
reach the undersigned not later than the 24th Jani 
1912, They will be sent out to Rangoon by mail, 
where the selection will be made by the Munictpality: 
and all applicants informed of the result in due course. 

A first-class free passage out by the Bibby Line of 
steamers will be allowed to the successful pee 
to join his appeicimest, ow half pay will be gran 
— the voyage. n ae the ar 
ment, according to thee an + om of the agreement, a 
like free passage will be granted should the candidate 
inted intend to cee to Europe. 

successful candidate will be required to enter 
from the ~— of 





F 820 





upon “his duties within one month from 

receiving notice of the appointment 
For further pos apply = OGILVY, 

GILLANDERS & Agents for 

Municipality (R. 1309), "a, Cornhill, me EC. 


Fylectrical Manufacturing 
Company REQUIRE WORKS SUPERINTEN- 
DENT. Applicant must be of education and 
technical training, strict disci ian, and have 
nen experience in the latest workshop 
in the economical production of large qoanbities of 
accurate repetition work. opening for 
capable man.—Address, in confidence, givin; 
— - Ns mg and req waa 


Wanted, Immediately, Engi. 
— Address, 








NEER to take charge of designing reinforced 
concrete for London firm of 


1 particulars of 
ging fll partiulare of experienc, 


799] boring machines a speciality. 


reall BROTHERS D OYNAMO WORKS, Urn, 6 


UNIVERSITY OF SYDNEY. 
NEW SOUTH WALES, AUSTRALIA. 


ASSISTANT LEOCTUR) ER AND DEMONSTRATOR 
IN MECHANIOAL 3AL ENGINEERING, 


A plications are Invited 
from qualified Candidates for the 
above POSITION. Salary £250 per annum. 
rising by annual increments to £500 per annum, £60 
allowed for travelling expenses to Sydney. 

‘articu from the undersigneo, to whom appli- 
cationr, stating age, and accompanied by four copies 
each of not more than five recent nag ya should 
be sent not later than J0th January, 1912. 

AGENT-GENERAL FOR NEW SOUTH WALES. 
123 and 125, Cannon Street, London, E.C, 
h December, 1911. 


VACANCIES FOR ENGINEERS, 


A pplications are Invited 
for THREE VACANOIES for 
Engineers in the Irrigation Department, 

Pretoria, South Africa, on the following terms :— 

(a) Applicants must be between the ages of 27 and 
35 years. 

(6) Applicants must have had practical experience 
on engineering survey works (including the use of 

the tacheometer) and on the construction of works for 
the utilisation of water. 

(c) Applicants must have had a good theoretical 
training. 

(ad) The salaries offered are from £500 to £600 per 
annum, by annual i eo over three years, with the 
usual rege | Sees bai al payable 
under the Civil Service Regulations from time to time 
in force, and accepted applicants will be required to 
enter into a contract with the Department for a term 
of three years from the date the applicants report for 
duty in Pretoria. 

(e) Accepted gay will receive salary from the 
date of embarkation in England, and will be furnished 
with a first-class ticket from an English port to 
Pretoria, and with a return ticket at the end of the 
three years’ period, provided that at the end of that 
period he desires to return to England. 

(/) All applications must be made on a form to be 
obtained from the High Commissioner for the Union 
of South Africa, and delivered at his Office, 32, Victoria 
Street, Westminster, London, 8.W., not later than 
Noon on the 15th January, 1912. 

(9) mk py should be sent in a sealed envelope 
addressed to THE HIGH COMMISSIONER FOR THE 
UNION OF SOUTH AFRIOA, 32, Victoria Street, 
Westminster, London, 8.W. and marked “ Applization 
for Employment in Irrigation Department, South 
Africa.” F 870 


W anted, a Gentleman to go 


out, under a three years’ agreement, as 
Assistant, in an old-established tea company in Assam. 

He must have served his full apprenticeship as a 
mechanical engineer, and a knowledge of building 
and constructional carpentry would be useful. Age 
between 22 and 26. ust be of good physique and 
appearance, and have received a sound education at a 
public school, and be unmarried. 

The terms offered ate a free passage to Assam, pay 
at the rate of 175 rupees per mensem the first year, 
of 225 rupees the second year, and of 275 rupees the 
third year, with the ordinary allowances. 

If satisfactory, his services would be retained as 
Assistant or Manager on the usual terms after the 
—- of the above agreement. 

Apri by letter only, enclosing photograph, if 
available, with copies of testimonials (none of which 
will be returned), and references as to social standing, 
to “KISMET,” 5, Laurence Pountney Hill, Oannon 
Street, London. No mechanics need apply. F 855 


A Leading Firm of Machine 


Tool ore. | REQUIRES the SERVICES of a 
first-class DESIGNER. Previous experience in the 
design of automatics, semi-automatics and turret 
lathes will be a recommendation, but originality, 
combined with soundness in design, is an essential 
qualification for the post, which offers good prospects 
to the right man. — Address, F 867, Offices of 
ENGINEERING. F 367 


W anted, Works Manager for 


large locomotive shop. None but first-class 
experienced and energetic locomotive engineers need 
apply.—Address, giving full particulars of past experi- 
rye references (copies only), and salary — 
F 849, Offices of ENGINEERING. 849 


F 800 

















Wanted, at Once, aan 


ENGINEER, for stationary steam engine, 
continuous electric light and ammonia refrigerating 
West Previous experience necessary. Single man ; 

est of England.—Address, stating salary required. 
F 869, Offices of ENGINEERING. F 869 


as Engine Salesmen.— 
KYNOCH Laurzp, Birmingham, REQUIRE the 
services of TWO experienced SALESMEN, one for 
the North of England, and the other for London 
district. Only men who have in gas 
engines and have been successful should apply.— 
Application, iving experience and salary required, 
should be made by letter only. F 


Hzpert and Successful Sales- 

AN REQU a + —_ wosaill nes, traction 
engines, &c —Adaress, wi le —_ 
of career, F 841, Office of pest g 


Obief Draughtsman Wanted 


by a firm of machine tool makers in the North 

of England who make heavy lathes, planing and 
A good position toa 
thoroughly capable man experienced in oo latest 
ice is offered.—Address, in first instance, in con- 
ence, stating experience and'salary expected, F 865, 
Offices of ENGINEERING. F 865 


Wanted, an Experienced 


DRAUGHTSMAN ; must be accustomed to 
the di of press tools as used in the manufacture of 
macbinery, and able ie lay 0 «i formers for 

winding armature and stator coils, Apply, stating 
to SIEMENS 
Stafford. F857 


246) WV anted, at Once, capable 
and steady Se a 
permanency for 

















ey boiler and general work, i 
take charge during Shiet's absence 





var 731, Ofices ct Eoureanine. ENGINEERING. 7 





Dec, 29. 191 1.} 


ENGINEERING. 


- 





8 








Praughtsman, , Experienced in 


air-compressing and exhausting pum and 
methods of Pa st familiar with modern — 
office practice tor engineering works near 
London. — Address, sta uatlon experience, age and salary 
required, F 861, Offices of ENGINEERING. F 861 


p= ghtsmen Wanted, used 


to steam and electric — 
age, experience, = tay 3 ‘oath WILLIAM 
ARROL & OO., , The Crane iret orks. oe, Pee, 


Glasgow. 
raughtsman, Junior, 


bya 5 os = Sane ‘plant 
f gene! neering.—Full par- 
pawn By: cEUDAYS « = S P. CO., Lrp., 
Gt, Western Works, Bi F 860 


Rhodesia.—J unior Draughts- 
MAN WANTED (not above 25), to join the 
aes mw establishment of an English Company. 
rience with surv —— and map work an advantage, 
must have —— — of —_ = type- 

ti Salary £ year, second year. 
writing. and quarters provided. ‘Will be required 
to leave as soon a’ possible. — Address, in first 
instance, stating gi naan to D. H., care of 
SrReET’s, 30, Cornhill, E. F 871 
































Foreman Wanted to Take 
CHARGE of machine shop turning out valves. 
Must be well up in modern methods for quick turning 
= of repetition work. State wage, experience, 
Apply, by letter only, to VALVE, Wittiau Porrzous 
and bo. Glasgow. F 
Hygimeering Pupil.— Vacancy 
with Firm (Government Contractors) manu- 
co latest types of machinery, oil and gas 
nes, &c.; moderate premium. — Address, 6521 
ices of ENGINEERING. 6621 
SITUATIONS WANTED. 
(hief Engineer (Marine 
first-class experience, SEEKS POSITION with 
superintendent or consulting engineers; in ent 
entertained.—Address, F 724, Offices of ENGINEERING. 
pogies Wanted as Foundry 
ing. the most up-to-date 
ractice on this this end of the work, used to all classes, 
arge, small, or repetition in iron, brass, or steel. 
Age 38. Thirteen years with present company. 
DESIROUS of a OHANGE.—Address, F 746, 
ENGINEERING. F 746 
° x 
T'yre Mill and Forge.— 
ADVERTISER (85) DESIRES POSITION as 
manager or contractor, first-class practical knowledge 
of tyre and axle making ; late with J. Baker & Oo., 
Kilnhurst Steel Works, nearly six years as axle-making 
contractor and two yearstyre mill foreman.—AYRES, 
36, Dixon Street, Rotherham. F 856 
Y oung Engineer Wishes to 
SPECIALISE. Three years college training, 
diploma for mechanical and electrical; has also 


studied structural engineering ; two gear in shops. 
First-class reférences throughout. Speaks French. 
Willing to spend two years as learner in a good firm, 
and one at college at own expense, to afterwards take 
up good position with firm at home or abroad.— 
Address, F 866, Offices of ENGINEERING. F 866 


[tts (Hand, Hydraulic, 
electric).— SITUATION WANTED, as repre- 
sentative for London, , South or South- 


Western Districts, by el in all branches of 
a design and manufacture.—Address, _ 


ffices of ENGINEERING. 
Pingineer (34), AGL, 

A.M. Inst.C.E., DESIRES responsible POSITION 
requiring initiative. Nine yearsordnance and electri- 
city, two years automatic railway signalling. Used to 
handling men. Thorough knowledge 
Address, F 862, Offices of ENGINEERING. 


Epgineers’ Production Man 


(machine foreman), disengaged, modern tools 
and methods, disciplinarian, organiser, non-union, 
abstainer ; age 88; ex. refs., in London; would go 
anywhere. address, F 868, Offices of ENGINEERING. 

















PARTNERSHIPS. 





artners and Partnerships 
in many branches of 
ENGINEERING 
are obtainable through 
WHEATLEY KIRK, PRICE & CO., 
ENGINEERS AND VALUERS, 
be ome Street, London, E.C. 
Albert Square, ‘Manchester, 
26, Collingwood Street, Newcastle-on-Tyne. 
ESTABLISHED SIXTY YEARS. 1479 
No publicity. Own connection relied on. 


Wanted, Working Partner, 


general engineering and foundry business ; 
cxouptionst opportunity for development in the district. 
ital requi £3000. Principals only. esa 

F 5, Offices of Exarvasrine. F 645 


anted, Partner for New 


Steel Foundry. —Addrees, stating capital 
available and experience, F 794, Offices of xen 
NBEERING. F7 


A Syndicate, the Proprietors 


of a number of ed valuable Patents, are 
DESIROUS of MEETING with a FIRM of General 
Engineers of established tation, to take up the 
Manufacture, with the ul te object of a joint 
flotation. Strictly confidential.—Address, in the first 
instance, F 839, Offices of ENGINEERING. F 839 


46, 








PATENT AGENTS. 


Tuirp Enpition, Revised. Pp. i-xv+356. With Frontispiece, 8 Plates and 218 MMlustrations in the Text. 21s 


A MANUAL OF LOCOMOTIVE ENGINEERING 


A Practical Text-Book for the Use of Engine Builders, 
Designers and Draughtsmen, Railway Engineers and Students. 
By WILLIAM FRANK PETTIGREW, M. Inst. C.E. 
‘The book is very truly a full treatise on the locomotive to date.” —Cassier's Mag 
“The work CONTAINS ALL THAT CAN BE LEARNT from a book upon such a subject. 
v PON THIS IMPORTANT SU BsKCT.” Railway Magazine. 


marge = = th —_— With numerous — | 


1543 


azine 
It ‘will at once rank as THE STANDARD WORK 


In Crown Quarto. Cloth. Profusely Illustrated. 
10s, 6d, net. 


THE HEAT EFFICIENCY OF AN ELEMENTARY TEXT-BOOK ON 
STEAM BOILERS MECHANICAL DRAWING. 


(LAND, MARINE AND LOCOMOTIVE). 
By BRYAN DONKIN, M. Inst. 0.5. By JOHN E. JAGGER, M.8c. (Vic,), Whit. Sch. 
“An admirable book .». . 


‘A practical book by a thoroughly practical man.’—/ron and | 
EXETER STREET, STRAND, W.C. 


Coab Trades Review. 
——— 





In Quarto. 


thoroughly practical."— Engineer. 





LONDON : CHARLES GRIFFIN & CO., LTD., 

















Price 145, net. 
By Post Abroad 15s, 2d. 


DIE FORGING 
AND 


THE CONSTRUCTION OF DIES 


BY 
JOSEPH G. HORNER, A.M. Mech. E. 


Write 778 XIL...UsSTRATIONS. 


Imperial 4to, xii—104 pages, Cloth Gilt. 
By Post U.K. 14s. 6d. 


This Volume is based upon various articles which have appeared in ‘‘ ENGINEERING,” 

but the matter has been collated, rearranged under suitable headings, and revised. 

This is the only attempt yet made to deal with the subject. of Die Forging in a 
comprehensive and fairly exhaustive manner. 


Lonpon: Offices of ‘‘ ENGINEERING,” 35 & 36, Bedford Street, Strand, W.C. 
New York: Jonn Wixey anv Sons, 43, East Nineteenth Street. 
AND ALL BOOKSELLERS. 








Foolscap 8vo. xx—1054pp. Leather. Gilt Edges. Price 20s. net.’ Post free, 20s, 6d. 


FOURTH EDITION, 


THE ENGINEERING 


AND 
ELECTRIC TRACTION POCKET-BOOK 


OF RULES, FORMULA, DIAGRAMS AND TABLES. 


Entirely Revised and Re-written, with additional Chapters on Steam Turbines, 
Alternating and Single-phase Traction, and on the Motor Omnibus. 


By PHILIP DAWSON, M. Inst. C.E., M. I. Mech. E., M.LE.E., 


Author of “ Electric Railways and Tramways.” 


Lonpon ; Offices of ‘‘ ENGINEERING,” 35 and 36, Bedford Street, Strand, W.C. 
New Yore: Joun Wier anv Sons, 43, East Nineteenth Street. 


AND ALL BOOKSELLERS. 








Demy 4to, xvi-380 pp., Buckram, gilt top. Price 16s. net. 
Post free 16s. 8d. 


SIR HENRY BESSEMER, F.R.S. 
AN AUTOBIOGRAPHY. 
With 51 Plates and numerous Illustrations in the Text. 





EXTRACTS FROM PRESS NOTICES: 


“Containing the story of the working life of one of the most ingenious men the world has yet seen; and 


94 | printed, bound, and produced in a manner which will delight all book-lovers, this volume must appeal to all 


engineers who take an ordinary interest in their profession.”—American Machinist. 


“* It affords the reader an insight into the manner in which ideas, after lying latent for some time in the 
mind of the inventor, become fruitful beyond the wildest hopes. . . . e last chapter has been added 
by his son,- The whole will be read with, in parts, an absorbing interest. The book is well illustrated and 
beautifully got- nA re Be “3 jet J tribute to an eminent figure in the history of England’s industrial 
It is Enornerrixe.”— Westminster Gazette. 


“This interestin and Nee volume . . . is doubly valuable because it includes . 

story of the life and occupation of a remarkable personality, of a man gifted with a keen intellect, ind 
endowed with a great mechanical perception. . . story as given in this book, . 

put an | end for good | to the odds-and-ends of gossip that have from time to time blurred the ‘dinsness of 
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(jls8gow Patent Agency, 
St. Vincent STREET, 
CRUIKSHANK ra FAIRWEATHER, Lap. (and 


the p with the origin of the Bessemer p 





Loxpon: Offices of ‘‘ ENGINEERING,” 35 and 36, Bedford Street, Strand, W.C. 
Joun Wier anp Sons, 43, East Nineteenth Street. 


New Yor: 





at 
65 & 66, Chancery Lane, London, W.C.). Handbook 
on Patents post wee. 9115 


 arsy Designs and Trade 
in all a at moderate oa 

A chart ie ical motions, post free, 

Booklet of useful hy ae list of. tee, 


A & MILLS. Patent Age 
nts, Est. 1866, 
Buildings, Chancery “oss, 
fk er Feta 2018 


J ensen&So: &Son, Chartered Patent 


A gente (established 1868). obtain British, Colon 
and Forelg ign PATENTS, and TRADE MARKS 
DESIGNS REGISTRATIONS.—Full entosmetion on 
application, 77. Chancery Lane, London, W.C 2180 


ohn E. Raworth, 


CHARTERED PATENT AGENT, 
70/71, Queen Anne's Chambers, . MB 
Tothill Street, Westminster, 8. W. 


Patents.—G.F. Redfern&Co., 


Chartered Patent ta, 15, South Street, 
Finsbury, E.C., and 10, Gray's Inn Place, W.O. 
Established 1890.) British, Foreign and  Golonial 

tents obtained, and Designs and Trade Marks 
registered. Circular gratis. Telephone No, 4492, 
Central. Tele. Address: “‘ Invention, London.” wee 


Patents. — — Messrs. Vau 


and SON, British, Fore yom Coloni: aan 
Agents, 57, Chancery ‘Lane, C., transact every 
description ‘of business connected with Letters Patent 
ph <ovee “A Guide to Inventors,” free pd 
lished 1853. 607 


Patents.— —Stephen - Watkins, 


SON & GROVES, ye Patent nts, 170, 
Strand, London, W.C. (T. : 8072, Gerrard), and\; 
Prince's Square, Wolverhampton. | (Estd. 1869.) 


uide to Patents, Trade 


MARES anp DESIGNS, 1912.”—Firrs Eprrion. 
Just Published. Oontains concise information on 
British, Oolonial and Foreign Patents, &o. All In- 
ventors and those interested should 7 tree copy 











to:— J. 8. WITHERS & SPOON 
Chartered Patent mts, 
$23, Hien Ho.sory, INDON, 2093 


Telep.: 480 Holborn. Teleg. : “ Improvably, London.” 








PUBLICATIONS. 
otes on the Patents and 


DESIGNS ACT, 1907,” by Messrs. LLOYD 
WISE & OO., Chartered Patent A mts, can be 
obtained trom’ their Offices, 46, Lin: ‘es Inn — 
Lendon, W.C. Price One Shilling. 


Bockson Engineering Science, 
andall BRANCHES of ARTSandTRADES. State 
wants. Largecatalogue nowin preparation.—_BAK ERS’ 
Great Bookshops, JohnBright Bt., Birmingham. 2080 
[het Proprietors of the Patent 
27160, A.D, 1904, entitled ** Rolling Mills for 
Manutacturing ‘Articles such as Rail ing Heads, Studs, 
and the like,” DESIRE to GRANT manufacturing 
LICENSES to manufacturere of such machinery.— 
Address, C. LEAN, 231, Strand, London, W.O. F835 
the - Proprietor of the Patent 
No, 28836, a.p, 1902, entitled “‘ Improvements in 
Presses for Moulding Fuel Briquettes,” DESIRES to 
GRANT manufacturing LICENSES to manufacturers 


of such oo 4 ea CLEMENT LEAN, 231, 
Strand, London F $36 


Agents ‘Wanted. — Tartricid 


iler Preservative, guaranteed pure vegetable 




















material, Effectually removes ecale and prevents 
turther formations. Finest Boiler Preservative on 
the market.—-Apply to the Sole Makers, THE STERN 
SONNEBORN OIL O09., Lrp., Royal London House, 
Finsbury Square, London, E.O, 2190 


Patent Drawings for Patent 


Agents and Inventors a specialite. Engineers’ 
ne and tracings for all purposes. 


OOD, 5 §7- 7-68. . Ohancery ery Lane, W.0. Oo. 
Tew Business 


Openings : 
Patented Machinery.--U; ufac- 
turing firms of repute DE) TROUS of EXTENDING 


their BUSINESS in new directions by taking up the 

Manufacture and Sale of Patented Machinery, &., 
which business profits have already been made 

ad, should address, 2180, Offices of Exourasrine, 


Wanted, 450 ft. of Second- 


hand Wrought Iron or Mild Steel Rivetted 
TUBING, ,\th in. or { in. plates, caulked joints, 21 in. 
diameter inside, capable of withstanding an internal 
pressure of 10 lb. per equare inch. Give and 
particulars. — Address, F 837, Offices of EnomngzRine. 
W anted, Steam Engine, 
vertical, 200 to 250 LHP., Non-Condensing ; 
must be of first-claes make and condition. Give tull 


particulars and price.—Address, F 8569, Offices of En- 
GINEBRING. F 859 





working 5S drawin 
—SYDNEY STIOK 








AUCTION SALES. 

W heatley Kirk, Price & Co. 
(Established 1860.) 

Auctioneers 


AND VALUERS OF 1479 
ENGINEERING WORKS, PLANT AND STOOK. 





46, WATLING STREET, LONDON, E.C. 
16, ALBERT 8Q., 26, COLLINGWOOD 8T., 
MANCHESTER, NEWCASTLE-ON-TYNE. 


Telephones & Telegrams at each Address. 





Auction Sales continued on page 96, 


For Continuation of Small 








AND ALL BOOKSELLERS. 





Advertisements see Page 96. 
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BULL'S METAL & MELLOLD 60. 


Heap OFFick AND WORKS: 
YORKER, near GLASGOW. 

EGRAMS; ‘‘MELLOID, YORKER.” 
> METAL.—Propellers, Bars, Sheets, Pump 
Reds, ValveSpindles, Condenser Stays and Plates, dc. 
MELLOID. (Reg. Trade Mark and 
denser Tubes, Plates and Stays, Boiler Tubes, Stays 
and Plates, Fire- box Plates, Bars, Sheets, Valves, &. 
WHITE METALS. —Babbitts, Plastic, &ec. 2022 


WATER 
SUPPLIES 


FROM 


ARTESIAN TUBE WELLS 


AND “ABYSSINIAN” TUBE WELLS. 
AIR LIFT PUMPING PLANT. 


Le Grand & Sutcliff, 


Artesian Well and Waterworks Engineers, 
125, BUNHILL ROW, _ sis 
LONDON, E.C. 


DAVY BROTHERS, 


LIMITED, 


SHEFFIELD. 


HIGH SPEED FORCING 
PRESSES 


with Steam Hydraulic Intensifiers, 
giving 00 to 150 strokes per 
minute, according to size and power. 


Engineers 4 Boilermakers. 


COMPRESSION of STEEL INGOTS, 
Robinson & Rodger’s Patents. 


INDUCED AND BALANCED 
DRAUGHT, with Hot Air Economisers 
(‘* Atlas” Patents), for all Land-type 
Boilers, 


STEEL WORKS PLANT. 


See Illustrated Advertisement on 12th Jan., 1912 


T. J. GARDNER’S 


No. 13 CATALOGUE OF 
ENGINEERS' SMALL TOOLS, 
MACHINES & APPLIANCES. 


ATALOGUE 


THAT 
Its 


OMPETITION. 


180 P 8. 2000 Illustrations. 
,000 Keenest Prices. 


























FREE on receipt of 2d, for Postage. 


T. Jd. GARDNER, 


ENGINEERS’ SUPPLY STORES, 
Narrow Wine Street, BRISTOL. 








| JOHN-STIRK | 
-& SONS L”- | 








‘atented).—Con- | . 


‘JACKSON 


PATENT 


_ GRINDER. 


Low H.-P. 
Low First Cost. 
No Extra Sieves. 


J. G. JACKSON, [7 


34, West George St., GLASGOW. 























WROUGHT IRON 


PULLEYS 


Strongest 
and 
Best 

Finished. 


























Telegrams 
“FORGE, 


Telephone! 
4565/6. 


rx very BEST esr 


is SECURED sy 


GLYCO iN 


ABSOLUTELY THE FINEST ANTI-FRICTION BEARING 
METAL ON THE MARKET. 
NOTHING BETTER CAN BE PRODUCED REGARDLESS OF COST. 
ONE CWT. TRIAL LOTS SENT ON APPROVAL. 


SOLE MAKERS: 9839 
GLYCO METAL COMPANY, Limited, 
SOUTH PARADE, MANCHESTER. 


ARTHUR G. BARRETT & CO., 


THE FORGE, 
BRADFORD. 1516 





1000 




















CANDLE POWER at 
2d. PER HOUR. 


By adopting our Oil Gas Plants you 
will reduce Lighting Bill by 50 p.c. 


Installations of any size can be 
erected in one to two weeks. 


These Lamps with small Oil Tank and 
Pressure Pump comprise all Plant 
requisite for any size installation. 


The following well-known firms are users of 
the system :— 


J. H. Andrew & Co., Ld., Sheffield, 
F. Shaw & Co., Ld., Engineers, Corbett Street, 
Bradford, Manchester. 
Anderston Foundry Co., Ld., Engineers, Glasgow. 
Jas. Watson &*Sons, 1d., Engineers, Walkergate, 
Newcastle-on-Tyne. 
J. 1. Thornycroft & Co., Ld., Southampton and 
Basingstoke. 
J. Archdale & Co,, Ld., Ledsam Street, Bir- 
1000 C.P 1000 C.P. Seif- 
: Manifold Prin Printing Co., Ld., West Bromwich. contained Lamp. 


System Lamp. 


w.c. 


: THE UNITED KINGDOM LIGHTING TRUST, Lt. (on. 


231, STRAND, 


jJ.a E. HALL Lto, 


Makers of COg and NBg 


REFRIGERATING 
MACHINES. 


10, St. Swrrnty’s Lang, Lonpon, E.C., and 
DaRTFORD IRONWORKS, KENT. 1981 








Ransome-verMehr Machinery Co. 


505, CAXTON HOUSE, LONDON, S.W. 


HAND AND POWER MIXERS FOR CONCRETE AND 
OTHER MATERIALS. STEEL SHEET PILING. 
AUTOMATIC SKIPS For EXCAVATION & CONCRETE. 


See Displayed Advertisement alternate weeks. 1715 








** Humphries ’”’ 
THRASHING 
MACHINERY. 


The HORSPALL DESTRUCTOR C0. , Ld. 


Successors to 
EDWARD HUMPHRIES & CO., Ltd., 
ATLAS IRONWORKS, PERSHORE, ENCLAND. 


Telegrams—‘‘ DestRUcTOR, PERSHORE.” 
Code A BC, 5th Edition. 











CRANES, 
operating 


LEVERS, &c. 


COX-WALKERS, Lt. 














SEND for CATALOGuE © 








No. 90. IT WILL BE OF \ 
INTEREST TO YOU. 
— THE — 


\ DRUM ENGINEERING CO. : 


33, BROOK STREET, 
BRADFORD. 











Wi, 
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IN STOCK, READY FOR 


DISPATCH. 


16 sizes in IRON and BRASS. 











J. W. ISHERWOOD, 


MIDDLESBROUGH. 
Nat. Tel. No. 661. 


Agents for Great Britain; 


S. C. CHAMBERS & CO., 
3, King Street, Liverpool. 


2076 


Telegrams: “ Isuenwoop.” 





Our New Catalogue, 800 Illustrations, is now ready, 


It contains 655 pages of interesting matter. 


CROF Teer KI 
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(Ak. RANSOME & CO., L™> NEWARK-ON-TRENT, ENCLAND 


(LATH OF CHELSEA) 
LONDON OFFICE—63, Queen Victoria Street, E.C. 


SAW MILL & WOOD-WORKING MACHINERY 


SOME SPECIALITIES OF EVERY DESORIPTION. SOME SPECIALITIES 
Saw Mill and Joiners’ Machinery. - - ==_ Cask-making Machinery. Tea Box Plants. 
Machines for Shipbuilding and ards. Machines for Wood Work in Motor Cars, &e. 
Machines for Making _—a Carriages& Wagons, | Machines for Making Beawey Sleepers and Keys, 





RANSOME’S AUTOMATIC SLEEPER ADZING AND 
BORING MACHINE. 





Contractors to— 
THE ADMIRALTY, WAR OFFICE, INDIA OFFICE, 
HOME, FOREIGN & COLONIAL GOVERNMENTS, 
RaiLway ComPANIES, &c. 








RANSOME’S LOG CROSS-CUT SAW FOR SAW MILL 
AND FORESTRY WORK. 


RANSOME’S TENONING MACHINE FOR RAILWAY 
CARRIAGE AND WAGON WORE, 


lilustrated Catalogues sent post free on application to Dept. ‘‘D.” 












LHADING SPHOCIALITIOS: 
SAW MILL MACHINERY, : 
SPECIAL MACHINES FOR RAILWAY WORKSHOPS, 
HIGH-SPEED JOINER’S MACHINERY, 
COOPERAGE MACHINERY. 


Od 6740 





SOLE MAKERS OF RANSOME’S PATENT TESTED BALL BEARINGS FOR ALL PURPOSES. 
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THE SCHMIDT SUPERHEATER. 


10,000 LocomoTIvEs fitted n 262 RAILways. 


pr SUPERHEATING CO. (1910), Ltd., 28, Victoria Street, WESTMINSTER, S.W. 





































































| a naa 
7) "= =r, AIR FILTERS <a 
Sole British Representative: | | | | } For VENTILATION, ie sth ge 
H.R. WITTING, || | and for TURBO-GENERATORS FILTERING 14,000,000 
9, Southampton Street, 2 and TURBO-COMPRESSORS. ge CUBIC FEET OF AIR 
Holbora, o 2 . PER HOUR. 
LONDON, W.C. K. & TH. MOLLER, C.m.b.H, : <= 
Telegrams : “‘ ALoor, Lonpon. ” BRACEWHEHDE. Latest Testing Plant used 
Telephone: Gunnarp 8458. Oldest Firm, with largest output in the World. at our Works, 
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Telegrams: “DANIELL, BIRMINGHAM.” 


S. A. DANIELL LIMITED, 


Machinists, Toolmakers and lronfounders, 
EDWARD STREET, PARADE, ——~ 4 vied 
BIRMINGEHAM. Sa te eZ 
GLASGOW: 33, Robertson Street. | <= > uy 


LONDON: 10, Camomile Street, E.C. 
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OLD DREDGERS 


BUCKET and SUCTION 
HOPPER and BARGE LOADING DREDGERS, 
HOPPER BARGES, ELEVATING FERRY STEAMERS, TUGS, &c. 


Phoenix Works, PAISLEY, N.B. __ Sstablished 1878. 

















GEORGE ELLIOT & CO., LTD., 


MAKERS OF ALL DESCRIPTIONS OF WIRE ROPES. 





MANUFACTURERS OF Od 910 
___ LANG'S LAY WIRE ROPE WHEN NEW. : 16, GREAT GEORGE STREET, WESTMINSTER, LONDON, _ LANG'S LAY WIRE ROPE WHEN WORN. 








ie Mle Re. ot Silla ee iid 


“WOODITE” WORKS, MITCHAM COMMON, SURREY. 


NOTICE to ENGINEERS, ELECTRICIANS, STEAM USERS and mm. “WOODITE” articles can now be obtained with the utmost a, “WOODITE” has stood the severest 

test for six years. No material in existence can equal it for Steam or Electrical Purposes, and other appliances ; has stood every test up to 40,000 volts for 1/8 in. sheet, without breaking down, by the London Electric 

Light Corporation : and others. Ram “U” Hat Joint and_Packing Rings, Pump Cups, Gaskets, Manholes, V alves, She ting, pend all other Goods which have hitherto been manufactured in India Rubber, Leather, &c., can 
now be made of. * “woo Od 1648 








LE CARBON 


DYNAMO ann MOTOR 
BE USE Eis 


in Carbon, Metal, Combined Metal and Carbon, 
FOR ALL TYPES OF ELECTRICAL MACHINES. 


17, Water Lane, Gt. Tower St., London, E.C. PRIGE LIST AND FULL INFORMATION ON OUR 




















JAMES FAIRLEY & SONS “x.22"~ 
other Governments. 
General Miettinen ir Unnit stteeneaa "TOOL STEELS 


FAIRLEY’S SELF-HARDENING TooL STEEL, for Heavy Cuts at High Speeds. 


Is considered to be the HARDEST and TOUGHEST Steel yet made (although the Cheapest in the Market). Small samples free to approved buyers. 
NOTE.— JAMES FAIRLEY & SONS’ WORKS (Bramall Lane, SHEFFIELD, and Mill St. Forge and Rolling Mills, BIRMINGHAM) are merely Branch Departments and 


Be All Communications should be addressed to the Head Ofics—OLD MINT, SHADWELL STREET, BIRMINGHAM. Od 1719 














, UNDER HIGH PRESSURES and HIGH TEMPERATURES (where other packings fail to give satisfaction) try 


PALMETTO" 


AC “K IN 


under both STEAM and COMPRESSED AIR, and you will see that the HIGH TENSILE STRENGTH of its materials and the ABUNDANT 
LUBRICANT carricd in cach strand, not only gives efficient’ service, but that it has LASTING QUALITIES unknown to other rod packings, 


Send for a FREE WORKING SAMPLE and try it. 2004 





GREENE, TWEED 8 CO » Sole Manufacturers, Queen Anne's Chambers, Tothill St., Westminster, London, S.W. 




















“THE LANCASTER > Specialities—Spiral Spring, Serpent Coil and Patent Limit Rings. 
8926 


FIRST ORDERS ‘ON APPROVAL,’ ‘ANcasTe® & Zonce, tro. 


PISTONS, Manchester. PENDLETON, MANCHESTER. 
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JOHN HANDS & SONS, Ltd. 


Cardigan Works, BIRMINGHAM. = 


| 
J Telegrams— 
‘“*Machinery.” 


DELIVERIES 
FROM 
STOCK. 





2033 


For all kinds of CUTTING-OUT PRESSES, 
DRAWING PRESSES & METAL SHEARING MACHINES. 








DIxsX ON ’S | 


GRAPHITE 
PIPE JOINT COMPOUND 


Makes tighter joints for steam, 
water, air, oil, brine and gas 
piping than any other material, - 








Resists heat, cold, acids, and 
alkalies, and protects the threads 
from corrosion of every sort, - - 


Never sets as red lead does; 
joints may be unscrewed at any 
time with ease, and without in- 
jury to pipe, fittings or tools, - - 














GRAPHITE PRODUCTS CO., Ld...) 


| Write us for Free Sample Can No. 34. 
| 2B 220, Queen's Road, Battersea, LONDON, S.W. 






































ISAAC STOREY & SONS, Ltd 


(Branch of United Brassfounders & Engineers, 
MAHEERS OF 


Ltd. ), 


AUXILIARY PUMPS & CONDENSERS. 














MAIN & DONKEY FEED PUMPS. 





2111 


Empress Foundry, MANCHESTER. 











Conn 


y aso VACUUM PUMPS 7 eatenr. 
Belt. Rope, Motor or Independently Steam Driven, as illustrated. 













B = Simple, en No 
Economical | Bucket 
Reiiable. Valves 
\ 
Will Draw Working 
its own Parts 
im —_ Injection Rasily 
| Water. Accessible, 
‘ 








-s 


8 3 roe & 00," 


ENGINEERS. 


HASLINGDEN, 


Near Manchester- / 4 











cost A Pures ¢'| 
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-— PEEBLES —— 
ALTERNATORS 


for all forms of driving. 








This is one of 
many similar sets MANCHESTER: 
supplied. 30, 


Cross Street. 


LONDON: 
Hastin House, 
Norfolk St., 
Strand, W.C. 














Peebles-Premier Gas-driven Alternator. 3107 





BRUCE PEEBLES & CO., LTD., 


ENGINEERS, 
EDINBURGH. 




















HORIZONTAL 
GAS ENGINES 


From 2 to II0 B.HP. 


Please send your enquiries 
to the Engine Department 


WESTINGHOUSE 
MANCHESTER - 



























BRIGHTS 


PATENT 


ENCLOSED 
| STEEL 


PULLEYS 


N°7089 25"SEPT 07. 


LIGNTEST 
FACTS! RONG 
» STRONGEST. 
1. Enclosed Pulleys are the strongest form of construction, 
being made of stamped steel. 
2. They are true and well balanced. 
8. They are exceptionally light. 


4. They are dust-proof. 
5. They are the safest pulley on the market. No danger to 
workers from arms or hubs. 
6. They offer no resistance to air, thus saving power. 
7. They have been highly commended by H. M. Inspector of 
Factories. 
8. They are right in price. 
MADE EITHER WHOLE OR SPLIT, FAST OR LOOSE, 
AS GUIDE PULLEYS, OR FOR CONVEYOR PULLEYS. 1165 


= —— —EE —— 

















SOLE MANUFACTURERS: 


BRIGHT'S PATENT PULLEY CO., Ltd., 


PORTADOWN, Ireland. 


Telegrams : ‘‘ FOUNDRY.” Telephone 23. 
Sole Agents for Lancashire, STUART & MATHEWS, 50, Fountain St., Manchester. 












































We MANUFACTURE 


PUMPS 


FOR ALL PURPOSES. 





SEND US 
YOUR 
ENQUIRIES. 3 


2133 


EUREKA PUMP COMPANY, 


Heap Orrice:—53, BoTHwett STREET 



























METCORITE. GLASGOW. ons7, ANOvLE. 
EE sr UL 
GAIL V ANIZEMD 


a 


Hot water 
CYLINDRICAL 


CISTERN 






FRED! BRABYSC'r} 


iil 


"FITZROY WORKS 
35210 364 Euston RO 


ae ot 
WROUGHT-IRON PLATE WORK OF ALMOST EVERY DESCRIPTION, 
GALVANIZED OR UNGALVANIZED, UNDERTAKEN, 
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; 
BOLTS 

NUTS 
SCREWS 


&c., &c., 








Tt will pay you to 
write or tele- 
graph for our 
Revised Lists. 









9000000600000 008 









WE HAVE NOT 
MADE ALL THE 
GOOD WORK 
eum BUT 
WE CERTAINLY 
HAVE NOT MADE 
ANY OF THEPOOR. 













KIRBY BANKS 
SCREW CC® L™° 


(Department “E.”) 1296 
Meadow Lane, 
LEEDS. 


Telegrarrs: 
“HEXAGON.” 


2/8/10 








Telephones 
541 CENTRAL, 








©, H.C. 


HEN ] 
YOU NEED 


























THe DEY SYSTEM 


Earns its Cost in 12 Months. 





Saving Preventing Promoting 
THE MINUTES ERRORS PUNCTUALITY 
CLERICAL WORK DISPUTES METHOD 
TIME BOOKS. FRAUD. DISCIPLINE. 





THE DEY SYSTEM fills all re- 
quirements for time keeping or job 
costing, and is suitable for any number 
of hands. 





Send a post card for booklet or for one of our time ex- 
perts to call, which will incur no obligation of any kind. 


“DEY TIME REGISTERS LTD. 


(HOWARD BROS.), 2062 
75, QUBEN VICTORIA ST., LONDON, E.-C. 


BROWN BROS. & CO., Lt. 


Rosebank lronworks, EDINBURGH, wo. 











TELEPHONE : Copgs Usp: 
16 CENTRAL. ABC, 5th Epirion. 


nro Shino 
: Ai ORIGINAL PATENTEES AND MAKERS OF THE 


TELEMOTOR... 
STEAM TILLER & RAPSON SLIDE 


STEERING GEARS. 





T. SUGDEN, Ltd., 


REDUCING VALVES 


(Hiibner & Mayer Patents). 





GRAND PRIZE 


International 
Hygiene 
Exhibition, 
Dresden, 1911 


Highest Award. 
ee a a 


SUPPLIED ON TRIAL 


Thousands in 
satisfactory 
use. 


HUBNER & MAYER, 


VIENNA XIX/1. 
Manufacturers of Steam Accessories. 





For England and Colonies:— 
180, Fleet Street, E.C. 

















nN 
e 
ewerne eet 











|] THE BEST 
"GOP" fo 
Plates. 


The Problem Solved. 











Clamp 


‘SAFEST & QUICKEST. 














(STEAM, HYDRAULIC & ELECTRICAL.) 
TELEMOTOR DIRECT 
HELM ACTING 
SIGNAL REVERSING 
GEARS. ENGINES. 
SPECIAL HYDRAULIC 
STEERING MACHINERY 
GEARS FOR 
FOR SHIPS, 
SUBMARINES. &c. 
1818 
PATENT TELEMOTOR, ADMIRALTY STANDARD TYPE. oid | 
TELEGRAMS 


A. « W. DALGLISH, 


WEST OF 
SCOTLAND BOILER 
WORKS 


Poliokshaws, 


CLASCOW. 


MARINE, 
DRYBACK, 
LOCOMOTIVE and 
MULTITUBULAR 
BOILERS. 


ALL SIZES, 


ye est pea 

Pollokshaws. 
Cops : 
ABO 


ith 
Edition. 














1690 
| MADE BY THE 
MOST 
IMPROVED 








Indispensable to Shipbuilders, 
Boilermakers, Galvanisers and 
Engineering Shops. 


An important Huddersfield 
Iron Works write : 

“We have had six of your patent 
‘Cop’ Clamps in daily use for the 
last two years and have never had 
the slightest trouble with them in 
any way whatever. 

Our workmen would not think of 
lifting plates in the old way as long 








as a ‘Cop’ Clamp is available in any 


part of the shop.” 


THE MORK PATENT 
PULLEY BLOCK CO. 


42/44, MOOR LANE, 








2150 








MACHINERY 





LONDON, E.C. 
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VAUGHTONS {124} British Agencies Wanted for Canada 














T \ 
LIVERY S BIRMINGHAM « by Established Firm of CANADIAN ENGINEERS, of 
METAL SMALL Pa BS Montreal and Toronto, who already represent prominent 
British Firms, and realising the exceptional opportunities 
STAMPED PRESS WORK “: which the rapid development of Canada offers, particularly 
IN BRASS. COPPER. ALUMINIUM. _ to Great Britain (a Colonial Preference of 33} per cent.), 
GERMAN SILVER. PHOSPHOR BRONZE. intend to extend. 
‘LETTER SUERS ENGRAVERS. ° Only High-class Specialties will be considered. 
i P TES. Address, F 854, Offices of ENGINEERING. 
SUPPORT HOME INDUSTRIES. 
= British Made 
| > ==> 5 Independent 
(LPF PO SD 4-Jaw Chucks. 





oT wy Reversible Jaws 
ERE & Solid Bodies. 
Screws have Double 


S| 
_. : 4 Thrust Bearings. 
Te ee oe ee : . 
Price Lists and Discounts on application. 
Manufactured by: ON ADMIRALTY LIST. 
aaatt vinnie Make it your first New 


Eagle Iron Works, HALIFAX, England. 


London Office: 7, Laurence Pountney Hill, E.C. Year resolution 


On Admiralty List. 
to send your dealer an order for a supply of 
BODLEY BROS. & Go. KLINGER’S STUFFING-BOX PACKING. 














OLD QUAY FOUNDRY, EXETER. |It will be an easy and no 


less certain way to more 
prosperous times in 1912. The ONE Packing 


for ALL Purposes. 








Prosperity in business is largely a 
matter of economy—the saving of 
wasted labour, time, wear and tear, 
and money. Cut out the 
was'e and up go your profits. 





SPUR, BEVEL, 
MITRE, MORTICE, 











—_ Klinger’s Packing will help you by putting 

WORM WHEELS an end to all your stuffing-box troubles, 
5} One packing will last for months and all 

. the time maintain a power- trouble- and 
Machine Moulded money- saving “joint” unaffected by any 
ALSO degree of pressure or temperature, acids, 

oils, or superheated steam. It is self-lubri- 


TEETH CUT TO SHAPE|cative, can be safely left to lock after 


itself and ‘‘makes the rod like glass.” 
By Special Machinery. 











You can test it without any risk by taking 
ee a. Pra advantage of our money-back trial offer. 
DURY, EXETER. 1 Tf your dealer cannot supply you, let us 
ESTABLISHED 1790. | send you full particulars, rite to-day. 








’ KLINGER COMPANY, 
ENGLAND 5 Engineers, LONDON, E.C. 




























pm Cata- 
DRAWING logue 
}— ING, 320 9117 
MOUNTED & 
on ages, 
SECTIONAL P 
PAPERS and 500 Illus., 
Corus. together 


with sample 


Pnoto PAPERS pooks of our 



































a = 


THE 


QG IGN; Uy 


| 

Neel T | 
last week. 

J 

| 


— 








ELECTRICAL 


Measuring Instruments 





Ly a 
EVERETT, EDGCUMBE 


& Co., Ltd., o074 
_N7, VICTORIA STREET, LONDON, 8.W. 


PORTLAND 
CEMENT. 


Guick medium or slow setting 
LION WORKS, GRAYS. ESTABLISHED /855 
OUTPUT. 3.000 TONS WEEKLY 


35,GREAT STHELENS.E.C. 





TO ARCHITECTS, BUILDERS AND ENGINEERS, 
be E ” 


_TRUE TO SCALE.” 
Black Line. Print 


Permanent. Done on any Paper or Cloth. 
Particulars on lication. 1949 
Large Stock of all Requisites for the Drawing Office. 


W. F. STANLEY & CO., Ltd., 
13, Railway Approach, LONDON BRIDGE, 8.5. 
Telephone : 871, Hop. Telegrams—Tribrach, London’ 
COFFEY'S PATENT INDIARUBBER 
CAB TYRE FORCING MACHINE 


Friction Olutoh 
Wheels, Pulleys, ao. 
a ; 


Kays, Engineers, Bury 
‘elephone : No. 4 


/ 
PP] 
a 


JAMES C. KAY & 60, LD., punv, cance 
THE STANDARD ENGINEERING CO., Ltd, 


1682 LEICESTER. 











BLOWING 


AND 


EXHAUSTING 
FANS. 



















and Corus also 
Monten. various a 
att Materials 
True to Scale sent on For SAFE and SECURE 
Prints on any . . . . 
Material by Motoring in Winter drive the 
ur Tamous 
Drso- aALBoy 
GRAPH 
PROCESS. 
— Sonpo™ 
a. THE BEST OF BRITISH CARS. 
Specifications and full particulars on request: CLEMENT 
TALBOT, Lap., Automobile Engineers, BarLey Roap, 
LADBROKE Grove, Lonpon, W. 
& Telegrams : Clemtal, London. Telephone : 5006 Paddington. 
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THERMOMETERS. 


1800° Fah. 





CrossBy SPECIALITIES. O° 
CROSBY STEAM GAGE & VALVE CO.,"*” Concon ce. “7 a — 





JOHN J. GRIFFIN & SONS, L4td., 


PYROMETERS. 


SOLE AGENTS FOR 


HERAEUS THERMO-COUPLES. 





‘cinasway, LONDON, W.C. 


















EXPERIMENTAL ELECTRIC FURNACES. 











CALORIMETERS FOR FUEL TESTS. 


























SCHAFFER z BUDENBERG, 


LIM TED, 


Whitworth Street, MANCHESTER. 
mr ym Victoria Street, LONDON, E.0. 
5, Wellington Street, GLASGOW. 











CAPILLARY TUBING, 
UP TO 50 YARDS 
FROM 
SOURCE OF HEAT. 


ENGINEERING SUPPLIES, LTD., 
28, Victoria Street, LONDON, S.W. 


Telegrams: ‘* PROELLS, LONDON.” Telephone No. : 1555, VICTORIA. 



















ELECTRICAL 


PYROMETERS 





Telegrams:—CROWN, GORTONBROOK. 





HIGGINBOTTOM & MANNOCK, Lo. 


Crown Iron Works, West Gorton, 


MANCHESTER. 











For Temperatures up to 2900°F. 
ELECTRICAL 


THERMOMETERS 






DIsTANCE 














For conveniently indicating at a 
central station the temperatures of 
flue gases, steam, distant rooms, 


SWITCHBOARD OF ELECTRICAL Any number of stations can be 







&e,. 











DISTANCE THERMOMETER. 


connected to one Galvanometer. 























EXTREMELY SENSITIVE. RESPOND QUICKLY TO CHANGES OF TEMPERATURE. 


Particulars on Application. 






































MANLOVE, ALLIOTT & CO., LTD. | —— 


ENCINEERS, 
NOTTINGHAM. 





Hand and Power Runways. 


























-— ALO -— 





AIR COMPRESSORS OF ALL DESCRIPTIONS. 


OIL MILL MACHINERY, CHEMICAL PLANT, 
PUMPING PLANT, REFUSE DESTRUCTORS, DISINFECTORS, 
SEWAGE PLANT, LAUNDRY and COOKING PLANT. 






1583 







Bit 














Write for Air Compressor List K 180. 






Electric Cranes, Hoists, Capstans, Winches, Traversers, 
Transporters, Hauling Machinery and Hand sai 





STEAM CRANES, 
OVERHEAD ELECTRIC CRANES 





HENRY. COLES La.» Derby 













ares 
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Ad. BleichertC2 


99/100 Palmerston House 
Bishopsgate Street Within 


Telphers 
Wire Kopeways 











Telegrams : 
BURNET, GLASGOW. 












RETURN TUBE BOILER FOR TUG. 


LINDSAY BURNET &CO. 


Specialty:—-MARINE BOILERS oF ALL 
SIZES FoR SHIPMENT ABROAD. 


1419 








CORRADSBSPONDEHENCH INVITED. 


Address: Moore Park Works, Helen Street, 
GOVAN, GLASGOW. 












































FREE "235k 


Send for it to-day. 


This book should be within instant reach of 
every Engineer. It tells clearly, by photograph 
and formula, how to use the well-known Smooth-On 
Iron Cements in repairing boilers, engines, castings, 
tanks, joints, &c. 


Used according to instructions, Smooth-On 
Cements will save more actual time and money 
in the engine and boiler room than any single 
product manufactured. Their uses are innumerable 
and their repairs absolutely permanent. 






om) SMOOTH-ON MFC. CO., 
8, White Street, 
Moorfields, 


LONDON, E.C. 7 


5108 














The Mirrlees Watson Co., Ltd., 
Glasgow. 















Telegraphic 
Address : 

“ MIRRLEES, 
GLASGOW.” 












London Office: 
122, Cannon Street, 
E.C, 










Largest Makers in the World 
of Machinery for the 
Manufacture of SUGAR. 


SPECIALTIES : 


COMPLETE SUGAR FACTORIES, 
MODERNISING OF EXISTING FACTORIES. 
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GRAFTON & CO. 


CONTRACTORS,TO H.M. GOVERNMENT. 
% SS CYCLOPS WORKS, 


a BEDF nr 





oN Descriptive Price List free on _— 





ILVER MEDAL, inisations’ Exhibition, London, 1885. GOLD MEDAL, Paris, 1900. 
GRAND PRIX and GOLD MEDAL, Franco-British Exhibition, London, 1908. 
GRAND PRIX, Buenos Aires Exhibition, 1910. 


Oo 











FOR ALL THE WORLD. 





J. PARKINSON & SON, | 











Speciality: HIGH-CLASS MARINE 
BOILERS. 


Te 
Admiralty, Lloyds, 
Board of Trade, 
Bureau Veritas, 
am and other Surveys 
up to 
200 Ibs. W.P. 











Hydraulic, Gas and 
Water Mains, 
Storage Tanks, Oil 
¥ aN Stills, Scrubbers, 
\ ° Washers, Roofing, 

&c. 





A.F. CRAIG & CO., LD» PAISLEY. 


LONDON ADDRESS: East India Chambers, 23, Leadenhall Street, E.C. 





SMITH'S 
* INJECTOR COMPANY | 


OOZELLS STREET NORTH, 
BIRMINGHAM. 


(late of NOTTINGHAM). 


DELIVERY 


Se aahearceaen P 


“RELIABLE” 
WATER 
RAISER. 





WATER : 


Makers .*-::. Engine and Boiler Mountings, | 


G.-M. WHEEL VALVES, G.-M. COCKS, 
INJECTORS and EJECTORS, WATER GAUGES, 
LUBRICATORS, BOURDON PRESSURE GAUGES, 

C.-I. STOP VALVES, &c., &c. 1027 


HEAVY MARINE SHAFTING 
LATHES. 


Turbine Rotor Lathes. 
HORIZONTAL BORING RAGHIINES | 


FOR TURBINE CYLINDERS. 


























NOBLE & LUND, Ltd., 


FELLING-ON-TYNE. 104 

















w Bilas aOR ten 


Poke tee 
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ear WG / | Ae 
Seam OUCC: << 


TRANSMISSION BY 


RENOLD DRIVING GHAINS 


IS NOT LIMITED TO SMALL POWERS. 


150 HP. Renold Silent Chain Drive standing and in 
motion. Chain speed, 1180 ft. per min. Ratio, 44 to 1. 
Centre distance, 8 ft. 6 in. Chain, 1} in. pitch, 12 in. 
wide. Wheels, 94 T. and 21 T. 


—" 





Ten years ago 50 HP. was considered a fairly 
heavy drive for chains. Now it is quite usual to 
transmit 200 HP. by them. 





E 145 1607 


SWE ye a 


ISON om J 
‘ a anal, SOUL Ke IS Davart yor 





Bee DUC Kee 








“>a Ve 


HANS RENOLD, L™> "j ‘wan MANCHESTER, 


















G\ENGINEERS' DOUBLE WET TOOL GRINDER, 


WITH PATENT CORRUGATED HOODS 


(SAFEST TYPH HEZTANT). 













EMERY CLOTH and ALL “TYPES of 
ABRASIVE WHEELS for Engineers’ Use. 
FOUNDRY MOULDING MACHINES, SAND MIXERS, &c. 








THE LONDON EMERY WORKS Co., 


Park, Tottenham, LONDON, N. —_ 











Hydraulic Cranes and Coal Hoists, Belt Conveyors for Coal, &c. 
Patent Pneumatic Grain Elevating Machinery. 

















@orraste Hypraviic Lurrixe Cranes (2 Tons Capacity). 2039 


Hydrostatic Crane Weighing 
General Engin: ‘ 
Telegrams ;- Hyrostatie, Loxvoxt 






up to 250 Tons. 


gece Estimates given for Repairs. 






a 


FAST FERRY ROAD ENGINEERING WORKS CO., L™: 


Engines, Pumps, Sluices, Oapstans, &c. 
MILLWALL, LONDON, EB. 














LLLLL LLL LL 22 






AL 2 


hopothan 





Contractors 
to HM. 
War ‘buoe 
Department, = 
&e. 








TD. C. Isler & Co.'s 
Sas : IMPROVED 


> 
/ 


/\ AIR LIFT 


cosy. PUMPS. 


















i Sy : THE PIONEERS OF THIS 
‘at %, * eoscat » (\ 


SSS GREAT: BRITAIN, 


Less air and air pressure. 

Least upkeep and low cost. 

Small space. 

improved foot piece & highest efficiency. 
Less submergence required. 


Improved patent high speed compressor 
and silent working. 





Many Permanent Installations Fixed, 
giving every satisfaction. 


ARTESIAN BORED TUBE WELLS 
for Large or Smali Supplies. 


PROSPECTIVE PLANTS for Water 
or Minerals Supplied. 


Improved DEEP WELL & AIR LIFT PUMPS, 
SITES INSPECTED AND REPORTS FURNISHED. 

















C. ISLER & CO., Ltp., 


BEAR LANE, SOUTHWARK, LONDON, SE. ** 
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TeLeGRapn 
AoprReEss 





Manufacturers of— 

MILD STEEL PLATES, ANGLES, Zed Bars, Tees and 
all forms of Sectional Bars required for Ship, Boiler 
and Bridge Building, and other constructive purposes. 

CASTINGS of all kinds and largest sizes for Ship Stems, 
Stern Posts, Anchors, Rudders, &. 

RAILS, BILLETS, FORGINGS. 

AXLES of highest quality, to meet requirements of Home 
and Colonial Railways. 

TYRES—Locomotive Carriage and Wagon, to all requirements. 

SPECIAL STEEL of all kinds for constructive purposes. 


STEEL COMPANY or SCOTLAND 


-“STEEL’ GLascow 






ConTRACTORS TO— 


BRITISH ADMIRALTY, WAR 
DEPT., and FOREIGN and 
COLONIAL GOVERNMENTS. 


23, ROYAL EXCHANGE SQUARE, 


GLASGOW. 


1601 








COMPARE the QUALITY of our 
"Red and Blac and Black, in Sheets, Rods, Tubes, 
Discs for Gears. 
MICANITE & INSULATORS C0., Ltd., 





WALTHAmsTOWw. LONDON, E. 2025 





Telegrams 
**WATSON, GAINSBOROUGH.” 
Telephone: 
65 GAINSBOROUGH. 


LIGHTERS, BARGES & STEAM BOATS. 


SPECIALITY : WORK FOR SHIPMENT. 


PONTOONS, LARGE STEEL TANKS. 


_JS.SWATSON GAINSBOROUGH. 





Established 


‘ii 1869. 








NO 

FIRM 
WILL 

C0 

FAR 

ON 
OBSOLETE 





METHODS. 















The Demon Rust. 


Have you ever followed your Engines and 
Machinery right through to the customer? If so, 
you know that nothing prejudices the customer 
against your goods so muci as rust. 

Palfreyman’s Rust Preventive for the preser- 
vation of 3right Metal Surfaces is superior to 
white lead and tallow or similar products. Costs 
less, because it goes further, is applied easier, easily 
removed, enters the pores, and is a permanent 
protection after cleaning up. Neither new nor 
experimental, but has been in constant use for 
over twenty years by most of the leading and 
up-to-date Engineers. 


Send for Price andi Particulars. 


W. H. PALFREYMAN & CO., 
COREE-PIAZZAS, LIVERPOOL. =u: 








The Only GRAND PRIZE (iwann: 


FRANCO-BRITISH EXHIBITION, 1908. 


Diving Apparatus 


PUMPS, DRESSES, DIVERS AND CEAR 


HELMET. 4 ready for despatch at 
Oo all oe @ moment’s notice. 


Illustrated Catalogue Telegrams: “‘Strsn, Loxpon. 
free on application. Telephone: Hor, 251. 


Sole Makers to the BRITISH NAVY. 


SIEBE, GORMAN & Co.,Lp. 


Neptune Works, LONDON, S.E. 1488 
- | 
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A. EDMESTON« SONS, Ltd. 


Note New Address:—PATRICROFT. 


PATENT FRICTION CLUTCH. 


300,000 HP. IN SUCCESSFUL OPERATION. 
INVALUABLE FOR DRIVING: 
Mining Machinery & Haulage, Conorete and Brick-making, 
Saw Mills, Machinery, Flour Mills, 



















Electric Light and Textile Machinery, 
Power. and Mine Gearing 
Generally. 
FOR 
STARTING 
1839 







GAS 
& OL 
ENGINES. 






FOR 
COUPLING 
SHAFT-ENDS. 
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a 
Telegrams :— 
ENGINEERS, 


tm, Shipbuilders, 


HIGH-SPEED VESSELS, 
TORPEDO BOATS, 
MOTOR BOATS, 
YACHTS. 


Engineers 


MARINE ENGINES, 
ELECTRIC-LIGHT ENGINES, 
FANS AND FAN ENGINES, RETURN-TUBE BOILERS, 
INTERNAL COMBUSTION DIRECT-TUBE BOILERS, 
ENGINES, LOCOMOTIVE BOILERS, 
CIRCULATING PUMPS, KINGDON BOILERS, 


Telephone — 
No. 2, 
DARTMOUTH. 


SHALLOW DRAUGHT VESSELS, 
STERN WHEEL VESSELS, 
LAUNCHES, 

TUGS. 


Boilermakers. 


MARINE BOILERS, 
WATER-TUBE BOILERS, 


FEED PUMPS, LIQUID-FUEL BOILERS, 
CONDENSERS, PARAFFIN BURNERS, 
PROPELLERS. CRUDE OIL BURNERS. 


New and Second-hand ENGINES in Stock. 
New and Second-hand LAUNGHES in Stock. 


SEND FOR CATALOGUE. 


























TAYLOR & CHALLEN, LTD. 
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ae SELF-FEEDING PRESS. 8194 
CONSTITUTION HILL, BIRMINGHAM, eEnavano. 














2136 


i 








HAYWARD-TYLER & €O.,| 


LIMITED, 


PUMPS 


FOR ALL PURPOSES. 











Write for Illustrated Price Lists. 1967 


00, Queen Victoria Street, 
ee Ve aie Ge, B.C. 








“NEw PROCESS” 


RAW HIDE GEARS. 


All to BROWN & SHARPE'S Standard. 





Also METAL GEARS. 


SEND FOR DESCRIPTIVE CATALOGUE. 


GEORGE ANGUS ¢ CO., iia. 


NEwWCASTLE-ON-TYN B®. 1618 
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COCHRAN BOILERS 


Patent Vertical Multitubular—Standard design. 
READY FOR IMMEDIATE DELIVERY. 





Write for SPECIAL GATALOGUES :— 
Class A.—For LAND USE. Class B.—For MARINE USE. 





ANNAN, SCOTLAND. wed 





Head Office 
and Works: 


w STEEL WIRE ROPES <j 


Oranes, Lifts, 
Aaecorial Rope- 
2 wraps, Los zines 


i Experts in every description of Wire Rope 


CO 





AND ALL ENGINEERING PURPOSES. 





for Oil Well Drilling. 





TTON ROPES 


For TRANSMISSION OF POWER. 





Guaranteed 
Non- 


Stretehing. 


ESTABLISHED 1770. 


J.& E. WRIGHT, LTD., 
BIRMINGHAM, riincst con Gree Tie. 


Crry Orrices : Salisbury House, London Wall, London, | Sazrrigitp (rrices: Bank Chambers, Fargate. Tele- 
E.0. Telephone : 4994 London Wall. phone : 1472 Central. 
sy j a | LivgrPoo. Orrices: Towcr Buildings. Telephone: Sovurn Wates Orrices: Royal Chambers, Park Place, 


1880 Central. 


Oardiff. Telephone: 1502. 
Resident Representatives in all important Centres. 1934 


























TELEGRAPHIC ADDRESS 
” CRANES, RODLEY.” 


SEND US 
YOUR 
ENQUIRIES 
FOR ANY 


ELECTRIO, 
STEAM, 
HAND, &c. 


ALSO 


CAPSTANS. 


ELECTRICAL 
EQUIPMENTS. 


JOSEPH BOOTH & BROS., Ltd., 
RODLEY, LEEDS. 





75A, QUEEN VICTORIA STREET. 














CAIRD & RAYNER 








Admiralty and War Office Contractors. 





<2 ogi: Hay 
AM Tp feet ei 


Tel. Address: “ VAPORIZE, LONDON.” 


PATENT 


EVAPORATOR 


FRESH WATER FEED MAKE-UP 
APPARATUS, 


Approved by Board of Trade for Passenger Ships. 


BOILER FEED PUMPS, 


Vertical Single-Cylinder Direct-Acting type. 








COMPLETE 
FRESH WATER 


DISTILLING 
INSTALLATIONS, 


(All Sizes.) 
For LAND or MARINE USE, 


FEED WATER HEATERS. 
FEED WATER FILTERS. 











LONDON OFFICE; 1003 177, Commercial Road, Limehouse, 


LONDON, E. sth 


Telephone No. 210, Eastern. 
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CRAIG « DONALD, li 


JOHNSTONE, near GLASGOW. 


MAEFERS OF 


MACHINE 
TOOLS 


FOR 


SHIPYARDS, 
IRON WORKS, 


BOILER 


= AND 
SP TANK WORKS, 


Electrical-Driven Four-Sided Punching & Shearing Machine. 


FRANGIS BERRY & SONS, 


SOWERBY BRIDGE, England. 
ESTABLISHED 1832. 
Telegraphic Address: ‘“‘BERRY8S, SOWERBY BRIDGE.” 

















Telephone No.: 525. 


MAKERS OF ALL KINDS OF MACHINE TOOLS. QUALITY GUARANTEED. 








The above Illustration represents one of our Specialities. 
Machine will bend or straighten an 18 in. joist, crop an 8 in. by 


This 


Sin. by 1in. angle, and punch an 1j in. hole through 1} in. material. 


7 We make all sizes in these combined Machines, and we also make 
achines for doing any of these operations singly. 


Contractors to the Admiralty, India and Colonial Offices, and 
most of the Foreign devermmnenta, oo 





KINDLY FAVOUR US WITH YOUR ENQUIRIES. 1% 


CONDENSING PLANTS, FEED- WATER HEATERS 


WATER-COOLING TOWERS, &c. 


FOR ALL DUTIES. 
FULL PARTICULARS SENT UPON RECEIPT OF REQUIREMENTS. 


WHEELER CONDENSER & ENGINEERING nO 


2 a 3, NORFOLK STREET, STRAND, LONDON, W.C. 
: 6889, GERRARD. Telegrams ‘‘ SUSPEND,” seuen. 


SMITH, BROS. & HILL, 'Lb., 
Albert Spring Works, WEST BROMWICH. — 


SPECIALIST IN HYDRAULIC STAMPINGS 


CHARLES McNEIL, AND FORGINGS. 


Kinning Park Ironworks, GLASGOW. 








of all kinds for TRAM CARS, RAIL- 
WAY CARRIAGES, Motor Cars, Gas 
Engines, Valves, and ENGINEERS, &c. 





SEED DRILL TUBES 
for 
Agricultural Machines 
a Speciality. 


Telegran s: “ Srruves.” 
Telephone : No. 125, 










WELDLESS 

Stamped Steel om LOCOMOTIVE DOMES 
up to in tameter. Y : 

Codes: ' u eght 


5th Edition, a . 

ALC. Ge EMBOSSED 
Engineering |Z 

Telegraph, ROM JO TC 


WrouGut Sreex 
56° DIAMETER 


Pistons 


2nd Edition. \@ 


PATENTEE AND ORIGINAL MAKER OF EMBOSSED MANHOLE DOORS. 1952 








LARGE SHOPS FITTED WITH ALL THE LATEST 


WOOD WORKING MACHINERY. 
TURBINE cite PATTERNS 








DAVID BROWN & SONS (HUDD®.) LTD., 


Patternmakers, NOSBERSFIELD. 


PECKETT & SONS, BRISTOL. 


= 











LOCOMOTIV HS 


of various sizes with all the latest improvements ready for immediate 
Delivery. Engines specially designed for every requirement and gauge. 





‘ Ful) particulars on application. 


Telegrams: “PECKETT, BRISTOL.” 
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ESTABLISHED 1886. 





Ball Bearings 


THRUST & JOURNAL 
LOAD. 





HIGHEST QUALITY. 
COMPETITIVE PRICES. 





YOU CAN'T 
GO WRONG 


when you specify 


Lunkenheimer 
Grease Cups. 


They are free from complicated parts, are 
well made and present an elegant appearance, 
are always reliable and will not shake to 
pieces when placed on jarring machinery. 


materials and are very strong, particularly in 
the shank, the part subjected to the greatest 
strain. 


The Lunkenheimer Grease Cup Line 















very large and complete one, and comprises both brass and iron, 

sti és and automatic feeding Cups. The Automatic Feeding Cups can be 
regulated to feed any desired quantity of : : 

grease, and the flow is steady and positive. 


THE 


LUNKEN CO.,Ltd. 


35, Great Dover Street, 
LONDON, S.E. 


Mia 








AUTO MACHINERY 


CO., LTD., COVENTRY. 








LONGEST EXPERIENCE. 




















They are made of the highest grade of 











































hitter. 


aa d HRE of Cling-Surface now being | | 
offered, but they only Deceive | ~ 


(ay 








RUN BELTS} 


EASY OR SLACK | | 


There are many Imitations 


and Disappoint. 





SoLte EUROPEAN AGENTS, 


THOMAS & BISHOP. 


Chief Office: 119-125, FINSBURY PAVEMENT, LONDON, E.C. 


Telephone: 7046 Central. 


2026 Telegrams : ‘‘Veleling, London.” 



















































STIRLING 


Shows— 





THE STIRLING BOILER CO., LTD, 























THE RECORD 


HIGHEST evaporation per sq. ft. ]) 


of heating surface. 


HIGHEST efficiency. | 
LOWEST coal! costs. | 
LOWEST maintenance costs. | 


‘ 
4O MUNICIPAL undertakings use STIRLING BOILERS. [|| 
Average tube renewals ,295 tubes per boiler per annum. | 
Average efficiency of 17 boiler tests in ELECTRICITY § | 


STATIONS was 79°/.- 


REPEAT ORDERS received from 220 satisfled users. 







| 
of the | 








BOILER 


















9202 


58, Victoria Street, | 
Westminster, S.W. 
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JOHN OAKEY & SONS, Ltd. 


GENUINE EMERY, _ EMERY WHEELS 
EMERY CLOTH, For all Purposes. 
Wellington Mills; GLASS & FLINT PAPERS, 


WESTMINSTER BRIDGE ROAD, 
LONDON, 8.B. BLACK LEAD, &o. 


SIMPLEX LEAD 
GLAZING 


FOR ROOFS, SKYLIGHTS, AND HORTICULTURAL WORE, 
NO SPECIAL CONTRACT REQUIRED. 


“NO ZINC, IRON, OR PUTTY USED. 


ANY QUANTITY pans Mend 
Over 1,000,000 superficial feet in use on 2,500 Structures, 


GROVER & CO., LIM., ¢ 


ENGINEERS, &c., 
BRITANNIA WORKS, WHARF ROAD, CITY ROAD, LONDON, N. 


Write for Illustrations and full Particulars (sent post free). Od 1236 


a 
Patent 

; Steam 

: Superheaters 


























FIELD TUBES, 
DOUBLE CIRCULATION, 
HIGHEST EFFICIENCY, 

SAVES 15% COAL. 








1204 


| 49, Deansgate, 


MANGHESTER. 























BROWNHOIST BRIDGE TRAMWAY. 


No matter what material you wish to handle, a 


Brownhoist will do the work rapidly. Our enginecrs 


will help you figure your handling problems. You 
get the benefit of our thirty years’ experience. 
THE 
BROWN HOISTING MACHINERY CO., 
CLEVELAND, OHIO, U.S.A. 2021 


Direct all Enquiries to COWANS, SHELDON & CO., Ltd., CARLISLE. 





TYPEWRITERS 

















BOUGHT, REPAIRED, 
SOLD, B EXCHANGED. 
HIRE: 10s.MONTH, 278.60. QUARTER. 





«xs. COFrrizrIED. 1796 


SHORTHAND TYPISTS WITH MACHINE FROM 4s, PER DAY. 


TAYLOR'S TYPEWRITER CO., Lto., 


74, Chancery Lane, LONDON, W.C. 


SINSTRUMENTS 


FOR USE IN THE 











Engine Room, 
Boiler House, 


Materials Testing Laboratory, 
&c. 





Write for Lists to- 


CAMBRIDGE SCIENTIFIC Ih INSTRUMENT CO. 


CAMBRIDGE, England. 9 “™'"®?. 


CALORIFIERS 


(BERRYMAN TYPE). 


MANUFACTURERS: _ 


JOSEPH WRIGHT & CO., 


TIPTON, Staffs., 
and WESTMINSTER, §.W. 


CALORIFIERS OF ANY SIZE FOR ANY 
PURPOSE. 

FOR USE WITH EITHER LIVE OR 

EXHAUST STEAM. 







































VERTICAL CALORIFIER 
with AUTO CONTROL, &c. 











WE SOLICIT 
YOUR ENQUIRIES. 





LARGE HORIZONTAL STORAGE 
CALORIFIER. 8753 



























22 ENGINEERING. 


(Dec. 29, 191t. 











AERIAL ROPEWAYS 


Im AXZL.I. SWsTEmMs. 
Fer the conveyance of materials of every description, including 
THE TRANSPORTATION OF PASSENGERS. 


CERETTI AND TANFANI, MILAN. 


Inclined Planes. Cableways. Suspended Rails. Telpherage. 













_ 
- 
——— 





1 2 & C U N N } N G HA M : que Ganenn ome Covomes, 


Balfour House, Finsbury Pavement, E.C. 
Telephone—1789 CENTRAL. Telegrams—PLATOONS, LONDON. 1559 





ed 


t ba Bail 


TRANSIT S INCE. 


KERN & CO. 


Peninsular House, 4, Monument Street, LONDON, E.C, 


Telephone No. 10,411 Central. Telegrams: KeRNAMAT, LONDON. 1228 























AUSTIN TRENCHING MACHINES 














Will dig anything coming under the classification of earth work. We 
make them in sizes for digging 1 ft. to 30 ft. deep and 1 ft. to 5 ft. wide. 


Built especially strong, with manganese bucket points for hard ground, 
self-cleaning buckets for sticky ground, and multipedal traction for soft 


ground, 
Will Not Stall, Clog, or Mire. 
A 
ante Ne. 5 Gas trenches 30 ft. deep, 27 in. to 
Austin No. 1 digs trenches 12 ft. deep, 9% in. to 


Austin No. 0, 10 ft. deep, 18 to 27 in. wide. 
Austin No, 00, 8 ft. deep, 15 to 27 in. wide. 
Austin No, 000, 6 ft, deep, 15 to 18 in. wide. 
Austin No. 0000, 4} ft. deep, 14 in. wide. 


COMPLETE LINE DESCRIBED IN CATALOGUE I26-A 


In writing, kindly state whether you prefer doing business th: a local t in your 
country, or in London, or with ourselves direct. If either of the first two, suggest 1921 
name and address of parties through whom you would like to ped ma 


F.C. Austin Drainage Excavator Co., 


RAILWAY EXCHANGE, CHICAGO, ILL, U.S.A. 


g 














NICLAUSSE 


AUTOMATIC 


STOKERS 


for efficiently burning all classes of fuel 
WITHOUT _ SMOKE. 


Strong. - Reliable. 
All Parts Accessible. 





Simple. - 
Supplied with Renewable Firebars. 





on So < 
(ee See ee 


*“- BRITISH NICLAUSSE BOILER CO., Ld., 


CAXTON HOUSE, WESTMINSTER, S.W. 
TELEPHONE 4086, VICTORIA. 1735 


see 
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WINN’S 
SCREWING MACHINES 


DOUBLE HEADED BOLT SCREWING MACHINE 


Die HEADS OPENED AND CLOSED AUTOMATICALLY 
BY WINN’S PATENT AUTOMATIC GEAR 





Also Makers of 
Screwing Machines for Tubes up to 13 inches Diameter 


CHARLES WINN & CC 





Granville Place 


_ BIRMINGHAM 





1 














WELLS’ IncANDEsceNT OIL LAMP 


New Patterns with Inverted Mantles. 


A Cheap, Brilliant and Shadowless 
Light from Paraffin or Petroleum. 
For Inside and Outside Lighting. 
Stormproof, 








Iavaluable for 
RAILWAYS, MINES, 
WHARVES, YARDS, 

CONTRACTORS, 
COLLIERIES and all 
Industrial Firms, 


From 200 to 1000 


Candle Power. 


All Lamps fitted with Patent 
Magnetic Oil Indicators. 


One-Fifteenth the Cost of Gas. 


This Lamp, fitted with Inverted Mantle, embodies all the latest features of Incandescent 
Oil Lighting. 
The size of the Lamp is considerably reduced, and the Burner is by far the simplest on the 
market. 
The Burner is so constructed that it can be immediately removed from the Lamp without 
disturbing the Mantle. 
PRICES 1953 


No. 38. Lamp, with 200 c. p Burner, Copper Oil Reservoir, 15 hours capacity, 21 in. 
high, weight 12 Ib. 0 
No. 39. Same Pattern with 500 c. p. ‘Burner, Welded Steel Reserv oir, 15 hours c apacity’, 
25 in. high, weight 18 Ib... 610 0 
No. 40, Same pattern with 1000 c.p. Burner, Steel Reserv oir, 15 hours capacity, 30 in. 
high, weight 52 Ib. . &8 10 0 


Send for New Miustrated Price List containing a ‘variety of Patterns. 


A.C. WELLS & oe. ig Migenazee’ LONDON. 











| MONKEY 








[This is the 


TRIMO 


New Auto 


WRENCH 


With Narrew Jaws 








Made in 10 inch size only. 
Polished. 
Write for 


Catalogue No. 88 
Containing full 
Particulars and 


BUY AND TRY ONE 


SOLE MAKERS 


TRIMONT Mfg. CO. 


Roxbury, (Boston), Mass., U.S.A. 

















DUNCAN STEWART g Oo, ia 


London Road Ironworks, GLASGOW. 


ESTABLISHED 1864. Terea. Anpress: “Stewart GLAsaow.” 


[ | i 9 












il 
CANE SUGAR MACHINERY 


OF EVERY DESCRIPTION. 











COMPLETE CANE SUGAR FACTORIES. 





CUBA: Smith & Davis, Havana. 9506 
AGENTS { MEXICO: The General Supply Co,, S.A. Mexico D.F. 
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PARIS EXHIBITION 


18sso. 


Lubricating Oils 
GOLD MEDAL 


AWARDED TO 


PRICES PATENT 
CANDLE COMPARY, L* 


Oil Refiners, 


AND MANUFACTURERS OF 


Lubricating Oils 


For Land and Marine Engines, 
Cylinders and Valves. 


For Textile Machinery of every 
description. 


For Collieries, lron Works, 
Mines, and Quarries. 


For Saw Mills, Flour Mills, and 
Agricultural Machinery. 


For High-Speed Engines and 
Dynamos. 


For Engineers’ and Machinists’ 
Tools and Shafting. 


For GAS ENGINES. 











SoLE PROPRIETORS AND MANUFACTURERS OF 


VEITCH WILSON'S 


LUBRICANTS. 


PRICE OARDS and SAMPLES MAY 
BE OBTAINED FROM | 


PRICE'S PATENT 
CANDLE COMPANY, Lé 


Belmont Works, Battersea, 
LONDON, 


Guardian Building Cross St., Manchester. 











THE MOTHERWELL BRIDGE CO. 


1+ (hdmi. N. B. 


National Telephon 


Telegraphic Address—‘' BRIDGE. 


DOCK GATES, 


AND SIMILAR 


STRUCTURAL WORK. 


2057 


HYDRAULIC PRESSED FLOORING A SPECIALITY, 


BRIDGES, ROOFS, 
PIERS, TANKS, 











Chantiers et Ateliers AUGUSTIN NORMAND, Limited, 


67, Rue du Perrey, Hake} EX AAW EGE! (FRANCE). 





DESTROYERS, TORPEDO BOATS, YACHTS AND FAST BOATS. 
SUBMARINE and SUBMERSIBLE BOATS. 
Machinery and Steel Works of all kinds. 


NORMAND’S PATENT WATER=-TUBE BOILERS. 
More than 700,000 HP. realised. 
FEED-WATER 


HEATERS. 


a 
DISTILLING and FEED 
MAKE-UP 
APPARATUS. 











EJECTORS. 
































TWO-SPINDLE 
SAW BENCH 


— for — 
DIMENSION SAWING. 
Type LS. 

For accurate Sawing in 
Pattern Making, Fine 
Will cut 


compound angles and 


Joinery, &c. 


rough cut core boxes. 
There are many novel 
and interesting points 
about the table, fences, 
gauges, 

adjustment, &c. 


micrometer, 
Write for Special Leaflet. 


LONDON, E.C. 


7 79, Queen Victoria Street. 


THOS. ROBINSON & SON, Ltd., Rochdale, Eng. 


Od 6602 















Bil @4 
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Genuine ee E CUT HELICAL GEARS 


2 “CITROEN” 
GEARS, 


NO BACK LASH. 
NO SHOCKS. 


NO VIBRA TION. 














MANUFACTURED EXCLUSIVELY 
BY 


ANDRE CITROEN 


AND CO., 
27, Queen Victoria St., London, E.C. 


1612 











ae. 
Ste 
~ 


saci — ee a 
A LARGE SET OF ROLLING MILL PINIONS. 





















Telegrams: “VERTICAL,” LEEDS. 


LEECH, GOODALL & CO. 


Works: LEEDS. 





Telephone: 1982 LEEDS. 




























BF On OE LT 





ae 









PHOTO OF BELT CONVEYOR FOR HANDLING COAL. 












MAKERS & ERECTORS OF 


SCREENING PLANTS, PICKING BELTS, ROOFS, BUNKERS, 
PITHEAD GEARS, CONVEYORS, ELEVATORS, BREAKERS, 


naiaiieet. cn cenin os. WoRK, &C. 








SOFT WATER 


SAVES 


HARD CASH. 
“USCO TYACKE” 


WATER SOFTENER. 








MOST SIMPLE 
AND EFFICIENT. 


ADVANTAGES 
No moving parts or complicated 
mechanism to get out of order. 
Absolutely reliable. Least attention. 
Results guaranteed. 









Write for Green Pamphlet to the— 


UNDERFEED STOKER CO., L° 


COVENTRY HOUSE, 
South Place, LONDON, E.C. 


Telegramae? \ieappnrapie wees LONDON. 
Telephone ; 7 LONDON WALL, 


2006 














PULLEY BLOCKS 


AND 


HAND CRANES. 








YOU know it pays to use 

the best. 

The best are fitted with 

our new brake giving :— 

(1) A Higher Efficiency. 

(2) Freedom from jerks and 
jars. 


(3) Quicker li fting and lower- 
ing spe 







BURNBANK 
ENGINEERING CO. 


658, West Regent St., 








GLASGOW . 





f 
tT 
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Ww. MUIR «Co, 


LIMITED, 
Sherbourne St, MANCHESTER. 


Telegraphic Address—“‘ BRITANNIA, MANCHESTER.” 
Telephone—No. 529, 


SPECIALISTS in 


MILLING MAGHINERY 


FOR 


Ordnance, Turbine, Motor Car, 
General Engineering Work. 











In \. SLOTTING. 
Stock \. DRILLING. 


or BORING 
Progress : MACHINES. 


DAVID AULD a SONS, 


LIMITED, 
roonont.” GLASGOW. 
Patentees and Makers of AULD'S PATENT 


Steam Reducing Valves 





= DREDGING. BS 

















GOEDHART BEROS., DUSSEHILDORE'. 
Undertake Dredging Contracts for Harbour and Canal Works throughout the World. 1711 


P.O. Box 88. Tel. Address—‘‘GOEDHART, DUSSELDORF.” 

















THE WELDLESS STEEL TUBE Go., LTD.| | 


Icknield Port Road, BIRMINGHAM. 





mi 


wl 




















AND SURPLUS STEAM VALVES. 





ALSO MAKERS OF 


FULL BORE Patent Steam 
Reducing Valves and Surplus 
Steam Valves on SINGLE 
VALVE Principle 


as per illustration above. Much superior to Double- 
Beat Valves in efficiency. and economy of -upkeep. 


ABSOLUTELY STEAM TIGHT. 


For LAND AND MARINE U&QBE. 
LISTS ON APPLICATION, 2115 





GRAVEN’S exter BRIQUETTING ¢ 


is the NEATEST, STRONGEST, 
SIMPLEST, and most PERFECT 


BRIQUETTES 
COKE and IRON, NICKEL and 


BRADLEY & CRAVEN, 


On Admiralty List. Est4. 1872. 


PATENT WELDLESS STEEL TUBES, 7 


For Boilers, Hydraulic Presses, Ferrules, Boring Rods, Bushes, Shafting, and General Engineering Uses. 











LLL LILI 
,. 


| LLL 


MACHINE gf 





MACHINE for producing 
from COAL, 


PURPLE ORES. 


PATENTEES AND MAKERS :— 








REDUCING YALYES for AIR or WATER, 





Engineers, WAKEFIELD, 6925 
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1 WALLWORK 


\¢ 7 
{LLUSTRATED 
Caracocue!l 


LABORATORY siren 
MACHINES 


MANCHESTER. 
1565 Ask for Catalogue 


“Eg. 67.” 












































THE STERN 
SONNEBORN 
OIL CO., Ld. 


Royal Londcn 
House, 
Finsbury Sq. 
London, E.C. 








CRUSHERS. ROLLS. 
GRINDERS. SCREENS. 












STURTEVANT ENGINEERING CO.,Ltd. GLANDOLINE 
147, Queen Victoria Street, LONDON. for lubricating piston-rods ai engines ane vd preservirg 
the packing in the yee ui an thus effec Sines onsiderable 
saving, s packi ings ‘= st twice the tim i ~ use 
More ex oneunie al for sw abbing re ads than the of 
cylinder oi), anc d be cher acidlesi 8 not affec San etal. 


WRITE FOR sanetamn aie: 1983 
































COMPANY, LIMITED, 
THE “BLAKE” PATENT VERTICAL MULTITUBULAR BOILER WOLVERHAMPTON, 
Has stood the Test of Time over a Quarter Century, and has'|\are the only manufac- 
the following advantages: turers who guarantee 





‘ 
GREAT STRENGTH, REQUIRING NEITHER SCREWED STAYS NOR STAY TUBES. all their oxygen to be 
WIDE SPACES BETWEEN TUBES FACILITATE PASSAGE OF STEAM, THUS PROMOTING RAPIDITQQ?/, pure oan 
CIRCULATION AND ABUNDANT GENERATION OF STEAM. ° . 
LARGE WET BACK COMBUSTION CHAMBER. FREE NATURAL DRAUGHT. 
NO WASTEFUL STEAM JET REQUIRED IN FUNNEL. NO BRICK LININGS. SIMPLICITY OF DESIGN. 
EASY ACCESS TO ALL PARTS. EASY TO CLEAN. MAXIMUM ECONOMY. 


cv. rae ate ane aranres xrween one Marowerracreomuucrmen mone! ASK FOR IT. 
SUPPLIED TO THE LEADING STEAMSHIP GOMPANIES. 

BLAKE BOILER, WAGON & ae HIGCINS 

ENGINEERING Coy. Lp, ~” : tyne 


Telegrams: “ ALLIANCE,” Darlington. Nat. Telephone: No. 55, Darlington. 
























































ESTABLISHED 1854. 
(GLASGOW)) 7 


: TH BROTHERS & ¢ a LIMITED, 


Kinning Park, GLASGO WwW. 


MACHINE TOOLS 


For SHIPYARDS, BOILERWORKS, 
IRON and STEELWORKS. 
SPECIALITIES. 
Machines for Punching, Shearing, 
Bending, Straightening, Planing, Scarfing, _ ' 
Flanging, and Joggling Steel Plates. iS USED 


Also for Punching, Shearing and Bending ——g +-t9- 
Angles and other Sections. TKE W 


2012 
Sole Makers of ARTHUR'S PATENT ROLLER BENDING MACHINE for — 
Beams and Angles of any Section without distortion. FROM ALL FIRST- 


Goa Sauaiead ates and peered any ae sy ri GLASS STATIONERS. 
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Inches oSteel 
REMOVED PER MINUTE 


during a test of this machine driven by an 
extra large motor. 















Write for our 
large Illustrated 
Catalogue, 
‘* Weavy Milling 
Machines, ’’ 
showing a great 
variety of both 
Vertical and 
Horizontal Mill- 
ing Machines. 








ot er 





1658 


Sue 









““ounuee PIN ite: 
NI LES- BEM ENT-PON D COMP) PANY, New York. 
“NILIACUS,” LONDON. 28-25, Victoria Street, London, S.W. Tapas: | 


AGENTOs--FRANCE : Glaenzer, Perreaud & Thomine, 18-20, Faubourg du Temple, Paris. GERMANY: G. Kretschmer & Co., Frankfurt a/M. 
ITALY Ing. Ercole Vaghi & Co., Milan. JAPAN: F. W. Horne, 70-c, Yokohama. BRAZIL: A. Seaman Boite Postale 802, Rio- Janeiro. 
ARGENTINE : F. H. Bagge, 121, "San Martin, Buenos Aires. VIENNA: Donauwerk Ernst Krause & Co.; XX/2 Engerthstrasse 165. 

BIRMINGHAM: Pratt & Whitney Co., _Exehange Building, New Street. 5433 


5 > 


| A tr P. & W. Ratchet Drill Small Too! Department. 


is the lightest and strongest made; each part of drop-forge 
steel and hardened; feed automatic; can be efficiently operated 


























A FULL LINE OF 
REAMERS, TAPS, DIES, MILLING CUTTERS, 
LATHE TOOLS, RATCHET 
= =aga, DRILLS, BOILER PUNCHES, 
ete DIE STOCK SETS, SPLITTING 
SAWS, GAUGES, &c., &. 


ALWAYS IN STOCK, 


od RATT«WHITNEY Co., HARTFORD, CONN., U.S.A. 


Agents:—LONDON, E.C.—Buck & Hickman, Ltd., 2 & 4, Whitechapel Road. LONDON, 8.W.—Niles-Bement-Pond Co., 25, Victoria St. _AUSTRALIA.—Noyes Brothers, 
Melbourne & Sydney. PARIS. —Fenwick Freres & Co., 8, Rue de Rocroy, Agents for France, Belgium and Switzerland. JAPAN.—F. W. Horne, 70-c, Yokohama. 
ITALY.—Ing. Ercole Vaghi, Milan. GERMANY.—F. G. Kretschmer & C ompany, Frankfurt a/M. VIENNA.—Donauwerk Ernst Krause & Co., XX/2 Engerthstrasse 165. 

BIRMINGHAM.—Pratt & W hitney Co., Exchange Building, New Street. 5438 


in a very small angle. 








MADE IN TWO SIZESs8. 

















THE McKENZIE, HOLLAND, & 
WESTINGHOUSE POWER SIGNAL CO., Ltd. 


POWER SIGNALLING 








Address: 
58 Victoria Street, London, S.W. 
4 na Telegrams: “Powersig, London.” Telephone: 890 Westminster. PE sicity el 
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KERR, STUART 8 CO. 


LIMITED. 








WORKS : 
STOKE-ON-TRENT. 


OFFICES : 
I, BROAD ST. PLACE, E.C. 








All Communications to 
London Office. 9808 

















THOMAS. HUDSON, Ltd., 


SHEEPFORD BOILER WORKS, 
SOoOATBEBRIDVDGH, N.B. 


SOLID WELDED STEEL 
ANGLE RINGS up to 
6” x 6” x 1” by any 
Diameter. 











ESTABLISHED q 
1870. 





Makers of High-class LANCASHIRE and CORNISH 


BOILERS vp to 200 ibs. WP. ow apsmmaurrtin ON Wa OFPIOR Last 


_——— 
a 





# 
fa 
fs 





MOTOR CONTROL GEAR 


for all purposes. Ps. oe 


ADAMS’ MANUFACTURING CO., LD., Balfour House, Finsbury Pavement, LONDON, E.6. 


W ORES : _BEDFORD. 


a B AMBER’S” 7 “EYRE”. vcren Ml ae 
NON ENCRUSTING ZINCS YeVa tet 


Are free from cnnutiiniatais and rein action. 
Ensure a full and constant supply of ourreni. 
Have more than double the life of ordinary zines. 
Require little attention, with consequent low 


maintenance charges. Will outlive any other’ alloy'of this description under similar work. | 
Tazenaus—“ EYRISH, TONBRIDGE.” WRITH FOR PARTICULARS. TsLaruowe—No, 184, TONBRIDGE, 


THE EYRE SMELTING CO., Ltd., Tonbridge, Kent. 




















SME ats PE 
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Telegraphic Address: MANUFACTURERS OF Bessemer, Sheffield. 


CAST STEEL BY THE BESSEMER AND SIEMENS PROCESSES. 
[ALIpn CIALI 
rm Le "S pe ee. 25 


* 
FORGE DEPARTMENT. 


LOCOMOTIVE. CRANK AXLES, 


LOCOMOTIVE STRAICHT AXLES. 


Compressed Steel . . 
. . Crank Shafts. 


BUILT-UP MARINE CRANK 8HAFT8. 


ROLLED 
WELDLESS TYRES 


Locomotives, Carriages & Wagons. 


Special Hard Quality for Break Vans ana 
Tramway omotives, 


CASTING DEPARTMENT. 


STEEL ; 


Hydraulic Cylinders, 


FINISHED COMPLETE. 


Tested ‘and guaranteed to any 
required pressure up to 7 tons 
per square inch. 


HEAVY MILL GEARING 


IN STEEL. 


STEEL HAMMER TUPS, 
FACES & SWAGES, 


SPECIAL WARD TOUGH STEEL SPECIAL HARD STEEL ROLLERS 
\ SHOES AND DIES AND PATHS 9213 


For Gold Mining Purposes, &e. - : ; : a For Crushing Quartz, &c. 


ee wn 
































| 














THOMAS BROADBENT @& Sons, LTD. 


Telegrams: BROADBENT, HUDDERSFIELD. Telephone Nos.; 102 & I00I. 


i] 
‘ 





ELECTRIC OVERHEAD 
CRANES. 


SOAKER CRANES. | 
MAGNET CRANES. 
STRIPPER CRANES. 
OPEN HEARTH 


CHARGERS FOR RE- 
HEATING FURNACES. 


SLAB CHARGERS. 
BILLET CHARGERS. 
ELECTRIC CAPSTANS. 
LIFTING -GEARS. 
LOCOMOTIVE STEAM 


CHARGERS. CRANES. 
Overhead or Ground Type. HAULING WINCHES. 
JIB. CRANES. OVERHEAD 
; TRAVERSERS, 
PEDESTAL CRANES. Pe) tat 


a 


1561 





STEEL - "WORKS CRANES A SPECIALITY. 


LET US SUBMIT DESIGNS AND ESTIMATES. 


tone. tests HUDDERSFIELD, 00 "gman 
Canadian Representative :—-Mr. GEORGE H. TOD, 213, Manning ron ne Queen Street West, Toronto. 








dil 


110 





























Dec. 20,1911.) | ENGINEERING. - 31 























TEE... 
N i | G E, ‘ ic 
ationa as Ngine 0. 
vers LIMITED. 
AS SUPPLIED ~ SPECIAL, 
FOR FEATURES, 
Spinning ” Reliability 
Sheds, Regularity of 
Weaving Speed 
t Sheds, Low Oil 
Electric Consumption 
Driving, Positive 
Flour Starting 
Mills, _( Low Fuel ' 
i” _ ie ~ 9 - Consumption 
STANDARD TwWwo-CYLINDER NATIONAL GAS ENGINE. 
170 to 300 Effective Horse Power. 
elegrams— Telephone — 5143 
National, yo» 2 ASHTON aed UNDER rad LYNE. 425, panpnentenante 

















Dearn & C9 [I 
ANCHESTER;S.E. 





Trt MANCHESTER DONKEY or WALL Pomp FRANK 













PoweER Pump 





Horizontal Treble Ram. 


Single Acting Double Acting PEARNS CAMERON TYPE Pump 


National Telephone 


N° 3012/3 


"Telegrams 
“PUMPS” Mancuester. 





Vertical Treble Ram. Ga 2461 Single Ram. Double Ram. 
 ! LONDON: 49, Queen Victoria St. B.C. GLASGOW: “P. & W. MACLELLAN, btd.,-120, Trongate, NEWCASTLE-ON-TYNE* E. CLEATON REES & CO., 93, High Bridge. 


~~ 
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_ 
“RUSTON” ¢ Original “WHITAKER” 


STEAM NAV VLIES 





























The Illustration shows our 


New 18 Ton CRANE NAVVY, 
which will excavate a face 
30 FEET DEEP, and deal with 
1800 GUBIC YARDS of 
ordinary material per day. 


























SOLE MAKERS: 


RUSTON, PROCTOR «Co. 
wo sr LINCOLN, ™ 


46, Queen Victoria St., ENGLAND. 
fas LONDON, E.C. 


























Flender Wood Split Pulleys are just as rigid and 
long-lasting as steel pulleys. 


But a “Flender” is of less than half the weight 
of a metal pulley, and it grips the belt better. 


Flender Wood Split Pulleys by their lightness and 
rigidity save power wherever used. Further advan- 
tages that count for much in busy shops are the 
quickness of fixing, and the interchangeability of 
“Flenders.” 





WRITE FOR CATALOGUE NO. 7. 


THE FLENDER COMPANY, 


Broad Street House, New Broad Street, LONDON, E.C. 


Telegrams ; “Flenderim, London.” © ° ‘ ° » * ° Telephone : 4136, City. 
Ask your Dealer for Fiender Weied Split Pulleys. 1766 
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DICK, 





THE 


STATIONARY TYPE. 
For Crude Oil 








PORTABLE TYPE. 
For Crude Oil 164 to 37 B.HP. 
For Refined Petroleum 2 ,, 26 B.HP. 
Starts in <& minutes. 
No Lamp required except for starting. 
No external flame when working. 





BRANCHES :— 
LONDON: 81, Cannon St., E.C. 


Telegrams—‘‘ Engimanu, London.” 
Telephone—3144, Central. 


ADELAIDE .. 61-63, Hindley Street. 
ALEXANDRIA . Rue de la Gare du Caire. 
AMSTERDAM . Spuistraat 6 & 8. 
ANTWERP . 83, Rue des Peignes. 
BOMBAY .. Ballard Road. 

BUENOS AIRES . 833 Calle Peru 335. 
CAIRO. . Rue Bab-el-Hadeed. 
CALOUTTA 99, Clive Street. 


CHRISTCHURCH, N. z. South Belt. 


DUBLIN 1, Rutland Square, E. 
GLASGOW . 28, Graham Square. 
GERALDTON, W.A... Marine Terrace. 

PARIS .. ee -. 28, Boulevard de I'Hopital. 
MELBOURNE... . 131, William Street. 
SYDNEY .. 7, Bent Street. 

TORONTO . Corner King &Simcoe Streeta. 
TUNIS .. 19, Rue de Portugal. 





ESTIMATES & FULL PARTICULARS POST FREE. 









Telegrams—‘“* BLACKSTONES, STAMFORD.” 1633 
Suephenee— Hen. 307 and 308 (Two Lines). 
odes used—LIEBER’S, Al, ABO (4th & 5th Eds). 








BLACKSTONE OIL ENGINE 


164 to 105 B.HP. 
For Refined Petroleum 2 ,, 75 B.HP. 


BLACKSTONE & CO., L!- Stamford, England. 











CO., Ltd., 





ROLLING -STOCK AND LOCOMOTIVES 
FOR ALL CLASSES OF PORTABLE AND 
LIGHT RAILWAYS. = 


HEAD OFFICE: ABCHURCH YARD, CANNON STREET, LONDON. 


From a photo of a 17 B.HP. 

Portable Oil Engine, with 

Self Starter and Friction 
Pulley. 


The Engines of this series are 
mounted on strong steel wheels 
and closed steel girder frame. 
ee system of cooling is on an 
a and ey effic: ~ + 
rinciple. A gun-metal pump 
coed to circulate the water. e 
exhaust pipe opens into the 
chimney and causes a current of 
air to pass through the circu- 
lating water. 
These Engines are largely used 
for driving portable threshers and 
trussers, also for sawing, general 
estate work, and by contractors, 
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IMPORTANT TO ITRONFTOUNDIAERS. 







NEW HAND PRESS MACHINE FOR SMALL REPETITION WoRK. [L@gnomical in First Cost 
and Most Efficient. 


HAND RAMMING MACHINE FOR DEEP LIFTS 












ALSO 4 | 
MANUFACTURERS OF A = 
= 
ROOTS’ ree 


“ACME” BLOWERS. f{\~--— JI 
PORTABLE FORGES = “™™RENREe-riipe | 


CROUND 
TUM A ONY LM 
and “= 


SMITHS’ HEARTHS, 


= 





IN ALL VARIETIES. 





APPILT TO - 6326 


SAMUELSON & CO., Ltd.. BANBURY, England. 


CONTRACTORS TO THE ADMIRALTY, WAR OFFICE, COLONIAL AND FOREIGN GOVERNMENTS. 


———— 




















JOHN H. WILSON & Co. Lrp. 

















45-Ton Steam Excavator or Navvy. Ref. No. 28 E. 1926 25-Ton Steam Breakdown Crane. Ref. No. 22 0, 


STEAM & ELECTRIC CRANES. STEAM CRANE-EXCAVATORS. GRAB CRANES. 
CONTRACTORS’ PLANT. STEAM & ELECTRIC WINCHES. WINDLASSES & CAPSTANS. 


Head Office and Works: Dock Road, | SEACOMBE, 


“TURRRTS(SnRguETConbee’oo’ Leadon Office: 18, VICTORIA’ STREET. WESTMINSTER. near BIRKENHEAD, 

















MOULDING MACHINES ron FOUNDRY REPETITION WORK. 











re 


St 


Fe 
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| Every: Manufacturer asks himself this question : 
“HOW CAN I INCREASE MY PROFITS?” 


This 
is easily answered. 


















Put down 


DEAN, SMITH & GRAGE 
LATHES. 












They are mg 
cost reducers. 










Let us communicate 






ON ten 5 





with you. 





—elitmah a Te ee 








AGENTS: 
FRANCE: Louis Brass, 39, Rue de Lappe, Paris. 
SPAIN: A. H. Scnurre, Barcelona. 
CANADA: Mussens Limirep, Montreal. 
SOUTH AMERICA: Pinsent, Matrusws & OCo., 
Buenos Aires, 


ITALY: Ine, Erncoue Vaent, Milano. 
Lathe Pir sim 








AUSTRALIA: MoPuerson & Son, Melbourne. 
5 enna 8. AFRICA: D. Drury & Co., Johannesburg. 
HOLLAND: Van Riercnoren & Hoovens, Rot- 


terdam. 




























= The World Renowned Steam Valve Specialists: 








,  COCKBURNS LIMITED. =: 
Exclusive | & . Admiralty. 
Makers . 1 rn — ene 

- of War Office. 

“Cockburn’s” —— ae 
Patent India Office. 
Safety Stop —«— 
and Colonial and 
Reducing Foreign 
Valves. Governments. 
—:0:— of 
Patent Trade. 
R.D.S. fier 
Steam Traps. Lloyds. 
a 
“Boothman ” — 
Patent pee 
Feed Water 
Filters. q j Path Law 
_— : i ge Hamburg 
Spiral CLYDESDALE ENGINEERING WORKS, 14 seat 





Telegraphic Address *»  GOCKBURN, GLASGOW, 
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WORFrOLK wWworRzZ:s, SHEEELIE LD. 
LONDON OFFICE: 8, THE SANCTUARY, WESTMINSTER, S.w. 





STEET CSA STINGS 
ANY SIZE OR WEIGHT. | 
SPECIAL MANGANESE STEEL FoR STONEBREAKERS, CRUSHERS & DREDGERS 
Contractors to British Admiralty, War Office, India Office, &c. én 





= 





“LILLESHALL” ENGINES. 
rn Tie COLLIERY, FURNACE, ROLLING MILL on POWER STATION. 


LN «=6AIR COMPRESSORS 


a RHUL TL FITTED WITH 
ROGLER-HOERBIGER PATENT VALVES, 


FRIGTIONLESS, RELIABLE, EFFICIENT, 
BELT, STEAM, GAS or GEAR DRIVES 


ALL SIZES FOR ALL PURPOSES. 


CONSTRUCTIONAL WORK, HEADGEARS, 


ETC. 


(NURNBERG TYPE) 
GAS ENGINES 40 TO 4000 B.HP. 

















Madejto Drawings and Particulars Supplied by M.A.N. 


THe LILLESHALL COMPANY Limitep. 


Einginecring Department, — 


IE al OAKENGATES, SHROPSHIRE, rc. o'onte8icee 
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PAXMAN - LENTZ 
ENGINES. 


Positive Valve 
Gear. 


High Speed. 


Noiseless. 


Steam 
Consumption 
9.8 lb. per I.HP. 


Simple and 
Reliable. 


DAVEY, PAXMAN & CO., L>- COLCHESTER, England 


LONDON OFFICE: 768, QUEEN VICTORIA STREET, B.C. 

















ps ; es LONDON 

OFFices: aay m . Ses Le” - OFFICES: 

ST. ’ bE os i ‘ ; : < ~ ; : a ‘s- 7 2 36, | 
IRONWORKS, fia fn a - Bee. GRACECHURCH 

BRISTOL. * 4 es “3 / STREET, 
3 i E.C, 














Extensions to Messrs, Vickers, Sons & Maxim's Engineering Shops, Barrow-in-Furnese, 
Des‘gned, Constructed and Erected by John Lysaght Limited, 1841 


BRIDGES. GIRDERS. ROOFS. BUILDINGS. 
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LONDON OFFICE: ba} 9, Victoria Street, S.W. 


 CAMMELL LAIRD & CO., Limite, 


HEAD OFFICE: CYCLOPS WORKS, SHEFFIELD. 
STEEL MANUFACTURERS, SHIP BUILDERS AND ENGINEERS. 


USE— 


CYCLONE SPECIAL 


HIGH-SPEED STEEL 


WHICH MAY BE HARDENED IN AIR, OIL, OR WATER, 
AND HAS FOUR TIMES THE LASTING PROPERTIES OF ORDINARY © 

















és HIGH-SPEED STEEL. wes 
HIGH-SPEED BALL-BEARING DRILLS 


MAXIMUM EFFICIENCY. MINIMUM TROUBLE. INCREASED OUTPUT. 





MADE IN THREE SIZES. SINGLE OR MULTIPLE SPINDLES. DELIVERY FROM STOCK. 


H.W. WARD & Go, Losi. BIRMINGHAM. 
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| HAVE YOU HAD YOUR COPY 


IF NOT, WRITE US! 








aa » ie 
a) 
ia 2% 
2. 
“fe _ Ci > “a 
ain Pg x ° +t 
s a 
x * 0 % 
‘ ie % - 
bis 





The Hoffmann Manufacturing Go., Lid, ~ 
CHELMSFORD, ESSEX. 


B.HP. 
OF THESE 
‘HAVE BEEN 


ALREADY 
INSTALLED. 





























- 1000 B.UP. GAS ENGINE driving 700 KW. Generator. _ 


ILLIAM BEARDMORE « CO., Lt. 
GLASGOW. 





1881 





BEEIOLEIN TT. 











WRITE TO US FOR PARTICULARS. 
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“SUCKLING” _WATER-TUBE BOILERS | | 











Ess. (PATENTED.) 
DISTINOTIVE FEATURES: Perfect Oirculation. Large Water Storage. Ample Steam Space. 
Olean Heating Surfaces. Saving In Space, Weight, éc. Highest Efficiency. Drv Srzam. 


a oe wrirnatinaseenseiad 





Unsolicited Testimonials. 


What Users Say: 


“The Boilers you sent out are giving absolute 
satisfaction in every respect.” 


“Boilers working extremely well.” 





“Supply another similar in every respect to 
last large one.” 


“No trouble whatever.” 


“The evaporation per square foot of heating 
surface is very high in comparison with most types 
of Water-tube Boilers, and the steam produced is 
practically dry.” 











SOLE MAKERS: A High-class Boller at Moderate Cost. Suitable for Export. 


THOMAS BEELEY & SON, Ltd., Hyde, MANCHESTER. 

















PHILADELPHIA, PENNSYLVANIA, U.S.A. 


LABOUR-SAVING | 
MACHINE TOOLS 


No. 2 Tool Grinding & Shaping Machine 
for 2in. by 14 in. Tool Shanks. 





Neblan Mlle 








Applicable to a very wide-range of tools. 
Shapes and grinds tools quickly and economically. 
Does not require a mechanic for operator. 
Saves time and money. ie 


CORRESPONDENCE SOLICITED. 


South American Representatives :— 
DUTILH-SMITH, McMILLAN & CO. 
29, Great St. Helen’s, LONDON, E.C. 
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Laurence, Scott & CO.,, Ltda erce:-onns sere: 


ABO Code, 4th and 5th Editions 
Engineering Code, 2nd Edition. 


Estab. 1884. Norwich. Telephone No. 246. 





_ Ras ke ag eg 

















54/4. Totally-enclosed Vertical Pump Motors with ball bearings. 1809 ne 
Guaranteed to pull the heaviest cuts. The gears in headstock run in oil bath, all 
Built to guaranteed limits of error. changes are made quickly, and are absolutely 


Single pulley drive. 16 spindle speeds. Hollow foolproof. 
spindle. Six positive feeds. -| Made in three sizes: 124”, 10” and 8” centres. 





SEND FOR CATALOGUE. 


RGE SWIFT & SONS, 


Range Bank, HALIFAX, England. 1s 
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Telegrams—‘‘ SKEFKO, LONDON.” ‘ Telephone—9641 GERRARD. 
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ALL BEARINGS °::35 


ee SSeS 


\\ 


Are the Engineer's Ideal, because: 





They are theoretically correct in design and mechanically correct in construction. 
They are the simplest to handle, and the easiest to apply. 

They contain the largest number of balls, and therefore carry the heaviest loads. 
Their efficiency is not impaired by slight shaft deflections or axial thrusts. 

They are made from the finest cast steel procurable, and both balls and races are 





hardened throughout, ensuring the maximum durability. eons 
THE SKEFKO BALL BEARING CO., LTD., 
Works—LUTON. Carlton House, Regent Street, LONDON, S.W. 
Branches at—Dusse_porF: Scheurenstrasse 7. Agencies at—Berlin, Vienna, St. Petersburg, Brussels, 
Paris: 19, Rue de la Gare, Levallois. Parent Factory— Melbourne, Christiania, ‘openhagen, 
MILAN: ¥ Via Rovani. A-B. SVENSKA KULLAGERFABRIKEN, The Hague, _Helsingfors, Stockholm, 
New York: 50, Church Street. GOTHENBURG, SWEDEN. a Zurich, venaaed Aires, Tokio, 




















THE 
HOWARD PNEUMATIC 


ENGINEERING CO,., Ltob., 
LONDON. 3 


Works :—EASTBOURNE. ‘ 


JOHN BULL 


DRILLS. 





SEND FOR |= 
CIRCULAR No. A 60. 


MADE IN 
FOUR SIZES, 
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STEAM PUMPS. 


“SPECIAL” or BUCKET or 
DUPLEX. RAM PUMPS. 
| FoR MINING, 
COMPOUND DRAINAGE, 
OR PRESSURE, 
CONDENSING BOILER-FEEDING, 
ETC., ETC. 





JO: BIRMINGHAM. 


No. 411 B. 


CAMPBELLS & HUNTER, LTD., 


Dolphin Foundry, LEEDS. 


Nat. Tel. : No. 768, LEEDS. Telegrams: “DOLPHIN, LEEDS.” 




























n 4 HIGH-CLASS MODERN 


HORIZONTAL, BORING, DRILLING, TAPPING, DRILLIN & 
STUDDING & MILLING MACHINE 
AND 


8 ft. vertical by 18 ft. horizontal range. 
MACHINERY. 





k 
Ds 
‘ 

z 


Bin. Spindle. 34 ft. Feed. Table 18 ft. by 8 ft. 
16 Spindle Speeds. 8 Positive Feeds. 
Direct motor driven. 





ALL TYPES AND SIZES 


FOR 


© - Engineers 
Sl ,, AND 1008 
Boilermakers 
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SIEMENS 








LARGE ELECTRIC MOTORS 





CONTINUOUS-CURRENT MOTOR 
1,700 HP., 70 to 100 R.P.M. 


SIEMENS BROTHERS DYNAMO WORKS LIMITED. 


Head Office : Supplies Dept. & Stores: “‘Tantalum’’ Lamps & Fittings 1 
CAXTON HOUSE, WESTMINSTER, &.W. 39, UPPER THAMES STREET, E.C. TYSSEN STREET, DALSTON, N.E. Ing 
Telephone: GERRARD 860, Telephone: LONDON WALL 8270. Telephones: CENTRAL 8387/9 & DALSTON 2140, 
Telegrams: “ SIBMBRALOS, LOWDON." Telegrams: ‘‘ SIEMOTOR, LONDON.” Telegrams: “‘ SIEMODYN, LONDON. 
Werks : STAFFORD. 
BRANCHES: 

AUCKLAND (N.Z.) BUENOS AYRES. DELHI. JOHANNESBURG. NEWCASTLE. RIO DE JANEIRO, TOKYO. 
BANGKOK. CALCUTTA. DUNEDIN (N.Z.) MADRAS. OSAKA. SHANGHAI. TORONTO. 
BIRMINGHAM, CAPE T DURBAN. MANCHESTER. PEKIN. SHEFFIELD. VALPARAISO. 
BOMBAY. CARDIFF. GLASGOW. MELBOURNE. PENANG. SINGAPORE. WELLINGTON (N.Z.). 
BRISTOL. CONSTANTINOPLE. HONG KONG le RANGOON. SYDNEY. WINNIPEG. 
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< Dede 
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manner. 


@_ is a_ straightforward application of the 





laws otf heat transmission in the simplest 


@ It makes no equivocal claim to illusory 


economies, but it fulfils its guarantees on 
less weight, space and surface than any 
other. 


@_ It minimises scale troubles. 


@ It is fitted on over 290 vessels of over 


4,000,000 HP. 


@ It is built to our designs by 52 of the 


leading marine engineering firms in this 


country and abroad. 


@ “Some Developments in Marine Surface 


Condensers and Air Pumps” on application. 


G. « J. WEIR, L*”. 


Specialists in the Design and Manufacture of Marine Auxiliary Machinery, 


Cathcart, Glasgow. 
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VICKERS 











a a 


ROPELLER FANS. 


for the removal of smoke and acid-laden 
air from factories, laboratories, &c., and 
for heating and ventilating installations 
of both the Plenum and Exhaust Systems. 
Supplied for Belt Drive as in illustration, or 
direct coupled to A.C. or D.C. Motor. Stan- 
dard Fans kept in stock. 


THe ELECTRIC & ORDNANCE ACCESSORIES CO., Lip. 


Proprietors :—VICKERS LIMITED, 


ASTON, BIRMINGHAM. 















































VICKERS 


‘DURALUMIN 








AS LIGHT AS AS STRONG AS 
ALUMINIUM. STEEL. 


This metal, an alloy ot aluminium, is unequalled 
for constructional and manufacturing purposes 
of all descriptions where lightness is essential. 


VICKERS umiren. 


Vickers House, Broadway, Westminster, S.W. 


























oo 








‘| ARMOUR 
PLATES. 


PROJECTILES 


AND 


EXPLOSIVES. 
GUNS 


AND THEIR 


MOUNTINGS. 











{WARSHIPS « COMMERCIAL VESSELS 


| OF ALI. T®WRPrEs. 


FLOATING 
DOCKS 


AND 


GRANES. 
DREDGERS. 
ICE- BREAKERS. 
TURBINES. 


1852 
Naval Construction Works, 


BARROW-IN-FURNESS. 














LVICKERS ure, 
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| (Proprietors :—VICKERS LIMITED.) 





INTERNAL COMBUSTION 


a MARINE, & AERO. ENGINES 


Once locked it cannot be 10 =F. TO 65OO HBF. 
tampered with. 


SIMPLE, 


There are only four com- 
ponent parts. 


ECONOMICAL. 


A new set of blades in 
High-speed or Carben 
Steel may be purchased 
at a moderate cost. 








For repetition work requiring accuracy 
and good finish it is THE tool. 


VICKERS LIMITED 


Small Arms and Tools Dept., 
VICKERS HOUSE, 


BROADWAY, WESTMINSTER, 5.W. 








12-HP, FOUR-CYLINDER PETROL MARINE ENGINE. 


Send for New Catalogue G., post free on request. 


THE WOLSELEY TOOL & MOTOR CAR CO., LIMITED, 














I agp rc _ | ADDERLEY PARK, BIRMINGHAM. 
2 & 4, Whitechapel Rd.. Remi E. Telegrams: “ Exactitude, Birmingham.” Telephone: 6153, Central, Birmingham, 
5h, Station St.. BiRMINcHaM. Contractors to the Admiralty, War Office, &c. 


























27, Cadogan St., Giascow. 









































VICKERS 


HIGH-SPEED AND OTHER TOOL STEEL. | 


CAST STEEL TYRES, CRANK AND STRAIGHT AXLES. | 
SOLID CAST STEEL CROSSINGS. | 


FORGINGS & CASTINGS. 




















VICKERS LIMITED, “Taree 
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JOHN BIRCH & CO., LIMITED 


2, LONDON WALL BUILDINGS, LONDON, E.C. 


Telegraphic Address: “ ENDEAVOUR, LONDON.” 








Purchase, Inspect, and Ship Material and 
Machinery for Engineers and Contractors 
abroad, and act as Home Agents for 
Foreign Dockyards, Arsenals, Railways, 
Engineering Shops, Foundries, &c. 


Estimates, Plans and Specifications sub- 
mitted for all classes of Machine Tools, 
Machinery, Sea-going and River Steamers, 
Barges, Dredgers. Rails and Rolling 
Stock provided to Main Lines. 





Planters and Contractors supplied with Medium, Light and Portable Railways complete. 


—— CORRESPONDENCE INVITED. — 


Montlily Prices Current of cineunin ee Material mailed free on application. 




















































Telegraph Codes used :—Our own Private Code and 12 others. 1384 
Cnein Elevators Merchant Pedestal 
Belt Elevators iaaad dealin “ HIGH-CLASS 
Tray Elevators Steel Collars Chains and 
Tilting Elevators ww) Brackets Chain Belts and G fos N D ] N G 
— 7 Barge Elevators Hanging Brackets Chrin Wheels 
utomatic Ship Elevators Single H for every class of 
and Rapid Grain Elevators moa ieeiners work. WH EELS. 
my Coal& Coke) = Coal Elevators Sole Plates 
* 3 ae ate Ore Elevators 
ee on] ° . 
Handl'ag > nt All at wholesale prices if UP-TO-DATE 
Piants. : quantities are ordered. 
Coal Conveyors 
Coke Conveyors We stock Pedestals and Bear- G R I nd D | NY G 
B nd Conveyors : : . 
eunieiaaeenes ings to suit all sizes of Shafts. MACHINES 
4 Se Chain Conveyors . 
mat Chain Conveyors GILBERT LITTLE CO., Ltd., 
9 Tra, Conveyors HORTON 
ie Spiral Convevors WORKS, B RADFO R D. Send for Illustrated List. 
ee RN 
© 
The Foster STRAINMETER (Leaflet £ 14).| MITCHELL'S EMERY WHEEL CO., 
: Globe Works, Bradford, MANCHESTER. 1460 





Foster Instrument Co., Letchworth, Herts., England. 213) Tel. No. : 3575 Centra’. Tel. Add. : Diameter, Manchester. 








~SANDYCROFT °°" crester 
Mining and Gtectricat 
Machinery, | 


| BILLINGTON « NEWTON, 


MANCANESE BRONZE. LONGPORY, STAFFS. stata 


Manufacturers of 











| PHOSPHOR TIN. MAGNOLIA METAL. 
PHOSPHOR COPPER. BABBITT’S METAL. 
PHOSPHOR BRONZE. WHITE BRONZE. 


And other Anti-Friction Metals. 


; SPECIAL COMPRESSED PHOSPHOR BRONZE FOR 
abi Seis nites BEARINGS AND SLIDE VALVES. ve 


85% Elongation in 2in, 





Telsgrams3: “BRONZE,” LONGPORT. Telephone: No, 304, POTTERIES. 
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SUSPENSION BULB FURNACE 

BOARD OF TRADE BOARD OF TRADE 

CONSTANT FOR HIGHEST CONSTANT 

— cosinnsSus Fore 
15,000. 14,000. 
The HIGHEST 

STRONGEST FAGTOR of SAFETY. 
FURNACE UNIFORM 
MANUFACTURED. GREATEST DIAMETER OF FURNACE EVER OFFICIALLY TESTED TO COLLA THIGKRESS. 

aaieeeery ————— a oo. Lrparrep. HEADS. re 

















COMPRESSORS 


for GAS or AIR. 


SINGLE or MULTI-STAGE TYPES 
For ANY PRESSURE or OUTPUT. 


PETER BROTHERHOOD, Ltd. 


PETERBOROUGH. 
CONTRACTORS TO THE BRITISH AND OTHER GOVERNMENTS, 


Racing oe & nel Puctnent Street, echelon 














W. H. ALLEN “Son & Co, Lia. 
QUEEN ANNE’S CHAMBERS, WESTMINSTER, S.W. Queen’s Engineering Works, BEDFORD. 





™= “CONQUEROR” CONDENSING MACHINERY 


(Surface Condensing Plants and Jet Condensing Plants of the Low Level and Barometric Types). 


HIGH 
EFFICIENCY. 


HIGH ~ 
VACUUM. 








m Low Power REeQuireD 
FOR 


Drivinc Pumps. 


SMALL QUANTITY 
OF 
CircuLaTina WATER. 
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A FEW INDUSTRIES WHERE “BENNIS” MACHINE STOKERS AND SELF-CLEANING COMPRESSED 
AIR FURNACES, FED BY “BENNIS” ELEVATORS AND CONVEYORS, ARE REDUCING 
FUEL COSTS, INCREASING BOILER DUTY, AND MAINTAINING 
SMOKELESS CHIMNEYS. 























A Yorkshire Oil and Cake Mill with low fuel costs and a smokeless chimney. 


An Amiterdam Municipal Electricity Works, where ‘ Bennis” 
Stokers and Chain Conveyor are yielding a handsome 
profit on the initial outlay. 

















Weaving Mills of an enterprising firm in the North-West of England. 








One of the Collieries of an extensive coalfield in South Wales. 




















~ 


An Electric Tramway Station in[South Lancashire that is making cheap 
current induced by cheap steam. 





A range of ‘‘ Bennis” Stokers to which the coal is distributed by means of a system of ‘‘ Bennis” U-link Chain Conveyors. 





For “‘ Fully Illustrated Descriptive Pamphlets of Individual Installations,” write to Ep. BENNIS & CO., Lap., Little Hulton, Bolton, or 28, Victoria Street, London, S.W. 
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STEAM HAMMER 
LEAK 
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STEAM HAMMER 
PACKING 


WILL KEEP IT TIGHT 


MADE TO FIT EXACTLY ANY SHAPE. 
ROD AND STUFFING BOX 
Write Ser particulars Lo :— 


James Walker e& Co, Ltd. 


LION WORKS.GaRFoRD STREET, 
WEST INDIA DOCK ROAD, LONDON.E. 































Even without the metal studs, Lion ¢ Therefore the advantage of metal ¢ The studs are so placed that they 
touch the rod at all points, thus 


studs places Lion Packings in a 











Packings would be as good as any 
other Packing on the market, for 
they are made of the best selected 
materials, and when acted upon by 





the working pressure, automatically 





gives absolutely tight service with- 





out undue pressure on the rod. 





class by themselves, for it unites 
in them the advantages of both 





Combination and Metallic Packings 





with the disadvantages of neither. 





securing a complete metallic wear- 





ing surface which reduces friction, 





does away with the scoring of the 





rod, and lengthens the life of the 





packing. me 














THE GONTRAFLO SYSTEM OF CONDENSING 


MASIMUM EEE ICIENCY.. 








MAIN CONDENSER WITH TEMPERATURE REGULATOR. 


The Contraflo The Adoption 


System of the 
Provides Contraflo 
for the System 


Maintenance of on Steamships 





High Vacuum means a 
CONTRAFLO CONDENSER 
in all ; fd -cepcnal REGULATOR | Reduction in 
Temperatures Consumption 
and an 


of Sea Water 


and affords 


Increase in the 


Profit Earning 





Maximum 
Thermal Capacity of 
Efficiency. the Ship. 


@ 
©@ § C6 § OOF OOF 08 
ao 
oo 





bo 
Section through Condenser A UX | LI A RY CON DE NSE R. Section through Condenser. 





and Detachable Hotwell. 
(NON-VACUUM TYPE.) 


The “CONTRAFLO” AUXILIARY WINCH CONDENSER consists of a number of separately drained compartments 

arranged in series, each of which is brought successively into use by successive increases in the quantity of steam to be 

condensed. The resultan. feed-water is therefore collected at a very high temperature under all conditions of working, and 
consequently has a marked effect upon the coal consumption of the boiler, 


THE CONTRAFLO CONDENSER & KINETIC AIR PUMP GO., LTD. 


4, Lloyds Avenue, Caledonian Buildings, 19, St. Vincent Place, 
LONDON, E.C, NEWCASTLE=-ON=TYNE. GLASGOW. 1552 
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BAILEY’S TESTERS 


USED BY THE BRITISH AND MOST FOREIGN GOVERNMENTS, THE LEADING UNIVERSITIES, TECHNICAL 
SCHOOLS, RAILWAYS, CONTRACTORS, IRON AND STEEL WORKS. 





The LONGRIDGE BOILER TEST CEMENT TESTER 
SOLER TEST PUMPS, AND STEEL TESTER HYDRAULIC TEST PUMP. PRESSURE 






5100.—HYDRAULIC IRON “PRINCESS OF THULE” 504!1.—DEADWEIGHT 
PUMP. Packs in small leather (Table Pattern). 
case; weighs only 19 Ib. 300 Ib, = To 25 tons Tensile Stress- £130 For Marine Boilers, &c. GAUGE TESTER. 
Price to test up to 300 Ib, £8. Made to British Standards. oh - as 3» » — » _ £200 Price £20 for Pressures to 200 Ib. To 200lb, - £10 1s. 
e » 500 1b, £9 10s. 50 tons, with Grips for £25 500 Ib. 300lbh - #15 
Tensil ” ” ” ” ” 
— 8, oo a £30 ,, a » 1000 1b, Useful to all large users of gauges 





Bailey's OIL TESTERS 


Supplied to the Admiralty, the 
large Steamship Companies, the 
Principal Railways, &c. 
















The ‘WHITE STAR” LINE says: 
‘*We may say that the machine is all that we 
can wish for our work, and we are very pleased 
with it in every way.” 


AUSTRIAN LLOYDS says: 

‘* With reference to the Oil Tester supplied by 
you last year, I am pleased to say that we are 
quite satisfied with the results, which have enabled 
us to provide our fleet with a suitable lubricant 
for the yearly supply.” 














5153.—BAILEY’S PATENT PRESSURE AND VACUUM GAUGE TESTER. 
Tests any Gauge from 10 to 2000 Ib. per square inch. 


GAUGE TESTE _EsS. 5120.—BAILEY'S PROF. THURSTON’S PATENT RECORDING OIL TESTER 





For Testing Lubricating Oils and Bearing Metals under Various Pressures. 


Supplied to nearly all Governments and large Users of Gauges, British Admiralty, North- 
As Supplied to the British Admiralty, all the Railway Co.'s. 45 


Eastern Railway Company, London & North-Western Railway Company, &c. 


| W. A. BAILEY & GO., Ltd. “',, Salford, MANCHESTER. 








Nat. Tel. :— 
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WALKER BROS. wican, U> 


RPagefield Ironworks, WIGAN. Established 1866. 


odes: ABC 5, WESTERN UNION, LIEBER’S, MOREING & NEIL’S MINING, and Al. Telegrams: “PAGEFIELD,” WIGAN. 


AIR COMPRESSING ENGINES 


To LATEST PATENTED DESIGNS (also oper to 1 Engines). 














STEAM and ELECTRICALLY DRIVEN VENTILATING FANS. 
WINDING, HAULING and GENERAL MINING MACHINERY. 
DRIVING ENGINES for all purposes. 


WILDE & PHTEIES 


PATENT OVERWINDING & OVERSPEED CONTROLLER FOR WINDING ENGINES. 


ttl it i tt tt el tl ltt ka, ee tn nt Bi gt Bi he i eet etd 


A. G. MUMFORD, Ltd. 


ENGIN HERS. ) 














OM ADMIFNRAL TY LIST. 


VERTICAL DIRECT-ACTING 


SIMPLEX PUMPS 


FITTED WITH 





MUMFORD & ANTHONY’S PATENT VALVE GEAR. 


BOILER FEED, BALLAST, 
AIR PUMPS. 


SIMPLE OR COMPOUND. 





\ 


id 
i “4 
phe Fel? si 


tt et 


| 





RELIABLE, EFFICIENT and 
ECONOMICAL. 


For Marine or Land Purposes, Electric Light Stations, &c. 


add 
eg GU ct tt a ge 





BOILER FEED PUMP. 


BBR APRA IR PLL BOOP PIPUQUPEQLO POPUP PPL P LLL LL LAL LAA LOLOL OLA LO OA A A ALL Le 


Full particulars and prices for Pumps for all duties— 


Culver Street Engineering Works, COLCHESTER. 24 
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RICHARDS’ 
PERFECT PULLEYS. 


Guaranteed to Run True on the Shaft. 








CAST Also Shafting, 
. on Oe Couplings, 
CENTRES. Hangers, and 
MILD Pedestals 
STEEL Others of all 
RIMS. “* - Beye descriptions. 


London Representative: EDWARD TILSTON, 
12, SICILIAN AVENUE, SOUTHAMPTON ROW, LONDON, W.C. 














Catalogue on application to 


GEORGE RICHARDS 2C0., 


Broadheath, near Manchester. 


; 





\-+ 
\ 
\ 
\ 





— ——- 


WHOLE PULLEY, 


PATENT 





SPLIT PULLEY. 








SILENT AIR COMPRESSOR. 





Speed up to SPECIAL FEATURES. 
400 Revolutions per HIGH SPEED. 
Minute. 


ACCESSIBILITY. 
SILENT RUNNING. 
FORCED LUBRICATION 





FITTED WITH OUR NEW PATENT MULTIPLE PLATE VALVES. 
ALL SIZES UP TO 4000 CUBIC FEET PER MINUTE. Complete Catalogues will be sent on application. 


Amongst the users of these Compressors are the following well-known firms :— 


Sir W. G. ARMSTRONG, WHITWORTH & CO., Ltd., THE GLOBE PNEUMATIC ENGINEERING CO., Ltd., MATHER & PLATT, Ltd., Salford, Manchester. 
Newcastle-on- Tyne. London. KERR, STUART & CO., Ltd., Stoke-on-Trent. 

STOTHERT & PITT, Ltd., Bath. S. G. MARTIN & CO., St. Petersburg. 

J. HOWDEN & CO., Ltd., Glasgow. THE GENERAL ELECTRIC CO., Ltd., Witten, 

GLANMOR FOUNDRY CO., Ltd., Gla mor, Lianelly. Birmingham. ; 


London Agents for Air Compressors: J. F. WOLFF & CO., Ltd. Sanctuary House, Westminster. Telephone No. 562 Westminster. 


TILGHEMANS PATINT SAND BLAST OOC., 


BROADHEEATH, war MANOMES TIE. 


SKINNINGROVE IRON CO., Ltd., Garlin How, Yorks. 
SANDYCROFT POUNDRY CO., Ltd., Chester. 


741 


x.'I'3)., 
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GARDNER PATENT CRANK PIN TURNING LATH 


Enormous Saving in Crank Pin Machining Time. 























Ges fh 





(FULL PARTICULARS QN APPLICATION.) 


SOMETHING QUITE NEW! 





L. GARDNER & SONS, L® 


Patricroft, 


MANCHESTER. 





Telegrams : ‘‘ THEOREM, PATRICROFT.” 


Telephones: 254 and 48, ECCLES. 1866 15-in. CRANK PIN TURNING LATHE. 


| 





















av 









Se 


WINDING 
ENGINES, 
also Uniflow 
STEAM WINDING 
ENGINES, 
High and Low 
Pressure 
OENTRIFUGAL 
PUMPS, 
MINE PUMPING 
PLANTS. 
Two-cycle 
GAS ENGINES. 
Four-cycle 
GAS ENGINES. 
MILL ENGINES. 
BLOWING 
ENGINES. 
ROLLING MILL 
PLANTS. 
FORGINGS of every 
kind and size, 











STRUCTURAL WORK 
STEEL AND IRON 
EISENHUTTE OBERHAUSEN, BLAST FURNACE GAS ENGINE, 1500 HP. CASTINGS. 


Agents: HERMANN WEDEKIND, Ltd., 110, Fenchurch Street, London, E.C. 

Agents for Scotland and Ireland: WILLOCK, REID & CO., Ltd., 109, Hope Street, Glasgow (General Agents for Gas Engine Work). 
Agent for the East Coast between the Humber and Tyne: PY LL ae HAROLD 8H. EARLE, Milburn House, Newcastle-on-Tyre. 
General Sales Engincer for all Engine Work and Plants: ou ® JAMES TURNBULL, 3, New Strcet, BIRMINGHAM. 1:68 
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HORIZONTAL MILLING MACHINES 








: ” 
No. 3 - 21” x 7” x 16’. . 

No. I - 12’ x 33" x 8’ ai! ll 

No. 2 - I5’x 53” x 12” No. 22 - 42” x I3}" x 21’. 

i 7° ae F i 16" Our full range of Horizontal Milling Machines 

No. : 7 - vi 4 a cover all requirements for a very large variety 

No. I2 - 42” x 12” «x QI’ of work. 830 

No. 22 - 42° x 13)" x 21 Machines can be supplied with standard sets 
PROMPT DELIVERY. of cutters, or special cutters can be furnished. 


ALFRED HERBERT, Ltd, Coventry. 
GAS 


CAMPBELL” 24S; 


Single Cylinder, or 
Two Cylinder 
Tandem and 
Side - by - Side. 

















s Turin, 1911. 


“WE TWO CYLINDER TANDEM 

GAS ENGINE, 360 B.HP., ON 
ide a page eee TaN SUCTION GAS, DRIVING COTTON 
~ ikl ies) Sli — MILL IN YORKSHIRE. 








2173 


THE CAMPBELL GAS ENGINE GO., LTD., HALIFAX, Exouo. 
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THOMAS SHANKS & CO. 


JOUMNSTONE, mear GLASGOow . 









































MAKERS pest : , = FOR 
OF ALL SIZES OF terrae Nes 3 
#4 AGHINES HIGH-CLASS 
ron HEAVY 
TURNING, 
PLANING, MACHINE 
BORING, TOOLS 
DRILLING, ple 
SLOTTING | 
AND MODERN DESICN 
SHAPING. 
HIGHEST CLASS ae ENQUIRIES 
nn a en - aS INVITED. 
AND 
MATERIAL, PATENT TURBINE CASING BORING MACHINES. 
QUICK DELIVERY IIlustration shows Machine for Boring up to 17 ft. diameter. “ 
GUARANTEED. 
MADE In Five SiIzEs. 
Telegrams :— 


“CYCLOPS, GATESHEAD.” 











GATESHEAD. 


_ “WOODESON’S” 
Patent Direct-Acting PUMPS. 











ne ; —— CONTACT 
HORIZONTAL COKE QUENCHING PUMP. FEED-WATER HEATER. 


3 So Pes are a oe” 
VERTICAL FEED-PUMP 
WITH OUTSIDE PACKED RAM. 


SPECIAL TYPE. ise ee +> 4 alae 





VERTICAL 
BALLAST PUMP. 


SPECIAL TYPE. 





FEED PUMP wWITH OUTSIDE PACKED RAM. 1081 





SPECIAL HORIZONTAL 














. 


|. =, 
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- THE WORD 


aa) 4 “FOSDICK” 


in the Radial Drill Dictionary, 











STANDS FOR :-— 


I. Accuracy. 4. Power Capacity. 
2. Handiness. 5. Long Life. 
3. Rapidity. 6. Modern Requirements. 








Ask us for Details. 





STANDARD MACHINES HAVE:— 


12 SPEED CHANGES. 

6 GEAREO FEED CHANGES. 

FRICTION CLUTCH TAPPING ARRANGEMENT. 

BALL BEARING ARM RAISED AND LOWERED BY POWER, 





DRILLING CAPACITY of 3 ft. MACHINE 
Zin. dia. IN CAST IRON, and 2}in. dia. IN STEEL. 


oT oka RADIALS. Made with 3,4, 5 and 6ft. Arm.» 


OW. BURTON, GRIFFITHS & O% ‘“tccire‘mc” LONDON 











DAY, SUMMERS & CO, Lrp. 


Northam Iron Works, SOUTHAMPTON. 


ESTABLISHED 1834. 





Telegrams: 


ENGINEERS and 


2 
* ttl 5 aay be 
¢ 

. 









/- SHIPBUILDERS ba, sma 
| SPECIALITIES : Giaiele. of 
Hauliag-up 90 Sets 
Slipway of Land and 
Machinery, Floating 
Sheers, Sheers 
Floating built at these 
Bridges. Works. 


No. 83 Sheers, Chatham Dockyard. 1628 
TESTED TO 180 TONS, 1905: 
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HUDSWELL, CLARKE & CO., LIMITED, 


Railway Foundry, LEEDS. 


LOCOMOTIVES 


For Main or Branch Railways, Contractors, Ironworks, Gollieries, &c. Made to suit any Gauge of Railway. 




















Established 
1860. 


Telegraphic Address: 
**LOCO, LEEDS.” 











PRICES, PHOTOGRAPHS AND FULL SPECIFICATIONS ON APPLICATION. 


wanene or) KODGIE_,?TrS FULL Ys” 
(REGISTERED), 


WROUGHT IRON THROUGHOUT, RIM, ARMS, AND BOSS. “~~ 








COMPLETE 


CEMENT PLANTS. 


COAL DRYING & GRINDING MACHINERY. 








BALL & TUBE MILLS. 


. . ’ ‘ 
7 at —_ r : a 
' a : ‘ | » - 
+ 
a EDGAR ALLEN &t . ; i“ 
’ ' STEEL WORKS 
" . 
a 


WASH MILLS, 
, SLURRY MIXERS, SLURRY PUMPS, 
&c. 











CORRESPONDENCE 


EDGAR ALLEN & 0., Limiteo, 
IMPERIAL STEEL works, SHEFF FIELD. 














| es 


| 
| 











I | 
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FILTERS 


For Town Supplies, Textile 
and Paper Mills and wherever 
Pure Water is required. 








Bacteriological Purification of 
95 per cent. to 99 per cent. in 
actual working 


athers Di 


FILTERS 


In operation dealing with over || 


65 Million Gallons 


Per Day. 
River & Canal Water rendered | 
suitable for BLEACHING 


DYEING, FINISHING and | 
Paper-Making Machinery. | 










































16 8h. diameter PRESSURE FILTERS AT BOLTON. 





MANCHESTER AND LONDON. 





















































UNITED STATES STEEL SHEET PILING. 


UNITED STATES STEEL PRODUCTS CO., 96-98 DOMmmon, “3.0. 


er to any of the following Sales Offices - 


BATAVIA, Java. 

BOMBAY, 74-78, Hornby Road. 

BUENOS AYRES, 544, Bartolome Mitre. 
CAPE TOWN, New York Mutual Life Building. 






























<¢—0— 


12-in.-35 lb.. United States Steel 
Sheet Piling used in retaining wall 
work at the Baltimore Sewerage 
Pumping Station, Baltimore, Mary- 
land, U.S.A. 


The simplicity of use, minimum 
of bracing required, and additional 
clear space for operations, are 
three good points worthy of your 
consideration. 

Re-use is just as important a 
consideration, and the scrap value 
of worn out piling reduces the 
initial cost to a matked degree. 

Ask us more about it.’ 











4 For Illustrated Catalogues and 
Complete Information apply to— 





JOHANNESBURG, The Corner House. NEW YORK, 30, Church Street. TORONTO, Ontario, 220, King Street West. 
LIMA, Calle Carabaya (Coca) 482. RIO DE JANEIRO, Brazil. VALPARAISO, Casilla 539. 

MEXICO CITY, Edificio de la Mutua, SHANGHAI, 24a, Kiangse Road. VANCOUVER, 846, Beach Avenve. 
MONTREAL, Bank of Ottawa Building. SYDNEY, New York Mutual Life Building. WINNIPEG, McArthur Building. 1772 




















OOO OO 
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HEAD, WRIGHTSON & CO., Lto.., 
THORNABY & STOCKTON-ON-TEES. 
TELEGRAMS: “Teesdale,” Stockton-on-Tees. LONDON OFFICE: 5, Victoria St., Westminster, S.W. 
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COAL-SHIPPERS, 





WAGON-HOISTS, 
STEEL WAGONS, 








BRIDGES, 
VIADUCTS, 
ROOFS, 











STORAGE GASHOLDERS, 
BUNKERS, &. TANKS, &. = 


MINING & COLLIERY PLANT. ms 
CRUSHING-PLANT, &c. ¥ 






























































\8 








BOLT, SPIKE, AND RIVET FORGING. 


We offer a Vincent type 
machine where quickness of 
production is anessential feature 
in the forging of hexagon or 
square headed bolts, dog-eared 
spikes, and either snap or pan 
headed rivets up to 1} in. 
diameter, and 10 in. long. 


They are also made as 
double blow machines __per- 
mitting two blows to be given 





without removing the work 
from the die and giving a better 
formed forging. 


Max. diameter Max. length 





of bolt. of bolt. 
A No 1 £in. ... .- 6 in. 
‘3 PO 2 -B-B o-ve —— | ' 
| {hee oan No.3 “2 is. * +..° 80m. 
VS 04 
—— EARLY DELIVERY. 








GREENWOOD & BATLEY, Ltd. LEEDS. 
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HURST, NELSON & CO., LTD., 


Builders of RAILWAY ee WAGONS, ELECTRIC CARS, and every other description of RAILWAY and 
TRAMWAY ROLLING STOCK, MOTOR OMNIB'S and other ROAD VEHICLE BODIES. 


PRESSSED STEEL 
MAKERS OF 


WHEELS | | 
AND AXLES, i ee ee if Wa of all kinds 
RAILWAY PLANT, |S=~aa = in I I AY A ie en 
FORGINGS, =f | a Jame: 7 st 638 
SMITH -WORK, 
IRON AND BRASS 
CASTINGS. 


UNDERFRAMES 


AND 








380-TON RULLEY WAGON, 
as built for the North British Railway Company. 


ce The Glasgow Rolling Stock ¢ Plant Works, Motherwell. 


Works :— 
GLASGOW OFFICE: 40, West Nile Street. MANCHESTER OFFICE: Northern Assurance Buildings, Albert Square. LONDON OFFICE: 14, Leadenhall Street, E.C. 


BRANCH WORKS: Chatsworth Wagon Works, near Chesterfield, Bridgend Wagon Works, Bridgend, Glamorganshire, Swansea Wagon Works, Swanser. 


ECONOMIC FORCED DRAUGHT ENGS C° 1 


5 CASTLE STREET: LIVERPOOL 


Over 600 Fitted fo 
gate 


\ [ARGEST SHIPS 


AFLOAT 
\ rele 
T= for 

















dae 


* 


OLYMPIC @ 
- TITANIC - 











Forced Draught. Boltless Natural Draught. 


IMPROVED BOILER FRONTS patentep 


















™ 
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BRUSH ey 
STEAM TURBINE PLANT 








for High, Low or Mixed Pressure, from 200 K.W. upwards. 


| | THE | A 
WORKS: SEU SEL | LONDON OFFICE: 


LOUGHBOROUGH. ELECTRICAL | 1, Kingsway, W.C. 
ENGINEERING CO., LTD., 2008 





Qi = | ae» 


GHESTERS RENFREW ENGINEERING C® L2: 


LONDON OFFICE: 6, Broad Street Place, E.C. | 


MAKERS OF ALL KINDS OF MINING MACHINERY. 


+. eS — _ 








CORLISS ENGINES. 
HOISTING ENGINES. 


AIR COMPRESSORS 
With Auto-Mechanical & Thin Plate Valves, 






STAMPS, 
CRUSHERS, 


CONCENTRATING 
CYANIDE PLANTS, % 
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CELE! A POW EE. 

















x aie et eee M4 
_\ = a shia te «dail 0 





6166 


The above represents approximately 47 B.HP. and larger sizes of Semi-Diesel Oil Engines. 
These Engines will work with the cheap “Gas Oils” and Crude Oils as well as with the refined Lamp Oils, 


All Sizes of GAS, OIL, PETROL & ALCOHOL ENGINES, Herizental & Vertical, in Stook or Progress. 
ANY SIZE OR TYPE-CAN BE. SEEN ON. TEST. BY..APPOINTMENT. 


AWARDED THE. GRAND PRIX at the BRUSSELS EXHIBITION, and also at the ARGENTINE REPUBLIC INDUSTRIAL EXHIBITION, BUENOS AIRES. 


CROSSLEY BROTHERS LIMITED, Openshaw, MANCHESTER. 








COWANS, SHELDON & Co, L: CARLISLE 


TELEGRAMS :—“‘ ST. NICHOLAS, CARLISLE.” 
‘LONDON OFFICE:—3, VICTORIA STREET, WESTMINSTER. 
Al and ABC (&th Edition) CODES USED. 








a ee 


Sie Asew 


ELECTRIC 
TRANSPORTER. 
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— 


LARGE DIESEL ENCINES. 





Antongst ates we have supplied the following installations :— 


Nera Cruz Electricity 
E. D. Sassoon & Co., 


Supply ... .. 8000 B.HP. 
- ‘(aie aa 


Craven & Speeding Bros. “ 1240 
Madras & Southern Mahratta Railway 1200 
Daimler Motor Company, Ltd. » 1200 


Finlay Mills, Bombay 


1200 


Calcutta Tramways Cernpany Hameed 1000 


OUR EXPERIENCE 


&c., &c. 


IS AT YOUR DISPOSAL. 


179 QUEEN VICTORIA ST, 














BUTTERS BROS. & CO. 


ENGINEERS AND CRANE MAKERS, Gti ASGoOw/. 





DOUBLE CYLINDER STEAM WINCH. 


a a » 
wo ath ht aA 

=o 7 Pet Wns Moe; Gia g 

ot oa 





= 


1624 


Makers of all kinds of Electric, Steam and Hand Cranes, Steam and Electric Winches, Contractors’ Plant, 





Works: Kinning Park, GLASGOW. 


Head Office: 20, Waterloo Street, GLASGOW. 








as 
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TO ENGINEERS! 


IF YOU WOULD HAVE GOOD 
PHOTO COPIES IN YOUR 
WORKSHOPS USE ONLY 


HALDEN’S 








THEY ARE RELIABLE AND 
ENDURING. WRITE FOR TEST 
PIECES AND QUOTATIONS 
TO THE LARGEST MANU- | 
FACTURERS IN THE COUNTRY 


J. HALDEN & CO., L1o. 


MANCHESTER 8, ALBERT SQUARE. BIRMINGHAM—27, UPPER PRIORY. 
LONDONR—15 & 17, BROADWAY, WESTMINSTER, 8.W. GLASGOW—17, CADOGAN S&T. 
NEWCASTLE-ON-TYNE—8, GRAINGER ST. LEEDS—14, PARK ROW. 1464 











—s 


Geared Motors 


Awkward 
Drives. 


ASK FOR BULLETIN EGI. 1149 














100 HP. MOTOR WITH DOUBLE TRAIN OF GEARING. 


PHN 


DYNAMO MFG. CO., LTD., 


BRADFORD isicics. 
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| MAVOR & COULSON, Lid, 
MOTORS = DYNAMOS 


ietenal Telephon | 


BAYLISS, 

















IRON AND WIRE 

















































































































FENCING, wt il iff JONES & BAYLISS, Lid, | 
RAILING, GATES, &c. !I!h ——~j WOLVERHAMPTON, | 
Gatalogue Free. ALSO MFRS. OF BOLTS, NUTS, RAILWAY AND = FASTENINGS, &e. n St., LONDON, E.C 2089 | 




















[KYNOCH GAS ENGINES 


SUCTION GAS PLANTS i 
FOR ELECTRIC LIGHTING, MINING AND FACTORY PURPOSES. i] 

















IN CONV=NiENT SIZES FROM 50 to 660 B.HP. 2146 


Only High-Class Engines Buiitt. KYNOCH LTD., BIRMINGHAM. 


E solic CRANES 


OF EVERY 
DESCRIPTION. 














“Temperley ” 
Transporters. 


1842 


| HYDRAULIC 
= MACHINERY. 


SAS. Ea SV 
* FIXED [oan CRANE, “ { 





i). Roe. Se 


SIR W WILLIAM ARROL & CO., Ltd., 85, Preston Street, Bridgeton, Glasgow. 


56, VICTORIA- STREET, LONDON, S.W. 
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-HARTNESS 


TURRET 




















LATHE 


Has the fewest levers; it uses the most substantial tools with the least overhang of 











work or tools; it has business lines and not fussy accumulation of parts; it is not built 
on the frail ‘“slide-upon-slide” scheme of design; its stops are where they will most 
accurately arrest the cutting tool. Every operation is made in the simplest, most direct, 


most natural way—and that’s why the HARTNESS TURRET LATHE is the fastest 





producer of accurate duplicate Bar or Chucking Work on the market. 





1 | Come to our Show Room and see this Machine working 
1} | : , ) 
| and thus judge for yourselves. 


JONES & LAMSON MACHINE CO.,, | 


| 
97, QUEEN VICTORIA STREET, exe | 
| 


LONDON. 


AIR COMPRESSORS 


GREAT SIMPLICITY. HIGHEST ECON OMY. 


















































% 23 i 
eR, $3 Pie 





Used by the leading Colliery Companies in the United Kingdom, and fitted with our Patent 
HURRICANE INLET AIR CYLINDERS. 


THE INGERSOLL: 


PARIS, FRANCE: 33, Rue Reaumur. DUSSELDORF, GERMANY: Oststrasséi28-132, BUDAPEST, ARY ; IV,.Ferenez Jozsef Rakpart, 17. 
SOLE AGENT FOR RUSSIA: 0..R. San-Galli, St.- Petersburg. and Moscow. 


165, QUEEN VICTORIA ‘ST.,- LONDON, E.C, a 
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HORIZONTAL | PLANO-MILLING 
“AND FACING MACHINE 


Convertible to “‘ Open-side.” ~ 
CAPACITY: 201NsS. SQUARE By ANY, LENGTH. 
SINGLE PUIBY 5 hei WIDE RANGE OF SPEEDS AND FEEDS. 





” 








THE BICCEST FLOATING CRANE 


FOR 
THE BICCEST 


THE BIGCEST 
BOAT AFLOAT <7,  CRANE-BUILDERS 


Dyertisyent= 
, Maschinenfabrits Aa... 
Duisburg 


PROCTOR’S PATENT SHOVEL STOKER 


AND MOVING FIRE-BARS. 
14,000 FURNACES FITTED. 








L5/. 
ECONOMY, 


Working on over 1000 Furnaces at many of the ie 
Steel Works and Collieries. 


JAS. PROCTOR, LD., ‘isr'tes:,” BURNLEY, 


SOLE AGENTS FOR FRANCE: 
The Societe des Perfectionnements ala Vaporisation, 20, Rue de Londres, Paris. 


Telephone No. 1223 AVENUE. Telegraphic Address : 
Me »» (Works) 5 HARLOW. **COMPACTUM, LONDON.” 


(CO, SYSTEM) 


REFRIGERATING & ICE-MAKINC 
— MACHINERY — 
































5-TON CO2 COMPRESSOR. 





ALSO MAEKERS OF 1660 


DISTILLING PLANTS, CONDENSERS, FEED HEATERS, FEED 
FILTERS, FEED PUMPS, BALLAST PUMPS, EVAPORATORS. 


ON ADMIRALTY LIST. 
LTe- , 


JOHN KIRKALDY, 


a. Pa 101, Leadenhall St., nts E.C. 











Agents—Androw mith, 12, York Street, Glasgow, R, ¥. Molntosh & Co, 34, Dean St., Newcastle-on-Tyns. 











Ser See Pts a 
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J. SAMUEL WHITE & COMPANY, Ltd., 


East Cowes, ISLE OF WIGHT. 
LONDON OFFICE: 28, Victoria Street, S.W. 
BUILDERS OF 
TORPEDO VESSELS :: SPECIAL SERVICE VESSELS, 
SHALLOW DRAUGHT VESSELS, 

FAST STEAMBOATS For NAVAL and OTHER PURPOSES. 
MOTOR BOATS, YACHTS, &c., &c. | TURBINES, 





Patentees and Manufacturers of 


THE “WHITE-FORSTER” WATER-TUBE BOILER. 


OIL, COAL or WOOD FIRED. 1554 





Joint Manufacturers and General Licensees: 
BABCOCK & WILCOX, Ltd., Oriel House, Farringdon Street, E.C. 


OveR 500,000 |.HP. CONSTRUCTED. 
Shipbuilders, Engineers, and Boilermakers. 

















—TANKS— 


OF ALL TYPES AND SIZES. 


PATENT PRESSED STEEL TANKS 


A SPECIALTY. 


STRONG. LIGHT. CHEAP. UNBREAKABLE,. 


NOTE THE IMPROVEMENT IN DBSSIGN, 
GIVING INCREASED STRENGTH. 


CAN BE SUPPLIED 

FROM STOCK. 
ALL PLATES ARE 
4 FT. SQUARE 





Full Particulars from— 1683 


Thos. PIGGOTT ¢ Co., Ld., 


BIRMINGHAM. 























The KEYS 


Beaver Falls, Penna., U.S.A:, 
MANUFACTURES 


KEYSTONE PORTABLE 
WELL DRILLING MACHINES 


both of the Traction, Self-moving style and Non-Traction, to be drawn by animals. 
Drills are of the ‘‘Cable” or ‘‘ Percussion” type and will bore any standard diameter, 
4in., 6in., 8 in., 10 in. and 12in., through any formation. Machines for any depth, 
250 ft. to 2500 ft. For all services, Artesian Water Well Drilling, Mineral Prospecting 
for Lead, Zinc, Coal, Ore, &c. Placer Gold Testing in advance of Dredging; Heavy 
Blast Hole Drilling in deep R. R. Cuts, Canals and Quarries; Deep Oil and Gas Well 
Drilling. Six Treatise-Catalogues, on the various lines of work, free to interested 
parties. State requirements. 


This is a standard American line of Machines, developed and 
manufactured for 30 years in the oilfields of Western Pennsylvania. 


DOWNIE DEEP WELL PUMPS 


‘These Pumps are designed for heavy continuous services, elevating large quantities of water from deep 
artesian wells. Double or Single Stroke ; Steam Driven or Geared to Electric Motor. The Double 
Stroke Geared has a very high efficiency, 80%. The Steam Pump has an efficiency of 60%. Recom- 
mended to Municipalities, Factories, Railroads, Ice Plants, Breweries and Mines. Catalogue No. 6 free. 


Apply to our AGENTS for Catalogues and Prices: - 


LONDON—Fraser & Cuatuers, Ltd., No. 3, BUENOS AIRES—J. & J. Dryspaua. 

London Wall Buildings. RIO DE JANEIRO—Oscar Taves. 
ST. PETERSBURG—INTERNATIONAL ENGINEER- SINGAPORE—Frasee & Cuatmenrs, Ltd. 

ING AND Trapine Oo., 21, Galernaya. SYDNEY—N. Gururipes, Ltd. 1992 
PORT ELIZABETH, 8. Africa.—Manqoup Bros. MANILA—Frank L, Strona. 


NOTE.—We desire to make agency contracts with first-class houses, coverin 
the following territory: Egypt, Japan, Siam, New Zealand, Dutch Indies, an 
India (Western half). 














WORTHINGTON TRIPLEX 


Recognised as the most economical and reliable on the market. 








Write for Special Literature. Plans, Specification and Expert Advice 
by our Engineering Departments Free of Charge. 





| Loi, 


Worthington Vertical Triplex Single-acting Power Pump. 


WORTHINGTON PUMP CO. LtD.. 


with which is Incorporated the 
European Business of the Blake & Knowles Steam Pump Works, 


Registered} 153, QUEEN VICTORIA STREET, LONDON, E.C. 


Branches in the Principal Cities and Towns throughout the World. 1791 
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' SpecifyJOHN GIBBS & SONS’ 
“PEERLESS 

f Blower 8 Exhaust Fans 

‘ and you will NOT be 

< disappointed. 1986 

. Send for Catalogue. 

/ 723, Duke Street, 
Liverpool, 

For large ac ’t. see next week, 


VALVES t 


TURNBULL'S SAFETY, STOP, OHEOK, SLUICE 
hho REDUCING VALVES. 01 1664 


FOR VALVE SHEET. 


ALEX. TURNBULL&CO., Ld. ,Bishopb riggs, 


Telegraph— Valve, Glasgow. Codce—Western Union & A 

















RICE.GRICE & SON Limirep 


CONTRACTORS TO HIS MAJESTYS GOVERNMENT 


BRASS & COPPER, LOCO & CONDENSER 








‘PLATE’, 2005 4.8 BIRMINGHAM. 











AILSA SHIPBUILDING C0. 


LIMITED, 
Shipbuilders, Engineers, 


and Repairers, 217; 


TROON and AYR. 
flee Displayed Advertisement last week and next week 


WATER TURBINES, PIPE LINES, 
TURBO PUMPS, TACHOMETERS 
FLEXIBLE COUPLINGS, 2 
GOVERNORS (Jahns’ Patent). 


JENS ORTEN - BOVING & CO. 
94, Union Court, Old Broad Street, B.C. 


JOHN SPENCER, LE 
1776 WEDNESBURY. 
IRON & STHAL 


TUBES 


POLES, STEAM MAINS, TUBULAR PILES, &. 














FRIED. K RUPP, Essen & ANNEN 


Manufacturer ot Crucible & Siemens-Martin 





STEEL CASTINGS 


FOR AEIE: FPURPOSES. 
To pass Admiralty, Board of Trade, Lloyds, and Bureau Veritas Tests. 


APPLY TO 


AGENT FOR THE 


AUGUST REICHWALD ( 


UNITED KINGDOM 


1476 


), Finsbury Pavement House, Finsbury Pavement, B.C. 














WELDED PIPES. 


=e 
AW 








Bagshaws’’’ Wrought-Iron Pulleys 


(AS USED IN GOVERNMENT DEPARTMENTS). 





CHEAPEST, STRONGEST and BEST IN THE MARKET 
Can be Driven at High Speeds without Danger, 


Specially Valuable for Export, being Light and Requiring no Packing. 


MADE WITH SINGLE, DOUBLE OR TREBLE ARMS AND 
IN ANY SIZE IN DIAMETER OR WIDTH. 


MAKERS also of CAST-IRON BELT and ROPE PULLEYS, FRICTION 





The Cleveland 
Bridge & Engineering Co., 
DARLINGTON, ENGLAND, ™4 


Specialists in the Design, Manufac- 
ture and Erection of Bridges, 





CLUTCHES and all APPLIANCES for een of POWER, 














Price Lists and Discounts Sent Free on Application. 


J. BAGSHAW & SONS, Ltd., Batley, vorks Yorks 





Girders, Roofs, Warehouses, anc 
all classes of Iron and Stee! 


Constructional Work. 





Head Offices 8 Works: DARLINGTON. 
Leadea Office: CRAVEN STREET. 
1879 STRAND. W.C 








‘Pralshitt Bros 


eng errcecet* Ss 


CARLISLE. 





cea Smeal CasTines. 


BY SIEMENS-MARTIN AND GRUCIBLE 
PROCESSES OF EVERY DESCRIPTION. 






TO PASS ADMIRALTY, LLOYD'S, 
or BUREAU VERITAS TESTS. 


Castings for ” Railways, Ship- 
building Yards, Engine Works, 
Rolling Mills, ‘tron and Bridge 
Works, Hydraulic and Electrical 
Machinery Minin ng: River Dred- 
ging, Excava ng Werk. 


SPECIALITIES : 
Tooth Wheels and Pinions used 
in connection with Cranes, 
Winches, Capstans, &c. 
Cast-Steel Anehor Heads ‘and 
Dredger Buékets Fit up 





complete. 
SIEMENS-MARTIN & CRUCIBLE 
CAST-STEEL GEARING 


eee MOULDED & FROM 
ULL PATTERNS. 


® W. SHAW «.CO., 


.) Wellington Foundry, 
MIDDLESBROUCH. 


, Telegrams—‘ “WELLINGTON, MIDDLESBRO’.” "4 << ON ADMIRALTY AND WAR OFFICE LISTS. 2097 
‘ondon Office—8, Eastcheap, E.C., Representative, A. H. SHARPE. Agent for Scotland—H. M. HARPER, 93, Hope Street, Glasgow. 





Office for Manchester and Birmingham Districts, 12 Agent forfLeeds and_District—G. G. 8. GRUNDY, 8, Park Square. 
“ ricts, 12, Exchange-Street, Manchester, 47+ tor{Hull and District—P. LAWSON, 2, Princes Dock Chamber 


Representatives :—THOS, F. W, DIXON and W. H. ATHERTON, Agents for Newcastle and District—-HUMBLE & THOMPSON, Queen Street 








| ee cell | 


rr a 





| >= 


Cor 
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STEAM HAMMERS 


FOR SMITHS’ SHOPS AND FORGES. 


Shipbuilders’ and Boiler Makers’ Machine Tools. 
PATENT BEVELLING MACHINES 


FOR SHIPS’ FRAMES, 


FORGE CRANES,Hand & Steam. 


Sugar Oane Mills. Water Wheels, &c. 


A ow Sd BANGOR WORKS, LEITH, EDINBURGH. 


HENDERSON & GLASS, LIVERPOOL. 


Extensive stoos of all descriptions and Sections 


MALLEABLE IRON AND STEEL, 


Including all —_, aoe hy nn A ag A Flat a. | Flitch 


Rolled Girders& Joists, in. to20in, deep. 


COMPOSITE GIRDERS MADE TO SPECIFICATION. 
PLAIN AND CHEQUERED PLATES. 
Boller and Tank Plates in Iron or Slemens-Martin Steel, all sizes. 


QUOTATIONS AND SECTION SHEETS ON APPLIOATION. 
SHIPMENT ORDERS PROMPTLY EXECUTED. CORRESPONDENCE SOLICITED. 


ELECTRIC, STEAM, HYDRAULIC, HAND, 


— OF ALI. TYRY3BrSae — 











1609 























CRANE 


Od 6431 











THREE-MOTOR ELECTRIC 


OVERHEAD CRANE. 


WINDING & HAULING ENGINES. SHEERLECS, SLIPWAYS. 


ALEX. GHAPLIN & CO., E° GOVAN, GLASCOW. 


Contractors to the Admiralty, War Office, India Office, Principal British and Foreign Railway Companies, &c., &c. 


NEW SERIES 


of Two- and Three-Phase 


INDUCTION MOTORS 


CRANES, PUMPS, MACHINE TOOLS, 
and all HEAVY ENGINEERING. 











Write for Prices: 


J. P. HALL « C0., L= 


OLDHAM. 












Fig. No, 289. 


Telephone 
(300 Two Lines). 


Telegrams : 


“ DYNAMO,’ Three-phase Induction Moter with Squirrel Cage Rotor. 





"ieee 


DRIERS 


QUICK DR 2YING PAINT 


By adding COLOUR ONLY. 
VARNISBES AND BRUSHES. 


W. Shutt, 33, Muswell Rd., Muswell Hill, London 





2064 




















SOUND SIGNALS 


— FOR — 
STEAMERS, LIGHTHOUSES, FIRE ALARMS. 
Sounded by Steam or Compressed Air. 


BOILER MOUNTINGS. 


ADMIRALTY CONTRACTORS. 


SYDNEY SMITH & SONS, L™- 


Basford Brass Werks, 2145 


NOTTINGHAM. 


Telegrams : Surrns, NorrivenaM. Oable: ABO Code. 
Bend for Sound Signal Catalogue. 


“ SIMPLEX ” 
OXY-ACETYLENE 
PLANTS 
FOR WELDING 


STEEL, CAST IRON, &c., = 
CUTTING BARS, PLATES, |p 
GIRDERS, up to G in. thick. 





Write for List. 





2131 


The Oxygen Welding Works, 


LIMITED, 
New Summer &t., 


BIRMINGHAM. 


OXYGEN 


For the Welding and Cutting of Metals. 


British OxygenCo., Ld. 


The oldest and most extensive Oxygen 
producing and distributing business 
in the world, 














Factories in all important Engineering 
centres equipped exclusively with modern 
LIQUID AIR PLANTS, PRODUCING OXYGEN 
OF UNRIVALLED PURITY, entirely free from 
Hydrogen or other combustible residuals. 





MANUFACTURERS OF 
Oxy -Acetylene Welding 


BLOWPIPES, 
OXYGEN METAL CUTTERS, 


REGULATORS, 
And other Appliances, 





For full particulars apply to any of the Company 
Works :— 

E.Lverton Street, WeeTmineter, 8.W. 

Towne. Avenvus, East Gaesnwicu, 8.5. 

Savitz Street, SHEFFIELD. 

Satter Works, Binwinenam, 

Great MARLBOROUGH STREET, MANCHES! BR. 





Borp Sraesr, (SHIRLDFiRLD), NEWCASTLE-ON-TYNR, 
Roseuit. Works, Potmapiz, GLaseow. 
East Moors, Carpir?. 


2077 
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Vuloanite Works — Dr. HEINR. TRAUN & SONS 


(Formerly HARBURG INDIA-RUBBER C, CO.) 
London Manager: 1726 
¥. WINTER, 25, Goswell Road, E.C. 














CONTINUOUS 
DRYERS, DIGESTORS, 


. PRESSES for 
Fish and Offal, 
Slaughterhouse Offal, etc. 
DRYERS For all 
Animal, Mineral and 
Vegetable Material. 
AMERICAN PROCESS CO., 


NEW YORK CITY, 
Catalog “ E.”” 1773 U.S.A. 


ATLAS 


BEST WHITE 
ANTI - FRICTION 


METAL 


Address— 1978 
52, Queen Victoria Street, London, E.C. 






























STEEL PRESSURE TANKS. 


ALL SIZES, SHAPES anp PRESSURES. 





Also MOORING BUOYS 
and other WELDED SPECIALITIES. 

Low Prices. Quick Delivery. . 
Manufacturers: T. TOWARD & CO., Ltd., 
9, Ouseburn, Newcastle-on-Tyne. 9606 














-OXY-ACETYLENE 


WELDING 
PLANT. 


Bee our larger Advertisement in last and next issue, 


SIRIUS AUTOGENOUS WORKS (6., 


Carpenters Road, Stratford, 
1808 LONDON, E. 














Sa. & A. HARVEY, 110, GOVAN, 


Glaszfgow, WW 


MACHINE TOOLS 


for TURBINE Work, for BOILER Work, 
for RAILWAY Work. 


HEAVY TURBINE CASING 
BORING MACHINE 


(See Illustration). 











The HARVEY STUDDER 


for Drilling, Tapping and Studding. 1491 





The HARVEY FACER 


for Boring and Facing on Four Sides at One Setting. 





CATALOGUE ON APFLICATION. 


Prompt DELIVERY. 








GREAT IMPROVEMENT IN TRADE. 








Only the following NOW IN STOCK :— 


7 6hin. by 6 ft. LATHES. 
1 12tin. by 18 ft.  ,, HighSpeed 





Order early to secure what we have left at present low prices. 







6 86in. VERTICAL DRILLS. 
4 30in. ” ” 





C. REDMAN & SONS, Dunkirk, HALIFAX. 


Telegrams: “Redmans, Engineers, Halifax.” 



























“SPLIT GRIP” 
COLLAR Gust 


AS USEFUL AS THE 
SPLIT PULLEY. 
IN HALVES. 


NO Set Screw 
to cause 
Accidents. 


“Grips like a Vice. 
Fixed 
or Removed 


without 
Disturbance. 


Sole Makers, 


TRIER Bros. 

















OAXTONZHOUSE, WESTMINSTER 
LOHDON, &.W. 201s 





crop of Six Patent Clyde Boilers, 100 Ibs. WP. made by Marriott & 8 Graham, Glasgow. 


| CLYDE’ 


MULTITUBULAR 


VERTIGAL 
BOILERS 


(PATENT). 


fF) Marriott and 


Graham, 


PLANTATION BOILER 
WORKS, 0s 


GOVAN, 
GLASGOW. 























|| Wie 
aw = 























HIGH-PRESSURE 
STEAM 
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Telegraphic Address: ‘‘ ABBOTT, NEWARK.” National Telephone: No. 84. A B C Code, 5th Edition. THE ‘REX ROOFING CO., 
CONNSWATER. 
ABBOTT & CO, (em. LD. |:c:::: 


NEWARK-ON-TRENT, ENGLAND. 
MAKERS OF EVERY TYPE OF 


From 1 to 200 I.HP., so Ibs. to 300 Ibs. Working Pressure. 












BUILDERS OF 
THE 
BELFAST 
saute 









BOILERS 

















CONTRACTORS TO THE 
ADMIRALTY, 
War OFFICE, 
INDIA OFFICE, 
BoarRD OF CUSTOMS, 
Crown AGENTS, 
&c., &c. 








For Difficult 
- +... DRIVES 


—EVEN when all other 


kinds .of. flat belts have failed, 
HENDRYS’ new patent Lamin- 
ated Leather BELTING gives 


Hendrys’ 


over small pulleys that ‘ slip ’ 


HENDRY 


) i FROM A SINCLE STRAND ¥] 
BELTING 


FOR QUARTER TWIST and all Special Drives, 
HENDRY BELTING is a well proved success, 
Our experience is freely at the service of Belt 

users, Booklet and prices on request, 


James HENDRY 


252 Main St., Bridgeton 
GLASGOW 











efficient and satisfactory service. .. 

new patent construction 
so increases the flexibility and equality of Driving Grip 
is eliminated, and a 
marked economy in transmission of power is effected. 


Copyright Registered _ 


20 YEARS’ EXPERIENCE. 





FLANGED and WELDED WORK of every 








description. 
MOTOR, VAN BOILERS. References all over 
REPAIR FIRE-BOXES. the U.K. 

VAPORATOR SHELLS, 

AIR RECBIV TELEPHONE: 151, KNOCK, 1087 





ERS. 
DEGREASING PLANTS, &c. 1664 












LONDON 
OFFICE 





































LARGE STOCK READY 











8}-IN. CENTRES. 


TURNER BRIDGE 





LOW SPEED, HIGH POWER. 





THOS. RYDER & SON, - 





\ FOR IMMEDIATE DELIVERY 






















DRAWING OFFICE. 
B, J. HALL & Co., Ld., 


39, Victoria Street, 
Ww Ee rmMinNn ST Eze. 


THIS LATHE WILL 
TAKE A CUT 
ABSORBING 6_HP. 
WITH SPINDLE 

| SPEEDS OF 
| 9 TO 381 RPM. 








Consult our Lists before 
purchasing elsewhere. 





No. 1.—Drawing Instruments. 

No. 2.—Slide Rules, Seales, &c. 

No. 3.—Inks, Colours, Pencils, &c 

No. 4.—Drawing Tables, Cabinets. 

No. 6.—PHOTO COPYING OUTFITS. 

No. 7.—Drawing & Tracing Papers 
and Cloths. 

No. 8.—“ Ordoverax” (true scale) 
Copying. 





SEND FOR OUR 
LATEST CATALOGUE. 


Beek SSS 








976 








Post free on application. 








works, BOLTON. 
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a & CO... Boer w., LINCOLN. 


LONDON OFFICE: 79, Queen Victoria Street, E.C. 


Telegrams : ‘‘ROBEY, LINCOLN.” “ROBEY, LONDON.” 





_DROP-VALVE FIXED and WINDING ENGINES with 


WINDING and HAULING ENGINES with PATENT DEVICE 
for PREVENTION of OVERSPEED and OVERWINDING. 


HIGH PRESSURE and COMPOUND OVERTYPES, 


TRACTION ENGINES, TRACTORS, 
ROAD LOCOMOTIVES, STEAM WAGONS. 


BOILERS OF ALL TYPES. 2121 


Catalogues free on Application. 


On ADMIRALTY, WAR OFFICE and COLONIAL LISTS. 


WHEELS 


OF ALL DESCRIPTIONS. 1462 
MACHINE MOULDED AND MACHINE CUT. 


RAW HIDE AND COMPRESSED PAPER PINIONS. 


THOUSANDS OF MODELS to select from. 
URGENT BREAKDOWN WHEELS a Specialty. 


URQUHART, LINDSAY aCO.,Ld,,At¥35* DUNDEE. 
i North Eastern Marine EngineeringC- 




































































ENGINEERS, BOILERMAKERS & REPAIRERS. LzD 
IRON FOUNDERS, BRASS FOUNDERS, COPPERSMITHS. 
Sole Makers of North-Eastern Grease and Air Extractor and Feed Heater. 1271 
: ae {PROPELLERS SUPPLIED AND QUICK DELIVERY GIVEN, ij 
NORTHUMBERLAND/NORTHUMBERLAND) “CENSEES 
R THE 
berg fl eine a | SOOT URE 
lompoe amos. ee Telegraphic Address - + WALLSEND. AND FITTING OF 
reuse’ | SUNDERLAND | SCHMIDT 
UVERPOO OPI: WORKS, | SUPERHEATERS 
im. SOUTH DOOK, SUNDERLAND. TO 
3500 1.HP. QUADRUPLE ENGINES, Tel. No. 1896 Central (Two Lines). || Telegraphic Address—NEWS, SUNDERLAND. ||MARINE BOILERS. 











The Clay Cross Company, 


Near CHESTERFIELD. 


Telegrams :—“‘ JACKSON, CLAYCROSS.” Telephone :—*47, CHESTERFIELD, 





MAEERS OF 


FUEL ECONOMISERS | 


for Steam Boilers. 
Saves in Coal 15 to 20 per cent. Adopted by users throughout the World. 








A.so MANUFACTURERS oF 


BOILER FLUE and ECONOMISER DAMPERS 


OF HVERYT DESCRIPTION AND SIZE. 1954 








PATENT REVERSING GEAR UP TO 4000 HP. 


PORTABLES and UNDERTYPES. 














Tel 
Tel 
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BELT PULLEYS. 


witnntanad ARES. 


















ROPE PULLEYS. 
G. 





“IN MILL GEARIN 


DOUGLAS FRASER & SONS, LIMITED, 


Makers of Flax and Jute Machinery, Spindles and Flyers, Evaporative 
Condensers, Mill Gearing, Shafting, Rope Pulleys, Belt Pulleys, &c. 


Telegraph’ Addrew—“TRASER AREROATE” Weg thupm Foundry, ARBROATH, Scotland. 


eee 


Wi CORAM. 
~ 


is i TL yy) ede iin, NS é i 3 
NG] : we 5 iu NU om INA NI aS a 


Ais ACCUMULATORS, 

FOR INTENSIFIERS, 

, Cotton, Yarn, Cloth, Wool, LIFTS; PUMPS. 
Fibre, Paper, Rubber, Scrap, Metal, 


Bowls, Margarine, Oleo, Tallow, SPECIALITIES IN ALL 
KINDS OF HYDRAULIC q 
MACHINERY. 























at Meat, Hides, Tinctures, Flanging, 
@orging, etc., etc. 
Special bacilities for GRINDING BOWLS or SHAFTS up to 
diameter by 18 ft. long. 


ee. ia rs, “ 
31 in. y oes ° ; 
EST pe- HYDRAULIC LEATHERS ano MOULDS. -*4 fe) a N S H AW & S @) N S| 
TELEG. Aov, PRELUM, MancHesrer. 10693 | 
PF €. 431 City Private B* E’x. (SALFORD) ‘eVine 2) 


Ko fol @) = ) m _WELLINGTON ST WORKS , SAI ST WORKS , SALFORD, MANCHESTER. 


THE NEW G GLOBE PNEUMATIC TOOLS 























GLOBE BOILER-TUBE ee TOOL. Operated by STEAM or HAMMERS, DRILLS, 


COMPRESSED pee ee ee 
AIR. : — 


— —— RIVETERS, 
— RAMMERS, 


Made by Sir W. G. Armstrong, 
Whitworth & Co. Ltd, 






FOR on 
BP cave THE GLOBE PNEUMATIC 
ei Tn ENGINEERING €0., Ltd. 
4 x afr gags GOVTS. 150, Queen Victoria siege 
¥ FOREIGN NAVIES. LONDON. 








[SUPPLEMENT page Xxx] ENGINEERING. (Dec. 29, 1 IOTT. 











~DOWSON & MASON 


GAS PLANT COMPANY, LTD. 


CONDON and THE DOWSON ECONOMIC GAS & POWER CO., LTD., 
(Con and MASONG GAS POWER CO., LTD., MANCHESTER. 





London Office: 39, Victoria St., Westminster, S.W. Works: Levenshulme, Manchester. 


CAS POWER | GAS FIRED 
PLANTS «xz: FURNACES. 














rox BITUMINOUS COAL ano ornze roms. FOR ALL PURPOSES. 





JOHN SPENCER & SONS, es 


NEWBURN STEEL WORKS, NEWCASTLE-ON-TYNE. 


ESTABLISHED 1810. 
Offices :—NEWCASTLE-ON-TYNE: Collingwood Buildings. LONDON : 32, Victoria Street, Westminster, S.W. 


Contractors to Admiralty, War Office, Indian States, and Foreign Governments. 


MANUFACTURERS ofr STEEL BY THE SIEMENS- 
MARTIN ACID OPEN-HEARTH PROCESS. 


SHIP AND BOILER PLATES UP TO 13 FEET WIDE. 


INGOTS, SLABS, BLOOMS, BILLETS, and BARS of all Sizes. RIVET STEEL. SPECIAL MILD STEEL for BOILER FLUES. 
STEEL FORGINGS, STEEL CASTINGS, of all Descriptions, to any Weight, Rough or Machined. 
CRANK AXLES AND SHAFTING HYDRAULIC PRESSED. 











SRIN GS.— Laminated, Volute, Patent ananpel Volute, Conical, Spiral. 5836 
BU EE EECS.—Of Wrought and Cast Iron, of all Descriptions. Tool Steel of the Finest Quality. Best Cast Steel Files. 
FOSTER’S PATENT CRANK SHAFTS. WASTENEYS SMITH’S PATENT STOCKLESS ANCHORS. 








FAIRBAIRN MACPHERSON, 


Branch of FAIRBAIRN LAWSON COMBE BARBOUR, Ltd., 
WHLELINGTON FOUNDRY. LAUD s, 


MAKERS OF GENERAL AND SPECIAL MACHINE TOOLS 


— FOR — 


LOCOMOTIVE, CARRIAGE AND 
WAGON WORKS, 


Also for the MANUFACTURE of 


HEAVY ORDNANCE, ARMOUR 
PLATES, &, &e. 


WHEEL TURNING & TYRE 
“3a BORING LATHE. 














Telegraphic Address : ‘ FAIRBAIRNS, LEEDS.”’ 
_ Telephone : No. 275. 900 

















Pat 


Per 



























Dec. 29, 1911.] ENGINEERING. [SUPPLEMENT page XXXI] 79 


_— 


5 on Neural mt Tye my 








ory RK: 


ere taly 











STEWARTS INSERTED JOINT. STEWARTS LOOSE FLANGE JOINT. ALBION LOOSE FLANCE JOINT. *~ WELDED FLANCE JOINT.  — 


STEEL ano IRON FORGINGS 


UPTF TO ANY WH IGHT. 





























Exceptionally quick delivery given for 

FINISHED CRANK SHAFTS, PROPELLER 

SHAFTS with Continuous Gun-metal 

liners complete, and STERN and RUDDER 
FRAMES. 


SPECIALITIES :—Repair Work of all 
descriptions, also Finished Hollow 
Crank & Line Shafting, Forgings for 
Turbine Engines (Wheels, Spindles, 
Drums, &c.). 


— . 











Patentees and Sole Manufacturers of the 
‘*WEDGWOOD” PATENT VERTICAL 
INTERLOCKING SCARPHED JOINTED 
RUDDERS. Also Patentees of Combined 
ROTOR WHEEL & SPINDLE FORGINGS 





DENNYSTOWN FORGE CO., 











for Turbine Engines. DUMB A RITION. 
On Admiralty, W 
Feonts’ | ‘sts alienate Telegrams—“FORGE, DUMBARTON.” LONDON OFFICE: 301-302, Mansion House Chambers, E.C_ 








AIRCOMPRESSORS ,K PDRAW-BAR TEST 


FOR ALL PURPOSES, , 4 tt ‘Weele Batter Be 6 teoteh oth te 2 ¢ track 
F of a car equipped wit ya oller Bearings and loaded with two tons net, trac 
From 10 to 600 cubic feet. 2°/, grade, demonstrated that the power required to move was only 175 POUNDS. 


Perfect Lubrication. Unbreakable Nickel Steel 
ee ee eee wee Se A similarly loaded car with common wheels required 465 POUNDS. 


Valves. High Efficiency. 
The Hyatt Flexible Roller Bearings on mine cars successfully meet the most severe 
working conditions, minimise oiling expense and increase the possible output of a mine. 





vt Pe 



















ALWAYS _IN STOCK. 


Telephone—93, HIGH WYCOMBE. Telegrams—BROOM, HIGH WYCOMBE. 


& WADE, Ltd., High Wycombe. 
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LARGEST MAKERS « CAST IRON TANKS 


BRANCH OFFICES :— IW Tae EIN ARRON 
“Brook House,” 10-12, Walbrook, LONDON, £.C, —————— = = 
Grosvenor Buildings, Deansgate, MANCHESTER, 2 ade : a 
60a, Lord Street, LIVERPOOL. 
Moorhead, SHEFFIELD. 


ALL PLATES PLANED FULL 
WIDTH OF FLANGES. 


TANKS OF ANY SIZE SUPPLIED 
and ERECTED ANYWHERE. 


DRAWINGS, SPECIFICATIONS ano ESTIMATES ‘ 
GIVEN UPON APPLICATION. y 


er 
Contractors to the Admiralty, War Department | 
and Crown Agents fo for the Colonies. 


», Mamomat, 2 TaLernons No. — 


NEWTON, CHAMBERS & CO. ,ittote SHEFF FLD. 


PUMPS 


HAND, STEAM & POWER. 
JOSEPH EVANS & SONS, 


(WOLVERHAMPTON), Lto., 


CULWELL WORKS. 


(Dec. 29, 1911. 











3 a 
> 
































Ss WOLVERHAMPTON. 
VERTICAL THREE THROW OLVI “EVANS, AMETO 
PUMP LONDON :—Salisbury House, “ey 


for BELT or ELECTRIC POWER. 


EIRFORGED | 


London Wall, E.C. 


CYLINDER 


Ciass E:. 














WELDED CASING 




















PATENT. | 
O BALL VALVE performs a 
16 secondary function and is 
O Senausreanas without diaphragm, springs 
MORE POWERFUL AT T jad f a 





FULL STROKE, Cylinders for fixing in any required position. 











Awarpep “GRAND PRIX,” 
BUENOS AIRES EXHIBITION, 1910. 


GRESHAM & CRAVEN, Ld., Manchester. 


OUR REGENT AND UP-TO-DATE IMPROVEMENTS ARE 
READILY AND EASILY APPLICABLE TO OUR EARLIER  —=—_| LG 
STANDARDS. = UB Valve. 














THE VACUUM 


TELEPHONE-6534, BANK. | TELEGRAMs—SOLUTION. 





BRAKE C2: [22: 


32, Queen Victoria Street, LONDON, EC. 





evi 
fea 
To 
ust 
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CHESAPEAKE & OHIO MOUNTAIN TYPE PASSENGER LOCOMOTIVE. 





This new locomotive hauls trains of ten and twelve cars over the Virginia 
mountains at higher speeds than an ordinary locomotive can make with 
six cars. It does the work of two average heavy passenger locomotives and 
does away with double heading. Its cylinders, 29 by 28 inches are the largest 
ever applied to a single expansion locomotive. It is not only large and powerful, but efficient. It combines only 
features which have been fully proven in service, skilfully combined to meet the specific problem presented in this case. 
To secure the necessary capacity and power within the permissible limits of clearance, it was absolutely necessary to 





a 


use fuel-saving devices. 


AMERICAN LOCOMOTIVE COMPANY, 


30, CHURCH STREET, NEW YORK. 


LONDON OFFICES :—26, Victoria Street, Westminster, S.W. Cable Addresses:- LOCOMOTIVE, NEWYORK; SIVAD, LONDON, 









































EAH EDS rareanr 


SERRATED SEAMLESS STEEL OIL CAN 


FITTED WITH 
New Patent Thumb Button, Seamless 
Spout, and Slide Feed Hole. 
Also IN COPPER OR BRASS, FOR ELECTRICAL PURPOSES. 


Contractors to H.M. Navy, War Dept., Home Office, and Indian State Railways. 
SOLE MAKERS ;— 


JOSEPH KAYE & SONS, Ld., Lock “works, LEEDS. 


AND 33, BIGE a a Et fe LOMbDoWw, Ww .cC. 


























ame ee 














HEENAN & FROUDE, LTD., 


NEWTON HEATH IRON ‘WORKS, MANCHESTER. 








TELEGRAMS-—SpuHericaL, NEwTon HEATH. TELEPHONE-Nos. 6260 ann 966A, MANCHESTER. 
IRON and STEEL STEEL TANKS, 
BRIDGES, ROOFS, CHIMNEYS, 
PIERS, JETTIES, PONTOONS, 
PAVILIONS, 
DOCK GATES, 
and CONSTRUC- 
CAISSONS, 
TIONAL STEEL 
&c., &c 


WORK. 





L. & N. W. RAILWAY BRIDGE AT PRESTON.—Length 730 ft., Depth of Girders 22 ft. 





Gelliery and ‘Mining Machinery, Railway Piant and General Engineering: Worcester Engineering Works, WORCESTER. 


Refuse Destructors: 4, Chapel Walks, MANCHESTER. 
LOMDON OFFICH: 56,..VICTORIA.ST.,. WHSTMINSTIIR, &3.W.-. >» -» 8082 
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LACY-HULBERT & C° L® 


PNEUMATIC ENGINEERS. 








(THe COLD NORTH WIND) 


COMPRESSORS, 


























AIR,CO2” 
OXYGEN, 
. aes ae HYDROGEN 
— a OR ANY OTHER GAS. 
We also Specialise in — STANDARD RANGE 
Dry AiR PLANTS AND DESICCATORS, 179 900 Cu.Fy. Pen Manure Head Office - Xe 
PNEUMATIC DESPATCH INSTALLATIONS, — Yeto HP — a a-w~ 
, AiR-LIFT DEEP WELL PUMPS Mh eng 6 conc ay Sanna 91,Vicvoria St, LONDON, S.W. Works: 
PORTABLE WINCHES (Petro/orElectric) || "F™*h. TRC tee eM Phone: VICTORIA 944 _TelegramsPERCUSSME” Benn GTON. 
_COOLED AND LUBRICATED WITH THE“BOREAS” ROTARY PuMP, WHICH IS ALSO SOLD SEPARATELY IN SEVEN SIZES TO SUIT ALL PURPOSES. ear Croydon. 

















THE 


HASLAM 


FOUNDRY: & : 
ican PO OERBY’ ae anaeae HOUSE: ENGINEERING C2 1° 


* LONDON WALL‘E:C- S° 
ain syste™ 

















































1208 


GAS ENGINES » GAS PLANTS 


JOHN CAMERON, Ltd., Salford, MANCHESTER. 


STEAM PUMP. Telegrams: “ORIGINAL, MANCHESTER.” Code: 5th Edition, ABC. Telephone: 2002, CENTRAL. 


PUNCHING and SHEARING MACHINES 























“‘BON ACCORD” HIGH-LIFT Horizontal or Vertical Spindle, Turdine Type 


CENTRIFUGAL PUMPS 


ALSO LOW-LIFT CENTRIFUGAL PUMPS 


For MINE PUMPING and SINKING, CONDENSING, DRAINING, DOCK PUMPING, IRRIGATING, 
SAND PUMPING and SEWAGE WORK, &c. 


EIGH-SPEED ENGINES © «« 


For DRIVING DYNAMOS, PUMPS, FANS, &c. 


verrca. rurone DRYSDALE & CO., Ltd., Yoker, GLASGOW, W. 


TeLeerams : ‘‘ BONACCORD, GLASGOW.” WRITE FOR CATALOGUE. 
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BABCOCK & WILCOX EP 


— PA TIAN ZT — 


WATER-TUBE STEAM BOILERS. 


7,900, 000 HP. Land and 2 ,150, 000 HP. Marine Type Installed or on Order. 
Also WHITE-FORSTER Water-Tube Mariae Steam Boilers. 
Joint Maavfacturers and General Licencees with J. SAMUEL WHIT E fl co. Ltd. 











Telegrams: Telephone No. : 
“BABCOCK, LONDON.” 5540, HOLBORN (6 Lines). 














BABCOCK & wiLcox also Manufacture 
STEAM SUPERHEATERS. WATER SOFTENERS and PURIFIERS. 
ECONOMISERS. STEEL CHIMNEYS. COAL CONVEYORS. 
MECHANICAL STOKERS. STRUCTURAL STEEL WORK. 


FEED-WATER HEATERS. ELECTRIC CRANES. 
COMPLETE STEAM PIPING PLANTS and ALL BOILER HOUSE ACCESSORIES. 


Head Offices: ORIEL HOUSE, FARRINGDON ST., LONDON, E.C. 


< «ec : Re < 7 7 e.- 
Land Type Boiler, fitted with Superheater. ESTIMATES FREE. Works ° RENFRE W, SOOTLAND. SEND FOR CATALOGUE. 8887 


THE LEEDS FORGE CO., LTD., LEEDS 






































, Pioneers in ‘the 
LONDON OFFICE :— 


Design and 
Manufacture of CAXTON HOUSE, 
Peemunt Steet WESTMINSTER. 
Underframes and 
Bogies, and ‘ ae 
All-Steel C1885 





Railway Wagons. 


SOUTH AFRICAN RAILWAYS. 


— PATENT BOGIE COMPOSITE WAGON, fitted with Fox's Pressed Steel Underframe and Lane's 
Patent Corrugated Pressed Stee! Doors. 


HOWELL & CO., LIMITED, cncct.cc%.<:' SHEFFIELD. 


‘HIGH- | HARDENS 
SPEED’ AiR 

La WATER. 
EtL.A WrirD> pa 


STEEL. 


















1562 














| 
| 
| 





LA ANN ANN Ae: 


AEG » tOTrT TE — FS f a: : ot ae 
MANUFACTURERS OF — 
ALL SIZES OF ROLLED STEEL SECTIONS 




















SLABS UP To 14x60 
& 20 TONS IN WEIGHT 
3.2'2 3010.34.34 SF 
te 107% 3%" T 
FLATS FROM % TOI8" | 
ALSO 
NUMEROUS RAIL AND 
OTHER SPECIAL SECTIONS 


I “From 3%1810 247 
C From 3x1%'1015%4° 
L eQuaL sides LI T03x3" 
L uexsqum sives fv.ttolds4” 
C FROM 4x26 To 12x4 
T prom 61012" 

oy FROM 1% dia To [2dia 











BLOOMS FOR FORGINGS UP_TO 20 TONS 
_,OuTPUT 15,900 TONS PER MONTH 


1 dia t CONTRACTORS TO THE ADMIRALTY, WAR OFFICE, Ero) 
© S-UARES PROM £10 6 Hap Orrick LANARKSHIRE STEEL Works, MOTHERWELL, N.B. ia apts a pag 


Other Branch Offiess at w, and MANCHESTER. 
fee GLASGOW, NEWCASTLE, BIRMINGHAM a 
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NORTH BRITISH LOCOMOTIVE CO., L™. 


HYDE PARK WORKS QUEEN’S PARK WORKS ATLAS WORKS 
(Late NEILSON, REID & CO.). (Late DUBS & CO.). (Late SHARP, STEWART & CO,, Ltd.). 


ADMINISTRATION BUILDING, 110, FLEMINGTON ST., SPRINGBURN, GLASGOW. 


LONDON OFFICE :—17, VICTORIA STREET, WESTMINSTER, S.W. Telegrams—L060., CLASCOW. 





BUILDERS OF ALI EINDS OF 


LOCOMOTIVE ENGINES AND TENDERS SUITABLE FOR ANY CAUCE OF. RAILWAY. 














nit Workshops Equipment: 
Annual Capacity: 8000 MEN. 
700 - 
Output now now exceeds: 
MAIN LINE 
LOCOMOTIVES. 18,000 


LOCOMOTIVES. 


THE LARGEST “LOCOMOTIVE ‘WORKS IN, _ EUROPE. 








HANNOVERSGHE MASCHINENBAU ACTIEN-GESELLSCHAFT, vormals GEORG EGESTORFF, 


| —— HANNOVER -LINDEN, GERMANY. 


ESTABLISHED 1836. 6400 LOCOMOTIVES BUILT. 


|S" LOCOMOTIVES «= 


Main and Branch Lines, Tramways, Plantations, Collieries, Contractors. 
LOCOMOTIVES for SUPERHEATED STEAM. Fireless Locomot'ves. 
STATIONARY ENGINES, PUMPS, BOILERS. 


Cable Address: HANOMAG HANNOVERLINDEN, GERMANY. 1226 
_MIKADO LOCOMOTIVE, ARGENTINE STATE RAILWAYS. ENGLISH REPRESENTATIVE: JAMES HALCROW, 18, COLEMAN STREET, LONDON, E.¢. 


BAUME & MARPERT, 


Usines & Fonderies (Société Anonyme). 
Address for Letters and Telegrams; MOYAUX, HAINE-ST.-PIERRE, i 


Al, ABO, aod LIEBER’S CODES USED. 


PERMANENT WAY and ROLLING STOCK for RAILWAYS. 
TENDERS, CARRIAGES and WAGONS. 
SPECIALITY of Wheels and Axles for Locomotives, Tenders and Wagons. Forged 
and Turned Axles, Wheel Centres, Grease and Oil Axeboxes. Points and Crossings, Signals, 
Semaphores, Turntables, Mining and Works Materials. Piers, Bridges, Roofings, Gasometers: 
Hydraulic and Gas Appliances. Castings of every description and weight. 2101 


. ENGINE CO., Ltd. 


LEEDS. 

































MAKERS OF 


LOGOMOTIVE ENGINES 


adapted to every variety of work and gauge. 





DESIGNS & SPEOIFICATIONS 
SUPPLIED OR WORKED TO. 


‘Quotations and Specifications on application. 








1485 Telegraphic Address: “ENGINE, LEEDS.” 
Telephone :—Nos. 3430 to 3434 inclusive. ‘ 











E 
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MANNING, WARDLE & CO., LT: 


BOWTMNE ENGINE WworRrz SS, LAHEY s. 


Makers of Locomotive Engines for any width of and for all purposes. Also makers of Steam Rail Motor Coaches for passenger traffic. Materials and Wor! of the best quality. Tank Engines up to 17 in. 
cylinders, on four or six wneuk, Gouge in stock or in tat Ss ifications, Photos and Prices on ——, ti gaa Designs sent on receipt of particulars of requirements. * 


BO” and “‘ The Engineering Telegraph Cod: Od 2486 


THe BALDWIN LOCOMOTIVE WORKS 


i OCOMOTIVES 22 


Mine, Furnace and Industrial Locomotives. Electric Locomotives with 
Westinghouse Motors and Electric Trucks. 


PRINCIPAL OFFICES AND WORKS, 500, North Broad Street, 
PHILADELPHIA, Pa., U.S.A. 


Cable Address: “Baldwin,” Philadelphia ; “Fribald,” London. 1658 
European Representative : -LAWFORD H. FRY, 84, Victoria St., LONDON, S.W, 


, ORENSTEIN & KOPPEL- 
] ARTH UR KOPPEL cuaccamteo) 


27, Clements Lane, Lombard Street, 
Telegrams : A 5724. 
*Alighting, London.* LONDON, E.C. wengtenee fa Watt 9953 
Makers of Locomotives and Railway Material of every description. 
1910 OUTPUT—680 LOCOMOTIVES. 


R. & W. HAWTHORN, LESLIE & CO. LTD. 


Locomotives 


Of every description for Home and Foreign Railways. 


TANK ENGINES & COMBINED CRANES & LOCOMOTIVES. 


ALWAYS IN STOCK AND, IN PROGRESS. 
For Collieries, Ironworks, Railway Depots, Branch Lines, Contractors, de, 





















































Telegraphic Address: ‘‘ Locomotive, NEwcastLE-on-Trnz.” ESTABLISHED 1817. 


MARINE ENGINEERS & SHIPBUILDERS. N EWCASTLE-ON-TYN E. 1541 


neo cee. W, G, BAGNALL 
Sanctuary House, II, Tothill Street, 


Westminster, S.W. 











. TD. HEAD OFFICE 
and WORKS: 





Stafford, England. 





Saihesbatas Workmanship anid Materiel. 
BUILDERS OF 
STEAM, PETROL and ELECTRIC 
TIPPING TRUCKS, SUGAR LIGHT RAILWAYS, 
CANE and other SPECIAL WAGONS LOCOMOTIV ES SWITCHES, TURNTABLES, &c. 


— Speciality: MARROW -GAUGE tocomortivEs. — 651 
Codes used :—“ Engineering.” “ABC,” “Bedford McNeill’s,” and “Western Union.” Telephene :—Ne. 15. Telegrams :—Bagnall, Stafford. 
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Telegraphic Address: Wagner, Dortmunderfeld, Dortmund. ABC Code, 5th Ed. 


WAGNER & CO. 


Machine Tool Manufacturers, 
DORTMUND (Westphalia). 
SPECIALITIES: Middle-sized and heavy Machine Tools for 


Rolling Mills, Iron and Steel Works, Boiler Makers, 
Bridge Builders, — Shops, &c. 














Nliustration represents— 1694 


—PN—Machine for Lichetinieind Angles, JT and LJ-Irons. 


‘DROP-FORCING PLANT. 


PATENT HAMMERS for DIRECT MOTOR, or BELT DRIVE. 


GONTROL BY HAND LEVER. LOW POWER CONSUMPTION. 
LIFTERS CAN BE APPLIED TO EXISTING STEAM OR PULLING STAMPS. 


STEAM or MECHANICAL STAMPS 


FOR THE PRODUCTION OF ALL CLASSES OF DROP FORGINGS. 


ARCH SLIDE FORGING HAMMERS 


FOR GEHERAL SMITHY WORK. No TIMBER CUSHIONING required under ANVIL BLOCK. 


OIL or COKE FURNACES, PRESSES, &. 
BRETT’S PATENT LIFTER Coa., Le 


SoovinNtTtsEwyT. 


vot ee , A.:P. W. McONIE, 


GOVAN, Glasgow. 





























MAKERS OF 
PUNCHING AND SHEARING MACHINES, 
PLATE EDGE PLANING MACHINES, 
HYDRAULIC PUMPING ENGINES, 
FLANGING AND FORGING PRESSES, 

a —~ ACCUMULATORS, RIVETTERS, AND 
Bar Straightening, Reeling and Polishing Machine. , ps ALL CLASSES OF SHIPBUILDING TOOLS. 

















LOCKWOOD &CA RLISLE, Ld. 


HAGLE FOUNDRY, SHEE EIEID. 


Telegraphic Address: ‘‘ PISTON, SHEFFIELD.” National Telephone: 1376. 


ype otal Double-action Metallic Piston Packing yoo & Soma 


CARLISLE’S PATENTS. 





i : 2 SPECIAL FACILITIES FOR QUICK DESPATCH OF URGENT ORDERS. i i 
Septet iaaie =< rene ALL PACKINGS GUARANTEED. 1912 H.P. Rings Te ee ty sorta for 









Din 
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THORNYCROFT 


SHALLOW DRAUGHT TRADERS 


Motor Launch for Colonial and Tropical Service. 





The boat shown below is specially designed for working on shallow, narrow rivers, 


and is easily manceuvred by means of the twin rudders. It may be used as a tug, 


cargo boat, or ferry boat, and is specially suited for being operated by natives. 

















Dimension, 35 ft. by 7 ft. Draught (light) 10 in. (carrying 2 to 3 tons) 12 in. 


S d "hows 15 B.HP. Thornycroft Motor, 94 miles per hour. 
Peees | with 30 B.HP. Thornycroft Motor, 11 miles per hour. 





Particulars of Marine and Stationary Motors on Request. 


JOHN I. THORNYCROFT @ CO., Limited, 
CAXTON HOUSE, Westminster, LONDON, S.W. 
a Telegrams: THORNYCROFT, LONDON, ai 


ae CT CTERNREEE 


ALUMINIUM 


CONDENSERS & COILS 





























FOR ESSENTIAL 
OIL DISTILLATION . 


NO RUST OR VERDIGRIS 





















Where the first 

requirement is reliability— 

where it is an absolute essential 

that the engine employed should run 
for long periods under a heavy load, and A \ 

with a minimum of attention— 

There—for that purpose—you should select the vi 


WHITE & POPPE 


140 by 150 Type. 
It is illustrated below—has a B.HP. 0, 108 at 
normal speed, and— 

Can be driven with either paraffin or petrol. 
May we send you prices and particulars ? 


WHITE & POPPE, LTD., 
The Engine Specialists, 


COVENTRY, 
Eax. 





















THE BRITISH ALUMINIUM CO., LD., 
109, QUEEN VICTORIA STREET, LONDON, E.C. 


Telegrams : CRYOLITE, LONDON. "Phone, 4315, London Wall. 
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=. mean og 


(PATENTED.) 
TAPER OR STRAIGHT SHANKS. 











Test them 
against the best 
Milled drill, and then 
eompare our discount 

with what you pay. 


A Sectional Bar is twisted hot. Drills 
are ground with same precision as 
Milled Drills. Shanks are a 
perfect fit in Morse 

Socket. 





MANUFACTURED BY 


| J. Beardshaw & Son, Ltd. 


Baltic Stee! Works, SHEFFIELD. 
LONDON OFFICE : 38, Victoria Street, Westminater. 


ALFRED PHILLIPS «GO. 


ATLAS WORKS, 
TriIrPrTroNn. 





High-class 


CHAINS 


Speciality :— 


SLINGS 


of all types. 


HOOKS, SHACKLES, SWIVELS, 
WAGON COUPLINGS, STRETCHING SCREWS. 


Reasonable Prices, Prompt Delivery. 







fC ae oe 


LT WNT oS he Tipton 












Over 30 years’ Practical Experience. 
ASE FOR LIST HE sas. 1820 


R. @. ROSS & SON 


Glasgow Limited. 
— SOLE MAKERS OF 











_ STEAM, AIR AND POWER 


HAMMERS, 


2500 IN USE. 


Barish ADMIRALTY. FRENCH GOVERNMENT. 
INDIAN GOVERNMENT. RvussiaAN GOVERNMENT, 
Cape GOVERNMENT. DaNisn: GOVERNMENT. 
DutcH GOVERNMENT. CHINESE GOVERNMENT. 
New Sourn WaALzEs GREEK GOVERNMENT. 
JAPANESE GOVERNMENT. 
-» &e. 1356 


GOVERNMENT. 





PATENT SPEED REDUCING GEARS. 


VERTICAL BOILERS. 


VERTICAL-CROSS TUBE BOILERS. 
VERTICAL DONKEY BOILERS. 
MARINE RETURN-TUBE BOILERS. 
LOCO-TYPE BOILERS. 


VERTICAL BOILERS ON STOCK 
from 1 N.HP. te 14 N.HP, 





Telegrams :—“ BOILERS, LOUGHBOROUGH.” ‘Telephone:—No 51. 








WALTER W. COLTMAN & 00. 


RIGBY’S PATENT | 


Telephone No.—HOLBORN, 2254. Telegraphic Address—“* AMROSSITE, LONDON.” 


The “AM EROSS” Positive 


LOCK WASHER 


Made of Tempered Steel. 


_ STRONG. DURABLE. RELIABLE. 


Notethe Invaluable to Railways, Tramways, 
device. Electrical Plant, Collieries, and al] 
Machinery subject to vibration. 


A LARGE STOOK OF VARIOUS SIZES 
ALWAYS ON HAND. 
SOLE MANUFACTURERS— 1628 


THE “AMROSS” POSITIVE LOGK WASHER MFG. 6O., 


50-61, HATTON GARDEN, LONDON, E.C. 
— Write wa To-day for List No. 20. — 
ao et 


Seamless Copper Jointings 


ANY SIZE. ANY SHAPE. 
CUT FROM SOLID SHEET. MACHINED ALL OVER. 


Can be constantly re-used! Do not char, corrode, eat away, or adhere to 
flanges! No red-lead or other filling! 


Beware of 
Imitations. 


































. . ° . ° . . 4 _ - < 

= nN ” + Te) 7} ~ P 00 ) 
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z z = WV z z =z zN za Wz 2 
© ISS z z z z 
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For Cylinder Valve-chest or Mud-hole Covers and all High Pressure Joints. 
APPLIED AND REMOVED WITHOUT USE OF TOOLS. 
— AVOID CAST OR STAMPED IMITATIONS. — 


THE HULBURD ENGINEERING CO., Ltp. 


Contractors to H.M. Government. Brassfounders and Coppersmiths. 
150, LEADENHALL STREET, LONDON, E.C. 1478 








THE 


N ELLA ![centriruca. PY MP 


FOR LIFTING LIQUIDS 
FOR ALL PURPOSES 
LOW COST 


ELSINORE ROAD. Old Trafford, 
ENGINEER, MANCHESTER. 











MACHINE 
CUT 
WHEELS. 


WORM AND SPUR 
REDUCING GEARS 


2049 


REID GEAR Co. 


LINWOOD, 








LOUGHBOROUGH, England. 





—~—- near PAISLEY. 








|| 
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YOU ONLY NEED A HAMMER TO FIX IT 


THE 


“GRIP” 


CHEAPEST 
& 
BEST 
FOR ALL 
SPEEDS 


FLEXIBLE 
BELT 
FASTENER 





Write for Particulars and Sample to 


we. EI. BOOSEY & CO., 
60, Water Lane, London, S.W. 


1361 














AN, > | 
MARINE = 


KELVIN 


FULL SPECIFICATION From THE MANUFACTURERS— 
THE BERGIUS LAUNCH & ENGINE CO., Dobbies Loan, GLASGOW. 


c. F. CASELLA «co. 


Scientific Instrument Makers, 








1465 

















CAPT, SANKEY’S MACHINE FOR RAPIDLY TESTING METALS. 2104 


II-15, Rochester Row, London, S.W. 























ESTABLISHED 1852 





Telegrams :—‘‘ BOILER, GLASGOW. 


== Wii = a 
TU AW iN ATS NER 


LILYBANK BOILER works 
GLASGOW 


1667 


BEST QUALITY 
TAPS, STOCKS 
AnD DIES. 


JOHN H. WIDDOWSON, 


(16 years Manager at Sir Joseph Whitworth's & Co.) 
BRITANNIA ST., ORDSAL LANE, 


SALFORD, 
MANCHESTER. 








“ Have stood the 
test of time.” 


Established 
1876. 


1420 




















BRISTOL'S STEEL BELT LACING. 


Imitations and variations notwith- 
standing, “‘BRISTOL’S” remains the 
Best and Cheapest Fastener. 

Increased Sales in all Countries. 

Compare Quantity and Price before 
buying. 

The name “BRISTOL'S” represents 
20 years of quality unsurpassed. 











Send 2s, 2d. for Standard box of Lacing 100 inches, post free, 
Send is, 2d. for Box of 50 Hooks, post free, 





Sample and List on request. 1905 


wa. & Cc J. PHILLIPS, 
College Hill, Gannon Street, LONDON, E.C. 


J. 
23, 





Contractors to H.M. Government, 
India Office, and Colonies. 


STEAM ENGINES 


Condensing, Non-Condensing, and Compound. 
VERTICAL ENGINES AND BOILERS, 
Combined or Separate. 1458 
Winding and Hauling Engines. Vacuum Pumps. 











We offer terms to Merchants shipments 
from Man , off a saving of about 2 cent, 
hy Te over Liverpool and 4} per cent, over 
Engineers, HOLLINWOOD, ar. MANOHESTER 
, Be AL R. LE ES,  onmtecnaet Aiy HOLLINWOOD.’ Telephone—No. 16 FAILSWORTH. 
ence 











SOLE BRITISH AGHNTS : 


CEO. W. GOODCHILD & PARTNER, 


30-32, Farringdon Road, LONDON, E.C. 


1769 








HIGH-CLASS LAN LANCASHIRE & CORNISH BOILERS FOR HOME & EXPORT, '% 
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— 


A. BEEBEE, 
Studs, Bolts, Nuts, te 


WEDNESBURY, 7% 


SHIPBUILDERS. 
MARINE ENGINEERS, 
SEE DISPLAYED ADVERT. ALTERNATE WEEKS, 


CRABTREE & CO., Lro, 


GREAT YARMOUTH. 























HACK SAWS|s 


As supplied to the Crown Agents for the Oolonies, 


FROM gS EACH. 1 


F. PATRICK, Oxford St., Leeds. | | 











MONEL 
METAL 




















= cu 
iy |INCORRODIBLE| > 
m&| BARS. Jae 
tL, CASTINGS] = 
S |FORCINGS = 
ny | PLATES |& 
S / SHEETS erc\ ty 
a SAUNDERS z€ 
150 QUEEN VicToRIA ST 
LONDON 
THE MASON 


Pump Pressure Regulator, 


— FOR — 


Fire, Waterworks and 
Elevator Pumps. 


Guarantced not to stick. 











* IT 18. THE STANDARD. * 








THE MASON REGULATOR CO. 


BOSTON, MASS., U.S.A. 


Manufacturers of 


Steam Pumps, Reducing Valves, Damper Regu 


lators, and Steam Regulating Appliances of all é 2 


descriptions. 28565 





LONDON: 147 Queen Vieterin Street, coren 
HAGEN: Gothersgade 155. _ANTWE 33, 
Rue des a nes. SYDNEY: 74. AR 
Street. LBOURNE: 435, Bourke Street. 





Stationary and Portable. 








The Simplest, most Efficient, most Reliable, and the Best Motive Power for all purposes is the 


‘LISTER’ PETROL ¢ GAS ENGINE 


MADE IN FOUR SIZES—2}, 4, 6, AND 8 B.HP. 


Starts Instantly and Easily. 
Ignition, and Automatic Lubrication. Economical, Safe and Durable. 


Fitted with Bosch High Tension Magneto 


Write for Gutaieane to— 











“GUNTHER” 


FANS |& 


FOR 1494 
Forges, Cupolas, &c. 
EXHAUST FANS. 


CENTRIFUGAL 
_PUMPS. 

















MARSHALL, FLE FLEMINGaC# Mothorval 


ELECTRIC AND HAND TRAVELLERS. 


ELECTRIC 





Contractors 
to the 
Admiralty, 
War Office, 
&c., &e. 


LONDON Office 
301-2, 
Mansion House 
Chambers, 
E.C. 





NEWCASTLE- 
ON-TYNE 
Office : 

1, St. Nicholas 
waar 9 





WHARF CRANES. 





ELECTRIC WHARF CRANE 
fitted with Marshall, Fleming & Co.’s 
Patent Free Barrel and Free Brake. 





LOCO. STEAM CRANES. 




















DANIELS CAS PLANTS 
DANIELS CAS ENCINES 
DANIELS HIGH-SPEED PUMPS 


Complete Pumping Installations. 
T. B. & J. DANIELS, Ltd., Engrs., Stroud, Eng. 


See displayed Advt. last and next week. 506 





sofas ee ENO 
(AND gMnnit® a 


Last Week and Next Week. 


EDWARD HAYES 


2174 «Watling Works, 
= Stony Stratford. 












Marine Engines 
Now Ready. 
6&12x 8C.8.C. 
7&14x 9C.8.0. 
} $& 1610080. 
9&18x11C.8.C. 





i’ 
2 


rey be. nag 
Maker to Admiralty, &c. 


: "VICKERLINE” 


“VICKERLINE” C.—A_ C.—A pure clear 


Lubricant, free from Resin and 
Water. For Stauffer Type Lubri- 
cators, and Motor Gears, 


“VICKERLINE” X.—An extra hard 


Lubricant for hot necks, and for 
use in tropical climates, 


M.P, 205/215°F, (95/101°C), 5820 
“VICKERLINE” OIL JELLY.—a 

brilliant protector for bright metal. 
BENun. R. VICKERS & SONS, Leeps. 





























VOLT WORKS, 


LEEDS. 











DIRECT-COUPLED 


) MOTOR and FAN 


—— 


FOUNDRIES, SMITHIES. 





, CONTINUOUS or 5446 


ALTERNATING 
CURRENTS. 


al| 








|} 
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Shin. Centre, High-speed, Self-acting, 
Sliding, Surfacing and Screw-cutting 


(lf LATHES |[ 





§| Carron Lathes are built with the 
utmost care, and for ease of operation 
and variety of work which they produce 
stand unrivalled. They afford hard, con- 
tinuous service, with accuracy and pre- 
cisiun, oaly the finest quality material 
entering into their construction. 
The Lathe shown is fitted with (S. and R.) all-gear 
head, is powerfully geared, and takes in 3 ft. 9 in. 
between centres. All-gear head gives constant 
belt speed, greater pulling power and compactness, 
greater number of speeds wheel for wheel, and 
strict geometrical progression. Over-all sizes 
9 ft. 2in. x 3 ft. 6in. Approx. weight 40 cwts. 





q No. 21g Machine Tool Catalogue, giving full 
particulars, Free on request. Write now. 

















GRAND PRIX AWARDED-BRUSSELS; BUENOS AYRES, 1910; TURIN, 1911. 


J: E. Reinecker, Chemnitz-Gablenz 


MANUFACTURER OF 


MACHINE & HAND TOOLS 
Of Improved Design and High-class Workmanship. 


SPEGIALITIES 1 
RELIEVING LATHES for Formed Cutters. 







PLANT 
for Cutting Racks, Spur, Bevel, 
Spiral and Worm Gears. 


PARIS, 1900, GRAND PRIX. 


Catalogue free on application 
Trade Card. 








SOLE AGENTS 
FOR THE UNITED KINGDOM 


PFEIL & CO., 


145°9, St. John Street, 997 


Single Head Slab Miller with Contre Support. Clerkenwell, London, E.C. 


BRAZIL, STRAKER & CO., Ltd., 


FEL As Weere TE CUTS MAREE Hiro: } Bristol, Bugland. 


LONDON OFFICE :—5, NELSON SQUARE, BLACKFRIARS ROAD, 5.E. 


STEAM WAGONS, 


Very Handy, 


Carry Fuel and Water 
for day’s work with- 
out refill. 

















1468 


Latest Improvements. 





THE DJINN MOTORS. 


Marine Oil Engines 
>, for Pleasure and 
; Commercial Purposes, 
24 to 180 
Brake-Horse Power. 











CATALOGUES ON APPLICATION. 





For working in close 

quarters, where safety 

and speed are essen- 

tial, there is no Hoist 
to equal the 


TRIPLEX| 
BLOCK 


This Hoist saves its cost in 





a short time. It has steel 
gears, and a steel dustproof 
cover. The load chain has 
an ultimate strength equal- 
ling five times. the block's 


rated capacity. 


Ask for Catalogue and the 
latest Test Figures. 


The 


Yalee Towne 
Mfg. Co., 


Distributing Agents for Hoist Dept. 
in Great Britain :— 


THE FAIRBANKS CoO.., 


15, Mallow St., LONDON, E.C. 


54, Bothwell St., GLASGOW. 
2112 
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Tee 


errrens 


- FRICTI N 
CLUTCHES 


For all Purposes. 


Y, to 1000 HP. 


SATISFACTION 
GUARANTEED. 


HAULAGE 
GEARS. 


SHAFTIN G, 
BEARINGS, 


BELT and ROPE 
PULLEYS, &c. 


ru WIGGLESWORTHe 0.1 


ENGINEERS, 
Mill Lane. BRADFORD. 1927 



















ALEX. FINDLAY @ CO., Ltd., 
Steel Root and Bridge Builders, MOTHERWELL, N.B. 


Contractors for all the Main Buildings — the tn BRITISH EXHIBITION, 
LONDON, 1908, covering a total area of 560,000 square feet; also fos 
the Grand Stadium, area 200,000 square feet. 
Att Kinps OF STEEL STRUCTURES DESIGNED AND EXEOUTED. 
SPECIALITY :—HYDRAULIG PRESSED STEEL TROUGH FLOORING FOR BRIDGES AND BUILDINGS. 
Head Office . eis 16 - fe MOTHERWELL, N.B. 
pees ae a. ta  « Te 9, VICTORIA STREET, S. a 
“FINDLAY, MOTHERWELL.” “ PARKNEUK, LONDON.” 


FAWCETT, PRESTON & CO., 


ENGINEERS, LIVERPOOL. 


Telegrams : Fawcrtt, LivERPOoL. Codes + ABC (4th & 5th Edns.), A 1 and Western Union. 
LONDON OrFice: 69, VICTORIA STREET, S.W. 


peso ean a Ccntractors to the Admiralty and War Office. 
SUGAR-MAKING PLANT 


of all kinds. 
SEA-WATER DISTILLING PLANT. 
DISTILLING & EVAPORATING 
MACHINERY for all purposes. 
STATIONARY & MARINE ENGINES 
AND BOILERS. 


PUMPING MACHINERY 
for Town’s Water Supply. 


NITRATE-MAKING PLANT. 
WINDING & HAULING ENGINES. 
AIR. COMPRESSORS: 

Sole Makers o {CYCLONE PRESSES. 
Sole Makers of GRID PRESSES. 
and of FAWCETT’S HIGH DENSITY AND 
COMPOUND HYDRAULIC PRESSES 

AND Pumps 2117 


for Packing Cotton, Jute, Wool, Silk, Hides, &c., 
to any required density and weight of bale. 

















NOTE. — 85 “Cyclone” and “Grid 
Presses supplied for Calcutta alone. 


‘*Watson-Fawcett” Hydraulic ‘‘Cyclone” Press. Sole Licensees in U.K. of Patent FODDER PRESS. 











Wire-Feed Automatic CAPSTAN LATHES, 


Completely RE-DESIGNED Throughout. 





MANY IMPROVEMENTS. 








6” and.7” centres to take Bars from 3" to 13" diameter. “°° 
5” and 6” Lathes also supplied. with lever feed to capstan and cutting-off slide. 





Send for full particulars and prices. 


CHARLES TAYLOR ceirm>), Lp. 


CHUCK, VICE, LATHE, AND MACHINE TOOL MAKERS, 


GEIPEL’S PATENT 


“RAPIDITY” 


STEAM TEAL. 


ONE OF THE REPEAT ORDERS w3sicH GO TO MAKE 
A GRAND*f0TAL oF 100,000 IN USE ALL OVER THE WORLD, 








The most efficient Steam Trap extant. . | Works ; r varying pressure. 

Wastes least steam ty’ radiation. Valve detached and removable in 10 seconds. 
Sharp shut off. _ | Rotating self-grinding valve. 

Intermittent and rapid full bore discharge. | Hand blow through, &e., &c. 


OOSTS LESS THAN 1/2 OF ANY OTHER TRAP FOR A 
2 > @QIVEN DISCHARGE. OAPAOITY. 


Used by Admiralty on 50 Warships for 300 Ibs. Pressure. 1628 





Bartholomew Street, BIRMINGHAM. 


WM. GEIPEL & CO., VULCAN WORKS, ST.-“THOMAS STREET, S.E. 
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FRASER & CHALMERS, 


LIMITAaD, 


3, LONDON WALL BUILDINGS, E.C. 


BETTINGTON DUST FUEL BOILERS 


FOR LOWEST GRADE OOAL 








Oable Address—VANNER, LONDON. 


ASBESTOS 


PACKED 


COCKS. 


ANY TYPE SUPPLIED 
TO ORDER. 


ON ADMIRALTY LIST. 


ISMITH Bros. Go. °'3” NorincHam 


GENUINE CARBORUNDUM 
WHEELS. 


WORKS, ERITH, KENT. 8198 
































(HYSON) 
LTD., 

















When you Increase the Efficiency of the 





Man you Decrease Cost of Production. 





GENUINE CARBORUNDUM WHEELS increase the productive ability 

of the man who uses them 50 to 100 per cent— sometimes even 

more. They do better and cleaner work. They last longer 
than any other grinding wheels. 


THE CARBORUNDUM CO., Ltd., 


29, Clifton St., Finsbury Square, LONDON, E.C, ™ 








WITTING'S == 
HB. PUMP VALVE 


Can be fitted most advantageously to any existing or 
new Pump, without altering its design. 


! 


Results of a Double-acting Horizontal Plunger Pump of 
8} in. diam., 11} in. stroke. 


With Rubber Tube Spring Valves. With H. B, Valves. 


Working speed, I72 revs, p,m, 
Absolutely noiseless working, 
Capacity, 765 galls, p.m, 
Efficiency, 91 per cent, 








Working speed, 130 revs, p,m, 

Water Hammer & Valve Shocks, 

Capacity, 530 galls, p.m. 

Efficiency, 85 per cent, 

Cost of maintenance per Valve Cost of maintenance per Valve 
and year, 3/-, and year, 6d, 


WE SUPPLY FREE ON TRIAL. 


WITTING BROS., LTD., 


49, Cannon Street, LONDON, E.C. 





2117 


ROSS « DUNCAN, 


ENGINEERS & BOILERMAKERS, 


Whitefield Works, Glasgow, Scotland. 











IVEARINE 
Boilers 


By Latest Hydraulic 


and Pneumatic Plant, 





1050 


Telegraphic Address 
WHITEFIELD, GLASGOW. 


On Admiralty List. 
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YORKSHIRE 
COPPER WORKS 


LIMITED, 


LHHDSs. 


On Admiralty, War Office, and other 
Government Lists. 


SOLID DRAWN 
COPPER 


AND 


BRASS TUBES 


for Locomotive, Marine and General 
Engineering Purposes. - 





Telephone: CODE: Telegrams : 
4360 (two lines). ABC, 4th & 5th Editions. ** TUBES, LEEDS.” 


_ 


‘GRAYSILVER’ 


HIGH PRESSURE STEAM PACKING 


Can be strongly recommended where DURABILITY, 
not price, is the first consideration. 









































Nes 








We have received reports from Marine Engineers stating that “GRAYSILVER” 
gives better results than any other packings previously used. 





WRITE FOR SAMPLES AND PRICES 








The India Rubber, Gutta Percha & Telegraph Works Co., Ltd., 
HEAD OFFICES: 106, Cannon St., Londen, E,.C, WORKS: Silvertown, London, E, 
Telegrams: Head Offices—“ Silvergray, London.” 1792 Works—“ Graysilver, London.” 
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=: | | MERRYWEATHERS? -— 
PLE ORS PATENT IMPROVED WATER SOFTENERS, &. 





~~ LIDGERWOOD 
Pile Drivers, Hoisting Engines 


for BUILDERS and CONTRACTORS 





LIDGERWOOD MANFG. CO., 1930 | | 


Caxton House, Westminster, LONDON. S.W 


EDWARD FINCH & CO., La., 


CHEPSTOW. 


@ridges and Roofs, 
Oolliery tron Work. 


See Illustrated Advertisement appearing every 
fourth week, eA} 
h! 











) Arranged for Kand, Horse or 
Motor Draught. 
ADVANTAGES: 

Absolutely Sanitary. 

Can be employed in daytime without 
causing a nuisance. 

Great saving of time-and labour. 

Has no complicated machinery. 


VACUUM CESSPOOL EXHAUSTER. 











NumerousT estimonials received 
from Actual Users of 


MERRYWEATHER EXHAUSTERS. 
Write for Illustrated Lists, 690™ 


—wa MERRYWEATHERS’ EXHAUSTER 
IN USE, 1388 








MERRVYWEATHER. LONDON, 





Extract from Medical Officer’s Report. 
“IT am personally very pleased with its efficient and simple method of working, and believe that it will be 
adopted in other Urban Districts where extended Systems of Sewerage are not able to be carried out.” 











MERCHANT BABS, FLATS, ROUND#, SQUARES, aANGLA 
TEES, OVALS, &C., IN EITHER IRON OB STEEL, 
SIEMENS-MARTIN OR BASIC. 

Tele. Add.: “ Hoops,” 


q ong 
Mother well. Oo Plain or 





splayed ; also for Cotton 
Ties and all other purposes. 

The Motherwell Iron 
and Steel Co.. Ld., Motherwell, ¥.s. 


’ VERTICAL 


GAS EN GINES 
THE ANDERSTON FOUNDRY CO., Ltd. 


GLASGOW. 
Ree displayed Advertisement next week. 


ROBERT STEPHENSON & CO. 


LOCOMOTIVE BUILDERS, DARLINCTON. ur». 
London Office :—Sanctuary House, Westminster. 


LOCOMOTIVES 77,9 ,s7n5° 


Telegrams—Rocket, Darlington ; Altiscope, London. 
Nat. Tel,—200 & 300 Darlington; 650 Victoria. 
Codes—A BC 5th Edition, Engineering Standards, 

ering Telegraph. 1136 
See our Illustrated Advt. last and next week. 


Blair, Campbell 8 M‘Lean, 


— LIMITED, — 
WOODVILLE STREET, GOVAN, 
GLASGOW. ans 


See large Advertisement, 8th December. 





? 
























SPECIALTIES :— i 
ini Bepetiti 
aes resafsctureof Small Paria. 
vot. 
35, Chatsworth Road, 1749 
STRATFORD, 
LONDON E. WS ‘Chesney’ 
YS Machine Vice 
S oats ee 


with Planing and other Platen 


Free Trialallowed. Guaranteed tohold the 


Ask for New Catalogue 
of Hose for Flushing and 
Watering Purposes. 


MERRYWEATHER & SONS, 


Greenwich Road, S.E., London. 

















Demy 4to, xx—264 pp., 173 Plates with Sectional Drawings and other Illustrations 


and Numerous Details in Text. Price 2s. 


THE EVOLUTION 


OF THE 


PARSONS STEAM TURBINE. 


An Account of Experimental Research on the Theory, Efficiency, and Mechanical Details 
of Land and oes Reaction and Impulse-Reaction Turbines; and on the Efficiency 
of Screw Propellers, Electric Generators, and Mechanical Speed-Reduction Gearing 
Driven by Steam Turbines ; 





A Record of Progress in the Applications of Steam Turbines in Propelling Ships, Driving 
Electrical Machines, Air Blowers, Compressors, Fans and Pumps, and in Utilising 
Exhaust Steam from other Engines; and 


A Description of the Manufacture of Turbines, and of the Works of Messrs. C. A. 


Parsons & Co., Heaton, and of The Parsons Marine Steam Turbine Company, Ltd., 
Wallsend-on-Tyne. 


By ALEX. RICHARDSON, A.I.N.A. 


‘*The book is certainly one to linger over. . . . 
attracted by it, and there will be equally few, we beli 
it.”"—The Engineer. 


Few engineers who may come across it will fail to be 
eve, who will not acquire some fresh knowledge from 


‘Nothing so comprehensive or so authoritative has been written about any other recent deve lopment in 


engineering progress, . _. + it is of such general interest that it will appeal to all who have followed the 
evolution of turbines of different kinds, as well as to all interested in engineering as a science.” —The Glasgow 
Herald, 

“‘From cover to cover there is scarcely to be found a paragraph beyond the powers of comprehension of 


the general reader, . . . in regard to details the author is able to present a large amount of first-hand 
information which a few years ago would have been inaccessible. . . . Upon the whole, therefore, this 
contribution to the literature of ships and turbines must be regarded as the most important accession to 
technical literature that the year has so far produced.”—The Times Engineering Supplement. 


See -_ the author has done a useful piece of work, and done it well. Not merely has he told the story 
in an interesting way, but he has secured the aid of Sir Charles Parsons and several of his colleagues, and has 


thus made the record complete, adding many new facts.”—Nature. 





job down on the Platen. Cheapest and Best. 


Lonpon : Offices of “ ENGINEERING,” 35 & 36, Bedford St., Strand, W.C. 


The Harris Patent Filter (1910) Ltd. 


24, Grainger Street West, 
NEWCASTLE-ON-TYNE. 























ve Ow 
IRM INGHAM. 
COAL ELEVATIN 


G 
AND 1089 


STORAGE PLANTS. 


MANY ERECTED. INSPEOTION INVITED. 
20, Mount Street, 


SIMON-CARVES, Ld., " wancuester. 


“ TAPER’ 
oe» PIN S 


an 4 22 ON AVeLel bu ae) - 25, 
BIRMINGHAM 


THE STEEL PIPE GO. 


LIMITED, 1908 


KIRKCALDY, N.B. 


See our large Advertisement on alternate weeks. 


VAUGHAN’S 


OVERHEAD ELECTRIC ano HAND 
POWER TRAVELLING 


CRANES. 


VAUGHAN & SON, Ltd, Manchester. 


Ger Large Advt. December 15 and January-J2, 1912. 


PULSATING PUMPS 


TURNSTILES, 
AND GENERAL ENGINEERING. 


W. T. ELLISON & 6O., Ltd., 


Irlams-o’-th’-Height, 9806 
MANCHEST EH Er. 























Telegrams:—“ Ellisons Ltd., Irlams’-o’-th’-Height.” 
Telephone : No. 30, Pendleton. 








LUKE & SPENCER, Ld. 


CANAL ENGINEERING WORKS, 


BROADHEATH, near MANCHESTER. 


Telegraphic Address - - - - “EMERY, BROADHEATH.” 
National Telephone—Altrincham No. 49. Od 7024 











WHEELS 








IT 1S HOT POSSIBLE FOR 


fl WHER MADE 


i 
yi 








JOINTS TO LEAK 
WITH 





Taylor's Corrugated Metallic Packing 


MADE IN ANY SIZE OR SHAPE AND 
DISPATCHED BY RETURN OF POST. 





TELEPHONE—NATIONAL, 0431, 
TELEGRAMS—CORRUGATE, TYNE DOCK. 


NEWTON & NICHOLSON 


Tyne Docks Corrugated Packing Works, 


SOUTH SHIELDS. 


LONDON ADDRESS: Billiter House, Billiter Street, E.0- 


8961 
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Cecil Cariss and Kellett, 


Auctioneers and Valuers to the ineering and 
Allied Trades. Valuations for Partnerships, Conver- 
sions, Probate, &c., undertaken in all parts of the 
Telephon —55, Temple Row, Birmingham. : 2064 

hone: 5695 Central. Telegrams: ‘‘Cariss, B’ham.” 


~~ TYNE IMPROVEMENT COMMISSION. 
TO BE SOLD BY “PUBLIC AUCTION BY 


. R. Ellis, Son and 


WIGHTMAN, 
AT THE COMMISSIONERS: YARD, 
HOWDON-ON-TYN 
On FRIDAY, the 6th day of JANUARY, 1912, at 
Two o’clock p.m., the Dans | 
STEAM TUGS AND DREDG 
Po oe 5 7g of Mooring Chains and Ridi Lighte), 
ie 1 NORTHERN LIGHT,” T.1.0. 
aT oedow We. 1.1.0. Dredger No, 4, and Iron 
Paddle Tug “ PUNOH.” 

Lor L—The T.LO, TUG “ gearny | Lape 
This is a wooden paddle tug at present lying at the 

Commissioners’ East Tier, near Howdon Yard ; length | Oo 
over all 97 ft., beam 18 ft., depth 9 ft, 9 in. 

Lor 2.—The T.LC. DREDGER No. 3. Wood built, 
double ladder bucket barge filling d er, not 
self propelled, at present lying at moorings off 
Northumberland Dock Wall; length 112 ft., breadth 
28 ft.; depth 10 ft. 6 in. 

Lot §.—The T,LC. DREDGER No. 4. Iron built, 
double ladder bucket barge a dredger, . not 
self propelled, at present lying at moorings off 
Northumberland Dock Wall; length 142 ft., breadth 
38 ft., depth 10 ft. 4 in. 
“ Lor 4.—IRON eee 4 ~<_ “ ays , ee 

tag ‘at present g on Jarrow e; len 
101 ft., beam 18 ft., depth 9 ft. 10in.. having single 
wood deck and cabins fore and aft. Fitted with two 
side lever engines. 

The Vessels can be viewed at any time between 
Nine a.m. and Three p.m., by intending purchasers 
who make their own ments as to means of 
access, but intending purchasers will be conveyed by 
the Commissioners to the vessels by boat leavin 
Howdon Yard on WEDNESDAY, the 3rd, an 
THURSDAY, the 4th. January, 1912, at Ten am. 
The “Punch” is only tully visible at Low Water 
Spring Tides. 

For further particulars and conditions of Sale apply 
to, the AUCTIONEERS, or to the General Manager 
and Secretary, J. McDONALD MANSON, Tyne 
Improvement Commission Offices, Bewick " Street, 
,Newcastle-on-Tyne. 

Auction Offices :— 

81, Charlotte Street, North Shields, 




















Nat. Tel. No. 89, and F 847 
14, Station Road, Whitley Bay, 
Nat. Tel. No. 27. 
Sale Reference No. 319. 
ee eee a 
FOR SALE. 
1632 


Gteam (Ai 3223") Boilers. 
Vertical, Loco., Cornish, Launch, Field-tube ; also 
Air Receivers, Feed-water Heaters, Cylinders, &c.— 
Tur GRantTuaM Bower & Orank Co., Lrv., Grantham. 


o. 2 Bilgram Semi-Auto- 
> matic Bevel Ae PLANER, take 18 in. mitre 
wheels, complete with roll cones and countershaft ; 
seen in operation ; £200.—RODGERS BROS., Baker 
S.reet, Brixton Road, London, 8. W. 818 


jer Sale, Traeaeien- tied 


eight-wheeler (four wheels coupled) cylinders 
17} in. diam. by.24in. stroke, 1501b. working pressure, 
cylinders, firebox and tyres, good as new.—Photo and 
further particulars on application to THE BUTE 
WORKS SUPPLY CO., Lrp., Bute Docks, Cardiff. 


F 410 
A(t) S N.HP. Semi-Portable 
ENGINE, by Fowler, FOR immediate SALE. 
Perfect working order, certified 140 Ib, workin; 
pressure. a price. —NUNEATON cate 
0O., Lrp., F 844 
Planing Machine.—Side and 
End Plate Edge PLANING MAOHINE, side bed 
open end 30ft., end bed 8ft. by 2ft. 6in.; complete with 
cramping beam, sorews, pulleys, &c. ; makers, Scriven; 
first-class order, cheap, FOR immediate SALE.— 
PLANE, WiLutaM Portrovs & Co., Glasgow, ¥ 864 


P " Y 
Guccessful Two Stroke Cycle 
HEAVY OIL ENGINE.—British Patent Rights 
and complete detailed designs for, sizes from 2 to 
50 HP., FOR DISPOSAL. Very any engine, now 
being sold commercially abroad. 
Offices of ENGINERRING. 
FOR SALE. 
GRAB BUCKETS. 
Oné Priestman’s Patent Single-chain GRAB BUCKET, 
olroular pattern, }.yard capacity, nearly new. 
Wild’s Patent Single-chain BUCKET, by Stothert and 
Pitt, plated, with teeth, been used for gravel and 
ballast, full }-yard capacity. 
Price's Patent 3 ngle-chain ditto, size 5 ft. 6 in. long 
by 6 ft. wide by 3 ft. deep. 
Priestman’s Patent Double-chain ditto, latest type, 
plated, no teeth, size 4 ft, 8in. by 4 ft. 8in. by 
8 ft. deep, plate } in. full, nearly new. 
Priestman’s Double-chain ditto, skeleton type for 
clay or coke, size 4 ft. 41n. by 8 ft. Sin. by 2 ft. dee 
Priestman’s Double-chuin ditto, plated, with teeth, 
3ft. 10 in. by 3 ft. 5 in. by 2 ft. deep. 


ATALOGUE of Stock MACHINERY, 2-3000 LOTS 
free on application. Inspection invited. 
1 


- 941 
OS. W. WARD, LTD., ALBION WORKS, 
Tel. : ‘“‘ Forward, Sheffield.” SHEFFIELD, 
“CALEDONIA MOTOR ENGINEERING WORKS, 
GRANTON, EDINBURGH. 


[these Subjects will be Exposed 


to SALE (unless disposed of privately) in 
Dowell’s Rooms, 18, George Street, icheagh, on 
Wronespay, 17th Janvary, 1912, at Two S clock 
Afternoon. 

The site extends to about 4 acres, and the Buildings, 
which are extensive, commodious, and substantially 
built, are most suitable for engineerin i works. The 
Buildings contain Power Plant in excellent condition, 
which is included in the subjects to be sold. 

Private offers for the whole ype or such parte 
of them as might suit purchasers, will in the bata 1 
be considered. F 848 

For full particulars apply to MENZIES, BRUCE 
LOW & THOMBON, W.S. York Place, Edinbu rgh, 
who have the Title-Deeds and Articles of Roup, 

















dress, F 868, 
F 

















=| JENKINS 





[Dip goes Works for Sale 


wuleeet a 6 —The Works, which are 


lectrically driven, are pad 
adapted for oo ist masine werk, but gas engines power 


vine have also built. The maximum output 
per annum is estimated at 20,000 HP. The ground 

extends to about 20,660 = qoutes of which 
about 7,760 square yards ai vacant. — Apply to 
MoOLELLAND, KER & CO., 16, St. Vincent Street, 
Glasgow F 624 





wee a 
MISCELLANEOUS. 


irming ham Offices To Let. 


Dante —— Paradise Street, opposite Town 

Desk Room, Single Offices or in suite. 

Entice reiting fitted with modern hot-water heating 

system, lift service, gas and electric light, w.c.’s — 
lavatories on each floor, &. Attractive rentals from 

£12126. The Showrooms of Daimler Motor Co., Ltd., 

- in this building, and the British Thomson-Houston 

., Ltd., have taken extensive offices in Daimler 

House.—For full particulars Sete - es 

Daimler House, Paradise Street, B ham. 


~ UNIVERSAL 
OIL SEPARATOR 


Free Trial. Pays for itself. 
See large Advt. page 91, Dec. 22. 
EATER & ANEETRSMIT 


84, Fenchurch Street, LONDON, E.C, 1798 
AND AT PARIS. "Phone—Bawx 54. 


Write for the 
PATERSON “RED BOOK” 


WATER SOFTENING 
AND FILTRATION 


THE PATERSON ENGINEERING 00., Ltd, 


2, AMBERLEY en, 1672 
Norfolk Street, LONDON. 




















Hats Pumps 


J.P. HALL « SONS, L» 


LANTERN SLIDES 


PROM Negatives, PHoros; Drawives, DIAGRAMS, 
CaTaLoeve ILLvsTRaTIoNs, Tracines, &., &. 


PHOTOGRAPHIC WORK 172 


ont of the Country, by an Expert, for 
gineers, Machine Makers, &c,, &c. 


ERNEST BICKERSTETH FRY, 
4 and 6, Victoria Avenue, SHIPLEY, Yorks. 


CONSOLIDATED BRAKE & ENGINEERING 
COMPANY, LIMITED 


Spencer House, South Place, LONDON, E.c. 


STANDARD AUTOMATIO VACUUM BRAKE 
Rapid Acting Service & Er Emergency Accelerators. 


See Illustrated Advertisements last and next issue. 
*Vacuo, London. "Telephone No.;: 2710, London Wall 


(phCPUEEE 


FOR STEAM, GAS AND WATER JOINTS, 


Telegraphic . = “ JoINnTING, 
Address: QQQIGETNGH =, ONuNe,, 


FRHDEK. HOUSE & CO., 
30, Chapel Street. LIVERPOOL. 1963 


Gog Ea TV a Ns 














Telegrams: ‘ 





GALYANISING & CONSTRUCTIONAL IRONW 5 K, 
JOSEPH ASH & SON, 
1569 Rea Street South, BIRMINGH : \, 


MURRAY, WORKMAN &CO. Lo. 


AIR COMPRESSORS. 
STEAM ENGINES 
FOUNDRY MOULDING MACHINES. 


CRAIGTON ENGINEERING WORKS, GLAS:OW, 


See Illustrated Advertisement, Dec. 8th. 2152 


“ APOLLO” MACHINE TOOLS. 
Pollock & Macnab, Ld, 


1872 
BREDBURY, MANCHESTER. 


D. a J. TULLIS, 


MACHINE TOOL MAEHBRS, 
Clydebank, N.B. 1920 


6 tt. High-Speed Central Thrust 
Radial Drilling Machine. 


See our Advertisement, page 75, December 15. 




















BULLIVANT « CO., L° 


Steel Wire Rope Makers, 
BULLIVANTS’ AERIAL ROPEWAYS, Lid, 


72, MARK LANE, LONDON, E.C. 821 
Tele.: 2108 Avenue (3 lines 








Works: Mitiwatt, E. 














Tubes evenly 
NO LARGE JOINTS. 
DISTURBING INSTALLATION. 


LARCE ECONOMY IN FUEL. 


London Office: FINSBURY 





SPEOIALITY :—Patent Double-Header Wrought Stee! 


STEAM SUPERHEATERS 


Fer Lancashire, Cernish, and all types of Water-Tube Beilers, 
NO STUDDED JOINTS. 


This Superheater has stood the test of many years, superseding all other designs. 
POWER PLANT EFFICIENCY INCREASED. 
Also makers of Feed Water Heaters. Fuel Eoonomisers and Evaporators of all deseriptions. 


ESTIMATES AND FULL PARTICULARS ON APPLICATION. 


McPHAIL & SIMPSON, Ltd., Wakefield. 


distributed. 
EACH TUBE ACCESSIBLE WITHOUT 
LEAKAGE IMPOSSIBLE. 





PAVEMENT HOUSE, E.C. 


CONDENSING PLANT. =v» 
COOLING TOWERS, 


Balcke & Co., Ltd. 


Broadway Court, Broadway, Westminster, S.W. 


ENTWISLE « GASS, Lo, 


Engineers, BOLTON, 

For GENTRIFUGAL PUMPS, 
AIR COMPRESSORS, 
CLUTCHES, GEARING, 
CASTINGS up to 10 TONS, 
BLEACHING, DYEING & PRINTING 

MACHINERY. 1192 














M. R. SCHULZ, Ltd. 


MILD STEEL TUBE CONTRARY FLOW 


ECONOMISERS. 


250,000 sq. ft. Boiler Heating Surface 


Guaranteed High Efficiency and Reliability. 
Easily Cleaned. 


No Sweating. 
NO SCRAPERS. Every Joint Outside 


Licenses to Build and Sell in Br Sell in Britain may be obtained. 


LOW GOST, EE: 





Served. 


1701 
Housing. 


. SMITH, Thirlmere Road, Streatham, §.W. 


Tel. Address: “‘OIKONOMOI,” London. 








or cold 





95, Queen Victoria Street, 
LONDON, E.C. | 





GLOVER & HOBSON, 


'96 SHEETING 


will pack the most uneven surface, making ab- 
solutely leakless, durable joints. 
and heat cause the packin 
inequalities of surface, an 
It is easily and quickly applied in either hot 


The pressure 
to vuleanize, fill up 
afford a perfect fit. 


joints. 


The Genuine bears our Trade Mark. 


JINEINS BROS., 


Ltd., 


St. Remi Street, & Acorn Avenue, 
MONTREAL, CANADA. 


The “Fussell” 


PATENT 


ROTARY PUMP 


THE BEST PUMP OF GEAR OR PISTON 
WHEEL TYPE NOW ON THE MARKET. 
NOISELESS RUNNING. 
CONTINUOUS FLOW. 
GREATER CAPACITY. 

LESS WEAR. 


2016 








2142 





Engineers, 


L.D., aLsent iRONWORKS, CHELMSFORD. 


LONDON OFFice & SHOW Rooms: 91 293, NEWINGTON CAUSEWAY, LONDON, S.E. 


WELDED 
OTHE BRITISH WELDING C9. L7°. 
58, VICTORIA 5°. WESTMINSTER .5.W. 


PIPES 


DRUMMOND BROS. L™. 
LATE ESsS 


Sole Agents for New Zealand, South Island—Laip.ow 
and Gray, Ltd., 156-157, Rattray Street, Dunedin. 


Engel Werks, near GUILDFORD, Surrey. 
See Advertisement last and next week. 96596 


MITCHELL-WILLIAMS PATENT 


LUFFING CRANES. 


HIGHEST SPEEDS & EFFICIENCY 


GREATEST SAFETY. 


The MITCHELL-WILLIAMS CRANE Co., 
98, Leadenhall St., LONDON, E.C. 1723 














Steel Castings 


made from Steel Scrap 
with 


DARTIUM 


the New Alloy, 
in any Foundry. 


1708 


A. G. KIDSTON & Co., 
155, Fenchurch St., London, £.C. 




















BRAI 
COVEF 


Leec. 
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BALDWINS L™| pyEUMATIC AUTOMATIC EJECTORS | VAL WES 


LONDON OFFICE: 
5, Fenchurch Street, E.C. 
LONDON WORKS: 
Orchard Place, Blackwall, E. 








IRON ROOFS 
BUILDINGS. 








MALVANIZED 
ano PLAIN SHEETS. 
TANKS & CISTERNS. 








Sole Makers of 
THE IMPROVED 


HOT WATER TANKS, 


FITTED WITH 


BRAIN’S Patent MANHOLE 
COVER and SOLID CORNERS 


Registered Design, 
ALSO OF 


Lleech’s Patent Welted 


CISTERNS. 


KEGS, 
DRUMS 


AND 


CANS. 


GALVANIZERS 


of ail kinds of IRONWORK. 











POR RAISING 


Sewage, Sludge, Pail Contents, &c. 


AS USED AT* 


Rangoon, Karachi, Bombay, Guess Town, Eastbourne, 
Southampton, Norw' - tte Hampton, 
Staines, Felixstowe, Houses of ent, Westminster ; 
and many other places. 


AIR COMPRESSING MACHINERY. 


COMPRESSED AIR LIFTS 
For Raising Water from Wells, Boreholes, &c. 





For Estimates and Full Particulars apply to— 


HUGHES & LANCASTER, 16, Victoria St., London, $.W. 





Phone: 5570, BANK. Telegrams : 


* METALADOS." 


Cables : ROBHUNT. 


BRITISHO BURDAAV. 


ROBERT W. HUNT & CO., Engineers, Norfolk House, Cannon St., B.C. 


INSPECTION anp TESTS or RAILS anp FASTENINGS, STRUCTURAL 
MATERIAL, BILLETS, PIG IRON, AXLES, CARS, MACHINERY, &o., &o. 


W. L. COOPER, Manager. 1655 


JOHN J. CONE, Resident Partaer, 


American Offices :—Chicago, New York, Pittsburg, San Francisco, Montreal, St. Louis. 


‘KALBITUM PAINT 


for the PROTECTION & PRESERVATION or 


IRON AND STEEL WORK. 
SAVES RENEWALS. 
One Ton (in 40-gallon Oasks) £24. . 15 per cent allowed for Tare. 






A PAINT 












SEND 














The KALBITUM.- PAINT CO., Ltd., 
BELVEDERE Wor«ks, BELVEDERE, KENT. 


FOR FREE SAMPLE 


















1555 


Crane Builders, 


Ratheow eee 








JOHN GRIEVE & CO., 























BEFORE USE. 


ee 


Fa 


IN USE. 





SIDE SECTION. 


SAVE MONEY & AVOID!ACCIDENTS 


BY USING 


ee 
EBASTNA OT ” 
Washers on Pit Wagons, Corves, Conveyors, Screens, and WHEREVER NUTS ARE USED, 


WE vil PAT 


F100 


AGHNTS WANTED. 








° 





to anyone showing us a nut that can get loose 


through vibration where the 
“FASTNUT” 


Washer is properly applied. 


Sample for Testing free. 2052 


Sample Dept., Fastnut Ltd., 


115, Newgate St., Lendon, E.C, 








ALLEY & MACLELLAN, Ltd., GLASGOW 


See Illustrated Advt. p. 47, December 1. 2160 


The CLYDE STRUCTURAL IRON C0., Lid. 
Olydeside ironworks, 8ootstoun, Glasgow. 


MANUFACTURERS OF 1758 












'|Tron & Steel Roofs, Buildings, 


Workshops, &c., &c. 


LONDON OFFICE: 48, Cornhill, E.c. 


SHAFTING & MILL FITTINGS. 


See our Advertisement last week. 


C. F. CARVER, Ltd. 


Alfred Street Mills, NOTTINGHAM. 


FILTRATION. 


PUEOH-OHABAL SYSTEM 


(Patented), 1774 


FOR WATER & SEWAGE WORKS. 


ARMAND PUEOCH, Eingsway House, 
Kingsway, LONDON, W.O. 


E. S. HINDLEY & SONS, 


BOURTON, DORSET, 
And 11, Quam VioTroria Sreesr, Lowpow, E.G, 


HIGH-SPEED VERTICAL MULTI-CYLINDER 
GAS ENGINES, STEAM ENGINES, STEAM BOILERS 
AND SAWING MACHINERY. 182 


See large Advertisement, last week and next. 


FERRANT! LTpD 
78, King St., Manchester, & Hollinwood, Lanes. 


ELECTRICAL SWITCHCEAR 


Instruments, Heating & Cooking Apparatus. 


TRANSFORMERS & METERS. 


Ask ror H/G Lasts. 1454 


RAP 
ELEGTRO- MAGNETIC 
SEPARATORS. .... 


FOR METALS, DESTRUCTOR REFUSE, POTTERS’ SLIP. 
The Crescent, BIRMINGHAM. 


JOHN G. KINCAID & €0., 


LIMITED, 
ENGINEERS, BOILERMAKERS 


SHIPBUILDERS, 
GCUYDE FOUNDRY, GREENOCK. 
Telegrams: ‘‘ Kivcatp,” Garnock. 1868 


McLACHLAN @ C0., Ltd., 


DARLINGTON. 
Builders of Railway Wagons of all kinds. 


OOLLIERY AND MENING TUBS, 
CONTRACTORS’ PLANT AND FORGINGS. 
Wheels and Axles, Turntables, &c. 2156 


LONDON OFFICE: 110, Cannon St., E.C. 


“GREAYES’” BLUE LIAS LIES 


@urnt tree et re vonmars Peds. gt THE 


_And PORTLAND CEMENT. 


, also PATENT SELENITIC (prepared from “ Greaves’™ 

Line Lime), delivered per rail and cana! in owners’ specially 
— wored trucks and boats to all parts of the country, also carted 
om site iu Birmingham and London. 8 years’ reputation. 
Highest references. 


GREAVES, BULL & LAKIN, Lim, 


Chief Office: HARBURY, erty ee AB me re ¢ Address: 

Greaves, Harbury. London Depot: Bridge, Maryie- 

ome N.W. Telegrams: Lies, Lorin on. _ Birmingham rye 
Worcester Wharf. : Gree 


Worksat Harbury, Stockton & Rttington, -Worwichahire 


























i? 








ALL YOUR 
« Drawings, Notices, 
Tables, &e. 


MOST SUITABLY 
PRINTED WITH 


Bahr's| s NORMOGRAPH 


28,000 of these INSTRUME INSTRUMENTS in USE. 


Descriptive Pric Price List Free 2167 
on application ta - - - 


C. E. SHANN, 17, George St., Tamvorth, 



































[SUPPLEMENT rage L] ENGINEERING. [ Dec. 29, IQTI. 


vi ARSH ALL, SONS & CO., L°- GAINSBOROUGH, ENGLAND. 


Telegrams: ‘‘ Marshalls, Gainsboro’.’ tea No. 40. Also OFFICES, SHOWROOMS and STORES at 


Ae a Bsn 5 nine 


Telephone : No. 648, Houzory. 


HORIZONTAL ENGINES up to 2000 HP. AND AT CALCUTTA, BOMBAY, LAHORE & MADRAS. 
BOILERS, Cornish, Lancashire, Loco., Vertical, &c., YR RRL 
UNDERTYPE ENGINES, Simple and Compound. 9 “ruin, NAL EXHIBITION, 
VERTICAL ENGINES, Simple and Compound. 

PORTABLE and SEMI-PORTABLE ENGINES. TEES GRANDS PRIX. 
Traction Engines, Road Rollers, STEAM and OIL 

















Highest Awards in each Class entered. 








TRACTORS. OVER 
THRASHING MACHINERY for all Countries. 
GRINDING MILLS. SAWING MACHINERY. 143,000 


OIL ENGINES. (4) ENGINES, BOILERS, &c., MADE. 


TEA PREPARING MACHINERY, &c. IMlustrated CATALOGUES. on Application,  *0#4 Rollers, Single or Compound, Convertible or not, 12509 


* AN ES GEORGE RUSSELL&6) 


PSE XD LIMITED 
| OF ALLTYPES 


























| MOTHERWELL 


NEAR GLASGOW 


8. meme 


a 























A CUSTOMER WRITES:—‘‘ Our plant which you erected eight years ago 

is still giving every satisfaction, in fact it is impossible for me to 

find words to fully express how satisfied my colleagues 

and myself are with the marvellous efficiency, 

low maintenance and easy cost 

of handling with a very 

small Icss of am- 

on pol for new and 

enlarged edition of 

our Ice Catalogue. No. 6. 


fOulsometer Engineering CL 


LONDON : READING : 
Oftices: 11, Tothill Street, Westminster, S.W. Works: Nine Elms Ironworks. 








RIGHT COMPRESSED 











B. ‘ ». “MASSEY 


MANCHESTER. 
PATENT PNEUMATIC 


POWER HAMMERS 


Best Belt-driven Substitute for Steam Hammers. Built like them, and Equally Powerful. 
STEAM HAMMERS, BRETT’S SYSTEM DROP STAMPS, BAND SAWS FOR METALS. 














LONDON OFFICE: St. Stephen’s House, Westminster, S.W. GLASGOW OFFICE: 74, York Street. 
BELFAST OFFICE : 93, Ann Street. PARIS OFFICE for France and Belgium: COPE & SIMON, 13, Rue Perdonnet, Paris. 
GENOA OFFICE FOR ITALY: EMILIO CLAVARINO, 33 Via XX Settembre. 1538 
Printed Be I ee re bent cane Bedford in the Partch of 58 Martin’ -the- aad Ruaeanee te Cusname Bocees Sey at the Offices of ENGINEERLYG, 
wf Dadiond Donoet, be the Feothy of Be, Peal, Gunces Gordan, bath in the County of esex.—Friday, December 29th, 1911. ae 
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